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Abstract
Introduction The aim of this study was to evaluate the efficacy of F-18-fluorodeoxyglucose positron emission tomography
(FDG-PET) scanning in the staging of oesophageal adenocarcinoma.
Methods One hundred four patients with biopsy-proven adenocarcinoma underwent 18F-FDG-PET scan. FDG avid lesions
were further investigated to their diagnostic conclusion.
Results Nineteen patients (18.26%) were found to have non-loco-regional FDG uptake. Of the patients, 3.84% were found
to have M1 disease and 7.69% were found to have a second primary tumour. The sensitivity and specificity of FDG-PET
scanning to detect metastatic disease in our series was 57.14% and 84.53%, respectively. The overall diagnostic accuracy
was 82.69%.
Conclusions PET scanning improves staging and prevents unnecessary surgery in patients with M1 disease. It represents a
good adjunct to computed tomography scanning and endoscopic ultrasound in the staging of oesophageal adenocarcinoma.
The detection of asymptomatic coexisting synchronous cancers is an added benefit provided by PET scanning over similar
diagnostic modalities.
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Synchronous malignancies
Introduction

In the Western World, oesophageal adenocarcinoma has
replaced squamous cell carcinoma as the most common
oesophageal malignancy.1–4 Tumour–node–metastasis
(TNM) staging is the major determinant of prognosis and
provides the basis for selecting optimum treatment.5

Among the currently available staging modalities, endo-
scopic ultrasound (EUS) is ideal for the loco-regional
assessment of disease,6–8, whereas for the detection of
distant nodal and metastatic spread, computed tomography
(CT) scanning is preferred.8 Apart from being increasingly
useful in initial staging of oesophageal cancer, F-18-
fluorodeoxyglucose positron emission tomography (FDG-
PET) scanning also helps in radiotherapy planning, assess-
ing the therapeutic response after neoadjuvant therapy and
detection of recurrent malignancy.9–14 Furthermore, routine
FDG-PET may reveal incidental hypermetabolic lesions
that are possibly unrelated to the neoplasms for which these
patients are initially scanned. Besides, lesions on FDG-
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PET/CT that are interpreted as metastatic disease of the
primary tumour, an FDG avid lesion may represent a
second synchronous tumour.15 Previous reports have sug-
gested that due to the additional information provided by
PET/CT it should be included in the routine staging of
oesophageal cancer.16 The aim of this study was to
determine the impact of FDG-PET scanning and to identify
its influence upon further decision making, investigