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Abstract
Objective The aim of this study was to determine the gene is spelled excision repair cross-complementing gene 1 (ERCC1)
RNA-expression in peripheral blood as a non-invasive molecular predictor of response to neoadjuvant radio-chemotherapy
in patients with locally advanced cancer of the esophagus.
Background Only patients with locally advanced cancer of the esophagus with a major histopathological response to
neoadjuvant radio-chemotherapy benefit from this treatment. No non-invasive molecular marker exists that can reliably
predict response to neoadjuvant therapy in this disease. To improve the treatment of patients with cancer of the esophagus,
molecular predictors of response are desperately needed.
Methods Blood samples were drawn from 29 patients with esophageal cancer prior to neoadjuvant radio-chemotherapy.
After extraction of cellular tumor-RNA from blood samples, quantitative expression analysis of ERCC1 was done by real-
time reverse transcription polymerase chain reaction.
Results Nineteen (65.5%) patients showed a minor and ten (34.5%) a major histopathological response to neoadjuvant
therapy. ERCC1 expression in blood of patients was detectable in 82.8%. The median ERCC1 expression was 0.62
(minimum 0.00, maximum 2.48) in minor responders and 0.24 (minimum 0.00, maximum 0.45) in major responders (p=
0.004). No significant associations were detectable between ERCC1 levels and patients’ clinical variables. Relative ERCC1
levels above 0.452 were not associated with major histopathological response (sensitivity, 68.4; specificity, 100%), and 13
of 19 patients with minor response could be unequivocally identified.
Conclusion Minor responders to the applied therapy show a significant higher ERCC1 expression level in their blood
compared to major responders. ERCC1 appears to be a highly specific non-invasive predictor of response to neoadjuvant
therapy in esophageal cancer.

J Gastrointest Surg (2008) 12:1815–1821
DOI 10.1007/s11605-008-0668-7

Presented at the Forty-Ninth Annual Meeting of The Society for
Surgery of the Alimentary Tract, San Diego, California, May 17–22,
2008

J. Brabender (*) :D. Vallböhmer : P. Grimminger :
A. C. Hoffmann : F. Ling :G. Lurje : E. Bollschweiler :
A. H. Hölscher :R. Metzger
Department of Visceral and Vascular Surgery,
University of Cologne,
Joseph-Stelzmann Str. 9,
50931 Cologne, Germany
e-mail: jan.brabender@t-online.de

P. M. Schneider
Department of Visceral and Transplant Surgery,
University of Zuerich,
Rämistr. 100,
8091 Zürich, Switzerland



Keywords Molecular markers . Response prediction .

Cancer of the esophagus . ERCC1

Introduction

In recent years, neoadjuvant therapy strategies have been
applied to improve survival in patients with locally
advanced esophageal cancer.1–3 However, it has been
shown that only patients with a major histopathological
response benefit from this treatment.4 These regimens can
be extremely grueling and might lead to many complica-
tions, including mucositis, pancytopenia, infection, tumor
progression, and rarely, death.1,5 Therefore, predictive
molecular markers indicating response or non-response to
neoadjuvant treatment would be extremely helpful for
future individualized therapy strategies in cancer of the
esophagus.

Several candidate molecular response markers to neo-
adjuvant therapy in esophageal cancer have been discovered
in the last couple of years.6–12 However, all of these potential
markers are of invasive nature, meaning it is mandatory to
obtain tumor tissue for molecular analysis by at least a
biopsy during esophagogastroscopy. We have recently
developed a method to quantify tumor-specific mRNA in
peripheral blood of patients with gastrointestinal malignan-
cies.13 A non-invasive molecular marker would ultimately
improve response prediction and enable on-line monitoring
of therapy success or failure in neoadjuvant therapies.

One of the most promising molecular markers for
response prediction is the excision repair cross-comple-
menting 1 (ERCC1). ERCC1 mRNA expression has been
reported to be associated with non-response to neoadjuvant
cis-diamminedichloridoplatinum(II) (CDDP)-based chemo-
therapy in gastric cancer, colonic cancer, and non-small cell
lung cancer.14–16 More interestingly, high ERCC1 mRNA
expression in tumor tissue of patients with locally advanced
esophageal cancer has been significantly associated with
histopathological minor response to neoadjuvant radio-
chemotherapy (5-FU, cis-Platin, 36Gy) in this disease.9

The purpose of this prospective study was to investigate
the potential of quantitative ERCC1 RNA expression in
peripheral blood of patients with locally advanced, resect-
able esophageal cancers as a non-invasive molecular
predictor of histopathological response to neoadjuvant
radio-chemotherapy in this disease.

Materials and Methods

Study Population, Demographic Data, and Neoadjuvant
Therapy All patients were recruited from an ongoing
clinical trial on neoadjuvant radio-chemotherapy for esoph-

ageal cancer. None of the patients had prior radio- and/or
chemotherapy. Twenty-nine consecutive patients (median
age, 61 years; age range, 41–71 years; gender, 23 men and
six women, 18 adenocarcinomas and 11 squamous cell
carcinomas) with locally advanced, resectable esophageal
cancers (cT2–4, Nx, M0) were offered standardized neo-
adjuvant radio-chemotherapy. Clinical staging was based
on a barium swallow, endoscopic ultrasound, and computed
tomography of chest and abdomen. CDDP (20 mg m−2

day−1) was administered as a short-term infusion on days 1–
5, and 5-fluorouracil (1,000 mg m−2 day−1) was adminis-
tered as a continuous infusion over 24 h on days 1–5.
Radiation therapy was administered by linear accelerators
with 10- to 15-MV photons. Radiation was delivered in
daily fractions of 1.8 Gy (days 1–5, 8–12, 15–19, and 22–
26) to a total dose of 36 Gy using a multiple-field
technique. Surgical resection was performed 4–5 weeks
after completion of chemo radiation after clinical restaging
using the same procedures as for primary staging. Stan-
dardized transthoracic en bloc esophagectomy with two-
field lymphadenectomy and reconstruction by gastric tube
interposition with high intrathoracic anastomosis was
performed in all patients.17 Informed consent was obtained
from each patient, and the scientific protocol was approved
by the local ethics committee.

The degree of histomorphological regression was classi-
fied into four categories according to Schneider et al.:4 (a)
grade I, >50% vital residual tumor cells; (b) grade II, 10–
50% vital residual tumor cells; (c) grade III, nearly
complete response with <10% vital residual tumor cells;
and (d) grade IV, complete response (pCR, ypT0).
Regression grades III and IV were considered as major
histomorphological response (MaHR) compared with
grades I and II constituting minor histopathological re-
sponse (MiHR).

Blood Procurement, Tumor Cell Enrichment, and RNA
Extraction Twenty milliliters of whole blood was drawn
prior to the start of the neoadjuvant therapy using 5 ml
citrate tubes (Sarstedt, Numbrecht, Germany). Blood
samples were immediately further processed for the
enrichment of disseminated circulating tumor cells by
density gradient centrifugation using a kit (OncoQuick1,
Hexal, Frickenhausen, Germany) as reported by Hoffmann
et al.13 In brief, 20 ml of whole blood was transferred in
supplied 50 ml polypropylene tubes containing a porous
barrier and separation medium and centrifuged for 20 min
(1,600×g, 48°C). Cells were separated according to their
different buoyant densities, and the circulating tumor cells
got enriched in a layer formed between plasma and
separation medium. This cell fraction was transferred into
polypropylene tubes containing 50 ml washing buffer
followed by centrifugation for 10 min to eliminate
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contaminating platelets. This washing step was repeated
once, and according to the manufacturer’s protocol, a
detection limit of 1.46 tumor cells in 20 ml of whole blood
could be achieved. Total cellular RNA from this pellet of
enriched tumor cells was extracted using the Purescript1 kit
(Gentra1, Hamburg, Germany) according to the manufac-
turer’s recommendation.

Direct Quantitative Real-Time Reverse Transcription
Polymerase Chain Reaction Generation of cDNA was
performed using oligo (dT)18 primers and MMLV reverse
transcriptase (Moloney Murine Leucemia Virus, Clontech
AdvantageTM Kit, Palo Alto, CA, USA). Direct quantitative
real-time reverse transcription polymerase chain reaction (RT-
PCR) (TaqManTM, ABI PRISM 7900 HT Sequence Detec-
tion System Applied BiosystemsTM, Darmstadt, Germany)
assays were performed in triplicates to determine ERCC1
mRNA expression levels.18,19 The primers and probes for
ERCC1 mRNA detection were designed as reported by our
group:9 ERCC1, 5′-AGC CGC CCA TGG ATG TAG T-3′,
reverse primer: 5′-TGG GAA TTT GGC GAC GTA A-3′,
TaqMan Probe: 5′-CCC TGT TCC TCA GCC TCC GCT
ACC-3′. Thermal cycling conditions for ERCC1 and for b-
actin were 2 min at 50°C and 10 min at 95°C for initial
denaturation followed by 40 cycles of 95°C for 15 s and 60°
C for 60 s. One microgram of human placental total cellular
RNA (ClontechTM Lab, Palo Alto, CA, USA) was used to
control each run of reverse transcription. This cDNA was
used in serial dilutions as standard for the quantitative real-
time RT-PCR. Triplicates of the blood samples were assayed
in each run. ERCC1 levels were standardized for b-actin
(ratio ERCC1/b-actin) to account for loading differences as
extensively described.13

Statistical Analysis Gene expression levels were described
using the median as a point estimator and the range of values.
Cutoff values for discrimination of mRNA expression levels
and histopathological response were derived from receiver
operating curve data (ROC; area under the curve and the 95%
confidence interval).20 Associations between gene expression
levels and clinicopathological parameters were evaluated
using χ2, Wilcoxon rank test, Mann–Whitney test, or t test
applying Fisher’s exact testing for significance (Software
Package SPSS for Windows,Version 15.0; SPSS, Chicago,
IL, USA). The level of significance was set to p<0.05. All p
values are given for two-sided testing.

Results

RNA expression peripheral blood of patients was detectable
for ERCC1 in 82.8% (24 of 29) and 100% (29 of 29) for

beta-actin. The median relative ERCC1 RNA expression
level standardized for beta-actin was 0.41 (range, 0–2.49).

The response frequencies for the 29 resected tumors
were as follows: 34.5% (ten of 29) of the tumors
demonstrated major (grades III and IV) histopathological
response, and 65.5% (19 of 29) of the tumors demonstrated
minor histopathological response (grades I and II) to our
neoadjuvant treatment regimen. The median ERCC1 ex-
pression was 0.62 (minimum 0.00, maximum 2.48) in
minor responders and 0.24 (minimum 0.00, maximum
0.45) in major responders and was significantly different
(p=0.004 Mann–Whitney test, Fig. 1). No significant
associations were detected between the median ERCC1
expression in patient’s blood and clinicopathological
variables (Table 1).

In Fig. 2, individual relative ERCC1 expression levels
were blotted against the respective regression grades. ROC
analysis was applied to determine an ERCC1 expression
value that best segregates patients into minor or major
responders. An ERCC1 expression level of 0.452 was
determined as an optimal cutoff value to identify minor
histopathological response to neoadjuvant therapy. Table 2
shows the association between major and minor histopath-
ological response groups and dichotomized relative ERCC1
expression levels for the whole study group (n=29). The
sensitivity for detection of a minor histopathological
response was 68.4% with a specificity of 100% (area under
the curve, 0.89; 95% confidence interval, 0.67–98). This
association of dichotomized ERCC1 mRNA levels and
histopathological response was highly significant (p<
0.001) as shown in Table 2. There were no significant
associations between dichotomized maximum cutoff values
for ERCC1 expression and clinicopathological variables.
Histopathological response was not significantly associated
with clinicopathological variables (i.e., histology, gender,
and tumor stage). In summary, quantitative ERCC1 RNA
expression testing in peripheral blood unequivocally iden-
tified 13 of 29 (44.8%) patients whose tumors will not
exhibit a major histopathological response to the applied
neoadjuvant radio-chemotherapy with a specificity of
100%.

Discussion

In the current study, we identified high ERCC1 RNA
expression in peripheral blood of patients with locally
advanced esophageal cancer as a non-invasive molecular
predictor of minor histopathological response to neoadju-
vant radiochemotherapy in this disease.

Because DNA is the primary cellular target for both
chemotherapy- and radiation-induced damage, DNA repair
efficiency could be a limiting factor for therapeutic response,
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preventing tumor cells from undergoing the process of
apoptosis. In this study, we have shown a significant
association between ERCC1 RNA expression levels in serum
of patients with locally advanced cancer of the esophagus and
minor histopathological response to CDDP-based neoadju-
vant radiochemotherapy. In fact, quantitation of ERCC1 RNA
expression in peripheral blood by real-time reverse transcrip-
tion-PCR unequivocally identified 13 of 29 patients whose
tumors did not exhibit (specificity, 100%) a major histopath-
ological response to the applied neoadjuvant radiochemother-
apy. This result adds another piece to the puzzle of molecular
response prediction by ERCC1. Associations with clinical

response and ERCC1 mRNA expression have been demon-
strated for adjuvant and neoadjuvant chemotherapy in various
solid cancers, for example, gastric or colon cancer.14,15

Recently, we have demonstrated that high ERCC1 mRNA
expression in tumor tissues of patients with locally advanced
esophageal cancer is significantly associated with histopath-
ological minor response to neoadjuvant radio-chemotherapy
(5-FU, cis-Platin, 36 Gy) in this disease.9 Interestingly, the
results obtained in the previous study are similar to the
current one. High ERCC1 RNA expression in tumor tissues
was significantly (sensitivity 62.5; specificity 100%) associ-
ated with minor histopathological response to neoadjuvant

Figure 1 Box and whisker
plots of relative ERCC1 expres-
sion levels in blood of minor
and major responders to neo-
adjuvant therapy. The boxes
show the 25th and 75th percen-
tile (interquartile) ranges. Medi-
an values are shown as a
horizontal black bar within each
box. The whiskers show levels
outside the 25th and 75th per-
centiles but exclude far outlying
values, which are shown above
the boxes.

Table 1 Association of
ERCC1 Expression in Blood
and Clinicopathological
Variables

n.s. Not significant, n number
of patients
aMann–Whitney test

Parameter n Median ERCC1 expression p

Gender
Male 23 0,41 (minimum 0; maximum 1.68) n.s.
Female 6 0,39 (minimum0; maximum 2.48)
ypT status n.s.
pT0 4 0.26 (minimum 0.01; maximum 0.45)
pT1 3 0.20 (minimum 0; maximum 0.27)
pT2 5 0.01 (minimum 0; maximum 1.31)
pT3 17 0.62(minimum 0; maximum 2.48)
ypN status n.s.
pN0 15 0.33 (minimum 0; maximum 1.31)
pN1 14 0.47 (minimum 0; maximum 2.48)
Histology n.s.
Squamous cell ca 11 0.45 (minimum 0; maximum 2.48)
Adenocarcinoma 18 0.39 (minimum 0; maximum 1.68)
Histopathological response 0.004a

Minor 19 0.62 (minimum 0; maximum 2.48)
Major 10 0.24 (minimum 0; maximum 0.452)
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radio-chemotherapy in locally advanced cancer of the
esophagus. In the current study, we obtained similar results
by analyzing ERCC1 RNA expression in peripheral blood
of patients with locally advanced cancer of the esophagus
that undergo neoadjuvant therapy. In concordance, high
ERCC1 RNA expression in peripheral blood was signif-
icantly associated with minor histopathological response
with a sensitivity of 68.4 and specificity of 100%. These
results fit with intuition. The patients in the two studies
were treated with exactly the same neoadjuvant radio-
chemotherapy protocol. Furthermore, the methods for
quantitative ERCC1 RNA expression analysis were
identical, i.e., primers and probes, TaqMan, cycling
conditions, etc. The only difference was the collection of
samples for expression analysis. While the previous study
used tumor tissues obtained during endoscopy, this study
used peripheral blood samples for molecular analysis.
These results suggest that free circulating ERCC1 RNA in
peripheral blood reflects the molecular situation in the

primary cancer of the esophagus, which has also been
suggested by results from other studies.21,22

To the best of our knowledge, this is the first study to
successfully report a non-invasive molecular marker of
response to neoadjuvant therapy in locally advanced cancer
of the esophagus. These results have several important
applications. First of all, a subset of patients could be
unequivocally identified as minor responders to neoadju-
vant radio-chemotherapy by a simple peripheral blood test
with a high sensitivity (68.4%) but more important with a
specificity of 100%. Furthermore, changes in gene expres-
sion could be easily followed longitudinally during therapy
or during follow-up by a simple blood draw from each
patient, as has been shown by other studies.13,21,23

Hoffmann et al.13 demonstrated that complete surgical
resection of gastrointestinal malignancies was associated
with a significantly decreased Survivin RNA expression in
peripheral blood, and Fiegl et al.23 showed an association of
blood DNA methylation with response to adjuvant tamox-

Table 2 ERCC1 RNA Expression in Blood and Response to Therapy: Prediction of Minor Histopathological Response (ERCC1>0.452):
Sensitivity 68.4%; Specificity 100%; χ2 analysis (Fisher’s exact test), p<0.001

ERCC1 Regression grading

MiHR MaHR Total

≤0.452 6 (21) 10 (34) 16 (55)
>0.452 13 (45) 0 (0) 13 (45)
Total 19 (65) 10 (35) 29 (100)

Values represent n (%) throughout the table.
ERCC1 Dichotomized ERCC1 RNA levels, MiHR minor histopathological response, MaHR major histopathological response

Figure 2 Scattergram showing
relative ERCC1 expression lev-
els in peripheral blood in rela-
tion to minor and major
histopathological response in
patients sera. ERCC1 expression
levels of >0.452 are exclusively
present in the group of minor
histopathological response (sen-
sitivity, 68.4%; specificity,
100%).
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ifen therapy to breast cancer. However, these promising
results for the development of blood-based molecular
markers for different therapies of solid tumors have to be
investigated in further studies.

We can expect, however, that the measured cutoff value
in this pilot study might change with increasing numbers of
patients analyzed in large prospective trials. At this point,
the median follow-up is too short to allow a meaningful
evaluation between the association of ERCC1 expression
levels in peripheral blood and survival in our protocol.
Since this is an ongoing trial, we might be able to identify a
prognostic cutoff value with increasing time of follow-up
and numbers of patients analyzed. However, it has been
demonstrated in the past that only patients with major
histopathological responses benefit from this type of
treatment independent of the applied protocol.1,3,4

In the current study, both adenocarcinoma and squamous
cancer were included because the treatment of both cancers
is identical.1–3 In addition, several studies have revealed
similarities between these two tissue types.24 Furthermore,
in our study, the response to treatment did not differ,
irrespective of tissue type. Although the patient cohort in
this study was relatively moderate in size, the demographics
showed a homogeneous cohort, and the protocol for the
applied neoadjuvant radiochemotherapy was absolutely
uniform in all patients.

Conclusion

In conclusion, the present results of this ongoing study are
promising, and it appears that we unequivocally identify
approximately 40% of patients by a simple peripheral blood
test that fulfills the criteria for neoadjuvant treatment for
locally advanced esophageal cancer but will not benefit from
our treatment protocol. Our results suggest quantification of
ERCC1 RNA expression in peripheral blood as a potential
non-invasive marker for response prediction to neoadjuvant
radio-chemotherapy in locally advanced cancer of the
esophagus. This might prevent our patients from expensive,
noneffective, and potentially harmful therapies and lead to a
more individualized type of multimodal treatment in the near
future based on a non-invasive molecular test. Future studies
are warranted to determine the value of quantitative ERCC1
RNA expression analysis in peripheral blood for prediction of
response to neoadjuvant therapy in esophageal cancer.

References

1. Walsh TN, et al. A comparison of multimodal therapy and surgery
for esophageal adenocarcinoma. N Engl J Med 1996;335(7):462–
467. doi:10.1056/NEJM199608153350702.

2. Sherman CA, et al. Locally advanced esophageal cancer. Curr
Treat Options Oncol 2002;3(6):475–485. doi:10.1007/s11864-
002-0067-3.

3. Urba SG, et al. Randomized trial of preoperative chemoradiation
versus surgery alone in patients with locoregional esophageal
carcinoma. J Clin Oncol 2001;19(2):305–313.

4. Schneider PM, et al. Histomorphologic tumor regression and
lymph node metastases determine prognosis following neoadju-
vant radiochemotherapy for esophageal cancer: implications for
response classification. Ann Surg 2005;242(5):684–692.
doi:10.1097/01.sla.0000186170.38348.7b.

5. Wang KK, Wongkeesong M, Buttar NS. American Gastroenter-
ological Association medical position statement: role of the
gastroenterologist in the management of esophageal carcinoma.
Gastroenterology 2005;128(5):1468–1470. doi:10.1053/j.gastro.
2005.03.076.

6. Higashi H, et al. Down-regulation of Gadd45 expression is
associated with tumor differentiation in non-small cell lung
cancer. Anticancer Res 2006;26(3A):2143–2147.

7. Ling FC, et al. HIF-1alpha mRNA is not associated with
histopathological regression following neoadjuvant chemoradia-
tion in esophageal cancer. Anticancer Res 2006;26(6B):4505–
4509.

8. Xi H, et al. High cyclooxygenase-2 expression following neo-
adjuvant radiochemotherapy is associated with minor histopatho-
logic response and poor prognosis in esophageal cancer. Clin
Cancer Res 2005;11(23):8341–8347. doi:10.1158/1078-0432.
CCR-04-2373.

9. Warnecke-Eberz U, et al. High specificity of quantitative excision
repair cross-complementing 1 messenger RNA expression for
prediction of minor histopathological response to neoadjuvant
radiochemotherapy in esophageal cancer. Clin Cancer Res
2004;10(11):3794–3799. doi:10.1158/1078-0432.CCR-03-0079.

10. Warnecke-Eberz U, et al. Overexpression of survivin mRNA is
associated with a favorable prognosis following neoadjuvant
radiochemotherapy in esophageal cancer. Oncol Rep 2005;13
(6):1241–1246.

11. Miyazono F, et al. Quantitative c-erbB-2 but not c-erbB-1 mRNA
expression is a promising marker to predict minor histopathologic
response to neoadjuvant radiochemotherapy in oesophageal
cancer. Br J Cancer 2004;91(4):666–672.

12. Hamilton JP, et al. Reprimo methylation is a potential biomarker
of Barrett’s-associated esophageal neoplastic progression. Clin
Cancer Res 2006;12(22):6637–6642. doi:10.1158/1078-0432.
CCR-06-1781.

13. Hoffmann AC, et al. Survivin mRNA in peripheral blood is
frequently detected and significantly decreased following resec-
tion of gastrointestinal cancers. J Surg Oncol 2007;95(1):51–54.
doi:10.1002/jso.20630.

14. Shirota Y, et al. ERCC1 and thymidylate synthase mRNA levels
predict survival for colorectal cancer patients receiving combina-
tion oxaliplatin and fluorouracil chemotherapy. J Clin Oncol
2001;19(23):4298–4304.

15. Metzger R, et al. ERCC1 mRNA levels complement thymidylate
synthase mRNA levels in predicting response and survival for
gastric cancer patients receiving combination cisplatin and
fluorouracil chemotherapy. J Clin Oncol 1998;16(1):309–316.

16. Lord RV, et al. Low ERCC1 expression correlates with prolonged
survival after cisplatin plus gemcitabine chemotherapy in non-
small cell lung cancer. Clin Cancer Res 2002;8(7):2286–2291.

17. Schroder W, et al. Frequency of nodal metastases to the upper
mediastinum in Barrett’s cancer. Ann Surg Oncol 2002;9(8):807–
811.

18. Gibson UE, Heid CA, Williams PM. A novel method for real time
quantitative RT-PCR. Genome Res 1996;6(10):995–1001.
doi:10.1101/gr.6.10.995.

1820 J Gastrointest Surg (2008) 12:1815–1821

dx.doi.org/10.1056/NEJM199608153350702
dx.doi.org/10.1007/s11864-002-0067-3
dx.doi.org/10.1007/s11864-002-0067-3
dx.doi.org/10.1097/01.sla.0000186170.38348.7b
dx.doi.org/10.1053/j.gastro.2005.03.076
dx.doi.org/10.1053/j.gastro.2005.03.076
dx.doi.org/10.1158/1078-0432.CCR-04-2373
dx.doi.org/10.1158/1078-0432.CCR-04-2373
dx.doi.org/10.1158/1078-0432.CCR-03-0079
dx.doi.org/10.1158/1078-0432.CCR-06-1781
dx.doi.org/10.1158/1078-0432.CCR-06-1781
dx.doi.org/10.1002/jso.20630
dx.doi.org/10.1101/gr.6.10.995


19. Heid CA, et al. Real time quantitative PCR. Genome Res 1996;6
(10):986–994. doi:10.1101/gr.6.10.986.

20. Metz CE, Goodenough DJ, Rossmann K. Evaluation of receiver
operating characteristic curve data in terms of information theory,
with applications in radiography. Radiology 1973;109(2):297–
303.

21. Kawakami K, et al. Hypermethylated APC DNA in plasma and
prognosis of patients with esophageal adenocarcinoma. J Natl
Cancer Inst 2000;92(22):1805–1811. doi:10.1093/jnci/
92.22.1805.

22. Usadel H, et al. Quantitative adenomatous polyposis coli promoter
methylation analysis in tumor tissue, serum, and plasma DNA of
patients with lung cancer. Cancer Res 2002;62(2):371–375.

23. Fiegl H, et al. Circulating tumor-specific DNA: a marker for
monitoring efficacy of adjuvant therapy in cancer patients. Cancer
Res 2005;65(4):1141–1145. doi:10.1158/0008-5472.CAN-04-
2438.

24. McCabe ML, Dlamini Z. The molecular mechanisms of oesopha-
geal cancer. Int Immunopharmacol 2005;5(7–8):1113–1130.
doi:10.1016/j.intimp.2004.11.017.

J Gastrointest Surg (2008) 12:1815–1821 18211821

dx.doi.org/10.1101/gr.6.10.986
dx.doi.org/10.1093/jnci/92.22.1805
dx.doi.org/10.1093/jnci/92.22.1805
dx.doi.org/10.1158/0008-5472.CAN-04-2438
dx.doi.org/10.1158/0008-5472.CAN-04-2438
dx.doi.org/10.1016/j.intimp.2004.11.017
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Abstract
Introduction Previous studies identified an association between dilated pancreatic and biliary ducts and lower rates of
pancreatic leak after pancreaticoduodenectomy, but it remains unclear whether elevated liver function tests are also
associated with lower rates of complications. The purpose of this study was to determine if preoperative liver function tests
are associated with postoperative complications.
Materials and Methods We identified 452 patients who received a pancreaticoduodenectomy from 1990–2007.
Clinicopathological data was collected for each patient, and regression analyses were performed to identify predictors of
postoperative complications.
Results Of the patients studied, 289(64%) experienced no postoperative complications. In univariate analysis, patients with
a low or normal preoperative aspartate aminotransferase (p=0.03) or alkaline phosphatase(p=0.03), had higher rates of
complications. Multivariate analysis confirmed an elevated alkaline phosphatase was associated with a lower incidence of
complications (OR=0.56, p=0.02), while preoperative anemia was found to be a predictor of complications following
pancreaticoduodenectomy(OR=2.01, p=0.02).
Conclusion Anemic patients and those with normal liver function tests were more likely to experience complications after
pancreaticoduodenectomy. This may represent extent of disease and tumors not causing biliary or pancreatic dilatation,
respectively. Precautions, such as intraoperative ductal stents, should be considered when operating on this group of patients
to minimize complications.

Keywords Pancreaticoduodenectomy .

Preoperative laboratory values . Postoperative complications
Introduction

Pancreaticoduodenectomy (PD) remains the standard surgi-
cal treatment for various pathologies of the pancreas and
the periampullary area. In the period immediately following
its inception, the procedure was associated with signifi-
cantly high rates of intraoperative and postoperative
complications, including a mortality rate of nearly 20%.1,2

However, advances in surgical techniques and postopera-
tive critical care have dramatically improved surgical
outcomes after PD.3–8 Several studies have demonstrated
significant reductions in both morbidity and mortality
associated with PD, especially in high-volume centers.9–13

Nonetheless, PD remains a complicated surgical proce-
dure that can significantly impact a patient’s subsequent
quality of life. Despite improvements in perioperative care,
certain complications such as pancreatic leak, delayed
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gastric emptying, intra-abdominal abscess, and hemorrhage
are relatively common after surgery and can adversely
affect patients’ health and recovery.14–16

A few studies have investigated preoperative factors that
might predict postoperative complications following PD in
order to better anticipate and address postoperative mor-
bidity. These studies have addressed anatomic factors, duct
size, and texture of the pancreatic remnant as potential
predictors of postoperative complications.15,17,18 Recently,
a few studies have addressed the issue of preoperative
biochemical markers in predicting complications after
PD.19–21

As PD continues to gain acceptance as an effective
treatment for various pathologies of the pancreatic head and
periampullary region, there is a need for further evaluation
of potential risk factors for postoperative morbidity and
mortality following PD. With an enhanced understanding of
the etiology of PD-associated morbidity, we may be able to
address preoperative factors before they contribute to
perioperative morbidity.

In the present study, we performed a retrospective
analysis from a prospective database to determine which
preoperative lab values were significant in predicting
postoperative morbidity and mortality following PD.

Material and Methods

Patients

We conducted a retrospective review of data from our
prospectively collected database of 452 patients undergoing
PD at our institution from 1990 to 2007. Patients included
in the analysis had surgery for both malignant and benign
disease and they each received standard PD with either of
two anastomotic variants: pancreaticogastrostomy (PG) or
pancreaticojejeunostomy (PJ).

Definitions

Preoperative laboratory values were obtained from the
medical record, and, in most cases, were obtained within
1 week of surgery. The primary outcome variables were
complications following PD, including pancreatic leak
(previously defined at our institution as drainage of
amylase-rich fluid three times the upper normal limit of
serum amylase 1 day after the patients began general diet
and at least 50 cc/d16), intra-abdominal abscess (fluid from
an intraoperative drain with positive cultures or a new fluid
collection requiring drain placement), wound infection
(purulent drainage requiring wound reopening), bile leak
(any bilious drainage from the right drain placed in the
subhepatic area without regard to duration and volume of

bile), gastric leak (CT or upper gastrointestinal contrast
extravasation from the gastrojejeunostomy), and hemor-
rhage (angiographic, laboratory, or CT evidence of postop-
erative intra-abdominal bleeding). Mortality was defined as
death occurring within the first 30 days after operation or
during hospitalization.

Statistics

Preoperative lab values were analyzed as continuous
variables for frequency analyses within the study popula-
tion. Categorical variables were then created for each test
based on the statistical range of normal laboratory values
for our institution’s laboratory, and chi-square tests were
performed to assess for differences between PG and PJ
patients. The categorical laboratory test variables were then
each entered into a univariate analysis with the chi-square
statistic. Variables determined to be approaching signifi-
cance in the univariate analysis (p≤0.20) were subsequently
entered into a multivariate model using binary logistic
regression with forward stepwise elimination. Evaluation of
continuous variables was conducted with the t-test and
evaluation of all categorical variables was conducted using
the chi-square test where appropriate. All statistical analysis
was performed using SPSS (v. 15.0, Chicago, IL, USA).

Results

Table 1 displays the preoperative patient characteristics of
our study population. We evaluated a total of 452 patients
over a 17-year period. The mean age at surgery for the
entire patient cohort was 64.5 (±12.6) years and 56.4% of
the patients were male. According to the data, most patients

Table 1 Patient Demographics

All patients

N 452
Male gender (%) 255 (56.4)
Mean age, years (SD) 64.5 (12.6)
Pathologies
Pancreatic cancer 195
Duodenal cancer 27
Ampullary cancer 65
CBD 31
NET 19
Pancreatitis 34
Cystic neoplasms 36
IPMN 14
Other 31

CBD Common bile duct (cholangiocarcinoma), NET neuroendocrine
tumor, Cystic neoplasms mucinous and serous cystadenomas and
cystadenocarcinomas, IPMN intraductal papillary mucinous neoplasm
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underwent PD for pancreatic cancer. The postoperative
outcomes and complications are presented in Table 2. Of
the patient cohort, 63.9% experienced no significant
postoperative complications following PD. All patients
were evaluated and assessed for each of seven different
potential postoperative complications. For the entire cohort,
pancreatic leak was the most commonly observed compli-
cation in 71 (15.7%) patients. Four (5.6%) of the pancreatic
fistulas were due to drain erosion into the pancreaticoen-
teric anastomosis. If we were to relate our data to the
International Study Group of Pancreatic Fistula (ISGPF)
definition, 44 (66%) had a grade B fistula, while 23 (44%)
had a grade C fistula that were controlled with new drains
and TPN.22

There were no statistically significant differences be-
tween patients receiving PG or PJ with respect to any of the
outcome variables (data not shown). Mortality within
30 days of PD was 1.8% for the entire study population.
Among the eight patient deaths, one was due to acute
respiratory distress syndrome, one was subsequent to an
anoxic brain injury after cardiac arrest, one was due to
massive intraoperative blood loss, two were secondary to
postoperative bleeding following pancreatic leak, one was
secondary to uncontrolled sepsis following pancreatic leak,
one was due to hemorrhage from a gastric ulcer, and one
was a death from suicide. Three of the eight deaths reported
involved pancreatic leak.

Table 3 illustrates the univariate analyses of potential
risk factors for postoperative morbidity and mortality for
the study population. According to the data, an elevated
preoperative aspartate aminotransferase (AST) was associ-
ated with a lower incidence of postoperative complications
when compared to those patients with normal AST levels
(p=0.03). Additionally, a higher proportion of postopera-
tive complications was demonstrated in those patients with
a normal alkaline phosphatase when compared to patients
with elevated preoperative levels of alkaline phosphatase

(p=0.03). We performed a subset analysis of those
patients experiencing a postoperative complication to
evaluate whether primary pathology differed between
normal and elevated alkaline phosphatase groups. Patients
experiencing a complication who had normal alkaline
phosphatase levels were more likely than those with
elevated alkaline phosphatase levels to have primary
tumors other than pancreatic adenocarcinoma (p=0.002)
(data not shown). Intraoperative blood loss >1,000 cc was
also found to be significantly associated with increased
rates of complications following PD (p=0.04). Similar
trends were observed with respect to total bilirubin and
ALT, but the results were not statistically significant (p=0.09
and p=0.10, respectively). Interestingly, low preoperative
albumin was not associated with increased rates of compli-
cations (p=0.74). None of the studied variables was
significantly associated with mortality following PD.

Each of the variables considered to be approaching
statistical significance in the univariate analyses (p≤0.20)
was then entered into a multivariate binary logistic regres-
sion. The results are depicted in Table 4. Of the variables
entered into the regression model, an elevated alkaline
phosphatase was found to be associated with lower rates of
postoperative complications following PD (OR=0.5, p=
0.01). Additionally, preoperative anemia (OR=2.1, p=0.01)
and significant intraoperative blood loss >1,000 cc (OR=1.9,
p=0.01) were each independently associated with increased
postoperative morbidity. In an effort to evaluate potential

Table 2 Postoperative Outcomes and Complications

All patients

Zero complications (%) 289 (63.9)
Postoperative complications (%)
Death 8 (1.8)
Pancreatic leak 71 (15.7)
IAA 28 (6.2)
Wound infection 21 (4.6)
Hemorrhage 9 (2.0)
Bile leak 9 (2.0)
Gastric leak 3 (0.7)
Other 21 (4.6)

Some patients had multiple complications
IAA Intra-abdominal abscess, Other small bowel obstruction, DVT,
and pulmonary complications

Table 3 Markers for Morbidity and Mortality following PD:
Univariate Analysis

Number Morbidity
OR

p
value

Mortality
OR

p
value

Hgb (<14) 323 0.16 1.6 NS
Hct (<40) 267 1.3 NS 2.3 NS
Plt (<150) 29 1.1 NS 2.7 NS
Wbc(>10) 68 0.9 NS 2.4 NS
BUN(>22) 41 1.0 NS 2.3 NS
Cr(>1.5) 17 1.3 NS – NS
ALT(>40) 218 0.7 0.10 – NS
AST(>40) 213 0.6 0.03 0.2 NS
Alk Phos
(>110)

267 0.6 0.03 0.7 NS

Total Bili
(≥1.5)

212 0.7 0.09 0.2 NS

Alb (<3.6) 177 0.9 NS 0.2 NS
Blood loss
(>1,000 cc)

153 1.5 0.04 2.6 NS

Stent 290 0.7 NS 1.6 NS

Hgb Hemoglobin, Hct hematocrit, Plt platelets, Wbc white blood cell
count, BUN blood urea nitrogen, Cr creatinine, ALT alanine
aminotransferase, AST aspartate aminotransferase, Alk Phos alkaline
phosphatase, Total Bili total bilirubin, Alb albumin, Blood Loss
intraoperative blood loss, Stent preoperative biliary stent
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predictors of mortality following PD, we performed an
additional regression with mortality as the outcome variable,
but none of the variables reached statistical significance in
the analysis (data not shown).

Discussion

As recent studies have shown over the last three decades,
morbidity and mortality after PD has dramatically de-
creased since the procedure’s inception.3–13 Several reports
have illustrated this decrease in high volume centers, and in
our present study we experienced a postoperative morbidity
and mortality rate of 36.1% and 1.8%, respectively. As PD
continues to be the only definitive operation available for
various pathologies of the pancreatic head and periampul-
lary area, it becomes more important for surgeons to be
able to recognize preoperative etiologies of post-PD
complications.

A few previous studies have evaluated the role of
abnormal preoperative biochemical markers in postopera-
tive complications following PD. In a recent analysis,
Winter et al.20 found that a preoperative BUN ≥18 mg/dL
and a preoperative albumin ≤3.5 g/dL were each indepen-
dently significant predictors of postoperative complications.
The authors previously found that a preoperative hypo-
albuminemia was independently associated with postoper-
ative mortality as well.14 Preoperative serum albumin levels
as a predictor of operative mortality and morbidity has also
been shown by others.23–25 Other studies have found
evidence linking elevated preoperative creatinine with an
increased risk for post-PD complications.19

In the present study, we found no such relationship
between preoperative hypoalbuminemia or elevated BUN
and increased rates of postoperative complications follow-
ing PD, but we did find that elevated preoperative alkaline
phosphatase was significantly associated with decreased
rates of complications in a multivariate analysis. An
intrinsic, albeit non-specific, marker for inflammation

within the biliary tree, an elevated alkaline phosphatase
reflects a disease process that more acutely involves
damaged or inflamed biliary anatomy. Tumors located in
this area might be more likely to cause obstructive
symptoms, and thus patients with this type of pathology
might be detected at an earlier stage of disease and may
consequently have improved post-surgical outcomes.

However, elevated alkaline phosphatase could also serve
as a proxy for a double duct sign which would be
associated with a firm to hard pancreatic texture that would
hold sutures better. Based on our subset analysis of those
patients with a post-PD complication, fewer patients with
normal alkaline phosphatases had pathologies consistent
with pancreatic primary tumors when compared to those
patients with elevated alkaline phosphatases. Accordingly,
those patients with a complication and a normal alkaline
phosphatase most likely had a soft pancreatic remnant.
Conversely, those patients with a complication and an
elevated alkaline phosphatase most likely had a hard
pancreatic remnant because, as a group, they had a higher
percentage of pancreatic primary tumors. A hard pancreas
may lead to a larger duct which would provide a
mechanical advantage for reanastomosis during PD and
this advantage could be contributing to the lower incidence
of postoperative complications seen in patients with
elevated alkaline phosphatase in our population. This larger
duct phenomenon could also be applied to the biliary
system, in that larger ducts, allow for easier anastomosis.
Several previous studies have found that a soft pancreatic
remnant with non-dilated pancreatic ducts (<3 mm in
diameter) is independently associated with increased rates
of pancreatic leak following PD.17,25,26

The management of the soft pancreatic remnant after PD
remains a subject of considerable debate.27 Lillemoe et al.28

studied the effect of fibrin glue in cases with small ducts
and a soft pancreatic remnant. They found that while fibrin
glue did not prevent a leak, the leak rate was reduced from
30% in controls to 26% in the fibrin glue group. Wada and
Traverso25 studied whether better vision with the operating
microscope when compared to surgical loupes would
reduce the leak rate in internally stented duct to mucosa
PJ after PD. They found that in the soft gland with small
ducts, the 23% leak rate using surgical loupes was reduced
to 4% with the microscope. Poon et al.26 studied the
external drainage of the pancreatic duct with a stent to
reduce the leak rate of PJ after PD. In this prospective
randomized study, a subset analysis of the soft pancreatic
remnant found a leak rate of 12% in the stented group
versus 30% in the non-stented group. Billingsley et al.21

reported a 0% leak rate in 227 consecutive patients with PJ
following PD, irrespective of the texture of the pancreatic
remnant. Strasberg et al.29 found that optimizing the blood
supply of the edge of the pancreatic remnant was a key to

Table 4 Markers for Morbidity following PD: Multivariate Analysis

Morbidity OR p value

Hgb (<14) 2.1 0.01
ALT (>40) 1.2 NS
AST (>40) 0.7 NS
Alk Phos (>110) 0.5 0.01
Total Bili (≥1.5) 0.8 NS
Blood loss
(>1,000 cc)

1.9 0.01

Hgb Hemoglobin, ALT alanine aminotransferase, AST aspartate
aminotransferase, Alk Phos alkaline phosphatase, Total Bili total
bilirubin, Blood loss intraoperative blood loss
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decreasing the leak rate. A randomized controlled trial
comparing each of the above surgical techniques to each
other would be one way to resolve this debate surrounding
the management of the soft pancreatic remnant.

Our findings with respect to the association between
preoperative anemia, intraoperative blood loss, and in-
creased complications is in accordance with much of the
surgical literature. Carson et al.30 reported on the effect of
anemia and cardiovascular surgical mortality and morbidity
in 1,958 patients who, for religious reasons, refused all
blood transfusions. They found that low preoperative
hemoglobin was associated with an increased risk of death
or serious morbidity. This was seen more often in those
patients with cardiovascular risk. Wu et al.31 studied
preoperative hematocrit levels and postoperative outcomes
in older patients undergoing non-cardiac surgery. They
found that even mild degrees of preoperative anemia were
associated with increased 30-day postoperative mortality
and cardiac events in mostly older male veterans. Neither of
the two above studies had any patients having PD. Healthy
adults have been shown to adapt to anemia by an increase
in cardiac output and oxygen extraction and decrease in
vascular resistance.31 In the elderly patient, however,
cardiac reserve is diminished and subclinical coronary
disease may exist that would blunt the physiologic response
to anemia.31 Because they are more often elderly, it would
therefore make sense to optimize preoperative hemoglobin
and hematocrit levels and to minimize intraoperative blood
loss in those patients undergoing PD.

Spence et al.32 studied 107 consecutive Jehovah’s
Witness patients who underwent major elective surgery.
They found that mortality was 3.2% in patients whose
preoperative hemoglobin levels were greater than 10 g/dL
and 5% in patients whose hemoglobin was 6–10 g/dL.
Mortality was significantly increased with an estimated
blood loss of greater than 500 mL regardless of the
preoperative hemoglobin level. In our PD population, we
found that patients with intraoperative blood loss greater
than 1,000 cc had increased rates of postoperative compli-
cations when compared to those patients with less blood
loss.

The strengths of the present study are the large number
of patients in the database giving support to our conclusions
that preoperative anemia, normal liver function tests, and
significant intraoperative blood loss are associated with
increased postoperative morbidity following PD. There are,
however, some limitations to our study. Although the data
was collected prospectively, the study is retrospective in
nature. We included only the most recent preoperative lab
data from each patient, but it is possible that there are
varying amounts of time between lab collection and surgery
for each patient. In addition, patients with elevated alkaline
phosphatases may represent earlier stages of disease at

detection and at treatment, and thus our findings may
represent an element of selection bias as well.

Conclusion

The results from the present study of 452 patients
demonstrate that low preoperative hemoglobin, a normal
preoperative alkaline phosphatase, and significant intra-
operative blood loss are independent predictors of postop-
erative complications following PD. Despite the existing
evidence, it remains important for future studies to continue
to evaluate the etiologies of post-PD complications. As PD
continues to be the accepted method for resection of both
benign and malignant disease of the pancreatic head and
periampullary area, it is crucial for surgeons to be able to
anticipate and, eventually, prevent increased postoperative
morbidity. As more and more patients undergo PD, a better
understanding of the role of preoperative laboratory
markers is essential to prevent or to be more vigilant of
postoperative complications.

This study brings awareness of the complications that
patients undergoing PD may face in relation to their
preoperative laboratory values. Obviously, abnormal liver
function tests (LFTs) cannot be induced in patients to
achieve better outcomes after PD. We feel that abnormal
LFTs may be a sign of local fibrosis and pancreatic
hardening, which may be induced primarily by the patient’s
pathology and possibly by preoperative stenting in these
patients. In patients with normal LFTs and a soft pancreatic
remnant a randomized study comparing stenting of the
pancreatic duct to no stenting following PD is needed.

In patients who have extensive cardiac histories, hemo-
globin should be optimized, or liberal use of intraoperative
blood transfusions may be used to decrease rates of
complications. Our study showed patients with hemoglobin
levels above 14 had decreased incidence of complications.
This value would be difficult to achieve in patients with
chronic diseases, such as cancer. We plan on further
studying both of the above ideas.
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Discussion

Preoperative Liver Function Tests and Hemoglobin will
Predict Complications Following Pancreaticoduodenectomy

L. William Traverso, M.D. (Seattle, Washington): You
presented 452 Whipple operations which at Loyola is a
respectable 1.8% mortality rate in a high-volume center as
defined at Loyola as 27 cases per year. You did not tell us
how many surgeons performed these operations so we do
not know if this is a high-volume single surgeon at a high-
volume hospital. Your Whipple specific outcomes were a
16% pancreatic anastomotic leak rate and a 6% intra-

J Gastrointest Surg (2008) 12:1822–1829 18271827

http://dx.doi.org/10.1097/00000658-198709000-00014
http://dx.doi.org/10.1097/00000658-199004000-00011
http://dx.doi.org/10.1097/00000658-199004000-00011
http://dx.doi.org/10.1097/00000658-199305010-00002
http://dx.doi.org/10.1016/S1072-7515(03)00331-4
http://dx.doi.org/10.1016/S1072-7515(03)00331-4
http://dx.doi.org/10.1097/00000658-200012000-00007
http://dx.doi.org/10.1097/00000658-200012000-00007
http://dx.doi.org/10.1097/00000658-200304000-00012
http://dx.doi.org/10.1097/00000658-199511000-00006
http://dx.doi.org/10.1097/00000658-199809000-00016
http://dx.doi.org/10.1007/BF02557520
http://dx.doi.org/10.1016/S1091-255X(00)80105-5
http://dx.doi.org/10.1016/S1091-255X(00)80105-5
http://dx.doi.org/10.1016/S0002-9610(05)80151-5
http://dx.doi.org/10.1016/S0002-9610(05)80151-5
http://dx.doi.org/10.1016/j.surg.2006.07.009
http://dx.doi.org/10.1016/j.amjsurg.2003.11.004
http://dx.doi.org/10.1016/j.jamcollsurg.2007.01.026
http://dx.doi.org/10.1016/S1091-255X(03)00067-2
http://dx.doi.org/10.1016/j.surg.2005.05.001
http://dx.doi.org/10.1016/j.surg.2005.05.001
http://dx.doi.org/10.1001/archsurg.134.1.36
http://dx.doi.org/10.1016/S0895-4356(97)00015-2
http://dx.doi.org/10.1016/j.surg.2005.11.001
http://dx.doi.org/10.1097/SLA.0b013e3181492c28
http://dx.doi.org/10.1097/00000658-199506000-00003
http://dx.doi.org/10.1016/j.gassur.2004.06.011
http://dx.doi.org/10.1016/S1072-7515(02)01202-4
http://dx.doi.org/10.1016/S0140-6736(96)04330-9
http://dx.doi.org/10.1001/jama.297.22.2481
http://dx.doi.org/10.1016/S0002-9610(05)81227-9


abdominal abscess rate. Using univariate analysis you then
showed that an increased AST and on both univariate and
multivariate analysis an increased alkaline phosphatase
were associated with complications, so they were inversely
proportional. Normal LFTs meant higher complications,
which is difficult to initially get your hands around, but
after reading the manuscript I have an idea why that was.
Then you showed that increased blood loss of over a liter
was associated with increased complications—now that
makes sense. Then you did a subset analysis in the
manuscript that showed that cases with increased alkaline
phosphatase and therefore lower complications were those
patients that were more likely to have pancreatic cancer and
therefore have larger ducts and therefore the anastomotic
leak rate would be less.

What was missing from the manuscript and would be
really helpful to critique it was that you took a continuous
variable like alkaline phosphatase, converted it to a
categorical variable and then used Chi square analysis.
With this method you lose a lot of sensitivity. It may be that
the elevation of alkaline phosphatase, whether it was
minimal or very high, would help to make this very
confusing finding of normal LFTs being associated with
increased complications—I do not really think we can say a
whole lot about that at the moment, other than go along
with your speculation that increased incidence of pancreatic
cancer, meaning increased fibrosis and big ducts meant
lesser complications and associated with higher LFTs. What
would be helpful is if you stated what the incidence of a
soft gland or a small main pancreatic duct of less 3 mm.I
would like to quibble a little bit about your leak definition.
Why didn’t you use the International Study Group leak
definition? That has been published and could have been
used. Your definition was an elevated amylase in the drain of
over three times normal at a day when the patient was eating
solid food, so that would miss a lot of the increased amylase
levels that you see after day 3, 4 and 5 that the International
Study Group picks up. This makes more distribution of your
cases and therefore you can analyze it better and may have
shown why the alkaline phosphatase might have been
associated with complications, yes or no.

Let’s get beyond that. How about an operative blood loss
of greater than 1,000? Why did you choose that number? At
Hopkins 750 ml is associated with lower survivorship and
in Seoul, Korea, it is about 500 ml. Why did you choose a
liter? Why not also do continuous variable analysis rather
than categorical analysis there?

There are some patient-based issues that we can deal
with: anemia, and you suggested taking care of those
preoperatively; higher blood loss, that’s a surgeon-based
thing. Let’s improve operative technique so that we never
can have a blood loss over a value which as yet you have
not told me what it should be to minimize complications.

As you can imagine what is missing from the current
manuscript is the mean estimated blood loss. What was it?
Were just a few cases over a liter per operation?

This potpourri of outcomes and preoperative lab values
after a Whipple operation is a very important thing to do
because, as Dr. Low at the podium last year described, with
esophagectomy, it is not about mortality any more—your
mortality is very low. It is hard to see any association with
mortality when you only have a couple cases, but when you
have a lot of morbidity then you can see the associations if
you drill down enough.

Very nice job on your presentation.
Christopher D. Hughes, M.D. (Maywood, IL, USA):

Thank you for your review, Dr. Traverso.
As you mentioned, we did divide the patients with

complication between those with normal alkaline phospha-
tase and those with elevated alkaline phosphatase. We
found that significantly more patients with elevated alkaline
phosphatase had pancreatic carcinomas, and we postulated
that the elevated enzyme could thus be serving as a proxy
for a hard and fibrotic pancreatic remnant and that might
explain some of the lower leak rates that we observed in
that patient population. Because this was a retrospective
analysis, we unfortunately do not have the data on
intraoperative remnant texture or duct size for each of our
patients.

However, we also speculated that the increase in
preoperative alkaline phosphatase might be acting as a
marker for damaged or inflamed biliary anatomy. We could
therefore be seeing an effect of early detection bias, as
patients with tumors in this location could be presenting
earlier with symptomatic obstruction and could be benefit-
ing from earlier treatment of their cancers.

With respect to your point about the classification of the
pancreatic leak, we used the same endpoints that we have
used in previous publications with data from our institution.
The International Study Group Classifications were pub-
lished in 2005, and our study encompasses data from as far
back as 1990.

With respect to mean intraoperative blood loss, I do not
have that data for you today. We did perform a subset
analysis with varying cutpoints, both 500 and 750 cc. We
did not find the lower blood loss values to be significant,
but we did find significance with the 1,000 cc. Furthermore,
we did an analysis to see if there was any significant
difference based on pathology between patients and the
amount of blood that they lost intraoperatively, but we did
not find any associated difference.

Lygia Stewart, M.D. (San Francisco, CA, USA): One
quick question. You did not find any correlation with
albumin. Can you comment? Did you give your patients
preoperative or postoperative nutrition with tube feeds or
any kind of enteral-based formulas?
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Dr. Hughes: We did not give any supplemental
nutrition.

Colin D. Johnson, M.D. (Southampton, England): There
are two explanations for why someone has a normal
alkaline phosphatase. It may be normal all the time or
there may have been biliary obstruction which has been
relieved. Can you tell us whether any of these patients with
a normal alkaline phosphatase had preoperative biliary
drainage?

Dr. Hughes: We did look at preoperative biliary drainage
as a yes/no variable and whether or not that was associated
with increased rates of complication. We did not find any
association in that respect.

Gerard V. Aranha, M.D. (Maywood, IL, USA): Just to
clear things up if I might, Dr. Traverso. When the alkaline
phosphatase is normal the pancreatic remnant is usually soft
and the primary pathology is not pancreatic cancer. Since it
is a retrospective study, we cannot tell you about the texture
of the remnant or the size of the pancreatic duct. We are
looking at both these parameters now as part of the
international study you are conducting.

As far as the definition goes, that is the one that we have
used since 1990. The International Study Group definition
was released in 2005. Our future publications will list our
pancreatic fistulae following pancreaticoduodenectomy
according to the International Study Group definition.

J Gastrointest Surg (2008) 12:1822–1829 18291829



Nodal Microinvolvement in Patients with Carcinoma
of the Papilla of Vater Receiving No
Adjuvant Chemotherapy

Dean Bogoevski & Hassan Chayeb &

Guell Cataldegirmen & Paulus G. Schurr &

Jussuf T. Kaifi & Oliver Mann & Emre F. Yekebas &

Jakob R. Izbicki

Received: 21 May 2008 /Accepted: 20 August 2008 /Published online: 13 September 2008
# 2008 The Society for Surgery of the Alimentary Tract

Abstract
Background To assess the prognostic significance of nodal microinvolvement in patients with carcinoma of the papilla of Vater.
Methods From 1993 to 2003 at the University Clinic Hamburg, 777 patients were operated upon pancreatic and periampullary
carcinomas. The vast majority of patients were operated upon pancreatic ductal adenocarcinoma (n=566, 73%), followed by
carcinomas of the papilla of Vater (n=112, 14%), pancreatic neuroendocrine carcinomas (n=39, 5%), intraductal papillary
mucinous neoplasms (n=33, 4%), and distal bile duct carcinomas (n=27, 3%). Fresh-frozen tissue sections from 169 lymph
nodes (LNs) classified as tumor free by routine histopathology from 57 patients with R0 resected carcinoma of the papilla of
Vater who had been spared from adjuvant chemotherapy were immunohistochemically (IHC) examined, using a sensitive
IHC assay with the anti-epithelial monoclonal antibody Ber-EP4 for tumor cell detection. With regard to histopathology, 39
(63%) of the patients were staged as pT1/pT2, 21 (37%) as pT3/pT4, 30 (53%) as pN0, while 38 (67%) as G1/G2.
Results Of the 169 “tumor-free” LNs, 91 LNs (53.8%) contained Ber-EP4-positive tumor cells. These 91 LNs were from 40
(70%) patients. The mean overall survival in patients without nodal microinvolvement of 35.8 months (median—not yet
reached) was significantly longer than that in patients with nodal microinvolvement (mean 16.6; median 13; p=0.019).
Multivariate Cox regression analysis for overall survival revealed that grading was the most significant independent
prognostic factor (p=0.001), followed by nodal microinvolvement (p=0.013).
Conclusions The influence of occult tumor cell dissemination in LNs of patients with histologically proven carcinoma of
the papilla of Vater supports the need for further tumor staging through immunohistochemistry.

Keywords Carcinoma of the papilla of Vater .

Nodal microinvolvement . BEr-EP4

Introduction

The term periampullary carcinoma is a common term used
for description of carcinomas originating from the papilla of
Vater, the periampullary region of the pancreatic head as

well as the distal common bile duct carcinomas. The
incidence of the carcinoma of the papilla of Vater is four
new cases per 100,000 persons per year and is almost
fivefold lower than the incidence of the pancreatic cancer.
However, on autopsy, the detection of carcinoma of the
papilla of Vater is almost 0.2%. Although these tumors
predominantly develop sporadically, the risk of carcinoma
of the papilla of Vater development is extremely high in
patients with familial adenomatous polyposis (FAP)1,2 and
the Gardner syndrome3 where the lifetime risk is almost
100%. The adenoma to carcinoma sequence in the
development of the carcinoma of the papilla of Vater,
similarly to the colorectal carcinoma, is already proved and
goes over several steps. In patients with FAP, the region of
the papilla of Vater is the second most frequent place for
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tumor development,4 after colorectum, so the patients who
already had protective proctocolectomy has to be under
close follow-up for early detection of tumor of the papilla
of Vater.

The carcinoma of the papilla of Vater is often mismatched
with the pancreatic ductal adenocarcinoma, since sometimes
even histologically, it is not possible clearly to distinguish
whether the primary tumor originates from the papilla of
Vater or from the pancreatic head. However, one has to
discriminate these two types of tumors since the carcinoma
of the papilla of Vater has considerably better overall
prognosis than the pancreatic ductal adenocarcinoma.

The detection of cholestasis and painless jaundice is
often an early symptom in these patients, unlike in the
patients with pancreatic ductal adenocarcinoma, where the
jaundice is a late sign. Gastric outlet obstruction is frequently
a late symptom and regularly a sign of inoperability.

The prognosis for patients with carcinoma of the papilla
of Vater who undergo resection has been shown to be
determined by both the pathologic and molecular character-
istics of the resected tumor. Stage, grade, and resection
margin status are currently accepted as the most accurate
pathologic variables predicting survival.5–7 Pathologic stag-
ing only insufficiently reflects the individual risk to develop
tumor recurrence which is even higher in early tumor stages.

Early metastatic relapse after complete resection of an
apparently localized primary lesion indicates that dissemi-
nated tumor cells, undetectable by current methods, may
already have been present at the time of surgery. Occult
residual tumor disease is suggested when either bone
marrow or lymph nodes from which tumor relapse may
originate are affected by micrometastatic lesions undetect-
able by conventional histopathology.8 The clinical signifi-
cance of antibodies against tumor associated targets both in
lymph nodes9–12 and in bone marrow11,13 is still controver-
sially discussed.11,13–24 Various monoclonal antibodies are
in use for micrometastatic detection, thus contributing to
the incongruity of data and validity of results. These assays
have been rarely used in patients with carcinoma of the
papilla of Vater.25 Recently, our group showed that
immunohistochemical staining with the monoclonal anti-
body Ber-EP4 is a sensitive and specific method for
detecting isolated or clusters of tumor cells in lymph nodes
from patients with lung,10 esophageal,22 or pancreatic
carcinomas.21,26 Ber-EP4 is an antibody against two
glycopolypeptides of 34 and 49 kD on the surface and in
the cytoplasm of all epithelial cells (except parietal cells,
hepatocytes, and the superficial layers of squamous
epithelium).

The present study was intended to increase our knowl-
edge gained in the previous studies on lymph node
micrometastasis. In patients with carcinoma of the papilla
of Vater, the risk to develop tumor relapse in pN1 patients is

overall greater than in pN0 patients. However, we have
shown that further risk stratification for patients with
histopathological involvement may be performed according
to their immunohistochemical status. The primary aim of
this study was to assess the role of immunohistochemically
detectable micrometastases in lymph nodes of an unselected
group of patients with “curatively” resected carcinoma of
the papilla of Vater.

Materials and Methods

The local ethical committee of Hamburg approved this study.
Informed consent was obtained from all patients before
inclusion in the study. From1993 to 2003 at the University
Clinic Hamburg, 777 patients were operated upon pancreatic
and periampullary carcinomas. The vast majority of patients
were operated upon pancreatic ductal adenocarcinoma
(n=566, 73%), followed by carcinoma of the papilla of
Vater (n=112, 14%), neuroendocrine carcinoma (n=39, 5%),
intraductal papillary mucinous neoplasms (n=33, 4%), and
distal bile duct carcinoma (n=27, 3%).

The most frequent surgical procedure in the treatment of
patients with carcinomas of the papilla of Vater was
pancreatoduodenectomy (n=110), followed by pancreatic
preserving duodenectomy (n=2, for pTis). Lymph node
dissection was performed as previously described by
Pedrazzoli et al.27 A total of 2,039 lymph nodes were
removed with a median number of 18 (range five to 39)
lymph nodes per patient. Tumor stage and grade were
classified according to the sixth edition of the tumor–node–
metastasis classification of the International Union against
Cancer28 by investigators unaware of the immunohisto-
chemical findings.

Fresh-frozen tissue sections from 57 patients with R0
resected carcinoma of the papilla of Vater who had been
spared from adjuvant chemotherapy were immunohisto-
chemically (IHC) examined, using a sensitive IHC assay
with the anti-epithelial monoclonal antibody Ber-EP4 for
tumor cell detection. Among all histopathologically nega-
tive lymph nodes, 169 were selected in a representative
fashion as described most recently for subsequent immu-
nohistochemical screening.21

Follow-up evaluations at 3-month intervals in the first
12 months and afterwards every 6 months in the first
5 years included a physical examination, abdominal
ultrasonography, and computed tomography of the abdo-
men. Out of all 57 patients studied, the vital status in 54
patients could be determined at the end of the study.

With regard to histopathology, 39 (63%) of the patients
were staged as pT1/pT2, 21 (37%) as pT3/pT4, 30 (53%)
as pN0, while 38 (67%) as G1/G2. One patient was
excluded from the survival analysis because he died
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within 90 days after surgery. From nine patients, only
information about the date of death but not of recurrence
was available.

Tissue Preparation and Immunohistochemical Analysis

Lymph nodes were divided into two parts: one for
conventional histopathology and the other was snap-frozen
in liquid nitrogen within 3 h after their removal and stored
at −80°C until use. Only histopathologically “tumor-free”
lymph nodes were screened by immunohistochemistry with
the anti-epithelial cell monoclonal antibody Ber-EP4 (IgG1;
Dako, Hamburg, Germany) as described previously.21 Ber-
EP4 is an antibody against two glycopolypeptides of 34 and
49 kD on the surface and in the cytoplasm of all epithelial
cells (except parietal cells, hepatocytes, and the superficial
layers of squamous epithelium). The antibody does not
react with mesenchymal tissue, including lymphoid tis-
sue.11,19 Cryostat sections (5 to 6 μm thick) were cut at
three different levels in each node and transferred onto
glass slides treated with 3-triethoxysilylpropylamin (Merck,
Darmstadt, Germany). One section of the sample obtained
at each level was stained by the alkaline phosphatasean-
tialkaline phosphatase technique combined with the new
fuchsine stain (Sena, Heidelberg, Germany) for the visual-
ization reaction.20 In 16 control patients with nonepithelial
tumors or inflammatory diseases, lymph nodes were
consistently stained negative. Sections of normal colon
served as positive staining controls and isotype-matched
irrelevant murine monoclonal antibodies served as negative
controls (purified immunoglobulin mouse myeloma protein
for IgG1; Sigma, Deisenhofen, Germany). The slides were
evaluated in a blinded fashion by two observers working
independently (D.B., H.C.). Minimal tumor cell involve-
ment in a lymph node that was considered as tumor free by
conventional histopathological staining was defined as the
presence of one to ten positive cells in the body of the node
(Fig. 1). If more than ten cells were detected (four lymph
nodes in two patients), a hematoxylin–eosin restaining was
conducted. Under routine histology, all lymph nodes were
judged as negative.

Statistical Analysis

All statistical calculations concerning survival (overall and
recurrence-free survival) were based on the group of 57
patients who were available for follow-up. The primary
outcome measure was the 5-year survival probability.
Secondary outcomes were the incidence of local recurrence
and distant metastases of the disease. Survival was
calculated from the date of resection until the date of death
from any cause. For patients lost to follow-up, data were

censored on the date the patient was last seen alive.
Associations between categorical variables were assessed
using Fisher’s exact test. Survival estimates were derived
using the method proposed by Kaplan and Meier29 and the
log-rank test was used to assess differences in survival
estimates among the groups. Point and interval estimates of the
survival probabilities at 60 months were calculated. For
comparison purposes, log-rank test and exact stratified log-
rank test were performed. Cox proportional hazards model-
ling30 was used to investigate and adjust the major prognostic
and stratification factors. p<0.05 was considered statistically
significant. Since this analysis was intended to be explor-
ative, no adjustment for multiple testing was carried out.

Results

Characteristics of Patients

Fifty-seven patients [21 (37%) women and 36 (63%) men]
with carcinoma of the papilla of Vater were included in the
study. The median age was 63 years (range 39 to 83 years,
mean 62.5 years). Table 1 shows the characteristics of patients
and tumors. A total of 169 lymph nodes classified as “tumor
free” by conventional histopathology were analyzed. Positive
cells in the sinuses, the lymphoid interstitium or in both
locations were found in 91 lymph nodes (53.8%). These 91
positive lymph nodes were found in 40 (70.2%) of the 57
patients. Whereas the presence of Ber-EP4 cells was
significantly associated with nodal metastases (pN1) identi-
fied through conventional histopathology (p=0.019), no
correlation between tumor stage and tumor grade was found.

Survival

After an average observation period of 62 months
(range 3 to 144 months, median 39 months), the

Figure 1 Immunohistochemically detected cell in the lymph node of
patient with carcinoma of the papilla of Vater.
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presence of nodal microinvolvement was associated with
significantly reduced overall survival probabilities. The
Kaplan–Meyer overall survival curve for all patients
who were stratified according to the presence or absence
of occult tumor cells in lymph nodes showed a
significant survival benefit for patients negative by
immunohistochemical methods (mean overall survival
71.5 vs. 28.6 months; median overall survival 144 vs.
23 months, 5-year survival 73.2% vs. 27.6%; 10-year
survival 62.7% vs. 0%) irrespective of the histopatho-
logical classification (pN0/pN1) of the lymph nodes
(log-rank test; p<0.008; Fig. 2).

The analysis of the subset of patients who were staged
as pN0 in conventional histopathology revealed signifi-
cantly better survival rates in patients without occult tumor
cells as compared with those with nodal microinvolvement
(mean 126.4 vs. 44.1 months; median 144 vs. 28 months;
5-year survival 92.3% vs. 26.8%; 10-year survival 79.1%
vs. 0%; log-rank test; p=0.008; Fig. 3). Patients without
any nodal involvement, as excluded by both conventional
histopathology and immunohistochemistry, had an excellent
5-year overall survival probability of 92% (standard error—
11.4%). In contrast, the 5-year survival probability of pN0
patients with nodal microinvolvement (26.8%) resembled
that of pN1 patients (24.9%; log-rank test; p=0.198) and in
both groups, no patient was still alive 10 years after surgery.
The additional detection of nodal microinvolvement in other
lymph nodes classified as tumor free by routine histopathol-
ogy in patients already staged as pN1 had no influence on
overall survival probabilities (median survival 22 vs.

8 months; 5-year survival 28.4% vs. 0%; 10-year survival
0% vs. 0%; log-rank test; p=0.434, data not shown).

The crucial importance of the disseminated tumor cells
in patients with carcinomas of the papilla of Vater was
even more evident in respect to the disease-free survival.
Only one of the patients negative in both routine histology
and IHC had recurrence of the disease (either local or
distant), namely 9 years after the primary surgery (5-year
disease-free survival (DFS) 100%, 10-year DFS 80%),
whereas the 5-year DFS rate in pN0 but with nodal
microinvolvement was 55.6% (10-year DFS 55.6%;
p=0.023; Fig. 4) and it was not statistically different than
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Figure 2 Overall survival according to the presence or absence of
nodal microinvolvement in immunohistochemistry. Median—144 vs.
23 months; mean—71.5 vs. 28.6 months; 5-year overall survival
73.2% vs. 27.6%; 10-year survival 62.7% vs. 0%; log-rank test;
p=0.008.
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Figure 3 Overall survival according to the presence or absence of
nodal metastases in conventional histology and immunohistochemis-
try. Mean 126.4 vs. 44.1 vs. 35.7 months; median 144 vs. 28 vs.
22 months; 5-year survival 92.3% vs. 26.8% vs. 24.9%; 10-year
survival 79.1% vs. 0% vs. 0%.

Table 1 Characteristics of Patients and Tumors

Variable Number of
patients

Nodal
microdissemination

Significance
p

Total patients 57 40 (70.2%)
Total lymph
nodes

169 91 (53.8%)

Sex 0.064
Male 36 (63%) 29 (77.8%)
Female 21 (21%) 11 (57.1%)
Primary tumor 0.172
pTis 2 (3.5%) 0 (0%)
pT1 7 (12.3%) 6 (85.7%)
pT2 27 (47.4%) 20 (74%)
pT3 20 (35.1%) 13 (65%)
pT4 1 (1.8%) 1 (100%)
Lymph nodes 0.019
pN0 30 (52.6%) 17 (56.7%)
pN1 27 (47.4%) 23 (85.1%)
Histological grading 0.304
G1 4 (7%) 1 (25%)
G2 43 (75.4%) 31 (72.1%)
G3 10 (17.5%) 8 (80%)
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in patients already staged as positive in routine histology
(5-year DFS 52.3%; 10-year DFS 52.3; p=0.981).

Apart from nodal involvement assessed either by
histopathology or immunohistochemistry, the comparison
of survival curves revealed also significant differences
with respect to grading when G1,2 tumors were
compared to G3 tumors (median survival time—49 vs.
8 months; log-rank test; p=0.001).

Multivariate Analysis

Multivariate Cox regression analysis for overall survival
revealed that nodal microinvolvement together with
histological grading were the most significant indepen-
dent prognostic factors analyzed (Table 2). With respect to
5-year overall survival, nodal microinvolvement had a
relative risk of 5.677 (95% confidence interval—1.157 to
27.857; p=0.032), as compared with negative findings in
immunohistochemistry. G3 tumors had a relative risk of
2.883 as compared with G1/2 tumors (95% confidence
interval—1.068 to 7.777; p=0.037). Age, sex, nodal
involvement, and tumor stage had no independent prog-
nostic influence on overall survival. The analysis of the
interaction between pN status, nodal microinvolvement,
and grading did not reveal that the proportional assumption
was violated. Hence, the Cox model appeared appropriate
and grading followed by nodal microinvolvement remained
the two most important prognostic variables also in the
subset of pN0 patients.

Discussion

Since most of the patients with carcinoma of the papilla
of Vater develop jaundice early in their course, almost

80% to 90% of all patients are still operable at the time
of presentation. The 5-year survival rates, independent
from the tumor stage, are between 21% and 61%.31,32

Not surprisingly, together with the resection margin status,
the nodal infiltration defined by routine histology has a
significant influence on overall prognosis, and, almost
always, the patients burdened with residual disease develop
a recurrence (local or distant). Sometimes, even patients
staged as free of residual disease (R0 and N0) develop
recurrence. The question that arises is: can we enhance the
staging system and identify the patients under higher risk
for recurrence?

The key finding of this study is that isolated tumor cells,
detectable in lymph nodes by immunohistochemical anal-
ysis, are strong independent prognosticators in patients with
carcinomas of the papilla of Vater. We have analyzed
patients with carcinomas of the papilla of Vater who did not
receive any adjuvant radio-, chemo-, or radiochemotherapy.
In the group of patients staged as node negative by routine
histology, two subsets could be identified: one subset with a
poor 5-year survival probability of 27% (10 year 0%)
which was close to that of patients with overt nodal
involvement (pN1; 5 year 25%, 10 year 0%), the other
subset without nodal microinvolvement had a much better
prognosis with a five-year survival probability of over 92%
(10 year 79%), suggesting that immunohistochemistry can
confirm the cardinal importance of occult tumor cells for
the separation of the respective survival curves in pN0
patients. In patients who were already staged as node
positive (pN1), the detection of occult tumor cells in the
rest of the “tumor-free” lymph nodes had no prognostic
significance. This finding was in contrast with previous
observations of our group showing that survival is
significantly worsened in esophageal,22 pancreatic,21,26

and nonsmall cell lung carcinoma10 when histopathological
pN1 status is accompanied with nodal microinvolvement.
Basically, pN1 status in solid tumors is considered as a
local disease which can be potentially cured with surgery,
although it generally carries a higher risk of systemic
dissemination than pN0 status.
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Figure 4 Disease-free survival according to the presence or absence
of nodal metastases in conventional histology and immunohistochem-
istry. Mean 138.1 vs. 57.4 vs. 59.3 months; 5-year disease-free
survival 100% vs. 52.3% vs. 55.6%; 10-year disease-free survival
80% vs. 52.3% vs. 55.6%.

Table 2 Multivariate Analysis

Significance Exp(B) 95.0% CI for
Exp(B)

Lower Upper

Histological grading 0.037 2.883 1.068 7.777
Nodal
microinvolvement

0.032 5.677 1.157 27.857

Nodal involvement
(pN)

0.136 4.678 0.615 35.614
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The contemporary studies of the influence of the
adjuvant therapy in patients operated upon carcinomas of
the papilla of Vater have mostly showed no significant
advantage in relation to patients submitted only to surgical
resection. Nakano et al. have studied the influence of
preoperative radiotherapy vs. surgery alone and no signif-
icant benefit was found.33 Also the combined radiochemo-
therapy (local radiation combined with systemic 5-Fu)
showed no benefit,34 as was the case with the intensified
radiochemotherapy (5-FU + Leucovorin + EBRT).5 Al-
though chemoradiation and/or chemotherapy for adjuvant
treatment of carcinoma of the papilla of Vater may have
severe side effects,5 in common clinical practice, it is in
most instances applied irrespective of tumor stage. This
reflects the distrust in the value of conventional tumor
staging nomenclature in terms of reliably predicting the risk
of tumor relapse even in patients with early pancreatic
cancer (T1, N0). Our data indicate that immunohistochem-
ical assessment of lymph nodes can be used to refine the
staging system for carcinoma of the papilla of Vater and
might help us to identify patients who could not be cured
by surgery alone and need adjuvant therapy. In turn,
patients who are true node negative both in histopathology
and in immunohistochemistry have an excellent 5-year
survival probability of nearly 93%, even without chemo-
therapy. Whether this prognosis can be further improved by
adjuvant therapy needs to be discussed.

The percent of the detected tumor cells in lymph nodes
with IHC methods in our cohort was surprisingly high,
higher than in other tumor collectives (esophageal, pancre-
atic, and lung carcinoma—17%, 42%, 53%, respectively).
A similar percent of affected lymph nodes with nodal
microinvolvement was reported by Hosch et al.35 in
esophageal carcinoma (71%).

The detection of nodal microinvolvement even in the
early tumor stage (pT1—85%) doubt the validity of local
therapeutic regimens (like ampullectomy or local excision)
already proposed by some.36 Demetriades et al.37 assume
the local excision in early tumor stage (pT1) as adequate,
not paying attention to lymph node involvement. On this
line are also the findings from Beger et al.38 who showed
that even the patients staged as pTis or pT1 without nodal
involvement will benefit from the lymphadenectomy. Yoon
et al.39 already described the ampullectomy as unacceptable
in the treatment of early carcinomas of the papilla of Vater,
since the recurrence rate of 18.2% was too high. Further-
more, without formal lymphadenectomy, the patients cannot
be scrutinized according to the nodal involvement (conven-
tional or IHC) and, thus, the patients at need for adjuvant
chemotherapy will not receive the adequate therapy.

The local growth of the tumor and the potential for
developing distant metastasis are completely independent

processes.40 Therefore, the detection of nodal micro-
involvement by IHC in patients within early tumor stage
can be an early prognostic sign of tumor dissemination,
and, therefore, an important prognosticator in patients with
carcinomas of the papilla of Vater. Muhlhofer et al.41 have
examined the immunohistochemically detected cells in
patients with R0-resected esophageal carcinoma and have
found out that the detection of disseminated cells is not
correlated with lymphovascular tumor infiltration. It is
therefore obvious that not all disseminated tumor cells have
the potential to grow into an overt metastasis. This is also
an indicator that not only the absolute number of
disseminated tumor cells but also the biological attributes
of the homing organ have an important if not the crucial
role in the process of homing the tumor cells and
development of overt metastasis. Evidence exists that
disseminated tumor cells can remain in a dormant state in
the local environment and then develop into overt metas-
tases when the environmental conditions are right.35,42–45

At the end as a conclusion, one can draw several points:

& Patients operated upon carcinomas of the papilla of
Vater have much better prognosis than patients operated
upon pancreatic ductal adenocarcinoma

& The detection of nodal microinvolvement has a signif-
icant influence on overall survival in patients operated
upon carcinomas of the papilla of Vater

& Local types of therapy (ampullectomy, duodenectomy)
in patients operated upon carcinomas of the papilla of
Vater is insufficient in the treatment of patients operated
upon carcinomas of the papilla of Vater
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Discussion

Nodal Microinvolvement in Patients with Carcinoma of the
Papilla of Vater Receiving No Adjuvant Chemotherapy

A. James Moser, M.D. (Pittsburgh, PA): It was really a
pleasure to read your manuscript, Dr. Bogoevski. It was as
clear and concise as the rest of your presentation. In looking
at the manuscript, I was struck by a few observations,
particularly by the observation that patients with pathologic
T1 lesions had a significant incidence of nodal disease that
wasn’t detected by standard methods. I was hoping you
could comment on three relatively brief questions that came
to mind as I reviewed your manuscript.

The first is that you suggest in the discussion section of
your manuscript that nodal involvement reflects localized
disease. If that is the case, are you suggesting that radical
nodal dissection is the treatment for nodal micrometastases
and, if so, should we be evaluating lymph nodes by rapid
molecular techniques intraoperatively, as has been proposed
for the treatment of melanoma?

Dean Bogoevski, M.D. (Hamburg, Germany): Thank
you for your remarks and thoughtful comments. I would
like to point out two different things. First of all, in
previous studies published by our group concerning
patients with pancreatic ductal adenocarcinoma, we were
able to show that even patients staged as node positive
(pN1) on routine histology but who were additionally
burdened with nodal microinvolvement had significantly
worse overall survival probabilities than the patients who
were staged as node negative without nodal microinvolve-
ment. This means that probably the detection of nodal
microdissemination is a sign of generalization of the
disease. On contrary, in the group of patients with carcinoma
of the papilla of Vater the patients staged as node positive
and additionally burdened with nodal microinvolvement, no
significant worsening of the survival was recorded in
comparison to pN1 but without nodal microinvolvement.

On the other hand, as you already mentioned, in the group
of patients histologically staged as pT1, the detection of
nodal microinvolvement was far higher than in patients with
pancreatic ductal adenocarcinoma, even higher than 85%. It
might be that in patients with carcinoma of the papilla of

Vater, the dissemination of the cells starts early, but they
probably stay dormant and do not have that capacity to
develop themselves into a nodal metastasis. One can only
speculate that that is the reason why these patients have
better overall survival probabilities of 12 years’ median
survival vs. 2–1/2 in pancreatic ductal adenocarcinoma.

Concerning your second comment, I have noting to add
and I agree that we need to concern different molecular
markers for detection of nodal microinvolvement.

Dr. Moser: You started to touch on my second question.
Can you share some data on the patterns of first sites of
recurrence in patients with nodal micrometastases? The
question that comes to mind is whether micrometastasis is
really a marker of rapid distant progression, as I think you
just suggested, or are nodal micrometastases evidence for
persistent local disease?

Dr. Bogoevski: As you can realize, we have examined
only three lymph nodes per patient. Actually, we have
conducted this study in a manner that we have divided the
lymph nodes in three different compartments: The superi-
or–anterior compartment concerning here the lymph nodes
at the celiac trunk, the common hepatic artery, and the pre-
pancreatic lymph nodes, the lymph nodes at the hepato-
duodeal ligament, and then the posterior–inferior compart-
ment with the lymph nodes from interaortocaval
compartment and the lymph nodes around the superior
mesenteric artery.

We were able to show, as well as in patients with
pancreatic ductal adenocarcinoma, that there is no typical
mode of dissemination of the cells. I mean, sometimes
nodal microdissemination was detected even in the inter-
aortocaval lymph nodes. So there is no pattern for
dissemination of these tumor cells.

Dr. Moser: My last question concerns your statement
that the group is homogeneous because no patients received
adjuvant treatment. In fact, the rate of node positivity was
somewhere between 85–100% for every pathologic T stage.
In light of your data, do you believe that all patients with
ampullary cancer should receive adjuvant treatment when
immunohistochemistry is not available given the likelihood
that all negative nodes are actually positive? And how do
you reconcile that statement with prior trials, for example,
EORTC, among others, that did not show a benefit of
adjuvant treatment for patients with ampullary cancer? Do
you have any ideas on that subject?

Dr. Bogoevski: Unlike in pancreatic ductal adenocarci-
noma, the pointed EORTC study did not show any benefit
for patients with carcinomas of the papilla of Vater. I am not
quite sure, but my personal opinion is that the additional
chemotherapy in this group of patients, the chemotherapy
that is now available, is fully questionable.

Dr. Moser: The best outcome would be for everybody in
the room who treats these diseases to agree to do a study.
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Your study of 112 patients is a large series, but accrual took
10 years. An SSAT-wide effort would be very revealing. It
really is amazing that the five-year survival rate of node
positive patients, meaning the vast majority, is really only
27%. So although ampullary cancer is better than pancreatic
cancer, I don’t think any of us in the room would want it.

Dr. Bogoevski: It will be much better.
Frank Makowiec, M.D. (Frieburg, Germany): Do you

know the costs of the additional examinations (i.e.
immunohistochemistry) for each lymph node?

Dr. Bogoevski: No. I’m sorry about that. That’s out of
my range. Sorry.
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Abstract
Introduction Recently, many surgical procedures have become regionalized in the United States, likely owing to research
demonstrating a relationship between volume and outcome. We sought to describe patient characteristics and outcomes
according to hospital volume along with patterns of regionalization for hepatic resection in Canada from 1995 to 2004.
Methods Discharge data from all hospitals across Canada except Quebec were obtained from the Canadian Institute for
Health Information for 1995–2004. All patients undergoing a hepatic resection were identified using ICD-9 and ICD-10
codes. High-volume hospitals were defined as those performing ten or more procedures per year.
Results A total of 9,912 patients (mean age 59 years) underwent hepatic resection. The proportion of procedures performed
at high-volume hospitals increased from 42% in 1995 to 84% in 2004. Overall mortality rate for the study period was 5.0%
which decreased over time. Mortality rates were higher at low-volume (6.1%) compared to high-volume centers (4.6%), but
this finding was not statistically significant (p=0.7451). Those factors predictive of mortality in a multivariate analysis
included age, gender, year of operation, operative indication, comorbidity score, and admission status.
Discussion Mortality rates have significantly improved. Hospital volume is not a significant predictor of mortality
following liver resection in Canada.

Keywords Hepatic resection . Canada .Mortality .

Hospital volume . Outcome

Introduction

Liver resection (LR) is now considered the mainstay of
therapy for selected patients with primary and secondary
hepatobiliary malignancy and the only effective treatment
for a variety of benign hepatic diseases.1–7 As a result of the
attendant risks and the complexity of the procedure, LR has
been the focus of much recent study with respect to health
care delivery.8–15

There have been calls for the regionalization of certain
complex procedures; this has been driven by evidence
showing that there is a strong correlation between hospital
volume and outcome for complex surgical procedures.8–
13,16–22 Further work has gone on to estimate the potential
lives that could be saved from the selective referral of
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several types of elective surgeries to high-volume cen-
ters.16,17,23 Despite such evidence from the United States
(US), it remains controversial; some arguing it would save a
minimal number of lives in a Canadian setting.24 This study
describes recent trends of hepatic resection in Canada based
on information from a national database. Volume–outcome
relationships are explored as well as patterns of regional-
ization over the period 1995–2004. Comparisons with
recent American data are undertaken.

Methods

Data Source

All patients ≥18 years of age who underwent hepatic
resection in the years 1995–2004 were identified using the
International Classification of Diseases, Ninth Revision,
Clinical Modification 9 and 10 codes (ICD-9 and ICD-10)
from the Canadian Institute for Health Information (CIHI)
database. This is a national database containing patient
discharge information for all hospitals in Canada excluding
those in the province of Quebec (Quebec does not report
data to the Canadian Institute for Health Information).

Patient Variables

Data about age, gender, comorbid disease, admission status,
indication for operation, province LR was performed in, in-
hospital mortality, and length of stay (LOS) were derived
directly from the database. Admission status was defined as
elective, urgent, and emergent. The Charlson comorbidity
score was calculated for each patient using the original
weights described.25 Indications for LR were determined
using the ICD-9/10 code and were divided into three
categories: primary hepatic malignancy, secondary hepatic
malignancy, and others (trauma, primary biliary malignan-
cy, benign disease).

Liver Resection Rates

The national age- and sex-adjusted LR rate per 100,000
persons aged ≥18 years was calculated by the direct method
of standardization for each year in the study period. The
year 2001 was used as a reference population for the
calculations. Population size for each year as the denom-
inator in our calculations was obtained from Statistics
Canada.

Outcomes

Measured outcome variables include in-hospital mortality
and LOS in days.

Hospital Volume

We divided hospitals into two groups a priori; this
definition has been used previously in the US (high volume
[≥10/year] versus low volume [1–9/year]).10 The proportion
of procedures performed at high-volume centers was
calculated across the study period in order to describe
regionalization trends. Both in-hospital mortality and LOS
were calculated according to hospital volume status. We
performed a sensitivity analysis across a broad range of
hospital volume definitions to ensure that our definition of
“volume” did not lead to a type II error (see Table 6).

Comparison to the United States

US LR data was obtained from a population-based study by
Dimick et al. for the period 1988–2000.10 Dimick’s data
was derived from the Nationwide Inpatient Sample (NIS)
which is a 20% stratified random sample of all hospital
discharges in the US. The NIS is the largest all-payer health
care database in the US and is thought to be representative
of US health care statistics making our comparison of
national trends valid.

Statistical Analysis

Descriptive statistics are used to illustrate the data, including
the means, median, and 95% confidence intervals. A two-
sided p value of <0.05 was considered statistically signifi-
cant. Univariate comparisons of baseline characteristics and
crude in-hospital mortality were performed using chi-square
tests for categorical data and simple logistic regression
analysis for continuous data. Predictors of in-hospital
mortality that were found to be statistically significant on
univariate analysis were entered into a multivariate logistic
regression analysis. Analysis was performed using SAS
Software Version 9.1 (Cary, NC, USA).

Results

Patient Characteristics

Over the study period, 9,912 patients underwent LR (Table 1).
There was a relatively even distribution across genders. The
majority of cases were done on an elective basis on patients
with a Charlson score of 0 or 1.

Liver Resection Rates

The national rate of LR increased by 80% from 3.2 per
100,000 adults in 1995 to 5.9 per 100,000 adults in 2004
(McColl et al., submitted for publication; Table 2).
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Hospital Characteristics

A total of 247 hospitals performed at least one LR over
the study period in question. Of these, 23 hospitals (9%)
were considered high-volume. Of the 9,912 LR cases,
7,459 (75%) took place at a high-volume center. Across
the study period, an increasing number of LRs were per-
formed at high-volume centers with 42% in 1995 and
84% in 2004, demonstrating a 100% increase in LR re-
gionalization to high-volume centers over the study period
in question.

Operative Indications

Benign and traumatic diseases were consistently the
commonest indications for LR (Table 3). To assess
temporal trends in operative indications a priori, we divided
the study period into three time segments: segment 1
(1995–1998), segment 2 (1999–2001), and segment 3
(2002–2004). The proportion of LRs for secondary metas-
tases increased from 35% in time segment 1 to 40% in
segment 3 (Table 3).

Operative Mortality

The overall in-hospital mortality rate was 5.0%. An
improvement in perioperative mortality was demonstrated
across the study: the mortality rate in 1995–1996 was 5.8%
compared to 4.2% in 2003–2004 (p<0.0001; Fig. 1).

Furthermore, the odds of mortality in the first half of the
study (1995–1999) compared to the second half (2000–
2004) was 1.4 (95% confidence interval [95%CI]=1.2–1.7,
p=0.0002).

The mortality rate varied dramatically according to
operative indication. For secondary malignancy, mortality
was 2.7% compared to 8.2% for primary malignancy (p<
0.0001). This is not an unexpected finding and has been
described previously,8,10,12 relating to the association of
hepatocellular cancer with underlying liver disease/cirrhosis
which increases the risks of liver failure and death for
patients undergoing surgery. There were measurable differ-
ences in mortality based on which province the LR was
performed in (Table 4).

Hospital volume was significant only on univariate
testing: the mortality rate at high-volume centers was
4.6% compared to 6.1% at low-volume centers (p=
0.0046 versus p=0.7451 on multivariate testing; Table 5).
Those factors predictive of mortality in the multivariate
analysis included age, gender, year, operative indication,
Charlson score, and admission status (Table 5). When run
in the model simultaneously, some have lost their signifi-
cance (volume). Possible explanations for this include
differences in case mix between high- and low-volume
hospitals, i.e., younger patients, lower Charlson score, and
less primary malignancy. These differences may in fact
partially account for the lower mortality rates seen at high-
volume hospitals.

In repeating the multivariate analysis across a broad
range of hospital volume definitions, our post hoc explor-
atory analysis proved that the insignificance of volume was
not based on how we categorized hospitals into high- and
low-volume a priori (Table 6). This analysis was performed
with multiple definitions after our a priori definition of
volume was found to be not significant. As this was done
after out initial analysis, it was exploratory in nature and
designed to be hypothesis-generating, as opposed to an
analysis upon which we could draw conclusions.

Length of Stay

The mean LOS for high-volume hospitals (12.1, range 1–
267) was slightly lower than for low-volume hospitals
(13.2, range 1–188).

Table 2 Rates of LR in Canada for 1995–2004

Year 1995 1998 2001 2004

Population ≥18 years 16,289,370 16,289,370 17,368,200 17,368,200
LR Cases 524 566 984 1,018
Age- and sex- adjusted rate 3.2 3.5 5.7 5.9

Values are LR cases per 100 000 aged ≥18 years (McColl et al., submitted for publication)

Table 1 Patient Characteristics

Characteristics

Patients, n 9,912
Age (years; mean±SD) 59±14
Male gender, n (%) 5,258 (53)
Urgent type, n (%) 3,515 (35)
Emergent type, n (%) 362 (4)
Elective type, n (%) 6,035 (61)
Number of comorbid diseases, n (%)
None 4,354 (44)
One 3,864 (39)
Two 1,341 (14)
Three or more 353 (3)
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Canada–US Comparison

The proportion of LRs performed for secondary malignan-
cy increased in a similar fashion in the two countries. In the
US, metastases comprised 51% of all LRs in 1988
compared to 56% in 2000. Overall mortality rates were
lower in Canada (5.0% compared to 7.4%). Hospital
volume was not a statistically significant predictor of
mortality in Canada as it was in the US.

Discussion

This study based on a comprehensive national database
provides information on the recent trends of hepatic
resection in Canada. From 1995 to 2004, increases in the
use of LR were observed for all indications, especially
those for metastatic disease or secondary malignancy.
Improving mortality rates are also demonstrated along with
strong patterns of regionalization.

The advantages of using large administrative databases
such as CIHI to evaluate national trends in the use of
procedures has been cited previously in the literature.10

Dimick et al. commented on the failure of single-center
studies to convey national temporal trends in the rates of
use of procedures due to the effect of regional referral

patterns. He also noted that outcome data from single-
center studies, typically from high-profile institutions, may
not be replicable across a broad range of hospitals.10 We
agree with the above highlighted shortcomings of regional
studies and, therefore, describe true national trends of the
use of LR in Canada.

Over the study period, the rate of LR increased by 80%.
Similar increases have also been noted in the US.10 This is
likely a result of improving perioperative mortality rates,
now documented to be less than 6% at high-volume
centers,1–5,8,10,26 that have made more patients candidates
for LR. Reasons for improving outcomes have been
attributed to an increasing use of parenchyma-sparing
segmental resections, improvements in anesthetic tech-
nique, better postoperative care, and the development of
hepatobiliary surgery as a defined area of surgical sub-
specialization.26,27 Increasing comfort among specialists
with complex hepatic procedures and improvements in the
adjuvant care of patients with metastatic colorectal cancer
which has resulted in many more patients benefiting from
downstaging of their hepatic disease and becoming surgical
candidates has probably also contributed to the observed
rise in LR rates.28,29

Resection for metastases represented the largest propor-
tionate increase amongst operative indications. The over-
whelming data demonstrating 5-year survival in over one third
of patients following LR for colorectal metastases3,5,30–32 has
likely spurred this change.
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Figure 1 Operative mortality rates from 1995 to 2004.

Table 3 Indications for Hepatic Resection over Three Time Segments

Indication for operation Segment 1 (1995–1998) Segment 2 (1999–2001) Segment 3 (2002–2004)

n % N % n %

Secondary malignancy 772 35 895 38 2,101 40
Primary malignancy 297 13 283 12 585 11
Othersa 1,161 52 1,186 50 2,632 49

a Others includes liver resection for benign liver disease, primary biliary malignancy, and trauma

Table 4 Mortality Rate by Province

Province Mortality rate (%)

Prince Edward Island 4.0
British Columbia 4.4
Alberta 4.8
Manitoba 4.9
Ontario 4.9
Nova Scotia 5.4
Saskatchewan 5.9
New Brunswick 6.8
Newfoundland 9.4

Province refers to the location of the performing hospital
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A decrease in LR mortality was observed from 5.8%
(1995–1996) to 4.2% (2003–2004) yielding an overall rate
of 5.0%. These results are excellent for a country as a
whole and are comparable to outcomes from high-profile

institutions in the US and Europe that have documented
mortality rates of 3.1% and 4.4%, respectively.26,27

Why was hospital volume not a significant predictor of LR
mortality as it is in the US?8–12 An attenuated volume–

Table 5 Multivariate Analysis of Mortality in Canada: Independent Predictors of Operative Mortality for Liver Resection

Independent variable Odds ratio of mortality (95%CI) p value

High-volume hospitala 1.04 (0.83–1.31) 0.7451
Time period 1b 1.44 (1.18–1.76) 0.0003
Agec 1.02 (1.01–1.02) <0.0001
Female genderd 0.59 (0.48–0.71) <0.0001
Primary malignancye 2.93 (2.19–3.92) <0.0001
Charlson score 1.04 (1.01–1.08) 0.009
Elective admissionf 0.66 (0.55–0.79) <0.0001

a High-volume (≥10 LRs per year) compared to low-volume hospital (<10 LRs per year)
b Time period 1 (1995–1999) compared to time period 2 (2000–2004)
c Odds of mortality for (X+[1 year]) compared to X
d Compared to male gender
e Compared to secondary malignancy
f Compared to urgent admission

Table 6 Sensitivity Analysis
of In-Hospital Mortality for
Liver Resection According to
Definition of Hospital Volume

n number of liver resections
a
Adjusted for same factors as

for multivariate logistic regres-
sion analysis
b p value for multivariate logis-
tic regression analysis that
includes year of operation, pa-
tient age, gender, operative
indication, admission status,
and Charlson score

Hospital volume categories Adjusted odds ratio (95%CI)a p valueb

Volume as dichotomous variable 0.1037
Low (n<40) 1.00
High (n≥40) 1.23 (0.96–1.58)
Volume as dichotomous variable 0.9824
Low (n<100) 1.00 (0.81–1.25)
High (n≥100) 1.00
Volume divided into three groups 0.2151
Low (n<50)
Medium (n=50–99) 1.00
High (n≥100) 0.76 (0.52–1.10)
Volume in quartiles 0.3768
Low (n=1–3) 0.44 (0.14–1.40)
Medium (n=4–6)
High (n=7–20)
Very high (n>20) 1.00
Volume in quintiles 0.1220
Very low (n=1–2) 0.44 (0.14–1.43)
Low (n=3–4)
Medium (n=5–9)
High (n=10–26)
Very high (n>26) 1.00
Volume in tertiles defined on a yearly basis 0.2291
Low (n=1–2) 0.80 (0.56–1.14)
Medium (n=3–4)
High (n>4) 1.00
Volume in quartiles defined on a yearly basis 0.4547
Low (n=1) 0.86 (0.54–1.38)
Medium (n=2)
High (n=3–6)
Very high (n>7) 1.00
Volume as dichotomous variable defined on a yearly basis 0.7451
Low (n<10) 1.00
High (n≥10) 1.04 (0.83–1.31)
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outcome association in Canada has been described in the
literature for a variety of surgical treatments.33 Urbach et al.,
in a systematic review of 142 volume–outcome articles in
Canada and the US, was able to show that the odds of
finding a statistically significant volume–outcome associa-
tion was substantially lower in Canada (odds ratio=0.24,
95%CI=0.08–0.74, p=0.01). He argued that the different
models of health care delivery and financing between the
two countries might affect patterns of volume–outcome
associations. In the US, where the medical profession is
more entrepreneurial than elsewhere,34 there is likely greater
competition between hospitals and providers which may
exacerbate variations in outcomes between hospitals.33

Urbach et al. also pointed out the relative lack of super
high-volume “centers of excellence” in Canada which likely
reduces the heterogeneity between high- and low-volume
hospitals.33 A recent outcome analysis from the Memorial
Sloan-Kettering Cancer Center in New York demonstrated a
case volume of 1,803 patients over a 10-year period.26

Beyond processes of care, perhaps there exist differences
in case mix between high- and low-volume Canadian
hospitals that weaken the relationship between volume and
outcome. It is possible that low-volume hospitals perform, in
general, less complex hepatic resections when compared to
high-volume centers; unfortunately, administrative data does
not allow a detailed assessment of case complexity. Further-
more, it is also likely that low-volume centers selectively
refer to high-volume centers patients with primary hepatic
malignancy or those with a heavy comorbid disease burden.
The higher LR mortality for patients with primary malig-
nancy who have low physiologic reserve and impaired
coagulation has been demonstrated previously.8,10,12

We have demonstrated a remarkable trend of regional-
ization in Canada where 84% of LRs are now performed at
high-volume hospitals. Similar patterns have also been
documented for esophageal, lung, and pancreatic surgery in
Canada.15,35 It has been put forth in the literature that
Canada is more regionalized compared to the US due to
reduced competition among providers and to single-payer
funding of health care.24 It is also likely that US data
depicting superior LR outcomes at high-volume centers8–12

has contributed to a change in referral patterns in Canada.
Such regionalization is also reflective of the recent pattern
of subspecialization in general surgery. In a national survey
of 250 Canadian general surgeons, 65% had undergone
subspecialty training. Furthermore, 93% of respondents felt
that major hepatectomy was a subspecialty procedure and
most did not consider themselves to be adequately trained
to perform complex hepatopancreaticobiliary procedures.36

Such discomfort with the procedure may cause low-volume
general surgeons to selectively refer patients for LR.

It is useful to compare Canadian trends of LR to those in
the US to contrast health care delivery between the two

countries. In comparing our data to Dimick’s,10 we have
shown that the mortality rate in Canada following LR is
lower than that reported in the US, although our study was
conducted several years later. In the US private sector,
purchasers try to sign on with managed care plans that
contract selectively with efficient providers.34 It is, there-
fore, plausible that patients in this system are withheld
certain aspects of their perioperative care in the aim to
increase hospital efficiency. Indeed, postoperative care has
been shown to affect outcomes following LR.26 Access to
care issues may also be reflected in this data. Canadian
patients may have easier access to diagnostic services
allowing for an earlier diagnosis of their disease resulting in
improved postoperative outcomes.

There are several limitations to this study. First, our data
does not include the province of Quebec which may raise
questions regarding the external validity of the national
trends conveyed in this study. Despite this, there is no
evidence to suggest that Quebec care significantly differs
from the rest of Canada. Our study’s second limitation is that
we could not assess the differences in case mix between
high- and low-volume hospitals to see if this may have
contributed to our finding of a weak relationship between
hospital volume and outcome. There could be better out-
comes at high-versus low-volume centers in Canada and that
our findings can be partially explained by confounding due
to differences in case mix. These differences in case mix
cannot be measured using administrative data. There may be
other measures that we have not studied which are useful to
evaluate the advantages of procedure regionalization. Long-
term survival, cancer-free survival, or health-related quality
of life outcomes such as postoperative renal dysfunction may
be better indicators of the quality of surgical care.24

Conclusion

We have shown that outcomes following hepatic resectional
surgery are improving and that hospital volume may not be
related to outcome as it is in the US.
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Discussion

Recent Trends of Hepatic Resection in Canada: 1995–2004
Craig P. Fischer, M.D. (Houston, TX, USA): Ryan,

thanks very much for the manuscript in advance. It is well-
written and your arguments are clearly stated. Your group
has examined patterns of regionalization of hepatic resec-
tion in Canada, from 1995 to 2004. You showed that rates
of hepatic resection have increased, mortality rates have
improved, and a larger percentage of procedures are now
performed at high-volume centers.

We saw a paper earlier today on the same subject about
high-volume versus low-volume surgical centers in HPB
surgery, and the summary of that paper was this—the devil is
in the details. Reasonable outcomeswere noted at low-volume
centers in this study from University of Massachusetts and are
also seen in your study. But are similar operations being
performed at low- and high-volume centers? Do low-volume
centers do wedge resections and high-volume trisegmentec-
tomies in sick patients? Tell us about the database you
examined—what is the level of detail about comorbidities and
case mix and did you analyze it?

Secondly, we need to know more about the surgeons. You
mentioned a paper from Elijah Dixon and Chuck Vollmer in
2005, which was a survey of 250 Canadian surgeons—65% of
the respondents were fellowship-trained. The majority of
respondents in that study believed that major HPB cases
should be referred to a specialty center. It seems likely, then,
that surgeons who performed liver resection at low-volume
centers in your study would likely be fellowship-trained. We
need to know the training status of surgeons in this study,
particularly at low- and high-volume hospitals. Do you think
this information is important, and how might you obtain that
information in a future study?

Canada and the United States have vastly different health
care delivery models. I do think we need detailed

information that may not be generally available in admin-
istrative data sets—prior to making public policy decisions
in either country.

I enjoyed the manuscript. I enjoyed the presentation. I
know you are a second-year resident. A very good job.

Ryan McColl, M.D. (Calgary, AB, Canada): Thank you,
Dr. Fischer. In regards to your first question, I believe there
are two ways that we could answer this. One way would be
to modify the database in the future so that it would include
information on the types of resections that are occurring at
high- versus low-volume centers.

The second way would be to perform a survey study.
There were 247 hospitals that were included in this paper.
We could send a survey to each of these hospitals. I think
the weakness of that approach is that we may not gain the
type of detailed information on exactly what type of
resections are occurring at low-volume centers, but we
may gain information on other factors that have shown to
be predictive of mortality including the quality of the
intensive care unit at each hospital.

In regards to your second question, I think that a survey
study would be an excellent methodology to use. We could
gain the information that we wish in regards to the
surgeons’ fellowship or lack of fellowship training that
they have and we could easily compare the low- and high-
volume centers in that regard.

Bruce D. Schirmer, M.D. (Charlottesville, VA, USA): I
thought I heard you say that only 60% of the cases were
elective. How do you explain such a high nonelective
emergent rate? Is that correct?

Dr. McColl: Absolutely.
Dr. Schirmer: It seems awfully high.
Dr. McColl: I do not have a very satisfactory answer for

your question.
Roger G. Keith, M.D. (Saskatoon, SK, Canada): I

enjoyed this paper very much, and I have one question
that is related to our country. You spoke of regionalization.
In our country, that is a form of practice regulation by
government. You talked about regionalization based on
reference patterns. From a single-payer health care system,
and for clarification for our colleagues in the United States,
could you talk about regulation as a means to change major
hepatic resections in our country and how that might have
implied a change in your outcome?

Dr. McColl: I’m not sure I understand what you are
asking as far as regulation is concerned. Do you mind just
clarifying?

Dr. Keith: Is there a tendency for governments in our
country to control the centers that will perform resections?

Dr. McColl: To my knowledge, I am not aware of any
efforts on the part of the Canadian government to regu-
late what types of resections are occurring at different
centers.
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Abstract
Background The role of prophylactic antibiotics in laparoscopic cholecystectomy in low-risk patients is controversial. We
conducted a meta-analysis to evaluate the efficacy of prophylactic antibiotics in low-risk patients (those without
cholelithiasis or cholangitis) undergoing laparoscopic cholecystectomy.
Methods Multiple databases and abstracts were searched. Randomized controlled trials (RCTs) comparing prophylactic
antibiotics to placebo or no antibiotics in low-risk laparoscopic cholecystectomy were included. The effects of prophylactic
antibiotics were analyzed by calculating pooled estimates of overall infections, superficial wound infections, major
infections, distant infections, and length of hospital stay. Separate analyses were performed for each outcome by using odds
ratio or weighted mean difference. Both random and fixed effects models were used. Publication bias was assessed by
funnel plot. Heterogeneity among studies was assessed by calculating I2 measure of inconsistency.
Results Nine RCTs (N=1,437) met the inclusion criteria. No statistically significant reduction was noted for those receiving
prophylactic antibiotics and those who did not for overall infectious complications (p=0.20), superficial wound infections
(p=0.36), major infections (p=0.97), distant infections (p=0.28), or length of hospital stay (p=0.77). No statistically
significant publication bias or heterogeneity were noted.
Conclusions Prophylactic antibiotics do not prevent infections in low-risk patients undergoing laparoscopic cholecystectomy.

Keywords Laparoscopic cholecystectomy .

Prophylactic antibiotics . Superficial infection .

Meta-analysis

Introduction

Laparoscopic cholecystectomy has become the first-line
treatment modality for symptomatic cholelithiasis over
open cholecystectomy. The laparoscopic approach has an
extremely low rate of postoperative infection (0.4–1.1%)
in comparison to open cholecystectomy, consisting
mostly of superficial site infections at the umbilical
trocar site.1–4 The infection complications of open
cholecystectomy are well known and prevalent; therefore,
prophylactic antibiotics are routinely indicated. However,
the use of prophylactic antibiotics in laparoscopic chole-
cystectomy remains unclear despite its popularity. Few
studies have shown that prophylactic antibiotics in
laparoscopic cholecystectomy decrease the incidence of
postoperative complications in laparoscopic cholecystec-
tomy.5–7 Other randomized controlled trials (RCTs) have
demonstrated no obvious role of prophylactic antibiotics in
laparoscopic cholecystectomy.8–16 However, these RCTs
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were small or terminated early due to paucity of major
infections.8–16 Due to the small sample sizes of the RCTs, an
adequate power to detect a difference for antibiotic use for
the rare event of infections may not have been achieved. We
conducted a meta-analysis of randomized controlled trials to
evaluate the role of prophylactic antibiotics in laparoscopic
cholecystectomy.

Materials and Methods

Study Selection Articles and abstracts that evaluated the
use of antibiotic administration for the prevention of
infection in laparoscopic cholecystectomy were searched.
All articles were searched irrespective of language,
publication status (articles or abstracts), or results. A
search was conducted in MEDLINE, EMBASE, Cochran
Central Register of Controlled Trials, and Pubmed
(1966–October 2007). The search terms used were
prophylactic administration of antibiotics and laparoscop-
ic cholecystectomy. Additionally, references lists of
retrieved articles, reviews, and meta-analyses were
scanned for potential articles. Lastly, a manual search
of abstracts submitted to the Digestive Disease Week,
American College of Gastroenterology, and United
European Gastroenterology Week (2000–2007) was per-
formed. Inclusion criteria were randomized controlled
trials that used prophylactic antibiotic(s) versus no
antibiotics or placebo for laparoscopic cholecystectomy
with overall infection as an end point. Exclusion criteria
consisted of studies that were uncontrolled, not involving

overall infection as an end point, or comparing two
different antibiotics rather than placebo or control.

Data Extraction Data extraction was independently per-
formed by two authors (Choudhary and Bechtold) and
reviewed by a third for agreement. Disagreements were
discussed by all three and resolved by consensus. The
two authors (AC and MLB) extracted data from each
study using a common data extraction form. Details of
study design (randomization/blinding), number of sub-
jects and dropouts, as well as type, dose, and schedule of
antibiotic administration were recorded. Outcomes of
overall, superficial, and distant infections as well as
length of hospital stay were recorded. All studies were
assigned a quality score on the based upon the Jadad
scale, with 5 representing a high-quality study and 0
representing a poor quality.17

Data Analysis The effects of prophylactic antibiotics on
laparoscopic cholecystectomy were analyzed by calculating
pooled estimates of total, superficial, and distant infections.
Separate analyses were performed for each outcome using
odds ratio (OR) or weighted mean difference (WMD). Both
fixed and random effects models were used. A statistically
significant result was indicated by a p value <0.05 or 95%
confidence interval (CI) not including 1. If statistical
significance was detected, the number needed-to-treat was
calculated. RevMan 4.2 software was utilized for statistical
analysis of the data. Publication bias was assessed by
funnel plot. Heterogeneity among studies was assessed by
calculating I2 measure of inconsistency.18,19

Initial search  
133 Articles 

20 relevant articles  
selected & reviewed 

113 Articles  
excluded 

11 articles  
excluded 

9 RCT’s finally 
included in study 

Comparing antibiotics vs  
Placebo or control. 

Non RCT 

Comparing 2 different 
antibiotics 

& modes of administration 

Comparing 2 different   

modes of prophylaxis. 

Involving overall infection 
as one  

of the end point

 

Figure 1 Article identification
and selection algorithm.
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Results

The initial search identified 133 articles using the search
terms “laparoscopic cholecystectomy” and “antibiotics”. Of
these, 20 relevant articles were selected and reviewed by
two independent authors (AC and MLB). One hundred
thirteen studies did not meet the inclusion criteria and were
excluded, including case reports, case series, reviews, and
retrospective studies. Subsequently, 11 additional studies
did not meet the inclusion criteria and were excluded,
including non-randomized prospective studies6,20 and RCTs
using two different antibiotics21 or comparing two modes
and doses of antibiotics.22,23 Nine RCTs (N=1,437),
published as full-length publications in journals, met the
inclusion criteria and were selected for final review and
analysis (Fig. 1). Of the included nine RCTs, three trials
were double-blinded. Table 1 shows the details and Jadad
scores for the selected studies (5 = excellent quality, 0 =

poor quality). The studies were of adequate quality (Jadad
scores of 2 or more). All RCTs were published from 1997
to 2006. Trials were done worldwide, including four trials
performed in the USA, three trials in Asia, and two trials in
Europe. All trials were single-center studies. No significant
heterogeneity was present among the studies for any of the
outcomes.

Different antibiotics were evaluated in the selected trials.
Three RCTs used cefazolin, two used cefotaxime and
cefuroxime, one used cefotetan, and one used cefotetan
and cefazolin. Antibiotics were administered preoperatively
in all studies. Three RCTs used multiple doses with the first
dose preoperatively and other doses postoperatively. Pub-
lication bias was evaluated by funnel plot with no
significant publication bias identified (Fig. 2).

Overall Infectious Complications Nine trials provided
information about overall infectious complications.8–16

Table 1 Description of Studies Included in the Meta-Analysis, Including Jadad Scores

Author Year Location Centers Type of study Jadad score

Chang et al. 2006 Taiwan Single Single-blinded 4
Higgins et al. 1999 United States Single Double-blinded 5
Illig et al. 1997 United States Single RCT 2
Tocchi et al. 2000 United States Single Single-blinded 4
Koc et al. 2003 Turkey Single Double-blinded 3
Kuthe et al. 2006 India Single Single-blinded 4
Mahatharadol et al. 2001 Thailand Single RCT 3
Dobay et al. 1999 USA Single Double-blinded 4
Harling et al. 2000 UK Single RCT 3

Figure 2 Funnel plot for over-
all infections suggesting no
publication bias by showing
multiple studies on both sides of
the dotted line in an approxi-
mately equal distribution.

J Gastrointest Surg (2008) 12:1847–1853 18491849



Figure 3 Forrest plot demon-
strating overall infectious com-
plications with prophylactic
antibiotic(s) compared to no
antibiotic(s) or placebo for lap-
aroscopic cholecystectomy.

Figure 4 Forrest plot demon-
strating superficial infection
with prophylactic antibiotic(s)
compared to no antibiotic(s) or
placebo for laparoscopic
cholecystectomy.

Figure 5 Forrest plot demon-
strating major infection with
prophylactic antibiotic(s) com-
pared to no antibiotic(s) or
placebo for laparoscopic
cholecystectomy.
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The study by Dobay et al.13 demonstrated no infections
for either the group, resulting in the inability to analyze
the data. Therefore, the Dobay et al. study is not included
in the Forrest plot. Overall infectious complications were
documented in 19 of 797 patients (2.4%) treated with
prophylactic antibiotics prior to laparoscopic cholecystecto-
my versus 23 of 640 patients (3.6%) not treated with
prophylactic antibiotics. Pooled analysis revealed no statis-
tically significant odds reduction with prophylactic anti-
biotics prior to laparoscopic cholecystectomy for overall
infectious complications (OR 0.66; 95% CI 0.35–1.24; p=
0.20; Fig. 3). There was no significant heterogeneity among
the studies (I2=0%, p=0.96). Further subgroup analyses
were performed according to types of infection.

Superficial Wound Infections Eight trials provided infor-
mation regarding superficial infections.8–12,14–16 Superficial
wound infections were present in 13 of 797 patients (1.6%)
who received prophylactic antibiotics prior to laparoscopic
cholecystectomy and 15 of 640 patients (2.3%) who did not
receive prophylactic antibiotics. Pooled analysis showed no
statistically significant odds reduction with prophylactic
antibiotics prior to laparoscopic cholecystectomy for super-
ficial wound infections (OR 0.71; 95% CI 0.34–1.48; p=
0.36; Fig. 4). Heterogeneity was not statistically significant
(I2=0%, p=0.96).

Major Infections Only four trials offered information
regarding major infections.10,11,15,16 Major infections, in
the form of intraabdominal collections or abscesses, were
present in two of 630 patients (0.3%) who received
prophylactic antibiotics prior to laparoscopic cholecystec-
tomy versus two of 486 patients (0.4%) who received no
prophylactic antibiotics. Pooled analysis demonstrated no
statistically significant odds reduction with prophylactic
antibiotics prior to laparoscopic cholecystectomy for major
infections (OR 1.03; 95% CI 0.25–4.20; p=0.97; Fig. 5).
Heterogeneity was not statistically significant (I2=0%, p=
0.67).

Distant Infections Only three trials provided information
regarding distant infections.9–11 Distant infections were
defined as any infection away from the wound, including
urinary tract or respiratory tract infections. Distant
infections were present in four of 499 patients (0.8%)
who received prophylactic antibiotics prior to laparo-
scopic cholecystectomy versus six of 297 patients
(2.0%) who received no prophylactic antibiotics. Pooled
analysis showed no statistically significant odds reduc-
tion with prophylactic antibiotics prior to laparoscopic
cholecystectomy for distant infections (OR 0.49; 95%
CI 0.13–1.81; p=0.28; Fig. 6), with no heterogeneity
identified (I2=0%, p=0.77).

Figure 7 Forrest plot demon-
strating hospital stay with pro-
phylactic antibiotic(s) compared
to no antibiotic(s) or placebo for
laparoscopic cholecystectomy.

Figure 6 Forrest plot demon-
strating distant infection with
prophylactic antibiotic(s) com-
pared to no antibiotic(s) or pla-
cebo for laparoscopic
cholecystectomy.
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Hospital Stay Only three trials offered evaluation regarding
hospital stay.12,15,16 Prophylactic antibiotics prior to lapa-
roscopic cholecystectomy did not lead to shorter hospital
stays (WMD 0.02; 95% CI −0.10–0.14; p=0.77), with no
heterogeneity identified (I2=0%, p=0.52; Fig. 7).

Discussion

Despite controversy surrounding the use of prophylactic
antibiotics in laparoscopic cholecystectomy, 79% of
patients undergoing laparoscopic cholecystectomy have
received prophylactic antibiotics preoperatively and 63%
received antibiotics postoperatively.3 Many studies have
evaluated this issue further with controversial results.

A prospective non-randomized trial by Frantzides and
Sykes20 found no beneficial effect of prophylactic cefotetan
over chlorhexidine gluconate scrub alone. Chang et al.15

demonstrated that no prophylactic antibiotics (cefotetan) are
necessary after wound closure in an effort to decrease
incidence of superficial wound infections in elective
laparoscopic cholecystectomies. Furthermore, Kuthe et
al.16 also demonstrated a similar result with cefuroxime.

Tocchi et al.11 concluded that antibiotics prophylaxis
should be given only in those patients with episodes of
colic within 30 days of surgery or diabetes. Koc et al.14

concluded no role of prophylactic antibiotics in laparoscop-
ic cholecystectomy in 92 patients. Higgins et al.9 also
concluded that prophylactic cefotetan and cefazolin have no
beneficial effects in laparoscopic cholecystectomy. Further-
more, if no antibiotics were used, savings of ~$30,000 were
calculated at the investigator’s institute (USA).9

In our meta-analysis, prophylactic antibiotics prior to
laparoscopic cholecystectomy resulted in no statistically
significant benefit for total infections, superficial infections,
major infections, distant infections, and reduction of
hospital stay.

The strengths of this meta-analysis include use of only
randomized controlled trials, varying populations (Europe,
USA, Asia), and similar outcomes in all studies even
though various antibiotics were utilized. Also, no hetero-
geneity was noted for any of the major outcomes and no
publication bias was noted. Limitations of this meta-
analysis include uncertainty about the use of prophylactic
antibiotics in high-risk patients undergoing laparoscopic
cholecystectomy, which is controversial at this time. High-
risk patients have been defined by some investigators as
age >60 years or the presence of diabetes mellitus, acute
colic within 30 days before laparoscopic cholecystectomy,
jaundice, acute cholecystitis, or cholangitis. Tocchi et al.11

and Koc et al.14 found that the presence of diabetes
mellitus, episodes of biliary colic in preceding 30 days of
surgery, and age >60 years were independent risk factors

for the development of infectious complications; however,
Kuthe et al.16 and Chang et al.15 failed to show similar
results. Despite the controversy, none of the RCTs provided
separate data about the effect of prophylactic antibiotics in
laparoscopic cholecystectomy in this particular subgroup of
high-risk patients for comparison. In addition, all trials
excluded those patients with choledocholithiasis and chol-
angitis and all trials, except one15, excluded patients with
acute cholecystitis. Therefore, since this high-risk popula-
tion was not evaluated in the RCTs, this population cannot
be fully evaluated in this meta-analysis.

In conclusion, the current meta-analysis of RCTs on the
use of prophylactic antibiotics in laparoscopic cholecys-
tectomy reveals no beneficial effects in low-risk individ-
uals. Future multicenter RCTs with adequate statistical
power and involving a higher number of patients with
subgroups, particularly those at high-risk for infections,
are needed to complete the evaluation of prophylactic
antibiotics prior to laparoscopic cholecystectomy for high-
risk patients.
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Discussion

John B. Marshall, M.D. (Columbia, MO): This is a
practical paper that has the potential to change practice
habits. A majority of surgeons presently give prophylactic
antibiotics before laparoscopic cholecystectomy. While
randomized controlled trials have not shown a benefit, a
number of the trials have been underpowered and not
included enough subjects to exclude a benefit. Meta-
analysis is a statistical technique that permits the results of
different studies to be combined. The results of this well-
conducted meta-analysis found no benefit from prophylac-
tic antibiotics given before laparoscopic cholecystectomy.
This is an important finding given the cost implications and
various other potential deleterious effects of prescribing
unwarranted antibiotics. Most of the trials in this study
excluded so-called high-risk patients, though the various
studies tended to define high risk in various ways.
Additional investigation is needed in the high-risk subset.
However, the verdict seems clear in most patients under-
going laparoscopic cholecystectomy, prophylactic antibiot-
ics are not needed.
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Abstract
Introduction The hexose transmembrane transporters SGLT1 and GLUT2 are present in low quantities in ileum where little
glucose absorption occurs normally; however, glucose uptake in ileum is highly adaptable after small bowel resection.
Hypothesis Ileal adaptability for glucose absorption after jejunal resection is mediated predominately by upregulation of
GLUT2.
Methods Rats underwent 70% proximal-based jejunoileal resection. Transporter-mediated glucose uptake was measured in
proximal and distal remnant ileum 1 and 4 wk postoperatively (n=6 rats, each) and in corresponding ileal segments in
control and 1 wk sham laparotomy rats (n=6, each) without and with selective inhibitors of SGLT1 and GLUT2. In separate
groups of rats (n=6, each), protein (Western blots), mRNA (reverse transcriptase polymerase chain reaction [RT-PCR]), and
villus height (histomorphology) were measured.
Results After 70% proximal intestinal resection, there was no dramatic change in protein or mRNA expression per cell
of either SGLT1 or GLUT2, but median glucose uptake (nmol/cm/min) increased markedly from 52 (range 28–63) in
controls to 118 (range 80–171) at 1 wk, and 203 (range 93–248) at 4 wk (p≤0.04 each) correlating with change in villus
height (p≤0.03).
Conclusions Ileal adaptation for glucose transport occurs through cellular proliferation (hyperplasia) and not through
cellular upregulation of glucose transporters.

Keywords Absorption . Hexose transporters . Physiology .

Adaptation . Intestinal resection
Introduction

Short bowel syndrome is a devastating clinical problem that
usually results from operative resection of diseased intes-
tine resulting in an inadequate length of residual bowel.1

The treatment options for these patients are limited, and
outcomes with these therapies are often poor.2–4 The ability
of the ileum to adapt after massive small bowel resection
has created interest in studying the cellular mechanisms
responsible for ileal adaptation to uncover novel therapies
for short bowel patients.5–11 Additionally, current models of
ileal adaptation have suggested a cellular upregulation of
membrane expression of intestinal hexose transporters,
which makes models of ileal adaptation particularly
interesting in understanding cellular mechanisms responsible
for the regulation of intestinal hexose transporters.12–13

The primary glucose transporter in the small intestine
has been thought traditionally to be SGLT1, an active
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sodium-glucose co-transporter.14–17 With normal intestinal
continuity, SGLT1 is expressed and functions at a very low
level in the ileum where the presence of luminal glucose is
also very low.18 Glucose absorption in the ileum increases
after massive small bowel resection when luminal glucose
loads to the distal gut are increased.9,12–13,19 It has been
reported that the ileum adapts by increasing surface area
through increased villus height and crypt depth, but most
investigators believe that this adaptation is also due, in part,
to upregulation of the primary intestinal glucose transporter
SGLT1. Data from our laboratory and others suggested that
GLUT2, a facilitated glucose transporter typically localized
to the basolateral membrane, may also have a substantive
role in apical glucose transport in the jejunum.20–24

Whether or not upregulation of apical GLUT2 plays a role
in ileal adaptation is not known, and if so, to what extent.
We hypothesized that after a massive, proximal-based small
bowel resection, the ileum would adapt not only by
hyperplasia but also by upregulating both the gene and
protein expression and function of both SGLT1 and apical
GLUT2 within the enterocyte.

Design

Rats underwent a 70%, proximal-based small bowel
resection (see below). These rats were then survived and
studied at 1 or 4 wk (n=12, each group). An additional
group of 12 rats were studied 1 wk after sham celiotomy to
control for anesthesia and other postoperative changes;
a group of 12 naïve control rats (NC) were studied as
a negative control. All rats were housed in a 12-h light–
dark cycle (6 A.M. lights on; 6 P.M. lights off) and were
allowed free access to standard rat chow (5001 Rodent
Diet, PMI Nutrition International LLC, Brentwood, MO)
and water.

Twelve rats were designated for study in each group at
each time point; six rats were used for mRNA and protein
analysis of SGLT1 and GLUT2, while the remaining six
rats per groups were used to measure villus height and
transporter-mediated glucose uptake without and with the
SGLT1 inhibitor, phlorizin, and with the GLUT2 inhibitor,
phloretin.

Small Intestinal Resection

After approval from the Mayo Clinic Institutional Animal
Care and Use Committee, male Lewis rats (250–300 g)
were anesthetized using inhaled 2% isoflurane induction
followed by intraperitoneal injection of sodium thiopental
(50 mg/kg). A short-celiotomy (1 cm) was performed, and
the small bowel was extra-corporealized. The proximal
70% of the small intestine starting from the ligament of

Treitz was resected after ligating the mesenteric blood
supply leaving about 14 cm of distal ileum. An end-to-end,
single-layer anastomosis was then performed using running
7–0 polypropylene sutures. The intestine was then returned
into the peritoneal cavity, and the abdominal wall was
closed in two layers with running 5–0 polyglactin suture.
Sham celiotomy was performed under similar anesthesia
using a short celiotomy with extra-corporealization of the
entire small bowel. The intestine was manipulated manually
for 5 min prior to reduction back into the abdomen.
Abdominal closure was performed as above. Postoperatively,
all animals were maintained on water containing aceta-
minophen for 48 h prior to having free access to chow.

Tissue Harvest

At the time of tissue harvest, rats were anesthetized with
inhaled 2% isoflurane followed by intraperitoneal injection
of sodium thiopental (50 mg/kg). All tissue was harvested
at 9 A.M. due to known diurnal patterns in expression and
function of hexose transporters.15,18,25–26 The duodenum
was cannulated just distal to the pylorus and was flushed
with cold (4°C) mammalian Ringers solution (in millimo-
lar [mM]: 128 NaCl, 4.7 KCl, 2.5 CaCl2, 1.2 KH2PO4, 1.2
MgSO4, 20 NaHCO3; pH 7.3–7.4; 290 mOsm). The
remnant ileum was excised. In NC and shams, the distal
14 cm of ileum was harvested, which corresponded to the
same length of ileum left in the resection animals. For
each group, six rats were designated randomly for mRNA
and protein analysis. In these animals, the remnant ileum
was opened, and in ice-cold, phosphate-buffered saline
(PBS), the mucosa was scraped with a glass slide. The
samples for mRNA analysis were placed in RNA
stabilization buffer (RNALater, Qiagen, Valencia, CA),
snap frozen in liquid nitrogen, and then stored at −80°C.
The samples for protein analysis were collected separately
from both the proximal and distal portions of the remnant
ileum, placed in cold RIPA containing protease inhibitors
Halt (Pierce, Rockford, IL) and PMSF, snap frozen in
liquid nitrogen, and stored at −80°C for later batch
analysis. The other six rats in each group were designated
randomly for measurements of glucose uptake using our
modification of the everted sleeve technique and histolog-
ic analysis.18,27 These animals were anesthetized in a
similar fashion followed by flushing of the entire small
bowel with 4°C mammalian Ringers solution. The
proximal and distal portions of the remnant ileum after
resection and the corresponding ileal region in the NC and
sham animals were placed in 4°C mammalian Ringers
solution oxygenated with 95% O2–5% CO2 until study. In
addition, 0.5 cm of proximal and distal portions of ileal
segments were pinned on a support and fixed in 10%
buffered formalin for histomorphometry.
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mRNA Measurement

Reverse transcription real-time polymerase chain reaction
(PCR) was used to quantitate mRNA levels for SGLT1 and
GLUT2.18,26 The mucosal samples stored in RNA stabili-
zation buffer were thawed on ice and homogenized.
Samples from the proximal remnant and the distal remnant
were studied as distinct groups. RNAwas isolated using the
RNeasy Midi kit (Qiagen, Valencia, CA). RNA was then
reverse-transcribed into complementary DNA (cDNA)
using the Super Script III kit (Invitrogen, Carlsbad, CA).
The resultant cDNA was stored at −20°C. cDNA levels of
SGLT1, GLUT2, and the stably expressed housekeeping
gene, glyceraldehyde-6-phosphate dehydrogenase (GAPDH)
was determined using real-time PCR. PCR was performed in
a 7500 thermocycler (Applied Biosystems, San Francisco,
CA) using Taqman® chemistries with primers and fluores-
cently labeled probes in assay mixes purchased from Applied
Biosystems. Standard curves from serial dilutions of known
copy numbers were used to calculate the number of copies of
cDNA for each sample. All samples were run as duplicates
with 2 µl of sample cDNA (or known standard) added to
23 µl of master mix for a total sample volume of 25 µl. Real-
time PCR was carried out at 95°C for 10 min followed by 40
cycles of 15 s at 95° and 1 min at 60°C after which
fluorescence measurements were made. Transporter copy
numbers were normalized to copy numbers of GAPDH from
each sample.

Protein Measurement

Western blotting was used to measure semi-quantitatively
the protein levels of SGLT1 and GLUT2.26 Tissue samples
stored in RIPA buffer containing protease inhibitors were
thawed on ice and placed in RIPA lysis buffer containing
protease inhibitors to prevent protein degradation.18 Sam-
ples from the proximal remnant ileum were studied
separately from the distal samples. Samples were homog-
enized using a Kontes Pellet Pestle (Fischer Scientific,
Pittsburg, PA). The protein-containing supernatant was then
separated by centrifugation at 5000×g for 15 min. Protein
concentrations were measured by the bicinchoninic acid
method (Pierce, Rockford, IL); 200 μg of protein was
resolved on a 10% SDS-PAGE gel (Bio-Rad, Hercules,
CA) and transferred electrically to a PVDF membrane
(Millipore, Bedford, MA). Membranes were blocked using
5% milk in tris-buffered saline with Tween (TBS-T). To
quantitate protein and GAPDH in the same sample, the
membranes were cut between GAPDH and the specific
proteins of interest. GAPDH was used as a stably expressed
“housekeeping” protein against which SGLT1 and GLUT2
were compared (see below, Data Analysis). Cut membranes
were then incubated overnight at 4°C with primary

antibody SGLT1 (from Abcam, Cambridge, MA) and
GLUT2 antibody from Chemicon International, Temecula,
CA; GAPDH antibody from US Biological, Swampscott,
MA). After incubation with primary antibody, membranes
were rinsed three times with TBS-T and incubated with a
secondary antibody in TBS-T containing 5% milk. Horse-
radish peroxidase-conjugated, goat anti-rabbit IgG was used
for SGLT1 and GLUT2, (Sigma, St. Louis, MO and
Upstate, Lake Placid, NY, respectfully) and horseradish
peroxidase-conjugated, goat anti-mouse IgG was used for
GAPDH (Sigma, St. Louis, MO). Protein bands were
visualized with a colorimetric reaction using Opti-4CN
Substrate kits (Bio-Rad). Amplified Opti-4CN substrate kit
was used to enhance SGLT1 and GLUT2 bands. Membranes
were scanned, and Scion Image (Scion Corp, MA) was used
for semi-quantitative measurements of protein levels based
on band densitometry. All transporter protein measurements
were normalized to those of GAPDH in an attempt to
estimate the amount of protein per enterocyte.

Transporter-mediated Glucose Uptake

We measured transporter-mediated glucose absorption
using a previously described modified, everted sleeve
technique.18,27 After tissue harvest, the targeted segment
of intestine was everted so that the mucosal surface was
exposed externally. Intestinal segments were then mounted
on steel rods (diameter 4 mm) and secured with two 5–0
silk ties. The redundant edges of the tissue were excised
leaving a 1-cm everted segment. Due to intestinal dilation
in the resection groups, larger caliber steel rods were
necessary—5 mm diameter in the 1-wk group and 6 mm
diameter in the 4-wk group. Sleeves were kept in chilled
(4°C) mammalian Ringers solution bubbled with 95% O2/
5% CO2 until ready for absorption experiments. Prior to
measurements of absorption, tissues were transferred to a
38°C bath, preincubated in 8 ml of mammalian Ringers
solution bubbled with 95% O2–5% CO2 for 5 min, and then
placed in 8 ml of 38°C mammalian Ringers solution with
iso-osmotic replacement of NaCl using 20 mM D-glucose.
The solution was stirred at 1,200 rpm to mix the “unstirred
layer.” Radiolabeled glucose probes (1 μCi of 14C-D-
glucose and 2 μCi of 3H-L-glucose) were included in the
test solution to measure the different pathways of glucose
absorption. After 1 min incubation in the glucose solution,
the tissues were removed, rinsed quickly in 30 ml of chilled
mammalian Ringers solution stirred at 1,200 rpm for 20 s,
and placed in glass scintillation vials. One milliliter of
tissue solubilizer (Perkin-Elmer, Boston, MA) was added to
the vials containing the tissue segments and kept in a 50°C
water bath for 3 h. After complete solubilization, 15 ml of
scintillation counting cocktail (Opti-Fluor, Perkin-Elmer,
Shelton, CT) was added, and probe counts were determined
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using techniques of dual-marker liquid scintillation counting
with a standard quench curve. When quench values were too
high for the resection samples due to ileal hypertrophy,
solubilized samples were separated into two or three aliquots
to bring the counts into the window of validated quench and
counted separately with an additional 15 ml of counting
cocktail in each aliquot. The counts were then totaled, and a
single uptake calculation was performed for each sample.

Phlorizin was used to inhibit SGLT1 activity at a dosage
(0.2 mM) used previously.24,28–31 The phlorizin was
solubilized in ethanol, and 100 µl was then added to the
8-ml incubation bath to achieve a concentration of 0.2 mM.
Phloretin was used to inhibit GLUT2 activity at a dosage
(1 mM) used previously24,32–33 and was also solubilized in
ethanol and added to the incubation bath in 100-µl aliquots
to achieve a concentration of 1 mM. Vehicle experiments
using 100 µl of ethanol in the glucose test solution had
been conducted previously and shown to cause no effect on
transporter-mediated glucose uptake.24 Three separate, 1-cm
sleeves were obtained from the proximal remnant ileum for
study either without inhibitors, with phlorizin, or with
phloretin in the 20 mM glucose test solution. Three
additional sleeves were obtained from the distal remnant
ileum and studied similarly.

Villus Height, Intestinal Diameter, and Intestinal Length

The formalin-fixed tissues from all groups were embedded
in paraffin and sectioned along the villus axis. A total of
18 sections were taken from each tissue sample, and
hematoxylin and eosin staining was performed with three
sections per each slide. Maximum villus height was
measured from above the crypt to the tip of the villus at ×10
magnification using an optical reticule with a micrometer. All
18 sections were reviewed per each segment with at least
three measurements of villus height per slide such that at least
54 measurements were made for each segment (proximal and
distal) per rat. At the time of tissue harvest, the diameter of the
ileum was evaluated subjectively, and the length of the
remnant ileum in the resection animals was measured from
the ileocecal valve, proximally to the anastomosis prior to
excision to assess for any changes in intestinal length.

Data Analysis

mRNA and Protein levels To determine relative changes in
gene expression of mRNA and protein levels, the measure-
ments of SGLT1 and GLUT2 in the proximal and distal
remnant ileum were normalized to levels of GAPDH, a stably
expressed “housekeeping” gene. The relative expressions of
mRNA and protein for SGLT1 or GLUT2 in the proximal and
distal remnant ileum were compared on the same RT-PCR
and Western blot to prevent potential errors in loading; all

samples were also run in duplicate. Median values of protein
were calculated for each rat in each group, and a grand
median with inter-quartile range (IQR) was calculated per
group.

Glucose uptake To calculate transporter-mediated glucose
uptake, total glucose uptake needed to be corrected for
glucose adherent to the non-absorbed, extra-mucosal layer
and for passive, non-carrier-mediated uptake. 3H-L-glucose
is not absorbed by transporter-mediated uptake and was
thus used to correct for this adherent glucose and passive
uptake.18 Transporter-mediated glucose uptake is expressed
as nmol/cm/min.

Statistical Analysis

Statistical analysis was performed using JMP software.
Continuous variables were compared using Kruskal–Wallis
analysis for non-parametric data sets when comparing more
than two groups; Wilcoxon rank sums were used to compare
directly the non-parametric datasets. P values were corrected
according to the Bonferroni method, and a corrected p value
of ≤0.05 was considered significant. All data are reported as
the median ± IQR or range; n values are number of rats.

Results

Operative Outcomes

At the time of tissue harvest, all rats that underwent either
sham celiotomy or intestinal resection had gained weight
over the study period (data not shown). None of the
surviving animals required exclusion from the study due to
postoperative complications.

mRNA

SGLT1 mRNA expression was no different among the
groups in the proximal remnant ileum (p≥0.9). However, in
the distal ileum1 wk after the resection, the SGLT1 mRNA
expression did increase (p<0.001), but the magnitude of
change was small (from a median of 3×10−3 to 6×10−3),
which was not present 4 wk after resection (p=1.0). There
was no difference in the SGLT1 mRNA expression between
the proximal or distal remnant ileum (p≥0.06) (Fig. 1a).

The overall relative expression of GLUT2 mRNA was
low among all four groups (range 4×10−5 to 3×10−4).
Similar to the SGLT1 mRNA expression in the distal ileum
1 wk after resection, there was a higher relative expression
of GLUT2 mRNA; however, this was found in both the
proximal and distal segments (p≤0.02). The magnitude of
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this increase was small (from a median of 1×10−4 to 7×
10−4) and was not present at 4 wk after resection (p≥0.2).
Additionally, within the control group, the relative expression
of GLUT2 mRNA was greater in the proximal ileum
compared to the distal ileum (p=0.02) (see Fig. 1b).

Protein Expression

The relative expression of SGLT1 protein by Western
blotting did not demonstrate any difference among the four
groups (p≥0.06); specifically, after 70% proximal-based
resection, there was no increase in SGLT1 expression in the
remnant ileum compared to NC ileum. Additionally, there
was no difference in relative expression of SGLT1 between
the distal or the proximal ileal segments within any of the
groups (p≥0.3) (Fig. 2a). A relative expression of GLUT2
protein by Western blotting was very low among the four
groups (range 0.02 to 0.24). No difference in GLUT2
protein expression was found among the four groups (p≥0.1);
nor was there a difference between proximal and distal
segments of ileum (p≥0.2) (Fig. 2b).

Transport Data

At 1 and 4 wk after small bowel resection, transporter-
mediated glucose uptake within the proximal ileum increased
markedly compared to the NC and sham groups (p≤0.04).
There was no further statistical increase in transporter-
mediated glucose uptake, however, from 1 wk to 4 wk after
resection (p=0.4). Treatment with the GLUT2 inhibitor,
phloretin, had no effect on transporter-mediated glucose
uptake in the proximal ileum in any group (p≥0.08). In
contrast, treatment with the SGLT1 inhibitor, phlorizin, led to
a marked decrease in transporter-mediated glucose uptake in
the proximal ileum in all four groups (p=0.003). At 4 wk
after resection, the effect of phlorizin on the rats 4 wk after
resection was marked but possibly not as profound compared
to the other three groups (p=0.02) (Fig. 3a).

In the distal ileum, there was a similar marked increase
in transporter-mediated glucose uptake at 1 and 4 wk after
resection compared to the NC and sham groups (p=0.02).
The addition of phloretin also had no effect on transporter-
mediated glucose uptake in the distal ileum in any group

Figure 1 Relative expressions
(against GAPDH) of total
cellular transporter mRNA by
real-time RT-PCR: (a) SGLT1;
(b) GLUT2.
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(p≥0.6); however, phlorizin decreased markedly transport-
er-mediated glucose uptake in this segment (p≤0.03). This
inhibitory effect of phlorizin was also somewhat blunted at
4 wk after resection compared to the distal ileal segments in
the other three groups (p=0.01) (Fig. 3b).

In the naïve control group, transporter-mediated
glucose uptake was greater in the proximal ileum compared
to the distal ileum (p=0.02) in the absence of any inhibitors.
This difference in uptake, however, was lost in the sham
controls as well as the rats both 1 and 4 wk after resection
(Fig. 4). There was no difference in transporter-mediated
glucose uptake between the proximal and distal segments in
any of the experimental groups in the presence of either
phloretin or phlorizin (Fig. 3).

Villus Height and Intestinal Length

Within the proximal segment, median villus height was
greater at 1 and 4 wk after resection compared to NC rats
(0.47 and 0.58 vs 0.25 mm, resp; p≤0.03; Fig. 5). Similarly,

in the distal ileum, villus height was also greater at 1 and
4 wk after resection compared to NC (0.45 and 0.59 vs
0.21 mm; p≤0.01; Fig. 5). There was no difference between
NC and sham in either the proximal or distal ileum (p=0.9).
Additionally, there was no difference in villus height in rats
at 1 and 4 wk after resection in either the distal or proximal
remnant ileum (p≥0.09). Villus height also did not differ
between the distal or proximal ileum within any of the
experimental groups.

All resected animals were left with a remnant ileum of
14 cm in length at the time of resection. One week after
resection, this length had shortened to a median 12 cm
(range 11–13 cm; p<0.01); after 4 wk, the intestinal length
had increased to a median of 19 cm (range 15–22 cm;
p<0.01). In addition to intestinal length, gross luminal
diameter also increased over time, and while actual
measurements could not be measured reliably, the everted
sleeve technique necessitated larger caliber steel rods for
eversion (4 mm in NC and shams, 5 mm 1 wk after
resection, and 6 mm 4 wk after resection).

Figure 2 Relative expressions
(against GAPDH) of total
cellular transporter protein by
Western blot: (a) SGLT1; (b)
GLUT2.
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Discussion

After proximal-based small bowel resections, the ileum is
capable of adapting to the loss of absorptive surface area by
effectively increasing absorption of water, electrolytes, and
nutrients to maintain adequate hydration and nutrition. This
inherent adaptability has made the ileum an area of interest,
especially as it pertains to intestinal hexose transporters.
Currently, the cellular mechanisms responsible for regulating
the expression of the three primary hexose transporters
(SGLT1, GLUT2, and GLUT5) are poorly understood.
Because these transporters are expressed normally in such
low levels in the ileum, we hoped that using a model of ileal
adaptation would help us examine patterns in expression and
function of these transporters before and after adaptation.

Our data confirm that the ileum, which, in the normal,
intact gut is not involved in much of the glucose absorption
from the gut, is highly adaptable and can increase its
glucose transport after a 70% proximal-based, small bowel
resection in the rat. Both of our resection groups demon-
strated a marked increase in transporter-mediated glucose
uptake. This adaptation appears to occur quickly because
the effect was present at 1 wk after small bowel resection,

and there was no difference in transporter-mediated glucose
uptake at 1 wk compared to 4 wk after resection. When we
examined the relative expressions of mRNA, we found very
subtle changes at 1 wk after resection in SGLT1 mRNA
expression in the distal remnant ileum and GLUT2 mRNA
expression in both proximal and distal segments. These
very small changes may reflect adaptive changes; however,
we did not find any significant changes in comparing NC
and shams to the resection animals in terms of SGLT1 and
GLUT2 protein expression. These effects could be a result
of posttranslational regulation as we have previously
described,18 but the most plausible explanation is that,
because the magnitude of change in mRNA expression that
we observed was so small, it is likely of no clinical
significance. Furthermore, the fact that cellular protein
expression remained stable across all four groups suggests
that the ileal adaptation after a 70% proximal-based, small
intestinal resection was not mediated by upregulation of
hexose transporter expression within the enterocyte.

Histologically, we observed a marked increase in villus
height between NC and sham rats compared to the resection
groups, which indicates a cellular proliferation with
lengthening of villus height in the resection group. We

Figure 3 Transporter-mediated
glucose uptake in both proximal
and distal ileum in plain
glucose, and with phloretin and
with phlorizin.
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interpret this finding to represent hyperplastic changes in
the ileal mucosa after the proximal resection that results in
an adaptive response in glucose absorption secondary to
more enterocytes rather than each individual enterocyte
upregulating hexose transporter expression and function
within the apical membrane of the ileal enterocytes. Indeed,
changes in transporter-mediated glucose uptake correlated
directly with changes in villus height across the four groups
and not with protein (or mRNA) expression (Fig. 6).

The intestinal lengths measured after resection further
support the concept of intestinal hyperplasia. At 4 wk post-
resection, the remnant ileum appears to have increased its
length significantly from baseline length, although it is
possible that this lengthening represented natural growth of

the intestine as the rats grew 4 wk older as opposed to an
adaptive response. Another interesting finding was that at
1 wk after resection, the ileum appeared to have shortened.
We did not observe a further increase in transporter-
mediated glucose uptake between 1 and 4 wk, because the
everted sleeve technique measures transport over a 1-cm
segment of intestine. It may be that, despite the lack of
change in villus height and transporter-mediated glucose
uptake per centimeter of tissue between 1 and 4 wk, the
ileum’s hyperplastic growth from week 1 to week 4 also
includes lengthening, and, over time, this lengthening
further increases the absolute absorptive capacity. Further-
more, the intestinal diameter also appeared increased;
although we did not directly measure this parameter,

Figure 4 Transporter-mediated
glucose uptake in the glucose
test solution.

Figure 5 Changes in villus
height after 70% proximal small
intestinal resection.
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the sleeves required larger bore rods for eversion after
resection. This increase in diameter (without any further
increase in villus height) did not affect the measured
glucose uptake over the 1 cm of tissue that was studied
from 1 to 4 wk, but over greater lengths of intestine, where
an increase in diameter impacts overall surface area more
significantly, intestinal dilation also contributes to a greater
absorptive capacity.

Ultimately, these findings suggest that ileal adaptation
may not be a good model for studying cellular mechanisms
within the enterocyte responsible for regulating hexose
transporter expression, at least after proximal resection. In
contrast, understanding the mechanisms responsible for
increased villus height and intestinal length will be
beneficial in treating short bowel syndrome. Our data,
however, do suggest that changes in luminal content in the
distal ileum after proximal resection did not have a marked
effect on enterocyte expression of SGLT1 and GLUT2. If
this were the case, one would expect changes in gene
expression of SGLT1 and/or GLUT2 protein in this model,
because the luminal content of hexoses in the ileum would

have increased markedly. The exact mechanism regulating
expression cannot be elucidated clearly from our data but
could include hormonal or neural mechanisms.

It is accepted widely that SGLT1 is the primary apical
glucose transporter in the enterocyte and that GLUT2
functions primarily in the basolateral membrane to transport
glucose out of the cell into the systemic circulation. Yet, data
from our laboratory and others have suggested the presence
of apical GLUT2 in jejunal glucose absorption, and we
hypothesized that apical GLUT2 would therefore play an
important role in ileal adaptation.When the GLUT2 inhibitor,
phloretin, was administered, however, there was no effect on
transporter-mediated glucose uptake in any of the groups.
This observation suggests strongly that GLUT2 does not play
an important role in intestinal apical glucose absorption in the
ileum, consistent possibly with the small amount of GLUT2
protein expression we found as well. Moreover, treatment
with the SGLT1 inhibitor, phlorizin, resulted in a dramatic,
virtually complete inhibition of transporter-mediated glucose
uptake, further supporting the belief that, in the ileum, SGLT1
is the predominant apical glucose transporter.

Figure 6 Correlation of
transporter-mediated (TM)
glucose uptake plotted against
(a) villus height and (b) SGLT1
protein expression by Western
blot.
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An additional observation was a rebound in transporter-
mediated glucose uptake at 4 wk after proximal resection in
the phlorizin-treated group. While uptake was still consid-
erably low in the presence of phlorizin at 4 wk after
resection, it was significantly greater than the other three
groups under the same inhibitory conditions. Because
phlorizin is a competitive inhibitor of SGLT1, one explana-
tion might be that the hyperplastic changes at 4 wk after
resection resulted in an excess of SGLT1 that was able to
overcome the phlorizin inhibition; however, this was not the
case at 1 wk after resection, where expression of total cellular
SGLT1 protein and histologic data matched that of the 4-wk
resection group. It remains possible that an additional
transporter is upregulated or newly expressed in a delayed
fashion in the ileum, such as GLUT7, a hexose transporter
that has been described recently in the literature;34 however,
our data are inadequate to answer this question.

Initially, when we studied the resection animals in a pilot
study, we noticed a gross difference between the proximal
and distal portion of the remnant ileum 4 wk after resection.
The proximal segment appeared to be dilated more than the
caliber of the ileum distally. For this reason, our studies
were conducted in both proximal and distal segments of the
remnant ileum. Indeed, we found that there was a
significant decrease in transporter-mediated glucose uptake
in this distal segment of ileum in the NC rats; the protein
expression data for SGLT1 and GLUT2 did not, however,
correlate with this finding.

Our study has several limitations. First, our technique for
protein analysis cannot distinguish cytoplasmic from apical
membranous transporters. Therefore, it is possible that the
distal ileum expresses similar total cellular amounts of
hexose transporter protein after resection, but more of this
protein transporter is trafficked to the apical membrane in
the proximal ileum. Our techniques cannot differentiate this
possibility. Expression of these proteins in a segment of
intestine that is not normally exposed to large amounts of
glucose is inefficient, and it may be that expression of these
transporters is not regulated by the luminal milieu but by
other mechanisms. Again, our data are insufficient to draw
a definitive conclusion. Finally, the rats after 70% proximal
resection did gain weight, although modest (x ¼ 29 g),
compared to a weight gain in control rats of about 62 g;
results might have been different in a more radical proximal
resection (>70%), but our interest was more in the
regulation of SGLT1 and GLUT expression.

After small bowel resection, the difference in transporter-
mediated glucose uptake between proximal and distal ileum
was lost, and protein expression and histology were no
different either. These data demonstrate that despite different
baseline absorptive capacity between proximal and distal
ileum with a normal intestinal length, in the setting of short
bowel, both the proximal and distal regions of this remnant

ileum appear to be equally capable of adaptation through
dilation, lengthening, and increased transport of glucose per
centimeter length.

Conclusion

The ileum appears to be highly adaptable in its ability to
increase glucose absorption via SGLT1 after massive
proximal-based small bowel resection—but this increase
in absorptive capacity is due to cellular proliferation by
villus hyperplasia and intestinal lengthening as opposed to
upregulation of glucose transporters within the enterocyte.
Despite a lesser SGLT1 activity under normal conditions in
the distal ileum compared to the proximal ileum, the distal
ileum has a similar capacity to adapt as the proximal
portion after 70% proximal-based small bowel resection.
There appears to be little or no role of GLUT2 in baseline
apical glucose transport in the ileum or after adaptation.
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Discussion

David A. Sigalet, M.D. (Calgary, AB, Canada): Your
group has used nicely the a classic model of intestinal
resection and you have shown us that the hyperplasia
versus hypertrophy story still is relevant, despite the
application of new technology looking at the potential for
GLUT2 involvement. You have nicely demonstrated the
increase in SGLT1 expression following resection by the
phlorizin/phloretin blocking experiments.

I have two questions. The first is that given the effect of
nutrient input, ie the enteral intake of the animals on nutrient
absorption, can you give us any background about how these
animals were fed and your impression of how this may have
impacted their nutrient absorption? And secondly, you have
used quite different metrics in your output; the output of
absorption per unit length of bowel is necessarily based on
bowel surface area, whereas your cellular expression of
protein is per cell or per protein measure. So have you tried
to reconcile those, in other words, to give us a readout of
SGLT1 per unit length of bowel? With this you may find that
then you can see a more profound effect of your resection.

Corey W. Iqbal, M.D. (Rochester, MN): In regard to the
nutrient influence, the rats were fed a standard rat chow and ad
lib. So I really cannot comment on what the specific
contributions of nutrients would have been. One of the areas
that we are interested in is cellular regulation of the expression
and function of all three intestinal hexose transporters,
SGLT1, GLUT2, and GLUT5, and the diurnal rhythm that
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has been associated with them. Our hypothesis was that the
change in the luminal milieu by having the ileum in a more
proximal position would affect hexose transporter regulation,
and if we had found that SGLT1 and GLUT2 expression
changed, then it would be worth investigating further to
determine which nutrients regulate hexose transporter expres-
sion and function. The fact that there was difference indicates
that luminal substrates do not appear to regulate hexose
transporter expression and function in the ileum.

With regards to the discrepancies in terms of looking at
cellular expression and correlating that with our uptake
studies, the everted sleeve is limited to a 1 cm segment of
intestine and does not measure transport per cell. However,
because the expression data is a ratio, it would not matter if

you collected tissue across 1 cm or more, in theory the ratio
should be the same, so I feel that our conclusion is still
accurate. Additionally, we did find that in the specimens of
the remnant ileum, not only did the villus height increase
but the length of that remnant also increased, meaning that
we left a 14 cm segment of remnant ileum, and four weeks
later we found that it had lengthened to a median of 19 cm.
Whether that was due to just natural growth over a four
week period or part of the adaptive process, we don't have
that data to say. The other thing is that the intestine dilates.
So there are three mechanisms that seem to increase that
surface area, by lengthening, increasing its diameter, as well
as the change in villus height which are additional
parameters that support our conclusion.

J Gastrointest Surg (2008) 12:1854–1865 18651865



Reinterventions for Specific Technique-Related
Complications of Stapled Haemorrhoidopexy (SH):
A Critical Appraisal

Pierpaolo Sileri & Vito Maria Stolfi &
Luana Franceschilli & Federico Perrone &

Lodovico Patrizi & Achille Lucio Gaspari

Received: 20 February 2008 /Accepted: 8 August 2008 /Published online: 3 September 2008
# 2008 The Society for Surgery of the Alimentary Tract

Abstract
Introduction Stapled haemorrhoidopexy (SH) is an attractive alternative to conventional haemorrhoidectomy (CH) because
of reduced pain and earlier return to normal activities. However, complication rates are as high as 31%. Although some
complications are similar to CH, most are specifically technique-related. In this prospective audit, we report our experience
with the management of some of these complications.
Methods Data on patients undergoing SH at our unit or referred to us are prospectively entered in a database. The onset or
duration of specific SH-related complications as well as reinterventions for failed or complicated SH was recorded.
Results From 1/03 to 10/07, 110 patients underwent SH, while 17 patients were referred after complicated/failed SH.
Overall early and late complication rates after SH were 12.7% and 27.2%, respectively. Overall reintervention rate was
9.1%. Among the referred SH-group, one patient underwent Hartmann’s procedure because of rectal perforation. The
remaining 16 patients experienced at least one of the following: recurrence, urgency, frequency, severe persistent anal pain,
colicky abdominal pain, anal fissure and stenosis. Four patients underwent CH with regular postoperative recovery. Two
patients underwent exploration under anaesthesia because of persisting pain. One patient underwent anoplasty.
Conclusions SH presents unusual and challenging complications. Abuses should be minimized and longer-term studies are
needed to further clarify its role.

Keywords Haemorrhoidopexy . Haemorrhoids . Outcome

Introduction

Stapled haemorrhoidopexy (SH) is an attractive alternative to
conventional haemorrhoidectomy (CH) because of reduced
postoperative pain, shorter hospital stay and earlier return to

normal activities. Over the last decade, SH gained wide
acceptance, with over 50,000 patients treated in Europe.1,2

However, this enthusiastic use has been tempered by
increasing reports of unusual complications, including several
cases of pelvic life threatening sepsis and deaths.3,4 Although
several complications are similar to CH, some are technique-
related such as longer-term anal pain (post-evacuation
syndrome or persistent anal pain), longer-term tenesmus with
urgency and or frequency, haemorrhoidal recurrence (early as
thrombosis or late recurrences), recto-vaginal fistula, anasto-
motic leakage, rectal perforation and pelvic sepsis.5–7 In this
brief prospective audit, we report our experience with the
management of some of these complications after SH.

Patients and Methods

Between January 2003 and October 2007, 425 symptomatic
patients underwent haemorrhoidectomy at our institution
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and data entered prospectively in a database. Of those, 110
underwent SH (66 M, 44 F, mean age 44 years, ranging
from 21 to 75 years) while 315 underwent conventional
haemorrhoidectomy (186 M,129 F, mean age 48 ranging
from 24 to 72 years). Mean follow-up period after surgery
was similar between the two groups being respectively 25±
14 months after SH and 32±16 months after CH. Before
surgery, all patients underwent digital examination and
proctoscopy. Preoperative Wexner continence score was
performed in all patients. Colonoscopy, anorectal manom-
etry and/or ultrasonography (US) were performed if
necessary. All surgeries were performed in a Day Care
setting, in lithotomy position under local anaesthesia and,
when necessary, general anaesthesia was provided. All
patients received a phosphate enema 2 h before the
operation.

Antibiotic prophylaxis was administered using intrave-
nous cephalosporin (1 g) and metronidazole (500 mg)
immediately before surgery. Starting May 2006 our
protocol was revised and a single-antibiotic regimen
replaced the previous one using intravenous cefotaxime
(2 g).

The procedure was performed according to the technique
described by Longo6 using the PPH01 kit (Ethicon Endo-
Surgery) with no modifications or additional procedures.

All resected specimens were sent for pathology exami-
nation. Mucosal doughnuts retrieved from the stapler were
orientated and sent for pathology. As previously described,
the macroscopic appearance of the specimen (shape, size
and depth) was recorded. Microscopically, the presence of
columnar, transitional and squamous epithelium, the in-
volvement of circular/longitudinal smooth muscle as well
as features of mucosal prolapse, was assessed.

Patients were discharged from the unit 4 to 8 h after the
procedure with oral and written instructions for postoper-
ative care including medications (non-steroidal anti-inflam-
matory drugs per os), antibiotics (quinolones twice a day
for 5 days per os) and stool softeners for 7 days. Warm sitz
baths were suggested.

Patients were seen after 1 week and pain assessed using
a 10-cm linear visual analogue scale (VAS). Further
controls were scheduled at 1, 3 and 12 months or if
required. All patients were contacted annually thereafter.
Clinical outcome was assessed by a validated questionnaire
on postoperative symptoms and satisfaction supplemented
by the Wexner continence score.

During the same period of time, 23 patients were
referred to our colorectal unit after complicated CH or SH
performed elsewhere: six after CH (four F, two M) and 17
(11F, six M; mean age 47 years) after SH. The onset and
duration of specific SH-related complications as well as
reinterventions for failed and or complicated SH were
recorded.

Results

Operating time between SH and CH was similar being
28.3±8.7 and 26±8.8 min, respectively (p=0.111). Hospi-
talization rates were similar between SH and CH being
2.7% and 1.6%, respectively (p=0.449).

Likewise, no differences were observed in terms of ER
admissions (7.3% vs 3.8%, p=0.214) and hospital read-
missions (3.6% and 2.2%, p=0.414) between SH and CH.

Overall early (<30 days from surgery) and late (>30 days)
complication rates were similar between SH and CH as
shown in Tables 1 and 2.

Despite an increased quote of anal fissure, disabling
chronic pain and recurrences were observed after SH when
compared to CH, no significative differences were observed
in terms of early and late complications between SH and
CH as shown in Tables 1 and 2.

Mean pain during the first postoperative week expressed
as VAS is shown in Fig. 1. Significant differences were
observed from postoperative days 4 to 7.

As shown in Fig. 2, patients who underwent CH
experienced more severe pain (expressed as VAS score>
7) than SH at 5, 6 and 7 postoperative days. We did not
observed differences between SH and CH in terms of
postoperative pain and severe pain (VAS>7) among third
and fourth degree haemorrhoids.

Postoperative symptoms duration including pain, bleed-
ing, soiling and hitching lasted more after CH compared to
SH reaching significant differences for soling and bleeding
as shown in Fig. 3.

Postoperative fever was similar between the two
groups. No differences were observed in terms of return
to work expressed in days between the two groups.
Longer-term follow-up results of symptoms duration is
shown in Table 3.

Urgency after 3 months was significantly more frequent
after SH compared to CH (8.2% vs 0.6%), despite this
difference disappeared at 1 year (0.9% vs 0.3%).

Three patients (2.7%) experienced severe disabling
chronic pain after SH that lasted >1 year since surgery
without the expected improvement over the follow-up. All
patients described the pain as sharp, recurrent, starting

Table 1 Early Complications (<30 days)

Complications SH (n/%) CH (n/%) P value

Urinary retention 3/2.7% 5/1.6% 0.449
Bleeding 5/4.5% 9/2.8% 0.394
Faecal retention 1/0.9% 5/1.6% 0.604
Haem. thrombosis 2/1.8% 1/0.3% 0.106
Incontinence 3/2.7% 7/2.2% 0.090
Infection 0 3/0.9% 0.305
Overall 14/12.7% 30/9.5% 0.343
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within 30 min from defecation and lasting for 2 to 5 h
without bleeding or mucous discharge. In all cases, the
rectal examination was unremarkable and anal fissure was
ruled out. All patients underwent anal manometry that did
not show significant abnormalities (only one patient was
found to have mild internal anal sphincter hypertonia) as
well as endorectal ultrasound that showed normal anatomy
in all. A working diagnosis of post-defecation syndrome
was made in all and calcium channel blockers ointment
given twice a day for 8 weeks. This treatment was effective
in all but one who presented worsening persistent pain
described as sharper after defecation. In this case oral
nifedipine was ineffective and anorectal exploration under
anaesthesia was performed. At surgery, the staple line was
correctly placed and the only finding was the presence of
retained staples which were removed with complete pain
resolution within 2 weeks. SH complications and their
management resumé is shown in Table 4.

Early haemorrhoidal recurrences (as thrombosis) oc-
curred 4 and 12 days after surgery. Both cases responded to
standard medical treatment and did not present any other
episode during the follow-up. Six patients developed late
haemorrhoidal recurrence after 16±5 months from previous
surgery (range 9–26 months). All recurrences were ob-
served in patients who underwent SH for fourth degree
haemorrhoids. Main symptoms were bleeding (six patients)
and prolapse (four patients). One patient was successfully
treated with rubber banding while surgery was offered to

the remaining five: one patient refused and four underwent
uneventful CH (two closed and two open).

Twelve patients experienced transient urgency (10.9%)
that resolved within 4 months in all patients but one in
which lasted 13 months. Two patients (1.8%) developed
symptomatic rectal stricture with urgency and frequency
and responded to anal dilatation with anal dilators. As
shown in Table 5, overall reinterventions rate after SH was
9.1% (vs 4.8% of CH, not significant). Figure 4 shows the
estimated risk of reinterventions after SH and CH. Table 6
shows summary of complications and management among
the referred patients.

Among the referred SH group, one patient developed
severe pelvic sepsis after SH performed as a day case
procedure. She complained lower quadrants abdominal pain
associated to nausea, vomit and fever the night following
hospital discharge. She was admitted in our emergency unit
because of acute abdomen. Signs of severe sepsis were
present and computed tomography (CT) scan showed
pneumoretroperitoneum. At laparotomy, mesorectal and
retroperitoneal emphysema were present with minimal
amount of pus, in absence of an evident low rectal
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Table 2 Late Complications

Complications SH (n/%) CH (n/%) P value

Disabling pain
(>1 year)

3/2.7% 2/0.6% 0.082

Recurrence 6/5.4% 5/1.6% 0.133
Stenosis 2/1.8% 10/1.2% 0.460
Anal fissure 6/5.4% 7/2.2% 0.090
Abscess/fistula 0 2/0.6% 0.403
Skin tags 13/11.8% 41/13.2% 0.746
Overall 30/27.2% 67/21.2% 0.197
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perforation. After accurate washout, a Hartman’s procedure
was performed and a drain left in the pelvis. Postoperative
recovery was uneventful, she was discharged after 8 days
and uneventful reversal was performed 6 months later.

Ten of the remaining 16 patients experienced at least one
of the following symptoms or complications: recurrence,6

urgency,6 severe chronic anal pain,4 tenesmus,4 colicky
abdominal pain,1 anal fissure1 and stenosis.1

Recurrences were observed after 17±6 months from
surgery (range 9 to 36 months). Main symptoms were
bleeding (six patients), prolapse (four patients) and pain
(one patient). Four patients accepted surgery and underwent
conventional haemorrhoidectomy (three closed, one open)
and had a regular postoperative recovery.

Four patients came to our attention because of persistent
pain lasting for 7±6 months after SH. In one case, an anal
fissure was present and successfully treated with lateral
internal sphincterotomy after manometric confirmation of
internal sphincter hypertonia and failure of GTN ointment
course of 8 weeks. Topical treatment with calcium channel
blockers ointment (twice a day for 8 weeks) was started in
all. One patient required oral nifedipine. However, conser-
vative medical treatment was ineffective in two patients,
who underwent exploration under anaesthesia (EUA).
Before reinterventions anorectal manometry and ultrasound
were performed in both and pelvic magnetic resonance
imaging (MRI) in one. In one patient, the US showed a

small (1 cm) submucosal abscess at the stapled line. The
abscess was not seen at the MRI, and it was not found at
EUA. However, in both patients, surgical removal of
retained staples resolved the pain within 4 weeks.

One referred patient with anorectal stricture underwent
anoplasty. In this case, asymmetric, very low stapled line
was observed at surgery.

Discussion

Our experience confirms that SH is followed by reduced
postoperative pain during the first week with overall early
and late complications rates similar to CH. Postoperative
symptoms duration is shorter after SH with a better patients
satisfaction compared to CH. Differently from other authors
report, in our experience the mean return to work period
(expressed in days) was similar between SH and CH.8–10

We explain this similarity of results with the fact the our
hospital serves a large Government employed (directly or
indirectly) population with paid sick leave. Complications
rates of SH range from 6.4% to 31%8,9 with a reinterven-
tion rate after 1 year of 11%.10 Some complications are
similar to conventional haemorrhoidectomy such as bleed-
ing, urinary retention, incontinence, fissure and stenosis.
Others are specific-related to the technique, such as intra-
bdominal or retroperitoneal bleeding, pelvic sepsis, tenes-
mus, severe chronic anal pain (chronic proctalgia or
postdefecation syndrome), rectovaginal fistula and damage
to sphincterial mechanism.11–14

Blouhos et al. reported a case of uncontrollable intra-
abdominal bleeding necessitating low anterior rectal resec-
tion because of a small laceration in the anterior aspect of
the rectum.15

The most dangerous complication reported after SH is
pelvic sepsis, usually subsequent to rectal perforation or
anastomotic leak. In a recent systematic review of life-
threatening sepsis following haemorrhoidectomy, McCloud
et al. described seven cases of life-threatening complica-
tions between 2000 and 2003 including abscesses, fistulae,

Table 3 Longer-term Follow-up and Symptoms Duration

Parameter SH (n/%) CH (n/%) P value

Fever (>38°C) 4/3.6% 14/4.4% 0.821
Bleeding at 3/12 2/1.8% 5/1.6% 0.870
Urgency at 3/12 9/8.2% 2/0.6% 0.045
Pain at 3/12 3/2.7% 4/1.2% 0.175
Bleeding at 1 yr 1/0.9% 2/0.6% 0.967
Urgency at 1 yr 1/0.9% 1/0.3% 0.436
Pain at 1 yr 3/2.7% 2/0.6% 0.082
Satisfaction (score 4/4) 85% 66% 0.051
Return to work (days) 17.3±11.7 17.5±10.8 0.856

Table 4 SH Complications and Management Resume

Complications Number (n) Management n/%

Bleeding 5 Conservative surgery 1 4/5
Thrombosis (at POD 4 and 12) 2 Conservative Effective
Disabling pain (US, MRI, manometry) 3 Analgesic/Ca2+ CB Topical,1 Oral1

EUA Stapler removal effective1

Recurrence (16±5 months) 6 Medical/RBL 1/2 RBL effective; 1 refused
Surgery-CH 2 Closed/2 open

Fissure 6 Medical (GTN) surgery Effective 4/6 (66.7%)
2 LIS, effective

Stenosis 2 Dilators Effective
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retroperitoneal sepsis and rectal perforations as well as
pneumoretroperitoneum and pneumomediastinum.5 Six
patients required faecal diversion, and one died. These
reports tempered the initial enthusiasm for SH and in 2004
Nisar et al. emphasized “potentially devastating complica-
tions” of SH in a meta-analysis indicating CH as the gold
standard.16 Since then, an equal number of life-threatening
complications after SH have also been reported, the
majority requiring faecal diversion with occasional deaths.
The number of these adverse events is comparable to those
observed after CH over a 40 year period (1964–2003),
although severe complications following CH hardly require
faecal diversion.17 Pescatori et al. observed that the risk of
these severe complications is higher after SH because it
involves the distal rectum with a ‘blind’ resection and
suture, close to the vagina, the prostate and the Douglas
pouch, which is also a possible site of an enterosigmoido-
cele.17 Although Ravo et al. estimated a life-threatening
complications rate of 1:1200 after SH in a large retrospec-
tive study, we believe that the real number of life-
threatening complications is largely overlooked because of
unpublished events. It has been pointed that most of these
cases have been performed by general surgeons17 despite
the fact that a consensus paper had recommended that the
operation should be carried out only by specialists trained

in this technique.18 In case of unexpected severe perineal or
abdominal pain, urinary retention or difficulties with
micturition, fever and leucocytosis, even if local examina-
tion is negative, an abdominal CT scan should be
immediately performed. Predominant findings at CT scan
are pneumoretroperitoneum, pneumomediastinum and sub-
cutaneous emphysema.19,20 Despite the fact that successful
conservative management has been reported, we believe
that anastomotic repair with faecal diversion or a Hartman’s
procedure should always be performed before worsening of
clinical conditions. At exploration (by laparotomy or
laparoscopy), very little will be found with oedema of the
rectum and pararectal tissues associated to minimal or
absent retroperitoneal fluid or pus depending from the onset
and duration of symptoms prior surgery. Emphysema along
the mesorectum and retroperitoneum can be observed.

Recto-vaginal fistula can also occur, and to date, three
cases have been described.11,21,22 This complication can be
avoided by assessing the thickness of the rectovaginal
septum before inserting the purse-string suture. Care should
be taken not to place too deep a suture anteriorly during the
purse-string, and vagina should be examined before firing.
If rectovaginal fistula occurs, immediate repair should be
attempted after excision of the staples ring, and a faecal
diversion should be made.

Three cases of acute rectal obstruction after SH have
been reported worldwide secondary to complete closure of
the distal rectum by the retained purse string entrapped
by the staples (two cases) or secondary to haematoma
within the layers of the bowel wall (one case).23–25 It may
require laparotomy and faecal diversion due to subsequent
spontaneous or iatrogenic perforation. If immediately
recognised a Delorme approach could be attempted.23Figure 4 Estimated risk of reinterventions after SH and CH.

Table 5 Number of Patients with a Complication (N) Requiring
Reintervention (n)

Reintervention SH n/N(%) CH n/N(%) P value

For pain 1/3(33.3%) 0/2 0.83
For bleeding 1/5(20%) 3/9(33.3%) 0.54
For skin tags 2/13(15.4%) 3/41(7.3%) 0.39
For anal fissure 2/6(33%) 4/7(57%) 0.43
For abscess/Fistula 0 2/2(100%) 0.79
For stenosis 0/2 2/10(20%) 0.84
For recurrence 4/8(50%) 1/5(20%) 0.31
cumulative 10/37(27%) 15/74 (20.3%) 0.64
OVERALL RATE 10/110(9.1%) 15/315(4.8%) 0.06

Table 6 (Referred Patients): Summary of Complications and
Management

Complications Number (n) Management Notes/outcome

Rectal perforation 1 Hartmann

reversed

4/12 Later

Tenesmus-urgency 10 Biofeedback

Disabling chronic

pain

4 Analgesic/

Ca2+ CB

Uneffective 2/4

EUA (stapler

removal)

Effective 2/2

Recurrence 6 Conservative

uneffective

6/6

RB Effective 1/2

Surgery-CH 4 (3 closed/1

open)

Stenosis 1 Anoplasty Asymmetric low

stapled line

Fissure 1 Medical (GTN) Uneffective

Surgery (LIS) Effective
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Although we did not observe any, the rectal pocket
syndrome may follow SH due to the entrapment of
faecoliths leading to transient intramural sepsis.26 This
syndrome may be due to incorrect placement of purse-
string suture and requires laying open the pocket.26

Several authors suggested possible lesions of the anal
sphincterial apparatus mainly secondary to anal dilatation
or muscle entrapment at stapler firing. Randomised data
have shown that the continence score as well as anorectal
manometric and endoanal US findings are similar to those
found after CH.13

Severe persistent pain after SH has been reported
between 2% and 16% and represents the most common
cause of reintervention (up to 45% of cases).10,17,27 In
absence of thrombosis or fissure, the pain is described as
intense and dull, refractory to treatment and associated
variably with tenesmus or urgency (proctalgia). However,
pain can be sharp and rapidly increasing after defecation
(10–30 min) without evidence of an anal fissure (post-
defecation syndrome). Its aetiology is uncertain, and there
is clinical evidence of anal sphincter spasm and high anal
sphincter pressures on manometry.28 Calcium channel
blockers therapy is effective with restoration of quality of
life.28 In this report, a total of seven patients experienced
persistent pain and all initially treated with topical and oral
Calcium channel blockers. This treatment was effective in
four who presented a clear post-defecation syndrome. Three
patients required anal exploration under anaesthesia and,
along with other authors, the surgical removal of the
retained staples or stitches allowed complete resolution of
the pain and associated symptoms.17 We have previously
shown a significant association between longer-term pain
and the presence of transitional epithelium in the speci-
men.29 Moreover, some authors have indicated that inclu-
sion of smooth muscle in the excised doughnut may be
related to the subsequent development of pain, despite clear
data are not available.9 Mlakar et al. suggested that severe
longer-term pain may be related to haemostatic stitches at
the staple line close to the dentate line.9 It can be speculated
that the metallic staples may act as ongoing inflammatory
stimulus responsible for longer term pain.30 Accurate
placement of the staple line is mandatory in order to avoid
internal anal sphincter and anodermal tissue involvement.14

Tenesmus, frequency and faecal urgency are variably
associated and reported between 5% and 40% and are
usually transient and self-limiting.8–11 These symptoms
were observed in about 14.5% of our patients, but both
tenesmus and urgency were the most frequent complica-
tions in the referred group.

According to other authors, we believe that they may
arise because of tissue oedema and thrombosis as well as
disruption of the anatomy and function of the normal anal
cushions as follow-up examination usually do not demon-

strate any abnormality such as low placement of the staple
line or damage to the dentate line and are usually transitory.
However, the reduced rectal capacity may explain frequen-
cy and urgency increase as well as tenesmus as observed by
Pescatori and Chetham.12,17

We observed a high rate of residual and recurrent
haemorrhoids (6.3%). Shalaby and Desoky reported a 1%
recurrent prolapse, but this study included also patients with
second degree haemorrhoids.2,8,13,19 Conversely, Ganio et
al. reported a 20% recurrent prolapse after a telephone
follow-up on 50 patients who underwent SH.2 All our
recurrences occurred in patients with fourth degree haemor-
rhoids. Similarly, Ortiz et al. reported more frequent
recurrence in fourth degree haemorrhoids compared to third
degree.31 In our experience, recurrence rate after CH is less
than 2% (five out 315 patients) for similar follow up of SH
without differences between third degree (three patients out
of 196) and fourth degree (two patients out of 119)
haemorrhoids. These findings persuaded us to believe that
fourth degree haemorrhoids may not represent an appropri-
ate indication for SH, as the success of the operation
depends entirely on the resection and reduction of the
prolapse by the staple.

In conclusion, the risk of severe life-threatening compli-
cations and frequent recurrences explain the reduced use of
this technique to treat haemorrhoidal disease. Longer-term
and larger studies are needed to further clarify its
indications. Meanwhile, abuses should be minimised to
reduce unusual and challenging complications.
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Discussion

Reinterventions for Specific Technique-Related Complica-
tions of Stapled Hemorrhoidopexy (SH): A Critical Appraisal

Susan Gearhart, M.D. (Baltimore, MD, USA): I
want to thank you for providing me with the manuscript,
and I enjoyed your talk. To summarize a little bit,
because I think you are dealing with a couple of different
groups of patients, what I have put together is that you
have studied patients undergoing stapled haemorrhoidec-
tomy for third and fourth degree haemorrhoids, and
you are looking at their complications and how they
were managed. There was a 16% complication rate in
your own surgical haemorrhoidectomy group, and of
that, about 5% of them needed reintervention. I do not
quite have a handle on how successful overall you
were with your reinterventions and that information
could be beneficial for the manuscript. I have a few
questions to ask you.

The first is related to pain. You have gone into it in
more detail in your talk, and that has been very helpful.
You mentioned initially in your paper that in the first
7 days, there is a slight difference but not significantly;
but later on, there is more evidence of a difference in
pain. That has always been true in all the papers that
analysed stapled haemorrhoidectomies, and I wanted to
see if you have any additional information to add to
that issue.

The other issue you brought up was about the staples
being retained, and I think that is an interesting phenom-
enon that we have not really seen elsewhere. We have not
seen it in patients who have colo-anal anastomoses
experiencing pain. It is a different technique, but maybe
some more information regarding the height of the staple
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line would be informative and maybe looking at the
pathological specimens in those patients and seeing if there
is more muscle involved would be beneficial.

The final question I have is, you touched a little bit
about this in your talk, but in your paper, you make the
statement that performing a stapled haemorrhoidectomy
on fourth degree haemorrhoids would probably not be
beneficial and should be avoided. Then, you discussed
briefly in your talk the differences between complication
rates for third and fourth degree haemorrhoids with respect
to bleeding and recurrence. Do you have any information
about the differences between third and fourth degree
haemorrhoids with respect to pain, reoperative interven-
tions and other parameters?

Pierpaolo Sileri, M.D. (Rome, Italy): The use of VAS
score to assess postoperative pain after haemorrhoidectomy
is well validated by the literature. According to the majority
of the papers, the pain is less since the first postoperative
day and so forth up to 14 days. In our experience, the pain
is significantly reduced from postoperative days 4 to 7. We
believe that some of the reported differences between
papers can be the consequence of additional procedures
during haemorrhoidopexy such as the removal of anal tags
or the use of diathermy on external haemorrhoids or
prolapsed haemorrhoids.

Dr. Gearhart: The pain issue was about long-term
outcomes. That has not really always been seen in the
literature. Is there any other idea? You included just your
group and not the other group. Is there any reason why there
should be a difference between long-term pain results?

Dr. Sileri: When a patient still suffers with severe pain
after 1 year from surgery, still using painkillers, with a
normal proctoscopy, a normal ultrasound, usually we offer
an anal exploration under anesthesia, and at surgery the only
thing we can find is the muco-mucosal anastomosis with
some metallic staples within the wall and the scar and so
often, we remove the staples. In our and others’ experience,
this results in pain relief, probably secondary to the removal
of the irritant stimulus. Regarding the difference in pain
after rectal resection versus stapled haemorrhoidopexy, this
is probably due to the complete disconnection of all
neuronal pathways present in the wall after rectal resection.
On the other hand, when you perform the SH, since it
should not be a full thickness resection, the myenteric
plexus remains in situ, and this may be responsible for the
pain if the staples remain there.

For the third question regarding third versus fourth
degree, I do not think I can answer that because of the
paucity of complications among our series. According to
our experience, despite the insignificance, we observed an
increased risk of recurrence and bleeding after haemor-
rhoidopexy for fourth degree haemorrhoids. This may be
the consequence of a more difficult surgery secondary to
voluminous piles that occupy the entire anal canal.
Moreover, the bleeding risk might be increased due to the
trauma on these voluminous piles during the introduction
and removal of the dilator. So, in order to better understand
if fourth degree haemorrhoids are a good indication for
haemorrhoidopexy, more longer-term and larger studies are
needed.
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Abstract
Introduction Esophageal cancer is an aggressive disease with a strong tendency to infiltrate into surrounding structures. The aim
of the present study is to determine the additional value of bronchoscopy for detecting invasion of the tracheobronchial tree after
endoscopic ultrasonography (EUS) in the preoperative assessment of patients with esophageal cancer at or above the carina.
Materials and Methods Between January 1997 and December 2006, 104 patients were analyzed for histologically proven
esophageal cancer at or above the carina. All patients underwent both EUS and bronchoscopy (with biopsy on indication) in
the preoperative assessment of local resectability.
Results and Discussion After extensive diagnostic workup, 58 of 104 patients (56%) were eligible for potentially curative
esophagectomy; nine of these 58 patients (9/58, 15%) appeared to be incurable peroperatively because of ingrowth in the
tracheobronchial tree (five patients), ingrowth in other vital structures (two patients) or distant metastases (two patients). Of the 46
non-operable patients, local irresectability (T-stage 4) was identified in 26 patients (26/46, 57%) due to invasion of vital structures
on EUS: invasion of the aorta in six patients, invasion of the lung in 11 patients; in 12 patients invasion of the tracheobronchial tree
was described, which was confirmed by bronchoscopy in only five patients. No patients with T4 were identified by bronchoscopy
alone.
Conclusion For patients with esophageal tumors at or above the carina, no additional value of bronchoscopy (with biopsy on
indication) to exclude invasion of the tracheobronchial tree was seen after EUS in a specialized centre. Although based on
relatively small numbers, we conclude that bronchoscopy is not indicated if no invasion of the airways is identified on EUS.

J Gastrointest Surg (2008) 12:1874–1879
DOI 10.1007/s11605-008-0559-y

Presented at: NVGE/NVGIC (Dutch Society of Gastrointestinal
Surgery), October 2007, Veldhoven the Netherlands (oral
presentation); United European Gastroenterology Week, October
2007, Paris, France (poster presentation); European Society of
Esophagology, September 2007, Dublin, Ireland (poster presentation).

Sources of financial support: JMT Omloo is supported by a grant from
Zon Mw Health Care Efficiency Research (945-04-510).

J. M. T. Omloo (*) :M. van Heijl :
M. I. van Berge Henegouwen : J. J. B. van Lanschot
Department of Surgery, Academic Medical Center,
University of Amsterdam,
Meibergdreef 9,
1105 AZ Amsterdam, The Netherlands
e-mail: j.m.omloo@amc.uva.nl

J. J. G. H. M. Bergman
Department of Gastroenterology, Academic Medical Centre,
University of Amsterdam,
Amsterdam, The Netherlands

M. G. J. Koolen
Department of Pulmonary Diseases, Academic Medical Centre,
University of Amsterdam,
Amsterdam, The Netherlands

Present address:
J. J. B. van Lanschot
Department of Surgery, Erasmus Medical Centre,
Rotterdam, The Netherlands



Keywords Esophageal cancer . Bronchoscopy . Endoscopic
ultrasonography . Staging

Introduction

Esophageal cancer is an aggressive disease with early
lymphatic and hematogeneous dissemination, and a strong
tendency to infiltrate into surrounding structures. Despite
many improvements in diagnostic and therapeutic strate-
gies, the prognosis is still unfavorable.1–4

The proximal part of the intrathoracic esophagus is
located between the trachea and the vertebral column.
Therefore, esophageal tumors at or above the carina tend to
invade the tracheobronchial tree, precluding curative surgery.
To assess local resectability endoscopic ultrasonography
(EUS) is generally considered the most accurate modality
as it is able to visualize distinct esophageal wall layers with
an accuracy of more than 90%.5 Because of the great
therapeutic consequences of tracheobronchial ingrowth, the
preoperative workup of the patients with these proximal
tumors frequently also includes bronchoscopy (with biopsy
on indication) to exclude airway invasion.6,7 The usefulness
of bronchoscopy in patients with proximal tumors has been
investigated extensively, although not in relation to the
accuracy of EUS to determine involvement of the airways.8,9

Therefore, the aim of the present study was to determine
the additional value of preoperative bronchoscopy (with
biopsy on indication) for detecting invasion of the
tracheobronchial tree after having performed EUS in a
specialized centre.

Patients and Methods

Patients

Patients visiting the outpatient clinic of our hospital for
newly diagnosed esophageal cancer between January 1997
and December 2006 were included in this analysis. Eligible
patients had histologically proven cancer of the upper and/
or middle thoracic esophagus. Patients were excluded if
EUS or bronchoscopy was not performed and in case of
subcarinal localization of the esophageal tumor.

Endoscopic Ultrasonography

A radial scanner (GF-UM130 or GF-UM160, 5–20 MHz,
Olympus Medical Systems, Tokyo, Japan) was used for
EUS. In case of a stenotic tumor that did not allow passage
of the standard echo-endoscope, a small-caliber probe (Mh-
908, 7.5 MHz, Olympus Medical Systems, Tokyo, Japan)
was used in an attempt to traverse the tumor. EUS was

performed with the patient in a left decubitus position under
conscious sedation using 2.5–10 mg midazolam intrave-
nously. All investigations were performed by or supervised
by a gastroenterologist experienced in EUS.

A lesion was considered to invade the trachea on EUS if
endosonographically the hyper-echoic interphase of the
esophagus and trachea was interrupted. Close approxima-
tion of the tumor without such interruption was still
considered compatible with T3 stage.

Bronchoscopy

Bronchoscopy was performed using a flexible videobroncho-
scope (BF-P160, Olympus Optical, Tokyo, Japan) via a
transnasal approach after premedication with 2% lidocaine
spray in nose and throat (up to 50 ml). During the examination
2% lidocaine spray was administered into the trachea and
bronchi via the bronschoscope. No systemic medication was
used. All investigations were performed by an experienced
pulmonary physician. The complete tracheobronchial tree was
inspected; laryngeal structures were included in the examina-
tion. All direct tumor signs (especially intraluminal growth
and mucosal break) and indirect tumor signs (especially
mobility of pars membranacea during coughing, bulging/
compression) were recorded. Mucosal brushing or biopsies
were performed only if mucosal abnormalities were suspected.

No bronchoalveolar lavage was performed; however,
rinsing fluid from brushing or biopsies was sent for
cytologic examination.

Other Investigations

Computed tomography (CT) of the chest and abdomen and
external ultrasonography of the neck were also performed
in all patients to exclude distant metastases.

Endoscopic ultrasonography, CT, and external ultraso-
nography of the neck were performed in a random order;
however, bronchoscopy was always performed after EUS.
The bronschoscopist was aware of the other clinical data. If
EUS showed a T3 tumor, while a T4 tumor was suspected
on CT, EUS was used to determine the final T stage. All
investigations were performed before any form of therapy
was started.

Neoadjuvant Therapy

Due to the time span of this study, different neoadjuvant
regimens were applied. In the first period, patients with
squamous cell carcinoma received neoadjuvant chemother-
apy consisting of two or four cycles of cisplatin and
etoposide (depending on the tumor regression on CT after
two cycles). In later years, patients received neoadjuvant
chemoradiotherapy (five cycles of paclitaxel and carbopla-
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tin with concurrent radiation of 41.4 Gy) as part of a
randomized clinical trial comparing surgery alone versus
neoadjuvant chemoradiotherapy and surgery for squamous
cell carcinoma and adenocarcinoma.

Surgical Resection

Because of the high localization of the tumor, in all patients
who were considered eligible for potentially curative
surgery, an esophagectomy was performed via the extended
transthoracic approach with two field lymphadenectomy. A
gastric tube was constructed and esophagogastrostomy was
performed in the neck without cervical lymphadenectomy.

Tumor extent and airway invasion were assessed intra-
operatively. If distant metastases and/or local irresectability
due to invasion of vital structures was encountered,
resection was abandoned.

Statistical Analysis

Tracheobronchial invasion on EUS, bronchoscopy (with
positive biopsy results) and/or during operation was
considered the gold standard for the presence of tracheo-
bronchial invasion. No tracheobronchial invasion on EUS
and/or bronchoscopy was considered as false negative if
local irresectability was encountered during operation.

Results

Clinicopathological Characteristics

Between January 1997 and December 2006, a total of 106
patients presented at our outpatient clinic for analysis of a
newly diagnosed histologically proven, esophageal malig-
nancy at or above the carina. Two patients were excluded as
EUS was not performed. The clinicopathological character-
istics of all 104 patients are summarized in Table 1. The
majority of patients were male (64 patients, 62%) and the
mean age was 61 years (range 32–85 years). Histology
showed squamous cell carcinoma in 93 patients (89%) and
adenocarcinoma in 11 patients (11%). Tumors were
mainly localized in the middle thoracic part of the
esophagus (75 patients, 72%). A total of 98 patients
(94%) were referred from another hospital. In total, 24
patients (23%) received neoadjuvant chemotherapy and
six patients (6%) received neoadjuvant chemoradiotherapy
(of whom one patient was with adenocarcinoma). A
complete surgical resection was performed in 49 patients
(47%), whereas in nine patients (9%) resection was
abandoned as local irresectability or distant metastases
were encountered peroperatively. In 46 patients (44%), the
treatment was primarily palliative.

Staging and Treatment

Endoscopic ultrasonography described T-stages 1 to 3 in 78
patients (78/104, 75%; Table 2, Fig. 1). EUS described
local irresectability due to: invasion of the tracheobronchial
tree in 12 patients (12/104, 12%), invasion of the aorta in
six patients (6/104, 6%), invasion of the lung in 11 patients
(11/104, 11%). In four patients invasion of multiple
structures was seen: in two patients invasion of the aorta
and the lung; in one patient invasion of the tracheobron-
chial tree and the lung; in one patient invasion of the
tracheobronchial tree, the aorta, and the lung.

Bronchoscopy showed a fixed pars membranacea in five
patients (5/104, 5%), bulging in 36 patients (36/104, 35%),
and true invasion of the tracheobronchial mucosa (with
positive biopsies) in only five of the patients (5/104, 5%).
In five patients, more than one indirect and/or direct sign
was seen; in three patients bulging and invasion, in one
patient a fixed pars membranacea and bulging, and in one
patient a fixed pars membranacea and bulging and invasion
was seen.

Distant metastases were found in 12 patients (12/104,
12%). Eight patients were not suitable for surgery due to a
poor general health condition (8/104, 8%).

Table 1 Clinicopathological Characteristics of 104 Patients Visiting
the Outpatient Clinic for Newly Diagnosed Histologically Proven
Esophageal Cancer at or Above the Carina between January 1997 and
December 2006

Number of patients (n=104)

Gender
M/F 64/40 (62%/38%)
Age
Mean (range) [years] 61 (32–85)
Histology
Squamous cell carcinoma 93 (89%)
Adenocarcinoma 11 (11%)
Tumor localization
Cervical esophagus 7 (7%)
Upper thoracic esophagus 22 (21%)
Middle thoracic esophagus 75 (72%)
Referral
From other hospital 98 (94%)
Therapy
Preoperative chemotherapya 24 (23%)
Preoperative chemoradiationb 6 (6%)
Surgical resection 49 (47%)
Surgical exploration 9 (9%)
Primarily palliative treatment 46 (44%)

M male, F female
a Two–four cycles of Cisplatin and Etoposide
b Five cycles of paclitaxel and carboplatin with concurrent 41.4-Gy
radiation
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After completion of the staging procedures, 58 patients
were found suitable for potentially curative surgery (56%).
In nine patients (9/58, 15%) resection was abandoned
peroperatively because of: invasion of the tracheobronchial
tree (five patients, 5/58, 8%), invasion of other vital
structures (two patients, 2/58, 3%) and distant metastases
(two patients, 2/58, 3%). Time between analysis and
surgery did not differ between patients undergoing resec-
tion and in patients found to be irresectable peroperatively
(median 2.9 months and 2.6 months, respectively).

Additional Value of Bronchoscopy

Indirect signs were seen on bronchoscopy in 40 patients
(40/104, 38%). Invasion of the tracheobronchial tree was
diagnosed or encountered during operation in 17 patients

(17/104, 16%) (Table 3). Indirect signs were seen during
bronchoscopy in 29% of the patients (25/87) without
invasion of the tracheobronchial tree (false positives), and
no indirect signs were seen in 12% of the patients (2/17)
with invasion of the tracheobronchial tree (false negatives).
This results in a sensitivity of 88% and a specificity of 71%
of indirect signs seen on bronchoscopy reflecting invasion
of the tracheobronchial tree.

Discussion

Preoperative staging in patients with esophageal cancer is
an extensive diagnostic process. To detect incurable
patients before surgery, various modalities are being used.
Invasion of the airways is common in tumors located at or
above the carina. Invasion of the tracheobronchial tree can
be assessed by different diagnostic modalities, especially
CT, magnetic resonance imaging (MRI), EUS, and bron-
choscopy. In the literature, CT and MRI both show low
accuracy compared to EUS to determine T stage (45% and
60%, respectively).10,11 Therefore, it was investigated in the
present study whether performing bronchoscopy after EUS
has any additional value. In this study, bronchoscopy did
not detect any patients with airway invasion that was not
already detected by EUS. Remarkably, five patients (5/58,
8%) were found to have airway invasion during surgery,
which had been missed by both EUS and bronchoscopy.

Bronchoscopy is capable of directly detecting airway
invasion if the tumor has breached the epithelium. If a
wider definition of invasion would be used and indirect
signs (esp. bulging and a fixed pars membranacea) would
also be taken into account, the value of bronchoscopy
might possibly rise. Baisi et al. evaluated invasion of the
tracheobronchial tree in 91 patients with esophageal cancer
by bronchoscopy.12 They concluded that compression of
the tracheobronchial tree (bulging) does not necessarily
indicate infiltration by the esophageal tumor; however, if
also a fixed pars membranacea is seen, there is a frank
infiltration, making radical resection highly unlikely. Riedel
et al. have investigated 116 patients with bronchoscopy.13

Remarkably, they found microscopic proof of invasion in
only 4% of patients showing indirect signs on bronchosco-
py, whereas the remaining 96% of the patients underwent a
radical resection. If in the present study, indirect signs were
used as well, an unnecessary surgical exploration would
have been prevented in two patients (12%). However, 25
patients (29%) would have been wrongly diagnosed with
irresectable cancer.

Endoscopic ultrasonography via the esophagus examines
the airways from an opposite angle, making it possible to
detect airway invasion without a mucosal break, i.e. in an
earlier stage. This fundamental difference could explain

Table 2 Staging and Treatment of 104 Patients Visiting the
Outpatient Clinic for Newly Diagnosed Histologically Proven Esoph-
ageal Cancer at or Above the Carina between January 1997 and
December 2006

Number of patients (n=104)

EUS
T1–3 78 (75%)
T4 26 (25%)
Invasion tracheobronchial treea 12 (12%)
Invasion aortaa 6 (6%)
Invasion lunga 11 (11%)
Otherb 2 (2%)

Bronchoscopyc

Fixed pars membranacea 5 (5%)
Bulging 36 (35%)
Invasion tracheobronchial treed 5 (5%)
Other contraindications for surgery
Distant metastases 12 (12%)
Poor general health 8 (8%)
Treatment
Potentially curative 58 (56%)
Primarily palliative 46 (44%)
Peroperative findings (n = 58)
Surgical resection 49 (84%)
Surgical exploration/no resection 9 (15%)
Invasion tracheobronchial tree 5 (8%)
Invasion other vital structures 2 (3%)
Distant metastases 2 (3%)

EUS endoscopic ultrasonography
a In four patients invasion of multiple structures was seen; in two
patients invasion of aorta and lung, in one patient invasion of
tracheobronchial tree and lung and in one patient invasion of all three
sites was seen
b Other: invasion of right carotic artery in one patient, invasion of
pericardium in one patient
c In five patients more than one indirect and/or direct sign was seen; in
three patients bulging and invasion, in one patient fixed pars
membranacea and bulging, and in one patient all three signs were seen
d Cyto- and/or histologically proven
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why EUS detects more patients with airway invasion
compared with bronchoscopy. It should be realized, that
EUS uses indirect signs as well in order to describe the
T-stage and thus it is very much operator- and experience-
dependent. Fockens et al. have described the prognosis of
patients diagnosed with irresectable (T4) tumors on EUS,
and found that these patients have a very poor prognosis,
regardless of further therapy (including potentially curative
surgery).14 In their analysis, 24 of 51 patients (47%)
underwent explorative surgery (despite EUS T-stage 4);

however, only 13 underwent a surgical resection, and in
only three of these patients the resection was microscopi-
cally radical.

In the present study, bronchoscopic ultrasonography was
not addressed. To our knowledge, only one study has
compared esophageal ultrasonography, conventional bron-
choscopy, and bronchoscopic ultrasonography for detecting
airway invasion.15 Unfortunately, only 44% of the patients
underwent esophageal ultrasonography due to stenosis.
This study found accuracy rates for invasion of the airways
of 91% with bronchoscopic ultrasonography, 78% with
conventional bronchoscopy, and 85% with esophageal
ultrasonography. The authors conclude that bronchoscopic
ultrasonography is a safe and promising technique to
determine local resectability. However, it should be taken
into account that (bronchoscopic) ultrasonography is an
invasive modality and the burden for the patient is
relatively high.16–18

There are some limitations to the present study. The total
number of patients is relatively small. Moreover, the
percentage of patients in whom airway invasion was not
detected until surgical exploration is relatively high. Time
between analysis and surgery was not significantly longer
compared with the patients who underwent resection.

In conclusion, bronchoscopy has no additional value in this
study as a standard diagnostic modality for staging of patients
with esophageal cancer at or above the carina after EUS in a
specialized centre. Although based on small numbers, we

Table 3 Presence of Indirect Signs on Bronchoscopy of All 104
Patients

Number of patients (n=104)

Invasion tracheobronchial tree

Present Absent

Indirect signs on bronchoscopy
Present 15 25
Absent 2 62
Total 17 87

“Indirect signs” implies a fixed pars membranacea, bulging and/or
invasion of the tracheobronchial tree (cyto-/histologically proven).
“Invasion tracheobronchial tree” implies tracheobronchial invasion on
EUS, bronchoscopy (with positive biopsy results) and/or encountered
during operation

104 pts

potentially curative

resection?

58 pts YES46 pts NO

peroperative

9 pts no resection

49 pts

resection

5 pts invasion tracheobronchial tree

2 pts invasion other vital structures

2 pts distant metastases

8 pts poor general health
12 pts T1-3 with distant

metastases

12 pts invasion tracheobronchial tree*

6 pts invasion aorta*

11 pts invasion lung*

2 pts other**

Figure 1 Flowchart of 104
patients visiting the outpatient
clinic for newly diagnosed his-
tologically proven esophageal
cancer at or above the carina
between January 1997 and De-
cember 2006. pts patients, NO
not potentially curable, YES po-
tentially curable. Asterisk: In
four patients invasion of multi-
ple structures was seen; in two
patients invasion of the aorta
and the lung, in one patient
invasion of the tracheobronchial
tree and the lung, and in one
patient invasion of the tracheo-
bronchial tree, the aorta, and the
lung was seen. Two asterisks,
other: invasion of the right
carotid artery in one patient,
invasion of the pericardium and
multiple metastatic lymph nodes
in the neck, mediastinum, and
abdomen in one patient.
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conclude that bronchoscopy is not indicated if no invasion of
the airways is identified on EUS. However, bronchoscopy (if
possible in combination with bronchoscopic ultrasonography)
should be performed if because of esophageal stenosis EUS is
not feasible. If irresectability is identified during operation,
bronchoscopy should rule out direct tumor invasion of the
mucosa before radiotherapy is started, to prevent the
development of a tracheo-esophageal fistula.

Open Access This article is distributed under the terms of the
Creative Commons Attribution Noncommercial License which per-
mits any noncommercial use, distribution, and reproduction in any
medium, provided the original author(s) and source are credited.
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The Integrity of Esophagogastric Junction Anatomy
in Patients with Isolated Laryngopharyngeal
Reflux Symptoms
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Abstract
Background Distortion of esophagogastric junction anatomy in patients with gastroesophageal reflux disease produces
permanent dilation of the gastric cardia proportional to disease severity, but it remains unclear whether this mechanism
underlies reflux in patients with isolated laryngopharyngeal reflux symptoms.
Method In a prospective study, 113 patients were stratified into three populations based on symptom complex:
laryngopharyngeal reflux symptoms, typical reflux symptoms, and both laryngopharyngeal and typical symptoms. Subjects
underwent small-caliber upper endoscopy in the upright position. Outcome measures included gastric cardia circumference,
presence and size of hiatal hernia, and prevalence of esophagitis and Barrett’s esophagus within each group.
Results There were no differences in gastric cardia circumference between patient groups. The prevalence of Barrett’s
esophagus was 20.4% overall and 15.6% in pure laryngopharyngeal reflux patients. Barrett’s esophagus patients had a
greater cardia circumference compared to those without it. In the upright position, patients with isolated laryngopharyngeal
reflux display the same degree of esophagogastric junction distortion as those with typical reflux symptoms, suggesting a
similar pathophysiology.
Conclusion This indicates that, although these patients may sense reflux differently, they have similar risks as patients with
typical symptoms. Further, the identification of Barrett’s esophagus in the absence of typical reflux symptoms suggests the
potential for occult disease progression and late discovery of cancer.
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Extraesophageal symptoms

Introduction

Laryngopharyngeal reflux (LPR) is a common condition
that typically presents with symptoms of excessive throat
clearing, cough, hoarseness, and globus pharyngeus.1–3

Because laryngeal tissues are vulnerable to reflux injury
and a smaller volume of refluxate is required to produce
symptoms, this condition may present without typical
symptoms of gastroesophageal reflux disease (GERD).4 In
addition, the perception of esophageal acid exposure may
vary considerably from one patient to another, and
therefore, the severity of symptoms may not correlate with
disease severity.5

There are dangers in failing to recognize LPR, as it has
been associated with significantly decreased quality of life
and social functioning and increased risk of esophageal
cancer.6–8 However, the same constellation of symptoms
can be produced by infection, vocal abuse, allergy, smoking,
and alcohol abuse.9 Currently, no available diagnostic test
accurately identifies LPR, and difficulty in developing a
sensitive and specific testing modality is complicated by an
incomplete understanding of its pathogenesis.

Typical GERD symptoms are most often caused by the
reflux of gastric contents through an incompetent lower
esophageal sphincter (LES), due in part to the disruption
and attenuation of the intragastric portion of the gastro-
esophageal valve.10 This portion of the LES is formed by
the collar sling musculature and clasp fibers of the distal
esophagus and gastric cardia, which normally remain
tonically contracted except when signaled to relax during
a swallow.11–14 Repeated episodes of proximal gastric
distension lead to permanent disruption of these fibers, which
manifests as anatomic distortion of the gastroesophageal
junction (GEJ) with subsequent susceptibility to GERD.15–19

Seltman et al.20 showed that progressively increasing gastric
cardia circumferences accompany increasing severity of
GERD, as indicated by the stepwise progression in those
with nonerosive disease; GERD; short- and long-segment
Barrett’s esophagus (BE); and, finally, progression to
dysplasia.

Due to their propensity to reflux in the upright position,
it remains unclear whether this anatomic distortion also
underlies reflux in LPR patients. We theorize that endo-
scopic examination of the gastric cardia in patients with
isolated LPR symptoms will demonstrate evidence of
anatomic distortion of the LES manifesting as increased
gastric cardia circumference and the presence of hiatal
hernia.

Materials and Methods

Patient Selection and Stratification

Patients were selected for this study from prospectively
collected data sets from two clinical trials that examined the
use of unsedated, small-caliber endoscopy in the outpatient
setting at Oregon Health & Science University and Portland
VA Medical Center.

1. Gastroenterology Clinic. The initial data set was
collected for a trial that compared unsedated small-
caliber endoscopy to conventional sedated endoscopy
within the context of Barrett’s screening.21 Eligible
subjects from gastroenterology clinic included out-
patients (≥18 years of age) scheduled for screening
endoscopy for typical symptoms of GERD as part of
clinical care. Typical symptoms were defined as heart-
burn, regurgitation, and dysphagia. Between November
2003 and February 2005, scheduled patients were
approached by the study coordinator to determine
eligibility and gain informed consent. At the time
of endoscopy, all patients completed the validated
reflux symptom index (RSI) and GERD HRQOL
questionnaires, and a detailed medication history was
obtained.22,23 Four hundred and twenty six patients
were assessed for eligibility, 274 patients met inclusion
criteria, and 134 subjects were enrolled and underwent
endoscopy.

2. Otolaryngology Clinic. Patients from the otolaryngology
clinic were recruited between February 2005 and March
2007 as part of a BE prevalence study that employed
unsedated small-caliber endoscopy as a screening tool.
All patients with nonmalignant ENT conditions com-
pleted the RSI at the time of their initial appointment.
Those patients that scored ≥2/5 on any two symptoms
or ≥3/5 on any one symptom were approached for
enrollment. Patients were excluded from participation if
they had a history of head or neck malignancy, laryngeal
trauma, laryngeal surgery, or vocal cord paralysis. A
detailed medication history was obtained. At the time of
endoscopy, all patients were started on twice daily proton
pump inhibitor (PPI) therapy for 4 months and completed
the validated RSI and GERD HRQOL questionnaires
before and after PPI treatment.22,23 Three thousand one
hundred seventy individuals were assessed for eligibility;
525 patients met inclusion criteria; and 263 subjects were
enrolled, underwent endoscopy, and completed the post-
PPI treatment RSI. As per protocol, digital images of the
gastric cardia were obtained for each subject in both trials.

For the present study, we included all subjects from these
data sets who met the following criteria: (1) PPI responsive
GERD or LPR symptoms; (2) completion of the entire
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endoscopic examination; (3) questionnaire completion; and
(4) adequate image of the gastric cardia, which enabled
circumference measurement. The RSI is a nine-question,
self-administered questionnaire that assesses LPR symp-
toms (Table 1). Symptoms are graded on a scale of 0
(no problem) to 5 (severe problem), yielding a total score of
0 to 45. Previous studies have validated this questionnaire
for the assessment of LPR patients, and defined a score of
14 or higher as abnormal.22 We used this cutoff score
coupled with normalization of RSI score after 4 months of
maximum dose PPI therapy to identify patients with LPR in
this series.

Subjects were stratified into three study populations
based on RSI responses and response to PPI therapy
(Table 2). The pure LPR group (N=32) consisted of
patients with an abnormal pretreatment RSI score, normal-
ization of RSI after 4 months of PPI treatment, and no
typical GERD symptoms. Patients in the typical symptom
(GERD) group (N=41) were referred for evaluation of
typical reflux symptoms and had documented PPI respon-
sive disease and a normal RSI score at presentation. The
mixed group (N=40) consisted of patients with an
abnormal RSI coupled with typical GERD symptoms that
where either improved or were dependent upon PPI
therapy. The pure LPR and mixed groups were derived
only from the ENT population because only these patients
completed both pre- and post-PPI treatment RSI question-
naires to determine response. The typical GERD symptom
population consisted of patients from both clinics (GI=26,
ENT=15), as only a normal RSI at presentation and
symptomatic relief with PPI treatment were required. Of
the 397 patients assessed for eligibility, 195 met the
inclusion criteria outlined above, with exclusions made for
incomplete response to PPI treatment and abnormal RSI in
GI clinic patients. Eight two patients were then excluded
due to inadequate views of the gastric cardia to allow cardia
circumference measurement.

Small-Caliber Endoscopy

Unsedated, small-caliber upper endoscopy was performed
on all patients. Examinations were performed in the upright
sitting position without sedation using a 4.9- or 5.1-mm-
diameter flexible endoscope (Olympus, Melville, NY,
USA). The preferred access to the esophagus was via the
transnasal route, but transoral scope passage was performed
when the endoscope could not be passed easily through
either nostril. The entire esophagus and stomach were
examined, and the endoscope was placed in retroflexion to
obtain views of the gastric cardia. Static images of the
entire cardia were obtained with the stomach insufflated so
that rugal folds were effaced but discernable.

Study endpoints obtained during endoscopy included
gastric cardia circumference measurement, characterization
of esophagitis using the Los Angeles (LA) Classification,24

presence and size of hiatal hernia, and biopsy-proven BE.
After evaluation of the esophagus and GEJ, biopsy for
suspected BE was performed when the squamocolumnar
junction (SCJ) was located proximal to the anatomic GEJ in
patients with ZAP classification grade I–III.25 When
indicated, biopsies for BE were obtained every 2 cm in
four quadrants from the anatomic GEJ to the SCJ.
Pathologic determination of BE was performed by a single
pathologist using established diagnostic criteria.26 Hiatal
hernia was defined as the presence of the anatomic GEJ
proximal to the crural pinch on “sniff test,” and the size was
measured at the nares in centimeters.

Gastric Cardia Circumference Measurement

Following endoscopy, static images of the gastric cardia
were imported into a Flash (Macromedia, San Francisco,
CA, USA) software program developed and validated for
performing gastric cardia circumference measurements. A
blinded observer performed these measurements according
to the protocol developed previously.20 Briefly, this software
uses the known diameter of the endoscope to calibrate to
static image and measures the circumference of the gastric
cardia at the level of the anatomic GEJ. In patients with a
hiatal hernia, measurements are made within the thorax, so
as not to approximate the hiatal aperture rather than the
circumference of the gastric cardia.

Table 2 Definition of Study Populations

RSI, pre-PPI PPI Therapy Typical GERD
symptoms

Pure LPR (N=32) Abnormal Responsive Absent
GERD (N=40) Normal Responsive Present
Mixed (N=41) Abnormal Responsive Present

Table 1 RSI Questions

Within the last month, how did the following problems affect you?

1. Hoarseness or a problem with your voice
2. Clearing your throat
3. Excess throat mucous or postnasal drip
4. Difficulty swallowing food, liquid, or pills
5. Coughing after you ate, or after lying down
6. Breathing difficulties or choking episodes
7. Troublesome or annoying cough
8. Sensation of something sticking in your throat, or a lump
in your throat
9. Heartburn, chest pain, indigestion, or stomach acid coming up
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Statistical Analysis

Patient data are maintained in an Access (Microsoft,
Redmond, WA, USA) database and were analyzed using
SPSS software (SPSS, Chicago, IL, USA). Statistical
significance was accepted with a p value less than 0.05,
and results are presented as median (range) or percentage as
appropriate. Gastric cardia circumferences between patient
groups were compared using a one-way ANOVA. Correla-
tion of hiatal hernia size to gastric cardia circumference was
made by Pearson correlation, with subgroup comparisons
using the Kruskal–Wallis test. Correlation of gastric cardia
circumference with esophagitis was made by Spearman’s
rank-order correlation. Prevalence rates of BE in patient
groups were analyzed using the Chi-square test, and the
comparison of cardia circumference to the presence of
biopsy-proven BE was made by t test. Comparisons of
presence and degree of esophagitis were made using Chi-
square and Fischer’s exact test, respectively.

Results

The demographic data for each patient group are listed in
Table 3. No significant differences were present in patient
age, gender, race, or body mass index.

Gastric Cardia Circumference in Study Populations

The pure LPR group had a median cardia circumference of
32.7 (19.3–48.3) mm. The median cardiac circumferences
for the GERD and mixed groups were 34.5 (24.3–68.3) and
35.1 (14.6–53.6) mm, respectively (Fig. 1). The gastric
cardia circumference was not statistically different between
these groups (p=0.347, ANOVA).

Figure 2 outlines the distribution of hiatal hernia size by
patient group, and no statistically significant differences
were present (p=0.404, Kruskal–Wallis). Overall, gastric
cardia circumference showed a positive correlation with
hiatal hernia size (r=0.219, p=0.02, Pearson’s). When
hiatal hernia size exceeded 2 cm, the range of cardia
circumferences increased markedly.

Overall, gastric cardia circumference positively correlated
with both the presence of esophagitis (r=0.199; p=0.03,

Spearman’s) and severity of esophagitis as indicated by
LA classification (r=0.217, p=0.02, Spearman’s). The
three study populations did not differ in terms of presence
(p=0.74, Chi-square) or severity (p=0.584, Chi-square) of
esophagitis.

Cardia Circumference and BE

The overall prevalence of biopsy-proven BE in this series
was 20.4%. The pure LPR group had a BE prevalence of
15.6%. BE was present in 34.1% of GERD patients and
10% of patients in the mixed group. There were no
statistically significant differences in the prevalence of BE
between the LPR and GERD groups (p=0.074, Chi-square)
or between the LPR and mixed groups (p=0.473, Chi-
square). The GERD group did have a higher rate of BE
than the mixed group (p=0.009, Chi-square). Long-
segment BE (>3 cm) was present in 6.3% of pure LPR
patients, 9.8% of typical GERD patients, and 2.5% of
mixed patients (p=0.167, Fischer’s).

Overall, patients with biopsy-proven BE had a larger
mean gastric cardia circumference of 39.1 mm compared
with 34.2 mm in patients without pathologic evidence of
intestinal metaplasia (p=0.011, t test). The differences in
gastric cardia circumference between those with and
without biopsy-proven BE in each of the three study
populations are shown in Table 4. The mean differences
in gastric cardia circumference in the LPR, GERD, and
mixed groups were 4.67 (p=0.193), 5.49 (p=0.082), and
2.8 mm (p=0.515), respectively.

Discussion

This study tested the hypothesis that anatomic degradation
of the LES is present in patients with known isolated LPR.
This series, which utilized a conservative definition of LPR
(i.e., PPI responsive LPR symptoms), shows that, in the
upright position, this population has the same degree of
gastric cardia dilation that is found in patients with typical
GERD symptoms and those with a mixed presentation. This
finding suggests that the same pathophysiologic disturbance
that predisposes typical GERD patients to reflux is present
in the upright patient with symptoms of LPR.

Table 3 Patient Characteristics

BMI body mass index

LPR (N=32) GERD (N=41) Mixed (N=40) p-value (test)

Age, median (range), years 64 (25–82) 61.5 (38–85) 59 (25–89) 0.203 (ANOVA)
Males, No. (%) 23 (71.9) 36 (87.8) 30 (75) 0.197 (Chi Square)
Caucasians, No. (%) 30 (93.8) 40 (97.6) 40 (100) 0.441 (Chi Square)
BMI, median
(Range), kg/m2

27.3 (18.5–35.6) 29.6 (21.6–47.4) 28 (20.3–73.8) 0.288 (ANOVA)
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The population of patients with GERD has been defined
by the Genval Working Group as “all individuals who are
exposed to the risk of physical complications from gastro-
esophageal reflux or who experience clinically significant
impairment of health-related well being (quality of life) due
to reflux-related symptoms.”27 This broad definition
reflects the fact that the perception of GERD is highly
variable from one patient to the next. In patients with
typical GERD symptoms, no frequency or constellation of
symptoms can reliably predict the presence of esophagitis
of BE.5 Studies comparing groups of patients with pri-
marily typical or atypical GERD symptoms have found
significant crossover of heartburn, regurgitation, and hoarse-
ness in these groups, suggesting that similar underlying
pathophysiologies may be present in these two groups.28

The current belief that LPR represents a distinct
pathophysiologic entity from typical GERD is based on
differing patterns of reflux and acid exposure observed with
conventional testing. LPR is characterized by upright
daytime reflux without the degree of esophageal dysmo-
tility and prolonged periods of acid exposure often seen
with GERD.1,29–33 It has been proposed that LPR repre-
sents a malfunction of the upper esophageal sphincter,
rather than the LES, but the precise pathophysiologic
mechanisms remain unclear.

The underlying pathophysiology of GERD centers
around reflux of gastric contents through an incompetent
LES.10 This results from permanent distortion of the clasp
and collar sling muscle fibers of the distal LES due to
repeated episodes of proximal gastric distension. These
changes manifest as dilation of the cardia, effacement of the
angle of His, and a funnel-shaped GEJ that results in
increased susceptibility to the development of hiatal hernia
and GERD.15–19 This theory is supported by the work of
Hill et al., who developed a grading system for the native
gastroesophageal flap valve that illustrates this anatomic
distortion.34 Two more recent studies have shown an

increase in gastric cardia perimeter and circumference with
increasingly severe GERD states.16,20

The importance of identifying and diagnosing LPR is
clear because of the well documented adverse impact on
quality of life and social functioning.6,7 Subglottic stenosis
can result because inflamed laryngeal tissues lack the
protective mechanisms against acid reflux that are present
within the esophagus.1,35,36 Perhaps most importantly, a
recent study found that extraesophageal symptoms of
GERD are more common in patients with EAC than typical
GERD symptoms are.8

The lack of defensive barriers to acid exposure in the
upper aerodigestive tract has led some to postulate that a
smaller volume of refluxate may be required to produce
LPR symptoms and that a lesser degree of LES dysfunction
may help to explain the lack of typical GERD symptoms in
these patients.4 In this series, the degree of anatomic GEJ
distortion and prevalence of hiatal hernia between the LPR
and typical GERD populations was not significantly
different. The absolute measurements obtained in this series
are difficult to interpret, however, due to the absence of a
control group and differences in the technique of upper
endoscopy compared to previous studies of gastric cardia
circumference. The data sets from which this study
population was derived did not contain a suitable group of
control patients with gastric cardia circumference measure-
ments during small-caliber endoscopy. Future prospective
studies are required to determine the true normal gastric
cardia circumference during small-caliber endoscopic
examination in the upright position in a population of
control patients with normal pH studies and absence of
reflux symptoms.

Also, the previous study of gastric cardia circumference
used a conventional 9.8-mm-diameter endoscope, and the
procedure was performed in the left lateral decubitus

Figure 1 Gastric cardia circumference in LPR, GERD, and mixed
populations. Box, interquartile range; line, median; bars, 95%
confidence interval.

Figure 2 Hiatal hernia size distribution within study populations.
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position. While the cardia circumference measurement
software should correct for endoscope size because it uses
this parameter to calibrate to the image, it is unclear
whether the larger endoscope diameter (9.8 mm) used in
previous studies may actually stent open the GEJ in patients
without significant cardia dilation, resulting in larger
median measurements. Also, conventional endoscopy is
categorically performed in the left lateral decubitus posi-
tion, and the effect of body position on the configuration of
the GEJ in normal subjects and those with various forms of
gastroesophageal reflux remains uncertain. Figure 3 shows
supine (A) and upright (B) endoscopic views of the gastric
cardia of a patient with LPR and isolated upright reflux on
pH testing. Ongoing studies examining the gastric cardia
and GEJ in the upright and supine positions during
unsedated SCE will assess the role of body position in this
patient population and define the normal gastric cardia
circumference during SCE.

The dilation of the gastric cardia seen in early GERD is
believed to represent the early changes of hiatal hernia
development. As expected, we found that gastric cardia
circumference increases with increasing hiatal hernia size.
With larger hiatal hernias, however, the relationship to
gastric cardia circumference became less predictable. This
is likely because, as hiatal hernias develop, the attachments
to the widening crural aperture contribute to the architecture

of the GEJ, whereas, with larger hernias, the gastric cardia
resides entirely within the thorax and the cardioesophageal
angle is recreated in some cases.37 Also, with larger
hernias, endoscopic visualization of the cardia for the
purposes of circumference measurement may become more
technically challenging and less uniform.

The most compelling reason to develop a deeper
understanding of LPR may be to clarify the risk of
esophageal cancer in untreated cases. Reavis et al.8

demonstrated that LPR symptoms are more commonly
found in patients with esophageal adenocarcinoma than
typical GERD symptoms are. In our study, most patients
were recruited from an otolaryngology clinic and would
likely have never been culled for screening endoscopy. Of
the patients, 15.6% had biopsy-proven BE in the absence of
typical GERD symptoms, and these patients had increased
cardia circumference by an average of 4.67 mm compared
to LPR patients without BE. The overall difference in
gastric cardia circumference between patients with and
without biopsy-proven BE of 4.95 mm was statistically
significant (Table 4). Although the gastric cardia circum-
ference differences in the subgroup analysis failed to reach
statistical significance, the absolute differences are similar
to those seen in the entire study population, suggesting the
need for larger studies. Furthermore, 6.3% of the patients in
the pure LPR group were found to have long-segment BE,

Figure 3 Effect of body posi-
tion on GEJ architecture in a
patient with LPR.

Table 4 Gastric Cardia
Circumference and BE

CC Gastric cardia
circumference

Overall (N=113) LPR (N=32) GERD (N=41) Mixed (N=40)

BE positive mean CC, mm 39.1 37.6 40.1 37.6
BE negative mean CC, mm 34.2 32.9 34.7 34.8
Mean difference 4.95 4.67 5.49 2.8
p Value (t test) 0.011 0.193 0.082 0.515
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which is not significantly less than the prevalence of 9.8%
in the typical GERD group. Taken together, these findings
suggest that, while patients with BE secondary to LPR are
not uncommon, they are unlikely to be identified and
appropriately followed for the development of high-grade
dysplasia, and thus are more likely to progress to
esophageal cancer. Although this series is not large or
diverse enough to comment on the prevalence of BE in the
LPR population, these results do underscore the need for
population-based studies and the development of accurate
diagnostic tools to identify patients with LPR so that they
can be screened appropriately.

Conclusion

Patients with LPR display the same degree of EGJ anatomic
degradation as those with typical GERD symptoms,
suggesting a similar pathophysiology. Further studies are
required to quantify the normal gastric cardia circumference
and to elucidate the effect of body position on GEJ archi-
tecture. These findings also indicate that, although LPR
patients may sense reflux differently, they have similar risks
to patients with typical symptoms. Further, the identifi-
cation of BE, accompanied by increased gastric cardia
diameter in the complete absence of typical GERD
symptoms, suggests the potential for occult disease pro-
gression and late discovery of cancer. This study illustrates
the need for larger, population-based studies of BE
prevalence in the LPR population and more efficient
diagnostic testing to identify patients with LPR for early
BE screening.
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Abstract
Introduction Paraesophageal hernia repair is often performed in an elderly population. Few studies have evaluated
perioperative mortality in this group. We identified predictors of inpatient mortality using a nationally representative sample.
Methods Patients ≥80 years old undergoing transabdominal paraesophageal hernia repair were identified in the 2005
Nationwide Inpatient Sample. Congenital diaphragmatic defects and traumatic injuries were excluded.
Results One thousand five discharges (73% female) with mean age 84.7 met inclusion criteria. Mean length of stay was
10.1 days (95% confidence interval 8.9–11.3) with a mortality of 8.2%. Non-elective repair was performed in 43%. For
these patients, mortality and mean length of stay (16%; 14.3 days) were increased compared to elective repair (2.5%;
7.0 days, p<0.05). Non-elective repair was the sole predictor of inpatient mortality in adjusted analyses (odds ratio 7.1, 95%
confidence interval 1.9–26.3, p<0.05).
Conclusion Non-elective repair was associated with a six to sevenfold increase in mortality and longer length of stay.
Earlier elective repair of paraesophageal hernia may reduce mortality.

Keywords Hiatal hernia . Paraesophageal hernia .

Mortality . Octogenarian

Introduction

Although not an infrequent problem dealt with by surgeons,
evaluations of paraesophageal hernia (PEH) repair out-
comes have been limited to case series of less than 200
patients, with most less than 100 patients. The vast majority
of these report results for elective repair. No modern study
to date has evaluated the epidemiology of these patients or

identified predictors of inpatient morbidity and mortality
for both elective and non-elective repair. Both the incidence
and the size of the crural defect increase with age.1,2

Additionally, the probability of complications is higher in
older patients.1 The main objective of this study was to
determine the impact that non-elective PEH repair has on
inpatient mortality in older patients. The secondary out-
come measure included a length of stay comparison
between elective and non-elective repair in these patients.

Materials and Methods

Design Overview

Patients undergoing PEH repair were identified using the
2005 Nationwide Inpatient Sample (NIS) in this observa-
tional study. Baseline characteristics of the population were
determined. A multivariate logistic regression model was
constructed to evaluate the role of gender, hospitals
characteristics, comorbidities, and emergent or urgent repair
on inpatient mortality. Adjustments were made for possible
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confounding variables and for the complex stratified
sampling scheme of the NIS. This study was approved by
the University Hospitals Case Medical Center Institutional
Review Board.

Identification of Paraesophageal Hernia Repair Patients

The NIS is the largest non-federal, all-payer database of
inpatient service available in the USA. The 2005 data
include 1,054 hospitals from 37 states (AR, AZ, CA, CO,
CT, FL, GA, HI, IL, IN, IA, KS, KY, MD, MA, MI, MN,
MO, NC, NE, NH, NJ, NY, NV, OH, OK, OR, RI, SC, SD,
TN, TX, UT, VT, WA, WI, WV). The sampling design is
such that the 7,995,048 discharges in the database represent
a national estimate of 39,163,834 discharges when appro-
priate analysis is performed.3 This database was selected as
most patients who undergo PEH repair are inpatients and
the database possesses data elements pertinent to our
evaluation including demographics, elective/non-elective
admission status, mortality, length of stay, and International
Classification of Diseases, Ninth revision, Clinical Modifi-
cation (ICD-9-CM) codes for determination of comorbid
conditions, complications, and procedures.

A coding algorithm was devised to select patients
undergoing PEH via transabdominal approach; similar
coding schemes have been previously used.1,4 Inclusion
criteria are summarized in Table 1. In addition to examining
an older population, the evaluation was limited to patients
80 years old or greater to maximize selection of patients
undergoing repair for paraesophageal hernia as opposed to
crural repair during elective antireflux procedures. In our
experience and literature review, patients above 80 years of
age rarely underwent purely elective antireflux proce-
dures.5,6 Exclusion criteria are listed in Table 2 and
included operations for congenital defects, traumatic inju-
ries, or thoracic approaches to repair. Patients were deemed
as having emergent or urgent repairs (i.e., non-elective) if
any diagnostic code for diaphragmatic hernia with obstruc-
tion (552.3) or gangrene (551.3) were detected. In addition,

elective and non-elective repairs were further confirmed
using the NIS elective admission flag.

Analysis

To minimize bias in the calculation of national estimates,
odds ratios (OR), 95% confidence intervals (95% CI), and p
values, analysis of the NIS must account for the complex
sampling design inherent to the database structure. For
comparisons of means, complex sample, two-sample t test
was used. For proportion comparisons, complex sample χ2

test was used. In-hospital, postoperative crude mortality
was calculated by dividing the number of PEH surgery
deaths (numerator) by the total number of PEH operations
performed (denominator) in the year 2005. Univariate and
multivariate complex sample logistic regression was used to
identify risk factors for postoperative mortality.

For the multivariate model, an a priori approach was
used to determine covariates, considering the number of
deaths observed. The final model included variables for
gender, congestive heart failure (CHF), and elective/non-
elective status. Gender and CHF were included as risks for
increased mortality from prior work analyzing surgical
procedures using the NIS.7 Statistical significance was
achieved at an alpha level less than 0.05 (two-tailed) or
using the 95% CI approach (with significant comparisons
not crossing the value of 1). All analyses were performed
using STATA version 8.2 (STATA Corporation, College
Station, TX, USA).

Results

In the 2005 NIS, a population of 1,005 discharges meeting
the defined criteria for PEH repair in patients 80 years old
or greater was identified. Demographic characteristics are
detailed in Table 3. The majority of patients were women,
and procedures were generally performed in large hospitals.
Non-elective repair was performed in 43% of patients. Non-
elective patients were older and had a higher prevalence of
congestive heart failure (Table 3) compared to patients who
underwent elective repair. Length of stay was increased for
non-elective patients (14.3±0.9 days, mean±SEM) com-
pared to elective patients (7.0±0.7, p<0.05).

Overall crude mortality for the population was 8.2%
(Fig. 1). Crude mortality was similar in men and women.
Non-elective repair was associated with a higher crude
mortality (15.7%) compared to elective repair (2.4%,
p<0.05). To estimate the magnitude of effect on mortality,
univariate analyses were performed, which revealed a
sevenfold increased odds of death with non-elective repair
(Table 4). Gender, hospital bed size, or comorbid conditions
did not influence the odds of inpatient mortality after PEH

Table 1 Inclusion Criteria and ICD-9-CM Codes

Inclusion criteria and codes

Age ≥80 years old
Diaphragmatic hernia code in any diagnosis field
553.3 Diaphragmatic hernia
551.3 Diaphragmatic hernia with gangrene
552.3 Diaphragmatic hernia with obstruction
Transabdominal diaphragmatic repair code in any procedural field
53.7 Abdominal repair, diaphragmatic hernia

International Classification of Diseases, Ninth revision, Clinical
Modification
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repair. However, 27% of patients in the non-elective repair
group had CHF compared to 15% in the elective group. To
adjust for the higher morbidity imparted by an increased
prevalence of CHF in the non-elective group, a multivariate
analysis was performed. This revealed non-elective repair as
the sole predictor of inpatient mortality after PEH repair in
patients 80 years of age or older (OR 7.1, 95% CI 1.9–26.3,
p<0.05; Fig. 2).

Discussion

PEH represents approximately 5% of all hiatal hernia
occurrences. Surgical correction remains the mainstay of
treatment for symptomatic PEH to prevent complications
such as gastric volvulus, strangulation, ulceration, hemor-
rhage, and death estimated to occur in 10–30% of non-
surgically managed patients.8,9 The results of this study
showed that both inpatient mortality and length of stay
were increased in patients 80 years or older who underwent
non-elective repair compared to elective patients. Surpris-

ingly, nearly half of the patients analyzed (43%) underwent
non-elective repair of their PEH.

Controversy still exists regarding the treatment of purely
asymptomatic patients with PEH. Stylopoulos et al.4

performed a decision analysis in 2002 modeling the risks of
observation against the risks of surgical repair, favoring
watchful waiting for asymptomatic or minimally symptomatic
patients. Further, this study suggested that even if non-elective
repair were performed, mortality would be relatively low
(5.4%). These data were based on earlier versions of the NIS
database. Our calculated crude inpatient mortality for patients
who underwent non-elective repair was notably higher at
15.7% using the 2005 NIS. This may in part be due to our
exclusive analysis of patients 80 years or older. In addition, the
study performed by Stylopoulos likely included patients much
younger than 80 years but who did not have true
paraesophageal hernias based on ICD-9 coding. Patients
undergoing repair of sliding hiatal hernia during elective
fundoplication may have been included, artificially lowering
the mortality risk. This would have underestimated the true
mortality for those undergoing the more difficult repair of

Table 3 United States 2005 Paraesophageal Hernia Repair Population Characteristics in Patients 80 years of Age or Older

Elective Non-Elective p Value Total Population

Mean age (years)a 83.4±0.3 86.4±0.4 <0.05 84.7±0.4
%Women 71% 76% NS 73%
%Large hospitalb 58% 70% NS 63%
%Diabetes 9% 6% NS 8%
%Congestive heart failure 15% 27% <0.05 20%
Total procedures 573 432 1005

Data calculated from the 2005 Nationwide Inpatient Sample database
NS not significant
aMean values are presented ± standard error of the mean; p values compare differences between elective and non-elective presentation
b Large Hospital as defined by the Healthcare Cost and Utilization Project 2005 Nationwide Inpatient Sample3

Table 2 Exclusion Criteria
and ICD-9-CM Codes

International Classification of
Diseases, Ninth revision, Clin-
ical Modification

Exclusion criteria and codes

Diaphragmatic congenital defect or trauma code in any diagnosis field
750.6 Congenital hiatus hernia
756.6 Congenital anomalies of the diaphragm
862.0 Diaphragmatic injury, closed
862.1 Diaphragmatic injury, open

Other diaphragmatic operation code or thoracic approach in any procedural field
34.27 Biopsy of diaphragm
34.81 Excision of diaphragmatic lesion
34.82 Suture of diaphragmatic laceration
34.83 Closure of diaphragmatic fistula
34.84 Other diaphragm repair
34.89 Diaphragm operation NEC
53.8 Thoracic repair, diaphragmatic hernia
53.81 Diaphragm plication
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PEH. Other studies quoted overall mortality for paraesopha-
geal hernia repair (both elective and non-elective) ranging
from 0% to 8%.10,11 It is difficult to ascertain mortality risk
for the emergent population, as most case series report very
small numbers to calculate reliable values. Our study
provides one of the first estimates of inpatient mortality in
this high risk group (15.7%). Moreover, non-elective repair
was the sole predictor of increased inpatient mortality in
adjusted analyses, imparting a nearly sevenfold increase in
the odds of dying after PEH repair compared to elective
operation.

In this study, length of stay was found to be increased for
patients undergoing non-elective repair (14.3 days)
compared to purely elective repair (7 days). These values
are notably higher than those currently described in the
literature. Examining case series with larger numbers (100–
200 patients), Luketich et al.12 reported an overall median
length of stay of 2 days, and Pierre et al.13 described a

median of 3 days. Gangopadhyay et al.1 specifically
examined length of stay in those 75 years old or greater
and found a slightly increased length of stay compared to
younger patients (2.8 days versus 1.9 days). The majority
of patients in these studies underwent laparoscopic repair,
likely accounting for the general shorter length of stay
when compared to our results which included all abdominal
approaches to PEH repair. Nevertheless, given that our
study evaluated those 80 years or older, the results
confirmed that older patients in general tend to require a
longer length of stay than their younger counterparts.
Elective repair of PEH via laparoscopy may be especially
well suited to older patients who might otherwise need
increased in-hospital days for recovery.

There are several limitations to this study. Our study
examined inpatient mortality only. Patients who were
discharged, readmitted, and died would have been excluded
from the analysis. As such, the 30-day postoperative
mortality would likely be higher than our calculated
inpatient mortality. Nonetheless, we discovered a higher
mortality than previously published even with this limita-
tion. This study found an increased prevalence of CHF (as a
comorbid condition and not a complication) in the non-
elective PEH repair group compared to elective patients.
This may have confounded the relationship between non-
elective repair and mortality. We attempted to adjust for this
by using regression techniques; a slightly lower odds of
death was observed in the adjusted analysis (odds ratio of
7.1 versus 7.2). Although randomization to elective and
non-elective repair would address this issue in a potential
clinical trial, it is very unlikely that such a trial would ever
be performed given the generally low probability of death
overall with PEH repair and resulting lack of power. Thus,
even with this limitation using administrative data, the
results are robust in detecting relatively rare events such as
mortality. The use of administrative data in clinical analysis
can result in biased results because of coding errors. To

Table 4 Risk Factors for In-Hospital Postoperative Death Following
Paraesophageal Hernia Repair in Patients 80 years or Older, 2005
(Univariate, Unadjusted Analysis)

Odds ratio for death 95% Confidence interval

Gender
Women (ref) (ref)
Men 1.2 0.4–3.4
Hospital bed size
Small (ref) (ref)
Medium 0.3 0.04–1.9
Large 0.8 0.2–3.1
Comorbiditiesa

Diabetes 0.6 0.1–4.6
CHF 1.7 0.5–5.5
Presentation
Elective (ref) (ref)
Non-elective 7.2 2.1–24.9*

CHF congestive heart failure, ref referent group
a Comorbidity odds ratios are compared to those without the specified
disease
*p<0.05 compared to referent group

Fig. 2 Adjusted odds of inpatient mortality in 2005 paraesophageal
repair population 80 years of age or older: Non-elective repair was the
sole predictor of inpatient mortality. Horizontal bars represent the
95% confidence interval for the listed odds ratio; bars that do not
cross 1 (vertical dashed line) indicate a significant value (p<0.05).

Fig. 1 Crude mortality in 2005 paraesophageal repair population 80
years of age or older: Dashed line represents overall crude mortality of
8.2%.
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address this, we attempted to use a coding algorithm to
identify PEH patients as previously published.4 In addition,
the identification of patients based on specific surgical
procedure codes is fairly robust using large administrative
datasets.14 We also limited our patient population to those
80 years old or greater, further refining our evaluation of
those undergoing PEH repair as opposed to elective
antireflux procedures. Although large administrative data-
sets are useful for determining mortality rates for procedure
with low mortality risk, no follow-up beyond that of the
inpatient stay could be ascertained. As such, no attempt was
made to calculate recurrence or readmissions for postoper-
ative complications. Another limitation of this study is that
stratification by approach (laparoscopic versus open) is
impossible based on ICD-9-CM coding for PEH repair.

This study reports the first large-scale analysis of inpatient
mortality after PEH. Patients undergoing non-elective repair
were associated with a higher mortality and length of stay
than those who underwent elective repair. Notably, crude
mortality after PEH repair was higher than previously
perceived. Further investigation needs to be performed to
evaluate if earlier operative intervention can lead to reduced
mortality by avoiding an urgent or emergent operation.
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Abstract
Background Reflux recurrence is the most common long-term complication of fundoplication. Its frequency was
independent from the type of fundoplication in randomized studies. Results for different techniques of laparoscopic
antireflux surgery were retrospectively evaluated after 10 years.
Methods From 1992 to 1997, 120 patients had primary laparoscopic fundoplication with a “tailored approach” (type of
wrap chosen according to esophageal peristalsis): 88 received a Nissen, 22 an anterior, and 10 a Toupet fundoplication.
Follow-up of 87% of the patients included disease-related questions and the gastrointestinal quality-of-life index (GIQLI).
Results Of the patients, 89% would select surgery again. Heartburn was reported by 30% of the patients. Regurgitations
were noted from 15% of patients after a Nissen, 44% after anterior fundoplication, and 10% after a Toupet (p=0.04).
Twenty-eight percent were on acid-suppressive drugs again. Following Nissen fundoplication, proton pump inhibitors were
less frequently used (p=0.01) and on postoperative pH-metry reflux recurrence rate was lower (p=0.04). The GIQLI was
110±24 without significant differences for the type of fundoplication.
Discussion Ten years after laparoscopic fundoplication, overall outcome is good. A quarter of the patients are on acid-
suppressive drugs. Nissen fundoplication appears to control reflux better than a partial fundoplication.

Keywords Gastroesophageal reflux disease .

Antireflux surgery . Long-term outcome . Reflux recurrence

Introduction

Antireflux surgery by laparoscopy has undergone a Renais-
sance despite the availability of proton pump inhibitors.
Even after numerous randomized studies on the operative
(OP) technique, however, numerous different techniques
continue to be used. In addition to the topical question of
mesh augmentation of the hiatus, it is still not definitively
known whether a 360° Nissen fundoplication or a partial
fundoplication—anterior or posterior according to Toupet—
is best. Many centers have long used a so-called “tailored
approach”: In patients with normal esophageal motility, a
Nissen fundoplication was applied in those with motility
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disorders a partial fundoplication. It was assumed that a
partial fundoplication would offer less resistance in patients
with reduced pump function, thus lowering the dysphagia rate.
Two randomized studies had clearly shown that regardless of
the applied technique, the surgical results were not influenced
by esophageal motility.1,2 Even in patients with aperistaltic
esophagus, a Nissen fundoplication would be possible.3 The
patients in these studies often complained of bloating and
increased flatulence following total fundoplication; the reflux
recurrence rates were the same for both OP procedures.

In the evaluation of reflux recurrence rates, the duration
of follow-up is highly important. In a randomized study
comparing anterior with posterior fundoplication, for
example, only 10% of patients reported severe heartburn
1 year after anterior fundoplication, but the rate rose to
22% after 5 years.4,5 Moreover, in contradiction to those
two randomized studies, numerous retrospective studies
have shown that a partial fundoplication is less effective
against reflux disease over the long-term than a total
fundoplication. For example, in a comparison of 235 patients
who underwent surgery using the “tailored approach”, with
122 patients receiving a Nissen fundoplication independently
of esophageal peristalsis, the partial fundoplication was
significantly less effective at controlling reflux. And dys-
phagia was not more common with the Nissen fundoplica-
tion, even in patients with poor esophageal peristalsis.6 So
far, however, few studies have reported results from 10 years
or more after laparoscopic fundoplication.7–9

Against this background, we compared the 10-year
outcome of various OP techniques of laparoscopic antire-
flux surgery with the reflux recurrence rate as the primary
endpoint. The goal was to evaluate the long-term effective-
ness of the different antireflux surgery techniques.

Patients and Methods

Between March 1992 and July 1997, 134 patients under-
went antireflux surgery in the Department of Surgery of the
University of Wuerzburg. Fourteen of these patients were
excluded from this study, three because they had undergone
primary open surgery, 11 for undergoing a redo procedure.
A total of 120 patients were therefore studied: 41 females,
79 males, aged 49±14 years.

Endpoints

The long-term outcome was evaluated applying the
questionnaire described below and the gastrointestinal
quality-of-life index (GIQLI) developed by Eypasch and
co-workers,10,11 which were sent to the patients. If
necessary, the patients were contacted by telephone. In the
event of complaints, a follow-up examination was offered.

The questionnaire posed 18 questions. In addition to
standardized questions regarding gastrointestinal symp-
toms, which had been obtained prospectively from each
patient prior to surgery and were each assigned three
degrees of severity, the questions elicited the patients’
subjective appraisal of the surgical results and inquired
regarding current intake of acid-suppressive drugs. Quality
of life was measured with the gastrointestinal quality of life
index (GIQLI). This instrument, developed by Eypasch10,11

represents a generic tool that can be applied to all patients
with benign and/or malignant gastrointestinal disorders. It
comprises 36 multidimensional items covering symptoms,
and physical, emotional, and social dysfunction related to
gastrointestinal diseases or their treatments. Each item
scores from 0 to 4 points. The GIQLI is calculated by
simple addition of all item scores so that an overall score of
0 would constitute the worst, and a score of 144 the best
result. Furthermore, each dimension can be analyzed
separately. Normal values of the GIQLI were determined
in a control group of 150 healthy subjects (120.8±15).10

Our own comparison values were gathered in a country
village of 270 persons (146 males, 124 females).

Preoperative Workup

Prior to surgery all patients underwent gastroscopy,
esophageal manometry, and 24-hour esophageal and gastric
pH-metry. In some patients, a barium swallow or gastric
emptying test was performed. Patient histories were
documented using the standardized questionnaire and the
GIQLI. All data were gathered prospectively.

The gastroscopy graded the esophagitis according the
classification of Savary–Miller and the present size of the
hiatus hernia was measured. The pH-metry was applied in
standard technique (Medtronic, Minneapolis, MN). In
accordance with the tailored approach, the choice of OP
procedure was based on the esophageal peristalsis as
assessed by the esophageal manometry (Medtronic, Min-
neapolis, MN) as follows: The examination was carried out
using an 8-lm, water-perfused manometry catheter on the
reclining, fasting patient. Three days prior to the examina-
tion all medications affecting motility were stopped. The
position, pressure, and length of the inferior esophageal
sphincter were determined with the stationary pull-through
manometry. To evaluate the esophageal peristalsis, the
lowest channel was placed 3 cm above the upper border
of the lower esophageal sphincter and five dry and five
water swallows were measured. If the frequency of
simultaneous contractions or of amplitudes under
20 mmHg was greater than 30%, then an esophageal
motility disorder was diagnosed and, in accordance with
the tailored approach, a Nissen fundoplication was not
applied so as to avoid too great resistance on the
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gastroesophageal junction. Until March 1996, anterior
fundoplications were used as partial fundoplication, but
due to their recurrence rates, the Toupet fundoplication
was employed thereafter.

Surgical Procedure

All procedures were performed laparoscopically. In two
patients, a conversion was necessary due to bleeding from
the spleen. In every antireflux operation, the distal
esophagus in the lower mediastinum was mobilized far
enough to lie loosely in the abdominal cavity. The
phrenoesophageal ligament was completely cut through so
that the entire length of the crura could be identified dorsal
to the esophagus. Except for the anterior partial fundopli-
cation, the short gastric vessels were divided starting from
the lower margin of the spleen. Every patient received a
dorsal hiatoplasty with nonabsorbable sutures, which were
tied extracorporeally. A Nissen fundoplication was always
applied via a 54 F bougie and attached to the distal
esophagus with a U-suture using resorbable pledgets. One
to two additional interrupted sutures were made. An
anterior fundoplication was attached to the esophagus and
on the right to the diaphragm, a posterior fundoplication
according to Toupet was attached bilaterally to the crura
and to the esophagus right and left of the vagus, in each
case with three interrupted sutures.

Postoperative Workup

All patients were asked to have gastroscopy, esophageal
manometry, and 24-hour esophageal pH as follow-up
investigations one or 2 years after surgery. Patients who
presented in the hospital for any reason after these planned
reevaluations were also offered 24-hour esophageal pH.
The results of esophageal pH-metry were compared with
the symptoms and use of acid-suppressive drugs.

Statistics

All data are given as mean with standard deviation. The
frequencies of two groups were compared with the Fisher-

exact test, for three groups with the χ2 test. Metric variables
were compared with nonparametric tests (Mann–Whitney U
test or the Kruskal–Wallis test for three groups). The
evaluation was done using the Software SAS (V9.1, SAS
Institute, Cary, NC). P-values <0.05 were regarded as
significant.

Results

The results of the preoperative workup are listed in Table 1.
Patients receiving a Nissen fundoplication had the highest
incidence of an incompetent lower esophageal sphincter
and the lowest sphincter pressure. Patients receiving
anterior fundoplication had slightly less reflux (lower pH
score) and less esophagitis. The incidence of hiatal hernia
was similar. Preoperative symptoms are listed in Table 2.
Remarkably, the group undergoing the Nissen fundoplica-
tion reported heartburn significantly more often than other
patients. The percentage of patients complaining of dys-
phagia ranged from 19% to 25%, epigastric pain was
reported by 59% of patients, epigastric fullness by 48%,
and bloating by 36%, in each instance without intergroup
differences. Quality of life was measured since 1995 and
the preoperative GIQLI was very low (89.8±27.7) and
similar for the three groups.

Postoperative workup was completed in 67 patients
(Table 3). The planned reevaluation within the first 2 years
was done in 50 of these patients. Eight patients had the
follow-up investigation in the third postoperative year, five
in the fourth, and four after five and more years. There were
no differences in recurrent esophagitis, recurrent hernia, or
the presence of an incompetent sphincter. However, reflux
recurrence was noted significantly less frequent and the
mean pH score was lower following Nissen fundoplication.

Follow-up examinations were completed by 99 of 114
patients (87%). Six patients had died in the intervening
years. The follow-up rates were 74/88 (84%) patients for
Nissen fundoplication, 16/22 (73%) for anterior fundopli-
cation, and 9/10 (90%) following Toupet fundoplication.
Three patients (3%) had undergone a second operation, two
after Nissen and one after anterior fundoplication. The

Table 1 Preoperative Endoscopy, Manometry, and ph-metry

Findings Nissen N=85 Anterior fundopl. N=22 Toupet N=10 p value

Esophagitis 59% 32% 80% 0.107
Hiatal hernia 57% 59% 70% 0.408
Incompetent LES 91% 64% 90% 0.006
LES pressure 4.6±4.0 7.6±5.2 6.1±5.3 0.013
LES total length 3.1±0.8 3.5±1.0 3.3±1.3 0.326
LES total length 1.6±0.8 1.9±0.9 1.6±1.2 0.293
pH-score 45.8±51.5 28.1±25.5 56.5±53.7 0.218
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results in these three patients were assessed according to
their first operation.

Subjective Assessment of the Surgical Result

A mean 89% of patients said they would decide to have an
antireflux operation again, 90% after Nissen fundoplication,
81% after anterior, and 100% after posterior fundoplication
(not significant). Their current health was reported by 37%
to be very good, by 55% to be moderate, and by 7% to be
poor, again without differences regarding surgical proce-
dure. The majority of patients (55%), however, denied a
connection between their current health and the operation.
Only two of eight patients attributed their poor health to the
operation, whereas 86% of patients reporting very good
health did so (Fig. 1). Of the ten patients who would now
decline antireflux surgery, only two reported their health as
poor, eight as moderate.

Intake of Acid-Suppressive Drugs

Twenty-seven patients (28%) reported they were taking acid-
suppressive drugs. Classified by OP procedure, 23% of these
patients had undergone Nissen, 44% anterior fundoplication,
and 43% Toupet. Of these 27 patients, 74% were taking
proton pump inhibitors, 13% H2-blockers, and 13% antacids
(Fig. 2). Patients who had undergone anterior fundoplication

(38%) or Toupet fundoplication (43%) took proton pump
inhibitors (p<0.01) significantly more often than patients
who underwent Nissen fundoplication (14%). Medications
against heartburn were reported to be effective by 75.9% of
patients who took them. Of the patients on acid-suppressive
drugs, who had a previous pH-metry, 42% had documented
recurrent reflux. Of the patients on proton pump inhibitors
(PPI), reflux on pH-metry was observed in 54%.

Gastrointestinal Symptoms

An overview of the types and frequencies of gastrointesti-
nal symptoms is given in Table 4. Despite antireflux
surgery heartburn was reported by 30% of patients, 13%
of whom experienced it weekly. The number of patients
complaining of heartburn increased by one to three patients
each year on a continual basis throughout the follow-up
period. Only 5% of patients complained of at least weekly
regurgitations, only 7% of at least weekly dysphagia. The
most common postoperative symptoms were epigastric pain
and bloating. Comparison of the actual symptoms with the
results of previous postoperative pH-metry revealed that
33% of patients with heartburn and 38% of patients with
regurgitation had recurrent reflux.

All of the symptoms classified according to OP
procedure are shown in Table 5. Whereas in patients with
heartburn only slight differences were noted, significantly
more patients reported regurgitations after anterior fundo-
plication. Toupet fundoplication was in this regard just as
effective as Nissen fundoplication. In the evaluation of
weekly and daily occurrence of symptoms, the rate for
heartburn was 13% for all procedures. The rates for
regurgitations were 2.7% for the Nissen, and 12.5% for both
the anterior fundoplication and Toupet (p=0.170). The
dreaded symptom dysphagia was reported with equal
frequency independently of fundoplication type, weekly
and daily dysphagia being mentioned by only seven
patients (7%), likewise without differences with regard to
fundoplication type. For epigastric pain, epigastric fullness,
or bloating a slightly significant difference existed with
regard to the frequency of the latter, the other symptoms

Table 2 Prevalence of Gastrointestinal Symptoms Classified According
to OP Procedure (%): Preoperative Findings

Symptoms Nissen
N = 83

Anterior fundopl.
N = 20

Toupet
N = 9

p
value

Heartburn 89.2 65.0 55.5 0.021
Regurgitation 60.2 40.0 55.5 0.418
Dysphagia 19.3 25.0 22.2 0.314
Epigastric pain 60.2 50.0 66.6 0.922
Epigastric
fullness

50.6 40.0 44.4 0.401

Vomiting 61.4 25 44.4 0.077
Chest pain 22.9 20.0 33.3 0.143
Bloating 39.8 25.0 22.2 0.051

Table 3 Follow-up Endoscopy, Manometry, and pH-metry

Findings Nissen N=48 Anterior fundopl. N=10 Toupet N=9 p value

Esophagitis 4% 0% 0% 0.952
Hiatal hernia 6% 10% 11% 0.151
Incompetent LES 38% 56% 56% 0.454
LES pressure 9.1±4.1 10.6±5.9 7.2±2.8 0.328
LES total length 3.5±0.7 3.1±0.6 2.9±0.3 0.016
LES total length 2.1±0.8 1.7±0.7 1.9±0.6 0.207
pH-score 10.0±18.1 22.5±26.2 26.4±33.2 0.009
Positive pH-score 21% 50% 56% 0.036
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occurring with equal frequency independently of surgical
procedure. The rate of weekly or daily bloating was
noteworthy at 50% regardless of OP procedure.

Quality of Life

The quality of life as measured by the GIQLI more than
10 years after laparoscopic antireflux surgery is summarized
in Table 6. None of the differences regarding the various OP
procedures were significant. Compared to the normal
values,10 a nonsignificant discrete reduction in the values in
all dimensions was noted, with the lowest values occurring

in patients following anterior fundoplication. The GIQLI
score (121.1±17) of our own control group was almost
identical to the normal value. The three lowest GIQLI scores
(37, 45, and 49) were observed in patients following Nissen
fundoplication, with only one of these patients receiving
treatment with acid-suppressive drugs.

Discussion

In the Surgical Clinic of the University of Würzburg
laparoscopic fundoplication became an established proce-
dure soon after its introduction,12 with an ongoing steady
increase in OP numbers.13 In order to evaluate the long-
term effectiveness of this procedure, we performed a
retrospective study of all patients who underwent the
procedure ten or more years ago. As the patients were not
randomized for the type of fundoplication, it is important to
realize that patients with partial fundoplication were
characterized by impaired esophageal motility. However,
on preoperative workup disease severity was slightly higher
in patients receiving a Nissen fundoplication (Table 1).

As in other studies, the number of patients stating that
they would undergo the operation again was very high at
89%.14,15 About 30% of patients reported persistent
heartburn, while 28% were again taking acid-suppressive
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Figure 1 Current health status of patients and its relation to antireflux
surgery.
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Figure 2 Intake of acid-suppressive drugs in dependence on surgical
procedure. Comment: Evaluation of all medications together: com-
parison of all three groups p=0.17, Nissen versus anterior fundopli-
cation and Toupet p=0.06. Evaluation of PPI intake: comparison of all
three groups p=0.04, Nissen versus anterior fundoplication and
Toupet p=0.01, Nissen versus anterior fundoplication p=0.04, Nissen
versus Toupet p=0.06.

Table 4 Frequency of Gastrointestinal Symptoms (%): Results at
10-year Follow-up

Symptoms Never Rarely Weekly Daily

Heartburn 70.4 16.3 6.1 7.1
Regurgitation 79.4 15.5 2.1 3.1
Dysphagia 69.5 23.2 3.2 4.2
Epigastric pain 53.6 34.0 8.3 4.1
Epigastric fullness 39.6 36.5 12.5 11.5
Vomiting 79.4 11.3 4.1 5.2
Chest pain 58.8 28.9 7.2 5.2
Bloating 19.6 29.9 16.5 34.0

Table 5 Prevalence of Gastrointestinal Symptoms According to OP
Procedure (%): Results at 10-Year Follow-up

Symptoms Nissen
N=74

Anterior fundopl.
N=16

Toupet
N=9

p value

Heartburn 29.7 37.5 12.5 0.449
Regurgitation 15.1 43.8 10.0 0.035
Dysphagia 30.6 31.3 28.6 0.992
Epigastric pain 43.8 56.3 50.0 0.651
Epigastric fullness 60.3 62.5 57.1 0.970
Vomiting 18.8 17.8 50.0 0.100
Chest pain 38.4 56.3 37.5 0.410
Bloating 84.9 75.0 50.0 0.051

J Gastrointest Surg (2008) 12:1893–1899 18971897



drugs. Compared to studies with shorter follow-up periods,
this rate is relatively high,14,16 whereas some studies with
comparable follow-up times had clearly higher recurrence
rates.9,17 In a randomized study comparing open antireflux
surgery with conservative therapy, 62% of the patients
undergoing surgery took acid-suppressive drugs over long-
term course.18 The reflux recurrence rate for our first
laparoscopic patients was clearly lower, and has declined
further with increasing experience. Interesting in this regard
is the continual increase in patients complaining or renewed
heartburn. Similar to this was the continual increase in the
intake of acid-suppressive drugs found in another study
with more than 10 years follow-up.9

The actual reflux recurrence rate is lower than the data
on postoperative symptoms and medication intake suggest.
Compared with the previous postoperative pH-metry, less
than 50% of patients with reflux symptoms or use of acid-
suppressive therapy had documented recurrent reflux. Other
studies also show that fewer than 50% of patients
experiencing renewed heartburn and/or taking acid-sup-
pressive drugs actually experienced pathological reflux on
follow-up pH-metry.19–21 This discrepancy might be due to
a greater likelihood of patients with a history of gastroin-
testinal complaints being prescribed acid-suppressive drugs.
Our findings for reflux recurrence are basically similar to
many other follow-up studies.7–9

The evaluation of the various procedures is especially
relevant with regard to the still frequently performed anterior
fundoplication.15,22 Recurrent reflux was documented more
frequently on pH-metry after partial fundoplication. Regur-
gitations were significantly associated with anterior fundo-
plication. The results for proton pump inhibitors were
similar, they being taken more often by patients after anterior
fundoplication or Toupet. However, a comparison of the
procedures in this observational series is limited by the fact
that the patients were selected according to their motility. A
recent 5-year evaluation of a randomized study comparing
anterior and posterior fundoplications in 43 and 45 patients,
respectively, reported significantly better results for posterior
fundoplication, which had fewer reflux-associated symptoms
(heartburn and regurgitation, p<0.0001), fewer reoperations,
and lower use of acid-suppressive drugs.5 In contrast to this

stands only a randomized study from Adelaide, Australia,22

in which a comparison of anterior fundoplication and Nissen
fundoplication found no significant difference with regard to
reflux recurrence.

Similar to the present study, a series of retrospective
studies discovered clear drawbacks to partial fundoplica-
tion. This was especially conspicuous in patients with
severe reflux disease, i.e., an esophagitis grade 3 or 4
according to Savary–Miller, or a Barrett’s esophagus.6,23,24

It should be pointed out, however, that only ten patients
were operated on according to Toupet in the follow-up
period. For our patients, definitive assessment of the
procedure awaits the evaluation of further patients who
underwent Toupet after July 1997. As a rule, the effects of
each of the applied fundoplication procedures show a
gradual steady decline over time. This explains why the
technique conferring the greatest benefit initially remains
superior in the long-term.

The fear of postoperative dysphagia following Nissen
fundoplication is unwarranted. The dysphagia rate for all
procedures was low and identical, a result also reported by
many other studies. A Nissen fundoplication can be
successfully applied even in patients with aperistaltic
esophagus.3,25 A possible drawback to the Nissen fundo-
plication is the frequency of postoperative bloating.1,2 Only
15% of patients reported none, while 39.7% complained of
daily bloating. However, this appears to have had little
effect on the daily life of patients, since no differences in
the quality of life were noted.

The quality of life did not differ as between procedures,
but was somewhat lower than that reported in other
studies.26 This may be due to the longer follow-up time
or to the effects of a learning curve in the present study.
However, compared to the very low preoperative values,
there was a highly significant increase of quality of life. In
assessing the results for quality of life, as for all of the
results presented here, it must be remembered that the
patient selection was very strict, with the consequence that
on average only patients with severe reflux disease were
operated on. Retrospective assessment of the three patients
with the lowest quality of life revealed that antireflux
surgery may not have been the appropriate therapy. This

Table 6 Quality of life According to OP Procedure as Measured by the GIQLI: Results at 10-year Follow-up

Dimension Nissen N=73 Anterior fundopl. N=14 Toupet N=8 p value

Symptoms 58.2±12.5 57.1±12.3 63.1±11.0 0.541
Psychological 15.4±4.5 13.9±4.7 17.3±2.4 0.235
Physical 19.3±6.1 17.3±6.5 17.6±6.9 0.467
Social 13.4±3.6 12.6±4.1 13.5±3.2 0.884
Medical therapy 3.4±1.0 3.2±0.9 3.6±0.7 0.388
Totala 109.8±24.4 104.1±26.9 115.1±21.0 0.696

a The GIQLI after 10 years was significantly higher than the preoperative values (p<0.0001).
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underscores the necessity of a thorough preoperative
evaluation of the indications for fundoplication.

Conclusions

Even the first laparoscopic fundoplications we performed
resulted in high patient satisfaction more than 10 years after
surgery. A quarter of the patients are on acid-suppressive
drugs with documented recurrent reflux in half of these
patients. In this observational series, Nissen fundoplication
appears to control reflux better than a partial fundoplica-
tion. The preferred procedure for surgical treatment of
reflux disease in our clinic is therefore laparoscopic Nissen
fundoplication.

Disclosure The corresponding author declares that none of the
authors has any connections whatsoever with the companies whose
products are named in this paper or with any company in competition
with those companies. The presentation of the topic is impartial and
the contents are entirely product-neutral.
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Abstract
Introduction It has been postulated that in patients with connective tissue disorders (CTD) and gastroesophageal reflux
disease (GERD), esophageal function is generally deteriorated, often with complete absence of peristalsis. This belief has
led to the common recommendation of avoiding antireflux surgery for fear of creating or worsening dysphagia.
Methods We hypothesized that in most patients with CTD and GERD: (a) esophageal function is often preserved; (b)
peristalsis is more frequently absent when end-stage lung disease (ESLD) is also present; (c) a tailored surgical approach
(partial or total fundoplication) based on the findings of esophageal manometry allows control of reflux symptoms without a
high incidence of postoperative dysphagia. Forty-eight patients with CTD were evaluated by esophageal manometry and 24-
hour pH monitoring (EFT). Twenty patients (group A) had EFT because of foregut symptoms, and 28 patients with ESLD
(group B) had EFT as part of the lung transplant evaluation. Two hundred and eighty-six consecutive patients with GERD
by pH monitoring served as a control group (group C). A laparoscopic fundoplication was performed in two group A
patients (total), eight group B patients (three patients total, five patients partial) and in all group C patients (total).
Results Esophageal peristalsis was preserved in all patients with CTD and GERD. In contrast, peristalsis was absent in
about half of patients when ESLD was also present. A tailored surgical approach resulted in control of reflux symptoms in
all patients. One patient only developed postoperative dysphagia, which resolved with two Savary dilatations.
Conclusion These data show that esophageal motor function is preserved in most patients with CTD, so that they should be
offered antireflux surgery early in the course of their disease to prevent esophageal and respiratory complications. In
patients with ESLD in whom peristalsis is absent, a partial rather than a total fundoplication should be performed, as it
allows control of reflux symptoms while avoiding postoperative dysphagia.

Keywords Connective tissue disorders .

Gastroesophageal reflux disease . Esophageal peristalsis .

Esophageal manometry . Ambulatory pHmonitoring .

Laparoscopic fundoplication . End-stage lung disease

Introduction

Connective tissue disorders (CTD) are systemic diseases that
can affect several organs. They share the common features of
cutaneous and gastrointestinal tract involvement, most
commonly esophageal dysmotility and gastroesophageal
reflux disease (GERD). Up to 40% to 60% of these patients
can develop complications of GERD such as an esophageal

J Gastrointest Surg (2008) 12:1900–1906
DOI 10.1007/s11605-008-0674-9

Poster presentation, Society for Surgery of the Alimentary Tract, San
Diego, CA, May 19, 2008.

M. G. Patti (*)
Department of Surgery,
University of Chicago Pritzker School of Medicine,
5841 S. Maryland Ave, MC 5095, Room G-201,
Chicago, IL 60637, USA
e-mail: mpatti@surgery.bsd.uchicago.edu

W. J. Gasper : I. Nipomnick : F. Palazzo
Department of Surgery, University of California, San Francisco,
San Francisco, CA, USA

P. M. Fisichella
Department of Surgery, Loyola University Medical Center,
Maywood, IL, USA



stricture or Barrett's esophagus.1 In addition, the lungs are
often involved by the disease process, and 60% of patients
eventually progress to end-stage lung disease (ESLD), which
causes severe morbidity and mortality.2 When GERD is
present, patients are usually managed with acid-suppressing
medications on the assumption that because esophageal
function is routinely deteriorated,3 antireflux surgery would
create or worsen dysphagia. We hypothesize that in most
patients with CTD and GERD: (a) esophageal function is
preserved; (b) peristalsis is frequently absent only when
ESLD is also present; and (c) a tailored surgical approach
(total or partial fundoplication) can control reflux symptoms
without a high incidence of postoperative dysphagia.

Patients and Methods

Patients with CTD were identified by a retrospective search
of a prospectively acquired database of esophageal ma-
nometry and ambulatory 24-hour pH monitoring data. We
screened a total of 2,973 patients evaluated in the
Swallowing Center of the University of California San
Francisco between August 1, 2000 and May 31, 2007. We
excluded patients whose connective tissue disorder diagno-
sis had not been confirmed by a rheumatologist, as well as
patients who had prior esophageal surgery. A cohort of 286
consecutive patients with GERD (by pH monitoring) who
underwent a laparoscopic Nissen fundoplication between
October 1, 1992 and May 30, 2004 was used as a control
group.4 Patients who had undergone prior antireflux
surgery (open fundoplication, fundoplication for paraeso-
phageal hernia, partial fundoplication, revision fundoplica-
tion) or patients who had a diagnosis of connective tissue
disorder were excluded from the control group.

Symptomatic Evaluation

All patients referred for esophageal function tests had a
standardized interview with a physician or a technician.
Patients estimated the severity of their symptoms (heart-
burn, regurgitation, and dysphagia) according to a 5-point
scale.5 Follow-up was performed in general surgery clinics
two and 6 weeks postoperatively, and subsequently in
pulmonary clinics or by phone interview every 4 months.

Esophageal Manometry

Patients stopped medications that might interfere with
esophageal motility at least 48 hours before the procedure.
After an overnight fast, manometry was performed using an
8-lumen manometry catheter, continuously perfused by a
pneumohydraulic capillary infusion system connected to a
polygraph. Lower esophageal sphincter (LES) position and

pressure were determined using the station pull through
technique, with 0.5-cm increments between stations.
Esophageal peristalsis was measured with ten swallows of
5 mL of water given at 30-s intervals. Peristaltic wave
amplitude, duration, and velocity were recorded at 3, 8, 13,
and 18 cm above the upper border of the manometrically
determined LES. Peristaltic wave amplitude was then
independently calculated for the lower esophagus (3 and
8 cm above the LES, DEA) and for the proximal esophagus
(13 and 18 cm above the LES, PEA).6

Ambulatory pH Monitoring

Acid-reducing medications were stopped 3 days (histamine
H2-receptor antagonists) to 14 days (proton pump inhib-
itors) before the test. A pH probe was placed in the
esophagus to measure acid exposure 5 above the upper
border of the manometrically determined LES. Patients
were instructed to eat an unrestricted diet and avoid acid-
suppressing medications during the study. Based on the
collected data, a composite reflux score (i.e., DeMeester
score) was calculated for the distal esophagus (normal
<14.7).7 The data were analyzed using a commercial
software program (Gastrosoft, Medtronic Functional Diag-
nostic, Shoreview, MN).

Laparoscopic Fundoplication

An estimate of anesthetic risk was calculated for all patients
according to the American Society of Anesthesiologists
(ASA) assessment. Standard ASA protocols were used to
monitor patients while under general anesthesia. In patients
with ESLD, an arterial blood pressure monitoring via a
radial artery cannula and central venous catheters were
placed as needed by the anesthesiologist. A senior
anesthesiologist directed intraoperative management and
communicated directly with the attending surgeon during
the operation. A senior laparoscopic foregut surgeon
performed the operation with the assistance of a senior
resident or fellow. The following steps were routinely
followed: (1) mobilization of the esophagus in the posterior
mediastinum; (2) division of all short gastric vessels; (3)
approximation of the right and left pillar of the crus behind
the esophagus; (4) creation of a wrap around a 56 French
bougie. A total (360°) fundoplication was routinely
performed. A partial (240°) fundoplication was instead
performed only when peristalsis was absent.8

Statistical Analysis

Statistical analysis was performed using Prism statistical
software, (Graphpad Software Inc, San Diego, CA). Differ-
ences between groups were analyzed using the Fisher's
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Exact Test for proportions or Mann–Whitney U test for
continuous variables. Non-parametric statistical analyses
were performed. The study protocol was approved by the
University of California San Francisco Committee on
Human Research.

Results

Patients

Forty-eight patients with connective tissue disorders (CTD)
were evaluated by esophageal manometry and ambulatory
24-hour pH monitoring (EFT). Twenty patients with CTD
(group A, 42%) had EFT because of the presence of foregut
symptoms (heartburn, regurgitation, or dysphagia), and 28
patients with CTD and end-stage lung disease (ESLD)
(group B, 58%) had EFT as part of the lung transplant
evaluation. Two hundred and eighty-six consecutive patients
with GERD who underwent a laparoscopic Nissen fundo-
plication (group C) served as a control group for esophageal
motility, acid exposure, and surgical outcome. Demographic
data for the three groups are shown in Table 1.

Manometric Profile

There was no difference in LES pressure between the three
groups (Table 2). The three groups, however, differed
substantially when esophageal peristalsis was considered.
In groups A and C, the mean wave amplitude was normal,
and about one third of patients had abnormal motility (low
amplitude waves and/or abnormal propagation). Peristalsis
was always present. In contrast, 83% of group B patients
had abnormal esophageal motility, and peristalsis was
absent in almost half of them.

Reflux Profile

Pathologic reflux was present in 70% and 86% of group A
and group B patients (Table 3). All group C patients had
abnormal reflux, as this was one of the criteria for a
fundoplication. Among patients with pathologic reflux, the
DeMeester score was higher in group B patients compared
to group A and group C patients. In addition, group B
patients had a higher acid exposure in the supine position
and a slower acid clearance (higher number of episodes of
reflux longer than 5 min).

Laparoscopic Fundoplication

Two patients in group A underwent a total (360°)
fundoplication and eight patients in group B underwent
either a total (360°; three patients) or a partial (240°; five
patients) fundoplication. All group C patients underwent a
total fundoplication (Table 4). In one group A patient, the
operation was converted to a laparotomy and one patient
developed postoperative atrial fibrillation requiring a 6-day
hospital stay. In group B, all operations were completed
laparoscopically. One patient (previous bilateral lung
transplant) developed pneumonia postoperatively and
remained in the hospital for 14 days for bronchial stenting
and antibiotics. In group C, five operations were converted
to laparotomy and there were six intraoperative complica-
tions (one gastric perforation, two splenic injuries not
requiring splenectomy, and three pneumothoraces requiring
tube thoracostomy). In group C, eight patients had
postoperative complications (one myocardial infarction,
two pleural effusions, one pneumonia, one wound infec-
tion, and three urinary retention episodes). The median
length of hospital stay after fundoplication was extended in
group B because three of the operations were done during

Table 1 Patient Characteristics

Group A (20 patients) Group B (28 patients) Group C (286 patients)

Median age, year (range) 52 (29–73) 48 (25–70) 48 (14–88)
Female sex 18 (90%) 19 (68%) 128 (44%)
Connective tissue disorder
Scleroderma 4 (20%) 18 (64%) n/a
Systemic lupus erythematosus (SLE) 8 (40%) 0 n/a
Mixed connective tissue disease 2 (10%) 5 (18%) n/a
Dermatomyositis/polymyositis 3 (15%) 5 (18%) n/a
Other 3 (15%) 0 n/a
Symptom prevalence
Any typical symptom 20 (100%) 20 (71%) 278 (97%)
Heartburn 15 (75%) 18 (64%) 251 (88%)
Dysphagia 15 (75%) 11 (39%) 108 (38%)
Regurgitation 12 (60%) 13 (46%) 204 (71%)

Other diagnoses: Rheumatoid arthritis, one patient; Sjögren's syndrome, two patients.
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the same admission after a lung transplant. For the five
patients admitted for an elective fundoplication, the median
length of hospital stay was 3 days.

Median duration of follow-up was 25 months for group
A, 10 months for group B, and 31 months for group C.
Fundoplication resulted in control of reflux symptoms in all
group A and group B patients, and in 90% of group C
patients. The rate of postoperative dysphagia was very low
in all groups (Table 4). One patient in group B (absent
peristalsis) developed dysphagia, which resolved after two
Savary dilatations. In group C, 15 patients (5.2%) devel-
oped dysphagia, and a total of 29 dilatations were
performed.

Discussion

The results of our study show that in patients with CTD: (a)
peristalsis is usually preserved and esophageal acid expo-
sure is similar to that of patients with GERD only; (b) when
end-stage lung disease is also present, peristalsis is absent
in about half of the patients, and the esophageal acid
exposure is more severe; and (c) a surgical approach
tailored to the esophageal motility profile allows control
of reflux symptoms with a low incidence of postoperative
dysphagia even when peristalsis is absent.

Connective Tissue Disorders and Esophageal Motility

The gastrointestinal tract is frequently involved in patients
with CTD, as it represents the second most common
manifestation after skin disease. The esophagus is affected
in up to 90% of patients, as the disease process causes some
degree of atrophy and fibrosis of the smooth muscles in the
distal two/thirds of the esophagus. As a consequence of the
compromised motility, GERD is frequently present.

It is a common belief that in addition to a hypotensive
lower esophageal sphincter (LES), peristalsis is frequently
absent.9,10 Our study, however, shows that peristalsis is
preserved in all patients with CTD when no other organs
other than the esophagus are involved. Specifically, we
demonstrated that in most patients with cutaneous and
gastrointestinal manifestations only, the motility profile was
similar to that of patients with GERD but without CTD.
Group A and group C patients had, in fact, similar LES
pressure and frequency of abnormal peristalsis. In addition,
peristalsis was always present. Motility instead differed
substantially in patients with CTD when ESLD was also
present. In group B, peristalsis was indeed abnormal in
about 80% of patients both in the distal and proximal
esophagus, and peristalsis was absent in about half of them.
This finding has been documented by others.11,12 For
instance, Marie and colleagues demonstrated that peristalsis

Table 3 Ambulatory 24-hour pH Monitoring

Group A Group B Group C

Median number of episodes (IQR) 160 (110–232) 234 (150–343) 171 (118–234)
Median number of episodes >5 min (IQR) 8 (4–13) 13 (4–18)* 6 (3–10)*
Median percent of time pH <4, total (IQR) 15 (11–25) 18 (13–31) 12 (8–21)
Median percent of time pH <4, upright (IQR) 16 (9–21) 16 (6–31) 14 (8–21)
Median percent of time pH <4, supine (IQR) 2 (1–37) 24 (11–36)* 9 (2–21)*
Prevalence of distal reflux 70% 86% 100%
Median reflux score for patients with GERD (IQR) 42 (34–87)** 83 (56–119)* 49 (15–77)*

Normal reflux (DeMeester) score: <14.7.
*p<0.05, B vs. C; **p<0.05, A vs. B.

Table 2 Esophageal Manometry

Group A Group B Group C

LES pressure, median (IQR) 14 (6–20) 10 (6–14) 10 (7–13)
Abnormal peristalsis (%) 5 (36%)* 20 (83%)*,** 103 (36%)**
Absent peristalsis (%) 0* 11 (46%)*,** 0**
PEA (mmHg), median (IQR) 61 (39–99)* 26 (0–46)*,** 53 (38–72)**
DEA (mmHg), median (IQR) 76 (54–139)* 19 (0–54)*,** 79 (51–107)**

“Abnormal peristalsis” was defined as nonspecific esophageal motility disorder (NSEMD), ineffectual esophageal motility (IEM) or no peristalsis.
LES lower esophageal sphincter, PEA proximal esophageal amplitude, DEA distal esophageal amplitude
*p<0.05, A vs. B; **p<0.05, B vs. C
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was absent in 52% of patients with systemic sclerosis and
interstitial lung disease (ILD),11 while Johnson documented
lack of peristalsis in 77% of similar patients.12

As a consequence of the different esophageal function,
the reflux profile documented by ambulatory pH monitor-
ing was very different among the three groups of patients.
The amount of reflux was similar in group A and group C
patients (p=NS). The reflux score was instead higher in
group B patients (A vs. B and C vs. B<0.05), who also had
more supine reflux and more episodes of reflux longer than
5 min. These findings are very important because supine/
nocturnal reflux is more dangerous due to the lack of
gravity, the decreased production of saliva, and the less
frequent swallowing. The elevated number of reflux
episodes longer than 5 min indicates a slower esophageal
acid clearance with the possibility of more severe mucosal
damage such as strictures, and of a more proximal extent of
the refluxate with aspiration.12,13,14

Clinical Implications

It has been shown that while abnormal mechanical
characteristics (low pressure and decreased length) or
abnormal functional behavior (transient relaxations) of the
LES has a permissive role that allows gastroesophageal
reflux to occur, esophageal peristalsis is the primary
determinant of esophageal clearance.14,15 In addition, there
is evidence that when a panesophageal motility disorders is
present, acid refluxes all the way to the upper esophagus
with an increased risk of aspiration.12,13 For instance, we
found that in group B patients (Table 3) the LES was
hypotensive, but in addition peristalsis was impaired not only
in the distal (DEA) but also in the proximal esophagus (PEA).
Therefore, it is reasonable to suggest that severe esophageal
involvement can cause or contribute to the development of
pulmonary complications in patients with CTD through
repeated episodes of microaspiration. For instance, in a
prospective study of patients with systemic sclerosis, Marie

and colleagues identified a correlation between the degree of
esophageal motility abnormalities (determined by manome-
try) and evidence for interstitial lung disease (ILD), both by
pulmonary function tests and high-resolution computed
tomography.11 In addition, at 2-year follow-up, patients
with severe esophageal motility had a faster deterioration of
lung function and a higher frequency of ILD on high-
resolution CT scans. The findings of this study strongly
suggest that GERD may be one of the contributing factors
of ILD in patients with systemic sclerosis.11 Similarly,
Afeltra et al. found an 85% prevalence of ILD in patients
with connective tissue disease,16 while Johnson et al. found
a correlation between the severity of GERD and pulmonary
manifestations in 12 of 13 patients (92%) with systemic
sclerosis.12 When the lungs are involved by the disease
process, the prognosis and life expectancy become much
worse. For instance, Bryan et al. found that pulmonary
disorders were the most common cause of death among
patients with systemic sclerosis.17 During a 5-year follow-
up, 21% of patients died of pulmonary complications.17

Therapeutic Implications

Proton pump inhibitors have been the main form of
treatment for GERD in patients with CTD, while surgery
has been rarely considered.18,19 This approach stems from
the belief that peristalsis is absent in most patients with
CTD so that a fundoplication must be avoided for fear of
creating or worsening dysphagia. This mind-set has several
pitfalls because of the following reasons:

– Treatment of GERD in patients with CTD is not able to
achieve healing of esophagitis even when high doses
are used.18 Even adding ranitidine at night to omepra-
zole does not improve nocturnal acid breakthrough and
quality of life in these patients.19

– Data from impedance studies show that treatment with
acid reducing medications only affects acid production

Table 4 Operative Data and Postoperative Outcome

Group A Group B Group C

Fundoplication
Total (360°) 2 3 286
Partial (240°) 0 5 0
Intra operative complications 0 0 6 (2.1%)
Conversion to laparotomy 1 (5%) 0 5 (1.8%)
Post operative complications 1 (5%) 1 (3.6%) 8 (2.8%)
Post operative dysphagia 0 1 (3.6%) 15 (5.2%)
Median length of hospital stay, days (IQR) 4 (2–6) 5 (2–14) 1 (1–2)
Control of symptoms (% patients) 100 100a 90

LES lower esophageal sphincter, PEA proximal esophageal amplitude, DEA distal esophageal amplitude
a One patient developed postoperative dysphagia, which resolved with two Savary dilatations.
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and raises the pH of the gastric refluxate, but reflux still
occurs as the frequency and duration of reflux episodes
is not affected.20,21,22 This observation explains the
persistence of symptoms and mucosal injury while on
proton pump therapy, and it suggests the need for an
antireflux operation to restore the competence of the
gastroesophageal junction and stop any type of reflux,
independent from its pH.20 For instance, Mainie et al.
were able to identify by impedance pH monitoring
patients whose cough was due to non-acid reflux while
treated by proton pump inhibitors.22 A laparoscopic
Nissen fundoplication was able to cure symptoms in 13
of 14 such patients (93%).22

– Finally, our study shows that a fundoplication was
effective in resolving reflux symptoms while it was
associated to a minimal incidence of postoperative
dysphagia. One patient only experienced troublesome
dysphagia postoperatively, but it resolved with bougie
dilatations. No reoperations were needed. We used a
total fundoplication even in patients with weak peri-
stalsis, but chose a partial fundoplication when peri-
stalsis was absent.8 This approach is similar to that
used in patients with achalasia in whom a partial
(anterior or posterior) fundoplication is added to the
Heller myotomy as a total fundoplication could cause
an obstacle to the esophageal emptying because
peristalsis is absent.23 Similarly, Watson et al. per-
formed a laparoscopic fundoplication in 26 patients
with GERD (ten had scleroderma) in whom manometry
had shown complete absence of peristalsis.24 At a 5- to
12-year follow-up, a good symptomatic outcome was
achieved in 93% of them.24 In addition, there is
evidence that esophageal dysfunction does not always
worsen in patients with systemic sclerosis. For in-
stance, Dantas et al. observed that during a median
follow-up of 40 months esophageal function worsened
in 6% of patients only.25 Furthermore, it is known that
a properly constructed fundoplication increases not
only LES pressure but also the strength of esophageal
peristalsis.26,27

Our study has some limitations. Esophageal manometry
was performed one time only, so that the manometric findings
are a brief snapshot in time of an individual's esophageal
performance, and it is not known if they remain constant
over time. In addition, the postoperative follow-up was
based on the symptomatic evaluation only, but pH monitor-
ing generally was not repeated postoperatively. Therefore,
we do not know if a partial fundoplication determined the
same degree of reflux control as a total fundoplication.

Even considering these limitations, we feel that our
study supports the notion that patients with CTD should be
screened early in the course of their disease by esophageal

function tests. If GERD is present, a fundoplication should
be offered early to prevent esophageal and extra-esophageal
complications.
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Abstract
Introduction Esophagectomy is performed by general and thoracic surgeons with the type of operation often dictated by the
surgeons’ training. The objective was to investigate outcomes of esophagectomy to determine if they varied according to
surgeon’s training.
Methods Clinical data of patients who underwent partial or total esophagectomy for esophageal cancer from 2003 through
2007 were obtained from the University HealthSystem Consortium database. Data were examined between general versus
thoracic surgeon and were reviewed for number and type of operations performed, demographics, length of stay, and
postoperative morbidity and mortality.
Results During the 54-month period, 2,657 esophagectomies were performed; 1,079 (41%) by general surgeons and 1,578
(59%) by thoracic surgeons. More blunt transhiatal esophagectomies were performed by general surgeons compared to
thoracic surgeons (56% vs. 37%, p<0.01) while more Ivor Lewis resections were performed by thoracic surgeons (63% vs.
44%, p<0.01). Thoracic surgery certification did not significantly affected outcomes with regards to mean hospital and ICU
stay, complications, observed mortality, and mortality index.
Conclusions In academic centers, the majority of esophagectomies for carcinoma are performed by thoracic surgeons who
favor the Ivor Lewis approach, while general surgeons favor the blunt transhiatal approach. Despite these differences,
specialty training does not appear an important factor affecting outcome.

Keywords Esophagectomy . Subspecialty training .

Ivor Lewis . Transhiatal
Introduction

Esophageal resection is typically performed in a high-risk,
elderly population suffering from many comorbid cardio-
pulmonary and nutritional conditions. Optimal outcomes
for esophagectomy often depend on the presence of an
experienced surgical team working in a multidisciplinary
program. A dedicated surgical team includes well-trained
surgeons, dedicated anesthesiologists, and operative sup-
port staff familiar with major abdominal and thoracic
surgical procedures. A well-structured program includes a
hospital facility capable of handling complex esophageal
operations with the presence of appropriate consultative and
critical care staff, experienced nursing staff, and a collab-
orative mutidisciplinary system in place for follow-up.

Two approaches to surgical resection of the esophagus
exist, including blunt/transhiatal resection and transthoracic/
Ivor Lewis esophagectomy. Both general and cardiothoracic
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trained surgeons perform esophagectomy; however, the
preference for operative approaches (transhiatal vs. transtho-
racic) depends on the surgeons’ training and experience.
Neither operative approach has been shown to confer a
clinical or survival advantage. Debate persists as to which
operation is the ideal on an oncologic basis. The aim of this
study was to determine the volume and types of operation
performed by each group of surgeons and determine if the
type of surgeon’s training affect outcome.

Materials and Methods

Database

The University HealthSystem Consortium (UHC) Clinical
Database is an administrative, clinical, and financial
database providing comparative data analysis between
academic institutions. The UHC database contains patient
discharge data from both academic health centers and
affiliated community hospitals throughout the United
States. It also contains discharge information for inpatient
hospital stays such as patient characteristics, postopera-
tive length of stay, 30-day readmission, overall and
specific postoperative morbidity, including observed and
expected (risk-adjusted) in-hospital mortality, inpatient
care costs, and discharge disposition. One of the benefits
of the UHC Clinical Database is the availability of risk-
adjusted data for comparison between institutions. The
database assigns a level of risk severity by grouping
patients based on the severity and complexity of
secondary diagnoses (comorbidities and complications).
The comorbidity severity group is classified as minor,
moderate, major, or extreme.

In-hospital mortality was defined as the percentage of
patients who did not survive to hospital discharge. The
UHC database does not provide information on death
occurring after discharge, even if the death occurred
within the 30 day perioperative period. Length of stay
was defined as the period from the index procedure to
hospital discharge. Complications included those related
to cardiac, pulmonary, thrombotic, hemorrhagic, iatro-
genic, and wound infectious events. In the UHC database
cardiac complications include postoperative myocardial
infarction as well as arrhythmias and other non-ischemic
related cardiac compromise. Pulmonary complications
included pneumonia and pulmonary function compro-
mise. Thrombotic complications included both deep
venous thrombosis and pulmonary embolism. Hemor-
rhagic complications included gastrointestinal bleeding as
well as extraluminal bleeding episodes. Wound infectious
complications included postoperative infections of surgi-
cal sites.

Data Analysis

The UHC database was analyzed for discharge data on all
patients who underwent esophageal resection with a gastric
neo-esophagus for the treatment of malignant esophageal
disease between January 1, 2003 and June 30, 2007. Hospital-
izations during which an esophageal resection was performed
for the treatment of malignant esophageal disease were
identified by appropriate diagnosis and procedural codes as
specified by the International Classification of Diseases, 9th
Edition, Clinical Modification (ICD-9-CM). The principal
ICD-9 diagnosis codes for esophageal malignancy were used
(1500, 1501, 1502, 1503, 1504, 1505, 1508, 1509, 1510, and
2301) as well as that for Barrett’s esophagus (53085). The
principal ICD-9 procedure codes for partial and total
esophageal resection were used (4241, 4251, 4252, and 4242).

Comparative patient characteristics included the type of
operation performed, age, gender, race, severity of illness,
length of intensive care unit (ICU), and length of hospital stay,
as well as overall perioperative complications, in-hospital
(observed) mortality and mortality index (observed-to-
expected mortality ratio). Hospital volumes were also analyzed
for biases towards surgeon subspecialty based on individual
institutions. Subspecialty surgical cases were determined by
culling database results for individual institutions and catego-
rizing them based on type of surgeon attesting to discharge
data. Surgeons in the UHC database, while not listed
individually by name, are labeled by the attesting facility
according to the physician’s specialty or subspecialty training.
General surgeon cases were classified as attesting physicians
with general, vascular, and oncologic surgical training and
certification labels. Cardiothoracic surgeon cases were classi-
fied as those attesting physicians with cardiothoracic and/or
thoracic surgery training and certification labeling.

Data are expressed as mean±standard deviation where
applicable. Continuous variables were analyzed using 2-
sample t-tests and categorical variables were analyzed with
Pearson χ2 tests. Parameters such as length of ICU stay and
hospital stay were given as a mean variable for each
institution. These values were weighted according to the
number of cases performed at their respective institutions.
Statistical analysis was performed on observed and sever-
ity-adjusted data with SPSS statistical software, version
12.0 (SPSS Inc., Chicago, IL, USA). P values less than
0.05 were considered statistically significant.

Results

Patient Characteristics and Demographics

From January 2003 to June 2007, a total of 2,657 patients
underwent esophageal resection for the treatment of malignant
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esophageal disease at 93 academic centers in the United States
(Table 1); 1,079 (41%) were performed by general surgeons,
while 1,578 (59%) were performed by thoracic surgeons.
More blunt transhiatal esophagectomies were performed by
general surgeons compared to thoracic surgeons (56% vs.
37%, p<0.01) while more Ivor Lewis resections were
performed by thoracic surgeons (63% vs. 44%, p<0.01).
Of the 68 centers where thoracic surgeons performed
esophageal resection, 25 (37%) centers were considered to
perform high-volume resection rates (≥13 resections/year).
There were 77 centers where general surgeons performed
esophageal resection, and of those, there were 21 (27%)
centers that were considered high-volume. The mean number
of cases performed per year in the general surgery group was
216 vs. 316 cases per year for the thoracic surgeon group.
The majority of patients were male (81%). The two groups
were comparable with respect to age, sex, and admission
status. There was a higher proportion of Caucasian within
the thoracic surgeon group (84% vs. 81%, p=0.05) but there
was a higher proportion of Hispanic patients within the
general surgeon group (2% vs. 1%, p=0.02). There was a
significantly higher proportion of patients with moderate
comorbidities operated by thoracic surgeons (28.6% vs.
24.2%, p=0.01) while there was a significantly higher
proportion of extreme comorbid illnesses operated by
general surgeons (20.1% vs. 16.9%, p=0.04).

Perioperative Outcomes

Overall, there was little difference in perioperative out-
comes between the two groups of surgeons (Table 2). The

overall complication rate between general and thoracic
surgeons was similar (55% vs. 52%, respectively). The
mean lengths of hospital stay for general and thoracic
surgeons were comparable at 16.6±11.5 days and 16.9±
14.0 days, respectively. Mean ICU stay was 8.4 days for
general surgeons, with 87% of patients admitted to the ICU
at some point during hospitalization. Mean ICU stay was
also 9.7 days for thoracic surgeons, with 73% of patients
being admitted to the ICU during hospitalization. The in-
hospital mortality rates were also comparable between both
general and thoracic surgeons (3.6% and 2.9%, respective-
ly). Mortality index (observed/expected mortality ratio) was
similarly comparable between general and thoracic sur-
geons (0.79 vs. 0.65).

Discussion

Utilizing a large national academic database, the current
study was able to demonstrate that thoracic trained
surgeons perform more esophageal resections than do
general surgeons. Thoracic surgeons favor the Ivor Lewis
approach (63% of operations), while general surgeons favor
the blunt/transhiatal approach (56% of resections). General
surgeons operated on patients with higher comorbid ill-
nesses than did thoracic surgeons. There were more centers
that performed high-volume esophagectomy (≥13 opera-
tions/year) within the thoracic group compared to the
general group (37% versus 27%). Despite all of the these
differences, there were no differences in operative out-
comes such as length of hospital stay, ICU days, overall
morbidity, mortality, or mortality index between the two
surgical groups.

Few studies have evaluated the differences in outcomes
between subspecialty and non-subspecialty surgeons with
regards to any operation. Limited data from lung,1 gastric,
colon2 and select vascular surgeries3,4 does exist. However,
only one previous study addresses esophageal resections.
Dimick et al. evaluated 1,946 esophageal resection patients
from the Medicare database spanning the 2-year period
from 1998–1999.5 The intent of that study was to evaluate

Table 1 Esophagectomy Demographics According to Surgical Sub-
specialty Training

General
surgeons

Thoracic
surgeons

p value

Total esophagectomies 1,079 1,578 N/A
Blunt/transhiatal (%) 56 37 <0.01*
Ivor Lewis (%) 44 63 <0.01*
Gender: male (%) 80 81 N/A
Admission status (elective: urgent) 20:1 20:1 1.0
Race (%)
Caucasian 81 84 0.05*
Black 4 4 0.68
Hispanic 2 1 0.02*
Asian 1 1 0.56
Other 12 10 0.14
Comorbid illness (%)
Moderate 24.2 28.6 0.01*
Major 55.7 54.5 0.55
Extreme 20.1 16.9 0.04*

*p≤0.05, Chi-square tests

Table 2 Perioperative Outcomes of Malignant Esophagectomy
Performed by General vs. Thoracic Surgeons

Outcomes General
Surgeons

Thoracic
Surgeons

p Value

Mean length of stay (days) 16.6±11.5 16.9±14.0 0.80
Mean ICU stay (days) 8.4 9.7 0.29
Overall complications (%) 55 52 0.11
In-hospital mortality (%) 3.6 2.9 0.31
Mortality index (obs/exp) 0.79 0.65 N/A
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the so-called provider-level variable as it pertains to
outcomes, as opposed to the hospital volume which has
repeatedly been shown to have a significant impact on
mortality. They found that in the 32% of patients who had
their esophagectomy performed by a thoracic surgeon,
mortality rates fell by 37% compared to non-thoracic
surgeons. Despite this difference, however, mortality differ-
ences between high-volume hospitals and surgeons and
low-volume hospitals and surgeons were larger than those
between thoracic and general surgeons. They concluded
that thoracic surgery training was associated with lower
mortality after esophageal resection. These statistics are in
stark contrast to our results which showed that 59% of
esophagectomy procedures were performed by thoracic
surgeon but there were no significant differences in the
operative outcomes between the thoracic and general
surgery groups. Other studies have evaluated surgeon
volume as a predictive factor for mortality. Rouvelas et al.
demonstrated, in a prospective study of 607 patients, a
correlation between increasing surgeon volume and de-
creasing mortality.6 Migliore et al. evaluated nine surgeons
performing 195 esophageal cancer resections and found a
4.6-fold lower operative mortality rate in high-volume (>6
cases/year) surgeons than those with a lower volume.7 The
UHC database does not attribute volume to a particular
surgeon, and as such, volume outcomes are only able to be
examined by individual institutions. As a result, no
conclusions for or against individual surgeon volume can
be drawn from our study data.

Currently the most important factors affecting outcomes
after esophagectomy are the number of operations per-
formed by the surgeon as well as the number of esophageal
resections performed by an institution.8–11 This volume–
outcome relationship also extends far beyond esophageal
surgery to include various other forms of cancer as well as
bariatric surgery.12–14 According to the Leapfrog group,
institutions performing more than 13 esophageal resections
per year have the lowest mortality.15 These guidelines have
been broadly accepted by and are resulting in health care
organizations promoting regionalization of care for more
complex operations. And while little controversy exists
over the surgeon–volume outcome relationship, our data
represents one of the few studies to evaluate the impact of
surgeon specialty training and its role on esophageal
resection outcomes.

Data regarding the ideal operative approach to esopha-
geal resection remain unclear, but with some distinct trends.
Chang et al. retrospectively utilized the surveillance,
epidemiology, and end results (SEER) database to evaluate
868 patients undergoing transhiatal versus transthoracic
resection.16 They found a lower operative mortality rate
with transhiatal resection compared to the transthoracic
approach (6.7% versus 13.1%). There was also improved

short-term survival for transhiatal patients compared to
transthoracic (30.5% versus 22.7%) that did not last beyond
5 years. Hulscher et al. evaluated 220 patients randomized
to either transhiatal or transthoracic esophageal resection to
determine overall and disease-free survival.17 Transhiatal
resection also showed decreased morbidity. However, in
contrast to the study by Chang et al., there was a trend
towards increased 5-year survival with the transthoracic
approach. Similar 5-year trends towards increased survival
with the transthoracic approach were found by Omloo et al.
in 220 randomized patients.18 Unfortunately, survival data
are not recorded by the UHC database, precluding long-
term mortality evaluation of either surgical approach in our
study. However, lymph node yield is also significantly
higher with Ivor Lewis transthoracic resection compared to
transhiatal resection (68% versus 36% ≥ 19 nodes).19 This
may be a motivating reason for the higher rate of
performance by subspecialists, as shown to account for
63% in our study. On the other hand, some cardiothoracic
surgeons still advocate the transhiatal approach.20

This study has several noteworthy limitations. The UHC
database is generated from discharge data and is limited to
in-hospital morbidity and mortality without follow-up data.
One example of these limitations relates to complications or
deaths arising after discharge, as these data points are not
available in this database. The coding of certain complica-
tions also has potential to be inaccurate because postoper-
ative adverse events are often subjectively defined by the
surgeon and may be coded differently (e.g. leaks) by
clerical personnel. In addition, there is the possibility of
erroneous labeling of surgeon specialty training by attesting
institutions, particularly if a particular high-volume surgeon
is consistently mislabeled by his/her own institution in the
UHC database. Furthermore, there is also frequent criticism
of the use of large databases due to poor uniformity of risk-
stratification of patients, making comparisons between
hospitals difficult. The UHC database uses an extensive
risk adjustment methodology to assign an expected mortal-
ity to each patient based on medical comorbidities and
operative complexity. This risk stratification process gen-
erates at least some level of equalization between patients at
various institutions and provides results that are both more
analogous and comparable. Our study was also limited to
academic centers and the results may not be generalizable
to nonacademic institutions. Additionally, it remains un-
clear what percentage of total annual esophageal resections
this database represents, a fact which limits the ability to
further generalize these results. Despite these limitations,
in-hospital mortality and length of stay are accurate
endpoints as these endpoints do not require subjective
evaluation, and the large sample size of this study is
important to examine the outcome of esophagectomy
performed by general vs. thoracic surgeons.
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Conclusion

This study analyzed the outcomes of esophagectomy for
malignancy according to the surgeon’s training using a
national administrative database. We found that thoracic
surgeons perform more esophagectomy than general sur-
geons. We also found that thoracic surgeons favored the Ivor
Lewis approach while general surgeons favored the blunt
transhiatal esophagectomy approach. Despite the differences
in operative technique, there was no significant difference in
patient’s outcome when performed by thoracic trained vs.
general surgeons. Therefore, surgical specialty training does
not significantly affect outcomes in esophagectomy.
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Abstract
Introduction Resection of the capsule of the pancreas is part of the radical operation proposed by oriental authors for the
treatment of gastric cancer. It is unclear; however, if resection of the capsule is a safe procedure or even if it is necessary.
This study aims to assess in patients treated for gastric cancer the occurrence of: (a) pancreatic fistula and (b) metastasis to
the pancreatic capsule.
Methods We studied 80 patients (mean age 61 years, 42 males) submitted to gastrectomy with resection of the pancreatic
capsule by hydrodissection. Patients with pancreatic disease, tumoral invasion of the pancreas, submitted to concomitant
splenectomy, or anastomotic leakage were excluded. The tumor was located in the distal third of the stomach in 60% of the
patients, in the middle third in 27%, and proximally in 12%. Total gastrectomy was performed in 27% of the cases and
partial gastrectomy in 73%. In all patients, amylase activity in the drainage fluid was measured on day 2. If initial
measurement was abnormal, subsequent measurements were performed in alternated days until normalization. Pancreatic
fistula was defined as amylase levels greater than 600. In 25 of these patients (mean age 53 years, 16 males), the pancreatic
capsule was histologically analyzed for metastasis.
Results Pancreatic fistula was diagnosed in eight (10%) patients. The mean amylase level was 5,863. Normalization of amylase
levels was achieved within 7 days in all patients. No patient developed clinical signs of fistula besides abnormal amylase levels in
the drainage fluid, such as intra-abdominal abscesses. Pancreatic fistula was associated to younger age (p=0.03) but not to gender
(p=0.1), tumor location (p=0.6), and type of gastrectomy (p=0.8). Metastasis to the pancreatic capsule was not identified.
Conclusion In conclusion, resection of the pancreatic capsule must be discouraged due to subclinical pancreatic fistula in a
significant number of the cases and absence of metastasis.

Keywords Pancreas . Gastric cancer . Gastrectomy . Fistula Introduction

The ideal surgical approach to treat gastric cancer is still a
debatable topic. Gastrectomy and extended lymphade-
nectomy is the standard technique in the East, in opposite
to less radical procedures favored in Western countries.1

Every year, however, several papers are published showing
survival benefits to the more radical operation.2–4

Resection of the capsule of the pancreas is part of the
operation proposed by oriental authors. It is unclear,
however, if resection of the pancreatic capsule is a safe
procedure or even if it is necessary.

This study aims to assess in patients treated for gastric
cancer the occurrence of: (a) pancreatic fistula and (b)
metastasis to the pancreatic capsule.
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Methods

Patients

We studied 80 patients (mean age 61.5±12.6 years, 42
males) submitted to radical gastrectomy for adenocarcinoma
of the stomach with resection of the pancreatic capsule.
Patients with pancreatic disease, tumoral invasion of the
pancreas, submitted to concomitant splenectomy, or anasto-
motic leakage were excluded from analysis. Data were
obtained from a prospective collected clinical database.

The gastric tumor was located in the distal third of the
stomach in 60.0% (n=48) of the patients, in the middle
third in 27.5% (n=22), and proximally in 12.5% (n=10).

Surgical Technique

Total gastrectomy was performed in 27.5% (n=22) of the
cases and partial gastrectomy in 72.5% (n=58). D2
lymphadenectomy was performed in all cases, according
to the Japanese school5 with removal of the pancreatic
capsule by hydrodissection (Fig. 1).

Pancreatic Fistula Assessment

In all patients, amylase activity in the drainage fluid was
measured on postoperative day 2. If initial measurement
was abnormal, subsequent measurements were performed
in alternated days until normalization.

Pancreatic fistula was defined as amylase levels greater
than 600.

Pancreatic Capsule Metastasis Assessment

In the last 25 patients (mean age 53±12.6 years, 16 males),
the pancreatic capsule was histologically analyzed under
hematoxylin–eosin staining for metastasis.

Statistics

Chi-square and Student’s t tests were used as indicated.
Statistical significance was defined as p<0.05.

Results

Pancreatic Fistula

Pancreatic fistula was diagnosed in eight (10%)
patients. The mean amylase level was 5,863±11,855
(range 758–33,400) IU/l in these patients on postoper-
ative day 2. Normalization of amylase levels was
achieved within 7 days in all patients. No patient
developed clinical signs of fistula such as intra-abdominal
abscesses.

The presence of pancreatic fistula was not associated to
gender (p=0.1), tumor location (p=0.6), and type of
gastrectomy (p=0.8). Patients with pancreatic fistula had a
younger age (mean age 52.2±10.1 years) compared to
patients without fistula (mean age 62.3±12.6 years;
p=0.03).

Pancreatic Capsule Metastasis

Metastasis to the pancreatic capsule was not identified.

Discussion

Our results show that: (a) subclinical pancreatic fistula
occurs in 10% of the patients submitted to pancreatic
capsule removal and (b) metastasis to the pancreatic capsule
was not detected.

Figure 1 Technique of hydro-
dissection for removal of the
pancreatic capsule.
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Gastric Cancer Surgery and the Pancreas

The extent of lymphadenectomy necessary for gastric
cancer cure remains controversial as a considerable varia-
tion exists between results of different studies.

Extended lymphadenectomy (D2–D3) seems to be
associated to a higher index of complications when
compared to less radical operations.6–8 Also, the relative
risk ratio for morbidity and mortality is significantly higher
if pancreatectomy is associated to the gastrectomy.7,9 There
are no studies showing specific morbidity linked to
resection of the pancreatic capsule.

Postgastrectomy pancreatic fistula has an incidence be-
tween 0% and 2%9,10 in the absence of pancreatic resection
and between 7% and 22% after distal pancreatosplenectomy.9

Although the criteria used by different authors to define
pancreatic fistula is variable,9,11,12 our study detected a
significant percentage of subclinical pancreatic fistula in the
absence of pancreatic resection.

Gastric Cancer Surgery and Bursectomy

Bursectomy is the term created by some authors to describe
the en bloc resection of the limits of the bursa omentalis, i.e.,
the posterior wall of the stomach anteriorly, the hepatogastric
ligament superiorly, the superior layer of the transverse
mesocolon inferiorly, and the capsule of the pancreas
posteriorly. The procedure is recommended in the Japanese
Gastric Cancer Treatment Guidelines13 as part of the radical
operation for gastric cancer. The purpose of this procedure is
to remove cancer cells and micrometastases disseminated
into the retro-stomach space.14,15

The real value of the bursectomy, however, has never
been adequately assessed. Two studies demonstrated that free
cancer cells are rarely found confined to the bursa
omentalis14 and that survival is not different among tumors
located in the anterior versus posterior wall of the stomach.15

Our study focused on the capsule of the pancreas, i.e., only
one wall of the bursa omentalis, due to the risk of
complications associated to pancreatic fistula. Our results
failed to demonstrate microscopic metastasis to the capsule.

Conclusions

We concluded that the dissection of the anterior capsule of
the pancreas can lead to potential complications, even if
they were not necessarily seen in this small cohort. There
certainly is no evidence in this dataset that the additional
dissection yielded any benefit to the patients.
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Abstract
Background No data on incidence, management, or natural history of chyle leaks following pancreatic resection have been
published. We sought to identify possible risk factors associated with chyle leaks following pancreatic resection, as well as
determine the natural history of this rare complication.
Methods Between 1993 and 2008, 3,532 patients underwent pancreatic resection at a single institution. Data on
demographics, operative details, primary tumor status, and chyle leak were collected. To identify risk factors associated with
chyle leak, a matched 3:1 paired analysis was performed.
Results Of 3,532 patients undergoing pancreatic resection, 47 (1.3%) developed a chyle leak (n = 34, contained chyle leak
versus n = 13, diffuse chylous ascites). Chyle leak was identified at median 5 days following surgery. Median drain
triglyceride levels were 592 ng/dl. After matching on tumor size, disease etiology, and resection type, the number of lymph
nodes harvested and history of concomitant vascular resection predicted higher risk of chyle leak (both P < 0.05). Total
parenteral nutrition (TPN) was required in more patients with chylous ascites (92.3%) than those with chyle leaks (44.1%)
(P = 0.003). The median time to resolution was shorter for contained chyle leaks (13 days) versus chylous ascites (36 days)
(P < 0.001). Patients with chylous ascites tended to have shorter overall survival (3-year, 18.8%) versus patients with no
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chyle leak (3-year, 46.9%) (P = 0.12). In contrast, patients with a contained chyle leak had a similar survival as patients with
no chyle leak (3-year, 53.4% versus 46.9%, respectively) (P = 0.32).
Conclusion Chyle leak was a rare (1.3%) complication following pancreatic resection that was associated with number of
lymph nodes harvested and concomitant vascular resection. In general, chyle leaks were successfully managed with TPN with
no adverse impact on outcome. Patients with chylous ascites, however, had a more protracted clinical course and tended to
have a worse long-term survival.

Keywords Chyle . Leak . Complications . Pancreas . Surgery

Introduction

Pancreatic resection can be associated with significant poten-
tial risks and complications. Although mortality following
pancreaticoduodenectomy has decreased over the past 20 years
to less than 5%,1–5 the incidence of peri-operative complica-
tions remains relatively high at 30%.2,4,6,7 Complications
from pancreatic resection include delayed gastric emptying,
anastomic leak, pancreatic fistula, intra-abdominal abscess
formation, and bleeding. Chyle leak has also been reported as
a complication following pancreatic resection.8–14 In general,
chyle leak is a very uncommon postoperative surgical com-
plication. In fact, Press et al.15 reported that chyle leak occurred
in only one out of 20,000 hospital admissions for major
abdominal or retroperitoneal surgical procedures. Despite its
rarity, chyle leak can be associated with significant morbidity
including dehydration, wound complications, weight loss,
immunosuppression, or even death secondary to sepsis.16–20

Postoperative intra-abdominal chyle leak is most likely
secondary to surgical disruption of the cisterna chyli or one of
its major lymphatic tributaries.21,22 Surgical procedures that
can result in a chyle leak traditionally include retroperitoneal
lymph node dissection,21,23 distal splenorenal shunts,24 abdom-
inal aortic aneurysm repair,25,26 and liver transplantation.27 To
date, all data concerning chyle leaks following pancreatic
resection have been anecdotal and derived from limited case
reports.8–14 As such, the true incidence of chyle leak has yet to
be defined in a large cohort of patients undergoing pancreatic
resection. In addition, the natural history, management, and
prognostic implications of chyle leak remain poorly defined.
Therefore, the objective of the current study was to define the
incidence, natural history, and management strategy of chyle
leaks in a large single-institution series of patients undergoing
pancreatic resection. In addition, we sought to identify possible
risk factors associated with chyle leaks as well as assess the
relative implications of developing a contained chyle leak
versus diffuse chylous ascites following pancreatic resection.

Patient and Methods

Between May 1993 and March 2008, 3,532 patients under-
went pancreatic resection at the Johns Hopkins Hospital (total

pancreatectomy, n = 232; pancreaticoduodenectomy, n =
2,589; distal pancreatectomy, n = 711). All patients were
evaluated preoperatively with a history and physical exam-
ination, serum laboratory tests, pancreatic protocol computed
tomography, and a chest radiograph. Chyle leak was defined
as ≥200 ml/day of milky, white amylase-poor drain effluent
with a triglyceride level ≥110 mg/dl.16,28,29 For the purpose
of analyses, chyle leak was further stratified into contained
chyle leak versus diffuse chylous ascites. A contained chyle
leak was defined as a local peri-pancreatic chyle collection;
in contrast, chylous ascites was defined as the presence of
diffuse chyloperitoneum.

All data were prospectively collected in a database
approved by the Institutional Review Board. The following
data were collected for each group: demographics; clinical
presentation; primary tumor histology, location, size;
operative details; disease status; date and status at last
follow-up; and date of death. For the primary tumor, tumor
size was defined by the resection specimen. Data on peri-
operative complications were also collected for all patients.
In addition, detailed data on the specifics of the chyle leak
were obtained, including information on time of onset,
management, duration, and related complications.

In order to identify potential risk factors associated with
chyle leak, a matched-controlled analysis was performed.
Specifically, patients without evidence of chyle leak who
underwent pancreatic resection were utilized as a matched-
control group. Cases (e.g., patients who underwent pancreatic
resection and developed a chyle leak) were matched in a 1:3
fashion with the control group (e.g., patients who underwent
pancreatic resection and did not develop a chyle leak). Cases
and controls were matched on primary tumor characteristics
(primary tumor histology, primary site of tumor, primary
tumor size) and type of pancreatic resection. Morbidity,
mortality, and overall survival were compared among the
cases and the control group. Summary statistics were reported
using mean or median values as appropriate with the
associated standard deviations (SD) or inter-quartile ranges
(IQ). Student t tests or analyses of variance were used for
mean comparison of variables that were distributed normally.
Mann–Whitney test was used to compare skewed continuous
variables. Chi-square statistics were used to compare
frequencies of categorical variables among groups. Long-
term survival was estimated using the nonparametric
product-limit method (Kaplan and Meier).30 Differences in
survival were examined using the log-rank test. Statistical
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analyses were performed using SPSS software (version 11.5;
SPSS Inc., Chicago, IL, USA). Conditional logistic regres-
sion estimated odd ratios (OR) with 95% confidence
intervals (CIs) for exposure variables were obtained using
Intercooled Stata version 9 statistical software (Stata Corp,
College Station, TX, USA). P values less than 0.05 were
considered to be statistically significant for all tests.

Results

Clinicopathologic Characteristics and Surgical Details

Of the 3,532 patients undergoing pancreatic resection, 47
(1.3%) developed a chyle leak following surgery (Table 1). Of
the 47 patients with a chyle leak, 34 (72.3%) patients had a
contained chyle leak while 13 (27.6%) developed diffuse
chylous ascites. Overall, the mean patient age was 64 years
(range 55 to 72 years). Most patients (n = 44, 93.6%) had an
underlying malignancy as the indication for pancreatic
resection (adenocarcinoma, n = 27, 57.4%; neuroendocrine,
n = 4, 8.5%; bile duct adenocarcinoma, n = 4, 8.6%; other,
n = 9, 20.4%). In those patients with an underlying
malignancy, the primary tumor site was most often located
in the pancreatic head (n = 41 out of 44, 93.2%). There was
no statistical difference in the clinicopathologic character-
istics of patients who had a contained chyle leak compared
with those who developed diffuse chylous ascites (all P >
0.05) (Table 1).

At the time of operation, surgical treatment involved a
pylorus preserving pancreaticoduodenectomy (n = 31,
65.9%), classic pancreaticoduodenectomy (n = 10,
21.3%), classic total pancreatectomy (n = 3, 6.4%), pylorus
preserving total pancreatectomy (n = 2, 4.3%), or distal
pancreatectomy (n = 1, 2.1%) (Table 2). One patient (2.1%)

had synchronous liver metastases and underwent a simul-
taneous pylorus preserving pancreaticoduodenectomy and
non-anatomic hepatic wedge resection. Seven patients
(14.9%) required some form of vascular resection and
reconstruction to extirpate the tumor (portal-superior
mesenteric vein, n = 6, 12.7%; inferior vena cava, n = 1,
2.1%). The median operative time was 402 min (range 340
to 530 min) and the median estimated blood loss was
750 ml (range 450 to 1,400 ml).

On final pathologic analysis, the median size of the
primary tumor was 3.5 cm (range 2.3 to 4.0 cm). No patient
had a macroscopically positive margin; the margin status
was microscopically positive in 24 patients (51.1%) and
microscopically negative in 23 (48.9%) patients. The
median number of nodes evaluated was 18 (range 13 to
24). Of the 47 patients who underwent pancreatic resection
and subsequently developed a chyle leak, 18 (38.3%) had
no metastasis to the peri-pancreatic lymph nodes (N0)
while 29 (61.7%) had lymph nodes metastasis (N1). The
median number of lymph nodes examined in the N0 group
was 15 compared with a median number of 19 lymph nodes
in the N1 cohort (P = 0.267).

No patient died within 30 days of resection. The median
length of stay following pancreatic resection was 13 days
(range 10 to 17 days).

Chyle Leak: Natural History and Management

The median time to chyle leak presentation following surgical
resection was 5 days (range 4 to 8 days). All patients who had
a chyle leak presented with milky output from their
abdominal drain. The change in fluid character was typically
associated with advancement of the patient’s diet. The mean
fluid triglyceride level was 592 mg/dl (SD 64 mg/dl); the
mean drain amylase level was 71 U/l (SD 42 U/l).

Table 1 Patient Clinicopatho-
logic Characteristics

SD standard deviation, IQR
intra-quartile range

Variable Contained chyle leak
(n=34)

Chylous ascites
(n=13)

Total cases
(n=47)

Patient characteristics
Age (mean±SD in years) 64.3±2.9 60.2±3.9 63.5±5.2
Gender (% Male) 17 (50.0%) 8 (61.5%) 25 (53.2)
Race (% White) 31 (91.2%) 11 (84.6%) 42 (89.4)
Primary tumor
Cancer as primary diagnosis (%) 32 (94.1%) 12 (92.3%) 44 (93.6)
Tumor size (median; IQR in cm) 3.5 (2.0–4.0) 3.6 (2.1–4.7) 3.5 (2.3–4.0)
Tumor site (%)
Pancreas head 23 (67.6%) 9 (69.2%) 32 (68.1%)
Pancreas tail 0 (0%) 1 (7.7%) 1 (2.1%)
Duodenum 2 (5.9%) 2 (15.4%) 4 (8.5%)
Distal bile duct 2 (5.9%) 0 (0%) 2 (4.3%)
Ampulla 7 (20.6%) 1 (7.7%) 8 (17%)
T2 or T3 disease (%) 29 (85.2%) 11 (84.5%) 40 (85.1%)
Non-cancer as primary diagnosis (%) 2 (5.9%) 1 (7.7%) 3 (6.4%)

J Gastrointest Surg (2008) 12:1915–1923 19171917



All patients were initially treated with conservative
management. While most patients (n = 27, 57.4%) were
placed on hyperalimentation, total parenteral nutrition (TPN)
was utilized more frequently in patients with chylous ascites
(n = 12, 92.3%) versus patients with a contained chyle leak
(n = 15; 44.1%) (P = 0.003). Median duration of TPN was
15 days (range 19 to 28 days). Somatostatin was employed
in eight (17.0%) patients. In a subset of patients (n = 7,
14.9%), lymphoscintigraphy (n = 4) or lymphangiogram
(n = 3) was utilized in an attempt to identify the site of
chyle leak. Both techniques were largely unsuccessful in
detecting the leak (lymphoscintigraphy = one out of four;
lymphangiogram = one out of three). Successful sclerotic
embolization of the leak site was performed in one patient in
whom the leak was identified on lymphangiogram. Three
(6.4%) patients subsequently underwent re-operation in an
attempt to identify and ligate the cisterna chyli. This was
unsuccessful in all three patients; two patients had a
peritoneovenous shunt placed. Of note, of the seven patients
who failed conservative management and required a more
aggressive therapeutic approach (e.g., lymphoscintigraphy,
lymphangiogram, or re-operation), only one patient had a
contained chyle leak (2.9%) compared with six who had
diffuse chylous ascites (46.2%) (P = 0.004).

Complications associated with the chyle leak included
abscess (n = 2, 4.3%), concomitant pancreatic fistula (n = 2,
4.3%), malnutrition (e.g., albumin <3.5 mg/dl) (n = 43,
91.5%), peritonitis (n = 3, 6.4%), and sepsis (n = 6, 12.8%).

Overall, the median time to resolution of the chyle leak
was 13 days (range 8 to 27 days). For those patients
managed conservatively with TPN (n = 27), the chyle leak
resolved within a median of 15 days (range, 9 to 28 days).
In contrast, those patients that required more aggressive
management (e.g., lymphoscintigraphy, lymphangiogram,

or re-operation) (n = 7) required a median of 58 days (range
16 to 232 days) for the chyle leak to resolve. In addition,
the resolution of the chyle leak was significantly shorter in
patients with a contained chyle leak (median 5 days, range
3 to 7 days) versus patients who developed diffuse chylous
ascites (median 36 days, range 20 to 50 days) (P < 0.001).

For the entire cohort of patients who developed a chyle
leak (n = 47), the median overall survival was 32.1 months
and the 1- and 3-year actuarial overall survival rates were
80.2% and 26.9%, respectively (Fig. 1). When only patients
with pancreatic adenocarcinoma were considered (n = 24),
the 1- and 3-year actuarial overall survival rates were
63.8% and 18.3%, respectively. In assessing the entire
cohort (n = 47), patients with chylous ascites tended to have
a worse cumulative survival compared with patients who
developed a contained chyle leak (P = 0.12) (Fig. 2).
Specifically, some patients with chylous ascites suffered
early demise that was directly attributable to their chyle
complication. This fact was reflected in the 3-year survival

Figure 1 Overall survival of entire cohort of patients who developed
chyle leak following pancreatic resection (n=47).

Table 2 Details of Contained
Chyle Leak Versus Chylous
Ascites

PP pylorus preserving, SD
standard deviation, ml milliliters
a Only cancer patients (n=32 to
chyle leak, n=12 to chyle
ascites, n=44 total cases)

Variable Contained chyle
leak (n=34)

Chylous ascites
(n=13)

Total cases
(n=47)

Details of operative procedure
Pancreatic resection (%)
Classic pancreaticoduodenectomy 6 (17.6%) 4 (30.8%) 10 (21.3%)
PP pancreaticoduodenectomy 25(73.5%) 6 (46.2%) 31 (66%)
Classic total pancreatectomy 2 (5.9%) 1 (7.7%) 3 (6.4%)
PP total pancreatectomy 1(2.9%) 1 (7.7%) 2 (4.3%)
Distal pancreatectomy 0 (0%) 1 (7.7%) 1 (2.1%)
Lymph nodes harvested (mean, range) 18 (12–24) 19 (14–22) 18 (13–24)
Vascular resection+reconstruction (%) 3 (8.8%) 4 (30.8%) 7 (14.9%)
Estimated blood loss (mean±SD in ml) 1,033±207 2,089±606 1,250±215
Operative time (mean±SD in min) 439±25 464±41 444±21
Details of surgical pathologya

Metastatic lymph nodes (mean, range) 3 (1–5) 1 (0–7) 3 (0–5)
Poor-moderate tumor grade (%) 27 (84.4%) 12 (66.6%) 39 (88.6%)
Lympho-vascular invasion (%) 20 (62.5%) 5 (41.6%) 25 (56.8%)
Neural invasion (%) 24 (75%) 8 (66.7%) 32 (72.7%)
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of patients with chylous ascites being only 18.8% versus
53.4% for patients with a contained chyle leak.

Matched Analysis: Risk Factors Associated with Chyle Leak

In order to identify potential risk factors associated with the
development of chyle leak, a matched-control analysis was
then performed. Table 3 shows the clinicopathologic
characteristics of the patients in the case and control groups
following the matching process. Matching was successful
in identifying cohorts of patients with comparable age,
primary tumor characteristics (e.g., histology, tumor size),

and type of pancreatic resection performed. For those
patients with pancreatic adenocarcinoma, the extent of local
disease (e.g., T stage) as well as incidence of neuro-vascular
invasion was similar in each group.

Univariate analyses revealed several factors that were
associated with the risk of chyle leak (Table 4). Increasing
operative time of the pancreatic resection was predictive of
increased risk of chyle leak. Specifically, for every 30 min
of increased operative time there was an associated 14%
increased risk of developing a postoperative chyle leak
(OR = 1.14, 95% CI 1.02–1.28; P = 0.01). Similarly, an
increasing number of lymph nodes harvested at the time of
pancreatic resection was associated with a higher risk of chyle
leak. The median total number of lymph nodes harvested in
patients developing a chyle leak was 18 compared with 16 in
the control group (P = 0.06). For each additional lymph node
harvested, the risk of chyle leak increased by 6% (OR =
1.06, 95% CI 1.01–1.11; P = 0.01). In contrast, the number
of lymph nodes with metastatic disease was not associated
with the risk of chyle leak (P = 0.57). Another factor
associated with the risk of chyle leak was concomitant vessel
resection at the time of surgery. In fact, vascular resection
and reconstruction was the factor most strongly associated
with the risk of chyle leak (OR = 4.81, 95% CI 1.41–16.6;
P = 0.01). On multivariate analysis, number of lymph nodes
harvested as well as vascular resection and reconstruction
remained associated with risk of chyle leak (Table 4).
Patients who underwent vascular resection and reconstruc-
tion had over an eightfold increased risk of chyle leak (OR =
8.25, 95% CI 1.99–34.6; P = 0.004).

Figure 2 Overall survival comparing patients who developed a
contained chyle leak versus patients who developed diffuse chylous
ascites following pancreatic resection. Patients with chylous ascites
tended to have a worse long-term survival (3-year survival—contained
leak, 53.4% versus ascites, 18.8%; P=0.12).

Table 3 Clinicopathologic
Characteristics and Operative
Procedures: 1:3 Match

IQR intra-quartile range, PP
pylorus preserving

Variable Cases (chyle leak) N=47 Controls (no chyle leak) N=141

Patient characteristics
Age (mean±SD in years) 63.5±11.5 61.91±11.9
Gender (% Male) 25 (53.2%) 99 (70.2%)
Race (% White) 42 (89.4%) 122 (86.5%)
Primary tumor
Cancer as primary diagnosis (%) 44 (93.6%) 129 (91.5%)
Tumor size (median; IQR in cm) 3.5 cm (2–3.7) 3.5 cm (2–4)
Tumor site (%)
Pancreas head 32 (68.1%) 96 (68.1%)
Pancreas tail 1 (2.1%) 3 (2.1%)
Duodenum 4 (8.5%) 12 (8.5%)
Distal bile duct 2 (4.3%) 6 (4.3%)
Ampulla 8 (17%) 24 (17%)

Non-cancer as primary diagnosis (%) 3 (6.4%) 12 (8.5%)
Operation for primary tumor site
Pancreatic resection (%)
Classic pancreaticoduodenectomy 10 (21.3%) 26 (18.4%)
PP pancreaticoduodenectomy 31 (66%) 98 (69.5%)
Classic total pancreatectomy 3 (6.4%) 10 (7.1%)
PP total pancreatectomy 2 (4.3%) 4 (2.8%)
Distal pancreatectomy 1 (2.1%) 3 (2.1%)
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Regarding overall survival, patients who developed
postoperative chylous ascites tend to have a shorter overall
survival (3-year, 18.8%) compared with patients who did
not develop any type of chyle leak following pancreatic
resection (3-year, 46.9%) (P = 0.12) (Fig. 3a). In contrast,
the overall survival of patients with a contained chyle leak
was not different from the overall survival of patients with
no chyle leak (3-year, 53.4% versus 46.9%, respectively)
(P=0.35). When analyses were restricted to only patients
with a diagnosis of pancreatic adenocarcinoma, a similar
survival pattern was observed (Fig. 3b).

Discussion

Chyle leaks are a recognized but rarely reported complica-
tion following abdominal and retroperitoneal surgery. Most
causes of chyle flow disruption include neoplastic,31

cirrhosis,32 infectious,33 or inflammatory etiologies;34,35

however, chyle leaks can also occur as a postoperative
complication. The preponderance of reports on chyle leak
as a postoperative complication have included patients who
underwent retroperitoneal lymph node dissection,21,23 distal
splenorenal shunts,24 abdominal aortic aneurysm repair,25,26

or liver transplantation.27 Few reports have included
patients who underwent pancreatic resection. Data on chyle
leak following pancreatic resection is, therefore, largely
unavailable and based on case reports or anecdotal
information that exist in the literature.8–14 The current
study is important because it represents an attempt to
systematically examine chyle leak as a complication
following pancreatic resection. The current study is unique
because it not only described the natural history of chyle
leak following pancreatic resection but also identified
potential intra-operative risk factors as well as defined the
long-term impact of chyle leak. To our knowledge, the
current study is the largest and most definitive report on
chyle leak following pancreatic resection to date.

The overall incidence of chyle leak remains poorly
defined. Press et al.15 reported an overall incidence of
approximately one in 20,000 following major abdominal
surgery. In contrast, Baniel et al.23 reported an incidence of

Figure 3 Results of matched survival analysis. a Patients with a
contained chyle leak had a similar overall survival compared with
patients who did not have a chyle leak (3-year, 53.4% versus 46.9%,
respectively) (P=0.35). In contrast, the overall survival of patients with
chylous ascites was worse than the overall survival of patients with no
chyle leak (3-year, 18.8% versus 53.4%, respectively) (P=0.12). b
When analyses were restricted to only patients with a diagnosis of
pancreatic adenocarcinoma, a similar survival pattern was observed.

Table 4 Prognostic Factors Associated with Chyle Leak

Univariate analysis Multivariate analysis

Prognostic factor Odds ratio 95% CI P value Odds ratio 95% CI P value

Age (years) 1.01 0.98–1.04 0.52 – – –
Sex (male) 2.15 1.01–4.3 0.03 – – –
No. lymph nodes harvested 1.06 1.01–1.11 0.01 1.07 1.02–1.13 0.007
No. metastatic lymph nodes 1.02 0.94–1.13 0.71 – – –
Lympho-vascular invasion 1.58 0.66–3.8 0.30 – – –
Neural invasion 1.02 0.38–2.94 0.96 – – –
Vascular resection 4.81 1.41–16.6 0.01 8.25 1.99–34.6 0.004
Operative timea 1.14 1.02–1.28 0.01 – – –

No. number
a Odds calculated using 30-min intervals
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2% following retroperitoneal lymph node dissection and
Leibovitch et al.36 noted an incidence of 1% following
abdominal aneurysm repair. The incidence of chyle leak
following pancreatic resection is largely unknown but has
been reported to range from 2.2% to 6.7%.8,9 These
estimates are difficult to interpret, however, as these studies
included only a small number of patients who underwent
pancreatic resection (n<150). In the current study, we
report an overall incidence of chyle leak following
pancreatic resection of 1.3% (47 out of 3,532). In addition,
we noted that the incidence of chyle leak was highest in
patients who underwent pancreaticoduodenectomy (1.8%).
The higher incidence of chyle leak with pancreaticoduode-
nectomy may be due to the close proximity of the cisterna
chyli to the head of the pancreas.8 Of note, the one patient
who did develop a chyle leak following distal pancreatec-
tomy also underwent a concomitant aorto-caval lymphade-
nectomy for metastatic neuroendocrine disease.

The number of lymph nodes harvested and a history of
concomitant vascular resection and reconstruction were
predictive of chyle leak (Table 4). Various investigators
have reported that extensive lymphadenectomy in conjunc-
tion with neck dissection,37 esophagectomy,38 or gastrecto-
my39 was associated with an increased risk of chyle leak.
Yol et al.39 reported that a D3 extended lymphadenectomy
at the time of gastric resection was associated with a higher
incidence of chyle leak. Similarly, in the current study,
those patients who underwent a more extensive lymph node
harvest at the time of pancreatic resection had an
incremental increased risk of chyle leak. The other risk
factor for chyle leak was vascular resection and reconstruc-
tion. The skeletonization of adjacent vascular structures, as
well as the more extensive retroperitoneal dissection
required in the setting of concomitant pancreatic resection
and portal-superior mesenteric vein reconstruction, may in
part explain the increased risk of chyle leak. It is important
to note, however, that given the very low baseline risk of
chyle leak, while the relative risk was increased in these
subgroups of patients, the absolute risk remained low.

Similar to other studies21,23 that have reported a 75% to
80% success rate, we noted that 40 out of 47 (85.1%)
patients had successful resolution of their chyle leak with
conservative measures. In fact, only seven (14.9%) patients
failed conservative management and required a more
aggressive therapeutic approach such as lymphoscintigra-
phy, lymphangiogram, sclerotic therapy, or re-operation.
While lymphoscintigrapy and lympangiogram remain the
gold standard in defining the site of lymphatic leak, the
efficacy of these studies in the postoperative setting is
poorly defined.28 In the current study, lymphoscintigrapy
and lympangiogram were able to document the site of
lymph leak in only the minority of cases. In the setting of a
persistent chyle leak, some investigators have advocated

repeat laparotomy with ligation of the leaking lymph
vessels.40,41 However, similar to the experience presented
in the current study, other investigators17 have reported that
repeat exploration to identify and ligate the leak is rarely
successful. When the site of the chyle leak cannot be
identified, placement of a peritoneovenous shunt may be
another option. This approach was utilized in two patients.
Peritoneovenous shunting should, however, be used selec-
tively as it may be associated with potential complications
including fluid shifts, electrolyte imbalance, sepsis, and
shunt occlusion.22,42

Although most reports on chyle leak have failed to stratify
the extent of the leak (e.g., contained leak versus diffuse
ascites), this distinction may have important therapeutic and
prognostic implications.31,43 As such, we specifically
sought to analyze the natural history and prognostic
implications of a contained chyle leak versus diffuse
chyloperitoneum following pancreatic resection. Impor-
tantly, we found that the consequences of developing a
contained chyle leak versus chylous ascites were dramati-
cally different. Whereas contained chyle leaks frequently
resolved after a short duration of conservative management
(median 5 days), patients who developed chylous ascites
had a much more protracted clinical course (median
36 days). In addition, patients who developed chyloper-
itoneum were more likely to fail conservative management
and need additional therapeutic interventions (e.g., lym-
phoscintigraphy, lymphangiogram, or re-operation). A
dramatic difference in overall survival was also noted. In
fact, when analyses were restricted to only patients with a
diagnosis of pancreatic adenocarcinoma, no patient with
chylous ascites was alive at 18 months (Fig. 3b). These data
are consistent with previous reports that have noted high
mortality rates associated with chylous ascites.15,31,44 In
aggregate, these data strongly suggest that, while a
contained chyle leak following pancreatic resection may
have a short natural history and not impact long-term
outcome, diffuse chylous ascites is associated with both a
prolonged clinical course and increased mortality.

The current study had several limitations. Despite having
the largest pancreaticobiliary surgical experience in the
country, only a relatively small sample size of patients
could be identified for this study. As such, the current study
has limited statistical power; due to this constraint,
statistical analyses and inferences were limited. Another
possible limitation involved our combining of contained
chyle leak and diffuse chylous ascites into a composite
outcome for the purposes of reporting general outcome
parameters. While we demonstrated that natural history and
mortality were different in the chyle leak and chylous
ascites groups, risk factor analyses were performed using a
composite endpoint of “chyle leak.” This approach was
chosen in order to increase the number of patients that
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could be included in the covariate adjusted analyses.
Although unlikely, the risk factors associated with the
development of chyle leak versus diffuse chylous ascites
may be different.

In conclusion, chyle leak was a rare (1.3%) complication
following pancreatic resection. Factors predictive of chyle
leak included increasing number of lymph nodes harvested
and concomitant vascular resection. In general, chyle leaks
were successfully managed with TPN with no adverse
impact on outcome. Patients with chylous ascites, however,
had a more protracted clinical course and had a worse long-
term survival. Data from the current study should provide
guidance in helping to clinically manage this rare, but
clinically important, postoperative complication.
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Abstract
Introduction Endoscopic therapy of acute and chronic pancreatitis has decreased the need for operative intervention.
However, a significant proportion of patients treated endoscopically require definitive surgical management for persistent
symptoms.
Objective Our aim was to determine which patients are likely to fail with endoscopic therapy, and to assess the clinical
outcome of surgical management. Patients were identified using ICD-9 codes for pancreatic disease as well as CPT codes
for endoscopic therapy followed by surgery.
Material and Methods Patients with documented acute or chronic pancreatitis treated endoscopically prior to surgical therapy
were included (N=88). The majority of patients (65%) exhibited chronic pancreatitis due to alcohol abuse. Common indicators
for surgery were: persistent symptoms, anatomy not amenable to endoscopic treatment and unresolved common bile duct or
pancreatic duct strictures. Surgical salvage procedures included internal drainage of a pseudocyst or an obstructed pancreatic
duct (46%), debridement of peripancreatic fluid collections (25%), and pancreatic resection (31%).
Results Death occurred in 3% of patients. The most common complications were hemorrhage (16%), wound infection
(13%), and pulmonary complications (11%). Chronic pancreatitis with persistent symptoms is the most common reason for
pancreatic surgery following endoscopic therapy. Surgical salvage therapy can largely be accomplished by drainage
procedures, but pancreatic resection is common.
Conclusion These complex procedures can be performed with acceptable mortality but also with significant risk for
morbidity.

Keywords Endoscopic retrograde
cholangiopancreatography (ERCP) . Endoscopic therapy .

Acute and chronic pancreatitis . Salvage surgery

Introduction

Pancreatitis is an expansive disease that may be debilitating
and managed medically, endoscopically or by surgical
approaches. In acute pancreatitis, up to 20% of patients
suffer considerable morbidity and/or mortality.1 Acute
severe pancreatitis is characterized by a robust systemic
inflammatory response that may result in pulmonary, renal,
and hepatic compromise that progresses to multi-system
organ failure and decreased immune function.2–9 This
impaired host response may result in infected pancreatic
necrosis that can be treated by either endoscopic or surgical
management; however, either approach has significant
complications.1,10,11 In contrast to the dramatic presentation
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of severe acute pancreatitis, chronic pancreatitis is associ-
ated with waxing and waning abdominal pain, steatorrhea,
anorexia, malabsorption, weight loss, and diabetes melli-
tus.12 Although the course of disease and the clinical
presentation of chronic pancreatitis differs markedly from
acute pancreatitis, both endoscopic and surgical manage-
ment may effectively reduce recalcitrant abdominal pain
and effectively treat complications such as pseudocysts in
select patient populations.13–18 However, recent random-
ized trials have demonstrated that the surgical management
of chronic pancreatitis results in improved outcomes
compared to endoscopic treatment.19,20

Endoscopic approaches to acute and chronic pancreatitis
are varied and include sphincterotomy and stone extraction
for gallstone pancreatitis,21 pancreatic duct stenting in acute
recurrent and chronic pancreatitis,22–24 and endoscopic
ultrasound (EUS)-guided transmural or transpapillary drain-
age of fluid collections and pseudocysts. Previous work has
demonstrated that pancreatic duct stenting can decrease
recurrence rates of acute pancreatitis23 and reduce the pain
associated with chronic pancreatitis.25 However, abatement
of symptoms too frequently has a short duration following
endoscopic therapy, and the underlying pathophysiology of
a fibrotic pancreatic duct is not significantly altered by
endoscopic therapy. Conversely, EUS-guided pseudocyst
drainage has low complication and mortality rates and is
highly successful.15

Surgical therapy for pancreatitis includes procedures that
decompress the pancreatic duct or resect the diseased
parenchyma. In the past, decompressive and pancreatic
parenchyma-sparing procedures were favored; however,
resection of an enlarged, inflamed pancreatic head accom-
panied by duct drainage has been a valuable addition to
decrease neurogenic pancreatic pain in patients with chronic
pancreatitis. Decompressive procedures include cystgastros-
tomy, cystenterostomy, lateral pancreatojejunostomy, and
sphincteroplasty. Pancreatic resection is accomplished by
pancreatoduodenectomy, distal pancreatectomy, local resec-
tion of the pancreatic head, and total pancreatectomy with
islet cell transplantation. Puestow and Gillesby described the
first widely effective drainage procedure in 1958.26 This
procedure was modified by Partington and Rochelle by
sparing the spleen and tail of the pancreas.17 In chronic
pancreatitis, short-term pain relief is achieved in 60–95% of
patients with a reported 0–5% mortality rate using decom-
pression procedures.18,27–29 Alternatively, a resection that
preserves substantial pancreatic tissue can be performed.30

Furthermore, patients with a non-dilated pancreatic duct and/
or refractory pain are candidates for pancreatic resection.27

Complete pain relief with resection can be achieved in 70–
100% of patients with a mortality of 0–4%.31–35

The aims of this study were to determine which patients
are likely to fail endoscopic therapy and to assess the

clinical outcome of surgical management following initial
endoscopic therapy. The findings of this study suggest that
patients with chronic pancreatitis may have persistent
symptoms following endoscopic therapy and that surgical
salvage therapy has low mortality but significant morbidity.

Materials and Methods

Patients were identified by searching institutional databases
for ICD-9 pancreatic disease codes (577.0–577.2) and
current procedural terminology codes for endoscopic therapy
and surgical procedures for pancreatic diseases. Nine
hundred twenty-five patients with pancreatic disease and
interventional management were identified over the period
extending from 28 March 1997 to 14 February 2007.
Patients with well-documented acute or chronic pancreatitis
treated endoscopically prior to surgical therapies were
included for analysis. Patients with neoplastic disease or
suspected neoplastic disease preoperatively were excluded.
Eighty-eight (10%) patients met the study criteria.

Following patient identification, medical records were
retrospectively reviewed for demographic data, etiology of
pancreatitis, endoscopic management, and surgical therapy.
The etiology of pancreatitis was classified as induced by
alcohol, gallstones, hyperlipidemia, pancreatic divisum,
trauma, or genetic causes. Additional cases not ascribed to
these categories were deemed idiopathic. As documented in
the medical record, pancreatitis was described as chronic,
acute, or acute necrotizing pancreatitis; acute on chronic
pancreatitis; or acute recurrent pancreatitis. Endoscopic
management was identified as cystgastrostomy, endoscopic
retrograde cholangiopancreatography (ERCP) with stent
placement, or sphincterotomy or EUS-guided stent place-
ment. The indications for surgery were persistent symp-
toms, anatomy not amenable to further endoscopic
treatment, common bile duct or pancreatic duct strictures,
persistent pseudocysts, infection or clinical deterioration,
obstructing pancreatic lithiasis, pancreatic fistula, post-
ERCP pancreatitis, hemorrhage, or duodenal stenosis. Each
procedure was identified and the medical records were
reviewed for complications. Means plus or minus the
standard deviation were determined for continuous varia-
bles. Other results were summarized as percentages of the
patient population.

Results

A summary of the demographic characteristics of the study
group is listed in Table 1. Of the 88 patients with
pancreatitis that received surgical therapy following endo-
scopic management, the mean age at time of surgery was
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49±14 years and the male-to-female ratio was 45:43. Sixty-
five percent (65%) of patients had chronic pancreatitis with
alcohol-induced disease in 40 of 88 patients. The next most
common etiologies were idiopathic causes, gallstones,
hyperlipidemia, and pancreatic divisum. Trauma, genetic,
and cytomegalovirus-induced pancreatitis were less fre-
quent causes of pancreatitis.

Of the endoscopic therapies that preceded surgical
intervention, nearly all (96%) patients were treated with
ERCP. In 53% of patients, stents were placed, 10% of
patients underwent cystgastrostomy with the remaining
patients undergoing ERCP with sphincterotomy of either
the bile or pancreatic ducts. Three patients had pancreatic
stones extracted while three additional patients had trans-
papillary pseudocyst drainage (Table 2).

The common indications for surgery were: persistent
symptoms (28%), anatomy not amenable to further endo-
scopic therapy (26%), common bile duct or pancreatic duct
strictures (18%), infection or clinical deterioration (16%),
and a persistent pseudocyst (15%) (Table 3).

Surgical salvage procedures included internal drainage
of a pseudocyst or an obstructed pancreatic duct in 40

(46%) patients, debridement or pancreatic abscess drainage
in 22 (25%) patients, and pancreatic resection in 27 (30%)
patients (Table 4). The most common drainage procedures
were lateral pancreaticojejunostomy (22%) and cystojeju-
nostomy (19%). Eight (9%) patients had duodenal-sparing
pancreatic head resections, while 15% of patients had
associated procedures such as cholecystectomy or chole-
cystojejunostomy performed.

An overall complication rate of 56% was observed
(Table 5). There were three deaths in the series. One death
resulted after a lesser sac marsupialization for pancreatic
and retroperitoneal abscess drainage requiring a repeat
operation for drainage of a pelvic abscess. This patient
developed multi-system organ failure manifested by Pseu-
domonas pneumonia, renal failure, sepsis, and adult
respiratory distress syndrome. Another death resulted after
external drainage. This patient had bleeding postoperative
day 6 requiring reoperation and transfusion of 10 units of

Table 2 Endoscopic Procedures

Endoscopic Treatment N Percent

ERCP 84 95.5
Stent Placement 47 53.4
Cystgastrostomy 9 10.2
Stone extraction 3 3.4
Transpapillary drainage of pseudocyst 3 3.4
Celiac plexus nerve Block 1 1.0

Table 3 Indications for Surgery Following Endoscopic Treatment

Indication N Percent

Persistent/new onset symptoms 25 28.4
Unacceptable anatomy 23 26.1
CBD/PD Stricture 16 18.2
Persistent pseudocyst 13 14.7
Infection or clinical deterioration 14 15.9
Impacted stones 5 5.7
Pancreatic fistula 2 2.3
Post ERCP pancreatitis 1 1.0
Hemorrhage 1 1.0
Duodenal stenosis 1 1.0

Table 1 Patient Demographics

Characteristics N Percent

Age 49±14
Male/Female 45:43
Etiology
Alcohol 40 45.4
Idiopathic 18 20.4
Gallstones 17 19.3
Iatrogenic 4 4.5
Hyperlipidemia 4 4.5
Pancreatic Divisum 3 3.4
Trauma 1 1.0
Genetic 1 1.0
Viral 1 1.0
Type of Pancreatitis
Chronic 57 64.7
Acute/Acute Necrotizing 14 15.9
Acute on Chronic 9 10.2
Acute Recurrent 7 7.9
Not Documented 1 1.0

Table 4 Spectrum of Operations

Operation N Percent

Internal Drainage 40 45.5
Pancreaticojejunostomy 19 21.6
Cystjejunostomy 17 19.3
Cholecystojejunostomy 14 15.9
Hepaticojejunostomy 6 6.8
Choledochojejunostomy 3 3.4
Transduodenal sphincteroplasty 2 2.3
Pancreatocystojejunostomy 1 1.0
Debridement/Drainage 22 24.7
Pancreatic Resection 27 30.7
Distal pancreatectomy with Splenectomy 13 14.8
Distal pancreatectomy without Splenectomy 1 1.0
Local pancreatic head resection 8 9.1
Subtotal Pancreatectomy 4 4.5
Pancreatoduodenectomy 1 1.0
Associated Procedures
Cholecystectomy 13 14.8
Gastrojejunostomy 10 11.4
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red blood cells, but he subsequently died. The third death
resulted after an operation including splenectomy and
drainage of a fluid collection. The operation was compli-
cated by bleeding followed by respiratory insufficiency,
sepsis, and multi-organ failure in the postoperative period.
Overall, repeat operations were necessary in 4% of patients.

Discussion

In this study, our aim was to examine the outcome of patients
that had initial endoscopic treatment but required surgical
salvage therapy for ongoing symptoms from pancreatic
disease. Both acute and chronic pancreatitis may result in
extensive tissue destruction with difficult-to-treat symptoms
and complications. Both endoscopic and surgical approaches
may result in resolution of symptoms, but often endoscopic
therapy is chosen because it is less invasive and has a limited
recovery period compared to surgery. Few data exist to
determine whether endoscopy or surgery is most appropriate
for advanced pancreatic disease. Moreover, the outcome of
surgical therapy after failed endoscopic therapy has not been
documented. In this study, the findings indicate that chronic
pancreatitis with persistent or newly developed symptoms is
the most common reason for pancreatic surgery following
endoscopic therapy. While pancreatic resection may be
required, surgical salvage therapy can often be accomplished
by drainage procedures. These complex procedures can be
performed with acceptable mortality but significant risk for
morbidity.

The results of our study suggest that patients with
chronic pancreatitis that are treated with endotherapy are

the most likely patients that will require salvage surgery.
These findings are in agreement with recent randomized
trials that demonstrated surgical therapy for obstructive
chronic pancreatitis resulting in more durable pain re-
lief.19,20 Dite et al. concluded that endotherapy may remain
the first line therapy and that surgery should be performed
following failed endotherapy. However, their study does not
completely address the risks associated with complex
procedures in a group of patients with chronic illness and
substantial co-morbidities. The current study suggests that
overall mortality rates are low (3.4%), but that the overall
complication rates are high (56.8%) and that some of the
complications may result in permanent sequelae. It is also
important to note that many of the patients undergoing
endotherapy require multiple procedures that extend over
several months. Furthermore, a Dutch trial reported a 58%
complication rate in patients treated endoscopically.19

Without correction of the underlying pancreatic pathology,
many of these patients are unable to obtain adequate
nutrition and over time, lose significant weight and further
increase their risk of postoperative complications.36 In
addition, even though this work does not provide direct
evidence that early initial operative therapy will decrease
patient morbidity, Cahen et al. illustrates a morbidity rate of
35% in a group of surgical patients that had a duration of
symptoms of only 21 months.19 In our study, nearly all
surgical patients had two to five endoscopic procedures
performed over 2–3 years prior to surgery. Thus, extended
endoscopic therapy may affect the morbidity of salvage
surgery for chronic pancreatitis. Given these findings, we
suggest that surgery be considered as a first-line therapy for
select patients with chronic pancreatitis.

While successful long-term outcomes following endo-
therapy for patients with chronic pancreatitis have been
difficult to achieve, endotherapy for the complications of
acute pancreatitis has been employed with increasing
success. Pancreatic pseudocyst drainage by either the
transpapillary or transmural approach has replaced surgical
therapy and percutaneous drainage as the first-line treat-
ment option in appropriately selected patients.37,38 Further-
more, aggressive endotherapy with transmural stent
placement and vigorous irrigation of lesser sac pancreatic
abscesses has been increasingly successful.37 Pancreatic
fistulae are readily identified and treated with ERCP
followed by transpapillary stenting.37 In years past, each
of these complications of acute pancreatitis was thought to
be best managed by surgical therapy, yet these operations
were difficult and associated with high morbidity. There-
fore, endotherapy for appropriately selected patients with
pancreatic pseudocysts and fistulae is appropriate. Although
some patients with pancreatic abscesses or necrosis may be
successfully treated by skilled, dedicated endoscopic
therapists, these complications of acute pancreatitis require

Table 5 Complications

Complications N Percent

All Complications 50 56.8
Hemorrhage 14 15.9
Wound infection 11 12.5
Pulmonary 10 11.4
Sepsis 6 6.8
Reoperation 4 4.5
Ileus 3 3.4
UTI 3 3.4
Dehiscence 2 2.3
Infected pancreatic fluid 2 2.3
GI bleed 2 2.3
Urinary retention 2 2.3
Colitis 2 2.3
Neurologic 2 2.3
Thoracic duct injury 1 1.0
DVT 1 1.0
Stroke 1 1.0
Renal Failure 1 1.0
Death 3 3.4
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long-term therapy with multiple interventions that can
result in treatment over several months. In patients with
significant necrosis and tissue destruction, surgical pancre-
atic debridement remains the mainstay of therapy.

Surgical outcomes for pancreatic resection and drainage
procedures have improved markedly in the last decade with
significantly decreased mortality rates. However, despite
the improved mortality in these ill patients, the risks of
complications remain significant. More recent complete
reporting has demonstrated that over 50% of patients
undergoing pancreatic surgery have complications.39 Fur-
thermore, evidence suggests that thorough preoperative
evaluation and preparation of patients may decrease the
risk of complications.40 Therefore, assessment of patients
for endotherapy or surgical therapy for pancreatic disease
must include a complete risk assessment and evaluation of
the likely long-term outcomes of either an endotherapeutic
approach or surgical management. Failed endotherapy may
not be a prerequisite for surgical therapy of acute or chronic
pancreatitis.

Conclusion

In conclusion, because of the significant risk of complica-
tions, only patients who are likely to have a long-lasting
beneficial effect from endotherapy should undergo this type
of therapy initially for chronic pancreatitis or pancreatic
necrosis. Patients with complex disease and are unlikely to
respond to endotherapy should have primary surgical
therapy. This approach may decrease cost, treatment
duration, patient discomfort, and potentially limit subse-
quent surgical complications.
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Abstract
Background The natural history after surgery for chronic pancreatitis is rarely reported.
Methods Between 1970 and 1999, 174 patients underwent surgery for chronic pancreatitis and were followed until
December 2006. They were divided in four groups: (1) resection 62; (2) drainage 82; (3) external drainage 7; (4) non-
pancreas-directed surgery 23. A second procedure was required by 25 patients and a third by four: group 1=6+0, group 2=
10+2, group 3=3+1, group 4=6+1.
Results Hospital mortality was four of 174 (2.3%). Fifty-seven patients are alive; 49 of 170 developed cancer, and 38 died:
lung (22), oral, pharynx, larynx (eight), esophagus, kidney, pancreas, colon, liver (two each), breast, stomach, mediastinum,
prostate, melanoma, chronic myelogenous leukemia, squamous cancer of the auricle (one each), liver metastasis from
unknown primary (two). Fifteen patients died of liver cirrhosis, 13 of myocardial infarction/decompensation, six of vascular
problems, five each of acute renal insufficiency or cerebral diseases, four each of acute pancreatitis, accidental trauma,
complications of diabetes, bronchopneumonia, and 19 of other causes. The overall 5-, 10-, 15-, 20-, 25-, and 30-year
survival rate was 84.7, 65.6, 51.6, 38.0, 28.1, and 23.5.
Conclusions Incidence of pancreatic cancer was 1.2%. The high incidence of smoking cancers (18.8%) is explained by the
smoking habits of almost 100% of our patients. Eliminating smoking and increasing tests on organs at risk may prolong
survival.

Keywords Chronic pancreatitis . Surgery .
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Introduction

The phrase “chronic pancreatitis” refers to a syndrome of
progressive destructive, inflammatory conditions of the
pancreas leading to an exocrine and endocrine insufficiency
in most patients. Significant progress has been made in recent
years on the pathogenesis of chronic pancreatitis1,2 with the
identification of new genetic3 and environmental factors and
a deeper understanding of the pathobiology of the disease.4

The predominant symptom of chronic pancreatitis is pain,
which affects more than 85% of patients. Pain control was
the main problem that prompted the majority of the studies
on medical,5,6 endoscopic,7,8 and surgical9,10 treatment of
chronic pancreatitis.

The very long-term fate of chronic pancreatitis patients
has been less well studied. The reported general death rate
after 5, 10, 20, and 30 years was highly variable and
reported between 4% and 14%, 8% and 35%, 20% and
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77%, and 72% and 92%, respectively, while the death rate
related to chronic pancreatitis was between 0.9% and
18.6%.11–16 The very long-term survival of chronic pan-
creatitis patients shows a mortality rate of around 80% after
20 years in smokers and after 30 years in non-smokers.17

Data on mortality rate and long-term survival are difficult to
interpret, as etiology and mean observation times vary from
study to study, with a mean and median follow-up that
rarely reach 10 years and an incidence of loss to follow-up
between 0% and 44.6%.11–16

The aim of our study was to evaluate the long-term
course of 174 chronic pancreatitis patients that underwent
surgical treatment between 1970 and 1999.

Patients and Methods

Patients and Indications for Surgery

From January 1970 to December 1999, 193 patients
underwent surgical treatment with the diagnosis of chronic
pancreatitis. After careful review 19 patients were ex-
cluded: In 16 patients, a posttraumatic (4) or post-severe
acute pancreatitis (12) pseudocyst was drained in the
gastrointestinal (GI) tract; two patients had a stenosis of
Vater’s papilla and one intraductal papillary mucinous
tumor. Chronic pancreatitis was confirmed by histology in
134 patients and by surgical exploration and follow-up in
40 patients. There were 152 men and 22 women with a
mean age of 45±10.2, range 24–75 years. Preoperative
alcohol intake was absent in only three patients, and only
25 had stopped drinking before surgery for a mean of
45 months (median 24, range 6–276). Preoperative smoking
habit was absent in only nine of 170 patients (5.3%)
surviving surgery, while 16 patients had stopped smoking

before surgery for a mean of 15 months (median 8, range
1–120). The mean preoperative duration of the disease was
4.1 years (median 3, range 0.1–21). The severity of the
disease was evaluated “a posteriori” according to the
parameters reported in Table 1. Pain was absent in five,
mild in nine, moderate in 20, severe in 70, very severe in
67, and unendurable in three. Diabetes was absent in 132,
controlled by diet in 19, on oral antidiabetics in six, and on
insulin treatment in 17. Diarrhea was absent in 128 patients,
mild in 21, moderate in 20, and severe in five. Appetite was
normal in 131, alternate normal/decreased in 29, and
decreased in 14. The leading indications for surgery in the
174 patients were pain in 61, pseudocyst in 39, suspicion of
a pancreatic cancer in 25, jaundice in 24, hemosuccus
pancreaticus in six, internal pancreatic fistula in five,
duodenal or intestinal occlusion in four, and other in ten.

Surgery and Perioperative Management

According to the procedure performed, the surgical treat-
ment was divided in four groups:

Resection was performed in 62 patients (group 1). A
Whipple pancreaticoduodenectomy (PD) was per-
formed in 41 patients, a distal pancreatectomy with
(six) or without (13) pancreaticojejunostomy in 19, and
a Dean Warren procedure in two.
Drainage was performed in 82 patients (group 2). A
Puestow was performed in 20 patients, a pancreaticoje-
junostomy according to Partington Rochelle or Frey
procedure in 44, a personal procedure18 in four, a
cystojejunostomy in 12, a cystoduodenostomy, and a
fistulojejunostomy in one each.
An external drainage of a pancreatic pseudocyst (group
3) was performed in seven patients in the early 1970s.

Table 1 Parameters Used to Evaluate the Severity of the Disease

Parameter Score

0 1 2 3 4 5

Pain Absent Mild Moderatea Severeb Very severec Unendurabled

Appetite Normal-
increased

Alternate normal
decreased

Decreased Absent

Diarrhea Absent Mild Moderate Severe Very severe
Occasional Controlled by

enzymes
Partially controlled by
enzymes

Uncontrolled by
enzymes

Diabetes Absent Controlled by diet Oral antidiabetics IDDM

a Lesser than or equal to three attacks controlled by nonsteroidal anti-inflammatory drugs (NSAIDs)
b Greater than or equal to four attacks controlled by NSAIDs
c One or more attacks uncontrolled by NSAIDs
d Need of opioid treatment
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Non-pancreas-directed surgery was performed in 23
patients (group 4). A procedure on the main bile duct
was performed in 19 patients, a cholecystectomy, a
bilateral splanchnicectomy, an embolization of a
bleeding pseudoaneurysm, and a remaking of the
hepaticojejunostomy 8 years after a Whipple procedure
performed elsewhere in one each.

Overall, 25 patients underwent a second and four a third
surgical procedure (Table 2).

Follow-up

All 170 patients surviving surgery were regularly followed
mostly in the form of outpatient visit or, when not possible,
with telephone contact to the patient. The questionnaires
used varied along the 37 years, elapsed between 1970 and
December 2006. When patients missed program follow-up,
their actual status was traced through the registry office,
and in case of death, any effort was made to trace the actual

Table 2 Second and Third Operative Procedures Performed

Procedure (second and
third)

Group 1 Group 2 Group 3 Group 4 Total
(174
patients)

Resection
(62 patients)

Drainage
(82 patients)

External drainage
(seven patients)

Non-pancreas-directed
surgery (23 patients)

Bilioenteric anastomosis 2 2 1 5
Distal pancreatectomy 2a 2+1 2 6+1
Pancreaticoduodenectomy 1 1
Pancreaticojejunostomy 1 1
Toilette of a necrotic
collection

1 1 2

Cholecystectomy 1 1 2
Closure of a colonic
stoma

1 1+1 2+1

Total pancreatectomy 1b 1
Gastroenterostomy 1 1
Lysis of peritoneal
adhesions

1 1

Fistulojejunostomy 3c 3
Posterior
splanchnicectomy

0+1 0+1 0+2

Total 6 10+2 3+1 6+1 25+4

a One performed 2 months after an emergency salvage cystojejunostomy (Fig. 1)
b Performed after the diagnosis of “scar cancer” on the specimens of a Frey’s procedure. The final diagnosis was chronic pancreatitis.
c Together with a bilioenteric anastomosis in one patient.

Table 3 Postoperative Deaths

Pat. Year Age Sex ASA Surgical procedure Complication Cause of death PO
day

1 1976 33 M 3 DP, PJ, MCA GI hemorrhage Liver
insufficiency

23

2 1980 43 M 3 PD Pancreatic and biliary fistula Candida
pneumonia,
MOF

37

3 1984 60 M 3 Cholecystectomy,
hepaticojejunostomy,
GEA, splenectomy

Perforated diverticulum of the left colon (13 days);
perforated diverticulum of the right colon (20 days)

MOF 21

4 1997 75 M 3 PD Hypovolemic shock from hemorrhagic gastritis
(17 days)a. GI hemorrhage from a pseudoaneurysm
of the RHA (38 days)b

MOF 42

DP distal pancreatectomy; PJ pancreaticojejunostomy; MCA mesentericocaval shunt with jugular vein interposition; PD pancreaticoduodenec-
tomy; RHA right hepatic artery; MOF multiple-organ failure
a Total gastrectomy
b Suture ligation of the RHA
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cause of death, at least until the law on privacy prevented
us to find complete information in some patients.

For this study, the results of the last follow-up until
December 2006 were considered. Median postoperative
follow-up in the 170 patients surviving surgery was
186.3 months (95% confidence interval [CI]=160.1–222.1),
mean 200.3±9.7, range 3.1–441.6 months, first quartile=
92.1, and third quartile=336.3.

Statistics

All perioperative and outcome data were entered into a
computerized database (SPSS 13.0 per Windows, SPSS

Inc., Illinois, USA). Life tables for the general population
of the Veneto region (northeast of Italy) for men and
women were obtained by the National Institute of Statistics
(Istituto Nazionale di Statistica) to calculate the expected
survival curves using the Kaplan–Meier method.

The relative risk of cancer was estimated by the
standardized incidence ratio (SIR), defined as the ratio of
the observed (32 men with sites of oral cavity, pharynx,
esophagus, larynx, and lung) to expected number of
patients with cancer. To estimate the expected cases, we
applied incidence rates from the same sites taken from the
Veneto Cancer Registry database by 10-year age classes
and 5-year calendar period, multiplied by 10, because all

Table 4 Long-Term Cause of
Death

a Small pancreatic cancer at
first surgery, unresectable pan-
creatic cancer 18 years later
b Unknown primary
cWith lymphoid infiltration of
the bone marrow
d Two patients lost of follow-up
(one emigrated abroad), one
patient reached cadaver at first
aid, no autopsy performed. Pri-
vacy prevented us to retrieve
complete data of three patients.

Cause of death Group 1
(62 patients)

Group 2
(82 patients)

Group 3
(7 patients)

Group 4
(23 patients)

Total
(174 patients)

Cancer of
Lung 6 12 0 2 20
Mouth, pharynx, larynx 3 3 1 0 7
Esophagus 1 0 0 0 1
Pancreas 1a 1 0 0 2
Liver metastasesb 2 0 0 0 2
Mediastinum 1 0 0 0 1
Liver (in cirrhosis) 0 0 0 1 1
Prostate 0 0 0 1 1
Chronic myeloid
leukemia

0 1 0 0 1

Stomach 0 1 0 0 1
Monoclonal
gammopathyc

0 1 0 0 1

Liver cirrhosis 3 8 2 2 15
MI or cardiac
decompensation

2 8 1 2 13

Vascular problems 3 2 1 0 6
Acute renal insufficiency 3 2 0 0 5
Cerebral ictus, subdural
hematoma

1 1 0 3 5

Acute pancreatitis 2 1 0 1 4
Diabetes or
hypoglycemia

2 0 1 1 4

Car crash or accidental
trauma

2 2 0 0 4

GI hemorrhage 0 3 0 0 3
Liver or pancreatic
abscess

1 1 0 0 2

Septicemia 0 1 0 0 1
Suicide 0 0 0 1 1
Epilepsia in alcoholic 0 1 0 0 1
Intestinal occlusion 0 1 0 0 1
Perforated GD ulcer 0 1 0 0 1
Intestinal volvulus 1 0 0 0 1
Alzheimer 0 1 0 0 1
Cachexia from
undernourishment

0 1 0 0 1

Unknownd 4 2 0 0 6
Total 38 55 6 14 113
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the observed cases were smokers, to the observed person
years.

For calculating the person/year at risk, the expected
number of cases and SIR, the STATA version 10.0 software
was used. The 95% CI of SIR was calculated on the
assumption that the observed numbers of cases follow a
Poisson distribution.

Results

Surgery and Perioperative Course

Four out of 174 patients, 2.3% (Table 3) died after the first
surgical treatment, while none of the 25 that underwent 29

further surgical procedures died. Therefore, the overall
postoperative mortality rate was four of 203 surgical
procedures (2%). Furthermore, 113 patients actually died
(Table 4), while 57 are still alive.

After surgery, 103 patients (60.6%) were able to go back
to work, seven (4.1%) started a lighter job, 21 (12.3%) were
unable to go back to work, 36 (21.2%) were already retired
before surgery, and three (1.8%) were lost to follow-up.
There was no difference among the four groups (p=0.4999).

The mean and median survival rate were 16.7±0.8 and
15.5 years (95% CI=13.3–18.5), first quartile 7.7, and third
quartile 28.0. The death rate after 5, 10, 15, 20, 25, and
30 years was 15.3, 34.4, 48.4, 62.0, 71.9, and 76.5. The
overall survival curve and expected survival curve are given
in Fig. 1. Patients that continued drinking alcohol had a
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Figure 1 Observed and expected overall survival of the 170 chronic
pancreatitis patients that survived surgery. The mean and median
survival rate were 16.7±0.8 and 15.5 years (95% CI=13.3–18.5), first
quartile 7.7 and third quartile 28.0. The death rate after 5, 10, 15, 20,
25, and 30 years was 15.3, 34.4, 48.4, 62.0, 71.9, and 76.5 instead of
the expected 3.7, 8.5, 14.0, 20.5, 28.1, and 36.8 (p<0.0001).
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Figure 2 Observed survival of the 170 chronic pancreatitis patients
that survived surgery according to the postoperative alcohol consump-
tion (Yes 97, No 55 patients. p=0.0314).
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Figure 4 Observed survival of the 170 chronic pancreatitis patients
that survived surgery according to the postoperative smoking habits
(Yes 110, No 39, missing data 21 patients; p=0.7780).
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Figure 3 Observed survival of the 170 chronic pancreatitis patients
that survived surgery according to the preoperative diabetes (Yes 23,
No 147 patients. p=0.1896).
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significantly shorter survival than patients that stopped
drinking (Fig. 2). There was no difference in survival curves
for the presence (23 patients) or absence (147 patients) of
preoperative diabetes (Fig. 3) or for patients that continued
(110 patients) or stopped (39 patients) smoking (Fig. 4). The
cause of death of the 113 patients that already died is
reported in Table 4. Thirty-eight patients (23.3%) died of
cancer; 28 of them (16.5%) died of a cancer of the smoking
area. Six patients with actual or previous cancer died of an
intercurrent or unknown cause. One patient underwent
resection of a melanoma and another of a cancer of the
vocal chords before dying of liver cirrhosis; a patient with
hepatocellular adenocarcinoma in cirrhosis died of acute
pancreatitis; a patient operated for squamous cancer of the
auricle died of myocardial infarction (MI), and a patient
operated for cancer of the kidney died of an accidental
trauma. A patient with breast cancer died of unknown cause
due to privacy.

Five patients are still alive after surgical treatment of
their cancer: two of the lung and one each of the esophagus,
colon, and kidney.

Therefore, overall, 49 of 170 patients (28.8%) surviving
surgery had a cancer during their residual life, and 44
(38.9%) of the 113 deceased patients had a cancer.

For the risk of cancer of oral cavity, pharynx, esophagus,
larynx, and lung, we observed 32 cases, while the expected
number of cases was 85.6, yielding a SIR value of 0.37
(95% CI=0.26–0.53). There were no significant differences
when analyzed by age or by years since diagnosis of
chronic pancreatitis.

A small pancreatic cancer was present in the specimen
taken during the first surgical procedure in three patients. One
died 18 years later of pancreatic cancer, one died after 20 years
and 6 months of a cause remained unknown for privacy, and
one is still alive and well (Fig. 5). One further patient died of
pancreatic cancer 18 years after a Frey’s procedure. When
pancreatic cancer was found only in the surgical specimen,
the patient was excluded from further analysis. Therefore, for
the risk of cancer of the pancreas, we observed two cases,
while the expected number of cancer (taken from the incident
rates of pancreatic cancer in Veneto Cancer Registry) was
0.68, yielding a SIR value of 2.93 (95% CI=0.36–10.60).

Discussion

In this study, we report the long-term outcome after surgical
treatment for chronic pancreatitis with a postoperative

Figure 5 On the left the picture a 46-year-old man as soon as he was
able to stand up: body weight 38 kg. He had undergone emergency
surgery for bilateral subphrenic abscess and multiple pseudocysts on
May 25, 1979; 3 months before the patient had undergone an
explorative laparotomy elsewhere for pancreatic ascites. The abscess
was drained, and a cystojejunostomy was performed. On the right the

same patient 2 months later (body weight 48 kg), ready to undergo
distal splenopancreatectomy and pancreaticojejunostomy. Histology
documented a chronic pancreatitis with a small pancreatic cancer
partially occluding the Wirsung duct. The patient is still alive and
well.
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follow-up period of 7–37 years. The follow-up was
complete for all 57 still-living patients and for 107 of 113
patients who died. The cause of death of only six patients
remained unknown (Table 4).

Of our 174 patients, 152 (87.4%) were men and 22
(12.6%) women.

In spite of the long period of time (1970–1999) and the
relatively low number of procedures performed yearly, the
surgical mortality of 2.3% compares favorably with that
reported by others during the same period.14,19,20

Overall, 110 patients (64.7%) were able to go back to
work, with seven doing a lighter work. However, if we
consider only patients working before surgery, 84% (111/
131) went back to work after surgery. Our results are in
agreement with those reported by others.12,13,17

Our death rate after 5, 10, 20, and 30 years was 15.3,
34.4, 62.0, and 76.5 and is similar to that reported by others
(between 4% and 14%, 8% and 35%, 20% and 77%, and
72% and 92%, respectively).11–16 However, it is higher than
expected for a similar population without chronic pancre-
atitis (Fig. 1). These findings are similar to that reported by
Greenlee et al.19 and by Lankisch17 for patients with
chronic pancreatitis that underwent surgical and/or medical
treatment. The life expectancy for chronic pancreatitis
patients from the time of diagnosis and/or surgical
treatment is therefore significantly shorter than that of the
general population without the disease.

Survival rate was similar for the different surgical
treatments (data not shown). As stated by Devière et al.,10

“at this time, we cannot provide guidelines in the treatment
of this disease”, as there is no difference in pain control and
long-term results among the different surgical procedures.

Survival rate was not influenced by preoperative
diabetes (Fig. 3), although the small number of preoperative
diabetic patients (23/170) may prevent a statistically
significant difference.

Survival rates were not influenced by either continuing
or stopping smoking (Fig. 4) during follow-up. Our
smoking hazard ratio was therefore different from the 1.4
reported by Lankisch17 in 2001. Our negative result may be
due to the very high percentage of patients that smoked
preoperatively (161/170, 94.7%) and to the relatively small
number of patients (39/149, 26.2%) stopping smoking after
surgery. We must consider that the increased risk of smoke-
related cancers persists for more than 10 years after
cessation of smoking due to the length of the latency
period of tobacco-related cancers.21,22 In fact, the risk of
most of our cancers (lung, oral cavity, pharynx, larynx, and
esophagus) is lower in former smokers than in current
smokers, but is still significantly higher than in non-
smokers.22 The incidence of cancer of oral cavity, pharynx,
esophagus, larynx, and lung was quite high (32/170) for a
general population with a normal percentage of smokers,

but was lower than expected for a population of whom
94.7% smoked preoperatively. It was also lower than that
reported by Talamini et al.23 in 1999.

Survival of patients who abstain from alcohol (Fig. 2)
was significantly higher than of those who continued to
drink. This is a well-known phenomenon and is in
accordance with other studies.17,19

The incidence of pancreatic cancer in our series was two
of 170 patients surviving surgery. Pancreatic cancer found
in the surgical specimen at the time of original operation
was excluded from analysis to prevent confounding. Our
SIR was 2.93 (95% CI=0.36–10.60) and was lower than
that reported by others.23–25

Other important causes of death were liver cirrhosis, MI
or decompensation, vascular problems, acute renal insuffi-
ciency, cerebral ictus, or subdural hematoma (Table 4). All
of them are related to the drinking and smoking habits of
our chronic pancreatitis patients.

In conclusion, surgical treatment of chronic pancreatitis
can be performed safely, with a low mortality rate. The
long-term survival was significantly lower than that
expected for the general population of the same age and
sex, and this was probably due to the high percentage of
patients drinking alcohol and smoking. Eliminating drink-
ing and smoking and increasing tests on organs at risk of
cancer may prolong survival in chronic pancreatitis
patients. In comparison to extrapancreatic malignancy,
pancreas cancer was relatively uncommon in our series
occurring in only two patients (1.1%), at least 2 years after
surgery, both of whom died of the disease.

Acknowledgment The authors gratefully acknowledge Tania Lazzarin
for helping with the manuscript.

References

1. DiMagno MJ, DiMagno EP. Chronic pancreatitis. Curr Opin
Gastroenterol 2005;21:544–554. doi:10.1097/01.mog.0000175543.
42582.55.

2. Ammann RW. Diagnosis and management of chronic pancreatitis:
current knowledge. Swiss Med Wkly 2006;136:166–174.

3. Whitcomb DC, Gorry MC, Preston RA, Furey W, Sossenheimer
MJ, Ulrich CD, et al. Hereditary pancreatitis is caused by a
mutation in the cationic trypsinogen gene. Nat Genet
1996;14:141–145. doi:10.1038/ng1096-141.

4. Etemad B, Whitcomb DC. Chronic pancreatitis: diagnosis,
classification, and new genetic developments. Gastroenterology
2001;120:682–707. doi:10.1053/gast.2001.22586.

5. Lankisch PG. Chronic pancreatitis. Curr Opin Gastroenterol
2007;23:502–507. doi:10.1097/MOG.0b013e3282ba5736.

6. Fasanella KE, Davis B, Lyons J, Chen Z, Lee KK, Slivka A, et al.
Pain in chronic pancreatitis and pancreatic cancer. Gastroenterol
Clin North Am 2007;36:335–364. doi:10.1016/j.gtc.2007.03.011.

7. Dite P, Ruzicka M, Zboril V, Novotny I. A prospective,
randomized trial comparing endoscopic and surgical therapy for

1936 J Gastrointest Surg (2008) 12:1930–1937

http://dx.doi.org/10.1097/01.mog.0000175543.42582.55
http://dx.doi.org/10.1097/01.mog.0000175543.42582.55
http://dx.doi.org/10.1038/ng1096-141
http://dx.doi.org/10.1053/gast.2001.22586
http://dx.doi.org/10.1097/MOG.0b013e3282ba5736
http://dx.doi.org/10.1016/j.gtc.2007.03.011


chronic pancreatitis. Endoscopy 2003;35:553–558. doi:10.1055/s-
2003-40237.

8. Cahen DJ, Gouma DJ, Nio Y, Rauws EA, Boermeester MA,
Busch OR, et al. Endoscopic versus surgical drainage of the
pancreatic duct in chronic pancreatitis. N Engl J Med
2007;356:676–684. doi:10.1056/NEJMoa060610.

9. Hartel M, Tempia-Caliera AA, Z’graggen K, Friess H, Büchler
MW. Evidence based surgery in chronic pancreatitis. Langenbecks
Arch Surg 2003;388:132–139.

10. Devière J, Bell RH Jr, Beger HG, Traverso LW. Treatment of
chronic pancreatitis with endotherapy or surgery: critical review of
randomized control trials. J Gastrointest Surg 2008;12:640–644.
doi:10.1007/s11605-007-0448-9.

11. Ammann RW, Akovbiantz A, Largadèr F, Schueler G. Course and
outcome of chronic pancreatitis: longitudinal study of a mixed
medical–surgical series of 245 patients. Gastroenterology
1984;86:820–828.

12. Miyake H, Harada H, Kunichika K, Ochi K, Kimura I. Clinical
course and prognosis of chronic pancreatitis. Pancreas
1987;2:378–385. doi:10.1097/00006676-198707000-00003.

13. Lankisch PG, Löhr-Happe A, Otto J, Creutzfeldt W. Natural course in
chronic pancreatitis: pain, exocrine and endocrine pancreatic insuffi-
ciency and prognosis of the disease. Digestion 1993;54:148–155.

14. Russell RCG, Theis BA. Pancreaticoduodenectomy in the
treatment of chronic pancreatitis. World J Surg 2003;27:1203–
1210. doi:10.1007/s00268-003-7239-6.

15. Thuluvath PJ, Imperio D, Nair S, Cameron JL. Chronic
pancreatitis. Long term pain relief with or without surgery, cancer
risk, and mortality. J Clin Gastroenterol 2003;36:159–165.
doi:10.1097/00004836-200302000-00014.

16. Riediger H, Adam U, Fischer E, Keck T, Pfeffer F, Hopt UT, et al.
Long term outcome after resection for chronic pancreatitis in 224

patients. J Gastrointest Surg 2007;11:949–960. doi:10.1007/
s11605-007-0155-6.

17. Lankisch PG. Natural course of chronic pancreatitis. Pancreatology
2001;1:3–14. doi:10.1159/000055786.

18. Pedrazzoli S, Sperti C, Pasquali C. Pancreaticoduodenojejunos-
tomy for chronic pancreatitis presenting with an inflammatory
mass in the head of the pancreas. Pancreas 1995;11:289–293.
doi:10.1097/00006676-199510000-00012.

19. Greenlee HB, Prinz RA, Aranha GV. Long-term results of side to
side pancreaticojejunostomy. World J Surg 1990;14:70–76.
doi:10.1007/BF01670548.

20. Duffy JP, Reber A. Surgical treatment of chronic pancreatitis. J
Hepatobiliary Pancreat Surg 2002;9:659–668. doi:10.1007/
s005340200091.

21. Sasco AJ, Secretan MB, Straif K. Tobacco smoking and cancer: a
brief review of recent epidemiological evidence. Lung Cancer
2004;45(Suppl.2):S3–9. doi:10.1016/j.lungcan.2004.07.998.

22. Gandini S, Botteri E, Iodice S, Boniol M, Lowenfels AB,
Maisonneuve P, et al. Tobacco smoking and cancer: a meta-
analysis. Int J Cancer 2008;122:155–164. doi:10.1002/ijc.23033.

23. Talamini G, Falconi M, Bassi C, Sartori N, Salvia R, Caldiron E,
Frulloni L, Di Francesco V, Vaona B, Bovo P, Vantini I, Pederzoli
P, Cavallini G. Incidence of cancer in the course of chronic
pancreatitis. Am J Gastroenterol 1999;94:1253–1260.
doi:10.1111/j.1572-0241.1999.01075.x.

24. Lowenfels AB, Maisonneuve P, Cavallini G, Ammann RW,
Lankisch PG, Andersen JR, International Pancreatitis Study Group,
et al. Pancreatitis and the risk of pancreatic cancer. N Engl J Med
1993;328:1433–1437. doi:10.1056/NEJM199305203282001.

25. Malka D, Hammel P, Maire F, Rufat P, Madeira I, Pessione F, et
al. Risk of pancreatic adenocarcinoma in chronic pancreatitis. Gut
2002;51:849–852. doi:10.1136/gut.51.6.849.

J Gastrointest Surg (2008) 12:1930–1937 19371937

http://dx.doi.org/10.1055/s-2003-40237
http://dx.doi.org/10.1055/s-2003-40237
http://dx.doi.org/10.1056/NEJMoa060610
http://dx.doi.org/10.1007/s11605-007-0448-9
http://dx.doi.org/10.1097/00006676-198707000-00003
http://dx.doi.org/10.1007/s00268-003-7239-6
http://dx.doi.org/10.1097/00004836-200302000-00014
http://dx.doi.org/10.1007/s11605-007-0155-6
http://dx.doi.org/10.1007/s11605-007-0155-6
http://dx.doi.org/10.1159/000055786
http://dx.doi.org/10.1097/00006676-199510000-00012
http://dx.doi.org/10.1007/BF01670548
http://dx.doi.org/10.1007/s005340200091
http://dx.doi.org/10.1007/s005340200091
http://dx.doi.org/10.1016/j.lungcan.2004.07.998
http://dx.doi.org/10.1002/ijc.23033
http://dx.doi.org/10.1111/j.1572-0241.1999.01075.x
http://dx.doi.org/10.1056/NEJM199305203282001
http://dx.doi.org/10.1136/gut.51.6.849


Fluorophore-conjugated anti-CEA Antibody
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Abstract
Introduction Colorectal and pancreatic cancers together comprise the third and fourth most common causes of cancer-
related death in the United States. In both of these cancers, complete detection of primary and metastatic lesions at the time
of surgery is critical to optimal surgical resection and appropriate patient treatment.
Materials and Methods We have investigated the use of fluorophore-labeled anti-carcinoembryonic antigen (CEA)
monoclonal antibody to aid in cancer visualization in nude mouse models of human colorectal and pancreatic cancer. Anti-
CEA was conjugated with a green fluorophore. Subcutaneous, orthotopic primary and metastatic human pancreatic and
colorectal tumors were easily visualized with fluorescence imaging after administration of conjugated anti-CEA. The
fluorescence signal was detectable 30 min after systemic antibody delivery and remained present for 2 weeks, with minimal
in vivo photobleaching after exposure to standard operating room lighting. Tumor resection techniques revealed improved
ability to resect labeled tumor tissue under fluorescence guidance. Comparison of two different fluorophores revealed
differences in dose–response and photobleaching in vivo.
Conclusion These results indicate that fluorophore-labeled anti-CEA offers a novel intraoperative imaging technique for
enhanced visualization of tumors in colorectal and pancreatic cancer when CEA expression is present, and that the choice of
fluorophore significantly affects the signal intensity in the labeled tumor.
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Introduction

Colorectal and pancreatic cancers together comprise the
third and fourth most common causes of cancer-related
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death in the United States.1 In both of these cancers, the
complete detection of primary and metastatic lesions prior
to and at the time of surgery is critical to optimal surgical
resection and appropriate patient treatment. For patients
with pancreatic cancer, the lethality of this disease is
primarily related to its aggressive biology and the often
late stage at which patients are diagnosed.2 Current
chemotherapeutic regimens available offer only modest
improvement in disease-related survival.3,4 Curative resec-
tion at the time of surgery remains the most powerful
determinant for patient outcomes.5

For colorectal cancers, the high mortality of this disease
in the United States parallels a high cancer incidence.1

These patients more often present with resectable disease6

and have more surgical options than patients with pancre-
atic cancer.7,8 Nevertheless, there remains in this patient
population a clear advantage to compete resection of all
primary and metastatic cancer at the time of surgery when
clinically appropriate.9,10

The carcinoembryonic antigen (CEA) was first described
following immunization of xenogenic animals with human
tumor tissue.11 Early evaluation of human tissue specimens
revealed positive CEA expression in multiple cancers arising
from the endodermally-derived epithelium of the digestive
tract12 as well as in human embryonic gut, pancreas, and
liver tissue.13 Although initially described with respect to
adenocarcinoma of the colon,12 CEA is often also expressed
in pancreatic ductal adenocarcinoma.14,15 In clinical medi-
cine, CEA is most commonly utilized as a serum marker in
colorectal and pancreatic cancer as a part of both preoper-
ative staging and to follow patient response to surgery and
chemotherapy.16,17

We report here a study evaluating the use of a
fluorophore-labeled anti-CEA monoclonal antibody to aid
in primary and metastatic cancer visualization in nude
mouse models of human colorectal and pancreatic cancer.

Materials and Methods

Cell Culture The human pancreatic cancer cell lines
MiaPaca-2, ASPC-1, BxPC-3, XPA-1, XPA-3, and XPA-4
were maintained RPMI (Gibco-BRL, Grand Island, NY)
supplemented with 10% fetal calf serum (FCS; Hyclone,
Logan, UT). The human pancreatic cancer cell lines
CFPAC & Capan-1 were maintained in IMDM (Gibco-
BRL) with 15% FCS (Hyclone). The human pancreatic
cancer cell lines Panc-1 and FG and the human colorectal
cancer cell lines HCT 116, HT-29, SW480, LS174T,
LOVO, and SW948 were maintained in DMEM (Gibco-
BRL) supplemented with 10% FCS (Hyclone). All media
was supplemented with penicillin/streptomycin (Gibco-

BRL), L-glutamine (Gibco-BRL), MEM nonessential amino
acids (Gibco-BRL), sodium bicarbonate (Cellgro, Herndon
VA), and sodium pyruvate (Gibco-BRL). All cell lines were
cultured at 37°C with 5% CO2. The Colo4104 tumors were
generated from liver metastasis tissue from a human colon
cancer patient which was serially passaged subcutaneously
in athymic (nu/nu) mice. The human pancreatic cancer cell
lines XPA-1, XPA-3, and XPA-4 were a gift from Dr.
Anirban Maitra at Johns Hopkins University.

Conjugation of Antibody to Fluorophore Monoclonal anti-
body specific for CEA was purchased from Biodesign
International (Saco ME, Cat # H45655M). Control IgG
antibody was purchased from R&D Systems (Minneapolis
MN, Cat # 6-001-A). The antibodies were labeled with the
AlexaFluor 488 (Molecular Probes, Eugene, OR) or Oregon
Green (Molecular Probes) fluorophores according to man-
ufacturer’s instructions. Briefly, for AlexaFluor 488 con-
jugation, the monoclonal antibody was reconstituted at
2 mg/mL in 0.1 M sodium bicarbonate; 500 μL of the
2 mg/mL were added to the reactive dye for each
conjugation. For Oregon Green conjugation, the monoclo-
nal antibody was reconstituted at 5 mg/mL in dH2O, and
200 μL of the 5 mg/mL solution were added to the reactive
dye for each conjugation. The antibody–dye mixtures were
allowed to incubate for 1 h at room temperature, then
overnight at 4°C. The conjugated antibody was then
separated from the remaining unconjugated dye on a
purification column by centrifugation. Antibody and dye
concentrations in the final sample were determined using
spectrophotometric absorbance. For each conjugation, the
molar ratio of fluorophore to antibody was 3–4 to 1.

In Vitro Fluorescence Imaging All cell lines were plated in
96-well plates at 5×104 cells per well. After 48 h culture in
appropriate media, the cells were incubated with 1 μg of
fluorophore-conjugated anti-CEA or control-conjugated
IgG antibody for 4 h at 37°C, then washed three times
with phosphate-buffered saline (PBS; Gibco-BRL). Cells
were imaged with an inverted Nikon DE-300 microscope
and Spot camera RD. The images were then analyzed for
fluorescence intensity using Image J software (National
Institute of Health, Bethesda MD).

Animal Care Athymic mice were maintained in a barrier
facility on high efficiency particulate air (HEPA)-filtered
racks. The animals were fed with autoclaved laboratory
rodent diet (Teckland LM-485; Western Research Products,
Orange, CA). All surgical procedures and intravital imaging
were performed with the animals anesthetized by intramus-
cular injection of 0.02 mL of a solution of 50% ketamine,
38% xylazine, and 12% acepromazine maleate. All animal
studies were conducted in accordance with UCSD animal
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care protocols and the principles and procedures outlined in
the NIH Guide for the Care and Use of Animals.

Subcutaneous Tumor Cell Implantation Human pancreatic
and colorectal cancer cell lines were harvested by trypsini-
zation and washed twice with serum-free medium. Cells
(1×106 in 100 μl of serum-free media) were injected
subcutaneously within 30 min of harvesting over the right
flank in female nu/nu mice between 4 and 6 weeks of age.
Subcutaneous tumors were allowed to grow for 7–14 days
until they reached a diameter of 1–2 mm prior to the
delivery of conjugated antibody.

Subcutaneous Passage of Colo4104 Tumor Small (1 mm3)
fragments of the initial tumor sample obtained from the
liver metastasis of a patient with stage IV colorectal cancer
were implanted subcutaneously in athymic nu/nu mice. The
tumors were maintained by serial subcutaneous passage.
For passage, animals were anesthetized as described and a
small 1-cm incision was made over the left flank. The
harvested tumor was divided into 1-mm3 pieces and
implanted subcutaneously into the anesthetized mouse as
described.

Orthotopic Tumor Implantation Orthotopic human pancre-
atic cancer xenografts were established in nude mice by
direct injection of BxPC-3 tumor cells into the pancreas.
For pancreatic tumors, a small incision was then made in the
right pararectal line through the skin and peritoneum. The
tail of the pancreas was exposed and 1×106 cells mixed 1:1
with matrigel (BD Biosciences, Bradford MA) in 30 μL
final volume were injected into the pancreas using a
Hamilton syringe (Hamilton Co, Reno NV). For colorectal
tumors, a midline abdominal incision was made and a small
segment of bowel and mesentery were exposed. A single 1-
mm3 tumor fragment from the Colo4104 tumor was sutured
to the mesenteric border of the bowel wall using 8–0 nylon
surgical sutures.18 Peritoneum and skin were closed using
6–0 vicryl sutures. Orthotopic tumors were allowed to grow
for 7–14 days prior to imaging.

Experimental Peritoneal andMesenteric Metastasis Model For
models of intra-abdominal metastasis, human pancreatic
(ASPC-1) and primary colorectal cancer (Colo4104) cells
were used. For ASPC-1 implants, the cells were harvested
by trypsinization and washed three times in serum-free
media. The cells were resuspended in serum-free media at
5×106/mL. A volume of 200 μL of the cell suspension was
then injected directly into the peritoneal cavity within
30 min of harvesting. For Colo4104 implants, solid tumor
was minced into small (<1 mm3 diameter) pieces and
dispersed in serum-free media; 500 μL of the tumor
suspension was injected into the peritoneal cavity within

30 min of tumor harvest. The implants were allowed to
grow for 7–14 days prior to imaging.

Antibody Delivery One to 2 weeks after subcutaneous,
orthotopic, or intraperitoneal tumor implantation, animals
were given a single intravenous (i.v.) injection of either
conjugated anti-CEA or conjugated control IgG antibody
diluted in PBS to a final volume of 100 μL. All i.v.
injections were done via the tail vein. For the dose–
response experiment, the antibody dose ranged from 12.5 to
75 μg. For the in vivo time course, photobleaching, and
tumor resection experiments, the dose given was 75 μg. For
the time course study, the animals were anesthetized and
imaged at 30, 60 min, 2, 6, 8, 24, 48 h, and 8 and 15 days
after systemic antibody delivery. For all other experiments,
the animals were anesthetized and imaged 24 h after
administration of the antibody.

Photobleaching In vitro tumor cells in 96-well plates were
stained with conjugated anti-CEA as described, then
exposed to standard OR lighting for 24 h. The cells were
imaged on the Nikon inverted fluorescence microscope
after 1, 2, 3, 4, 5, 6, 7, 8, 9, and 24 h of light exposure.
Subcutaneous tumors were implanted as previously de-
scribed. After 24 h of systemic antibody delivery, the
animals were anesthetized and their subcutaneous tumor
was exposed. The tumors were exposed to standard OR
lighting, and the tumors were imaged on the Olympus
OV100 Small Animal Imaging System over time for 8 h.

Tumor Resection Animals bearing subcutaneous BxPC3
tumors were anesthetized as described, and their right flank
was sterilized. The tumor was exposed and imaged under
both standard bright field illumination and fluorescence
imaging. All visible tumors were removed under standard
bright field illumination using a Stereo Discovery V12
dissecting microscope (Carl Zeiss IMT Corp, Maple Grove
MN), and the tumor bed was then imaged again under
standard bright field illumination and fluorescence imaging.
All residual fluorescent tumor tissue remaining after
resection was documented. The presence of tumor within
the resection tissue and resection bed was confirmed by
histology.

Animal Imaging Mice were imaged using the Olympus
OV100 Small Animal Imaging System (Olympus Corp,
Tokyo Japan),19 containing an MT-20 light source (Olym-
pus Biosystems, Planegg, Germany) and either the DP71
CCD camera (Olympus Corp. Tokyo, Japan) for qualitative
color images of tumor implants or with the Hamamatsu
monochrome camera (Hamamatsu Corp, Hamamatsu City
Japan) for quantitative evaluation of fluorescence intensity.
All images were processed for contrast and brightness and
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analyzed with the use of Image J and Photoshop element-4
(Adobe Systems Inc, San Jose CA).

Histology Tumor samples were surgically removed en bloc
with surrounding tissue following in vivo imaging. These
tissue samples were then frozen in Tissue-Tek O.C.T.
compound (Sakura Fintek, Torrance CA) and sectioned on
a microtome. For tumors removed from conjugated CEA-
or IgG-treated animals, 15-μm sections were prepared
without fixation for fluorescence microscopy, and 8-μm
sections were fixed and stained with H&E for standard light
microscopy. The prepared slides were imaged using an
inverted Nikon DE-300 fluorescent microscope and Spot
camera RD. Images were processed for contrast and
brightness with the use of Photoshop element-4 (Adobe
Systems Inc, San Jose CA).

Human Tissue Array Evaluation The human tissue array
was purchased from US Biomax, Inc (Rockwell MD). The
tissue array as well as 8-μm thick sections from the positive
(ASPC-1 and Colo4104 tumors) and negative (murine
axillary lymph node) controls were first fixed in ice-cold
acetone for 2 min. The slides were then air-dried and washed
three times with PBS. The slides were next with 5% bovine
serum albumin (BSA; Sigma-Aldrich, St Louis, MO) for 1 h
at room temperature. The slides were again washed with
PBS and then stained using 1 μg/mL AlexaFluor 488
conjugated anti-CEA or isotype-control IgG for 2 h at room
temperature. The slides were then washed for a final time
and imaged using the inverted Nikon DE-300 fluorescent
microscope and Spot camera RD.

Results

In Vitro Expression of CEA

Of the human pancreatic cancer cell lines which were
evaluated in vitro, 70% of the pancreatic cancer cell lines
tested were positive for CEA-staining in culture. These cell
lines included MiaPaca-2, FG, ASPC-1, BxPC-3, CFPAC,
Panc-1, and Capan-1. The cell lines tested which did not
express CEA included XPA-1, XPA-3, and XPA-4. Of the
human colon cancer cell lines which were tested in vitro,
67% of the colon cancer cell lines expressed CEA as
identified by antibody staining. These cell lines included
LOVO, HCT-116, SW948, and LS174T. The cell lines
which did not express CEA above background were HT-29
and SW480. For each cell line tested, the plated cells were
incubated with AlexaFluor 488-labeled anti-CEA or IgG at
1 μg/well. Positive staining was indicated by fluorescence
intensity above background staining with conjugated IgG
(Table 1).

Imaging of Subcutaneous Tumors with Fluorescent
Anti-CEA Antibody

Multiple cell lines were also assayed for in vivo expression
of CEA in a subcutaneous cancer model. The human
pancreatic cancer cell lines ASPC-1, BxPC-3, CFPAC,
Panc-1, and Capan-1 were implanted subcutaneously. In
addition, one colon cancer cell line (LS174T) and a primary
human colon cancer specimen (Colo4104) were also
implanted subcutaneously. All tumors were allowed to
grow for 7–14 days (three animals were implanted with
each cell line). When the tumors had reached approximately
1–2 mm in diameter, the animals were each given a single
75-μg dose of AlexaFluor 488-conjugated anti-CEA (two
animals) or IgG (one animal). All five pancreatic cancer
cell lines implanted demonstrated positive in vivo binding

Table 1 CEA Expression In Vitro and In Vivo

Human pancreatic cancer cell lines
In vitro + −
Mia Paca-2 x
FG x
BxPC-3 x
CFPAC x
Panc-1 x
Capan-1 x
XPA-1 x
XPA-3 x
XPA-4 x
In Vivo + −
ASPC-1 x
BxPC-3 x
CFPAC x
Panc-1 x
Capan-1 x

Human colon cancer cell lines
In vitro + −
LOVO x
HCT-116 x
SW948 x
LS174T x
HT-29 x
SW480 x
In vivo + −
LS174T x
Colo4104 x

Testing of human pancreatic and colon cancer cell lines for in vitro
and in vivo expression. Ten human pancreatic cancer cell lines were
tested for in vitro CEA expression. Of the ten lines tested seven (70%)
were positive. Six human colon cancer cell lines were tested for in
vitro CEA expression, of which four (67%) were positive. Seven
pancreatic and one colon cancer cell line were tested in vivo, all of
which were positive. In addition, the primary human colon cancer
tissue Colo4104 was also positive for in vivo expression of CEA.
“+”= positive CEA expression; “−”=negative CEA expression
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of CEA as did the colon cancer cell line and the primary
human colon cancer specimen as determined by fluores-
cence intensity above background IgG (Table 1).

Immunofluorescence Staining of Tissue for Binding
with Anti-CEA Antibody

Screening of normal human tissue samples for binding to
conjugated anti-CEA antibody was achieved by using
immunofluorescence staining of a human tissue array. This
array contains two samples each of 19 different non-
cancerous adult human tissues including: salivary gland,
liver, small intestine, stomach, kidney, skeletal muscle, skin,
heart, placenta, breast, cervix, uterus, spleen, lung, brain,
thyroid, pancreas, ovary, and adrenal gland. Human tumor
samples generated subcutaneously in nude mice from the
pancreatic cancer cell line ASPC-1 and the primary human
colon cancer specimen Colo4104 were also stained using the
same protocol as positive controls, and mouse axillary lymph
node tissue was included as a negative control. Both the
ASPC-1 pancreatic tumor and the Colo4104 colon tumor
yielded positive staining for CEA. In non-cancerous tissues,
the majority of samples did not demonstrate binding of
conjugated anti-CEA above our isotype-control IgG back-
ground. A low level of staining above background was
present within the small intestine cervix. Notably, the
pancreas did not demonstrate any binding of conjugated
anti-CEA. Table 2 denotes the staining for all non-cancerous
human tissue samples tested.

Imaging Orthotopic Tumors with Fluorescent Anti-CEA
Antibody

Tumors implanted orthotopically into the mouse pancreas
and colon were evaluated for improved imaging using con-
jugated anti-CEA. For orthotopic tumors in the pancreas,
the human pancreatic cancer cell line BxPC-3 was used.
For the colon, Colo4014 was used. Orthotopic pancreatic or
colon tumor-bearing animals were given a single dose of
AlexaFluor 488-conjugated anti-CEA or IgG by tail vein,
7–10 days after tumor implantation, and imaged under both
brightfield and fluorescence illumination using the Olym-
pus OV100 Small Animal Imaging System. Intravital
fluorescence imaging revealed what appeared to be very
small pancreatic tumors which were difficult to visualize
using standard brightfield illumination, even at higher
magnification (Fig. 1b,c). However, under fluorescence
imaging, not only was the tumor easily visible, it was clear
that the extent of tumor invasion was much greater than that
appreciated initially under brightfield imaging (Fig. 1e,f).
The tumors in the colon cancer-bearing animals were larger
and were visible under both brightfield and fluorescence
imaging but more clearly by flourescence (Fig. 2b,c & e,f).

The animals which received conjugated IgG showed no
green fluorescence in either their pancreatic (Fig. 1d) or
colon (Fig. 2d) tumors. Orthotopic tumor tissue was
confirmed by H&E (data not shown).

Imaging Intraabdominal Disseminated Tumor
with Fluorescent Anti-CEA Antibody

Experimental models of intraabdominal metastases of
pancreatic and colorectal cancer were created to facilitate
the evaluation of fluorophore-conjugated anti-CEA binding
to these lesions in vivo. Animals received a single
intraperitoneal injection of human pancreatic (BxPC-3) or
colorectal (Colo4104 or LS174T) cancer cells and these
cells were allowed to grow within the peritoneal cavity for
7 days. After 1 week, the animals were given as single
75 μg injection of AlexaFluor 488-conjugated anti-CEA or
IgG by tail vein; 24 h later, the animals were imaged on the
Olympus OV100 using both brightfield and fluorescence
illumination. At the time of imaging these animals had
developed very small peritoneal implants on the bowel

Table 2 CEA Expression in Adult Human Tissues

Tissue Staining

Salivary gland −
Liver −
Small intestine +/−
Stomach −
Kidney −
Skeletal muscle −
Skin −
Heart −
Placenta −
Breast −
Cervix +
Uterus −
Spleen −
Lung −
Brain −
Thyroid −
Pancreas −
Ovary −
Adrenal Gland −
ASPC-1 tumora +++
Colo4104 tumora ++
Mouse axillary LNb −

Staining of a tissue array of adult non-cancerous human tissues
revealed a small amount of positive staining over background in
cervix and small intestine tissues. In the small intestine the staining
was primarily limited to cells on the mucosal surface of the bowel. In
the cervix, the staining was primarily seen on the luminal surface of
glandular structures. The positive controls ASPC-1 and Colo4104
revealed staining with conjugated anti-CEA both within the cytoplasm
and on the cell membrane throughout the tumors.
a Positive control
b Negative control
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and mesentery which were difficult to visualize using
brightfield imaging (Figs. 3a,b and 4a,b) but were very
clearly visible under fluorescence illumination in those
animals given conjugated anti-CEA (Figs. 3c,d and 4c,d).
The animals who received IgG had no discernible fluores-
cence signal in their tumor implants (data not shown).

Time Course Imaging of Pancreatic Tumors After Injection
of Fluorescent Anti-CEA Antibody

Time-course evaluation of human pancreatic tumors in
nude mice labeled with conjugated anti-CEA revealed rapid
binding of the antibody-fluorophore conjugate in vivo with
very long signal duration. Animals bearing 1–2-mm
diameter subcutaneous ASPC-1 tumors were given a single
dose of 75 μg AlexaFluor 488-conjugated anti-CEA by tail
vein injection. The mice were then imaged at 30 min, 1, 2,

6, 8, 24, 48, 192 (8 days), and 360 h (15 days) after
delivery of a single dose of antibody. Two animals were
imaged for each time point. A small amount of fluorescence
signal could be seen at 30 min post-antibody injection and
the signal steadily increased to peak intensity at 24 h after
injection. This signal remained relatively stable over the
next 24 h and then decreased over the following 6 days to
yield again a very low-level signal at 8 days post-injection.
By 15 days post-injection, there was minimal signal
remaining within the tumor tissue (Fig. 5).

Use of Fluorescent Anti-CEA Antibody to Image
Post-resection Residual Tumor

In animals bearing larger (3–10 mm diameter) subcutane-
ous tumors, we investigated the use of fluorophore-
conjugated anti-CEA to improve our ability to perform a

Figure 1 Imaging of orthotopic human pancreas tumors in vivo
reveals greatly improved primary tumor visualization at laparotomy.
Animals with orthotopically implanted BxPC-3 pancreatic tumors
were imaged using both bright field (a–c) and fluorescence (d–f)
illumination. Primary tumors were difficult to clearly discern under
bright field imaging under both low (a, b) and high (c) magnification.

In contrast, fluorescence illumination of anti-CEA-labeled tumors
revealed easy identification of primary tumor (e, f), which was much
more extensive than initially appreciated. Animals given conjugated
control IgG demonstrated no fluorescence signal in the orthotopic
tumor (d). All tumor tissue was confirmed by histology; n=3.
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complete tumor resection. Animals were given a single
dose of AlexaFluor 488-conjugated anti-CEA 24 h prior to
attempted surgical resection. At the time of surgery, animals
were anesthetized and their tumors were imaged using
brightfield and fluorescence illumination (Fig. 6a,b). The
tumors were then carefully resected under a dissecting
microscope under brightfield illumination with careful
attention paid to removing all visible tumor tissue without
adjacent normal skin or muscle (Fig. 6b,c). Following
resection, the operative bed was then imaged using
fluorescence microscopy and all remaining areas of
fluorescence (Fig. 6e,f) were documented and biopsied.
Of the three animals that underwent resection in this
manner, all three had residual tumor present within the
tumor bed which was not visible under brightfield
illumination. The presence of tumor tissue within the
resected tissue as well as the presence of tumor tissue

within the green fluorescent portions of the resection
margin were confirmed by histology (data not shown).

Comparison of Fluorophores for Anti-CEA Antibody
Conjugation

The choice of fluorophore can have a profound effect on
fluorescence imaging in vitro and in vivo. For this reason,
we elected to compare a commonly used green fluorophore,
Oregon Green, to the AlexaFluor 488 fluorophore. We
initially looked at anti-CEA conjugated with each of these
fluorophores in an in vivo dosing experiment. Animals
bearing 1–2-mm diameter subcutaneous ASPC-1 tumors
were given a single administration of either AlexaFluor 488-
or Oregon Green-conjugated anti-CEA in doses ranging
from 12.5 to 75 μg by tail vein injection. 24 h after
antibody delivery, the tumors were imaged using the

Figure 2 Imaging of orthotopic human colon tumors in vivo under
fluorescence illumination improved primary tumor visualization at
laparotomy. Animals with orthotopically implanted AC4104 colon
tumors were imaged using both bright field (a–c) and fluorescence (d–
f) illumination. Primary tumors labeled with conjugated anti-CEA

appeared bright green under fluorescence illumination (e, f). Animals
given conjugated control IgG demonstrated no fluorescence signal in
the orthotopic tumor (d). All tumor tissue was confirmed by histology;
n=3.
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Olympus OV100 Small Animal Imaging System. Three
animals were evaluated at each dose for each fluorophore.
Tumor fluorescence intensity increased for both fluoro-
phores with increasing dose of fluorophore-conjugated
antibody, as expected. The AlexaFluor 488-conjugated
antibody showed a greater rate of in vivo fluorescence
intensity increase at the three lower doses tested but
demonstrated little increase from the 50 to 75 μg dose.
Conversely, while the Oregon Green-conjugated antibody
yielded greater in vivo fluorescence signal at the lowest
dose tested, the signal remained lower than that for
AlexaFluor 488 at all other doses (Fig. 7).

Photobleaching of Fluorophore-conjugated Anti-CEA
Antibody

In a second comparison between AlexaFluor 488 and
Oregon Green, we evaluated the propensity of these
fluorophores to be affected by continuous bright-light
illumination both in vitro and in vivo. Photobleaching is a

well-documented phenomenon in many fluorophores but is
usually caused under conditions of laser excitation. It is
unclear whether exposure to bright operating room (OR)
lighting would cause any significant amount of fluores-
cence signal loss for either of these fluorophores. To
evaluate this, we first looked in vitro at a confluent
monolayer of ASPC-1 cells stained with either AlexaFluor
488-conjugated or Oregon Green-conjugated anti-CEA at
1 μg per well in triplicate in a 96-well plate. The cells were
exposed to bright OR lighting for 24 h and were imaged
each hour for the first 9 h and again at 24 h by fluorescence
microscopy. The intensity of the fluorescence signal did
decrease over the first 8 h by approximately 10% in the
AlexaFluor 488-stained cells and by over 50% in the
Oregon Green-stained cells. After 24 h, this had progressed
to a 45% loss of fluorescence signal in the AlexaFluor
group and a 67% loss for Oregon Green (Fig. 8a).

In vivo photobleaching was also evaluated using a
subcutaneous tumor model. Nude mice bearing 1–2-mm
diameter subcutaneous ASPC-1 tumors were given a single

Figure 3 In vivo imaging of
intraabdominal metastases from
the human pancreatic cancer cell
line BxPC-3 reveals greatly im-
proved metastatic-tumor visuali-
zation at laparotomy. Animals
with intraperitoneally injected
BxPC-3 cells were
imaged using both bright field
(a, b) and fluorescence (c, d)
illumination. Small metastatic
implants on the bowel and
mesentery were difficult to find
with bright field imaging under
both low (a) and high (b)
magnification. In contrast, fluo-
rescence illumination of anti-
CEA-labeled tumors revealed
easy identification of metastatic
implants tumor (c, d); n=3.
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dose of 75 μg AlexaFluor 488- or Oregon Green-conjugated
anti-CEA by tail-vein injection (three animals were in-
cluded in each group). Twenty-four hours after antibody
delivery, the animals were anesthetized and their subcuta-
neous tumor exposed to bright OR lighting via the excision
of a small patch of overlying skin. The animals were
imaged on the Olympus OV100 at 0, 2, 4, 6, and 8 h after
exposure of the tumors to light. The amount of signal loss
in vivo was much lower than that seen in cultured cells.
Over an 8-h period, the AlexaFluor 488-labeled tumors lost

about 10% fluorescence signal while the Oregon Green-
labeled tumors lost approximately 20% of their baseline
fluorescence intensity (Fig. 8b). In both experiments, the
amount of photobleaching observed was greater in the
Oregon Green group.

Figure 4 Imaging of metastatic
human colon tumors in vivo
reveals improved tumor visuali-
zation at laparotomy. Animals
with intraperitoneally injected
Colo4104 colon cancer cells
were imaged using both
brightfield (a, b) and fluores-
cence (c–f) illumination. The
metastatic implants were small
and difficult to clearly discern
under brightfield imaging under
both low (a) and high (b) mag-
nification. In contrast,
fluorescence illumination of
anti-CEA-labeled tumors
revealed facile identification of
metastases (c, d); n=3.

Figure 5 Evaluation of fluorescence signal duration in subcutaneous
ASPC-1 tumors following a single administration of AlexaFluor 488-
conjugated anti-CEA reveals a rapid onset and prolonged duration of the
in vivo fluorescence signal. Animals with small subcutaneous tumors
were given a single dose of conjugated antibody and imaged at 30 min, 1,
2, 6, 8, 24, and 48 h, and 8 and 15 days after antibody administration. The
fluorescence signal can be seen at 30 min and reaches its peak at 24 h
after injection. The signal remains high at 48 h but by 8 days (192 h) after
delivery has decreased to levels comparable to that seen at 30 min and by
15 days (360 h) was comparable to background; n=18.

b
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Discussion

Targeted tumor imaging techniques are of great interest
currently as we seek to improve our ability to localize and
therefore appropriately treat the cancer burden in our
patients. Fluorophore-conjugated antibodies, because they
utilize technologies that have already been shown to be safe
and efficacious in humans, present a unique opportunity to
deliver highly specific fluorescence signals to the tissues of
interest with minimal risk to patients. Monoclonal anti-
bodies have been used safely in patients for some time,20 as
have several different fluorophores including fluoresce-
in,21,22 a compound very similar to Oregon Green.23 We
sought to combine the specificity of a monoclonal antibody
to a tumor-associated antigen with the enhanced imaging
technologies afforded by fluorescence illumination to
improve cancer imaging. In our nude mouse models of
human pancreatic and colon cancer, the administration of
conjugated anti-CEA improved our ability to visualize both

primary tumor as well as small intraabdominal lesions that
were almost impossible to see under standard white light
illumination even at high magnification.

In this study, we have investigated the use of fluorophore-
conjugated anti-CEA for the in vivo imaging of pancreatic
and colorectal cancer. The human carcinoembryonic antigen
has been used clinically for many years to stage and follow
patients with colorectal cancer.16,17 This tumor-associated
antigen is strongly positive in virtually all colon cancers24,25

and up to 98% of pancreatic ductal adenocarcinomas.14,15

The lower percentage of established colorectal and pancre-
atic cancer cell lines expressing CEA in vitro likely reflects
changes in antigen expression after prolonged maintenance
in culture. It would be expected that prior histology studies
reporting the proportion of primary pancreatic and colorectal
cancers with CEA expression would more accurately reflect
the likelihood of CEA expression in human tumors. Several
groups have looked at the use of CEA expression for the
identification of occult tumor cells in distant sites including

Figure 6 Tumor resection un-
der bright-light microscopy.
Larger subcutaneous AlexaFluor
488-conjugated anti-CEA-
labeled BxPC-3 tumors were
imaged under a dissecting mi-
croscope via both brightfield
(a) and fluorescence (b) illumi-
nation. Under brightfield mi-
croscopy all visible tumor was
resected, and the ex-vivo tumor
was imaged under bright field
(c) and fluorescence (d) micros-
copy. The tumor resection bed
(e) was then imaged under fluo-
rescence microscopy for any
evidence of residual fluores-
cence (f). In all animals
resected, there was residual tu-
mor based on positive fluores-
cence signal within the tumor
bed. Resected and residual tu-
mor was confirmed by histolo-
gy. All images taken at 20×,
scale bars=1 mm; n=3.
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bone marrow, peripheral blood, and lymph nodes.26 Kim et
al. used CEA expression in liver metastases from primary
colorectal cancer and found 100% of the metastatic implants
tested expressed CEA.27 Based on these data, we would
expect a high proportion of metastatic lesions in patients
with CEA-expressing primary tumors to also express this
tumor-associated antigen.

Although there are some adult tissues which express a
small amount of anti-CEA, including the colon, stomach,
tongue, esophagus, and cervix,28,29 the level of expression
in normal adult tissue is very low.14,30 In the case of
intestinal expression of CEA, the signal is predominantly
present on the luminal surface,14,30 and this non-tumor
staining is unlikely to be great enough to obscure the signal
from a CEA-expressing tumor. Our findings of weakly
positive CEA staining only within the cervix and small
intestine in our non-cancerous adult human tissue array
parallels this previously published work. Although the
tissue array used in our study did not contain a colon
specimen, we expect that the CEA expression in colonic
mucosa would also parallel historic reports. Given these
findings, we expect that the use of this fluorophore-
conjugated antibody would have relatively low non-tumor
binding and thus low background fluorescence staining in
patients.

One potential issue in the use of fluorescence imaging
intraoperatively is the propensity of certain fluorophores to
lose their fluorescence intensity with prolonged exposure to
bright light, a phenomenon known as photobleaching.31

Due to differences between fluorophores in their signal
intensity, photobleaching, and signal duration, it is of vital

Figure 7 Dose response in vivo was compared for AlexaFluor 488-
conjugated anti-CEA versus Oregon Green-conjugated anti-CEA.
Animals bearing small subcutaneous ASPC-1 tumors were given
doses of either AlexaFluor 488- (blue circles, upper pictures) or
Oregon Green (green circles, lower pictures)-conjugated anti-CEA
ranging from 12.5 μg to 75 μg per animal; 24 h after antibody
delivery, the animals were imaged on the OV100. Although the
Oregon Green-labeled tumors showed greater in vivo fluorescence
intensity at the lowest dose (12.5 μg), the AlexaFluor 488-labeled
tumors were brighter at the remaining doses (25, 50, and 75 μg); n=
12 AlexaFuor 488, n=12 Oregon Green.

Figure 8 Both in vitro and in vivo photobleaching were compared for
AlexaFluor 488- versus Oregon Green-labeled cells. In vitro Alexa-
Fluor 488- and Oregon Green-stained ASPC-1 cells (a) were exposed
to bright OR lighting for 24 h. The cells were imaged on a
fluorescence microscope at 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, and 24 h. The
in vitro fluorescence signal in Oregon Green-labeled cells decreased
by 50% and 67% at 9 and 24 h, respectively. AlexaFluor 488-stained
cells lost only 10% and 45% of their signal at 9 and 24 h. In vivo

AlexaFluor 488- and Oregon Green-stained subcutaneous ASPC-1
tumors (b) were exposed to bright OR lighting for 8 h. The tumors
were imaged on the OV100 at 0, 2, 4, 6, and 8 h. The in vivo
fluorescence signal in Oregon Green-labeled tumors decreased by
about 20% over 8 h, whereas that of the AlexaFluor 488-labeled
tumors decreased by only 10%; n=3 AlexaFluor 488, n=3 Oregon
Green.
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importance to choose a stable fluorophore with appropriate
signal intensity for in vivo use. We have compared two
fluorophores, AlexaFluor 488 and Oregon Green, for their
in vivo signal intensity and photobleaching kinetics under
standard bright lighting compatible with OR lights. In our
model, the AlexaFluor compound appeared to offer both a
stronger and a more stable in vivo signal when compared to
Oregon Green.

Several groups have recently looked at the use of
fluorophore-conjugated monoclonal antibodies for the
detection of tumor in animal models.32–35 Kulbersh and
Withrow evaluated fluorescent-conjugated anti-EGFR and
anti-VEGF respectively, in mouse models of head and neck
cancer. Both groups found that the use of fluorophore-
conjugated antibodies improved the sensitivity of tumor
resection at surgery.33,34 Koyama et al. showed improved
ability to image lung metastases using a rhodamine-
conjugated antibody specific for Her2.35 Hama et al. used
a secondary antibody system in which the primary
antibody, specific for Her1, was biotinlyated. Mice bearing
Her1-overexpressing intraabdominal tumors were given the
biotinylated Her1 followed by a neutravidin-fluorescent
conjugate to facilitate imaging of peritoneal tumor
implants.32 We have previously described the use of
fluorophore-conjugated CA19-9 in the evaluation of pan-
creatic cancer in a murine model system and found that the
use of this antibody–fluorophore conjugate improved our
ability to image orthotopic and metastatic pancreatic
cancer.36 CEA offers the advantage of being widely
expressed in many gastrointestinal cancers and is frequently
strongly positive in both pancreatic and colon cancer, with
minimal expression in normal adult human tissues.

Limited studies have been done to date utilizing
fluorescence technology to image tumor implants in human
subjects. Fluorescence imaging has the potential for use in
both laparoscopic and open surgery via either fluorescence
laparoscopy or with the use of simple handheld LED lights
and appropriate emission filters.37 Fluorophore emissions
can be affected by overlying tissue, with tissue absorption
and scatter causing loss of the fluorescence signal. With
respect to deep tumor deposits within solid organs such as
the liver, the absorption and scatter of the fluorescence
signal by the overlying tissue may hamper visualization of
small lesions. For this reason, fluorescence-imaging techni-
ques would best be paired with another method for
evaluating deep tissue deposits such as intraoperative or
laparoscopic ultrasound. Fluorescence laparoscopy follow-
ing the pretreatment of tumor implants with sensitizing
agents such as 5-aminolevulinic acid have been described
in a small number of patients with encouraging improve-
ments in the intraoperative localization of tumor implants.38

The technology described here could easily be used
intraoperatively either at staging laparoscopy, laparoscop-

ic-assisted surgical resection, or even at laparotomy to
improve not only detection of tumor metastases but also to
facilitate the complete resection of the primary tumor.

Conclusions

In this study, we have used a fluorophore-antibody
conjugate specific for the oncofetal antigen CEA to image
both primary and metastatic colon and pancreatic tumors in
mouse model systems. Our approach offers the advantage
of a single antibody delivery and is very effective for
imaging of primary and disseminated tumor. Fluorophore-
conjugated anti-CEA improved visualization of primary
and metastatic pancreatic and colorectal cancer and im-
proved the identification of residual tumor tissue at the time
of resection in a murine model. Fluorophore-conjugated
anti-CEA has the potential to improve intraoperative
visualization of both primary and metastatic pancreatic
and colorectal cancer when CEA expression is present.
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Abstract
Introduction Aggressive management of hepatic neuroendocrine (NE) metastases improves symptoms and prolongs
survival. Because of the rarity of these tumors, however, the best method for hepatic artery embolization has not been
established. We hypothesized that in patients with hepatic NE metastases, hepatic artery chemoembolization (HACE) would
result in better symptom improvement and survival compared to bland embolization (HAE).
Methods Retrospective review identified all patients with NE hepatic metastases managed by HACE or HAE at three
institutions from January 1996 through December 2007.
Results We identified 100 patients managed by HACE (n=49) or HAE (n=51) that were similar with respect to age, gender,
and primary tumor type. The percentage of patients experiencing morbidity, 30-day mortality, and symptom improvement
were similar between the two groups (HACE vs. HAE: 2.4% vs. 6.6%; 0.8% vs. 1.8%; and 88% vs. 83%, respectively.) No
differences in the median overall survival were observed between HACE and HAE from the time of the first embolization
procedure (25.5 vs. 25.7 months, p=0.79). Multivariate analysis revealed that resection of the primary tumor predicted
survival (73.8 vs. 19.4 months, p<0.04).
Conclusions These data suggest that morbidity, mortality, symptom improvement, and overall survival are similar in
patients with hepatic neuroendocrine metastases managed by chemo- or bland hepatic artery embolization.
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Introduction

Neuroendocrine (NE) tumors comprise a heterogeneous
group of similarly behaving cancers that include gastroin-
testinal carcinoid and pancreatic islet cell tumors. Due to
the indolent nature of NE tumors, patients frequently
present late in the disease course once metastases have
spread to regional lymph nodes, the liver, and/or bone.
Accordingly, NE tumors are the second most common
cause of isolated hepatic metastases after colorectal adeno-
carcinoma.1 The treatment of hepatic NE metastases
frequently involves a multidisciplinary approach because
aggressive management has been shown to improve
symptoms and prolong survival.2–4 Medical treatments
including somatostatin analogs, chemotherapy, and external
beam radiation have limited effectiveness on slowing
disease progression but have been shown to reduce
symptoms and improve quality of life, particularly the
somatostatin analogs.5–7 More invasive treatments for
patients with advanced disease include surgical resection,
cryo- and radiofrequency ablation, transplantation, and
various forms of hepatic arterial embolization.8–10

Over the past several years, a number of controversies
have developed over the optimal treatment for patients
with this disease due, in part, to the rare nature of NE
tumors and the resultant lack of level I evidence. One
particular debate that has emerged is whether hepatic
arterial embolization should be performed with or without
localized, intra-arterial chemotherapy. Many practitioners
believe that hepatic artery chemoembolization (HACE) is
superior to bland embolization (HAE) in terms of
symptom control and survival, but no study to date fully
supports this belief. Only two reports have directly
addressed this question; but both have failed to show a
statistically significant difference between HACE and HAE
in patients with NE hepatic metastases.11–12 Therefore, we
designed a multi-institutional study to test the hypothesis
that HACE would result in better symptom improvement
and overall survival than HAE with equivalent morbidity
and mortality in patients with hepatic NE metastases.

Materials and Methods

Patient Population

Retrospective review identified all patients with NE
hepatic metastases treated by HACE or HAE at three
institutions from January 1996 to December 2007. The
participating institutions were Indiana University (IU), the
University of Wisconsin (UW), and the Medical College
of Wisconsin (MCW). Prospective cancer registries,
interventional radiology databases, and hospital records

at each organization were utilized to identify eligible
patients. At all three institutions, electronic medical
records, clinic charts, radiological studies, and pathology
reports were reviewed to gather patient demographics,
symptom reporting, tumor characteristics, and treatment
information. The diagnosis of NE tumor was confirmed by
pathologic review of tissue samples. Standard cross-
sectional imaging techniques were used to verify the
presence of liver metastases. Approval for this study was
obtained from the respective institutional review boards at
IU, UW, and MCW.

Treatment Groups

Patients were grouped with respect to the treatment
modality received: HACE or HAE. At each institution,
the attending interventional radiologist selected which
method of embolization to perform: HACE or HAE. Four
patients who underwent both procedures during their care
were excluded from the analyses. In addition, three recent
patients who were treated by yttrium-90 radioembolization
were excluded. The procedures were performed with
particle embolization with or without iodized oil using
either polyvinyl alcohol, gel foam, or embospheres (Fig. 1).
The chemotherapies administered varied among institutions
and included cisplatin, adriamycin, and mitomycin C. The
timing between treatments, total number of embolizations
performed, and extent of each procedure was at the
discretion of the attending physicians, surgeons, and
interventional radiologists. Factors considered in these
decisions were multiple, such as presence of symptoms,
performance status, and response to prior treatments. If
patients underwent two separate procedures to address
bilobar metastases (i.e., one right and one left hepatic
artery procedure), these procedures were classified sepa-
rately in our analyses. At all three institutions, protocols in
compliance with hospital and national standards of care
were used to obtain informed consent and screen laboratory
values and to administer post-procedure intravenous fluids,
analgesics, antibiotics, steroids, and antiemetics.

Outcomes

Our primary outcome measurement was overall survival
which was calculated both from the time of diagnosis of
metastatic disease and the time of first hepatic artery
embolization until the time of death or date of last follow-
up. In all patients, survival and follow-up data were
obtained from respective hospital records including elec-
tronic medical records, clinic notes, cancer registries, and
the Social Security Death Index database.

Improvement in symptoms was a secondary outcome
measure in this study. We evaluated symptoms due to
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systemic hormone release, locoregional invasion, and mass
effect. Therefore, symptoms were considered present if the
patient reported flushing, diarrhea, or abdominal pain.
Patients who reported complete alleviation or significant
sustained relief of their symptomswere regarded as improved.

In addition, we analyzed procedure-related morbidity
and mortality as secondary outcome measurements. Any
complication that occurred during or within 30 days
following an embolization procedure was considered
morbidity. Patients who experienced “post-embolization
syndrome” were not included in the morbidity analysis as
symptoms were mild, common, and difficult to quantify
retrospectively. Similarly, mortality was defined as a death
by any cause within 30 days of an embolization.

Statistical Analysis

Groups were compared by Fisher’s exact or χ2 analysis
where appropriate. Statistical significance was reached at p
<0.05. Statistical Package for Social Sciences (SPSS)
software version 11.0 (SPSS Inc., Chicago, IL, USA) was
used to analyze the survival data by the Kaplan–Meier
actuarial method with statistical significance ascertained by
log-rank analysis as well as to perform univariate and
multivariate analyses.

Results

Demographics

One hundred patients (43 females and 57 males) with
hepatic NE metastases managed by either HACE or HAE
were identified at IU, UW, and MCW (Table 1). Mean age
was 56 years (age range, 26–82 years). No significant
differences in age or gender were found between the HACE
and HAE treatment groups. The primary tumor type was
carcinoid in 56 patients and islet cell in 44 patients. The two
treatment groups, HACE and HAE, were similar with respect
to the primary tumor type (% carcinoid 63 vs. 55, respectively)
and location (% small bowel 61 and 51, respectively).

We also found no differences between the groups with
respect to tumor burden within the liver (% bilobar involve-
ment for HACE vs. HAE, 90 vs. 94, respectively) or the
disease presentation (% synchronous 80 vs. 78, respectively;
Table 1). The size of the largest metastatic lesion was also
comparable between the HACE and HAE groups [mean ±
standard error of the mean (SEM), 5.1±0.5 and 6.1±0.7,
respectively]. With respect to number of hepatic metastases,
we limited the total to a maximum of eight lesions to
improve reporting accuracy in those patients with “innumer-
able” metastases. The percentage of patients with eight or

Figure 1 CT imaging of a
patient with multiple, bilobar
NE hepatic metastases before
(a) and after (b) bland HAE.
This patient underwent sequen-
tial embolizations of her
replaced right (c) and left (d)
hepatic arteries with subsequent
symptom improvement.
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greater lesions in the HACE and HAE groups was 63 and
53, respectively (p=0.43). The mean number of metastatic
liver lesions was similar between the HACE and HAE
groups (mean ± SEM, 6.7±0.3 and 6.4±0.3, respectively).

Treatments

The 49 patients in the HACE group underwent a total of
123 chemoembolization procedures (mean ± SEM, 2.9±
0.3; Table 1). Compared to the 51 patients in the HAE
group who underwent 106 bland embolizations (mean ±
SEM, 2.1±0.1), the HACE group was treated with a
statistically significant greater number of embolization
procedures (p<0.02). While the percentage of patients
who underwent surgical resection of their primary tumor
was similar between the two groups (HACE vs. HAE, 67
and 49, respectively, p=0.07), the HACE group was more
likely to undergo resection and/or ablation of their hepatic
metastases (HACE vs. HAE, 41% and 4%, respectively,
p<0.0001). In addition, the HACE group, when compared
to the HAE group, was less likely to receive additional
therapies, such as chemotherapy or octreotide (14% vs. 61%,
p<0.0001 and 45% vs. 66%, p=0.052, respectively). The
finding that patients in the HACE group underwent a greater
number of surgical procedures addressing their hepatic
metastases, but the fact that they received fewer chemotherapy
or octreotide treatments, probably reflects differences in
treatment algorithms among the three institutions (see Table 2).

Because of the varying treatment philosophies for
patients with significant hepatic NE metastases among the
three participating hospitals, we analyzed the results by
institution. Table 2 shows the differences in therapies at
MCW, UW, and IU where patients are treated largely by
HACE ± liver resection and/or ablation, HAE ± chemo-
therapy, and HAE alone, respectively. Therefore, patients at
MCW were treated more aggressively with respect to their
hepatic NE metastases. These patients were more likely to
undergo potentially curative liver resection and/or ablation
in addition to HACE and less likely to receive chemother-
apy or octreotide in an attempt to slow tumor progression.
At both UW and IU, patients were treated with HAE
primarily for palliation of symptoms as opposed to tumor
progression. Figure 2 depicts the Kaplan–Meier curve for
overall survival from the time of metastases diagnosis and
reveals no differences among the institutions involved in
this study (p=0.23).

Table 2 Patient Treatments by Institution

MCW UW IU

Number 45 21 34
HACE, % 100* 13 3
HAE, % 0* 87 97
Primary tumor resected, % 67 38 60
Liver resection or ablation, % 38* 19 3
Octreotide, % 42 57 76*
Chemotherapy, % 11 76* 36

*p<0.05 vs. others by chi square analysis

Table 1 Patient Demographics and Characteristics

HACE HAE p Value

Number 49 51
Age, years 58±2 54±2 0.14
Female, % 47 37 0.33
Tumor type
Carcinoid, % 63 55 0.40
Small bowel, % 61 51
Colorectal, % 2 0
Other, % 0 4
Pancreatic islet cell, % 37 45 0.31

Extent of hepatic metastases
Bilobar, % 90 94 0.43
Tumor size, cm 5.1±0.5 6.2±0.8 0.24
Metastases number 6.7±0.3 6.4±0.3 0.42
>8 metastases, % 61 53 0.43
Synchronous, % 80 78 0.84

Treatments
Number of embolizations 2.9±0.3 2.1±0.1 0.015
Primary tumor resected, % 67 49 0.07
Liver resection or ablation, % 41 4 0.0001
Octreotide, % 45 66 0.052
Chemotherapy, % 14 61 0.0001

Results reported as mean ± SEM where appropriate; Significant values
in bold type.

Figure 2 Overall survival calculated from the time of metastases
diagnosis reveals no differences among the three institutions involved
in this study: IU (solid line—median survival 48.7 months), UW
(dashed grey line—median survival 37.0 months), and MCW (dotted
line—median survival 42.9 months; p=0.23).
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Morbidity and Mortality

The morbidity and mortality between the two treatment
groups were comparable (Table 3). In the HACE group,
three complications occurred after 123 chemoembolization
procedures (2.4%): a groin hematoma, acute renal failure,
and a biloma. Seven patients in the HAE group experienced
complications after 106 bland embolizations (6.6% per
procedure, p=0.19 compared to HACE). These complica-
tions included three liver abscesses, two patients with ileus,
one groin hematoma, and one patient with hypotension.
One patient in the HACE group and two patients in the
HAE group died within 30 days of a procedure (0.8% vs.
1.8%, respectively, p=0.60). The patient in the HACE
group had widespread metastatic disease, and her death was
not thought to be directly related to the procedure. One of
the patients in the HAE group died within 30 days after
choosing to go on hospice care. The other patient in the
HAE group developed liver failure (thought to be second-
ary to tumor burden), pneumonia, and acute lung injury
after his embolization and was unable to be resuscitated
when he went into a dysrhythmia.

Symptom Control

The HACE and HAE groups were similar with respect to
both the presence of symptoms and improvement of
symptoms after embolization (Table 3). Of the 49 patients
in the HACE group and the 51 patients in the HAE group,
37 and 35 patients in each group, respectively, had tumor-
related symptoms (76% and 69%, respectively, p=NS).
Eighty-six percent of patients in the HACE group (32/37)
improved after therapy compared to 83% of HAE patients
(29/35, p=NS).

Survival

Median survival for the entire cohort was 32.4 months
(range 1.3–177). Overall survival from the time of

diagnosis of hepatic NE metastases was not statistically
significantly different in the HACE group compared to the
HAE group (Table 3, Fig. 3a). The median survival
calculated from the time of metastasis diagnosis was
slightly longer in the HACE group at 50.1 compared to
39.1 months for the HAE group, but this difference was not
statistically different (p=0.62). The probability of 1-, 2-,
and 5-year survival for HACE patients from the time of
diagnosis of metastases was 78%, 69%, and 45%, respec-
tively, while HAE patients’ survival was 82%, 71%, and
33%.

When analyzed from the time of first embolization
procedure, the overall survival for the two treatment groups
was also similar (Table 3, Fig. 3b). The median survival for
the HACE and HAE groups from first embolization was
25.5 and 25.7 months, respectively (p=0.79). The HACE
and HAE groups had 1-, 2-, and 5-year survival probabil-

Table 3 Tumor Response and Outcomes

HACE HAE p Value

Morbidity, % 2.4 6.6 0.19
30-day mortality, % 0.8 1.8 0.60
Symptomatic, % 76 69 0.34
Symptoms improved, % 86 83 0.70
Survival—metastases dx 0.64
Median, months 50.1 39.1
5-year, % 43 35
Survival—1st embolization 0.79
Median, months 25.5 25.7
5-year, % 19 13

Figure 3 Kaplan–Meier curves comparing overall survival from a the
time of diagnosis of metastases (median survival 50.1 vs. 39.1 months,
respectively, p=0.62) and b the time of first embolization procedure
(median survival 25.5 vs. 25.7 months, respectively, p=0.79) between
patients treated by HACE (dotted line) or HAE (solid line).
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ities of 69%, 52%, and 19% and 70%, 54%, and 13%,
respectively. Comparison of the median overall survivals
from the time of diagnosis of metastases to the time of first
embolization procedure revealed a similar delay of 24.6 and
19.3 months for the HACE and HAE groups, respectively.
This delay likely represents the time elapsed during surgical
resection of the primary lesion and/or hepatic metastases
with an associated recovery period(s) as well as the time to
development of symptoms from the metastatic lesions.

Further univariate analysis of the entire cohort examin-
ing factors predictive of overall survival found that only
resection of the primary tumor significantly increased
survival. The median survival for patients undergoing
resection of their primary tumor versus those tumors left
intact revealed 73.1 versus 28.0 months (p=0.0002;
Table 4). The cumulative overall survival rates at 1, 2,
and 5 years were 89%, 80%, and 55% for patients whose
primary tumor was resected as opposed to 67%, 53%, and
16% for patients who did not undergo surgery. Figure 4
depicts the Kaplan–Meier curve for overall survival plotted

as a function of primary tumor resection. Additional factors
that were examined for predictive effects on overall
survival but were not significant included age, gender,
tumor type (carcinoid vs. islet cell), disease presentation
(synchronous vs. metachronous), extent of liver involve-
ment (unilobar vs. bilobar), resection and/or ablation of
liver metastases, octreotide, chemotherapy, and emboliza-
tion type (HACE vs. HAE; Table 4). Only resection or
ablation of liver metastases (p=0.11) trended toward
significance and was included in a multivariate analysis.
Resection of the primary tumor was not predictive of poor
survival in the multivariate model (p=0.08).

Discussion

As a result of the rarity and often unpredictable biologic
behavior of NE tumors with hepatic metastases, the
appropriate treatment algorithm for these patients has yet
to be defined. The majority of patients with this disease
undergo a wide variety of treatments ranging from
somatostatin analogs to hepatic artery embolization to liver
transplantation. In this series, we reviewed 100 patients
from three institutions with hepatic NE metastases who
were similar with respect to age, gender, primary tumor
type, and extent of hepatic tumor burden (Table 1). We
compared these patients based on the type of hepatic artery
embolization procedure they received: chemoembolization-
HACE (n=49) or bland embolization-HAE (n=51). The
morbidity and 30-day mortality were similar between the
two groups (Table 3). We observed no differences in the
rate of symptoms at presentation or symptom relief after
either procedure (Table 3). Overall survival from the time

Figure 4 Overall survival in patients who underwent resection of
their primary tumor (solid line) was significantly longer compared to
those whose primary tumors remained intact (dotted line) (median
survival 73.1 vs. 28.0 months, respectively, p=0.0002). Survival was
calculated from the time of diagnosis of metastatic disease.

Table 4 Univariate Analysis for Factors Predictive of Overall
Survival

Factor Number Median survival, months p Value

Age (continuous)a 95 0.42
Gender
Male 53 41.7 0.30
Female 42 50.1
Tumor type
Carcinoid 57 45.0 0.84
Islet cell 38 32.0
Disease presentation
Synchronous 77 37.0 0.53
Metachronous 18 48.7
Liver involvement
Unilobar 8 81.6 0.47
Bilobar 87 41.8
Primary tumor resection
Yes 55 73.1 0.0002
No 39 28.0
Resection/ablation mets
Yes 22 65.6 0.11
No 73 36.5
Octreotide
Yes 46 48.6 0.85
No 37 37.0
Chemotherapy
Yes 25 39.1 0.71
No 50 43.0
Embolization type
HACE 46 50.1 0.62
HAE 49 39.1

Significant values in bold type.
a Log transformation
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of diagnosis of hepatic metastases and the time of first
embolization procedure was also comparable between
HACE and HAE (Table 3, Fig. 3A and B). The only factor
found to be predictive of survival for all patients in a
univariate analysis was resection of the primary tumor (p=
0.002, Table 4, Fig. 4). However, in multivariate analysis
that included those factors with a p≤0.15 (resection and/or
ablation of hepatic metastases and resection of the primary
tumor), resection of the primary tumor was no longer an
independent predictor of a better prognosis (p=0.08).
Further analysis of the patients revealed that differences in
treatment philosophies of patients with NE hepatic metas-
tases exist among the institutions involved; however,
despite these differences, overall survival was similar at
all three institutions (Table 2, Fig. 2).

Treatment of hepatic NE metastases with bland HAE has
been reported since the early to mid-1980s in multiple case
series.13–16 However, the last 25 years has seen tremendous
improvements in techniques, technologies, and aggressive-
ness of treatment strategies in this patient population. More
recent studies examining the efficacy of HAE alone report
morbidity (major complications) in the range of 0% to 17%
and mortality ranging from 0% to 6%.17–23 Our results of
6% morbidity and 1.8% 30-day mortality after HAE are
consistent with these previous reports. Some of these same
analyses also revealed symptomatic improvement after
HAE ranging from 64% to 91%, which is consistent with
the 83% observed in this study.3,20–22 Likewise, for patients
receiving HAE, we found the median overall survival from
the time of first embolization procedure (25.7 months) to be
similar to that reported in the literature (range 20–
80 months).3,17,19,21,22

Studies examining the effectiveness and safety of adding
intra-arterial chemotherapy to hepatic artery embolization
began to appear in the literature about 10 years later in the
early 1990s.24–26 The morbidity, mortality, symptomatic
control, and survival with HACE were similar to HAE in
these reports; but, until recently, the largest case series was
a single institution report of 23 patients.24,27,28 In 2003,
Gupta et al., then, reported 81 patients who underwent
either HAE or HACE demonstrating a 63% reduction in
tumor-related symptoms and 31-month median overall
survival from the time of first embolization procedure.
However, in this report, the two treatment types were
examined together.29 More recently, Ho et al. described a
cohort of 46 patients who underwent primarily HACE (93%
of procedures) of whom 78% had improved symptoms and
median survival was 32 months.30 The morbidity and
mortality reported in this cohort were 9.7% and 4.3%,
respectively.30 In the current study, we found a 25.5-month
median overall survival for patients treated by HACE,
which is slightly shorter but still comparable to these
previous reports. Similarly, our 2.4% morbidity and 0.8%

30-day mortality rates per procedure after HACE are
somewhat improved over these same studies.

Most recently, two larger series have been reported that
directly compare HACE and HAE.11,12 The largest of these
studies from Gupta et al. examined 69 patients with
carcinoids and 54 patients with islet cell tumors who were
examined separately because the overall survival for
patients with carcinoids was significantly longer (33.8 vs.
23.2 months, p=0.012).11 Whether or not these heteroge-
neous NE tumors should be considered as a single cohort or
separately is unclear. Other studies have shown differences
in survival between carcinoid and islet cell tumors similar
to Gupta et al., all of which reveal a more favorable
prognosis for patients with carcinoids.12, 17, 31–34 However,
our analyses and others have found no significant differ-
ences in overall survival for these two types of NE tumors
(carcinoid vs. islet cell: 45.0 vs. 32.0 months, p=0.83,
Fig. 5).2, 30 Consequently, we chose to analyze carcinoids
and islet cell tumors together.

The literature comparing HACE to HAE shows similar
toxicity profiles, morbidity, and mortality for these two
procedures.11,12 The results we reported here confirm these
findings of previous authors. Ruutiainen et al. also
described similar rates of symptom improvement after
HACE and HAE, 92% vs. 93%, respectively, which is
comparable to our data (Table 3).12 The only two other
series that have examined overall survival comparing
HACE to HAE in patients with hepatic NE metastases
(including carcinoid and islet cell tumors) both reported
prolonged overall survival for patients treated with HACE
(31.5 and 44 months) compared to those treated with HAE
(18.2 and 39 months).11,12 However, these differences did
not reach statistical significance in either study due, in part,

Figure 5 Patient overall survivals by primary tumor type: median
survival for carcinoids (solid line) was 45.0 months while islet cell
tumors (dotted line) had a median survival of 32.0 months. This
difference was not statistically significant (p=0.84).
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to the small number of patients. In our cohort, the median
survival from first embolization was nearly identical for
patients treated by HACE and HAE (25.5 vs. 25.7 months,
p=0.79, Fig. 3b). These results taken together suggest that
the addition of intra-arterial chemotherapy to embolization
does not provide a survival benefit over bland HAE. On the
other hand, HACE does not confer increased risks to the
patient since morbidity and mortality are comparable to
HAE, and HACE offers equal expectations of symptom
control.

The efficacy of systemic chemotherapy, including strepto-
zotocin, fluorouracil, doxorubicin, irinotecan, interferon-α,
oxaliplatin, capcitabine, and others, has been extensively
examined in patients with hepatic NE metastases. Both single
and multi-agent regimens have limited effectiveness in
patients with unresectable disease due to poor response rates
coupled with significant toxicity.35 Reported median overall
survival for patients with metastatic NE tumors treated with
chemotherapy ranges from 15 to 23 months.36,37 Longer
median overall survivals of up to 40 months in a subset
patients with well-differentiated NE tumors or up to
37 months in patients with pancreatic islet cell tumors also
have been reported.38,39 In addition, newer agents, including
anti-angiogenic drugs such as vascular endothelial growth
factor monoclonal antibodies, tyrosine kinase inhibitors,
epidermal growth factor receptor inhibitors, and mammalian
target of rapamycin inhibitors are currently under investiga-
tion and show promising initial results especially in patients
with islet cell tumors.40–42 In 1994, Moertel et al. demon-
strated that the addition of systemic chemotherapy in patients
undergoing HAE improved the rate and duration of tumor
response.31 Therefore, some authors have supported a
theoretical advantage of HACE in patients with islet cell
tumors, which tend to respond better to systemic chemo-
therapy.11 In the current study, we found no differences in
survival in patients who received systemic chemotherapy in
addition to either type of embolization procedure compared
to patients who did not undergo chemotherapy, even when
carcinoid and islet cell tumors were analyzed separately
(carcinoid only: 57.8 vs. 41.1 months, respectively, p=0.84;
islet cell only: 28.0 vs. 50.1 months, respectively, p=0.62).
However, the administration of systemic chemotherapy was
not standardized in this study. Furthermore, when islet cell
tumors were analyzed alone, no significant differences in
overall survival were found between patients treated with
HACE and HAE, though HACE-treated patients did tend to
live longer (50.1 vs. 27.1 months, respectively, p=0.45).

While either method of embolic therapy appears to
provide a survival benefit over no treatment or systemic
chemotherapy alone, surgical resection of the primary and
any associated metastatic disease, even if incomplete,
remains the recommended approach. Our study found that
resection of the primary tumor significantly prolonged

survival, 73.1 vs. 28.0 months (p=0.0002; Table 4,
Fig. 4). Other studies also have revealed that primary
tumor resection is a favorable prognostic variable;11,43

however, the predictive value of primary tumor resection
on survival may reflect a selection bias towards healthier
patients that are able to undergo surgery.

Correspondingly, several authors have shown that
surgical debulking or cytoreduction with either hepatic
resection or ablation results in improved symptom control
and survival when compared to embolization alone.2–4,22

While our data were not statistically significant, resection or
ablation of the hepatic metastases did provide a survival
advantage over no surgical debulking (65.6 vs. 36.5 months,
respectively, p=0.11). Despite a greater number of liver
resections and/or ablations in the HACE group (Table 1),
we found no significant survival benefit in these patients.
Studies comparing curative and palliative resection of
hepatic NE metastases show a clear survival benefit when
curative resection is achieved (85% vs. 63% 5-year survival
in one study).4 Analyses that have not distinguished the
curative intent of the liver resection still report 5-year
survivals of at least 70%.2,4,22 Meanwhile, reports of HACE
and cytoreduction used in combination reveal 5-year
survivals in the range of 40% to 50%.2,4 Theses rates are
better than what we observed with a 19% 5-year survival in
patients undergoing HACE; however, only 41% of these
patients underwent hepatic resection and/or ablation in
addition to HACE (Table 1). In addition, survival was
calculated from the time of first embolization procedure and
not the time of hepatic resection as in the other studies.
Therefore, we continue to recommend an aggressive
treatment strategy with resection of the primary tumor and
surgical debulking of hepatic NE metastases when possible,
combined with either HAE or HACE.2,22,44

Our study has several limitations including nonrandom-
ized retrospective design, inherent selection bias, changes
in technology over the 11-year study period, and lack of
standardized treatment protocols at the three institutions.
Additionally, reporting of symptoms and symptom im-
provement were subjective and not collected with a
validated assessment tool. Biochemical markers were also
not routinely measured and, therefore, could not be
analyzed as part of this study. Because whole-body
octreotide or bone scans were not performed on all patients,
we were unable to collect reliable data with respect to the
presence of extrahepatic metastases; therefore, we did not
analyze whether the presence of extrahepatic disease
influenced survival. In addition, the quality, availability,
and reporting of CT scans precluded our ability to stratify
patients accurately with respect to the percentage of liver
involvement. The presence of extrahepatic metastases and
greater than 50% liver involvement are both factors that
have been shown to predict survival in other studies.2,11
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The addition of HACE to HAE in patients with hepatic
NE metastases did not prolong survival or improve
symptoms. However, the morbidity and mortality associated
with HACE were similar to HAE and did not pose additional
risks to the patient. As with any rare disease, the design of a
prospective, randomized trial examining these therapies will
be difficult but should be undertaken. Our results support
resection of the primary carcinoid or islet cell tumor, when
possible, even in the presence of metastatic disease. In
conclusion, we continue to support an aggressive approach
in patients with NE hepatic metastases including HACE or
HAE in addition to surgical resection and somatostatin
analogs.
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Abstract
Background Hepatic transection by Pean-clasia is the mainstream technique that can be used with different coagulators.
Monopolar floating ball (MFB) is proposed for liver transection. Whether its value for liver transection is unclear, its
efficiency as a coagulator only seems high. We compared in a prospective randomized study the standard Pean-clasia with
bipolar forceps (BF) versus Pean-clasia with MFB in patients undergoing hepatic resection.
Methods Seventy-six patients scheduled for hepatectomy were randomized in two groups, according to the coagulator
device: group A (MFB, n=38) and group B (BF, n=38). The two groups were homogeneous in terms of tumor presentation
and background liver features. Blood loss, blood transfusions, transection time, number of ligatures, drain discharge, drain
bilirubin levels at third, fifth, and seventh postoperative day, and postoperative morbidity and mortality were prospectively
evaluated.
Results No significant differences between groups A and B were seen in terms of blood transfusions (11.5% versus 16.5%;
p=0.450), blood loss/cm2 (mean 7.2 versus 7.6 ml; p=0.450), transection time/cm2 (mean 2.1 versus 2.3; p=0.070), number
of ligatures/cm2 (mean 0.7 versus 0.7; p=1), drain discharge (mean 55 versus 66.7 ml; p=0.451), and drain bilirubin levels
(mean 1.9 versus 2.1 mg/dl; p=0.664). No mortality or major morbidity was recorded in both groups.
Conclusions This study showed that association of Pean-clasia with MFB was safe and minimized the blood loss during
hepatic resection. However, MFB did not offer significant benefits over BF, while its cost is not negligible.

Keywords Liver surgery . Liver dissection . Liver tumors .

Blood transfusion

Introduction

Several different surgical devices for hepatic transection
and coagulation are nowadays proposed with the aim to
minimize intraoperative blood loss and blood transfusions,
which are two of the most important outcome predictors

after hepatic resection. In fact, intraoperative blood loss and
perioperative blood transfusions have already been reported
to worsen the short- and long-term prognosis of patients
submitted to liver surgery.1–5 Few randomized studies
investigated the role of such different surgical devices for
hepatic transection, reporting no significant benefits of
technological instruments compared with the traditional
Pean-clasia.6–8 Indeed, hepatic transection by Pean-clasia is
a safe, simple, and low-cost technique that can be used with
different coagulators. Monopolar floating ball (MFB—
Tissuelink™) is a relatively new device proposed for liver
transection, which seems able to provide an effective
coagulation. However, it seems less efficient in disclosing
the vascular structures encountered during dissection, and it
may produce necrosis on the cut-surface, which may be a
source of morbidity. On the other hand, its efficiency as a
coagulator still needs to be investigated, in spite of this
effect being its best feature. Bipolar forceps (BF) seem to
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be one of the most widely used and a more economic
coagulation device in liver surgery. The aim of this study
was to compare in a prospective randomized fashion the
Pean-clasia with MFB versus Pean-clasia with BF in
patients undergoing hepatic resection.

Material and Methods

Terminology

The terminology used for liver anatomy and liver resections
was based on the Brisbane classification.9 Liver resections
were considered major when at least three adjacent seg-
ments were removed. Postoperative major morbidity was
considered as any adverse event that required additional
surgery or any invasive, corrective procedure. Postoperative
bile leakage was considered when bilirubin concentration in
the drain discharge was higher than 10 mg/dl for at least
3 days starting from the fifth postoperative day. Postoper-
ative death was analyzed at 30 and 90 days.

Population

All patients scheduled for hepatic resection at our unit were
considered eligible for this study. Our selection criteria for
hepatic resection for hepatocellular carcinoma (HCC)10,11

or colorectal liver metastases (CLM)12 were previously
described. Written informed consent was obtained from all
patients. All the patients received the same and well-
established preoperative work-up and postoperative care.4

Sample Size

In our experience, a mean blood loss of 320 ml with a
standard deviation (SD) of 280 ml was expected; according
with these results, we hypothesized to find a difference of
200 ml in blood loss using the MFB coagulator. Taking a
two-tailed T-test with a type I error of 0.05 and a statistical
power of 85%, 38 patients were required to verify that
hypothesis. Therefore, 38 patients had hepatic resection by
Pean-clasia and MFB (group A), and 38 had resection by
Pean-clasia and BF (group B).

Outcome Measures

The outcome measures were the amount of overall blood
loss and per squared centimeter of hepatic resection area;
rate of blood transfusions, transection time per squared
centimeter of hepatic resection area; number of ligatures per
squared centimeter of hepatic resection area; drain dis-
charge; drain bilirubin levels at third, fifth, and seventh
postoperative day; rate of postoperative morbidity and

mortality; tumor-free margins width; and rate of cut-edge
tumor recurrences.

Surgical Procedures

The same surgeon (G.T.) performed all the operations. J-
shaped or inverted-T laparotomies were routinely carried
out. In case of tumors involving segments 1, 4 cranial, 7
and 8 close to the hepato-caval confluence, a J-shaped
thoracophrenolaparotomy was performed. Intraoperative
ultrasound (IOUS) was systematically performed both to
stage the disease and to guide the resection. Contrast-
enhanced IOUS (CEIOUS) was performed for any new
lesion detected at IOUS for HCC and, in every case, for
CLM as previously reported by us.13,14 IOUS was
performed in all cases using the Aloka SDD 5500 machine
(Aloka Ltd, Tokyo, Japan) equipped with a standard 3- to
6-MHz frequency convex probe and with a 7.5- to 10-MHz
frequency microconvex probe. CEIOUS was carried out
using the standard 3- to 6-MHz frequency convex probe
working at 1.88- to 3.76-MHz harmonic frequency. The
surgical strategy was based on the IOUS-, CEIOUS-, and
color-Doppler IOUS-findings following the criteria previ-
ously reported.15,16 Hepatic dissection was accomplished
with the intermittent Pringle maneuver (15 min of clamping
and 5 min of declamping) without preconditioning in all
patients. The transection was carried out by the Pean-clasia
and the vessel coagulation by the MFB or BF according to
the randomization process, which was blinded to the
surgeon. However, vessels thicker than 2 mm were ligated
with thin (2/3–0) sutures in both groups. Absorbable or
nonabsorbable clips were not used.

The cut surface of the liver was secured by 2/3–0
sutures, electrocautery, and fibrin glue (Quixil, Ethicon,
USA). To rule out bile leakage, a careful examination of the
resection area was done. For this purpose, we did not
usually perform intraoperative cholangiography.17 Conven-
tionally, we did not close the laparotomy until at least
50 min passed from the end of the liver transection. Closed
19-French suction drains were always inserted, and they
were removed not before the seventh postoperative day
after the evidence that the bilirubin level was less than the
level recorded on the fifth postoperative day and anyway
<10 mg/dl.18

Statistical Analysis

Continuous variables were presented as mean and SD.
Discrete variables were presented as number and percent-
age. Statistical significant differences were searched with
the Fisher, the T test, or the χ2 test when appropriate. All
analyses were performed on an intention-to-treat basis. A
p value<0.05 was considered statistically significant.
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Patients

Between October 2005 and January 2007, 76 patients
underwent hepatic resection at our unit and were considered
eligible for this study. Among these patients, 38 were
randomized to MFB and 38 to BF. Demographic, clinical,
and pathological characteristics were homogenous in the
two groups as described in Table 1.

Results

Overall mean resection area, Pringle time, blood loss, and
rate of blood transfusion were 86.8 cm2, 101.6 min,
494.7 ml, and 12%, respectively.

There were no statistically significant differences be-
tween the two groups in the transection time, operation
time, resection area, blood transfusions, and number of
ligatures. No differences were also found in the abdominal
drain discharge and in their sampled bilirubin levels. No

biliary fistula or septic collections after hepatectomy were
seen. Tumor-free margin width was not significantly
different too: in both groups, there were a significant
number of patients with a 0-cm tumor-free margin (12 in
the BP group versus nine in the MFB group; p=0.442).
Postoperative mortality and major morbidity were nil in
both groups. Thereby, there were no differences in the
overall operative morbidity, which consisted of 10.5% and
13% in groups A and B, respectively. These results are
reported in Table 2.

MFB costs 1,105 € per piece, and 38 pieces were used
(one per patient) for a global cost of 41,990 €. Adopted BF
was a multiuse piece adapted for irrigation and costs 216 €:
the same instrument was used for the 38 patients operated
using the BF, for a total cost of 216 €.

Table 2 also shows that there were no differences in
terms of costs for the surgical theaters.

In both groups, there were no cut-edge local recurrences
at a mean follow-up of 18 (median 19; range 1–31) in the
BF group and 18 (median 19; range 1–31) in the MFB
group.

Discussion

Three main aspects of the liver transection should be
highlighted as worthy of particular care by the surgeon:
skeletonization of the intrahepatic vascular structures,

Table 1 Demographic, Clinical and Pathological Characteristics

Monopolar floating
ball (n=38)

Bipolar forceps
(n=38)

pa

Age (years)
Mean±SD 62.2±12.1 67.2±11.4 0.068
Gender
Male 29 (76%) 28 (74%)
Female 9 (24%) 10 (26%) 1.000
Pathology
CLM 13 (34%) 10 (27%)
HCC 20 (53%) 21 (55%)
Other 5 (13%) 7 (18%) 0.688
Liver background
Non-cirrhosis 21 (55%) 16 (42%)
Cirrhosis 17 (45%) 22 (58%) 0.359
Platelets count (×103/mm3)
Mean±SD 178±75.1 176.9±73.3 0.949
Previous local treatment
PAT 2 (5%) 3 (8%) 1.000
TACE 1 (3%) 1 (3%)
Combined treatment 2 (5%) 1 (3%)
None 33 (87%) 33 (87%)
Type of resection
Minor 30 (79%) 34 (90%) 0.346
Major 8 (21%) 4 (10%)
Tumors size (cm)
Mean±SD 5.5±3.2 5.1±3.6 0.610
Tumors number
Mean±SD 3.3±3.8 2.5±2.5 0.282

CLM colorectal liver metastasis; HCC hepatocellular carcinoma; PAT
percutaneous ablation therapy; TACE trans-arterial chemo-embolization
a Performed with the Fisher or two-tailed T test when appropriate

Table 2 Surgical Outcomes

Mean±SD pc

Monopolar
floating
ball (n=38)

Bipolar
forceps
(n=38)

Resection area (cm2) 93.9±48.3 79.8±48.4 0.208
Transection time (min) 173±61.5 185±49 0.258
Transection time per cm2 (min) 2.1±0.6 2.3±0.3 0.070
Operation time (min) 451.5±111.2 421.6±136.8 0.299
Costs for surgical theater (€) 2519±1076 2124±708.96 0.063
Total blood loss (ml) 527.6±472 461.8±380.7 0.871
Blood transfusions 4 (10.5%) 5 (16%) 0.450
Blood loss per cm2 (ml) 7.6±14.5 7.2±6.9 0.878
Number of ligatures per cm2 0.7±0.4 0.7±0.3 1.000
Drains discharge (ml) 55±33 66.7±41 0.451
Drains bilirubin level (mg/dl)a 1.9±0.9 2.1±1.1 0.664
Tumor-free margins width (cm) 0.4±0.4 0.3±0.3 0.764
Overall operative morbidity 4 (10.5%) 5 (13%) 1.000
Major operative morbidity 0 (0%) 0 (0%) –
Operative mortalityb 0 (0%) 0 (0%) –

a Calculated at the third, fifth, and seventh postoperative day
b Calculated at 30- and 90-days after surgery
c Performed with the Fisher or two-tailed T test when appropriate
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hemostasis, and biliostasis. For that, the ideal division
method of the liver parenchyma during hepatectomy should
allow the surgeon to get an early and clear disclosure of the
major vascular structures encountered during the transec-
tion to prevent their accidental damage, provide an
adequate hemostasis, and prevent the occurrence of bile
leaks. The clamp crushing and ligatures under warm
ischemia obtained by intermittent clamping of the hepatic
hilum is the mainstream technique to which any method
should be compared. In fact, this technique was associated
with such good results in terms of safety, which are still the
standard for any reference.10,19,20 In this sense, many are
the available and proposed alternative devices, but poor are
the evidences that among them there should be one to be
preferred and, most importantly, which could substitute the
standard of the reference technique.

Some authors aimed to analyze new devices in complete
substitution of the clamp crushing and ligature techniques.
Lesurtel et al.6 made a prospective randomized study on
100 consecutive noncirrhotic and noncholestatic patients
comparing four different surgical devices: the clamp
crushing technique with Pringle maneuver versus CUSA
versus Hydrojet versus MFB without Pringle maneuver. In
this study, the authors found that the crushing technique
was the most efficient device for liver resection. Arita et al.7

recently made a randomized clinical trial studying the effect
of the MFB versus the traditional clamp crushing technique
focusing on blood loss. These authors failed to find any
statistically significant difference between the two devices.
Furthermore, Sakamoto et al.21 reported that using the MFB
in spite of the clamp crushing technique resulted in
specimens with more than 5 mm of necrotized area around
the transection plane. This might be a source of postoper-
ative morbidity such as biliary fistula because of accidental
injury of undisclosed bile ducts or septic collection in
relation to the larger amount of necrotic tissue. Moreover,
such scalded area, if close to the surgical margins, may
reduce the accuracy of the pathologist to assess the status of
the margins, giving to this device a disadvantage rather than
an advantage in terms of margin control as reported by
others.22,23 Necrotized layer of liver parenchyma repre-
sented also the main drawback of the technique proposed
by Weber et al.,24 who introduced the blunt division of the
liver parenchyma after tissue heating using radiofrequency
needles. Inhomogeneous results from more recent studies
reported by the same authors did not clearly rule out the
impression that this technique may increase the risks of
postoperative bile leakage and septic collection.25,26 This
impression is strengthened by the study of Lupo et al.,27

who showed how the clamp crushing technique resulted in
a lower rate of postoperative morbidity: in particular, the
authors showed a significantly higher rate of abscesses and
biliary fistula in those operated using the radiofrequency-

assisted technique. Aloia et al.23 reported in a nonrandom-
ized setting that the combination of ultrasonic dissector
with the MFB was an efficient technique for liver resection
in comparison to ultrasonic dissector alone. However,
considering the costs of the proposed technique, their
conclusions seemed not that strong to show a clear benefit
of their approach and, furthermore, that technique was
referred to the use of ultrasonic dissector as standard for
reference, which, inversely, was not proven to be superior
to the clamp crushing method. Indeed, Takayama et al.8

compared in a randomized study the ultrasonic dissector
versus the clamp crushing technique, concluding that the
ultrasonic dissector offered no significant advantages and,
more importantly, that the quality of hepatic resection was
superior by clamp crushing. Certainly, the literature is
replete by other contradicting studies. Indeed, Aldrighetti et
al.28 compared the ultrasonic dissector with the harmonic
scalpel versus the clamp crushing technique, showing
statistically significant benefits of the technological ap-
proach versus the traditional approach in reducing blood
loss, blood transfusions, length of hospital stay, and
operative morbidity. However, the comparison was not
accomplished in a randomized setting and, moreover, was
referred to a historical cohort of patients operated with the
crushing technique, which may have affected their results.

Contradictions among the various studies, partially
explained by the methodological biases of some of them,
suggest that the level of confidence of the surgical
methods analyzed by the different teams may be bias per
se. However, the fact that all those studies performed in
a randomized fashion did not show any significant
benefit for the new techniques versus the clamp crushing
technique should suggest that there are no devices able
to clearly substitute the traditional clamp crushing as the
standard for reference while also considering its low
cost.

Therefore, rather than substituting the Pean-clasia, the
identification of the optimal device for hemostasis and
biliostasis should be the target worthy to be achieved. In
this sense, the BF represents the device most frequently
utilized. However, one of the main drawbacks is the need of
continually cleaning the tips of the instrument; otherwise,
the instrument does not work properly. For this reason,
some surgeons operate using two BFs to always have an
available, clean and properly working instrument. MFB
offers undoubtedly a higher coagulative power and does not
need the same meticulous caring. Furthermore, if just used
for thin vessel coagulation, it does not create a thickened
layer of necrotic tissue, which is, as described above, a
possible source of morbidity.

Therefore, we analyzed the role of MFB versus the BF
only for vessel coagulation in combination with the Pean-
clasia. In detail, the only aspect that was close to the
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significance was the transection time, which was shorter in
the group treated using the MFB (Table 2). This finding
reflects the aforementioned advantage of MFB providing a
stronger coagulative effect and the need for a simpler care
for its functionalities than BF. On the other hand, the use of
BF was associated with shorter overall operation time,
which was not significant but resulted in an almost
significantly higher cost for the surgical theater in the
group of patients operated using the MFB. Furthermore, the
BF group had a lower amount of blood loss although not
significantly. Substantially, this study failed to find any
significant difference between the MFB and BF among the
variables considered. These results might be explained by
the meticulous technique we adopted during the transection
of the liver. In fact, limiting the use of both devices only for
coagulation of small intrahepatic vessels (<2–3 mm),
previously identified with the crushing technique by Pean-
clasia, while each vessel larger than 2–3 mm was isolated,
ligated, and then dissected, could have limited the disclo-
sure of significant difference in the coagulative power of
the compared devices. However, the randomization was
secured from major biases, which could mask effective
differences. The only drawbacks of the present study
could be in the sample size, which was calculated to
disclose at least 200 ml of difference in mean blood loss
between the two methods. Probably, a larger number of
patients may help in disclosing differences that were not
apparent at the time of the study. However, considering
the absence of a significant difference between the two
devices herein compared, in the selection of the most
proper technique, we could not neglect the cost of each
device, especially in this era of cost control. In this sense,
MFB, which cost us 1,105 € per disposable handpiece, a
total cost of more than 40,000 €, is certainly less
appealing than BF that cost just 216 €, and with one
reusable instrument, it was possible to treat all the patients
included in that arm. On the other hand, the cost of MFB
we had was not that higher than the approximately 900 €
reported by Lesurtel et al.6

Oncologically, the choice of a device did not influence
the results, as we had no cut-edge recurrences in either
group. Furthermore, the technique utilized did not influence
our policy to get closer to the tumor using meticulous IOUS
guidance to maximize the parenchymal sparing surgical
approach;15,16 indeed, Table 2 shows the lack of any
significant difference between the two groups in terms of
mean tumor-free margin width. The relatively high rate of
0-cm tumor-free margins in both groups followed an
already extensively reported policy.15,16 Indeed, in specific
conditions ruled by precise classification of tumor vessel
relations at IOUS, even in the presence of HCC or CLM in
contact or close adjacency with intrahepatic major vessels,
the vessel itself can be spared.

Conclusions

In conclusion, this study showed that the use of Pean-clasia
with MFB was safe and minimized the blood loss during
hepatic resection. However, its use offered no significant
benefits over the standard BF technique, to justify the
higher costs. Therefore, the crush clamping technique with
BF confirmed to be an adequate and low-cost technique for
liver dissection. Conversely, the role of MFB in liver
surgery, considering also the nonunivocal results of other
reports about its use in the conventionally proposed
manner6 or in association with other devices,21,23 needs to
be at least further clarified.
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Abstract
Purpose There is scant data in the literature regarding radiofrequency thermal ablation (RFA) versus resection of colorectal
liver metastases. The aim of this study is to compare the clinical profile and survival of patients with solitary colorectal liver
metastasis undergoing resection versus laparoscopic RFA.
Methods Between 1996 and 2007, 158 patients underwent RFA (n=68) and open liver resection (n=90) of solitary liver
metastasis from colorectal cancer. Patients were evaluated in a multidisciplinary fashion and allocated to a treatment type.
Data were collected prospectively for the RFA patients and retrospectively for the resection patients.
Results Although the groups were matched for age, gender, chemotherapy exposure and tumor size, RFA patients tended to
have a higher ASA score and presence of extra-hepatic disease (EHD) at the time of treatment. The main indication for
referral to RFA included technical reasons (n=25), patient comorbidities (n=24), extra-hepatic disease (n=10) and patient
decision (n=9). There were no peri-operative mortalities in either group. The complication rate was 2.9% (n=2) for RFA
and 31.1% (n=28) for resection. The overall Kaplan–Meier median actuarial survival from the date of surgery was
24 months for RFA patients with EHD, 34 months for RFA patients without EHD and 57 months for resection patients
(p<0.0001). The 5-year actual survival was 30% for RFA patients and 40% for resection patients (p=0.35).
Conclusions This study shows that, although patients in both groups had a solitary liver metastasis, other factors including
medical comorbidities, technically challenging tumor locations and extra-hepatic disease were different, prompting selection
of therapy. With a simultaneous ablation program, higher risk patients have been channeled to RFA, leaving a highly
selected group of patients for resection with a very favorable survival. RFA still achieved long-term survival in patients who
were otherwise not candidates for resection.

Keywords Colorectal cancer . Liver metastasis .

Radiofrequency ablation . Laparoscopic
Introduction

Liver resection is the treatment of choice with the best
chance for long-term cure in patients with colorectal liver
metastases.1–4 Radiofrequency ablation (RFA) is a newer
modality introduced in late 1990s. With accumulating data
and experience, it has established its role in the treatment
algorithm of patients with unresectable colorectal liver
metastases as a minimally invasive modality with low
morbidity and short hospital stay.5–7 However, it is
unknown if RFA is equivalent to liver resection regarding
survival in patients with resectable liver disease. The data in
the literature is scant.1,2,3,8–11
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Our group offers a multimodality treatment to patients
with colorectal liver metastasis with adjunctive laparoscopic
RFA and resection programs. In the present study, our
aim was to compare the clinical and oncological profiles
and survival of patients with solitary liver metastasis who
were channeled to RFA versus liver resection at a single
institution.

Methods

Between December 1996 and February 2008, 68 patients
underwent RFA and 90 patients resection of solitary liver
metastasis from colorectal cancer. These patients were
registered in an IRB-approved database. All RFA patients
were followed under a protocol with quarterly liver CT
scans and blood work including CEA levels at the
Cleveland Clinic. The follow up for the resection patients
were less uniform as most of these patients were followed
up by referring oncologists. Therefore, data for the RFA
patients was entered to the database in a prospective manner
while the data for the resection patients were collected
retrospectively from the medical records. Additional follow
up regarding deaths was acquired using the Social Security
Death Index and letters to referring physicians. Median
follow up was 23 months (mean 27, range 2–86 months) for
RFA and 33 months (mean 41, range 2–132 months) for the
resection group. Kaplan–Meier curves were used to deter-
mine survival and the logrank test was used for comparison
between groups. Multivariate analysis was performed using
the Cox Proportional Hazards Model. A p level <0.05 was
accepted for statistical significance.

A potential statistical error when interpreting the survival
numbers of the current study could arise when only the
Kaplan–Meier actuarial survival estimates are taken into
account, as the two groups have different lengths of median
follow up. In order to prevent this error, the actual 3- and 5-
year survival numbers were calculated by including those
patients who were at least 3 or 5 years out, respectively,

from their liver procedures at the time of this analysis. All
data are expressed as mean±SEM

Results

Although the groups were matched for age, gender,
chemotherapy exposure, and tumor size, RFA patients
tended to have a higher ASA score and presence of extra-
hepatic disease (EHD) at the time of treatment (Table 1).
extra-hepatic disease included limited amounts of pulmo-
nary metastases, and/or periportal lymphadenopathy in
most patients. One patient had small bowel metastasis that
was resected after the RFA procedure.

The main indication for referral to RFA included
technical factors (n=25), patient comorbidities (n=24),
extra-hepatic disease (n=10) and patient decision (n=9).
The technical factors included various combinations of the
presence of fatty liver risking adequate remnant liver
function, obesity, vessel (inferior vena cava) contiguity,
concomitant colorectal resection precluding a major liver
resection at the same time, religious factors against blood
transfusion rendering a major liver resection risky, and
multiple prior lesions responding to chemotherapy with a
high risk for recurrent liver disease after resection (Fig. 1).
Mean operative time was 118.3±8.4 min for the RFA and
199±7.3 min for the resection group (p<0.0001). Mean
length of hospitalization was 1.3±0.3 days for the RFA
group and 6.8±0.3 days for the resection group (p<
0.0001). The complication rate was 2.9% (n=2) for RFA
and 31.1% (n=28) for resection. Complications in the RFA
group included urinary retention and nausea requiring
readmission in one patient each. The complications in the
resection group included pulmonary (n=7), wound infec-
tion (n=5), bile leak (4), ileus (n=4), cardiac (n=3), colitis
(n=2), pancreatitis (n=1), urinary retention (n=1), and
post-operative hemorrhage (n=1).

The overall Kaplan–Meier median actuarial survival
from the date of surgery was 24 months for RFA patients

Table 1 Clinical Profile of
Patients in the RFA (n=68) and
Resection (n=90) Groups

ASA American Society of
Anesthesiologists score

RFA Resection p

Gender 43 men (63%) 57 men (63%) NS
25 women (37%) 33 women (37%)

Age 67±1.4 years 63.7±1.3 years 0.08
Tumor size 3.7±0.2 cm 3.8±0.2 cm 0.9
ASA score 1–2 23 patients (34%) 1–2 47 patients (52%) 0.003

3–4 45 patients (66%) 3–4 43 patients (48%)
Preoperative extra-hepatic disease 26 patients 0 patients <0.0001
Preoperative chemotherapy 56 (82%) 63 (72%) 0.6
Type of metastasis Synchronous 5 Synchronous 15

Metachronous 63 Metachronous 75
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with EHD, 34 months for RFA patients without EHD and
57 months for resection patients (p<0.0001; Fig. 2). Three-
year actual survival rates were 26%, 35% and 70%, for
RFA with EHD, RFA without EHD, and resection groups,
respectively. Median Kaplan–Meier actuarial survival after
diagnosis of liver metastasis was 33 months for RFA with
EHD (n=26), 40 months for RFA without EHD (n=42),
and 59 months for resection (n=90; p=0.005; Fig. 3). After
excluding RFA patients with EHD, the Kaplan–Meier
actuarial median disease-free survival was 9 months for
the RFA group (n=42) and 30 months for the resection
group (p<0.0001; Fig. 4). ASA I–II patients without EHD
had the best prognosis in the RFA group, as the median

survival of these patients (n=11) was 49 months after
diagnosis of liver metastasis versus 59 months of the similar
patients in the resection group (n=26; p=0.9; Fig. 5).

The 5-year actual survival, obtained by including only
those patients operated on prior to April 2003, was 30% for
RFA patients (n=27) and 40% for resection patients (n=30;
p=0.35; Fig. 6).

Four patients in the resection group subsequently
underwent laparoscopic RFA and three patients in the
RFA group liver resection for recurrent liver disease in
follow up.

Forty-nine percent of patients in the RFA group
developed extra-hepatic disease, 16% had local liver
recurrence and 57% had new liver recurrence in follow
up. In the resection group, 30% developed extra-hepatic
disease, 2% local liver recurrence and 24% new liver

Figure 2 Kaplan–Meier survival curves after date of surgical treatment
for liver metastasis. The overall Kaplan–Meier median survival was
24 months for RFA patients with EHD, 34 months for RFA patients
without EHD and 57 months for resection patients (p<0.0001).

Figure 3 Kaplan–Meier survival curves after diagnosis of liver
metastasis. Median survival after diagnosis of liver metastasis was
33 months for RFA with EHD, 40 months for RFA without EHD, and
59 months for resection (p=0.005).

Figure 4 Disease-free survival after excluding RFA patients with
EHD. The Kaplan–Meier median disease-free survival was 9 months
for the RFA group (n=42) and 30 months for the resection group.

Figure 1 CT scan of a patient who was initially channeled to the RFA
arm of the study due to obesity, and challenging tumor location at the
caudate lobe and around the inferior vena cava. After RFA, the patient
developed local recurrence at 6 months and then underwent left
hepatectomy, caudate lobe resection, and resection and reconstruction
of the inferior vena cava with a tubular graft.
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recurrence in follow up. Cause of death was known in 21
patients in the RFA group and in 24 patients in the resection
group. In the RFA group, death was due to progression of
liver metastasis in 29%, extra-hepatic disease in 27%, and
unknown in 44% patients. In the resection group, death was
due to liver disease progression in 26%, extra-hepatic
disease in 42% progression, and unknown in 32%.

In the RFA group, repeat RFA was performed in three
patients and liver resection in three patients for local
recurrence in follow up. In five other patients with local
recurrence after RFA, neither RFA nor resection was
performed due to multifocal liver recurrence and/or
progression of extra-hepatic disease.

On multivariate analysis, the independent factor affect-
ing survival was tumor size. The presence of extra-hepatic

disease approached statistical significance (p=0.06;
Table 2). Treatment type was not an independent predictor
of survival.

Discussion

Over the last decade, RFA has been incorporated into the
treatment of patients with unresectable colorectal liver
metastases. These patients form the largest pool of patients
with colorectal liver metastases. Despite the advances in
systemic chemotherapy, persistence of liver involvement
has made regional therapies an indispensable option for
these patients. This need was initially fulfilled using
cryotherapy, but RFA has replaced cryotherapy due to its
better patient tolerance and tumor control with a lower
morbidity. With local tumor rates below 30%,12–15 studies
have also suggested increased survival compared to
chemotherapy patients alone.16–18 In the largest study to-
date, the 5-year actuarial survival of patients with un-
resectable liver disease who have failed chemotherapy was
18.4%; whereas, there are no long-term survivors in
patients who have undergone salvage chemotherapy.16

The success of RFA in this setting has led to the question
of whether it can be used in patients who have resectable
liver metastases. Unfortunately, there has been no ran-
domized or prospective comparison study to answer this
question, but there are a number of retrospective studies in
the literature. Only one of these studies8 showed equivalent
median (41 vs 37 months) and 3-year survival rates (55.4%
vs 52.6%) between resection and RFA groups, whereas the
others reported better 5-year (71% vs 27%)3 and overall
median survival (56 vs 36 months),2,10 as well as disease-
free survival (15 vs 8 months)10 for resection versus RFA.
In these studies, indications for RFA included extra-hepatic
disease,8 vessel contiguity,8 comorbidities,3,8,10 and inade-
quate liver remnant after resection.3 RFA patients also were
more likely to have undergone prior liver resection and
higher serum CEA levels.2 In summary, despite the intent,

Figure 6 Kaplan–Meier survival curves of those patients who
underwent their liver procedure before April 2003 (RFA 27, resection
30 patients), revealing an actual 5-year survival of 30% for RFA and
40% for resection.

Table 2 Cox Proportional Hazards Model Identified Tumor Size as
an Independent Predictor of Poor Survival

Parameter Hazard ratio 95% Confidence
interval

p

Age 1.01 0.99–1.04 0.2163
RFA vs resection 1.24 0.91–1.66 0.1603
Preop EHD vs no EHD 1.35 0.98–1.88 0.0650
Tumor >3 cm vs <3 cm 1.60 1.21–2.21 0.0008
ASA III–IV vs I–II 0.97 0.76–1.24 0.7775

Preoperative EHD approached significance

Figure 5 Kaplan–Meier survival comparing ASA I–II patients
without EHD undergoing RFA versus resection. These patients were
the subgroup with the best prognosis in the RFA group, as the median
survival of these patients (n=11) was 49 months after diagnosis of
liver metastasis versus 59 months of the similar patients in the
resection group (n=26; p=0.9).
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these studies have compared apples with oranges. The RFA
patients in these studies were more likely to have extra-
hepatic disease, higher tumor burden evidenced by higher
CEA levels, and more comorbidities. Moreover, most of
these studies compared resection to percutaneous RFA,2,10

which is known to have higher local recurrence rates
compared to open or laparoscopic RFA and also an inherent
weakness of understaging the tumor since the abdominal
cavity would not be explored. Another issue is related to
the technique of ablation as some of these studies used
3-cm ablation catheters which require overlapping cycles
for larger tumors, increasing the risk of local recurrence. In
addition, the follow-up protocol was not uniform and clear
in most of these studies. Finally, the cause of death as due
to progression of liver versus extra-hepatic disease or
comorbities was not analyzed. Our study, by retrospective
design, suffers from some of these limitations as well.

RFA via laparoscopic, open or percutaneous methods is a
much easier procedure compared to liver resection. In
addition, there is a striking difference regarding patient
tolerance and morbidity compared to open liver resection.
Therefore, there is a danger that it may be over-utilized
when performed outside a protocol. In our program, we are
strictly adhering to IRB-approved criteria when selecting
unresectable patients for RFA. It is important to follow
these patients under a protocol with liver CT scans every
3 months for the first 2 years. By doing so, we were able to
identify recurrent disease early to provide additional
treatment.

In accordance with the literature, our study confirms the
difference in patient profile with the RFA patients having
more comorbidities, higher likelihood for extra-hepatic
disease, and presenting with more challenging tumors due
to technical factors despite both groups having a solitary
liver metastasis. Therefore, the patients in the resection
group had a better disease-free and overall survival, similar
to other reports.3,10 Nevertheless, this was not related to the
type of procedure in a given patient, as in the multivariate
analysis RFA was not a predictor of poor survival, but
larger tumor size and extra-hepatic disease were. In fact,
healthier patients (ASA I–II) without extra-hepatic disease
undergoing RFA had a similar overall survival compared to
those undergoing resection, though limited by small sample
size. Moreover, the difference between RFA and resections
groups decreased when actual 5-year overall survival rates
were calculated.

We did not find the presence of extra-hepatic disease to
affect survival in our previous analyses of all patients with
unresectable colorectal liver metastases undergoing laparo-
scopic RFA,16,17 but in the current study demonstrated that
in patients with a limited amount of liver involvement, the
presence of extra-hepatic disease is a predictor of poor
survival.

There are limitations of this study due to its retrospective
nature. There was a difference in data collection and
uniformity of follow up between the two groups. Since
most of the resection patients were followed without a
uniform protocol outside our institution, it was not possible
to do a detailed analysis regarding the patterns of
recurrence and cause of death between the study groups.
The relevant question to ask when critically assessing
RFA is what the patterns of recurrence were in patients
undergoing this treatment and whether local recurrence was
a significant issue to play a role in the decreased survival of
these patients compared to the resection patients. About
half of the RFA patients developed new extra-hepatic
disease and three-fourths recurrent liver disease (mostly
new) in follow up. Local recurrence was present in 16%.
On the other hand, one-third of the resection patients
developed new liver disease and another one-third extra-
hepatic disease in follow up. These differences in recur-
rence patterns suggest a more aggressive and larger tumor
burden in RFA patients.

A common scenario for a technical indication for
laparoscopic RFA was concomitant colorectal resection of
the primary in this study. In these cases, a major liver
resection might not be possible at the same setting. We
previously reported on the safety of performing concomi-
tant RFA in 16 patients.19 The performance of RFA in this
scenario does not preclude those patients from getting a
liver resection after a period of chemotherapy. Livraghi20

reported that when the “test-of-time” approach was used to
perform RFA in 88 patients with resectable colorectal liver
metastases, RFA decreased the number of resections
performed by providing complete tumor necrosis in some
patients and an interval for others who ultimately developed
new intrahepatic and/or extra-hepatic metastases to do so.

In conclusion, this study underscores the fact that there
are no data in the literature to objectively comment if RFA
is equivalent to liver resection in patients with resectable
liver disease since patients are not comparable regarding
their clinical and oncological profiles. Since sicker patients
with more aggressive tumors are included in the RFA series,
their survival was shown to be inferior to the resection
series. Our study shows that the difference might diminish
for patients with less comorbidities without extra-hepatic
disease, although it was not powered for this analysis. This
has two implications: the first is that a randomized study
could be possible by including patients with small (<3 cm)
solitary colorectal liver metastasis between a resection or
RFA arm. The second is that, until those data are available,
RFA and resection should be used in adjunction to each
other and not as a replacement for each other. The patients
with resectable disease should be offered resection while
RFA is reserved for unresectable cases. With a simulta-
neous RFA and resection program, high-risk patients were
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channeled to RFA, resulting in a group of patients enjoying
a very favorable long-term survival after resection, whereas
a lower long-term survival was still achieved in sicker
patients with more aggressive tumors. Moreover, each
modality was also used to salvage patients who developed
recurrent liver disease after treatment with the other
modality in the past.
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Abstract
Background The management of symptomatic or incidentally discovered common bile duct (CBD) stones is still
controversial. Of patients undergoing elective cholecystectomy for symptomatic cholelithiasis, 5–15% will also harbor CBD
stones, and those with symptoms suggestive of choledocholithiasis will have an even higher incidence. Options for
treatment include preoperative endoscopic retrograde cholangiopancreatography (ERCP) with sphincterotomy (ERCP/ES)
followed by laparoscopic cholecystectomy, laparoscopic cholecystectomy with intraoperative cholangiogram (LC/IOC),
followed by either laparoscopic common bile duct exploration (LCBDE) or placement of a common bile duct double-lumen
catheter with postoperative management. The purpose of this analysis was to determine the optimal management of such
patients.
Methods A decision analysis was performed to analyze the management of patients with suspected common bile duct
stones. The basic choice was between preoperative ERCP/ES followed by LC, LC/IOC followed by LCBDE, or common
duct double-lumen catheter (Fitzgibbons tube) placement with either expectant management or postoperative ERCP/ES.
Data on morbidity and mortality was obtained from the literature. Sensitivity analysis was done varying the incidence of
positive CBD stones on IOC with associated morbidity and mortality.
Results One-stage management of symptomatic CBD stones with LC/LCBDE is associated with less morbidity and
mortality (7% and 0.19%) than two-stage management utilizing preoperative ERCP/ES (13.5% and 0.5%). Sensitivity
analysis shows that there is an increase in morbidity and mortality for LC/LCBDE as the incidence of positive IOC
increases but are still less than two-stage management even with a 100% positive IOC (9.4%, 0.5%). If a double-lumen
catheter is to be used for positive IOC, the morbidity would be higher than two-stage management only if the positive IOC
incidence is more than 65% but still with no mortality.
Conclusion LCBDE has lower morbidity and mortality rates compared to preoperative ERCP/ES in the management of
patients with suspected CBD stones even if the chance of CBD stones reaches 100%. Using a common duct double-lumen
catheter may be considered if LCBDE is not feasible and the chance of CBD stone is less than 65%.

Keywords Choledocholithiasis . Laparoscopic
cholecystectomy . Intraoperative cholangiography .

Common bile duct exploration . Endoscopic retrograde
cholangiopancreatiography . Decision analysis

The controversy on the optimal management of symptom-
atic or suspected common bile duct stone continues. The
incidence of common bile duct (CBD) stones varies
depending on patients’ presentations (obstructive jaundice,
gallstone pancreatitis, cholangitis, or biliary colic only) and
laboratory and imaging studies. The incidence of CBD
stones in patients undergoing elective cholecystectomy is
5–15%,1–5 while it is higher and more variable in patients
with suspected CBD stones on ultrasonography or with
abnormal laboratory findings.6–9 Under these circumstan-
ces, some studies report a positive cholangiography
incidence of 94%.6,10
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The main options for management were either a two-
stage approach with preoperative endoscopic retrograde
cholangiopancreatography (ERCP) with endoscopic sphinc-
terotomy (ES) followed by laparoscopic cholecystectomy
(LC) or one-stage approach with laparoscopic cholecystec-
tomy with laparoscopic common bile duct exploration (LC/
LCBDE).1,3,4,7,11–13 There have been many studies report-
ing success rates, morbidity, mortality, length of stay, and
cost for each of these management options.1,3–5,7,8,10–26 The
purpose of this study was to use decision analysis to
determine the optimal management of patients harboring
suspected common bile duct stones.

Methods

Decision Analysis Decision analysis is a method to order
all the relevant factors involved in a clinical decision.27 The

mechanics and theory of decision analysis have been
described in detail elsewhere. Briefly, any clinical problem
is amenable to decision analysis once it is appropriately
identified and bound. Starting with a problem in need of a
decision, a decision tree is constructed consisting of choice
nodes and chance nodes. A choice node is where the
decision-maker must make a decision, such as to observe or
operate. A chance node is the possible outcomes of that
decision, for example, the patient recovers uneventfully or
has a complication. By convention, choice nodes are
represented as squares, while chance nodes are represented
as circles; and the decision tree is written left to right
(Fig. 1).

This decision analysis attempts to address the problem of
the patient with suspected choledocholithiasis. This includes
patients who are asymptomatic, undergoing elective chole-
cystectomy, and patients with recent episodes of jaundice or
gallstone pancreatitis. The basic decision includes one of two

Symptomatic 
Choledocho-
lithiasus

PreOp
ERCP/ES

Lap. Chole
w/ IOC

Successful 92%

Morbidity 7.6 %

Mortality  0.4%

Lap. Chole

Successful >95%

Morbidity  2.6-10%
(6.4%)  

Mortality 0.1% 

Successful IOC 93.5%

Morbidity 2.6-10 %
(6.4%)

Mortality 0.1%

Positive IOC 
22%

Negative IOC 
78%

LCBDE

Double Lumen 
Catheter

Post Op ERCP

Successful 96%
F/U Cholangiography

Morbidity Added: 
2%,5.5-9%, (8.4%)

Mortality Added 0.4%, 
0.4-0.8 %, (0.5%)

Successful 80-97%
(91.2%)

Morbidity  11%

Mortality   0%

Successful 92%

Morbidity  7.6%

Mortality  0.4%

-ve, Resolved 55%
D/C Catheter

+ve, Persistant 45%
Assisted ERCP 100% 
Success

IntraOp ERCP Successful 91%

Morbidity 8%

Mortality  1 % 

S: 91%
M: 7%
M: 0.19%

S: 88%
M: 13.5%
M: 0.5%

S: 91.2%
M: 0.66%
M: 0.09%

S: 92%
M: 1.67%
M: 0.09%

S: 96%
M: 2.4%
M: 0%

Figure 1 Decision tree for treatment of choledocholithiasis.
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choices: (1) laparoscopic cholecystectomy with intraopera-
tive cholangiogram, then address choledocholithiasis if
found, or (2) preoperative ERCP to diagnosis and remove
choledocholithiasis, followed by laparoscopic cholecystecto-
my. For choice (1), four additional choices are possible for a
positive intraoperative cholangiogram (IOC): (1) laparoscop-
ic common bile duct exploration, (2) Placement of a double-
lumen Fitzgibbons tube, (3) postoperative ERCP, and (4)
intraoperative ERCP (Fig. 1). The possible outcomes and the
probabilities of these outcomes were obtained from the
literature.1,3–8,11–23,25,26,28–32

Sensitivity Analysis As there are ranges of probabilities of
postoperative events occurring, sensitivity analysis is the
process of varying the chances of different outcomes
occurring in order to determine the effects of different
probabilities on the decision. For this decision analysis, we
varied the incidence of common bile duct stones. We also
performed sensitivity analysis based on morbidity and
mortality rates of LC/LCBDE.

Decision Tree The basic decision in a patient with suspected
choledocholithiasis is immediate laparoscopic cholecystecto-
my with intraoperative cholangiogram versus preoperative
ERCP followed by laparoscopic cholecystectomy. The
choices when an IOC confirms the diagnosis of common
bile duct stones include LCBDE, placement of a double-
lumen biliary stent (Fitzgibbons tube), or postoperative
ERCP (Fig. 1). An assumption is made that the stones will
require extraction by some method. CBD stones which are
so small that the surgeon can be confident that they will pass
without intervention will not be considered in the decision
analysis.

Outcome Probabilities Preoperative ERCP/ES for CBD
stones has a >90% success rate in extracting all stones from
the CBD but also has a reported morbidity rate of >7% and
mortality rate of >0.4% (Table 1).1,3,10–12,14,16–18,20,21,33 The
positive IOC incidence varies and is approximately 22%
and a reported incidence of negative ERCP of 55%, 80%,
84%, and 93% in patients presenting with jaundice,
pancreatitis, colic, and cholecystitis, respectively, and
others reporting incidence of 50–72%.4,7–9,20,21,24,30

Laparoscopic cholecystectomy with IOC carries a
morbidity of more than 6% and a mortality of 0.1%
(Table 2).1,3–5,8,11–14,23,29,34 Performing IOC in selective
patients with symptomatic or suspected CBD stones carries
no significant morbidity or mortality. In the 22% of patients
with choledocholithiasis by IOC, LC/LCBDE increased
both the morbidity and mortality of laparoscopic cholecys-
tectomy/LCBDE to 8% and 0.8%, respectively.

Alternative to LCBDE is either placement of the
Fitzgibbons common duct double-lumen catheter, postop-
erative ERCP/ES, or even intraoperative ERCP/ES. The
Fitzgibbons tube is placed intraoperatively in a transcystic
fashion and allows for the possibility that most stones will
pass with no further intervention in >50% of patients. A
study by Fitzgibbons et al.7 described a success rate of over
96%, failed cannulation rate of 3.4%, and a complication
rate of 10% with no mortality (Table 3).

Results

The decision tree with average probabilities is presented in
Fig. 1.

The choice of preoperative ERCP applies only to those
patients with suspected common bile duct stones, such as
patients with gallstone pancreatitis or recent jaundice. The
overall success rate for treatment of both the chronic
calculus cholecystitis and choledocholithiasis is 88%.
Combining the morbidity and mortality of ERCP/ES with

Table 1 ERCP Complications

ERCP/ES Complications Percent

Pancreatitis 1–19 (3)
Bleeding 1–6 (2)
Perforation 1–2 (1)
Cholangitis 1–4
Recurrent stones 2–16
Stenosis 1–7

Table 2 Laparoscopic Cholecystectomy Complications

Laparoscopic cholecystectomy complications Percent

Wound infection 0.5–1.45
Bleeding 0.15–1
Abscess 0.15
Postoperative bile leak 0.4–1.5
Pulmonary embolism 0.02–0.1
Pneumonia, pulmonary 0.01–0.4
Urinary 0.5–0.9
Cardiac 0.05–0.55
Retained stones 0.2–0.7

Table 3 Transcystic Double-Lumen Catheter Complications

Transcystic catheter complications Percent

Sepsis/cholangitis 1.7
Wound infection 3.4
Subhepatic collection 1.7
Cystic duct injury 1.7
Pancreatic abscess 1.7

J Gastrointest Surg (2008) 12:1973–1980 19751975



the next step of management with laparoscopic cholecys-
tectomy, the overall morbidity and mortality rates for the
two-stage management are 13.5% and 0.5%, respectively.

For the choice of LC with IOC; performing LC/LCBDE
for a positive IOC produces an overall success rate of 91%
and a morbidity of 8.4% and mortality rate of 0.5%.
Performing LCBDE only when IOC is positive will yield
success rate for this choice of 91%, morbidity and mortality
rates of 7% and 0.2%, respectively, if the assumed
incidence of positive IOC is 22%.

For the choice of LC/IOC, placement of a Fitzgibbons
tube for a positive IOC; the success rate is 96%, with a
morbidity of 10% and mortality of 0%. Placement of this
catheter, only for those with positive IOC, assumed at 22%,
yields a combined success rate of 92%, total morbidity of
8.8%, and mortality of 0.1% for this choice.

For the choice of LC/IOC, postoperative ERCP/ES
yields a success rate of 92%, with a morbidity of 7.6%
and mortality 0.0.4%. Performing this only when IOC is
positive, assumed at 22%, and combining this with the
morbidity and mortality of a LC yields success rate of 91%,
morbidity of 8%, and mortality rate of 0.2%.

Sensitivity Analysis

Figure 2 shows the sensitivity analysis for morbidity rate by
the rate of finding choledocholithiasis by IOC for the one-

stage and two-stage treatment strategies. All other assump-
tions in the decision tree were kept the same as for the
baseline decision analysis. We see that there is never a rate
of positive IOC which resulted in the one-stage approach
having a higher morbidity than the two-stage approach. It
also shows the sensitivity analysis for mortality rate by the
rate of finding choledocholithiasis by positive IOC for the
one-stage and two-stage treatment strategies. All other
assumptions in the decision tree were kept the same as for
the baseline decision analysis. We see that one-stage
management always has less mortality than two-stage
approach except when the incidence of positive IOC is
100%, then the mortality will be equal at 0.5%.

Figure 3 shows the sensitivity analysis of the LCBDE
added mortality to the overall mortality of LC/LCBDE
compared to the overall combined mortality for the two-
stage approach with preoperative ERCP and LC. The
threshold value for the one-stage approach having a lower
mortality rate compared to the two-stage approach is when
the added mortality of performing LCBDE is 1.8% or less.
This figure also shows the sensitivity analysis for the added
morbidity of LCBDE to overall morbidity of LC/LCBDE
compared to the overall combined morbidity of the two-
stage approach. The threshold value for the one-stage
approach having a lower morbidity rate compared to the
two-stage approach is when the added morbidity rate of
performing LCBDE is 32% or less.
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Figure 2 Sensitivity Analysis
with Variable incidence of pos-
itive IOC and the 1- Morbidity
outcome for one and two stage
management approach. It shows
that even with 100% incidence
of a positive IOC the Morbidity
of One-Stage management
would still be less than Two-
stage Management. 2- Mortality
outcome for one and two stage
management approach. It shows
that even with 100% incidence
of positive IOC the Mortality of
One-Stage management would
be equal to that of the Two-stage
Management.
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Figure 4 shows the sensitivity analysis by the rate of
finding choledocholithiasis by IOC for the transcystic
double-lumen tube and the two-stage treatment strategy.
Once again, the other assumptions are the same as the

baseline decision analysis. The threshold value for when
the two-stage approach has less morbidity than the
Fitzgibbons tube approach is 65%. That is, when the
chance of finding common bile duct stones is greater that
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with Variable incidence of pos-
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management approach. It shows
that even with 100% incidence
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of One-Stage management
would still be less than Two-
stage Management. 2- Mortality
outcome for one and two stage
management approach. It shows
that even with 100% incidence
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One-Stage management would
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Management.
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65%, preoperative ERCP followed by laparoscopic chole-
cystectomy leads to less morbidity.

Discussion

In this decision analysis, we show that, using the average
rates of morbidity and mortality for LC, LCBDE, preoper-
ative ERCP, and use of a transcystic double-lumen biliary
stent, one-stage management of LC with IOC followed by
LCBDE for positive choledocholithiasis has the lowest rate
of morbidity and mortality. However, there are caveats to
this conclusion. Firstly, the higher the incidence of
choledocholithiasis found on IOC, the relatively higher
the overall morbidity and mortality associated with LC/
LCBDE and the placement of the Fitzgibbons catheter.
Sensitivity analysis was performed varying the incidence of
choledocholithiasis as found by IOC with the associated
morbidity and mortality (Fig. 2). This showed that, even
with a 100% positive IOC, the morbidity and mortality of
the one-stage management with LC/LCBDE are 9.4% and
0.5%, respectively, which are less than that of the one-stage
management (13.5% and 0.5%; Fig. 2). Performing
LCBDE requires surgeon's certain skills and operative
experience. This issue was addressed by performing
sensitivity analysis varying the degree of LCBDE added
morbidity and mortality in comparison to that of the two-
stage management. Therefore, in skilled hands, the strategy
of LC with IOC followed by LCBDE is always superior.

There are several reasons for this. The reported success
rate for LCBDE was over 92% using a variety of
techniques. These include: flushing of the CBD with the
use of IV glucagon, which is especially useful when the
common bile duct stones are smaller than 2 mm, when
sludge is present, or sphincter spasm is the cause of the
retained stones; balloon manipulation with biliary Fogarty
catheters; use of Dormia baskets to capture the stone;
choledochoscopy; and lithotripsy.3,6,7,12,25,26 Transcystic
approach is preferred over the transductal approach in
cases with smaller stones <6 mm or smaller bile duct <6–
10 mm because of the higher success rate and lower
complication rate in these circumstances.3,7,12

However, LCBDE does require a surgeon comfortable
and facile with this technique. Sensitivity analysis revealed
that, when LCBDE-added morbidity and mortality is 32%
and 1.8%, respectively, then the one-stage management
option will have higher morbidity and mortality rates
compared to the two-stage management (Fig. 3). Therefore,
the surgeon must be able to assess that the risk of morbidity
and mortality of LCBDE exploration in his or her hands
and in the institution that he or she works in is less than
these threshold values, either as a whole or for the
particular patient he or she is operating upon.

The sensitivity analysis showed that, with a positive IOC
incidence of <65%, the LC with the placement of the
Fitzgibbons tube will have a lower complication rate than
two-stage management with preoperative ERCP/ES followed
by LC and with less mortality (Fig. 4). In fact, there are very
few situations in which the expected incidence of choledo-
cholithiasis is higher than 65%. In addition, when one
compares the breath of complications and their incidence, it
appears that preoperative ERCP has a higher rate of the more
severe complications. Placement of a Fitzgibbons catheter
will allow for expectant management with follow-up catheter
cholangiography, which can reassess the status of the CBD.
Reports have shown a spontaneous CBD stone clearance rate
of more than 50%.7,9,31 Negative follow-up cholangiogram
may also be attributed to an initial false-positive cholangio-
gram with reported incidence of 16%.7 And only those with
persistent positive Fitzgibbons tube cholangiography will
undergo an assisted ERCP/ES with a success rate reaching
100% using the Rendezvous approach.7 If the assumed
morbidity of the ERCP/ES performed for those patients was
7.6% and this was included in the overall morbidity of this
approach (LC, catheter placement and ERCP/ES for persis-
tent CBD stones), then only if the incidence of positive IOC
is over 50% this approach will have a higher morbidity than
the two stage management but still less mortality even with
100% positive IOC.

Laparoscopic cholecystectomy with postoperative
ERCP/ES for patients with positive IOC is another option
of management; however, it carries the combined morbidity
and mortality of both procedures but is theoretically still
less than preoperative ERCP/ES followed by LC because
only those with positive IOC will have to undergo ERCP/
ES.32 This assessment is supported by the results of this
decision analysis.

Studies have shown that ERCP/ES has less morbidity
than surgery in patients with cirrhosis and acute suppurative
cholangitis, biliary sepsis with CBD stones.34 In fact, such
recommendation is consistent with this decision analysis.
We have shown in the sensitivity analysis that when the
added morbidity and mortality rates of LCBDE exceed 32%
and 1.8%, respectively, then preoperative ERCP becomes
the favored approach (Fig. 3), which are rates that can be
expected in these very high-risk patients. Therefore,
patients with symptomatic CBD stones and who are high
operative risk [American Society of Anesthesiologists
(ASA) IV, V or elderly patient over 70] may be considered
for ERCP/ES without cholecystectomy.18

Laparoscopic cholecystectomy and IOC with LCBDE,
when choledocholithiasis is found without preoperative
ERCP, is recommended for surgeons with the skill and
facilities to do LCBDE. If surgeons are not skilled in
LCBDE or practice in hospitals which cannot support
LCBDE, then a Fitzgibbons tube is a good alternative.
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Another advantage of a Fitzgibbons tube is that, for
surgeons who do not have LCBDE nor ERCP/ES available
(for example, in rural hospitals), a Fitzgibbons tube
alleviates the obstruction and, therefore, turns a potentially
urgent condition into a controlled, elective condition.
ERCP/ES would only be recommended in patients with
suppurative cholangitis or whose operative risk is so high
that avoidance of an operation becomes a priority.

In addition to reduction in morbidity and mortality, other
advantages to the one-stage management approach exist.
Several studies have reported that single-stage management
had significantly shorter hospital stay than two-stage
management 7,10–12,25 with a randomized controlled multi-
center study reporting length of stay of 3 vs. 6 days.11 Other
studies have shown that one-stage management is more cost
effective compared to the two-stage management.7,12,15

In conclusion, one-stage management with LC/LCBDE
for patients presenting with suspected or symptomatic
common bile duct stones has less morbidity, mortality, and
hospital length of stay than two-stage management with
preoperative ERCP/ES followed by LC. The use of trans-
cystic double-lumen catheter can be used with less morbidity
and mortality in cases where LCBDE is not feasible for
reasons of experience, resources, or patient’s high surgical
risk. ERCP/ES is preferred in patients with suppurative
cholangitis or biliary sepsis and high-risk surgical patients.
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Abstract
Background After bowel resection, Crohn’s disease (CD) recurs frequently in the site of the anastomosis. Alteration of
normal healing processes may play a role in this phenomenon. Transforming growth factor beta (TGF-β) and insulin-like
growth factor (IGF-1) are involved in wound healing mechanisms with pro-fibrogenic properties. The aim of this study was
to assess the expression of TGF-β1 and insulin-like growth factor 1 (IGF-1) in the different zones of the bowel wall to
understand why side-to-side anastomosis are associated to a lower recurrence rate compared to end-to-end ones.
Patients and Methods Seventeen patients affected by CD who underwent ileo-colonic resection from 2004 to 2005 were
enrolled in this study. Full-thickness tissue samples were obtained from the mesenteric, the lateral, and the anti-mesenteric
sides of the macroscopically diseased and healthy ileum for each patient. TGF-β1 and IGF-1 messenger RNAs (mRNAs)
were quantified by real-time polymerase chain reaction. Myeloperoxidase activity and histological disease activity were
assessed to quantify the ileal inflammation. Vimentin, desmin, and α-smooth muscle actin were stained with
immunohistochemistry to assess the fibroblast, smooth muscle cell, and myofibroblasts populations. Comparisons and
correlations were carried out with nonparametric tests.
Results In diseased ileum, TGF-β1 mRNA transcripts in the antimesenteric side were significantly lower than those of the
mesenteric side (p=0.05), and a significant correlation between TGFβ-1 levels in diseased bowel and the sampling site was
observed (τ=0.36, p=0.03). On the contrary, neither the IGF-1 mRNA transcripts nor the distribution of fibroblast, smooth
muscle cell, and myofibroblasts populations showed any relation with the sampling site.
Conclusion TGF-β1 mRNA expression was lower in the anti-mesenteric side of the diseased ileum, and this was consistent
with the success of side-to-side anastomosis in preventing CD recurrence. Since high expression of TGF-β1 was associated
to early recurrence, it seems rationale to construct the anastomosis on the anti-mesenteric side of the bowel.
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Anastomosis

Introduction

One of the most common problems in the surgical treatment
of Crohn’s disease (CD) is the high frequency of recurrence
in the site of the anastomosis after bowel resection.1,2

Several factors have been investigated for their supposed
influence in this phenomenon but only elimination of
smoking and prophylactic treatment with full dose 5ASA
after resection seem to reduce Crohn’s recurrence rate after
surgery.3–5

The role of the type of anastomosis appears to be still
controversial. While some authors denied any influence of
the type of the anastomosis,4–7 some other evidenced that
stapled side-to-side anastomosis after ileo-colonic resection
obtained less anastomotic recurrence compared to hand-
sewn end-to-end anastomosis.8–11 Their hypothesis was
that, even if the presence of the anastomosis on itself seems
to predispose to recurrent CD, some local factors such as
suture material, local ischemia, and sub-acute obstruction
with subsequent fecal stasis might play a major role in the
pathogenesis of anastomotic recurrence.11–13 In our previ-
ous studies, the side-to-side configuration resulted to delay
the anastomotic recurrence independently from the type of
suture.14,15 This conclusion was exclusively clinical since it
was obtained from the analysis of the recurrence rate after
the different type of anastomosis, and the physiopathology
of this phenomenon remains still unknown. While end-to-
end or end-to-side anastomoses involve all the ileal wall
sides, the side-to-side anastomosis involves primarily the
anti-mesenteric side of the gut wall. A fascinating hypothesis
was that, beside the width of the anastomosis, the site of the
anastomosis may play a crucial role in CD recurrence.

Transforming growth factor beta (TGF-β) belongs to a
family of multi-functional 12-kDa polypeptide dimers
produced by a wide variety of lymphoid and non-lymphoid
cells appearing to be involved in the regulation of organ
fibrosis.16 TGF-β functions as a healing mediator as well as
an inhibitor of T and B cell proliferation and cytokine
production.17,18 In an our previous study, the high levels of
TGF-β1 in healthy ileum of patients who undergo ileo-
colonic resection for CD were demonstrated to be associated
with early clinical disease recurrence.19

Insulin-like growth factor 1 (IGF-1) is the main local
effector of growth hormone stimulation on target cells in
the liver and other target tissues including the intestine.20 It
is a potent enterotrophic factor in the healthy intestine
playing a relevant role in chronic inflammation and wound
healing process in CD because of its pro-fibrogenic
actions.20,21 In the intestinal tract, IGF-1 stimulates prolifer-

ation of fibroblasts, myofibroblasts, and smooth muscle cells,
all implicated as cellular mediators of fibrosis in CD.22

The main aim of this study was to evaluate the
expression of TGF-β1 and IGF-1 in the different (mesenteric,
lateral, and anti-mesenteric) sides of the ileum wall that could
be involved in the anastomosis in patients with CD.
Secondary end-point was to analyze the in vivo interaction
of these cytokines with mesenchymal cell populations
(fibroblast, smooth muscle cell, and myofibroblast) in healthy
and diseased bowel wall in CD.

Patients and Methods

Patients and Study Design

Seventeen patients affected by CD who underwent ileo-
colonic resection from 2004 to 2005 in our department
were enrolled in this study. The study was performed
according to the Helsinki declaration principles, and
adequate informed consent was obtained from all persons
involved. Patients were enrolled consecutively provided
that adequate intestinal samples were available. Patients
who presented also other bowel diseases, such as cancer, or
were submitted to procedures different from ileo-colonic
resection and patients with an ileostomy were excluded. All
the patients received oral mesalazine as prophylactic
therapy at the dose of 2.4 g/die at their discharge and were
strongly advised against smoking. Patient’s characteristics
are shown in Table 1.

Clinical disease activity was quantified with a modified
version of the Harvey–Bradshaw Activity Index (HBAI)23,24

that included a number of soft stools per day, abdominal
pain, general well-being, extra-intestinal complications, and
the presence of abdominal mass.

Tissue Sampling

Ileal wall samples from the operative specimens had been
stored at −80°C immediately after the operation. Tissue
samples were obtained from the surgical specimen of the
terminal ileum at the ileo-colonic resection. Complete rings
(1-cm thickness) of ileal wall from the diseased ileum and
from the healthy ileum were obtained as shown in Fig. 1.
After an accurate cleaning of mesenteric fat, the “rings”
were divided in the four sectors (mesenteric, anti-mesenteric,
and two lateral). A 3-mm full thickness intestinal wall sample
was obtained from each sector of the macroscopically
diseased and healthy ileum. Each sample was divided in two
parts, and one was stored in liquid nitrogen (−80°C) for
molecular analysis, and one was preserved in 10% formalin
solution for histological analysis. In every side standard
histology, myeloperoxidase (MPO) activity assay, vimentin,
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desmin, and α-smooth muscle actin (α-SMA) immuno-
histochemical staining, and the determination of IGF-1 and
TGF-β1 tissutal expression were performed. Each sample was
then analyzed separately.

Tissutal Expression of TGF-β1 and IGF-1

RNA Isolation

Total RNAwas extracted from frozen small bowel tissue by
acid guanidium thiocyanate–phenol–chloroform according
to the Chomczynski and Sacchi method.25 RNA concen-
tration was quantified spectrophotometrically. Integrity of
the RNA sample was assessed by electrophoresis on a 2%
agarose gel (FMC Bio Product, Rockland, ME, USA)
containing ethidium bromide. Moreover, the quality of the
isolated RNA was assessed using RNA 6000 Nano Assay
and the Agilent 2100 bioanalyzer (Agilent technologies
Palo Alto, CA, USA). Bioanalyzer uses gel electrophoresis
in the confines of a micro-fabricated chip and highly
sensitive laser induced fluorescence detection using an
intercalating dye, which is added to the polymer.

Reverse Transcription

Complementary DNA (cDNA) was synthesized with 2 μg
of RNA, which was reverse transcribed in a final volume of

40 μl in the presence of 1X polymerase chain reaction
(PCR) buffer, 1 mM each of dNTPs (dATP, dTTP, dCTP,
and dGTP), 1 U/μl RNase inhibitor, 2.5 μM random
hexamers, 2.5 U/μl of murine leukemia virus (Perkin
Elmer, Foster City, CA, USA). The reverse transcription
reaction was performed at 25°C for 10 min, 42°C for
15 min, and 99°C for 5 min, and carried out in a Perkin
Elmer GeneAmp PCR System 2400. The cDNAwas stored
at −20°C.

SYBR Green I Real Time PCR

The ABI 7900 Sequence Detection System (Applied
Biosystems, Foster City, CA, USA) was used to develop a
quantitative real time PCR with the fluorescent dye SYBR
Green methodology. The reaction was performed in 96-well
thin-wall optical plate. PCRs were carried out in a 25-μl
final volume containing 1× SYBR Green Master Mix
(Applied Biosystems), 300-nM primers (each), and 1-μl
cDNA template. After one 2-min step at 50°C to allow
uracil DNA glycosylase (UDG) to act and a second one at
95°C for 10 min to inactivate the UDG and activate Taq
polymerase, samples were subjected to 45 cycles of 45 s at
94°C (denaturation) followed by 45 s at 62°C (annealing
and extension) for TGF-β1, IGF-1, and glyceraldehyde-3-
phosphate dehydrogenase (GAPDH).

All the determinations were performed in triplicates in
order to estimate the reproducibility. Samples in which the
cDNA was omitted, as negative controls, were used. Each
assay included “no template” controls and standard curve

Figure 1 Complete rings (1-cm thickness) of ileal wall from the
diseased ileum and from the healthy ileum were obtained, and after an
accurate cleaning of mesenteric fat, the “rings” were divided in the
four quadrants (mesenteric, anti-mesenteric, and two lateral).

Table 1 Patients Clinical Characteristics

Patients characteristics Median Range

Demography
Gender 11 males 6 females
Age at ileocolonic resection (years) 37.5 19–73
Age at CD diagnosis (years) 21.5 14–43
CD duration (months) 90 8–276
Indication for operation
Recurrent CD 3/17
Fistulizing CD 2/17
Stenosing CD 15/17
Disease activity at operation
Harvey–Bradshaw activity index 4 1–11
Number of daily stool 2 1–12
Abdominal mass 5/17
Abdominal pain 15/17
Weight (kg) 59 46–80
Hb g/l 14.1 10.5–16.3
Ht % 41.75 34.5–48
WBC×10.9/l 9.355 4.61–12.17
PMN×10.9/l 6.805 3.21–10.52
CRP mg/l 15 3.19–64.3
ESR mm/h 36 17–73
albumin g/l 34.16 20.76–45.5

No correlation between any of the serum markers of inflammation, ESR,
or CRP and tissue inflammation or disease recurrence was observed.
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for each gene of interest. Nucleotide sequences for sense
and anti-sense primers were synthesized to generate the
following oligonucleotides. The sequences for the primer of
TGF-β1 were 5′ AACCCACAACGAAATCTATGACAAG
3′ (forward) and 5′ AGAGCAACACGGGTTCAGGTA 3′
(reverse), and the length of this amplicone was 78 bp; those
for IGF-1 were 5′ GGCGCTTGAGTTGCTGAGA 3′
(forward) and 5′ ACTAGTTGGCCAGTTATTTGGATAGC
3′ (reverse), and the length of this amplicone was 133 bp;
those of GAPDH were 5′ GACACCCACTCCTCCACC
TTT 3′ (forward) and 5′ TTGCTGTAGCCAAATTCG
TTGT 3′ (reverse), and the length of this amplicone was
101 bp.

Quantification of Gene Expression

The messenger RNA (mRNA) amounts of the unknown
samples were determined from the standard curves con-
taining 108, 107, 106, 105, 104, 103, 102, and ten copies/well
for each primer pair considered. To obtain the normalized
amount of transcripts, the TGF-β1, IGF-1 mRNA amounts
were divided by the GAPDH mRNA amount for each
sample.

Histological Assessment

Histology

After fixation in 10% neutral buffered formalin, the speci-
mens were dehydrated and embedded in paraffin wax;
sections of 3 μm were produced and then stained with
hematoxylin–eosin. In 2006, a gastro-intestinal pathologist
(S.M.), unaware of the MPO, TGF-β1, and IGF-1
expression results, reviewed the microscopic slides from
surgical specimens. Since an established histological
classification for disease activity was not evident in the
literature, a ad hoc scoring system was devised to quantify
the severity of inflammation as shown in Table 2.19

Histochemistry and Immunohistochemistry

Histochemical staining for assessment of collagen deposition
was performed using a standard Masson’s trichrome protocol.
Immunohistochemical staining was performed using the Dako
EnVision horse radish peroxidase system according to the
manufacturer’s instructions (Dako Corporation, Carpenteria,
California, USA). Primary antibodies were used at a dilution
of 1:100 (Vimentin and α-SMA, Dako Corporation) and
visualized using 3′3′-diaminobenzidine (Sigma).

Sections were independently evaluated by a gastrointes-
tinal histopathologist (S.M.) and graded for the presence
and severity of: fibrosis, neural hyperplasia, submucosal
muscularization, and myofibroblast proliferation. These
features were chosen because they were prominent features
in these specimens and been identified as important
morphological parameters of disease by other investigators.26

Fibrosis was assessed on the hemotoxylin and eosin,
Masson’s trichrome, and immunohistochemical (Vimentin+,
α-SMA−) stains. Neural hyperplasia was assessed on the
hemotoxylin and eosin stain. Submucosal muscularization
(Vimentin−, α-SMA+) and myofibroblast proliferation
(Vimentin+, α-SMA+) was assessed using the hemotoxylin
and eosin in conjunction with the immunohistochemical
stains. All these features were evaluated on a semi-
quantitative scale of 0–3, where 0 = none present, 1 = focal
and/or mild degree, 2 = moderate degree, and 3 = prominent/
severe degree. An example of prominent fibrosis, submuco-
sal muscularization and myofibroblast proliferation is shown
in Fig. 2.

MPO Activity Assay

Myeloperoxidase (MPO) activity was evaluated as parameter
of local inflammation.24,25 MPO activity assay was per-
formed to quantify ileal inflammation. Ileal samples were
minced in 1 ml of 50 mM potassium phosphate buffer
(pH 6.0) containing 14 mM hexadecyltrimethyl–ammonium

Table 2 Histological Ad Hoc
Inflammation Score Score Description

Inflammation score
0 No inflammation (excluding mild serosal inflammation intraoperative)
1 Mild, acute, or chronic inflammation limited to the mucosa,

without crypt abscesses or ulceration
2 Moderate inflammation, as above but including crypt abscesses,

small apthous ulcers, and transmural inflammation
3 Large areas of acute ulceration, superficial, or fissuring

Granuloma score
0 None
1 Occasional multinucleated giant cells
2 Microgranulomas
3 Well-formed granulomas
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bromide (Fluka), homogenized, and sonicated. The lysates
were frozen and thawed three times, then centrifuged for
2 min in cold at 15,000×g. Aliquots of the supernatants were
mixed with potassium phosphate buffer containing o-
dianisidine–HCl (Sigma-Aldrich, St. Louis, MO, USA) and
0.0005 % H2O2. MPO activity was expressed as units per
gram of wet tissue. The change in absorbance at 460 nm was
assessed with a spectrophotometer. The enzyme unit was
defined as the conversion of 1 μmol of H2O2 per min at 25°C,
and it was normalized as unit per gram tissue.27,28

Blood Tests

Blood samples were taken from fasting patients on the day
before the operation. Systemic inflammatory activity was

assessed by erythrocyte sedimentation rate (ESR), white
blood cell count (WBC), polymorphonuclear cells count
(PMN), and C-reactive protein (CRP). ESR was measured
by the Westergren method. CRP was detected by immuno-
nephelometry (normal, <6 mg/l; pathological, >6 mg/l).
Total protein and albumin were assessed with the biurete
method. WBC, PMN, and hemoglobinemia (Hb) were
obtained with standard full blood cell count.

Statistical Analyses

Since no assumption on normality of the distribution of the
data was possible, they were presented as median (range)
unless otherwise specified and non-parametric statistics was
used. Comparisons were performed with Wilcoxon

Figure 2 a (1) Hematoxylin- and eosin-stained section of affected
bowel in Crohn’s disease showing an area of myofibroblastic
proliferation, (2) positive vimentin staining in the same area, and (3)
positive α-smooth muscle actin in the same area. b (1) Hematoxylin-
and eosin-stained section of affected bowel in Crohn’s disease
showing an area of submucosal muscularization, (2) negative vimentin

staining in the same area, and (3) positive α-smooth muscle actin in
the same area. MM muscularization. c (1) Hematoxylin- and eosin-
stained section of affected bowel in Crohn’s disease showing an area
of fibrosis in the bowel wall, (2) positive vimentin staining in the same
area, and (3) negative α-smooth muscle actin in the same area.
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matched-pair test or with Kruskal–Wallis analysis of
variance (ANOVA) where appropriated. Linear association
between wound repair parameters was quantified using
Kendall t correlation test; only correlations with t>0.30
were considered relevant. Statistical significance was set at
p<0.05 for all tests.

Results

In diseased ileum, TGF-β1 mRNA transcripts in the
antimesenteric side were significantly lower than those of
the mesenteric side [0 (0–0.118) versus 1.018 (0–11.497),
p=0.05], and a significant correlation between TGFβ-1
mRNA transcripts and the sampling site was observed
(t=0.36, p=0.03). As shown in Fig. 3, the closer the
sampling site was to the mesenteric side, the higher were
the TGFβ-1 mRNA transcripts. In comparison, neither
IGF-1 mRNA transcripts nor MPO activity, inflammatory
score, presence of granuloma, neural hyperplasia, submu-
cosal muscularization, myofibroblast proliferation, and
fibrosis showed any relation with the sampling site.
Comparison of TGFβ-1, IGF-1 mRNA transcripts levels,
MPO activity inflammatory score, presence of granuloma,
neural hyperplasia, submucosal muscularization, myofibro-
blasts proliferation, and fibrosis in the different quadrants of
the ileal wall are shown in Table 3.

As might be expected, histological scoring demonstrated
a high median score for inflammatory parameters in
macroscopically diseased bowel and a low median score
in healthy bowel (p<0.01). Similarly, the prevalence of
granuloma was higher in the diseased bowel compared to

that in the healthy intestine (mean±standard deviation:
0.65±1.15 versus 0.26±0.77, p=0.04). No significant
difference was observed in TGFβ-1 and IGF-1 mRNA
transcripts levels in diseased ileum compared to the healthy
one. Submucosal muscularization, fibrosis, and neural
hyperplasia were significantly more evident in the diseased
bowel compared to the healthy one (p<0.01, p<0.01, and
p=0.02, respectively). In particular, active myofibroblasts
were observed significantly more frequently in the diseased
than in the healthy bowel (mean±standard deviation: 0.35±
0.66 versus 0.02±0.15, p=0.02). A comparison of TGFβ-1,
IGF-1 mRNA transcripts levels, MPO activity, inflamma-
tory score, presence of granuloma, neural hyperplasia,
submucosal muscularization, myofibroblast proliferation,
and fibrosis in diseased versus healthy bowel is shown in
Table 4.

In the diseased ileum and in the healthy ileum, TGFβ-1
mRNA transcripts levels correlated directly with the
respective IGF-1 mRNA transcript levels. However, inter-
estingly, TGFβ-1 expression in the diseased bowel corre-
lated inversely with the IGF-1 expression and with the
grade of submucosal muscularization in healthy bowel
(even if this last correlation showed just a trend toward
significance). In healthy ileum, TGFβ-1 mRNA transcript
levels also correlated inversely with neural hyperplasia. In
the diseased ileum, prevalence of myofibroblasts strongly
correlated with IGF-1 mRNA transcript levels, while their
correlation with TGFβ-1 mRNA levels showed just a trend
toward significance. IGF-1 mRNA in the healthy bowel
correlated directly with the MPO activity in the diseased
bowel. Relevant correlation between TGFβ-1, IGF-1
mRNA transcripts levels in the ileum wall of patients with
CD and local inflammation, and wound repair parameters
were shown in Table 5.

Discussion

Our data showed that, in diseased ileum of CD patients,
TGF-β1 mRNA expression was lower in the anti-mesen-
teric side, and a significant correlation between TGFβ-1
mRNA transcripts and the sampling site was observed.
TGF-β1 mRNA expression in CD localized mostly to cells
of the lamina propria with the highest concentration in
inflammatory cells closest to the luminal surface.29 The
anti-mesenteric zone might have a relatively more periph-
eral vascular and lymphatic system compared to the
mesenteric zone that could affect the number of lamina
propria cells. The lack of activation of TGF-β-mediated
pathways might decrease the extracellular matrix generation
and, subsequently, the intramural fibrosis that leads to
intestinal obstruction.30 Since low expression of TGF-β1 in
the ileum wall was associated to a lower rate of recur-

Figure 3 The closer the sampling site was to the mesenteric side, the
higher were the TGFβ-1 mRNA transcripts levels.
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rence,19 this could explain, in part, why constructing the
anastomosis on the anti-mesenteric side of the bowel in a
side-to-side configuration could minimize the recurrence risk
of CD. On the other hand, the fact that no other fibrogenic
parameter showed any relation with the sampling site may
suggest caution in taking this conclusion. From this point of
view, the low mRNA levels of TGF-β1 in the antimesenteric
side of the diseased ileum wall might be simply due to high
frequency of ulceration in this peripheral zone that could
have destroyed the lamina propria cells expressing TGF-β1.

Histological ad hoc score and the distribution of
granuloma showed that there was a good correspondence

between the macroscopical and the microscopical inflam-
mation. Although some authors found that TGF-β1 mRNA
levels were higher in active CD,29 in our series, no
significant difference in TGFβ-1 and IGF-1 mRNA levels
were observed in diseased ileum compared to the healthy
one. Similarly, Dal Zotto et al. observed that, TGF-β1
production in healthy and diseased bowel was compara-
ble.31 In patients with CD, the high expression of TGF-β1
was demonstrated to be associated to a failure of TGF-β1-
mediated negative regulation of proinflammatory cytokine
production because of increased intracellular expression of
the endogenous inhibitor, Smad7.32 Post-transcriptional

Table 3 Comparison of TGFβ-1, IGF-1 mRNA Levels, MPO Activity, Inflammatory Score, Granuloma Score, Neural Hyperplasia, Submucosal
Muscularization, Myofibroblasts Proliferation, and Fibrosis (All These Features were Evaluated on a Semi-quantitative Scale of 0–3, Where 0 =
None Present, 1 = Focal and/or Mild Degree, 2 = Moderate Degree, 3 = Prominent/Severe Degree) in the Different Sector of the Ileum Wall in
Crohn’s Disease with Kruskal–Wallis ANOVA

Antimesenteric side Lateral side Mesenteric side Kruskal–Wallis’s ANOVA
Median (range) Median (range) Median (range) p value

Diseased bowel
Inflammatory score 2.5 (0–3) 3 (0–3) 3 (0–3) 0.871
Granuloma score 0 (0–3) 0 (0–3) 0 (0–3) 0.361
MPO activity (units per milligram tissue) 6.3 (1.64–20.10) 7.5 (0.67–20.78) 4.655 (0.08–21.83) 0.507
Neural hyperplasia scale 1 (0–3) 1 (0–2) 1 (0–3) 0.687
Submucosal muscularization scale 3 (0–3) 3 (0–3) 3 (0–3) 0.792
Myofibroblast proliferation scale 0 (0–2) 0 (0–2) 0 (0–1) 0.594
Fibrosis scale 2 (0–3) 2 (0–3) 1.5 (0–3) 0.443
TGFβ-1/GAPDH mRNA levels 0 (0–0.118) 0.334 (0–4.145) 1.018 (0–11.497) 0.198
IGF-1/GAPDH mRNA levels 0 (0–0.012) 0 (0–0.266) 0.003 (0–0.068) 0.488
Healthy bowel
Inflammatory score 0 (0–2) 0 (0–3) 0 (0–3) 0.815
Granuloma score 0 (0–2) 0 (0–2) 0 (0–3) 0.782
MPO activity (units per milligram tissue) 5.585 (0.97–15.97) 6.66 (1.64–11.13) 5.18 (0.84–19.43) 0.923
Neural hyperplasia scale 1 (0–3) 0 (0–2) 1 (0–2) 0.182
Submucosal muscularization scale 0 (0–2) 0 (0–3) 0 (0–3) 0.934
Myofibroblast proliferation scale 0 (0–0) 0 (0–1) 0 (0–0) 0.331
Fibrosis scale 0 (0–3) 0 (0–2) 1 (0–1) 0.884
TGFβ-1/GAPDH mRNA levels 0.058 (0–3.784) 0.072 (0–0.51) 0.117 (0.84–19.43) 0.936
IGF-1 GAPDH mRNA levels 0 (0–0.415) 0.002 (0–3.547) 0.0005 (0–0.052) 0.832

Table 3 Comparison of TGFβ-1, IGF-1 mRNA Levels, MPO
Activity, Inflammatory Score, Granuloma Score, Neural Hyperplasia,
Submucosal Muscularization, Myofibroblasts Proliferation, and Fibro-
sis (All These Features were Evaluated on a Semi-quantitative Scale

of 0–3, Where 0 = None Present, 1 = Focal and/or Mild Degree, 2 =
Moderate Degree, 3 = Prominent/Severe Degree) in the Different
Sector of the Ileum Wall in Crohn’s Disease with Kruskal–Wallis
ANOVA

Table 4 Comparison of TGFβ-1, IGF-1 expression, MPO Activity Inflammatory Score, Presence of Granuloma, Neural Hyperplasia,
Submucosal Muscularization, Myofibroblasts Proliferation, and Fibrosis in Diseased Versus Healthy Bowel with Wilcoxon Matched-Pair Test

Diseased bowel Healthy bowel Wilcoxon rank test
Median (range) Median (range) p value

Inflammatory score 3 (0–3) 0 (0–3) 0.000
Granuloma score 0 (0–3) 0 (0–3) 0.045
MPO activity (units per milligram tissue) 6.73 (0.08–21.83) 5.65 (0.84–19.43) 0.671
Neural hyperplasia scale 1 (0–3) 1 (0–3) 0.019
Submucosal muscularization scale 3 (0–3) 0 (0–3) 0.000
Myofibroblast proliferation scale 0 (0–2) 0 (0–1) 0.017
Fibrosis scale 2 (0–3) 0 (0–3) 0.000
TGFβ-1/GAPDH mRNA levels 0.034 (0–11.49) 0.074 (0–3.784) 0.826
IGF-1/ GAPDH mRNA levels 0 (0–0.266) 0.0002 (0–3.547) 0.182
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overexpression of Smad7 in the gut of patients with
inflammatory bowel diseases blocks TGF-β1 signaling,
and defective TGF-β1 signaling helps maintain high NF-
kB activity, thereby expanding its local inflammatory
response.33 As suggested by TGF-β1’s different effects on
fibroblasts in strictures and in inflamed bowels, it is
possible that its pro-fibrogenic activity remains and thus is
enhanced.34 In fact, according to our data, fibrosis,
submucosal muscularization, myofibroblasts distribution,
and neural hyperplasia were significantly more evident in
the diseased bowel compared to the healthy one.

TGF-β seems to enhance the effects of IGF-I on cell
proliferation and differentiation, and both IGF-1 and TGF-
β seem to act synergistically to stimulate intestinal
cells.22,35 In fact, in our series, in the diseased and healthy
ileum, TGFβ-1 mRNA transcripts levels correlated directly
with the respective IGF-1 ones. Surprisingly, TGFβ-1
mRNA levels in the diseased bowel correlated inversely
with the IGF-1 expression in healthy bowel, suggesting two
different expression regulation in the two situations
(healthy and diseased bowel) and a sort of negative
feedback between the two growth factors. A similarly
negative feedback might be hypothesized to explain the
inverse correlation between TGFβ-1 mRNA levels in the
diseased bowel and the grade of submucosal musculariza-
tion in surrounding healthy bowel. Curiously, in the healthy
ileum, TGFβ-1 mRNA levels correlated inversely also with
neural hyperplasia: Probably, where the disease is not
active, TGFβ-1 has an inhibitory effect on the autonomic
plexa. In the diseased ileum, the correlation between the
distribution of myofibroblasts and IGF-1 mRNA was
significantly stronger than that of TGFβ-1 mRNA, suggest-
ing that IGF-1 could be the main in vivo growth factor for
these mesenchymal cells. The low correlation between
TGFβ-1 expression and myofibroblasts population might
also be due to the production of TGFβ-1 by myofibroblasts
on themselves.36

Surprisingly, no significant correlation between TGFβ-1
and IGF-1 mRNA expression and fibrosis was observed. In
fact, the major drawback of the study was that TGF- β1 and
IGF-1 mRNA levels may or may not correlate with
fibrongenetic activity due to the complex regulation of
these proteins both pre- and post-transcriptionally. Further
studies focused on the examination of pre- and post-
transcription signal of TGF-β1 and IGF-1, additional
mediators of fibrosis, such as TGF-β2 and β3, and
inflammatory mediators, such as TNFα and IL-6, will be
essential to clarify the complex network that is at the basis
of intestinal fibrosis in CD.

On the other hand, even the most comprehensive
immunohistochemical or molecular analyses of resected
bowel from patients with CD can provide only a snapshot
at one particular point in time and cannot define the
complex relation between growth factors and mesenchymal
cells during initiation or progression of fibrosis.37 Moreover,
these studies are limited by patients’ heterogeneity and
disease presentation variability, in contrast to studies with
cell lines; however, they are crucial if basic mechanisms
elucidated in vitro are to be translated to humans.32

In conclusion, our study showed that TGF-β1 mRNA
expression is lower in the anti-mesenteric side of the ileum
affected by active CD, and this is consistent with the
success of side-to-side anastomosis in preventing CD
recurrence. However, no other relation with bowel sides
were observed among the inflammation and repair parameters.
Although no difference in the expression of TGFβ-1 and IGF-
1 in healthy and diseased bowel was observed, the inverse
correlation between TGFβ-1 expression in the diseased bowel
and that of IGF-1 in healthy bowel suggested two different
expression regulation in the two situations (healthy and
diseased bowel) and a sort of negative feedback between the
two growth factors. Finally, myofibroblasts proliferation in
small bowel affected by active CD appeared to be strictly
correlated with IGF-1 levels.

Table 5 Relevant Correlation Between TGFβ-1, IGF-1 Expression in the Ileum Wall of Patients with CD, and Local Inflammation and Repair
Parameter were Evaluated with Kendall’s t Correlation Test

Repairing mechanism Bowel site Correlation with Kendall’s t p level

TGFβ-1 Diseased Sampling site in diseased ileum −0.363 0.035
IGF-1 in diseased bowel 0.361 0.036
Myofibroblasts proliferation in diseased bowel 0.372 0.063
IGF-1 in healthy bowel −0.396 0.039
Submucosal muscularization in healthy bowel −0.349 0.069

Healthy IGF-1 in healthy bowel 0.495 0.000
Neural hyperplasia in healthy bowel −0.316 0.018

IGF-1 Diseased TGFβ-1 in diseased bowel 0.361 0.036
Myofibroblasts proliferation in diseased bowel 0.693 0.001

Healthy TGFβ-1 in healthy bowel 0.495 0.000
TGFβ-1 in diseased bowel −0.396 0.039
MPO activity in diseased bowel 0.371 0.004
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Abstract
Aim The clinical features of postoperative bleeding from the ileal pouch–anal anastomosis(IPAA) vary and its management
can be difficult. There is no published literature regarding pouch bleeding and its treatment.
Materials and Methods Pouch bleeding was defined as the passage of blood or clots transanally or into the ileostomy bag
with or without hypotension or a drop in hemoglobin within 30 days after surgery. Patients were identified from a
prospectively maintained pouch database.
Results Pouch bleeding developed in 47 (1.5%) patients out of 3,194 patients undergoing IPAA since 1983. Forty-two
patients had inflammatory bowel disease, four had familial adenomatous polyposis, and one had colonic inertia. Sixty-six
percent of bleeding occurred within 7 days postoperatively and 59.6% required transfusion; 72.3% patients developed
transanal bleeding, nine from ileostomy and two from both. After initial fluid resuscitation, five patients were observed
while 28 patients had pouch endoscopy and clot evacuation followed by cauterization or epinephrine(1:100,000) enemas, 27
of these had cessation within 24 h. Epinephrine enema was used as initial treatment in the remaining 12 patients. Overall
success rate of epinephrine enema was 96%.
Conclusion Postoperative pouch bleeding after IPAA is uncommon, and it usually requires nonsurgical intervention.
Epinephrine enema appears to be successful in managing this complication.

Keywords Restorative proctocolectomy . Ileal pouch–anal
anastomosis . Pouch bleeding .Management

Introduction

Ileal pouch–anal anastomosis (IPAA) after proctocolectomy
was first described by Parks et al.1 in the 1970s and has

become the surgical procedure of choice ever since for
patients with ulcerative colitis and familial adenomatous
polyposis. The terminal segment of the ileum is utilized to
construct a pouch as a reservoir for stool storage. Pouch
configuration includes two (J-shaped), three (S-shaped), or
four (W-shaped) loops of the small intestine.2 The J-pouch
configuration has become the preferred pouch type for most
colorectal surgeons.3 Continuity is then restored with a
hand-sewn or stapled anastomosis after pouch construction.
Although modifications and improvements have been made
to the technique for pouch configuration,4 postoperative
complications may occur even in experienced hands.
Common complications include pouchitis, anastomotic
leak, pelvic abscess, etc.5

Postoperative bleeding from the pouch is a less frequent
complication after this procedure and is seldom described.
A previous study from our institution reported 38 cases
with post-IPAA bleeding from the pouch in a consecutive
series of 1,005 patients undergoing pouch surgery.6 The
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details of clinical features were, however, not provided. The
clinical features of postoperative pouch bleeding vary
depending on severity and the management can be difficult.
Furthermore, it may result in longer length of stay and
increased rate of readmission. The diagnostic and thera-
peutic methods include endoscopy, observation, fluid
resuscitation, and interventional managements. The limited
information on outcomes of this particular complication
prompted us to take on the current study. The aim of the
study was to review our experience in its management.

Materials and Methods

Patients

The study was approved by Institutional Review Board at
the Cleveland Clinic Foundation. Data of 3,194 patients
undergoing restorative proctocolectomy and IPAA were
recorded in a prospectively maintained pouch database
since 1983. As of October 2007, 47 patients who had post-
IPAA bleeding were identified. Retrospective chart review
was performed to confirm all the data in the database
including demographics, clinical parameters, and surgical
technique. Review of records for data related to bleeding
such as initial manifestation, symptoms, severity, bleeding
sites, and management was performed. There were incom-
plete data pertaining to medication for two patients due to
unavailability of pertinent chart volumes. These patients
were included for other analyses.

Inclusion and Exclusion Criteria

Pouch bleeding was considered as a short-term complica-
tion and defined as the occurrence of passage of blood or
clots transanally or into an ileostomy bag with or without
hypotension or a drop in hemoglobin within 30 days after
surgery. Patients who developed pouch bleeding more than
30 days after surgery were excluded.

Outcome Measurement

Primary outcome was defined as cessation of visible
bleeding. Secondary outcome was readmission and death.

Surgical Technique

The IPAA was performed as previously described.7 After
the left colon and right colon were mobilized and the
splenic flexure and hepatic flexure were taken down, the
terminal ileum was transected. The ileocolic vessels were
then ligated, divided, and excised. A low ligation was
carried out in the inferior mesenteric artery and vein, as

well as the sigmoid branches. The rectum was mobilized
down to the coccyx. When necessary, incisions were made
in the anterior and posterior leaves of the mesentery
overlying the superior mesenteric artery in order to get
adequate reach. An approximately 20 cm J-pouch was then
constructed with two firings of the ILA-100 stapler. The
pouch was tested to ensure that it was airtight and
watertight. The PI-30 was used to close off the tip of the
“J” and this was reinforced with a running suture.
Hemostasis inside the pouch was checked visually. A purse
string suture was applied and the anvil inserted and
deployed. The linear staple line was reinforced by some
surgeons. A diverting ileostomy was made, usually 40–
50 cm upstream of the pouch.

Statistical Analysis

Descriptive statistics were performed for all variables.
These include the mean and standard deviation for
continuous variables and frequencies for categorical factors.
Statistical significance was tested using chi-squared or
Fisher’s exact probability tests. Student’s t tests or
Wilcoxon rank sum tests were used for continuous factors.
Differences were statistically significant when the p value
was less than 0.05 (two-sided). To further assess the risk
factor of pouch bleeding, we compared the 47 patients to
the rest of the patients in the pouch database for
investigator selected variables.

Results

Pouch bleeding developed in 47 (1.5%) patients out of 3,194
patients undergoing IPAA since 1983. IPAAwas performed
in patients with inflammatory bowel disease, including
ulcerative colitis (n=25), indeterminate colitis favoring UC
(n=5), indeterminate colitis favoring CD (n=1), indetermi-
nate colitis (n=9), Crohn’s disease (n=2), familial adeno-
matous polyposis (n=4), and colonic inertia (n=1).

We compared the 47 patients to the rest of the patients in
the pouch database for selected variables as shown in
Table 1. There were no differences in gender distribution,
pouch configuration, and anastomotic type between patients
with and without pouch bleeding. The patients with pouch
bleeding, however, were younger than the rest of the
patients in the database.

Reinforcement of the linear staple line was performed
after J-pouch formation in 17 (44.7%) patients with J-
pouch. Sixty-six percent bleeding occurred within 7 days;
41.9% of these patients had postoperative anticoagulant use
for thrombosis prophylaxis.

Thirty-four (72.3%) patients bled transanally, nine from
ileostomy and two from both locations. Two patients had
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concurrent abdominal bleeding and two had anemic
symptoms. The latter two were later found to be bleeding
from the pouch at endoscopy.

Among the two patients who had concurrent abdominal
bleeding, one patient was reoperated on and the other died
after being transferred to the intensive care unit due to
concurrent intraabdominal bleeding. The management of
the remaining 45 patients is shown in Fig. 1. Twenty-eight
patients had pouch endoscopy and clot evacuation,
12 patients underwent initial epinephrine enema, and five
patients underwent observation only. Of the 28 who
underwent endoscopy with clot evacuation, 15 (53.6%)
patients had active bleeding from the linear staple line
which was cauterized. Generalized oozing was found in the
remaining 13 (46.4%) cases and these patients were treated
by saline with epinephrine (1:100,000) enemas. Of these 28
patients, 27 had cessation of bleeding within 24 h. One
patient required 3 days of enema treatment before complete
cessation. Of the 12 patients treated with epinephrine
enema as initial treatment, one patient failed to respond
and had endoscopy with cauterization of bleeding point.

Overall, 28 (59.6%) patients underwent blood transfusion.
Twenty patients bled within 7 days after surgery. None of
the patients required surgery for postoperative bleeding
from the pouch. Two patients treated with enema had
rebleeding 3 and 5 days, respectively, after initial treatment

and required readmission. They were treated successfully
with epinephrine enema.

Discussion

Total proctocolectomy and IPAA was introduced as an
alternative to end ileostomy and continent ileostomy. This
procedure preserves the natural route of defecation by using
the patient’s own sphincters to maintain continence and has
a relatively low reoperation rate for complications with a
high patient satisfaction.6,8 Pouch-related complications
including surgical and mechanical complications, inflam-
matory disorders, functional disorder, and systemic com-
plications have been demonstrated.9 Perioperative pouch
bleeding as a rare complication has not been specially
addressed previously in the literature.

Because patients undergoing IPAAmight have a diverting
ileostomy, bleeding from the pouch could present as
bleeding from the ileostomy bag. Therefore, the diagnosis
of pouch bleeding is suspected when clinical signs of bright
red blood per rectum or excessive bloody stoma output are
noticed. The reasons for bleeding from the pouch are not
clear. Technical failure in terms of inadequate hemostasis in
the operative field or a misfired stapler could be causative,
while patients’ underlying hematological disorders and
postoperative anticoagulant use could be predisposing. Due
to the rarity of the condition with small numbers of patients,
we were unable to analyze these potential risk factors. From
a technical aspect, a J-shaped ileal pouch has approximately
a single 20-cm staple line10 and an S-shaped pouch has
approximately three 15-cm hand-sewn suture lines.11 In our
study, the distribution of pouch configuration (J versus S)
was not significantly different between patients with and
without pouch bleeding. Hence, we did not find the
association between pouch configuration and bleeding.

When bleeding from the pouch develops in the postop-
erative period, a standardized algorithm for its management

Pouch bleeding (N=45) 

Epinephrine enema 
 

Observation 
(N=5, 11.1%) 

In Total:  

• Endoscopy: N=29 (64.4%) 

• Cautery: N =16. success rate: 100%

• Epinephrine enema: N=25(55.6%),  
 success rate: 24/25(96%) 

N=1 

N=13 

N=12, 26.7% N=28, 62.2% 

Cauterization 
(N=15, 33.3%) 

Endoscopy to 
identify bleeding 
source  

Figure 1 Management of
pouch bleeding.

Table 1 Comparison: Patients with or without Pouch Bleeding

Pouch
bleeding
(n=47)

No pouch
bleeding
(n=3147)

p value

Age 33.3±10.5 38.1±13.3 0.01
Male gender 34 (72.3%) 1,752 (55.5%) 0.1
Diagnosis=ulcerative
colitis

25 (53.2%) 2,472 (78.6%) 0.001

J-pouch 38 (80.9%) 2,764(87.8%) 0.15
Staple anastomosis 35 (74.5%) 2,618 (83.2%) 0.11
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has not been previously defined. Based on the findings in
our series of patients, pouch endoscopy can be used to
diagnose as well as treat pouch bleeding. Endoscopy and
clot evacuation followed by cauterization of a specific
bleeding point might be the most effective way in
managing this complication, which was associated with
100% success rate in our study. When presented with
diffuse bleeding, treatment with epinephrine enema can
instead be used. However, the use of endoscopy depends on
the surgeon’s preference and the severity of the bleeding.

Epinephrine, because of its pharmacological properties of
vasoconstriction, has been widely used in the management of
intraluminal bleeding, such as upper gastrointestinal (GI)
bleeding,12 nasal bleeding, and even lower GI bleeding
when the bleeding site can be adequately reached.13 It can
be used by local irrigation or local injection of diluted
epinephrine. Local injection of epinephrine is the most
popular therapeutic method in treating bleeding peptic
ulcers.14 Of patients who were evaluated via endoscopy in
this series, 46.4% could be successfully treated with an
epinephrine enema. Twenty-five patients in total received
local enema of 0.9% saline and epinephrine (1:200,000).
The current study showed that it was associated with a high
success rate of 96%. Hence, an epinephrine enema could be
the initial treatment of choice considering the related cost,
low risk of recurrent bleeding, and ease of instillation when
compared with endoscopy and cauterization.

The limitation of this study is that the risk factors for the
occurrence of pouch bleeding were not evaluated due to the
sample size and the lack of availability of relevant data.
Furthermore, the choice of initial treatment in this case
series was mainly based on the surgeon’s preference.
Therefore, it is difficult to define the superiority of one
treatment over the other.

Conclusion

Postoperative pouch bleeding after IPAA usually requires
intervention but can be managed nonsurgically. Pouch
endoscopy with clot evacuation and cauterization of visible
bleeding point followed by iced saline and saline with

epinephrine enema appears to be effective in managing this
complication.
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Abstract
Purpose Intraoperative bacterial contamination (IBC) is a major cause of surgical-site infection (SSI). Therefore, we
investigated whether the ingenuity of surgical procedures could reduce the incidence of IBC/SSI.
Methods Sixty patients who were surgically treated for recto-sigmoid cancer were investigated. Among these patients, the
colon was transected during the early perioperative period (ET) in 29 patients and during the late period (LT) in 31 patients.
Three samples for IBC were obtained from the irrigation fluid before abdominal closure (LAVAGE), the remaining cut
sutures after peritoneal closure (SUTURE), and a subcutaneous swab of the wound (SUBCUT).
Results The overall SSI and IBC rates were 25% and 55.2%, respectively. Patients who developed SSI had an extremely
high IBC rate (85%), and IBC patients also had a high SSI rate (68%). IBC was highest in the LAVAGE (26%) followed by
the SUBCUT (26%), and the SUTURE (12%). The incidence of IBC in the LT was significantly lower than that in the ET
(19% vs. 55%, p < 0.01), although the incidence of SSI was similar in both IBC groups.
Conclusion Shortening the exposure of the colonic mucosa decreased the incidence of IBC/SSI; thus, careful operations to
minimize IBC are recommended.

Keywords Surgical site infection . Bacterial contamination .

Anterior resection . Hartmann’s/Miles’operation

Introduction

Surgical stresses can weaken the immune systems of
patients during the perioperative period, resulting in
immuno-compromise and a susceptibility to pathogens.
Under these circumstances, surgical-site infections (SSIs)
are well known as a major complication of gastrointestinal
surgery. Presence of SSIs does not only make the patients

lose their satisfaction with their treatment as a result of
prolonged hospitalization, but also substantially increase
morbidity, mortality, and the cost of care.1,2 Several
surveillance reports regarding SSI have been carried out
and have played important roles in SSI prevention.3–5

Patient factors (i.e., diabetes, smoking, obesity, steroid use,
blood transfusion, etc.), environmental factors (i.e., venti-
lation in operating room, sterilization of surgical instru-
ments, etc.), and bacterial factors are thought to be the main
causes of SSIs.6–12 Based on these investigations and other
reports, various strategies for reducing the incidence of SSI
have been recommended, including the administration of
prophylactic antibiotics, bowel preparation, and appropriate
surgical technique. Most studies have examined post-
contaminated bacterial control; however, a few reports have
shown a relation between the incidence of SSI and bacterial
contamination during surgery.8,13–15 We recently confirmed
that intraoperative bacterial contamination (IBC) is strongly
related to subsequent surgical wound infections.14
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The aim of this study was to determine whether different
surgical procedures may contribute to IBC control, thereby
reducing the incidence of SSI.

Patients and Methods

The study population consisted of patients who had
undergone either an anterior resection or a Hartmann’s/
Miles’ operation for recto-sigmoid cancer and in whom
intraoperative bacterial culture specimens had been collect-
ed at Machida Municipal Hospital between November 2004
and March 2008. In this study, SSI was restricted to
superficial wound infections and was defined as the
presence of pus or discharge confirmed by third-person
identification within 30days after surgery. SSI was defined
as a wound infection because a primary infection originat-
ing from the abdominal cavity may have caused a
secondary infection on the abdominal wall. Therefore,
patients who developed deep incisional and organ/space
SSI, including postoperative anastomotic leakage, were
excluded from this study.

The study population was divided into two groups.
Patients who underwent colon or rectum transection early
during intestinal mobilization (the protocol that was utilized
between April 2004 and February 2006) were classified as
belonging to the “early transection” (ET) group. On the
other hand, patients who did not undergo colon or rectum
transection until just before anastomosis or stoma-construc-
tion (the protocol that was utilized between November 2006
and March 2008) were classified as belonging to the “late
transection” (LT) group. All surgeries were performed
during open abdominal surgery using standard procedures
by a well-trained specialist or a junior surgeon assisted by a
specialist. To standardize the operative procedure, all
anastomoses after anterior resections were performed using

the double stapling technique. In all the patients, 2l of either
polyethylene glycol lavage or sodium phosphate were used
for preoperative mechanical bowel preparation. The use of
preoperative oral antibiotics (LVFX, 300mg × 1day) and a
wound retractor (Applied Medical, CA, USA) were decided
by each surgeon. All the patients received 1g of cefmeta-
zole intravenously at the time of anesthesia induction and
2g/day for three consecutive days after surgery. The
abdominal cavity was washed out with copious amounts
(2–6l) of warmed saline solution before wound closure.
Abdominal suction drains were used 3 to 5days after
surgery, if necessary. The abdominal wall was closed using
absorbable coated braid or monofilament surgical suture,
and the skin was closed using a skin stapler without
subcutaneous suturing.

Three specimens were collected intraoperatively from
the surgical field for bacteria cultures: the remaining fluid
after peritoneal lavage (LAVAGE), post-knotted cut ab-
dominal sutures (SUTURE), and subcutaneous swabs after
abdominal closure (SUBCUT). Statistical analyses were
performed using a chi-squared test, and P < 0.05 was
considered significant.

Result

A total of 68 patients were entered into the study during
the 40-month period. Patients who met the perioperative
exclusion criteria (perioperative specimens for bacteria
culture were not collected in six patients, and two
patients developed anastomotic leakage) were excluded
from the study. Finally, 60 patients were enrolled in the
study; 29 patients were classified as ET, and 31 patients
were classified as LT. A comparison of the demographic
characteristics, type of surgery, and other variables
associated with SSI is shown in Table 1. No significant

Table 1 Patient characteristics
Characteristics Early transaction n = 29 Late transaction n = 31 P-value

Age (mean) 69.9 (52–83) 69.3 (52–83) 0.86
Gender
Male 19 14 0.11
Female 10 17
Operation performed
Anterior resection 20 21 0.92
Hartmann’s operation 2 2 0.95
Miles’ operation 7 8 0.88
Diverting stoma 1 2 0.59
Mechanical Bowel preparation 29 31 1.00
Oral antibiotic administration
(LVFX 300mg)

8 0 0.002

Blood transfusion 8 14 0.16
Use of wound retractor 3 3 0.93
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differences were observed between the two groups except
with regard to the preoperative administration of oral
antibiotics.

SSI occurred more frequently among patients undergo-
ing a Harmann’s/Miles’ operation (H–M) than among those
undergoing an anterior resection (AR), regardless of the
timing of colon transection (AR vs. H-M: ET, P = 0.003;
LT, P = 0.005; ET + LT, P = 0.0008). When all the patients
of ET and LT were compared, the incidence of SSI was
statistically lower in the LT (P = 0.03; Fig. 1).

Bacteria were isolated from more than 50% of the ET
among patients undergoing either AR or H–M, while the
bacteria isolation rates among the LT were 9.5% and 40%,
respectively (Fig. 2). IBC was found in 36.7% of the
overall study population, with SSI occurring in 68% of the
cases. The IBC rates of the ET (55.2%) and LT (19.4%)
were significantly different (P = 0.004). The incidences of
SSI in the ET and LT patients with IBC were similar, at
69% and 67%, respectively (Fig. 3).

The positive bacterial culture rate in the intraoperative
specimens was lower for the SUTURE specimens than for
the SUBCUT and LAVAGE specimens, although the rate of
SSI was similar in all three groups (SSI rate: 50%, 64%,
and 65%, respectively) (Fig. 4).

The isolated organisms from samples collected from the
surgical field were compared with those collected from SSI
wounds. Gram-positive anaerobic bacillus was isolated
significantly more frequently from the surgical fields than
from SSI wounds (P = 0.006). In contrast, enterococcus
species were isolated significantly more frequently from
SSI wounds than from the surgical fields (P = 0.01;
Table 2).

Discussion

Several factors that affect the incidence of SSI, including
patient and environmental factors, have been considered
and reported previously.3–5 As long as SSI cannot occur
without existence of pathogens, however, minimizing
bacterial contamination in the surgical field remains the
best way to reduce the occurrence of SSI. In fact, Claesson
et al. and Nishikawa et al. have reported that bacterial
contamination of the surgical field is a strong predictor of
postoperative wound infection.14,15

The presence of bacteria can lead to its proliferation and
growth in healing tissue, affecting all processes of healing
and promoting the impairment of collagen synthesis and the
release of proteolytic enzymes.16 These conditions may
consequently lead to wound infection, delayed healing, and
wound dehiscence.17

The spillage of bowel contents when the bowel is opened
can easily contaminate both the abdominal cavity and the
extraperitoneal area. Thus, the higher incidence of SSI in
patients undergoing H–M, rather than AR, can be explained
by contamination from the stoma. Once the surgical field has
been contaminated, it is almost impossible to eliminate the
spilled bacteria entirely, regardless of the amount of lavage
fluid that is used. In this study, interestingly, the incidence of
contamination in the LT was significantly less than half the
incidence in the ET; however, the incidence of SSI was
similar in the two groups (67% and 69%, respectively).
Although the difference in the bacterial isolation rates
between the ET and LT groups can be explained somewhat
by possible differences in attempts to perform SSI surveil-
lance, the difference in the surgical procedures may be the
main reason for the large difference.

Controlling contamination of the surgical field is indeed
essential; however, as long as bacteria exists in the stump of
the transected bowel, it may be impossible to control
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Figure 4 The SUTURE sam-
ples had a significant lower rate
of bacterial isolation, compared
with the SUBCUT and LA-
VAGE samples. The incidence
of SSI was similar in all three
groups: 50%, 64%, and 65%,
respectively.

Table 2 Organisms isolated intraoperatively and those from SSI Wound

Intraoperative isolated pathogens Isolated organisms Significance

SSI wound (26*) Surgical field (38*)

Gram-positive coccus
Aerobes Streptococcus sp. 0 (0%) 1 (2.6%) NS

Staphylococcus sp. 5 (19.2%) 9 (23.7%) NS
Enterococcus sp. 6 (23.1%) 1 (2.6%) P<0.05

Gram-positive bacillus
Aerobes

Corynebacterium sp. 2 (7.7%) 1 (2.6%) NS
Anaerobes 1 (3.8%) 12 (31.6%) P<0.01
Gram-negative bacillus
Aerobes Escherichia coli 0 (0%) 2 (5.3%) NS

Enterobacter sp. 2 (7.7%) 1 (2.6%) NS
Krebsiella pneumoninae 0 (0%) 1 (2.6%) NS
Pseudomonas aeruginosa 2 (7.7%) 0 (0%) NS

Anaerobes 8 (30.7%) 9 (23.7%) NS
Candida albicans 0 (0%) 1 (2.6%) NS
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bacterial contamination entirely, despite the use of mechan-
ical stapling devices. Therefore, the chance of contamina-
tion presumably increases with the length of time that the
bowel is being disconnected such as ET. Even in LT,
postoperative abdominal contamination because of bacteria
spillage from the bowel stump can occur. However, because
the immune system recovers from its compromised status
after surgery, such small contamination might not affect the
SSI incidence, compared with the patients who are already
bacterially contaminated intraoperatively. Other advantages
of transecting the bowel during the late operative period
include demarcation assurance in bowel viability. Addi-
tional bowel resection is sometimes needed for anastomosis
or stoma construction when the bowel is transected with the
mesentery during the early operative period. Conversely,
the transection line can be determined easily in LT
procedures because bowel viability is clearly demarcated
during recto-sigmoid mobilization.

The isolation of bacteria from the SUTURE samples was
lower than that from the LAVAGE or SUBCUT samples,
presumably because the sutures that we used were
absorbable coated braid sutures or monofilament sutures,
which are less susceptible to contamination.18 The similar-
ity of the contamination rates in the LAVAGE and
SUBCUT samples can be explained by the exposure of
the subcutaneous tissue to the irrigation fluid during
abdominal lavage. In contrast, the organisms isolated from
SSI wounds and surgical fields were different, presumably
because of the use of antibiotics. Cefmetazole is preferred
for use in colorectal surgery because of its high sensitivity
against Escherichia coli, Bacteroides sp., Staphylococcus
sp., etc.; however, it has a low antibacterial activity against
Enterococcus sp.. Thus, bacteria in the healing tissue that
were not eliminated by the antibiotic during the perioper-
ative period may proliferate and overgrow.

In this study, we found that minimizing bacterial
contamination originating from the gut lumen reduced the
incidence of SSI. For this reason, the bowel should not be
transected until the surgeon is ready to perform the bowel
anastomosis or abdominal wall closure. However, if it is
unavoidable to open the bowel during the early operative
period, the transected bowel stump should be sealed closed.
Performing a recto-sigmoid operation with retained bowel
continuity can be somewhat awkward for surgeons.
Nevertheless, patients who undergo LT benefit from several
advantages, including a reduced chance of SSI and assured
bowel transection.

Conclusion

The results of the present study build upon those of
previous reports in which bacterial contamination was

found to be a predictor of SSI and LT were found to have
more benefits than ET. To reduce SSI using a multi-faceted
approach, minimizing the patient’s immuno-compromised
status and thoroughly controlling bacterial contamination
are recommended.
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Abstract
Background Overall postoperative morbidity and mortality after laparoscopic-assisted colectomy (LAC) and open
colectomy (OC) have been shown to be generally comparable; however, differences in the occurrence of specific
complications are unknown. The objective of this study was to determine whether certain complications occurred more
frequently after LAC vs. OC for colon cancer.
Methods Using the American College of Surgeons-National Surgical Quality Improvement Project’s (ACS-NSQIP)
participant-use file, patients were identified who underwent colectomy for cancer at 121 participating hospitals in 2005–
2006. Multiple logistic regression models including propensity scores were developed to assess the risk-adjusted association
between surgical approach (LAC vs. OC) and 30-day outcomes. Patients were excluded if they underwent emergent
procedures, were ASA class 5, or had metastatic disease.
Results Of the 3,059 patients who underwent elective colectomy for cancer, 837 (27.4%) underwent LAC and 2,222
(72.6%) underwent OC. There were no significant differences in age, comorbidities, ASA class, or body mass index (BMI)
between patients undergoing LAC vs. OC. Patients undergoing LAC had a lower likelihood of developing any adverse
event compared to OC (14.6% vs. 21.7%; OR 0.64, 95% CI 0.51–0.81, P<0.0001), specifically surgical site infections,
urinary tract infections, and pneumonias. Mean length of stay was significantly shorter after LAC vs. OC (6.2 vs. 8.7 days,

P<0.0001). There were no differences between LAC and
OC in the reoperation rate (5.5% vs. 5.8%, P=0.79) or 30-
day mortality (1.4% vs. 1.8%, P=0.53).
Conclusions Laparoscopic-assisted colectomy was asso-
ciated with lower morbidity compared to OC in select pa-
tients, specifically for infectious complications.

Keywords Colon cancer . Colectomy . Laparoscopy .

Cancer . Surgery . National Surgical Quality Improvement
Program

Introduction

Colon cancer continues to be a major healthcare concern in
the United States. Malignancies of the colon account for the
fourth highest cancer incidence and the second leading
cause of cancer death in the United States.1 Surgery
remains the primary treatment modality; however, colec-
tomy is associated with appreciable perioperative morbidity
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and mortality rates.2,3 Laparoscopic-assisted colectomy
(LAC) for cancer was first reported in the early 1990s4,5,
and with the success of laparoscopic cholecystectomy, it
was suggested that a minimally invasive approach for
colectomy could lead to improved short-term outcomes
after colectomy.6

Numerous studies have examined short-term outcomes
and have established that LAC can be performed with
overall morbidity and mortality rates, which are comparable
to OC.7–13 Most of these studies have been from single
institutions or multi-institutional groups, which are high-
volume and have an expertise in laparoscopic colon
surgery. Although these reports have provided important
information regarding the overall safety of LAC, they have
been underpowered to examine specific complications and
short-term outcomes at a broad range of hospitals.
Moreover, the classification of complications varies widely
between these studies and hinders comparisons.

Thus, specific differences in postoperative complications
between LAC and OC have not been well described,
particularly outside of specialized centers. The objectives of
this study were to compare prospectively collected, risk-
adjusted short-term outcomes after LAC and OC for cancer
using the American College of Surgeons National Surgical
Quality Improvement Project (ACS-NSQIP) database,
which provides a large sample of patients from 121
hospitals in the United States. Specifically, we sought to
determine whether certain complications occurred more
frequently based on the surgical approach, laparoscopic vs.
open, for colon cancer.

Methods

Data Acquisition and Patient Selection

Originally developed as a quality improvement initiative by
the Veteran’s Health Administration in 1991, NSQIP was
adopted by the ACS in 2001. ACS-NSQIP (http://www.
acsnsqip.org/) is a prospective, multi-institutional, risk-
adjusted outcomes program, which provides participating
hospitals with comparative data for the purposes of quality
improvement.14 In July 2007, a participant-use file (PUF)
was made available to hospitals enrolled in the ACS-
NSQIP program.15 The ACS-NSQIP 2007 dataset contains
information on 152,490 patients who underwent surgery in
2005 and 2006 at 121 hospitals (59% academic and 41%
community).14

The details of the ACS-NSQIP sampling strategy, data
abstraction, variables collected, and outcomes monitored
have been previously described.14,16–19 Briefly, the program
collects detailed data regarding patient demographics,
preoperative risk factors, and laboratory values prior to

the index surgical procedure. Operative variables are also
collected. Perioperative outcomes including surgical site
infections (SSI), respiratory events, renal complications,
central nervous system events, cardiac complications, other
events, reoperation, length of stay, and mortality are
evaluated at 30 days after surgery irrespective of whether
the event occurs as an inpatient or outpatient. The sampling
strategy currently requires reporting of the first 40
consecutive eligible cases on an 8-day cycle such that
the subsequent cycle starts on a different day of the week
in order to capture a different variety of cases. Major
cases are eligible for inclusion and certain cases with low
morbidity and mortality are limited to less than three cases
per cycle (e.g., lumpectomy and inguinal herniorraphy).
Data abstraction is overseen at each site by surgical
certified nurse reviewers who go through an initial
intensive training process and continuing education
courses to standardize data abstraction.20 Data consistency
and reliability are assessed annually at each hospital
through an on-site audit during which an inter-rater
reliability analysis is performed.17,18

Using the ACS-NSQIP PUF, all patients who underwent
a colon resection were identified using Current Procedural
Terminology (CPT) codes.21 To identify only those patients
with malignancy, patients were limited by International
Classification of Disease, 9th Edition (ICD-9) postoperative
diagnosis codes for malignant neoplasms of the colon.10 All
patients with appendiceal and rectal cancers were excluded.
High-risk patients were excluded including those with
emergent operations, disseminated cancer, preoperative
ventilator dependence, American Society of Anesthesiolo-
gists (ASA) class 5, preoperative sepsis or Systemic
Inflammatory Response Syndrome (SIRS), or preoperative
renal failure (acute or requiring dialysis).

Preoperative Variables

Potential independent variables included patient demo-
graphics, comorbidities, preoperative laboratory values,
and intraoperative variables (Table 1). Standard definitions
for these variables have been described previously.16 The
surgical approach was dichotomized based on CPT coding
into laparoscopic-assisted colectomy (LAC) or open colec-
tomy (OC). Patient demographic variables included age
(<60, 60–75 years, >75 years), gender, and race/ethnicity
(white, black, other) (Table 1). The location of the tumor
was also included (cecum, ascending colon, hepatic flexure,
transverse colon, splenic flexure, descending colon, sig-
moid, other). Lifestyle factors consisted of smoking status
(within year prior to surgery) and alcohol intake (more than
two drinks per day). The patient’s preoperative risk was
evaluated according to ASA class (1/2 vs. 3/4) and
functional status (independent vs. partially/totally depen-
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dent). Comorbidity variables evaluated include the presence
or absence of ascites, diabetes (requiring oral medication or
insulin vs. none), chronic obstructive pulmonary disease,
congestive heart failure (within 30 days prior to surgery),
coronary artery disease (includes angina, myocardial
infarction within 6 months of surgery, percutaneous cardiac
intervention, or cardiac surgery), peripheral vascular dis-

ease (includes revascularization for peripheral vascular
disease, claudication, rest pain, amputation, or gangrene),
neurologic event/disease (includes stroke with or without
residual deficit, transient ischemic attacks, hemiplegia,
paraplegia, quadraplegia, or impaired sensorium), renal
failure (includes acute or chronic disease), or bleeding
disorders. Other variables assessed were steroid use for

Table 1 Characteristics of
3,059 Patients Undergoing
Laparoscopic-Assisted vs.
Open Colectomy for Cancer in
2005–2006

a Includes a history of angina,
myocardial infarction (within
6 months of surgery), percuta-
neous cardiac intervention, or
cardiac surgery
b Includes a history of revascu-
larization for peripheral vascu-
lar disease, claudication, rest
pain, amputation, or gangrene
c Includes a history of stroke
(with or without residual defi-
cit), TIAs, hemiplegia, paraple-
gia, quadriplegia, or impaired
sensorium

Laparoscopic-assisted
Colectomy (n=837)

Open Colectomy
(n=2,222)

P value

Gender (%female) 51.7% 49.4% P=0.25
Median age (interquartile range)
in years

70 (59–78) 68 (57–78) P=0.094

Race/Ethnicity P=0.006
White 74.1% 70.6%
Black 8.6% 9.2%
Other 17.3% 20.2%
Smoking Status (within past year) 10.5% 13.3% P=0.040
Alcohol Intake (>2 drinks/day) 3.8% 4.0% P=0.86
Tumor Location P<0.0001
Cecum 20.1% 13.5%
Ascending Colon 27.0% 17.0%
Hepatic Flexure 4.1% 3.0%
Transverse Colon 5.1% 6.8%
Splenic Flexure 1.9% 2.4%
Descending Colon 3.9% 4.2%
Sigmoid Colon 18.1% 33.7%
Other/Not Otherwise Specified 19.8% 19.4%
American Society of
Anesthesiologists (ASA) Class

P=0.12

1 3.7% 3.5%
2 50.7% 46.0%
3 41.9% 46.4%
4 3.7% 4.1%
Body Mass Index (mean in kg/m2) 27.7 28.1 P=0.078
Dyspnea (At Rest or Moderate
Exertion)

15.9% 15.6% P=0.59

Past Medical History
Diabetes 15.3% 16.4% P=0.51
Chronic Obstructive Pulmonary
Disease

5.1% 6.1% P=0.34

Congestive Heart Failure (within 30
days of surgery)

1.0% 1.5% P=0.30

Coronary Artery Diseasea 12.2% 13.6% P=0.34
Peripheral Vascular Diseaseb 12.3% 14.5% P=0.12
Neurologic Event/Diseasec 7.9% 8.7% P=0.46
Bleeding Disorders 3.3% 4.1% P=0.31
Ascites 0.5% 1.5% P=0.17
Steroid Use for Chronic Condition 2.5% 2.9% P=0.62
Weight Loss (>10% of Body Weight
in last 6 months)

2.4% 6.1% P<0.0001

Transfusion
Preoperative (>4 units) 0.1% 0.5% P=0.31
Wound Classification
Clean-Contaminated 97.3% 94.0% P=0.001
Contaminated/Dirty/Infected 2.7% 6.0%
Operative Time (mean ± SD) 155.4±62.7 152.1±83.0 P=0.23
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chronic condition, weight loss >10% of body weight in
6 months prior to surgery, and transfusion requirements
(intraoperative/postoperative vs. none). Laboratory values
were dichotomized using NSQIP definitions of abnormal
values (Table 2).

Outcomes

Standard definitions for NSQIP outcomes have been
described previously.16 Patients were followed for 30 days
in-hospital and as outpatients. Thirty-day outcomes exam-
ined include surgical site infection, pneumonia, pulmonary
embolism, unplanned intubation, renal failure, urinary tract
infection, ventilator dependence for >48 hours, stroke,
coma >24 hours, cardiac arrest, myocardial infarction,
bleeding, deep venous thrombosis, or sepsis. The occur-
rence of any postoperative complications was also assessed.
In addition, return to the OR within 30 days was assessed.
Thirty-day mortality was evaluated irrespective of whether
the death was in-hospital, after the patient was discharged,
or readmitted to another hospital. Length of stay (LOS)
after the index surgery was dichotomized based on the
median LOS.

Statistical Analysis

Continuous variables were compared using t tests. Categorical
variables were compared using χ2 tests. Medians were
compared with the Mann–Whitney U test. For each dichot-
omous variable, differences between LAC and OC were
compared using χ2 tests. Variables that had a P value <0.20
were potential candidates for inclusion in multiple

logistic regression models. If on univariate analysis, the
outcome by surgical approach had a P value <0.10,
multivariable models were developed to assess the associ-
ation between surgical approach (laparoscopic-assisted vs.
open colectomy) and specific postoperative outcomes.
Variables were added to the model in a forward stepwise
fashion. The surgical approach variable was forced into the
regression model.

To reduce bias related to nonrandom assignment of
treatment, propensity score methods were employed.22

Using a multiple logistic regression model, which included
all preoperative patient characteristics, comorbidities, and
laboratory values, propensity scores were computed as the
predicted probability that the patient underwent LAC as
opposed to OC. Propensity scores were categorized into
quintiles. To decrease selection issues when examining the
association between surgical approach and outcome, the
categorized propensity score was included in the logistic
regression model.

Odds ratios (OR) with 95% confidence intervals (CI)
were generated. The Hosmer–Lemeshow goodness-of-fit
test and the c-index of the receiver-operator characteristic
(ROC) curves were used to assess the models.23 All
analyses were performed using SPSS, version 15 (Chicago,
IL). All P values reported are two-sided.

Results

Of the 152,490 patients in the ACS-NSQIP PUF, 3,059
patients were identified who underwent colectomy for
cancer at 121 hospitals and met the inclusion criteria. Of

Table 2 Comparison of Preoperative Laboratory Values for Patients Undergoing Laparoscopic-Assisted vs. Open Colectomy for Cancer

Laparoscopic-assisted Colectomy (n=837) Open Colectomy (n=2,222) P value

Sodium <135 mmol/L 3.6% 5.2% P=0.062
Sodium >145 mmol/L 0.9% 1.7%
Blood Urea Nitrogen (BUN) > 40 mg/dL 0.7% 1.3% P=0.20
Creatinine > 1.2 mg/dL 14.6% 14.3% P=0.83
Albumin (mean±SD) g/dL 3.9±0.5 3.8±0.6 P<0.0001
Total Bilirubin >1.0 mg/dL 8.5% 7.9% P=0.66
Aspartate transaminase (SGOT) >40 U/L 3.4% 6.9% P=0.003
Alkaline Phosphatase >125 IU/L 4.3% 8.2% P=0.003
White Blood Cell (WBC) count ≤4,500/cumm 7.1% 8.4% P=0.15
White Blood Cell (WBC) count >11,000/cumm 5.0% 6.5%
Hematocrit <38% 43.8% 53.3% P<0.0001
Hematocrit >45% 8.8% 2.2%
Platelet Count <150,000/cumm 4.8% 5.0% P=0.16
Platelet Count >400,000/cumm 9.3% 11.8%
Partial Thromboplastin Time (PTT) >35 sec 5.3% 9.2% P=0.014

Missing values for sodium (n=325), BUN (n=360), creatinine (n=283), total bilirubin (n= 1,084), alkaline phosphatase (n=1,066), SGOT (n=
1,060), WBC count (n=205), hematocrit (n=328), platelet count (n=198), PTT (n=1,480). Thresholds for abnormal laboratory values based on
standard NSQIP definitions.
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those patients, 837 (27.4%) underwent LAC, and 2,222
(72.6%) underwent OC. The LAC and OC groups were
similar with regard to gender, age, alcohol intake, ASA
class, BMI, preexisting comorbidities, chronic steroid use,
and preoperative transfusion requirements (Table 1). How-
ever, compared to those undergoing OC, patients undergoing
LAC were more frequently white (74.1% vs. 70.6%, P=
0.006), non-smokers (89.5% vs. 86.7%, P=0.04), had
proximal colon tumors (51.2% vs. 33.5%, P<0.0001), did
not have a >10% weight loss in the last 6 months (97.6% vs.
93.9%, P<0.0001), or had a wound classified as clean-
contaminated (97.3% vs. 94.0%, P<0.0001). Preoperaative
laboratory values were also similar between the two groups
except for the OC group having a lower mean albumin level
(statistically different but clinically comparable; 3.8 vs.
3.9 mg/dL) and a higher proportion of patients with

abnormal aspartate transaminase levels (6.9% vs. 3.4%, P=
0.003), alkaline phosphatase levels (8.2% vs. 4.3%, P=
0.003), and partial thromboplastin times (9.2% vs. 5.3%,
P=0.014) (Table 2).

Univariate Analysis

There was not a significant difference in operative time
between the LAC and OC groups (155.4 min vs. 152.1 min,
P=0.23). Patients undergoing OC experienced a postoper-
ative complication more frequently than patients undergo-
ing LAC (21.7% vs. 14.6%, P<0.0001). Specifically,
patients undergoing OC had a significantly higher frequen-
cy of SSI (11.8% vs. 9.1%, P=0.03) and pneumonia (3.4%
vs. 1.8%, P=0.022) than patients undergoing LAC. There
was also a trend toward higher rates of urinary tract

Table 3 Thirty-Day Postoperative Outcomes for Laparoscopic-Assisted Compared to Open Colectomy for Cancer

Outcomes Laparoscopic-
assisted
Colectomy
(%) (n=837)

Open
Colectomy
(%)
(n=2,222)

P valuea Multivariable Odds Ratio (95%
Confidence Interval)
without Propensity Score
Adjustmentb

Multivariable Odds
Ratio (95% Confidence
Interval) with Propensity Score
Adjustmentb

Any Adverse Event 14.6 21.7 P<0.0001 1.56 (1.25–1.95) 1.52 (1.22–1.91)
Surgical Site Infection (SSI)c 9.1 11.8 P=0.033 1.29 (1.02–1.62) 1.27 (0.97–1.67)
Superficial 6.0 8.1 P=0.54 ∼ ∼
Deep 0.8 1.3 P=0.45 ∼ ∼
Organ Space 2.9 2.1 P=0.22 ∼ ∼
Wound Disruption/
Dehiscence

0.5 1.5 P=0.025 2.99 (1.05–8.50) 2.70 (0.95–7.72)

Pneumonia 1.8 3.4 P=0.022 1.83 (1.04–3.22) 1.57 (0.99–2.80)
Pulmonary Embolism 0.5 0.8 P=0.47 ∼ ∼
Unplanned Intubation 1.6 2.5 P=0.13 ∼ ∼
Renal Failure (Acute and/or
Progressive)

1.3 2.0 P=0.23 ∼ ∼

Urinary Tract Infection 1.9 3.2 P=0.066 1.79 (1.02–3.15) 1.78 (1.01–3.13)
On ventilator > 48 hours
(failure to wean)

1.8 2.1 P=0.67 ∼ ∼

Stroke 0.2 0.4 P=0.74 ∼ ∼
Coma >24 hours 0.4 0.1 P=0.13 ∼ ∼
Cardiac Arrest 0.5 0.5 P=1.00 ∼ ∼
Myocardial Infarction 0.2 0.5 P=0.38 ∼ ∼
Bleeding Requiring
Transfusion

0.7 0.5 P=0.60 ∼ ∼

Deep Venous Thrombosis 0.6 1.3 P=0.12 ∼ ∼
Sepsis 4.7 6.5 P=0.060 1.35 (0.94–1.95) 1.34 (0.98–1.82)
Return to Operating Room 5.5 5.8 P=0.79 ∼ ∼
Postoperative Length of Stay
>6 days

26.3 49.7 P<0.0001 1.73 (1.26–2.39) 1.71 (1.17–2.51)

Mortality 1.4 1.8 P=0.53 ∼ ∼

a Univariate P value, χ2 tests
b Odds ratio of experiencing the complication after OC (compared to LAC). Multivariate models adjusting for propensity scores were developed if
P<0.10 on univariate analysis.
∼Indicates that the univariate P value was ≥0.10, thus this outcome was not assessed in a multivariate model.
c Patients can be classified as having more than one type of SSI, so the subgroup percentages are larger than the overall SSI percentage.
Odds ratios >1.0 indicate a higher likelihood of the adverse event occurring.
All outcomes assessed at 30 days after the index operation.
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infection (UTI) (3.2% vs. 1.9%, P=0.066) and sepsis (6.5%
vs. 4.5%, P=0.060) for patients undergoing OC compared
to LAC. On average, patients undergoing OC had signif-
icantly longer length of stay compared to LAC patients
(6.2 days vs. 8.7 days, P<0.0001).

There was not a significant difference in postoperative
complication rates between LAC and OC for PE, renal
failure, stroke, coma, cardiac arrest, myocardial infarction,
or bleeding requiring transfusion (Table 3). Patients
undergoing OC had a statistically insignificant higher risk
of unplanned intubation (1.6% vs. 2.5%, P=0.13) and DVT
(0.6% vs. 1.3%, P=0.12). There was also not a significant
difference in the proportion of patients who required a
reoperation within 30 days. Moreover, 30-day mortality
rates between LAC and OC did not differ significantly
(1.4% vs. 1.8%, P=0.53). There were no complications
evaluated which were significantly more likely after LAC
compared to OC.

Multivariable Analysis

Multivariable models were created to assess the impact of
surgical approach on specific complications and events
while adjusting for potential confounders. On multivariable
analysis, patients undergoing OC had a higher likelihood of
developing a SSI (OR 1.29, 95% CI 1.02–1.62), wound
disruption/dehiscence (OR 2.99, 95% CI 1.05–8.50),
pneumonia (OR 1.83, 95% CI 1.04–3.22), and UTI (OR
1.79, 95% CI 1.02–3.15) compared to patients undergoing
LAC (Table 3). Patients undergoing OC were also
significantly more likely to have a longer length of stay
(OR 1.73, 95% 1.26–2.39). When propensity scores were
included in the model, the effect of surgical approach on
outcomes diminished marginally, but the change was
enough to make the differences for SSI, wound disrup-
tion/dehiscence, and pneumonia statistically insignificant,
though likely still clinically meaningful. After adjusting for
propensity scores, there was still a significantly lower risk
of any adverse event (OR 1.52, 95% C 1.22–1.91), UTI
(OR 1.78, 95% CI 1.01–3.13), and a longer length of stay
(OR 1.71, 95% CI 1.17–2.51).

The predictors of overall morbidity adjusting for
propensity scores are shown in Table 4. The risk of
experiencing any complication (i.e., overall morbidity)
was significantly higher for patients undergoing OC
compared to LAC. Other factors associated with an
increased risk of overall morbidity in patients undergoing
colectomy for cancer included higher ASA class, preoper-
ative dyspnea, greater BMI, history of COPD, a low WBC
count, older age (>60 years), preoperative weight loss
>10% in the last 6 months, a history of alcohol intake more
than two drinks per day, and a contaminated/dirty/infected
wound class.

Discussion

Although multiple studies have demonstrated comparable
short-term outcomes for LAC and OC, there is little
evidence to suggest whether specific types of complications
occur more frequently after OC or LAC.7–13 Most studies
are underpowered to examine the frequency of specific
complications after LAC and are typically based on single-
institution experiences. Thus, the objective of this study
was to compare differences in short-term outcomes for

Table 4 Factors Associated with the Occurrence of Any Adverse
Event after Colectomy for Cancer

Odds Ratio (95%
Confidence Interval)

P value

Surgical Approacha

Laparoscopic-Assisted Colectomy 1.0 (Referent)
Open Colectomy 1.52 (1.22–1.91) P<0.0001
ASA Class
1/2 1.0 (Referent)
3/4 1.53 (1.25–1.87) P<0.0001
Dyspnea
None 1.0 (Referent)
At Rest or On Exertion 1.45 (1.14–1.86) P=0.003
BMI (continuous) 1.03 (1.02–1.05) P<0.0001
COPD
None 1.0 (Referent)
Present 1.58 (1.10–2.25) P=0.012
WBC
White Blood Cell (WBC) count
4,500 to 11,000/mm3

1.0 (Referent)

White Blood Cell (WBC) count
≤4,500/mm3

1.68 (1.22–2.31) P=0.001

Age
<60 years 1.0 (Referent)
60–75 years 1.27 (1.00–1.62) P=0.053
>75 years 1.47 (1.14–1.89) P=0.003
Weight Loss
None 1.0 (Referent)
>10% of Total Body Weight 1.54 (1.05–2.25) P=0.027
Alcohol Intake
Minimal 1.0 (Referent)
>2 drinks/day 1.56 (1.01–2.41) P=0.046
Wound Class
Clean–Contaminated 1.0 (Referent)
Contaminated/Dirty/Infected 1.46 (1.00–2.14) P=0.048

Odds ratios >1.0 indicate a higher risk of any adverse event occurring.
Propensity scores predicting likelihood of undergoing a LAC vs. OC
were included in the model to adjust for nonrandom treatment
assignment.
Variables dropped from the model include history of vascular disease,
history of neurologic disease, history of coronary artery disease, CPT
code, and creatinine.
a Forced into the logistic regression model.
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elective LAC and OC using a large group of patients from
more than 120 hospitals.

Overall morbidity rates vary widely in prospective
randomized clinical trials from 4% to 33%, likely as a
result of the different complication definitions employed.12

Tjandra et al. examined the results from 17 prospective
randomized controlled trials and found that LAC was
associated with a significantly lower risk of postoperative
complications compared to OC (20.7% vs. 22.6%, P=
0.05).12 In a population-based analysis using administrative
data, Steele et al. found that the overall complication rate
based on ICD-9 codes was lower for LAC compared to OC
(18% vs. 22%), and there were no differences in specific
complications between the two groups.24,25 In our study,
the LAC and OC groups were similarly matched on
baseline characteristics. In addition, all 121 hospitals use
standardized, validated ACS-NSQIP definitions with annu-
al inter-rater reliability evaluations for each participating
hospital.18 Based on this standardized, clinically collected
data, we found that the overall complication rate was
considerably lower after LAC compared to OC (14.6% vs.
21.7%, P<0.0001), even after adjusting for patient demo-
graphics and comorbidities. Other than surgical approach,
multiple additional factors were associated with a higher
risk of postoperative complications after colectomy includ-
ing ASA class, dyspnea, BMI, COPD, neutropenia, age
>60 years, preoperative weight loss, alcohol intake, and
wound class. The impact of surgical approach on the risk of
experiencing a complication was comparable to other
important factors such as age, ASA class, and BMI.

Although studies have examined the frequency of
postoperative adverse events, few have identified specific
complications that differ in frequency between LAC and
OC. In an attempt to address this issue, a recent
metaanalysis of clinical trials found that wound complica-
tions were the only individual postoperative adverse event
that differed between LAC and OC.12 In comparison to
patients undergoing LAC, we found that patients undergo-
ing OC had a higher risk of having a SSI, wound
disruption, pneumonia, and UTI, even after adjusting for
preoperative risk factors. Studies have investigated the
impact of laparoscopy on the immune system and conclud-
ed that the immune response is better preserved after
minimally invasive surgery compared to open surgery, and
this may result in lower infection rates after LAC compared
to OC.26,27 Thus, LAC may offer an opportunity to reduce
the frequency of infectious complications in select patients.
The results of large, multicenter trials should be pooled to
further compare the risk of specific complications in well-
matched cohorts as was done recently for long-term
outcomes.28

The efficiency of laparoscopic colon surgery, particularly
a decrease in length of stay has been extensively studied.12

In the prospective trials reported to date, the mean operative
time was 28% longer for LAC (range 142 to 222 min)
compared to OC (range 101 to 177 min), and all studies
reported that LAC took more time than OC,12 except one
which found there was no difference in operative time
between the two approaches.29 We found no difference in
operative time by surgical approach when colectomy is
performed at these 121 hospitals. We found no difference in
reoperation rates between LAC and OC, and these rates
were comparable to those reported in clinical trials.7,30

Conversely, length of stay was significantly shorter for
LAC compared to OC. Thus, as has been postulated based
on data from 14 randomized trials12, LAC may offer an
opportunity to reduce the length of stay, even in a large,
multi-institutional setting.

Prospective randomized trials have reported mortality
rates ranging from 0 to 1.1%.12 In a recent population-
based study using the National Inpatient Sample (NIS),
Steele et al. demonstrated a perioperative mortality rate of
0.6%.25 However, the NIS does not include deaths that
occur in the outpatient setting or upon readmission. In
examining the postoperative mortality rate at 30 days after
LAC irrespective of where the death occurred, we found a
mortality rate of 1.4%. Although this is higher than that
reported in some multi-institutional clinical trials, the rate is
comparable to many studies and is considerably lower than
the 2.4% mortality rate observed in a study of more than
11,000 laparoscopic colectomies from 1,200 hospitals from
the National Cancer Data Base.31

The results of this study should be interpreted in
consideration of certain limitations. Importantly, retrospec-
tive comparisons of treatment may suffer from confounding
by indication if patients are selected to undergo a specific
treatment based on the clinical scenario. However, multiple
steps were taken to minimize selection issues in this study.
First, the preoperative clinically collected data in the ACS-
NSQIP dataset allows detailed assessment of how well the
LAC and OC groups are matched and facilitates adjustment
for differences between the two groups in the analysis.
Second, the patients included in the study were restricted by
specifically excluding emergent and high-risk cases to
minimize differences between the two groups. Third,
propensity scores were used in the multivariable analysis to
further account for differences in the likelihood of undergo-
ing LAC or OC. Propensity scores did not qualitatively affect
the results, but did somewhat blunt the differences in
outcomes between LAC and OC. Nonetheless, some
selection bias may still exist, and evidence from prospective
randomized clinical trials should be considered the gold
standard; however, in the case of specific postoperative
complications, information from trials is not available.

A second limitation concerns the coding of the primary
procedure. It is unknown how much of the procedure was
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performed laparoscopically, how the anastomosis and
vascular pedicle were addressed, or whether the patients
underwent conversion from LAC to OC. The surgical
approach was dichotomized into LAC and OC based on the
CPT codes selected by the surgeon, likely representing how
the bulk of the procedure was performed. Finally, the
analyses were limited to those variables included in the
ACS-NSQIP dataset, thus a missing variable bias may be
present. For example, no information was available regard-
ing the Stage of the disease, except for the presence of
distant metastases, and those Stage IV patients were
excluded from our analysis. However, distinctions of
localized disease should not appreciably impact perioper-
ative outcomes. In addition, the ACS-NSQIP dataset does
not have information on hospital characteristics.

Conclusion

The results of this study demonstrate that LAC is safe in
select patients from a large sample of hospitals. No
complications occurred at a higher frequency after LAC,
while a number of complications occurred more frequently
after OC. In particular, patients undergoing OC had a
higher risk of infectious complications including SSI,
pneumonia, and UTI compared to the LAC group.
Operative time and reoperation rates were comparable with
reported rates from clinical trials. Although observational
studies cannot completely adjust for potential selection bias
and confounding, expanding the use of laparoscopic
surgery for colon cancer is reasonable based on the short-
term results demonstrated in this study, particularly as
patients may be spared certain infectious complications.
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Abstract
Background Natural orifice transluminal endoscopic surgery (NOTES) ventral hernia repair could avoid abdominal wall
incisions. The infectious risk for mesh placement is of concern. We compared NOTES with laparoscopic mesh placement.
Methods Thirty-seven swine were randomized to abdominal wall polypropylene mesh placement via NOTES or
laparoscopy or NOTES control. All animals received antibiotics and gastric irrigation; the laparoscopy group also received
preoperative acid suppression. In the NOTES mesh group, the 2-cm2 polypropylene mesh was placed using a transgastric
transportation device and clipped to the anterior abdominal wall. The control animals underwent endoscopy (no gastrotomy)
followed by laparoscopic mesh placement or NOTES only without mesh placement. Necropsy was performed at 14 days.
Results One NOTES mesh placement was incomplete (endoscope failure). All mesh animals survived to 14 days. At
necropsy, significantly more mesh infections were noted in the NOTES mesh versus laparoscopy group (4:11 vs 0:14; p=
0.03). Gastric irrigation reduced the bacterial load significantly in all groups (p<0.001). Infection was independent of
gastric bacterial load. No difference between acid suppressed and non-suppressed animals was seen.
Conclusion The mesh placement via NOTES is technically feasible but has a high infection rate despite irrigation. Sterile
conduits are needed to enable NOTES-type hernia repair with mesh.

Keywords NOTES .Mesh . Infection . Translumenal .

Natural orifice surgery
Introduction

Natural orifice transluminal endoscopic surgery (NOTES)
avoids incisions on the abdominal wall.1 This may be of
benefit for patients prone to abdominal wall hernias. Fea-
sibility studies investigating technical aspects of herniorrha-
phy and mesh placement in the porcine model have been
published.2,3

The infectious implications of NOTES mesh placement
have not been thoroughly evaluated. While contamination
with antibiotic-resistant S. aureus may be avoided by cir-
cumventing the abdominal wall, the transport of a foreign
body through a body cavity (colon, stomach, vagina) may
not be compatible with the long-held surgical principle of
avoiding intestinal contamination of the peritoneal cavity and
especially of any nonabsorbable prosthetic material. However,
recent human studies investigating NOTES reported that
peritoneal exposure to low levels of bacteria appears to be
well tolerated and clinically insignificant, especially if prophy-
lactic antibiotics were given.4
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Our prior study5 revealed that, after stepwise 500-cc saline
irrigation, the bacterial gastric content decreased significant-
ly, and no infections in NOTES animals were noted. This
study investigated whether gastric irrigation and the use of a
transport balloon would permit safe transgastric NOTES
mesh placement in comparison with laparoscopic mesh
placement. In addition, we wanted to know whether gastric
irrigation could lead to the same reduction in bacterial
content for animals pretreated with proton pump inhibitors as
in nonacid suppressed animals.

Materials and Methods

Thirty-seven (37) female 50-kg domestic swine were qua-
rantined 2 weeks before the planned procedure. The swine
were randomly assigned to three groups using a permuted
block randomization table with blocks size 2. Group 1
(NOTES control group) underwent gastric irrigation and
90 min NOTES peritoneoscopy, group 2 (laparoscopic mesh
and proton pump inhibitor [PPI] group) underwent PPI
treatment, upper endoscopy with gastric irrigation followed
by laparoscopic mesh placement, and group 3 (NOTES mesh
group) underwent gastric irrigation and NOTES mesh place-
ment (see Fig. 1).

The swine were fed with six cans of Ensure 2 days
before the procedures and then fasted overnight. All swine
were given oral antibiotics (enrofloxacin) before the pro-
cedure and intramuscular (i.m.) injection of 600,000 Units
of a penicillin G benzathine+penicillin G procaine-based
antibiotic at the start of the procedure. Swine in the acid
suppression group received oral PPIs (omeprazole 20 mg
po qd) for 2 weeks before and after the procedure. Swine
were premedicated with i.m. pig cocktail: 83.3 mg/ml
ketamine and 16.7 mg/ml xylazine at a dose of 1 cc/8 kg or
telazol 3–5 mg/kg followed by oral intubation and main-
tenance anesthesia with isoflurane.

All swine underwent upper endoscopy using a Cidex OSA-
treated endoscope through a sterile overtube placed into the
oropharynx. This overtube permitted the endoscope to enter

the esophagus without contact to the oropharyngeal mucosa to
minimize contamination. Gastric succus was aspirated at
baseline and after incremental irrigation with sterile saline
injected through the endoscope for a total of 500 cc normal
saline. The bacterial content of the gastric aspirate was
evaluated by plating on a blood agar and observation for 48 h.

For animals undergoing NOTES, a gastrotomy was created
using a needle knife (Boston Scientific) followed by a 15-mm
dilating balloon over a guidewire. The endoscope was then
advanced into the peritoneal cavity, pneumoperitoneum es-
tablished and maintained for 90 min, visualizing liver, spleen,
and colon. The pneumoperitoneum was aspirated, the endo-
scope withdrawn, and the gastrotomy closed with jumbo clips
(Resolution, Boston Scientific). After closure, the stomach
was insufflated with air to test for adequate approximation of
the wound edges. For the laparoscopy, three trocars were
placed and a 2×1-cm polypropylene mesh brought in through
the umbilical trocar and fixed to the anterior abdominal wall
using laparoscopic clips. For the NOTESmesh placement, the
same size mesh was placed into a modified sterile dilation
balloon for transport and advanced through the stomach into
the peritoneal cavity over a wire alongside the endoscope
(Fig. 2). The mesh was then retrieved using a biopsy forceps
and affixed to the anterior abdominal wall using 2–3 jumbo
clips (Fig. 3). Procedure time was preset at 90 min for all
animals. All groups of swine had an identical pattern of
wound dressing. Animals resumed pig chow on the first
postoperative day (POD 1). They were monitored daily for
feeding, well-being, weight gain, and signs of infection by
veterinary technicians blinded to the procedure type.
Survival was assessed to POD 14, at which point the swine
were euthanized and necropsy was performed. Data analysis
was performed using the chi2-test, t-test, or a repeated
measures linear model as appropriate using a SAS statistical
software (SAS Institute, Cary, SC, USA; version 9.1.3 for
Windows) all throughout. Power was calculated using PASS
software (Hintz J. NCSS and PASS Number Cruncher
Systems, Kaysville, UT, USA, 2004). Assuming the infec-
tion rate for ventral hernia repairs with mesh to be 8%, the
power of a study with 13 subjects per group to detect a

37 swine, all fed ensure, 
antibiotics, gastric irrigation

Group 1 
 NOTES control group, n=11

  

Group 2 
PPI, Endoscopy without 

gastrotomy, n=14

Group 3 
 NOTES with mesh 

placement n=12 

Crossover to laparoscopy 
with mesh placement 

Figure 1 Schematic of study
design.
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fivefold increase in this rate (to 40%) is 83%. Power was
computed for a one-sample test for the equality of binomial
proportions and two-sided testing with a 5% level of
significance.

The protocol was approved by the Institutional Animal
Care and Use Committee.

Results

In 11 of 13 planned animals, NOTES mesh placement with
commercially available instrumentation was successful. The
use of a guidewire-related system next to the endoscope
facilitated triangulation inside the peritoneal cavity, both for
manipulation and stabilization. The wire was placed and
utilized under direct visualization. No mesh was lost in the

abdominal cavity. In one animal, transgastric (NOTES) mesh
could not be placed because of endoscope failure (biopsy
channel) after gastrotomy and pneumoperitoneum were es-
tablished. The animal was included for the analysis of gastric
irrigation but excluded for the analysis of mesh infections.
After an apparently large number of infections seen in the
NOTES mesh group, data analysis was performed by an
investigator blinded to the groups, and the NOTES mesh arm
was closed from an ethical perspective. Thus, in 12 animals,
NOTES mesh placement had been attempted and completed
in 11.

All endoscopy plus laparoscopy (n=14) and NOTES
control experiments (n=11) were completed as described
without difficulty. One animal in the NOTES control group
died in the recovery period because of loss of airway.
Immediate necropsy was performed, and no abdominal cause
for the death was identified. Gastric irrigation data were
included in the analysis (n=11) but no postoperative data (n=
10). All other animals survived up to 14 days.

Gastric irrigation with sterile saline reduced bacterial
content in the gastric aspirate significantly in all groups (p<
0.001). There was no significant statistical difference in the
mean bacterial count at any time before or after irrigation
between the group that had undergone PPI treatment and
the untreated groups (p=0.17). Specifically, no statistically
significant difference in bacterial load was encountered
between the group that received PPI and laparoscopic mesh
placement and the group with NOTES mesh placement
(Fig. 4, p=0.18). At necropsy, no peritoneal infection was
seen in the NOTES control group (group 1) or the PPI-
treated endoscopy plus laparoscopic mesh placement group
(group 2; Fig. 5). All gastrotomy sites were well healed,
and no signs of leak were encountered in the NOTES
control or NOTES mesh group. Four of 11 animals in the

Figure 3 Tacking mesh to periumbilical peritoneum.

Figure 2 Mesh inside transport balloon.
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NOTES mesh placement group (group 3) exhibited a grossly
apparent mesh infection (p=0.03; Fig. 5); no infection was
found in the NOTES control group (without mesh). The
animals in the NOTES mesh group that revealed an infection
did not differ in the mean number of colony forming units at
24 h from the NOTES mesh animals without mesh infection
(6.3±7.2 versus 6.9±9.1; p=0.81).

Discussion

Although positive peritoneal cultures have been reported in up
to 47% of patients with penetrating trauma of the stomach,6–9

so far few abdominal infections have been reported in the
porcine NOTES model.10–13 Recent studies investigating
NOTES in humans have shown that peritoneal exposure to
low levels of bacteria appears to be well tolerated, especially
if prophylactic antibiotics were given.4 Other data revealed
that bacterial contamination from a gastric source is not of
concern because those bacteria are clinically insignificant.14

Methods to avoid intestinal contamination have included
saline lavage, antibiotic lavage, the use of sterile overtubes,
and administration of prophylactic antibiotics.

The concept of introducing a prosthetic mesh into the
peritoneal cavity via a translumenal approach is a potentially
useful NOTES procedure. While skin contamination from
antibiotic-resistant S. aureus species and abdominal incisions
could be avoided, exposing the prosthetic mesh to the bact-
erial contents of the stomach could lead to significant infection-
related complications. Two prior studies have investigated the
concept of hernia repair utilizing the NOTES approach, one
performing a primary repair with a prototype suturing device in
the acute setting3 and one with a prototype magnetic retraction
device in a transcolonic route.2 The second study did not
detect any infection in three of three animals after 14 days

survival. We focused on factors influencing or preventing
infectious complications using mesh in the transgastric route.
The infection rate is reported to be up to 8% for a tran-
sabdominal ventral hernia repair with mesh.15 Our study was
powered to detect a fivefold difference in infection rate. We
used this large difference because it would reveal a “catas-
trophic” outcome that would be clinically not acceptable and
would require either the NOTES approach to mesh implan-
tation to be significantly altered or to be aborted altogether.
Given the nascent technology, a small (although clinically
relevant in the human environment) increase in infection may
not lead to such considerations.

Some may question if this needed to be investigated in a
randomized fashion. In the rodent experimental model, it can
be assumed that the genetic makeup of experimental animals
is reasonably similar if not identical to make randomization
not necessary. In the porcine model used here (domestic
swine), a substantial mix of races is usually provided by the
suppliers, and recent methodologic papers suggest that
randomization is of value.

In addition, we wanted to evaluate whether PPIs, on
which many patients rely on for reflux symptoms and which
alter bacterial loads,16 can be cleared by antibiotics and
saline irrigation.

PPI treatment did not make a difference in the mechanical
clearance of gastric bacteria with saline irrigation. However,
the irrigation and the protective (but not sealed) transport
balloon did not prevent significant mesh infections. In
addition, the impact of the mucosal not full-thickness closure
utilized here has the potential of subclinical leaks influencing
the mesh infection. We utilized a polypropylene mesh that is
reported to be less prone to infection than polytetrafluoro-
ethylene-based materials and was easier to handle with the
currently available endoscopic instrumentation. Despite all of
these precautions, an unacceptable 36% infection rate
resulted. Further testing in this area needs to address methods
for placing mesh into the peritoneal cavity in a sterile fashion,
preferably through a sterile conduit from the natural orifice
into the peritoneum and a sealed mesh transportation device.

Conclusion

While the current study supports previous findings that
translumenal mesh placement is technically feasible, cur-
rently, the risk of infection appears much higher than in open
or laparoscopic transabdominal ventral hernia repair. Saline
irrigation decreased the gastric bacterial count significantly
and independent of pretreatment with PPIs. However, gastric
irrigation and a protective delivery device did not prevent an
unacceptable infection rate. Development of a sterile trans-
lumenal conduit is necessary to allow further investigation in
this area.

Figure 5 Infected NOTES mesh at 14 days.
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Abstract
Background Venous thrombolism (VTE) is a significant cause of morbidity for surgical patients. Comparative risk across
major procedures is unknown.
Methods Retrospective analysis of the Nationwide Inpatient Sample (2001–2005) was conducted. Eight surgeries were
identified: bariatric surgery, colorectal surgery, esophagectomy, gastrectomy, hepatectomy, nephrectomy, pancreatectomy,
splenectomy. Age < 18, patients with multiple major surgeries, and those admitted for treatment of VTE were excluded.
Primary outcome was occurrence of VTE. Independent variables included age, gender, race, Charlson score, hospital
teaching status, elective procedures, cancer/metastasis, trauma, and year.
Results Patients, 375,748, were identified, 5,773 (1.54%) with VTE. Overall death rate was 3.97%, but 13.34% after VTE.
Unadjusted rate (0.35%) and adjusted risk for VTE were lowest among bariatric patients. On multivariate analysis, highest
risk for VTE was splenectomy (odds ratio 2.69, 95% CI 2.03–3.56). Odds ratio of in-hospital mortality following VTE was
1.84 (1.65–2.05), associated with excess stay of 10.88days and $9,612 excess charges, translating into $55 million/year
nationwide.
Conclusion Highest risk for VTE was associated with splenectomy, lowest risk with bariatric surgery. Since bariatric
patients are known to have greater risk for this complication, these findings may reflect better awareness/prophylaxis.
Further studies are necessary to quantify effect of best-practice guidelines on prevention of this costly complication.

Keywords Deep vein thrombosis . Pulmonary embolism .

Bariatic surgery .Major abdominal surgery

Introduction

Venous thromboembolism (VTE), which includes deep vein
thrombosis (DVT) and pulmonary embolism (PE), is a
common complication in general surgery, representing a

primary cause of preventable death.1,2 The annual incidence
of DVT in the United States may be as high as 122 per
100,000 in the population, and there are an estimated
200,000 deaths per year due to PE.3–7 Among general
surgery patients not receiving prophylaxis, previous studies
have reported rates of observed DVT ranging from 15% to
30%, and a meta-analysis by Colditz et al. estimated an
incidence of fatal PE ranging from 0.1% to 0.8%.8–11

Although there is a large body of research describing the
incidence of VTE following orthopedic and neurological
surgery, there has been minimal research describing the
incidence and risks associated with developing VTE
following major abdominal surgery.12–22 Traditional risk
factors for VTE have included immobility, trauma, age
(>40years of age), malignancy, obesity, and surgery.23–28

Within the field of surgery itself, common risk factors have
included longer surgical procedures and the use of general
versus regional anesthesia.28–34 Given that patients under-
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going bariatric surgery have several risk factors for VTE,
this type of surgery has traditionally been viewed as placing
patients at relatively high risk for developing VTE.35, 36 As
a result, more than 90% of American Society of Bariatric
Surgery members report regular use of thromboprophylaxis
in patients undergoing bariatric surgery.37

Although there have been some limited reports charac-
terizing VTE among specific general surgical procedures,
there has yet to be a published report highlighting variation
in the odds of developing VTE following major general
surgery procedures.28,38,39 This analysis is the first to
compare the odds of developing DVT/PE following
splenectomy, nephrectomy, gastrectomy, pancreatectomy,
hepatectomy, esophagectomy, bariatric surgery, and colo-
rectal resection. This study also provides relevant outcomes
data regarding mortality, length of stay, and total hospital
charges associated with postsurgical DVT/PE.

Methods

A retrospective analysis of the Nationwide Inpatient
Sample (NIS) from 2001–2005 was performed. The NIS
is an inpatient database compiling discharge information
from 20% of all hospitals in 37 participating states. The
Johns Hopkins Institutional Review Board deemed this
publically available dataset exempt from review.

Patients who underwent isolated splenectomy, nephrec-
tomy, gastrectomy, pancreatectomy, hepatectomy, esopha-
gectomy, bariatric surgery, or colorectal resection were
included (See Table 1 for relevant ICD-9 procedure codes).
Individuals under 18 years of age were excluded.

DVT was defined by the following ICD-9 diagnosis
codes: phlebitis and thrombophlebitis of deep vessels of the
lower extremity (451.11 and 451.19), phlebitis and throm-
bophlebitis of the lower extremity, unspecified (451.2),
phlebitis and thrombophlebitis of the iliac vein (451.81),
phlebitis and thrombophlebitis of an unspecified site
(451.9), venous embolism or thrombosis of deep vessels
of the lower extremity (453.40, 453.41, 453.42), and
venous embolism or thrombosis (453.8, 453.9). Pulmonary
embolism was defined by the ICD-9 diagnosis codes 415.1,
415.11, and 415.19. In an effort to select only those patients
who developed postoperative VTE, we excluded patients
who were admitted with a primary diagnosis of either
preexisting DVT or PE.

The primary outcomes were diagnosis of either DVT or
PE. Secondary outcomes were in-hospital mortality, LOS,
and total hospital charges. Independent variables included
age, gender, race, Charlson Comorbidity Index, hospital
teaching status, elective procedure status, diagnosis of
cancer or metastasis, trauma, and calendar year. Elective
procedure status was identified by using a data element

specific for elective procedures and inherent to the NIS.
Patients with a diagnosis of cancer or metastasis were
identified through the Charlson index. Trauma patients
were identified by ICD-9 diagnosis codes ranging from 800
to 959 in the primary position, excluding 905 to 909 (late

Table 1 Surgical Codes

Type of surgery Surgical procedure ICD-9
code

Nephrectomy Partial nephrectomy 55.4
Complete nephrectomy 55.5
Nephroureterectomy 55.51
Solitary kidney nephrectomy 55.52
Bilateral nephrectomy 55.54

Colorectal
Surgery

Cecectomy 45.72
Right hemicolectomy 45.73
Transverse colon resection 45.74
Left hemicolectomy 45.75
Sigmoidectomy 45.76
Total intra-abdominal colectomy 45.8
Abdominoperineal resection of rectum 48.5
Anterior resection of rectum with
synchronous colostomy

48.62

Other anterior resection of rectum 48.63
Bariatric Surgery Gastroenterostomy without

gastrectomy
44.3

High gastric bypass 44.31
Laparoscopic gastroenterostomy 44.38
Other gastroenterostomy 44.39
Laparoscopic gastroplasty 44.68
Laparoscopic gastric restrictive
procedure

44.95

Operating room procedures for obesity DRG 288a

Splenectomy Partial splenectomy 41.43
Total splenectomy 41.5

Gastrectomy Proximal gastrectomy 43.5
Distal gastrectomy 43.6
Other partial gastrectomy 43.8
Partial gastrectomy NOS 43.89
Total gastrectomy 43.9
Other total gastrectomy 43.99

Pancreatectomy Partial pancreatectomy 52.5
Proximal pancreatectomy 52.51
Distal pancreatectomy 52.52
Radical subtotal pancreatectomy 52.53
Partial pancreatectomy NOS 52.59
Total pancreatectomy 52.6
Radical pancreaticoduodenectomy 52.7

Hepatectomy Partial hepatectomy 50.22
Hepatic lobectomy 50.3

Esophagectomy Esophagectomy NOS 40.40
Partial Esophagectomy 42.41
Total Esophagectomy 42.42

NOS = Not Otherwise Specified
a DRG = Diagnosis-related group
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effects of injury), 930 to 939 (foreign body), 940 to 949
(burn), and 958 (early complications of trauma).

Statistical analysis was performed using the software
package STATA/MP 10 (College Station, TX, USA).
Bivariate analysis of categorical data was performed using
the Pearson’s Chi-Squared test. Analysis of continuous data
was performed using the Student’s t-test. Multivariate
analysis was performed using multiple logistic regression
models, adjusting for age, gender, race, Charlson score,
hospital teaching status, elective status, cancer/metastasis
status, trauma, LOS, and year of procedure. A p value of
<0.05 was considered to be statistically significant.

Results

A total of 375,748 patients were identified using ICD-9
procedural codes in this 20% sample of inpatients over a 4-
year period (2001–2005; Table 1). Patients had a mean
(median) age of 59.0 (60) years and a majority were female
(58.20%). Most patients (81.11%) were white. Patients had
a mean (median) Charlson index score of 2.43 (1) and a
majority (51.62%) were treated at nonteaching hospitals.
Colorectal (66.76%) and bariatric procedures(20.39%) were
the most common. Most cases were performed electively
(65.04%). The overall rate of VTE was 1.54%, with 1.12%
of patients developing DVT, 0.56% of patients developing
PE, and 0.14% developing both DVT and PE. Overall
mortality was 3.97%, overall mean (median) LOS was 9.17
(7) days, and patients had mean (median) total hospital
charges of $49,996.59 ($31,217.44; Table 2).

On bivariate analysis, the incidence of VTE was lowest
among patients undergoing bariatric surgery (0.35%), while
VTE rates were higher in patients undergoing nephrectomy
(0.85%), hepatectomy (1.76%), colorectal resection
(1.77%), splenectomy (2.36%), gastrectomy (2.58%), pan-
creactectomy (2.91%), and esophagectomy (3.66%). On
bivariate analysis, mortality was higher in those who
developed VTE (13.37%) than in those without VTE
(3.82%; p < 0.001). The development of DVT/PE was
more common following nonelective procedures (2.65%)
than elective procedures (0.94%; p < 0.001).

On stratified analysis, mean (median) LOS was 22.42
(17) days in those who developed VTE, compared to 8.96
(6) days in those without VTE. Mean (median) total
hospital charges were $129,178.50 ($84,197.08) in those
with VTE and $48,762.97 ($30,903.97) in those without
VTE.

On multivariate analysis, a comparison of the likelihood
of developing DVT/PE following several major abdominal
surgeries demonstrated the odds of developing DVT/PE
following nephrectomy (OR: 1.19; 95% CI: 0.81–1.76; p =
0.374) were not significantly different from the baseline of

bariatric surgery (Fig. 1). However, odds were notably
higher in patients undergoing colorectal surgery (1.87;
1.47–2.39; p < 0.001), pancreatectomy (2.07; 1.47–2.93;
p < 0.001), gastrectomy (2.44; 1.80–3.30; p < 0.001),
esophagectomy (2.47; 1.66–3.65; p < 0.001), hepatectomy
(2.55; 1.87–3.48; p < 0.001), and splenectomy (2.69; 2.03–
3.56; p < 0.001; Fig. 1).

In a stratified analysis including only elective proce-
dures, which constitute a majority (65.04%) of the
procedures performed in this study, the magnitude and
distribution of adjusted odds ratios across all procedures
was similar to this study’s overall results (Fig. 2).

Other notable findings on multivariate analysis included
the observation that the likelihood of VTE increased
starting within the 45–49 age range (OR: 1.50; CI: 1.07–
2.10), with patients aged 90 years or older having 2.54
(1.74–3.70) times the odds of developing VTE, compared
to patients aged 18–24years old, across all procedures
(Fig. 3). Additionally, African-Americans were 1.27 (1.13–
1.42) times as likely to develop VTE, and Asians were 0.35
(0.21–0.57) times less likely to develop VTE, compared
with whites across all procedures. Hispanics (1.00, 0.85–
1.19), Native Americans (0.76, 0.37–1.58), and other non-
categorized racial groups (1.12, 0.92–1.37) had odds of
developing VTE that were not significantly different than
comparative odds among whites.

Multivariate analysis also confirmed the association of
VTE with worse patient outcomes. Hospital mortality was
1.84 (1.65–2.05) times more likely in those with VTE than
in those without VTE, with LOS that was 10.88 (10.18–
11.58) days longer and with excess total hospital charges of
$9,612.96 ($6,005.19–$13,220.72; Table 2).

Discussion

In this study, we demonstrated through multivariate
analysis that the odds of developing VTE vary by type of
major abdominal surgical procedure. We found bariatric
surgery to be the operation least likely to be associated with
postoperative VTE. Nephrectomy had no increased likeli-
hood of developing VTE compared to bariatric surgery. All
other operations were associated with significantly higher
odds of developing VTE, ranging from 1.87 times the odds
for colorectal surgery to 2.69 times the odds for splenec-
tomy (Fig. 1). This variation in the likelihood of developing
perioperative DVT/PE remained even after adjusting for
elective procedure status, cancer/metastasis, and trauma.

Among specific abdominal procedures, more than a
decade ago, Huber et al. reported a fourfold higher
incidence of symptomatic PE following colorectal surgery
compared to other general surgical procedures.31 Further-
more, Tongren et al. reported a threefold higher incidence
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Table 2 Demographics,
Procedures, and Outcomes

LOS=Length of stay
a Not all states collected
information on race. 31% of
data on race is was missing.
b Adjusted to 2006
medical inflation

Characteristics Value

Age, in years
Mean (median) 59.0 (60)

Female gender
n (%) 218,681 (58.20%)

Racea

White, n (%) 217,119 (81.11%)
Black, n (%) 26,788 (10.01%)
Hispanic, n (%) 14,637 (5.47%)
Asian, n (%) 2,229 (0.83%)

Charlson index score
Mean (median) 2.43 (1)

Type of hospital
Nonteaching, n (%) 193,949 (51.62%)

Procedures, overall
Teaching, n (%) 181,777 (43.38%)
Colorectal surgery 250,847 66.76%
Bariatric surgery 76,630 20.39%
Gastrectomy 9,938 2.64%
Nephrectomy 7,191 1.91%
Splenectomy 16,032 4.27%
Hepatectomy 6,346 1.69%
Pancreatectomy 6,553 1.74%
Esophagectomy 2,211 0.59%
Total 375,748 100.00%

Procedures, elective
Colorectal surgery 142,100 58.15%
Bariatric surgery 71,334 29.19%
Gastrectomy 6,482 2.65%
Nephrectomy 6,390 2.61%
Splenectomy 6,209 2.54%
Hepatectomy 5,249 2.15%
Pancreatectomy 4,774 1.95%
Esophagectomy 1,849 0.76%
Total 244,387 100.00%

DVT/PE
Both DVT and PE 522 (0.14%)
Either DVT or PE, n (%) 5,773 (1.54%)
DVT, n (%) 4,208 (1.12%)
PE, n (%) 2,087 (0.56%)

In-hospital mortality
All patients, n (%) 14,883 (3.97%)
Patients with both DVT and PE, n (%) 67 (12.84%)
Patients with either DVT or PE, n (%) 770 (13.34%)
Patients with DVT, n (%) 469 (11.15%)
Patients with PE, n (%) 368 (17.67%)

OR (DVT on mortality) in multivariate analysis 1.84 (1.65–2.05)
LOS (in days)
All patients, mean (median) 9.17 (7)
Patients with DVT/PE, mean (median) 22.42 (17)

Excess LOS on multivariate analysis (in days) 10.88 (10.18–11.58)
Total hospital charges (in dollars, $)b

All patients, mean (median) $49,996.59 ($31,217.44)
Patients with DVT/PE, mean (median) $129,178.50 ($84,197.08)

Excess total hospital charges on
multivariate analysis (in dollars, $)

$9,612.96 ($6,005.19–
$13,220.72)

2018 J Gastrointest Surg (2008) 12:2015–2022



of fatal PE following colorectal surgery relative to other
general surgery operations.40 The current study continues to
show that colorectal surgery places patients at increased
odds of developing VTE compared to baseline. The study
further reports, though, that other major abdominal proce-
dures have even higher odds of developing VTE than
colorectal surgery.

The finding that bariatric surgery patients had the lowest
risk for VTE is somewhat surprising given the prevalence
of risk factors among these patients. This lower rate of VTE

may reflect greater use of thromboprophylaxis among
bariatric surgeons relative to other surgical specialties.
Several studies of bariatric surgeons have demonstrated
that strict adherence to VTE prophylaxis guidelines,
including the use of pneumatic compression devices and
low-dose unfractionated heparin or low-molecular weight
heparin, is associated with lower rates of patient
VTE.36,41,42 While the ENDORSE trial recently found that
only 58.5% of all surgical patients at risk for VTE received
American College of Chest Physicians (ACCP)-recommen-
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Figure 2 Odds of developing
DVT/PE by surgical procedure
relative to bariatric surgery
among elective procedures only,
adjusted for age, gender, year,
Charlson score, length of stay,
hospital teaching status, elective
procedure status, trauma, and
malignancy.
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Figure 1 Odds of developing
DVT/PE by surgical procedure
relative to bariatric surgery,
adjusted for age, gender, year,
Charlson score, length of stay,
hospital teaching status, elective
procedure status, trauma, and
malignancy.
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ded VTE prophylaxis, Wu and Barba showed that more
than 95% of bariatric surgeons regularly adhere to
thromboprophylaxis guidelines.28,37,43 In contrast, Alizadeh
et al. reported that only 30% of patients undergoing
colorectal surgery received proper thromboembolic prophy-
laxis.44 Similarly, a study by Beekman et al. reported a
large proportion (13.6%) of surgeons performing splenec-
tomies without proper VTE prophylaxis.45 Lack of adher-
ence to prophylaxis guidelines was more than twice as
likely in surgeons performing splenectomies compared to
those performing colorectal resections.45 Such variability to
practice patterns, if nationally prevalent, may explain the
relatively high rates of VTE seen in patients undergoing
splenectomy, or other operations, relative to bariatric
patients.

Variations in health care delivery have been less well
described in surgical fields than in general medicine.46–48 A
study by Caprini et al. showed wide variation in rates of
regular thromboprophylaxis among surgeons.49 Mommertz
et al. further showed significant variation in thrombopro-
phylaxis care between vascular surgeons and general
surgeons.50 Attempts have been made to reduce this
variation via the implementation of practice guidelines.
For example, guidelines identifying patients at high-risk for
developing postsurgical VTE have identified abdominal
surgery, thoracic surgery, and trauma as major risk factors
(OR > 10), malignancy, congestive heart failure, and
previous VTE as moderate risk factors (OR = 2–9), and
increasing age, obesity, and immobility as minor risk
factors (OR < 2).

Our study also found the risk for VTE to significantly,
steadily increase starting at age 45 across all major

abdominal operations. This steady increase continued until
approximately age 75, after which the risk plateaued. This
finding extends results from previous studies which
reported increasing rates of VTE in patients more than
40 years old.3,51–53 This study also demonstrated that
African-Americans were more likely, and Asians were less
likely, to develop VTE across all procedures, compared to
whites. The observation that Asians were relatively pro-
tected from postsurgical DVT/PE is similar to results from a
retrospective study of 68,142 colorectal cancer patients
conducted by Alcalay et al.54 Furthermore, we found that
the development of VTE was associated with higher
mortality, longer LOS, and higher total hospital charges.
By using our estimate of $9,612.96 in excess total hospital
charges per surgical patient developing VTE, we may
extrapolate that approximately $55,495,618 in excess total
hospital charges nationwide go toward the treatment of
surgical patients who develop VTE.

This study is subject to the weaknesses inherent to all
retrospective studies utilizing national administrative data-
bases. Our results may underrepresent the true incidence of
VTE among surgical patients for several reasons. Given
that the dataset did not capture repeat hospital visits or
patient outcomes after discharge, VTE may be under-coded.
Also, clinical criteria to verify DVT or PE diagnosis were
not available. However, rates of VTE are higher in the
current study than in select previous studies.55,56 Further-
more, such limitations, inherent to all administrative data-
bases, are likely to be distributed evenly among the various
operations examined. We believe the large group of patients
analyzed in this study provides a valid characterization of
VTE rates in postsurgical patients. Confounding factors,
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Figure 3 Odds of developing
DVT/PE by age range (relative
to the 18- to 24-year-old age
range), adjusted for gender, year,
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hospital teaching status, elective
procedure status, trauma, and
malignancy. Odds begin to sig-
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45–49 age range (indicated by
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such as the observation that bariatric surgery patients often
remain hospitalized for fewer days and that trauma or
cancer increase risk of VTE, have been addressed by
adjusting for LOS, trauma, and cancer in our multivariate
analyses. Given our relatively precise outcome measures of
VTE, death, LOS, and total hospital charges, we believe
our findings offer useful insight into the relationship
between various major abdominal operations and the
subsequent development of DVT/PE.

While we believe the variation in VTE outcomes across
different abdominal surgical procedures is a reflection of
variation in practice patterns between different types of
surgeons, this cannot be confirmed with a retrospective
database analysis alone. Furthermore, recent work has
alluded to the fact that outcomes such as the ratio of PE
to DVT may be a better indicator of quality than rates of
VTE observed in isolation. Future prospective studies
would be helpful to more fully elucidate the etiology of
this national variation in surgical care, to define which
specific prophylaxis algorithms may be best for different
patient populations, and to more fully appreciate how the
degree of adherence to prophylaxis guidelines impacts
patient outcomes. This study reports the first nationwide
assessment of variation in VTE rates following various
major abdominal operations. Given the significant economic
and clinical burden of VTE, increased awareness and
implementation of policies and guidelines to decrease
potentially preventable VTE are vital to help decrease
unnecessary death, to increase patient safety, and to contain
rising costs in health care.
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Abstract
Background The discovery of the c-KIT mutation and the advent of targeted drug therapy with imatinib mesylate have
revolutionized the management of gastrointestinal stromal tumors (GISTs). The outcome of patients with surgically treated
GISTs treated in the era of targeted drug therapy was assessed and factors associated with adverse outcomes determined.
Materials and Methods Patients with GISTs requiring surgery at a tertiary care center from 2002 to 2007 were reviewed and
prognostic factors determined.
Results Forty patients were surgically treated for GISTs. The median age at presentation was 59 years. The stomach (55%)
was the main site of primary disease. The median tumor size was 7 cm. Eleven (28%) patients had metastatic disease at
presentation. Surgery was undertaken in all patients with curative intent. Multi-organ resection was required in 10 (25%)
patients. Imatinib mesylate was administered postoperatively in 68% of cases. Median follow-up was 24 months. There was
a 40% recurrence rate with 63% undergoing repeat surgical resection. The peritoneum and liver were the main sites of
recurrent disease. The 5-year disease-specific survival and disease-free survival (DFS) were 65% and 35%, respectively.
High mitotic rate (P=0.017) and tumor size greater than 10 cm (P=0.009) were the only prognostically significant adverse
factors of DFS on multivariate analysis, independent of imatinib mesylate treatment.
Conclusion Aggressive surgical treatment and follow-up of GISTs, combined with targeted drug therapy, leads to long-term
DFS survival. Tumor recurrence is independently associated with a high tumor mitotic rate and size greater than 10 cm,
despite the use of adjuvant targeted drug therapy.

Keywords Gastrointestinal stromal tumor . Recurrence .

Disease-free survival .Mitotic rate . Size . Imitinabmesylate .

Multivisceral resection . Targeted therapy

Introduction

Gastrointestinal stromal tumors (GISTs) are the most
common mesenchymal tumors of the gastrointestinal tract.
The reported annual incidence of GISTs is 11 to 14.5 cases
per million population, which includes incidentally discov-
ered GISTs and those found at autopsy.1,2 It is estimated
that 23% to 28% of patients are asymptomatic at presen-
tation, with tumors found on abdominal imaging for non-
specific complaints or at the time of surgery for other
conditions.3,4 GISTs most frequently occur in the stomach.
Other common sites of occurrence include the small
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intestine and colon. These tumors originate from the
interstitial cells of Cajal, which are considered the pace-
maker cells of the gastrointestinal tract.5,6 Most character-
istically express activation mutations of c-KIT, a tyrosine
kinase, which forms the basis of targeted drug therapies.

The overall outcomes of patients with GISTs after
surgical resection have traditionally been poor, as recur-
rences are very common and conventional chemotherapy is
of limited benefit.7–9 The discovery of activating receptor
mutations and the effectiveness of the tyrosine kinase
receptor inhibitor, imatinib mesylate, have dramatically
improved treatment outcomes, although long-term reports
are limited.10,11 We present a single-institution series of
patients surgically treated for GISTs in the era of targeted
drug therapies to determine long-term outcomes and
identify adverse prognostic factors.

Materials and Methods

Patient Population

All patients surgically treated for GISTs at Penn State
Milton S. Hershey Medical Center from January 2002 to
November 2007 were included in this study. Those with a
diagnosis of GIST were identified from a prospective tumor
registry database, with crosschecks of hospital admission
records, discharge diagnosis, and pathology registries to
ensure that all records were identified. The diagnosis of
GIST was confirmed by histopathologic review of all cases
and by immunohistochemical staining.

Preoperative Assessment

Demographic data, symptom duration and type, and
preoperative investigations were recorded for all patients.
The administration and duration of targeted drug therapies
was recorded and response rates preoperatively graded
according to response evaluation criteria in solid tumors
(RECIST) criteria.12

Operative Procedures and Complications

Operative intervention and complications were recorded for
each case. The presence of tumor rupture at the time of
surgery was specifically noted. All patients underwent
surgical resection with curative intent. A 2-cm clear margin
was the aim when possible.

Pathological Findings

All specimens were available for analysis and were
confirmed GISTs by immunohistochemistry for CD117,

CD34, or both. The maximum tumor diameter and the
mitotic rate per 50 high power fields (hpf) were recorded
for each specimen. In addition, the cell type, the presence of
necrosis, involved margins, and mucosal infiltration were
recorded.

Follow-up

Follow-up was achieved through review of hospital and
office medical records. The social security death index
database was accessed when follow-up was not possible to
determine survival status. Patients were followed every
3 months with computed tomography (CT) imaging of the
abdomen and pelvis to assess for disease recurrence. In the
event of disease recurrence, repeat surgical resection was
undertaken with the aim of complete tumor clearance, when
possible.

Statistical Analysis

Results were expressed as median (range) unless otherwise
stated. Comparisons between categorical variables were
determined by chi-square and Fisher’s exact test. Non-
categorical variables were assessed by the Mann–Whitney
U test. Survival analysis was performed by the Kaplan–
Meier limit method to determine disease-specific survival
(DSS) and disease-free survival (DFS) from the time of
initial surgery. Comparisons between survival curves were
made by the log-rank test. Cox-proportional analysis by
forward regression was undertaken to determine factors
independently associated with DFS after initial resection. A
statistical software package (SPSS Version 11.5, Chicago,
IL, USA) was used for statistical analysis, with P<0.05
considered statistically significant.

Results

Patient Population and Symptoms

Forty patients had surgical resection of GISTs during the
study period. Table 1 summarizes the demographic features,
location of tumors, and presenting symptoms. The median
age at presentation was 59 (27–82) years, with a slight
female predominance. Primary gastric GISTs were diag-
nosed in 22 (55%) patients, making this the most common
site of occurrence (55%). The small intestine and duode-
num together accounted for eight (20%) cases; colonic
GISTs (sigmoid and rectum) were found in six (15%)
patients and esophageal in one patient (2.5%). In three
(7.5%) patients, the mesentery was considered the primary
site of disease. In total, 34 (85%) patients had one or more
symptoms before presentation; however, in only 31 (78%)
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patients were symptoms considered related to GISTs. In five
(13%) patients, GISTs were identified incidentally on
imaging for other conditions, and in four (10%) cases, the
diagnosis was made at the time of surgery. The most
common presenting symptoms were abdominal pain (43%),
self-detection of a mass (28%), weight loss (28%), and
gastrointestinal bleeding (28%). Overall, the median duration
of symptoms was less than 1 month, ranging from several
hours in a patient with a perforated small bowel GIST, to
7 years of intermittent abdominal pain and gastrointestinal
bleeding in a patient with a duodenal GIST. A history of
other malignancy was noted in six (15%) patients.

Preoperative Diagnosis and Therapy

Imaging

CT detected a mass in 33 of 39 (85%) cases imaged.
Endoscopy was performed on 25 patients and identified a
GIST in 23 (92%) cases. Positron emission tomography
scanning was performed in three patients to confirm
suspected metastases noted on CT imaging. In 19 of 21
(90%) cases, biopsy confirmed the diagnosis of GIST
preoperatively. Endoscopic ultrasound was utilized for
preoperative assessment in five cases.

Preoperative Treatment

Preoperative blood transfusions were required in seven
(18%) patients with a history of gastrointestinal bleeding.

Imatinib mesylate was administered before surgery to five
(13%) patients with metastatic disease. The median dura-
tion of treatment was 8 (3–24) months. Partial response was
achieved in one case, disease remained stable in three cases,
and progression was observed in one case.

Operative Procedures and Complications

Operative Procedures

Table 2 summarizes the operative procedures and their
complications. In 11 (28%) patients, metastatic disease was
recorded at the time of the operation. In five cases,
peritoneal deposits were noted alone; in two cases, the
liver was the only site of metastases; and in three cases,
both liver and peritoneal metastases were noted. Tumor
rupture was noted in four (10%) cases at the time of
operation. Multi-organ resection was performed in 10
(25%) patients, involving combined resection of stomach,
spleen, pancreas, and liver in five cases. Gastric resection
was the most common procedure, being performed in 25
(63%) patients. Gastric resection alone was performed in 17
(43%) cases. Laparoscopic resection was performed in three
patients with tumors less than 5 cm in maximum diameter
and amenable to wedge resection. Endoscopic submucosal
resection of a gastric GIST was performed in one patient,
considered unfit for laparoscopic or open gastric resection.
In three patients with liver metastases not amenable to
surgical resection, radiofrequency ablation was performed
to achieve complete tumor clearance.

Complications

There was no operative mortality in this series. The median
length of postoperative stay was 7 (1–21) days. One or

Table 2 Operations and Complications

Number (%)

Operations performed (n=40)
Gastrectomy 17 (43%)
Small bowel/ duodenal resection 6(15%)
Colectomy 5 (13%)
Whipple’s procedure 1 (3%)
Intrabdominal mass resection 1 (3%)
Multi-organ resection 10 (25%)
Complications
Abscess/wound infection 3 (8%)
Deep venous thrombosis/pulmonary emboli 3 (8%)
Urinary tract infection 2 (5%)
Pneumonia 2 (5%)
Hemorrhage 2 (5%)
Other 5 (13%)
Total patients with complications 12 (30%)

Table 1 Characteristics of Patients with Gastrointestinal Stromal
Tumors (n=40)

Characteristics Values

Demographics
Male/female 17/23 (43%/57%)
Age (range) 59 (27–82)
Ethnicity white 40 (100%)
Primary location
Stomach 22(55%)
Small intestine 4 (10%)
Duodenum 4 (10%)
Colon 6(15%)
Esophagus 1 (2.5%)
Other 3 (7.5%)
Presentation
Duration of symptoms(months) 0 (0–84)
Abdominal pain 17 (43%)
Gastrointestinal bleeding 11(28%)
Incidental imaging finding 5 (13%)
Abdominal mass 11(28%)
Weight loss 11 (28%)
Incidental surgical finding 4 (10%)
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more complications were noted in 12 (30%) patients.
Infectious complications including wound infections and
intra-abdominal abscesses requiring drainage were noted in
three (8%) patients. Deep venous thrombosis occurred in
two (5%) patients and pulmonary embolism in one (3%)
case. One patient required reoperation due to postoperative
hemorrhage, and one required reoperation for a small bowel
obstruction. Blood transfusions were required during
surgery or postoperatively in seven (18%) patients.

Pathologic Findings

All specimens were confirmed to have GIST by histological
assessment and immunohistochemical staining for the
CD117, CD34, or both. Table 3 summarizes the features
of the tumors.

Type, Size, Necrosis, and Mitosis

The predominant cell type on histology was spindle cell in
30 (75%) cases, epitheliod in two (5%), and mixed cell type
in the remaining eight (20%) cases. There was no
significant difference between the type of cell and the
primary site of disease. The median primary tumor diameter
was 7 (0.7–24) cm. Fourteen (35%) patients had tumors
measuring greater than 10 cm in maximum diameter. There
was no significant difference in the size of gastric GISTs
compared to other primary sites (7.5 vs 7 cm; P=0.355).
Tumor necrosis was noted in 31 (78%) primary tumors.
Gastric GISTs exhibited significantly less necrosis com-
pared to tumors at other primary sites combined (63% vs
94%; P=0.027). A high mitotic rate of more than five
mitotic cells per 50 hpf was noted in 34 (60%) cases. There

Table 3 Tumor Specific Fea-
tures of Gastrointestinal
Stromal Tumors and Impact on
Survival (n=40)

Hpf – high power filed
DSS – Disease specific surviv-
al DFS – Disease Free Survival
* P<0.005 (Log-Rank test)

Number (%) DSS (p value) DFS (p value)

Metastases
Present 11 (28%) 0.331 0.018*
Absent 29 (73%)
Multi-organ involvement
Yes 10 (25%) 0.949 0.252
No 30 (75%)
Size
≤5 cm 13 (33%) 0.394 0.025*
>5 cm 27 (68%)
≤10 cm 26 (65%) 0.192 <0.001*
>10 cm 14 (35%)
Mitosis
≤5/50 hpf 14 (35%) 0.091 <0.001*
>5/50 hpf 16 (65%)
Necrosis
Present 31 (78%) 0.488 0.064
Absent 9 (23%)
Nodal involvement
Present 1 (3%) 0.393 0.687
Absent 39 (98%)
Vascular involvement
Present 2 (5%) 0.474 0.231
Absent 38 (95%)
Positive margin
Yes 5 (13%) 0.326 0.777
No 35 (88%)
Tumor rupture
Present 4 (10%) 0.914 0.268
Absent 36 (90%)
Cell type
Spindle 30 (75%) 0.832 0.194
Epitheliod 2 (5%)
Mixed type 8 (20%)
Postoperative imatinib
Yes 13 (33%) 0.1748 0.01*
No 27 (68%)
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was no significant difference in mitotic rate between gastric
GISTs and other primary sites (P=0.435).

Margins, Mucosal, Nodal, and Vascular Involvement

Microscopically positive margins were noted in five (13%)
cases. In 13 (33%) cases, mucosal infiltration by the
primary tumor was noted. The incidence of mucosal
involvement was not statistically different between gastric
GISTs and other primary tumor types (P=0.51). Nodal
involvement was noted overall in one (2%) case. Vascular
invasion was identified in two (5%) cases.

Follow-up Therapy and Survival

Median follow-up in this study was 24 (1–74) months.
Complete follow-up was possible in all 40 patients.

Postoperative Chemotherapy

Imatinib mesylate was administered postoperatively to 27
(68%) patients with high risk lesions and all patients with
metastatic disease. The median duration of therapy was 21
(1–63) months, with 16 patients on therapy at the time of
last follow-up. One or more side effects were reported in 11
of 27 (40%) patients receiving postoperative therapy. The
most common adverse effects were edema, gastrointestinal
upset, rash, and fatigue. Sunitinib malate was administered
to four patients who were intolerant to or had disease
progression on imatinib mesylate.

Postoperative Recurrences

Tumor recurrence was noted in 16 (40%) patients in this
series after initial surgery. The median time from operation
to detectable recurrences was 9 (1–55) months. The sites of
recurrence were the peritoneum alone in seven (44%), liver
alone in three (19%), liver and peritoneum combined in
three (19%), and lymph node recurrences in two (13%)
cases. There was one local recurrence in an elderly patient
after esophagectomy, who had microscopically positive
margins after his first operation.

Repeat Operation

Of the 16 patients with recurrent disease, 10 (63%) had one
or more repeat operations with curative intent. Nine patients
underwent resection of peritoneal deposits. In four such
cases, resection also included a colectomy. In one case, a
gastrectomy was performed. Three patients had a liver
resection combined with resection of peritoneal deposits.
One patient required excision of peritoneal deposits and a
pancreaticoduodenectomy. One patient with a paraduodenal

lymph node recurrence underwent a pancreaticoduodenec-
tomy alone. Histology confirmed lymph node metastases.
There was no operative mortality in patients who had repeat
operations in this series. One or more complications were
noted in four (40%) patients in this group.

Survival

There were 11 (28%) patients with evidence of disease at
the end of follow-up. Six patients who had disease
recurrence were clinically free of tumors after repeat
surgery combined with targeted drug therapy. There were
seven deaths in this series, with six related to recurrent
GISTs. One patient treated for a colonic GIST died as result
of recurrent lung cancer 6 months after colonic resection.
The overall DSS at 5 years was 65%, and the DFS at
5 years after initial surgery was 35% (Fig. 1). The 5 year
DSS of 16 patients with recurrent GISTs was 50%, all of
whom received adjuvant drug therapy. In patients with
metastatic GISTs at presentation, the 1- and 3-year DFS
were 46% and 17%, respectively, after surgery, with a
median DFS of 10 months. The DSS in this group at
5 years was 58%.

Prognostic Factors

All factors that could potentially influence disease recurrence
were analyzed by univariate analysis. Demographic factors
(age and gender), presenting complaints (specific symptoms
and asymptomatic), operative variables (multi-visceral resec-
tion, gastric resection, rupture, and reoperations), preoperative
therapy (blood transfusions and imatinib mesylate), postoper-
ative treatment (imatinib mesylate and blood transfusions),
and pathologic features (metastases at presentation, size,
mitotic rate, mucosa infiltration, involved margins, lymph
node status, and tumor location) were analyzed. High mitotic
rate (P<0.001), tumor size greater than 5 cm (P=0.0246),
tumor size greater than 10 cm (P<0.001), postoperative
imatinib mesylate (P=0.01) and metastases at initial presen-
tation (P=0.0182) were the only prognostically significant
adverse factors associated with DFS (Fig. 2). Given the small
number of deaths in this series, there were no statistically
significant adverse factors associated with DSS (Fig. 2).
Statistically significant factors in DFS were assessed by
multivariate analysis as shown in Table 4, with high mitotic
rate (P=0.017) and tumor size greater than 10 cm (P=0.009)
as the only remaining significant factors. The median DFS of
patients with tumors with a mitotic index of greater than
5 per 50 hpf was 13 months, with an 11% 5-year DFS. In
patients with tumors greater than 10 cm, the median DFS
was 13 months, with all patients developing recurrences
within 3 years of their initial surgery. The 5-year DSS in this
group was 50%.
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Discussion

Gastrointestinal stromal tumors are associated with a high
rate of recurrence after surgical excision and considered
poorly responsive to conventional chemotherapy. The
discovery of mutations in these tumors, involving the cell
surface receptor tyrosine kinase, c-KIT, and subsequent
development of targeted tyrosine kinase inhibitors, has
resulted in significant improvements in recurrence-free
survival.13 In 2002, imatinib mesylate was the first c-KIT
receptor antagonist to be approved by the Federal Drug
Administration (FDA) for the treatment of GISTs in the
USA.14,15 Recently, long-term outcomes of patients in the
era of targeted drug therapies have been reported, requiring
re-definition of prognostic factors that affect outcomes.

Surgical series before the era of targeted drug therapy
report 5-year actuarial survival rates of approximately
50%.16,17 The median DFS is 18 months, with 60% of
recurrences occurring within 2 years of surgery.7 In patients
with metastatic GISTs at presentation, 5-year survival is
approximately 25% after surgical resection.18 In patients
with more advanced GISTs, doxorubicin-based chemother-
apy is associated with a median overall survival of
9 months.17,19 Improvements in DFS have recently been
noted in high-risk patients with GISTs, treated by surgery
and adjuvant drug therapy with tyrosine kinase inhibi-
tors.13,20 Even in patients with advanced disease, the 2-year
survival is currently 75% to 80% and approaches 100% in
those most responsive to imatinab mesylate.21–23 In a large
series of 335 patients with resectable GISTs treated since
2002, the median DFS was 37 months and 5-year DFS was
38%, in which 30% of treated tumors were greater than
10 cm.24 In series of patients with metastatic GISTs, the
2-year survival is improved by 20% in patients treated by

surgery and imatinib mesylate compared to patients
historically treated by surgery alone.18 The overall DFS of
35% in our series is comparable to other recent studies of
unselected patients with resectable GISTs.17,24 In our study,
35% had tumors greater than 10 cm, and 28% had
metastases at presentation. Multi-organ resection was
required in 25% of cases. These features reflect the
advanced nature of tumors treated in our series. In total,
68% of patients received postoperative imatinib mesylate.
The recurrence rate of patients after surgery was 40% with
a 5-year DSS of 65%. In 11 patients with metastatic GISTs
at presentation, the 5-year DSS was 58%. One or more
repeat surgical resections were performed in over half of
patients with recurrent disease.

In our series, an aggressive surgical approach, multi-
organ resection, re-operation for recurrence, and targeted
drug therapy appeared to improve long-term survival
compared to historic series, despite the advanced nature of
GISTs treated. Recent population studies based on Surveil-
lance, Epidemiology, and End Results (SEER) database
also suggest improved survival of patients with GISTs
treated in the era of imatinib mesylate.25 However, radical
surgery involving two or more organs was associated with
worse survival in the SEER series. This may simply reflect
the biology of the tumors treated, with outcomes appearing
to somewhat improve from 2000. In our series, multi-organ
resection for locally advanced tumors achieved complete
tumor clearance in nine of 10 (90%) cases and was not
associated with reduced DFS compared to single-organ
resection. This is despite tumor size exceeding 10 cm in
maximum diameter in eight cases.

The factors associated with disease recurrence after
resection have been reported previously in large series before
and after the introduction of imatinab mesylate.17,19,21 The

Figure 1 A Overall disease-specific survival (DSS) and B disease-free survival (DFS) of patients after initial surgery for gastrointestinal stromal
tumors.

2028 J Gastrointest Surg (2008) 12:2023–2031



size of tumors and mitotic rate of GISTs have consistently
been major factors associated with disease recurrence.26 In
our study, mitotic rate of more than five per 50 hpf, tumor
size (5 and 10 cm), and metastases at presentation were
significant adverse factors in DFS by univariate analysis.
Postoperative imatinib mesylate was also an adverse factor
on univariate analysis, but this is not unexpected given that
it was generally given to patients considered high risk of
recurrence. On multivariate analysis, only mitotic rate and
tumor size greater than 10 cm were independent adverse
risk factors for DFS. The 5-year DFS of patients with
tumors with a high mitotic rate was 11%. All patients with
tumors greater than 10 cm developed recurrences within
3 years of surgery, but the DSS at 5 years in this group was
50%, with most undergoing repeat surgical resections. DSS
was not significantly influenced by mitotic rate and tumor
size. This may simply reflect the small number of deaths in
this series at follow-up, but it may equally relate to an
aggressive surgical approach in the treatment of primary
and recurrent GISTs and adjuvant drug therapy. Significant
differences in DSS according to tumor size and mitotic rate
may become evident with longer follow-up.

The impact of other factors on DFS is less well
established. There are reports that the origin of a GIST is
an important prognostic determinant.24,27,28 Gastric GISTs
(50%) and small bowel GISTs (25%) are the most
commonly reported sites of primary origin.13 Some series
have reported that small bowel GISTs have a worse
prognosis than other primary sites of similar size and
mitotic activity.26 In the series by Rutkowski et al.24 of 355
resectable GISTs, the 5-year survival of 153 patients with
gastric GISTs (60%) was significantly better that at other
primary sites combined (24%), after a median follow-up of
31 months. In our series, we found no differences in
survival between gastric GISTs and other locations com-
bined. Whether this is related to a small sample size is
unknown. In addition, small bowel GISTs constituted only

Figure 2 A Disease-free survival (DFS) with tumors equal to less
than 10 cm compared to those greater than 10 cm and B tumors with a
mitotic rate equal to less than 5/50 high power field (hpf) compared to
those with greater than 5/50 hpf. Log-rank testing.

Table 4 Predictors of Disease-free Survival in 40 patients After Initial Resection of GISTs

Variable Univariate analysis (log-rank
test) (P)

Multivariate analysis (Cox-Proportional Hazard
Regression) (P)

Risk ratio 95% CI (confidence
interval)

Mitotic rate >5/50
hpf

<0.001 0.017 12.16 1.55–95.23

Tumor diameter
>10 cm

<0.001 0.009 5.19 1.50–18.00

Tumor diameter
>5 cm

0.025 0.164 132,630.1 0.00–1.59+261

Metastases at
presentation

0.0182 0.333 1.18 0.04–3.49

Postoperative
Imatinib

0.01 0.314 3.16 0.34–29.89

hpf High power field, GIST gastrointestinal stromal tumors
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10% of primary tumors in our series. We found no
difference in size and mitotic rate between gastric GISTs
and those at other sites. We did note a lower rate of necrosis
in gastric GISTs than in other sites combined, but this was
not statistically an adverse prognostic factor. In the four
cases of small intestine GISTs in our report, the rate of
tumor rupture was 50%. Tumor rupture in previous studies
was associated with a high incidence of tumor recurrence,29

but this was not shown in our study. Other factors reported
to be important in disease recurrence in other series include
gender, cell type, and tumor necrosis.24,30

Incomplete surgical resection has also been associated
with high disease recurrence in large series.16,17,31,32 In
such series, a positive microscopic resection margin is
reported in 5% to 30% of cases.16,17,31,32 Preoperative drug
therapy with imatinab mesylate may aid the completeness
of resection of advanced GISTs.33 In our series, incomplete
resection was noted in five (13%) cases but was not
adversely associated with recurrence and survival. There
was local recurrence in one patient with microscopically
incomplete resection of an esophageal GIST. Two others
with incomplete resection had distant recurrences. It is
possible that targeted chemotherapy may control or treat
microscopic or residual disease. However, the role for
debulking surgery, in the era of targeted drug therapy, has
not been determined. In all our cases, surgical resection was
undertaken with curative intent. Given the long-term
survival of patients and improved outcomes with targeted
drug therapy, the role of debulking surgery needs to be
reassessed.33–35 Studies suggest that debulking surgery in
patients with limited drug progression on imatinib mesylate
may lead to prolonged survival.35

There is growing evidence of improved DFS with
targeted drug therapy in patients with high risk GISTs after
surgical resection.23 In a preliminary report of a randomized
controlled trial, imatinib mesylate administered for 1 year
postoperatively reduced tumor recurrence compared to
placebo in patients with tumors greater than 6 cm in
maximum diameter.20 Whether imatinib mesylate prevents
or simply delays the onset of tumor recurrence is uncertain.
Nilsson et al.36 recently compared a series of 23 patients
with advanced tumors, treated by surgery, followed by
12 months of imatinib mesylate to 48 patients treated by
surgery alone, serving as historic controls. At 3-year
follow-up, disease recurrence was noted in 4% in the
adjuvant treatment group compared to 67% in the historic
controls. The benefit of more prolonged therapy, in the face
of possible drug resistance, is undetermined. In our series,
the median duration of imatinib mesylate postoperatively
was 21 months, with six patients treated for greater than
24 months with minimal side effects. Secondary resistance
is reported to occur in patients at a median 24 months after
the commencement of therapy and may be related to

imatinib-resistant c-KIT mutations.37,38 To minimize drug
resistance, there may be theoretical benefits to limiting the
duration of adjuvant therapy and then providing treatment
at the first evidence of recurrence. However, in a
randomized French study in patients with advanced
metastatic GIST, cessation of imatinib mesylate after 1 year
led to rapid disease progression when compared to
continuous treatment.39 The authors of this study recom-
mended continuous treatment in those with advanced
GISTs.

Sunitinib malate was given to three patients in our study
with concerns of disease progression or side effects to
imatinib mesylate. In randomized controlled trials, time-to-
tumor progression in patients with advanced GISTs
unresponsive to imatinib mesylate treated by sunitinib
malate was 27 weeks compared to 6 weeks in those on
placebo.40 Sunitinib malate is now recommended for all
patients who have disease progression on imatinib mesylate
and those who experience significant side effects on
imatinib mesylate therapy.13

An aggressive surgical approach to GISTs combined
with targeted drug therapy appears to significantly improve
overall survival of patients with GISTs compared to historic
series. When recurrences occur, strong consideration should
be given to repeat operations if all macroscopic disease can
be removed. Repeat surgery is possible in the majority of
patients, with low morbidity and mortality and may
contribute to improvements in survival. Mitotic rate and
tumor size greater than 10 cm remain independent
prognostic factors in DFS, despite widespread use of
targeted drug therapies postoperatively in these patients.
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Abstract
Introduction Vertical banded gastroplasty (VBG) was initiated in 1980 as a weight loss operation that restricted oral intake.
Objective The aim of our study was to determine the results of patients who presented with complications of the VBG and
wanted reversal of the VBG, not a conversion to another gastric weight loss operation.
Material and Methods From 1993 to 2008, 27 patients had reversal of a VBG. Of the patients, 85% were female and
presented on average 13 years (range 2–27 years) after the VBG. Presenting symptoms included nausea/vomiting in 88%,
reflux in 65%, stricture requiring endoscopic dilatation in 38%, while 7% of patients had upper gastrointestinal bleeding or
required total parenteral nutrition. Patients were offered conversion to another weight loss operation but decided on reversal
of the VBG alone. All reversals were performed in a similar manner by placing a linear stapler through a gastrotomy
resulting in division of the polypropylene mesh band, and reversal of the VBG pouch.
Results No patients died from the procedure and morbidity included one wound infection and one wound seroma.
Preoperative Visick score decreased significantly after reversal, while reflux symptoms resolved in 93% of patients.
Conclusion We conclude that reversal of a VBG results in symptomatic relief in the majority of patients.
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Abbreviations
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Introduction

Vertical banded gastroplasty (VBG) was initiated in 1980 as
a weight loss operation that restricted oral intake.1 A small
volume pouch of 14–20 ml is created along the lesser curve
and the outlet is reinforced with a band of polypropylene
mesh or a silastic ring. Advantages of the VBG include a
lack of malabsorption and no anastomosis or bypass as in
other operations designed for weight loss. In a 10-year
follow-up study, VBG was found to be successful (defined
as a loss of at least 25% of preoperative excess weight) as a
weight loss operation. After 1 year, the average percent
excess weight lost was 52.3% and 64.3% in the super obese
(more than 225% of ideal weight) and morbid obese (less
than 225% of ideal weight) respectively. At 5 years, the
average excess weight lost was 51.6% and 58.8%. In
addition, morbidity and mortality was found to be low.
Operative mortality was 0.24%, the risk of leakage and
peritonitis was 0.6%, and the wound infection rate was
1.4%.2
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The results in other centers have been variable with less
than adequate long-term results with regard to weight loss
or quality of life. A study of 35 patients who underwent a
VBG showed that the operation was safe with minimal
complications (early morbidity of 5.7% and late morbidity
of 22.8%) and no mortality.4 However, at 3-year follow-up
there were 14 of 29 patients (48%) who were vomiting
more than once a week.4 Another 5-year follow-up study
showed that of 100 patients who underwent a VBG, none
of them were able to eat regular food without restriction and
many patients required reoperation (25%) due to failure of
the surgical procedure.5 A 10-year follow-up of patients
who underwent a VBG found that only 26% of patients
maintained a weight loss of half of their excess body
weight.3 Frequent vomiting was also found to be a
postoperative complication occurring in 21% of patients at
least once a week, while gastroesophageal reflux disease
(GERD) was found in 38% 3 years postoperatively.3

Gastric restrictive operations have late failure rates most
commonly due to staple line disruption, enlargement of the
gastric pouch, and enlargement of the stoma. Furthermore,
stomal stenosis leads to food intolerance and recurrent
vomiting and for these patients, weight loss remains
satisfactory, but they suffer the sequelae of recurrent
vomiting. Using a Kaplan–Meier analysis, Van Gemert
and colleagues estimated that 56% of VBG patients and
12% of gastric bypass patients would need revisional
surgery over a 12-year period.6

Patients who have had a VBG may require reoperation
for conversion to other bariatric procedures or reversal due
to a number of reasons including inadequate weight loss,
vomiting, or gastroesophageal reflux. In some series,7

GERD symptoms after VBG are relieved by conversion to
a Roux-en-Y gastric bypass. Some patients do not desire to
have a conversion to operation to induce weight loss for a
variety of reasons. Reversal of a VBG is an option that may
not lead to further weight loss but could potentially
alleviate some of the symptoms associated with this
operation. The aim of our study was to evaluate presenting
symptomatology in patients who had a VBG reversal
including the indications for reversal, any symptoms after
reversal, and complications from the reversal procedure.
Additionally, we wanted to determine any weight fluctua-
tions after reversal of this gastric restrictive operation.

Material and Methods

Medical records for all patients who underwent reversal of
a VBG were abstracted for details including symptoms
(abdominal pain, reflux, nausea, vomiting), nutritional
status, diet, requirement of endoscopic dilation of the

pouch, or gastrointestinal bleeding. We also reviewed the
pre- and postoperative weights, operative morbidity, and
post-takedown outcomes. This study was approved by the
University of Iowa Institutional Review Board for Human
subjects on November 11, 2007.

There were 27 patients who underwent a reversal of a
VBG by the senior author between 1993 and 2008 at the
University of Iowa Hospitals and Clinics or Iowa City VA
Medical Center. These patients presented with complica-
tions of their VBG and wished to have their VBG reversed.
They were each offered a conversion to another gastric
weight loss operation, which they declined.

There were 22 females (85%) and five males. They
presented on average 13 years (range 2–27 years) after their
initial VBG. The average age at the time of the VBG
takedown was 52 (range 40–74). The presenting symptoms
included nausea and/or vomiting in 89%, reflux in 67%,
inability to tolerate solid foods in 48%, stricture requiring
endoscopic dilation in 37%, while 7% presented with an
upper GI bleed and 7% required supplemental nutrition
(one with total parenteral nutrition and one required a
gastrostomy tube).

Workup of these patients was very similar. Nearly 90%
of the patients had upper gastrointestinal series with barium
as an initial evaluation. Two thirds of patients had
esophagogastroduodenoscopy (EGD) for diagnosis and
potential therapeutic interventions. Half of the patients
who had an EGD also had attempts at balloon dilatation to
increase the size of the outlet.

Description of Procedure All VBG takedowns were
performed in a similar manner. The previous upper midline
incision is opened from the xiphoid to just superior to the
umbilicus. Adhesions along the stomach and liver are taken
down and the previous gastroplasty is identified. On the
inferior portion of the stomach near the greater curvature a
gastrotomy is created and a linear stapler is placed with one
of the limbs within the lumen of the gastroplasty and the
other within the gastric fundus. The stapler is fired resulting
in an intraluminal, longitudinal side-to-side gastrogastros-
tomy (Fig. 1). The gastrotomy is then closed and then air is
used to insufflate the stomach to evaluate for leak.

Results

Twenty-seven patients underwent a reversal of their vertical
banded gastroplasty. There were no mortalities. Complica-
tions included one wound infection, one wound seroma,
and one post-operative anemia. There were no gastric leaks.
Figure 2 demonstrates a typical upper gastrointestinal series
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in a patient who presented for reversal of their VBG due to
severe reflux symptoms and sustained nausea and vomiting.
Postoperatively, a repeat barium swallow was performed
demonstrating reversal of the VBG and reestablishment of
gastric anatomy (Fig. 2). Other complications were relative
minor and did not extend the postoperative hospitalization.
The patient with postoperative anemia required transfusion
with three units of packed red blood cells during the
postoperative hospital admission. The patient with the
wound infection required the wound to be opened and
packed. All patients were tolerating a solid food diet at the
time of discharge postoperatively. All patients initially had
relief of their presenting symptoms. However, on follow-
up, 7/26 (27%) patients continued to have symptoms of
some sort including heartburn, vomiting, and dysphagia.
All of these patients had evaluations that included either
esophagogastroduodenoscopy or upper gastrointestinal bar-
ium radiographs. In all of these patients, there was no
obstruction demonstrated, but either reflux or esophagitis
was seen. One patient was found to have severe esophageal
dysmotility and no obstruction. One patient continued to
have dysphagia but without abnormalities noted on EGD.
All of the seven patients who continued to have symptoms
after the VBG reversal were treated for GERD with
improvement in symptoms.

To further quantify outcomes, Visick scores were
determined pre- and post-VBG takedown. Although the
Visick grading system was originally utilized in post-
operative patients following gastric surgery for peptic ulcer

disease,8 it has been used for various other gastric
operations.9 Grade 1 Visick scores are no symptoms; grade
2 include intermittent/mild symptoms, not affecting life-
style; grade 3 are mild symptoms, but refractory to medical
therapy; while grade 4 are severe symptoms, not improved
(Table 1). The average pre-reversal Visick score was 2.8±

Figure 2 Upper gastrointestinal series before and after VBG reversal.
Prior to reversal, a large, dilated gastroplasty pouch is seen, which
correlated with the patient’s frequent vomiting and severe GERD
symptoms. Barium flow through the outlet was greatly diminished and
reflux was also demonstrated. The arrow indicates the area of the
marlex mesh band that was placed in for the outlet of the VBG. The
line indicates the area of the vertical staple line, which is intact.
Postoperatively, the patient had a repeat upper gastrointestinal series
demonstrating free flow of contrast from the esophagus through the
stomach and into the duodenum.

Figure 1 Technique of VBG reversal used in all 27 patients.
Initially adhesions are taken down between the stomach, liver and
colon. The anesthesiologists may place a large bore orogastric tube
to aide the surgeon in delineating the anatomy. A gastrotomy is
created near the inferior portion of the stomach. Intraluminal
palpation of the outlet (which is sometimes severely stenosed)
through the gastrotomy, is achieved to guide subsequent placement of a
linear stapler. The linear stapler is placed with one of the limbs within the
lumen of the gastroplasty (A) and the other within the gastric fundus.
The stapler is fired resulting in an intraluminal, longitudinal side-to-side
gastrogastrostomy. The gastrotomy is then closed and then air is used to
insufflate the stomach to evaluate for leak.
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0.1 and decreased significantly to 1.3±0.1 after the reversal
(P<0.001). Of the 27 patients, 89% had improvement in
their Visick scores and no patient had worsening of their
Visick score after VBG reversal. Of the three patients who
had no change in their Visick scores after reversal, their
preoperative Visick scores were rated as 2 (Intermittent/
mild symptoms, not affecting life-style). Of those patients,
reflux symptoms were still present at follow-up, but not as
severe as preoperatively.

Although follow-up was short, there was not a signifi-
cant weight gain after reversal of the VBG. Prior to the
reversal, patients had significant weight loss (P<0.001)
after the initial VBG. The average weight prior to the VBG
was 139 kg (range 105–182 kg) and the average weight at
the time of the reversal was 96 kg (56–151 kg). There was
not a significant amount of weight gained post-reversal
(P=0.3). Post-reversal weight was 105 kg (range 63–
157 kg). This was seen with a mean follow-up of 32 months
(range 2–144 months) (Table 2).

Conclusions

This study showed that reversal of a vertical banded
gastroplasty results in symptomatic relief in the majority
of patients who present with nausea or vomiting, reflux
symptoms, or inability to tolerate sold foods. This proce-
dure can be done safely with minimal complications or
mortality. All patients were tolerating solid foods in the
immediate postoperative period. Only a few patients had
return of their preoperative symptoms and the severity was
decreased. Although follow-up was short, weight gain after
the reversal was not significant. However, patients who

desire a reversal of a VBG should also be instructed that
weight gain may occur.

To our knowledge, no previous studies have evaluated
VBG reversals. Numerous studies have shown that some
patients may develop symptoms after VBG.1–5 A solution
that is safe and effective is reversal of the VBG in the way
described above. Other options, especially in patients
extremely concerned about regaining the lost weight would
be conversion to another weight loss procedure such as a
Roux-en-Y gastric bypass. One study reviewed 25 patients
with severe GERD after a VBG who subsequently under-
went a conversion from a VBG to a Roux-en-Y gastric
bypass.7 In this study, 96% of the patients were nearly
symptom free after the conversion from a VBG to a Roux-en-
Y gastric bypass at a mean follow-up of 37 months.7 There
was also an average weight loss of 13 kg. This operation was
also safe with no mortalities and six complications (24%).
Both the reversal of the VBG and conversion to an
alternative weight loss procedure have been shown to be
safe and effective at relieving post-VBG symptoms.

The majority of the patients in our study had some
degree of delayed VBG pouch emptying resulting in
nausea, vomiting, and GERD symptoms. The delayed
emptying of the VBG pouch may be explained by a stomal
stenosis or stricture, or a dilated pouch leading to delayed
emptying. The results of revisionary surgery for stomal
stenosis are poor. In the study by Hunter and colleagues,
80% of revisionary operations were not successful in
patients that had failure of a primary operation due to
stomal stenosis.10 In addition, nearly 50% of the patients
operated for stomal stenosis required an additional revision
and 33% had recurrent stenosis; 16% of the patients ended
up with a complete reversal of the original bariatric
procedure. Nearly 70% of the patients in this series had
multiple endoscopic procedures including balloon dilatation
following their revisional surgery. Thus, in patients with
delayed pouch emptying due to stomal stenosis, revision of
the stoma would not be recommended but instead a
conversion to a gastric bypass or reversal of the VBG
would be the procedures of choice.

The reasons for GERD after VBG are not well
understood. Reflux symptoms may be related to a number
of factors including stasis in the pouch secondary to outlet
stenosis, inclusion of acid secreting parietal mucosa with
the proximal pouch,11 or operative damage to the lower
esophageal sphincter. Mason has stated that the most
common reason for GERD after VBG is the creation of the
VBG pouch during the original operation that may have
been created too large or without any measurements at
all.12 In our study, two thirds of patients had esophago-
gastroduodenoscopy (EGD) and half of these patients also
had attempts at balloon dilatation to increase the size of
the outlet. This may explain the reflux symptoms in these

Table 2 Weight Changes Prior to VBG, Prior to Reversal, and Most
Recent Weight

Pre-VBG weight
(range)

Weight at
reversal (range)

Weight after
reversal (range)

139 kg (105–182)* 96 kg (56–151) 105 kg (63–157)

* P<0.001 vs. weight at reversal

Table 1 Visick Grading System

Grade Symptoms

Grade 1 No symptoms
Grade 2 Intermittent/mild symptoms, not affecting life-style
Grade 3 Mild symptoms, but refractory to medical therapy
Grade 4 Severe symptoms, not improved
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patients may be due to stasis in the pouch secondary to
outlet stenosis. Our findings are consistent with the
observations of Mason12 due to the fact that 60% of the
patients who had an upper gastrointestinal series were
noted to have a dilated pouch, abnormal pouch emptying,
or reflux of barium, which also suggests that stasis in the
pouch leads to GERD.

Our study has several limitations. Preoperative esopha-
geal manometry or pH studies were not performed in these
patients, which limits our ability to ascertain the reasons or
the severity of GERD. However, manometry may not be
beneficial in demonstrating the cause of GERD in patients
with a dilated pouch. Follow-up was short at only
32 months (range 2–144 months). Although we did not
see a significant weight gain in our study, we thoroughly
counsel patients that significant weight gain may occur after
VBG reversal. A possible reason for the lack of weight gain
in these patients is a change in diet. Some investigators
have demonstrated that many patients adapt to the food
intolerances after a VBG by changing their diets to include
semisolid food and/or high clear liquids, resulting an
increase in caloric intake that is ingested, in turn resulting
in an increase in the patient’s weight and failure of the VBG
(13). Although this is speculation, perhaps after ingesting
the high caloric liquids instead of solid foods due to the
gastroplasty outlet, patients who have a reversal may
resume eating more solid foods instead of the high caloric
liquids. Our study does not address this, and only further
follow-up studies investigating eating patterns in this group
of patients would be needed to support this theory.

In summary, in patients with a VBG who present with
nausea, vomiting, reflux, outlet stenosis, or other symptoms
of gastric outlet obstruction and who desire relief of their
symptoms without a conversion to another weight loss
operation, reversal of the VBG is a safe and effective
option. There were no deaths in our series of patients and
morbidity was low. Postoperative Visick scores decreased
significantly after reversal while reflux symptoms resolved
in 93% of patients. Due to the fact that follow-up was short
in our present study, patients who desire a reversal of a
VBG should also be instructed that weight gain may occur.

We conclude that reversal of a VBG results in symptomatic
relief in the majority of patients.
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Abstract
Introduction Despite several meta-analyses and randomized controlled trials showing no benefit to patients, mechanical
bowel preparation (MBP) remains the standard of practice for patients undergoing elective colorectal surgery.
Methods We performed a systematic review of the literature of trials that prospectively compared MBP with no MBP for
patients undergoing elective colorectal resection. We searched MEDLINE, LILACS, and SCISEARCH, abstracts of
pertinent scientific meetings and reference lists for each article found. Experts in the field were queried as to knowledge of
additional reports. Outcomes abstracted were anastomotic leaks and wound infections. Meta-analysis was performed using
Peto Odds ratio.
Results Of 4,601 patients (13 trials), 2,304 received MBP (Group 1) and 2,297 did not (Group 2). Anastomotic leaks
occurred in 97(4.2%) patients in Group 1 and in 81(3.5%) patients in Group 2 (Peto OR=1.214, CI 95%:0.899–1.64, P=
0.206). Wound infections occurred in 227(9.9%) patients in Group 1 and in 201(8.8%) patients in Group 2 (Peto OR=
1.156, CI 95%:0.946–1.413, P=0.155).
Discussion This meta-analysis demonstrates that MBP provides no benefit to patients undergoing elective colorectal
surgery, thus, supporting elimination of routine MBP in elective colorectal surgery.
Conclusion In conclusion, MBP is of no benefit to patients undergoing elective colorectal resection and need not be
recommended to meet “standard of care.”

Keywords Mechanical bowel preparation .

Elective intestinal surgery . Colon and rectal surgery .

Meta-analysis . Literature review . Intestinal preparation

Introduction

Mechanical bowel preparation (MBP) is the standard of
practice for patients undergoing elective colorectal surgical

resection despite growing evidence that it may not be of
benefit to the patient. Several trials have been run to address
this issue, including two large multicenter-randomized
controlled trials performed in Europe. The aims of this paper
are to review the history and advances made surrounding this
common practice, review all the published prospective
randomized controlled trials, and perform a meta-analysis
to evaluate the impact of mechanical bowel preparation on
anastomotic leak and wound infection rates.

History of Mechanical Bowel Preparation

When anesthesia and antisepsis permitted surgeons to
safely enter the peritoneal cavity, more and more challeng-
ing procedures were performed, including operations on the
biliary tract, urinary tract, and the gastrointestinal tract. At
the beginning of the 20th Century, intestinal resections were
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fraught with many infectious complications that resulted
from contamination of the operating field, lack of antibiotics,
and poor or nonexistent postoperative support. Surgeons
started prescribing specialized “elemental diets” and laxa-
tives in order to maintain an empty bowel. Fewer compli-
cations were noted in patients treated in this fashion, thus,
starting the era of mechanical bowel preparation. With
advances in pharmacotherapy, the use of antibiotics peri-
operatively for intestinal surgery became commonplace. The
landmark studies regarding the use of antibiotics and MBP
compared the use of preoperative oral and intravenous
antibiotics combined with MBP to MBP alone. These studies
showed a significant decrease in the rate of infectious
complications.1 Preoperative prophylactic antibiotics became
a mainstay of therapy along with MBP. This combination of
oral and intravenous antibiotics with mechanical bowel
preparation continues to be the combination most commonly
used by surgeons in the United States.2 Currently, the correct
and timely administration of antibiotics have become
performance measures for quality improvement projects
nationwide.3 The role of mechanical bowel preparation in
the era of prophylactic antibiotic administration has never
been addressed separately and, thus, remains one of the
cornerstones of safe colorectal surgery.4

Goals of Mechanical Bowel Preparation

The stated goal of MBP is to completely empty the bowel
before surgery in order to decrease the risk of infectious
complications. This is conventional wisdom and is theoret-
ically accomplished by decreasing the bacterial load in the
intestinal lumen and by decreasing the risk of spillage of
feces in the operative field. MBP also purportedly makes
manipulation of the bowel easier for the surgeon. However,
existing evidence does not support these tenets.

When MBP is performed alone, the bacterial load does
not decrease significantly in the lumen or in the bowel
wall.5–7 The intervention that affects changes in bacterial
flora is the use of antibiotics, not the bowel preparation.8

Mucosal-associated bacteria are still found within the bowel
wall with an increasing gradient from the distal rectum to
the proximal colon after MBP with polyethylene glycol
solution (PEG).9 Thus, the bacteriologic benefit of mechan-
ical bowel preparation is not readily apparent.

The reduction in the risk of fecal spillage in the operative
field is also questionable. In a chart review of 333 patients who
underwent various colorectal procedures, spillage of bowel
contents occurred in 26 (17%) patients who underwent MBP
compared to 22 (12%) patients who underwent no MBP (p=
0.21). Interestingly, patients who had spillage during surgery
compared to those that did not have higher anastomotic leak
rates and wound infection rates, 6.2% versus 3.8% (p=0.39)

and 12.5% versus 6.7% (p=0.23), respectively.10 These
differences did not reach statistical significance, but a trend
that favored no MBP was apparent. Sometimes, MBP does
not completely empty the bowel, and the remaining liquid
effluent is harder to control, thus, potentially increasing the
risk of spillage. Poor MBP has already been shown to
increase the rate of anastomotic leak compared to patients
with adequate MBP.11 Lastly, it is logical to assume that an
empty bowel is easier to manipulate than a full one.
However, a recent single-blind randomized trial that com-
pared MBP to no MBP in women undergoing laparoscopic
gynecologic surgery found no difference in ease of bowel
handling or differences in operative field visualization.12

Complications of Mechanical Bowel Preparation

MBP is not an innocuous procedure. There are many choices
for preparation of the bowel before elective surgery, which
include various preparations of PEG, bisacodyl tablets,
aqueous and tablet sodium diphosphate (NaP), and saline
laxatives.13 However, the most popular among surgeons in
the United States are PEG and NaP.14 Traditional PEG is
given to patients as a 4-L solution. Those patients unable to
drink the solution are admitted the night prior to surgery and
are given the PEG solution per nasogastric tube, thus, adding
the discomfort associated with tube placement and the
potential risk of aspiration.15 NaP is more convenient for
patients, as it is given as a 90-mL solution. Patients have less
difficulty drinking the solution, have less gastrointestinal
symptoms (pain and bloating), and less fatigue.16,17 However,
NaP is associated with more electrolyte disturbances, includ-
ing changes in sodium, potassium, calcium, and phosphorus.
Changes in calcium and phosphorous levels are markedly
increased in patients 60 years or older, leading some to
suggest that NaP not be provided without a prescription.17

There have also been case reports of near-fatal and fatal
complications associated with the use of NaP.18–20

On a survey of 105 patients who underwent elective
colorectal resection, 65 underwent MBP and 45 underwent
no MBP. The authors found that patients would prefer not to
undergo MBP. The time to first bowel movement was shorter
in the no MBP group (p=0.04). However, this group had
more discomfort on postoperative day 4.21 They attributed
this difference in discomfort (pain was not different) to the
decreased time to the first bowel movement.

Effects of Mechanical Bowel Preparation on Intestinal
Mucosa

At the histologic level, MBP is associated with certain
architectural changes, including loss of superficial mucus
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and epithelial cells, inflammatory changes, and polymor-
phonuclear cell infiltration.22 Other changes, such as
aphtoid-like lesions, have been reported with NaP.23 The
clinical significance of these histologic changes is unknown
and requires further investigation but suggests possible
changes in bowel wall homeostasis that may impact
anastomotic structural integrity.

Initial Experience Without Mechanical Bowel
Preparation

Challenges to the use of MBP arose in the 1960s from
surgeons who started performing primary repair of injuries
to the colon in trauma, with good results in selected cases.24

This, then, led to a flurry of single-institution or single-
surgeon series in which MBP was omitted. These authors
consistently found rates of wound infections and anasto-
motic leaks comparable to the literature that used MBP
leading to the conclusion that the benefits of MBP might be
overstated.25

Initial Randomized Controlled Trials

The first randomized controlled trials comparing MBP to
no MBP were performed in Europe and South America in
the early 1990s.26–29 Since then, several trials have been
performed.30–37 All studies are slightly different in their
methodology, with some studies including patients who
also underwent procedures in which intestinal continuity
was not restored, and others including procedures in both
the right and left colon. Anastomotic leak rates for all
studies are summarized in Table 1. The difficulty in
interpretation and application in practice derives from the
variability in methodology in these studies. For example,
anastomotic leak rates range from 0.6% to 20.8% in
patients who underwent MBP. Wound infection rates for
all studies are summarized in Table 2.

Cochrane Review

Given the small number of patients in the aforementioned
randomized controlled trials and the variability among
these, several meta-analyses have been performed, includ-
ing a Cochrane Review.38,39 The latest iteration of the
Cochrane Review included nine trials with a total of 1,592
patients. Anastomotic leaks were significantly higher in the
MBP group (6.2% versus 3.2%, Peto OR 2.03, 95%
CI:1.276–3.26, p=0.003). However, when subgroup analy-
sis was performed for leakage for low anterior resection and
leakage for colonic surgery (only four studies could be

included), the analysis still favored no MBP, but the
statistical significance was lost. The authors found a
statistically significant difference favoring no MBP for a
decrease in the rate of peritonitis. Elimination of MBP was
associated with a statistically significant decreased anasto-
motic leak rate when sensitivity analyses for studies that
were completed and papers published (abstracts excluded),
studies that only included adults (children excluded), and in
studies that only included creation of an anastomosis. No
MBP was also favored in all other analyses (decreased
mortality, decreased rate of reoperation, decreased rate of
wound infection, decreased noninfectious extra-abdominal
complications, and decreased rate of surgical site infec-
tions), but these differences did not reach statistical
significance. These analyses are limited by the small
number of studies that could be included. The authors
concluded that MBP before colorectal surgery does not add
any value for patients and that it might lead to an increase
in anastomotic leak rate.39

Results of Latest Randomized Controlled Trials

In light of the Cochrane Review findings, two large
multicenter-randomized controlled trials were performed
and the results published in the past year; one was
performed in Sweden and another in the Netherlands.40,41

The Swedish trial randomized 686 patients to MBP and 657
to no MBP.40 Patients in the MBP arm were prepped with
PEG (47.2%), NaP (48.5%), or enemas (4.3%). Antibiotic
prophylaxis was appropriate for colorectal surgery and
similar in both arms. The indications for surgery, patient
demographics, type of anastomosis (site and technique)
were similar for both groups. The results showed no
statistically significant difference in cardiovascular compli-
cation rates, general infectious rates, or surgical site
infection rates. Anastomotic dehiscence occurred in 13
(2.3%) patients in the MBP arm and in 17 (2.6%) patients
in the no MBP arm (p=0.46). No mid- to low-anterior
resections were performed in either group.

The study from the Netherlands randomly assigned 670
patients to mechanical bowel preparation and 684 to no
mechanical bowel preparation for elective bowel resec-
tion.41 The authors found that those patients that did not
undergo MBP had an anastomotic leak rate of 5.4%
compared to 4.8% in those that did undergo MBP, but the
difference was not statistically significant (p=0.69). How-
ever, in the group of patients who did not undergo MBP,
there was a statistically significant increased risk for
anastomotic leak associated with a pelvic abscess (p=
0.001). The authors did not explicitly state the complica-
tions for each type of anastomosis for each group.
However, multivariate analysis did show that type of
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anastomosis (ileocolic, colocolic, and colorectal), ASA
classification, and intraoperative blood-loss correlated with
an increase in anastomotic leaks in general.

Meta-analysis

Methods

We performed a systematic review of the literature of all
trials that prospectively compared mechanical bowel prep-
aration with no mechanical bowel preparation for patients
undergoing elective colorectal surgical resection. We
performed a search in MEDLINE using the following

search terms: (1) “Surgical Procedures, Elective” [Mesh]
AND “Colorectal Surgery” [Mesh] AND mechanical bowel
preparation; (2) mechanical bowel preparation AND elec-
tive AND surgery; (3) mechanical bowel preparation AND
surgery AND colon AND rectum. We also performed a
search in LILACS and SCISEARCH using the following
terms: mechanical bowel preparation AND elective surgery.
This was followed by a manual search of the reference lists
for each article found, as well as abstracts of pertinent
scientific meetings. Experts in the field were queried as to
knowledge of additional reported trials. There were no
limits on dates or language and all searches were performed
up to January 2008. Studies had to be prospective, have two
groups (one with mechanical bowel preparation and one

Table 1 Randomized Controlled Trials that Compare Mechanical Bowel Preparation to No Mechanical Bowel Preparation—Anastomotic Leaks

Study Procedures performed Type of MBP Total number
of patients
enrolled

Anastomotic
leaksa MBP
n/N (%)

Anastomotic
leaksa No
MBP n/N (%)

P valueb

Brownson 199226 Elective colorectal (not specified) PEG 179 8/67 (11.9) 1/67 (1.5) 0.03
Burke 199427 Elective left colectomy and anterior

resection with primary anastomosis
Sodium picosulfate 169 3/82 (3.7) 4/87 (4.6) 1

Santos 199428 Elective colon and rectal surgery
(includes abdominoperineal resection
and pediatric surgery)

Mineral oil, agar and
phenolphthalein;
enema; mannitol
(3-day regimen)

149 7/67 (10.4) 4/75 (5.3) 0.34

Fillmann 199529 Elective left and right-sided resections,
rectal resections (including APR and
total proctocolectomy)

Mannitol 60 2/23 (8.7) 1/23 (4.3) 1

Miettinen 200030 Elective colon and rectal resections,
colostomy closure, APR, ileal-pouch
anal anastomosis

PEG 267 5/131 (3.8) 3/120 (2.5) 0.72

Tabusso 200231 Elective colon and rectal resections,
Hartmann reversal

Mannitol or PEG 47 5/24 (20.8) 0/23 (0) 0.04

Bucher 200533 Elective left-sided colorectal surgery
with primary colocolonic or
colorectal anastomosis

PEG 153 5/78 (6.4) 1/75 (1.3) 0.21

Fa-Si-Oen 200534 Elective colonic resections and
restoration of Hartmann, excluding
ileocecal resections and resections
below peritoneal reflection

PEG 250 7/125 (5.6) 6/125 (4.8) 0.78

Ram 200535 Elective colon and rectal resections
(including APR)

NaP 329 1/146 (0.6) 2/149 (1.3) 1.0

Zmora 200636 Left-sided colonic resections, rectal
resection and Hartmann closure

PEG 249 5/120 (4.2) 3/129 (2.3) 0.48

Pena-Soria
200737

Elective colorectal procedure with
primary intraperitoneal anastomosis

PEG 97 4/48 (8.3) 2/49 (4.1) 0.05

Jung 200740 Elective colonic resections with
primary anastomosis (mid-, low
anterior resection excluded)

PEG, NaP, Enema 1343 13/686 (1.9) 17/657 (2.6) 0.46

Contant 200841 Elective colorectal surgery with
primary anastomosis

PEG + Bisacodyl
or NaP

1354 32/670 (4.8) 37/684 (5.4) 0.69

MBP Mechanical bowel preparation, PEG polyethylene glycol, NaP sodium phosphate, APR abdominoperineal resection
a Rates based on patients who underwent resection with primary anastomosis
b Fisher’s exact test
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without mechanical bowel preparation), and have the two
outcomes of interest clearly stated in their results section.
The outcomes we abstracted were anastomotic leaks and
wound infections. Retrospective studies and studies that
only evaluated either mechanical bowel preparation or no
mechanical bowel preparation were excluded from meta-
analysis. Meta-analysis was performed using Comprehen-
sive Meta-Analysis version 2 (Englewood, NJ, 2005, USA)
applying the Peto-Odds ratio (fixed effects model). We also
ran a test of statistical heterogeneity for each category.

Results

Of a total of 4,601 patients (13 trials), 2,304 were allocated
to mechanical bowel preparation (Group 1) and 2,297 were
allocated to no mechanical bowel preparation (Group 2).
Anastomotic leaks (Table 1) occurred in 97 (4.2%) patients
in Group 1 and in 81 (3.5%) patients in Group 2 (Peto OR=
1.214, CI 95%:0.899–1.64, P=0.206). Wound infections
(Table 2) occurred in 227 (9.9%) patients in Group 1, and
in 201 (8.8%) patients in Group 2 (Peto OR=1.156, CI
95%:0.946–1.413, P=0.155). Forest plots for anastomotic
leaks and wound infections are shown in Figs. 1 and 2,
respectively.

Discussion

Initial challenges to mandatory MBP first arose in the
1960s surrounding primary colon repairs in traumatic
injuries to the colon. This led to single-institution and
single-surgeon series where MBP was eliminated and
ultimately to prospective randomized controlled trials
comparing MBP to no MBP. A Cochrane review in 2005

suggested that MBP does not add value, but the number of
patients evaluable were still small. Two more large trials
have been performed since the Cochrane analysis, and now
a total of 4,601 patients have been studied in a prospective
fashion. Our meta-analysis suggests that MBP is of no
benefit to patients undergoing elective colon and rectal
surgery.

Based on the earlier small trials and Cochrane review
many surgeons have abandoned routine MBP for elective
“right-sided” surgeries, where the proximal extent of the
resection will involve the small bowel and, therefore,
theoretically be associated with a decreased risk for
anastomotic and wound complications. More recently, some
have questioned the need for MBP where a colocolonic or
colorectal anastomosis is anticipated. Because of continued
concerns for the role of MBP in rectal surgery and the
exclusion of this population from most of the prospective
trials, a retrospective review was performed on 144 patients
who underwent anterior resection for cancer without MBP
or a diverting stoma demonstrated an excellent anastomotic
leak rate of only 4.9%.42 In a French case-control study of
an unselected group of patients with rectal cancer, the
authors found an increased morbidity associated with MBP
and no difference in the anastomotic leak rates.43

However, even with the growing body of evidence that
suggests that mechanical bowel preparation should be
abandoned, many groups have yet to change their practice.
One of the main reasons is that even with several
randomized controlled trials and meta-analyses, many
practitioners feel that the right question has not been asked
and, thus, the right trial has not been run. The ideal trial
would recruit the number of patients necessary to show a
difference in outcome. Power calculations by our statistics
department resulted in over 2,400 patients, thus, requiring

Table 2 Randomized Controlled Trials that Compare Mechanical Bowel Preparation to No Mechanical Bowel Preparation—Wound Infections

Study Total number of
patients enrolled

Wound infections
MBP n/N (%)

Wound infections
no MBP n/N (%)

P valuea

Brownson 199226 179 5/86 (5.8) 7/93 (7.5) 0.77
Burke 199427 169 4/82 (4.9) 3/87 (3.4) 0.71
Santos 199428 149 17/72 (23.6) 9/77 (11.7) 0.08
Fillmann 199529 60 1/30 (3.3) 2/30 (6.7) 1
Miettinen 200030 267 5/138 (3.6) 3/129 (2.3) 0.72
Tabusso 200231 47 2/24 (8.3) 0/23 (0) 0.49
Bucher 200533 153 10/78 (12.8) 3/75 (4) 0.07
Fa-Si-Oen 200534 250 9/125 (7.2) 7/125 (5.6) 0.79
Ram 200535 329 16/164 (9.8) 10/165 (6.1) 0.22
Zmora 200636 249 8/120 (6.7) 13/129 (10.1) 0.36
Pena-Soria 200737 97 6/48 (12.5) 6/49 (12.2) 1
Jung 200740 1343 54/686 (7.9) 42/657 (6.4) 0.34
Contant 200841 1354 90/670 (13.4) 96/684 (14.0) 0.75

MBP Mechanical bowel preparation
a Fisher’s exact test
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collaboration among many institutions. Because the rate of
anastomotic leak is low in ileocolic anastomoses, these
should be excluded from the study, allowing a focus on
colocolonic and colorectal anastomoses. The study should
compare the same type of anastomosis, report the height of
anastomosis, and use a similar operative technique. More
importantly, the endpoints (anastomotic leaks and wound
infections) must be unambiguously defined. These require-
ments become difficult as it is hard to minimize variability
in studies that require participation of various surgeons and
centers. Other possible reasons why a change in practice
has not taken place include the influence of training
programs on practice patterns, the inability to work
“comfortably” with a bowel filled with feces, and the
persistent yet unrealized fear of increased risk of fecal
spillage during surgery when MBP is eliminated.

In modern surgical practice, the use of prophylactic
antibiotics and the rate of surgical site wound infections

have become, for better or worse, performance measures
used to rank, reward, and penalize institutions and
physicians as part of national and institutional quality
improvement projects.3 Since MBP may or may not
increase the rate of infectious complications, it will become
imperative to define its place in clinical practice in order to
justify its continued use. MBP should not be completely
abandoned, as it is necessary for those procedures in which
intraoperative colonoscopy is necessary. Even though the
ideal study has not yet been performed, this meta-analysis
does point to the fact that MBP is not a prerequisite of safe
colorectal surgery, as suggested by others. Some of our
European counterparts have embraced these findings and
changed their practice patterns, yet we remain static, either
as cautious observers or as laggards.

As individual-practicing surgeons, one can argue to
remain cautious. In fact, the individual-practicing surgeon
relies on national societies to provide guidelines that are

Figure 1 Forest Plot—
Mechanical bowel preparation
versus no mechanical bowel
preparation for anastomotic
leaks. Test for heterogeneity:
Q=16.818, df=12, p=0.157,
I2=28.649. Test for overall
effect: Z=1.266, p=0.206.

Figure 2 Forest Plot—
Mechanical bowel preparation
versus no mechanical bowel
preparation for wound infec-
tions. Test for heterogeneity:
Q=12.492, df=12, p=0.407,
I2=3.937. Test for overall effect:
Z=1.42, p=0.155.
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based on best available evidence.44 This is also true for
medicolegal proceedings, where practice guidelines serve
as key elements that establish the standard of care.45 As
thought leaders, however, we should have the courage to
expose unsubstantiated dogmas and encourage discontinu-
ation of unfounded practices. Thus, our meta-analysis
represents an opportunity for respected national societies,
like the Society for Surgery of the Alimentary Tract, to lead
by publicly endorsing the abandonment of routine MBP in
elective colon and rectal surgery.

Conclusion

MBP has remained a dogmatic practice in surgery of the
alimentary tract. This updated meta-analysis demonstrates
that MBP is of no benefit to patients undergoing elective
colon and rectal surgery, thus, supporting elimination of
routine MBP. It should not be considered as a prerequisite
to meet the “standard of care.”
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Abstract
Background Current management of malignant gastric outlet obstruction (GOO) includes surgical diversion or enteral stent
placement for unresectable cancer. We analyzed the long-term results, predictive factors of outcomes, and complications
associated with enteral stents with focus on their management.
Methods Between 1997 and 2007, 46 patients with malignant GOO underwent placement of self-expandable metal stents
(SEMS) for palliation. Patients were captured prospectively after 2001 and followed until complication or death. Patency,
management of complications, and long-term survival were analyzed.
Results Forty-six patients had a mean survival of 152±235 days and a mean SEMS patency rate of 111±220 days. SEMS
patency rates of 98%, 74%, and 57% at 1, 3, and 6 months were seen. Thirteen patients presented with obstruction and
included two SEMS migration, two early occlusion, one fracture, four malignant ingrowth, and four with delayed clinical
failure. Interventions included seven endoscopic revisions with three SEMS replacements. Six had percutaneous endoscopic
gastrostomy with jejunal arm placed. Two patients eventually underwent surgical bypass. Two patients required surgery for
complications including delayed duodenal perforation and aortoenteric fistula.
Conclusions SEMS effectively palliate gastric outlet obstructions that result from upper gastrointestinal malignancies. Their
benefits offset potential complications or malfunctions, when a pluridisciplinary approach is adopted.

Keywords Enteral stent .

Malignant gastric outlet obstruction .

Unresectable cancer . Self-expandable metal stent

Introduction

In patients presenting with gastric outlet obstruction, upper
gastrointestinal (GI) malignancies are the source in up to
39% of cases.1 Surgical resection with curative intent is the
standard of care in patients who lack significant comorbid-
ities.2 In unresectable patients, gastrojejunostomy remains
the standard of care if a surgical intervention is to be
undertaken. In those patients with significant comorbidities,
the morbidity rate approaches 40%,3 encouraging alter-
natives to surgery. In patients who are not surgical
candidates, enteral stenting offers an attractive option.4

Self-expandable metal stents (SEMS) have proven them-
selves to be a safe5 and relatively cost-effective6 alternative
to surgical palliation allowing the patient to be discharged

J Gastrointest Surg (2008) 12:2045–2050
DOI 10.1007/s11605-008-0598-4

Presented at Digestive Disease Week/SSAT, May 2008, San Diego,
California.

M. S. Phillips :H. Bonatti :C. M. Friel
Surgery, University of Virginia Health System,
Charlottesville, VA, USA

S. Gosain :K. Ellen : P. G. Northup :M. Kahaleh (*)
Digestive Health Center, University of Virginia Health System,
Box 800708, Charlottesville, VA 22908-0708, USA
e-mail: mk5ke@virginia.edu



and start PO intake earlier.7–8 However, most series are
retrospective and underscore the magnitude of potential
complications. Our aim is to analyze our 10-year experience
using enteral stents and pluridisciplinary management of all
possible complications or malfunctions.

Materials and Methods

Patients

Between 1997 and 2007, 46 patients with malignant gastric
outlet obstruction (GOO) underwent SEMS placement
(Table 1). All patients were not surgical candidates for
curative resection based on staging or comorbidities.
Twelve patients had previously undergone attempted
curative resection with disease recurrence. Follow-up 24 h
post-procedure included phone contact by an endoscopy
nurse. The patients were evaluated in clinic when enrolled
in a chemo-radiation protocol with laboratories, performed
every 2 months until death. Clinical response to SEMS
placement, procedure-related morbidity, and overall patient
survival were captured. Data were collected prospectively
(43 patients) starting in 2001. Patients before this date
(three patients) were captured retrospectively. The study
was approved by our Institutional Review Board; all
patients provided written consent for their procedures.

Enteral Stent Insertion and Deployment

After endoscopic access was obtained proximal to the
stricture, using fluoroscopy the length of each stricture was
determined, and balloon dilation was performed at the
discretion of the operator (Fig. 1). The SEMS delivery
system was advanced proximal to the stricture over a
guidewire where the SEMS was partially deployed (Figs. 2
and 3) and centered across the stricture before full
expansion (Figs. 4). In case a biliary stent needed to be
placed, this was typically inserted before the deployment of
the enteral stent. All procedures were performed by
dedicated pancreatico-biliary endoscopists.

Forty patients (87%) had a Wallstent (Boston Scientific,
Natick, MA, USA) placed. Four had an Alimaxx (Alveolus,
Charlotte, NC, USA), and two had a Bard (Bard, Tempe,
AZ, USA) stent placed.

Indication for SEMS Placement

Indication for SEMS insertion included obstructive symp-
toms in the setting of unresectable or recurrent malignancy.

Table 1 Patient Characteristics

Characteristics Number

Number of patients 46
Gender (male/female) 32/14
Mean age (range; year) 65 (24–88)
Chemoradiation administered (yes/no) 27/19
Serum albumin (mean [SD], mg/dl) (range) 3.19 [0.69] (1.70–4.80)
Primary malignancy
Pancreatic cancer 23
Gastric cancer 8
Cholangiocarcinoma 5
Esophageal cancer 2
Duodenal cancer 1
Gallbladder cancer 1
Lymphoma 1
Metastatic colon cancer 1
Metastatic endometrial cancer 1
Metastatic ovarian cancer 1
Neuroendocrine tumor 1
Sarcoma 1

Figure 1 Balloon dilation of the malignant enteral stricture.

Figure 2 Partial deployment of the SEMS across the malignant stricture.
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The majority of patients had pancreatic adenocarcinoma
(23 patients, 50%) or gastric cancer (eight patients, 17%;
Table 1). Poor generalized medical status was defined as an
American Society of Anesthesiologist score of 3 or greater
and was present in 84%.

Serum albumin was used as a marker of patient’s
nutritional status, with a mean of 3.2±0.7 mg/dl.

Definition of Events

Successful SEMS placement was defined as deployment of
the SEMS across the stricture with patency visualized both
endoscopically and fluoroscopically. Clinical success was
defined as relief of obstructive symptoms and ability to take
oral intake within 24 h of SEMS placement independent of
SEMS patency on imaging or endoscopic evaluation.

Complications were stratified as early (occurring ≤30 days
of SEMS placement) and late (occurring >30 days following
SEMS placement). Patency was defined as the period of time
between SEMS insertion and repeat intervention or death.
Repeat intervention was defined as any procedure to improve
obstructive symptoms after initial SEMS placement. This
included balloon dilation, placement of additional SEMS,
percutaneous endoscopic gastrostomy with jejunal arm
(PEGJ), or surgical intervention. Patients who had a PEGJ
placed prior to or concurrently with stent placement were not
defined as post-procedure complications.

Statistical Methods

The composite primary end point was stent malfunction
requiring reintervention or death. Patient survival and
SEMS patency were calculated using Kaplan–Meier esti-
mates with censoring at end of follow-up. Univariate and
multivariate logistic regression were used to determine if
there were independent variables predicting combined
mortality or stent failure using the method of maximum
likelihood estimates. Factors were included in the multi-

variate analysis if they were established risk factors for
mortality based on the literature or were significant in the
univariate analysis to a level of 0.20. Data manipulation
and analyses were performed with SAS©, version 9.1 (Cary,
NC, USA) and Graphpad Prism©, version 4.0 (San Diego,
CA, USA). The level of type 1 error for statistical sig-
nificance was assumed to be less than or equal to 0.05. All
statistical tests were two-sided.

Results

SEMS were successfully placed in all patients. No patient
died as a direct result of SEMS placement, and all causes of
death were related to progression of disease. There were no
occurrences of perforation at stent placement. Forty-two
patients (91%) had a clinical response to SEMS placement.
Four patients failed to resolve their obstructive symptoms
despite confirmed endoscopic patency; these patients were
treated with PEGJ placement. In patients with an initial
clinical response, a total of seven complications were
recorded, five early and two late. Four patients (9%) had
local tumor ingrowth through the mesh of the stent leading
to secondary obstruction that was treated with either
endoscopic intervention (three patients) or surgery (one
patient). These were not included as complications, since
they were resultant from progression of the primary disease.

Patients with Previous Surgical Interventions

Twelve patients who underwent attempts at curative
surgical resection were treated with SEMS after tumor
recurrence or progression. An additional four patients had
laparoscopic evaluation for potential resection aborted in
the setting of metastatic disease. Thirty patients did not
undergo attempts at primary resection or surgical staging

Figure 4 Successful SEMS placement after removal of the delivery
system.

Figure 3 Progressive deployment of the SEMS over a wire.
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secondary to either medical comorbidities or tumor burden.
Five patients included in this study had jejunal SEMS
placement after previous pancreaticoduodenectomy (two
patients) or gastrectomy (three patients).

Chemotherapy and Radiation

All patients were offered chemoradiation, with a total of 27
patients (57%) enrolled in an institution-specific protocol,
based on their oncologist’s recommendation for their
specific tumor type.

Early Complications (≤30 days)

Early complications related to SEMS placement included
stent migration in two patients, managed by removal of the
original SEMS and replacement with a new SEMS. Two
patients who had initially responded to SEMS placement
developed delayed-onset obstructive symptoms with endo-
scopically patent SEMS. Each was managed by PEGJ
placement for decompression with the presumption that
disease distal to the SEMS, in the setting of carcinomatosis,
was the etiology. One patient developed stent fracture
managed by stent removal with dilation (Table 2).

Long-Term Complications (>30 days)

There were no migrated or fractured SEMS beyond 30 days.
Long-term complications include duodenal perforation
35 days after stenting, requiring emergent surgical repair
with closure and Graham patch. One patient who had
previously undergone a pancreaticoduodenectomy devel-

oped an aortoenteric fistula from stent erosion that
presented as an upper GI bleed 12 months after initial stent
placement. She was treated with an endovascular aortic
stent followed by interval resection with definitive repair
(Table 2).

Local Tumor Recurrence

Four patients were found to have occluded SEMS at 14, 62,
64, and 75 days post-stenting. These obstructions were
consistent with local tumor ingrowth and progression of the
primary disease process. These were treated, respectively,
with repeat SEMS placement, argon plasma coagulation
application, balloon dilation, and surgical bypass.

Stent Patency, Multivariate Analysis, and Patient Survival

Mean survival was 152 days (range, 13–1,411 days). Mean
stent patency was 111 days (range, 3–1,411 days). Kaplan–
Meier survival analysis showed a patency rate of 98%,
74%, 57%, and 58% at 1, 3, 6, and 12 months, respectively
(Fig. 5).

Multivariate analysis failed to identify any factor predic-
tive of survival. Factors analyzed included age, gender,
serum albumin as a marker for nutritional status, or
treatment with chemoradiation. (Table 3)

Overall, if migration, fracture, tumor ingrowth, erosion,
and perforation are taken into account, the global long-term
patency rate obtained is 76%. This rate does not include the
four patients (9%) that did not gain a clinical response from
SEMS placement despite the stent being patent endoscop-
ically and radiographically.

Table 2 Complications of
SEMS, Final Treatment, and
Total Follow-up Time

APC Argon plasma
coagulation, SEMS self-
expandable metal stent,
PEGJ percutaneous endoscopic
gastrostomy with jejunal arm

Case # Complication Days to
Reintervention

Intervention Days to
Follow-up

1 Clinical failure 2 PEGJ followed by gastrojejunostomy 63
2 Clinical failure 3 PEGJ 95
3 Clinical failure 3 PEGJ 74
4 Clinical failure 6 PEGJ 13
5 SEMS migration 4 SEMS replacement 51
6 SEMS migration 13 SEMS replacement 67
7 Delayed clinical failure 7 PEGJ 78
8 Delayed clinical failure 21 PEGJ 604
9 SEMS fracture 27 SEMS removal, serial dilation 601
10 Duodenal perforation 35 Surgical primary repair, Graham patch 117
11 Aortoenteric fistula 375 Endovascular stent then surgical repair 471
12 Tumor ingrowth 14 SEMS Replacement 35
13 Tumor ingrowth 62 Balloon dilation, APC 121
14 Tumor ingrowth 64 Balloon dilation 64
15 Tumor ingrowth 75 Gastrojejunostomy 105
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Discussion

Gastric outlet obstruction is a common cause of preterminal
morbidity, leading to a progressive deterioration in quality
of life in patients with advanced upper GI malignancies.
Up to 39% of patients with GOO will have a malignant
etiology, commonly unresectable pancreatic cancer.1

Surgical palliation has been the accepted standard for
treatment of these patients for many years.2 Singh et al.9

describe a retrospective review of 340 patients undergoing
either curative resection, palliative surgery, or neither for
pancreatic adenocarcinoma. Seventy patients underwent
gastrojejunostomy, 20 prophylactically and 50 therapeuti-
cally for GOO. Of those who did not undergo bypass, 25%
required a later repeat surgical intervention for gastro-
jejunostomy. They report morbidity rates greater than 30%
in this patient population. Patient comorbidities and time
to recovery/discharge after palliative surgery have pro-
moted tertiary-care centers proficient in interventional
endoscopy to use enteral stenting as an alternative. For
over a decade, SEMS has been used as a minimally
invasive technique for palliative treatment of patients with
malignant gastric outlet obstruction.10–11

A comprehensive review of 32 case series, including
606 patients unable to take oral intake, reported
successful stent deployment in 97% of patient and oral
intake possible in all cases, with 87% of cases capable of
eating at least a soft mechanical diet.12 Well-described
complications of enteral stent placement include tumor
overgrowth, obstruction, and stent migration.13 Graber
et al.14 have published results from a prospective multi-
center trial demonstrating a mortality rate of 9.8% due to
stent complications with 25% developing SEMS occlusion
secondary to local tumor ingrowth and disease progression
with a subpopulation requiring surgical intervention for
hemorrhage and perforation.

Our study confirms previous data in the literature. We
show a 100% success rate in SEMS deployment with a
91% clinical success rate. Four patients had lack of
improvement within the first week after stent placement.
In these patients, peritoneal carcinomatosis with multi-level
obstruction or autonomic infiltration with dysmotility was
presumed responsible for symptoms persistence.

In our study population, seven patients (14%) had a
PEGJ placed prior to SEMS insertion, and an additional
four patients (9%) had a PEGJ placed concomitantly with
SEMS placement for malnutrition. These patients had no
additional evidence of stent dysfunction.

The data for this study were collected in a prospective
manner starting in 2001 (43 patients, 93%) with the
establishment of an enteral stent database; therefore, we
were able to collect known complications more accurately
compared to retrospective studies. Our data shows that
seven (17%) of 42 patients with clinical response to SEMS
placement had a complication related to enteral stenting.
This rate does not include the four patients (9%) that
developed local tumor recurrence requiring reintervention.
In this setting, the reported complication rate is less than
those of other published studies likely because all stent
placement and treatment were performed at a tertiary-care
center by dedicated interventional endoscopists. This trend
of specialists having a lower complication rate has been
reported in other fields,15 and a similar trend would be
predicted in our study.

SEMS placement has become a preferred palliative tool
in most tertiary-care centers since it is more cost effective
than palliative surgery6 and permits earlier discharge, with
faster return to PO intake and less postoperative recovery
time.16

In our case series, we reviewed the long-term results and
complications associated with enteral stents with special
consideration given to their management, outlining the
excellent collaboration between the GI and surgical
communities. It also shows no statistically significant
correlation between survival and any of our independent
variables including age, gender, albumin, and chemo-
radiation therapy.

Table 3 Multivariate Analysis of Independent Factors Predicting
Outcome

p value OR 95% CI

Age (>65 years old) 0.18 8.4 0.4–192.0
Gender (male) 0.16 6.8 0.5–100.7
Chemoradiation 0.22 5.6 0.4–85.0
Albumin (<3.0) 0.46 0.4 0.0–4.7

Figure 5 Kaplan–Meier analysis of SEMS patency rate and survival.
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Conclusions

In conclusion, SEMS offer an efficacious palliation of
malignant gastric outlet obstruction in patients. Our series
underlines the need to establish a pluridisciplinary approach
involving interventional radiologists, endoscopists, and
surgeons alike in order to successfully manage any compli-
cations or failures associated with SEMS.
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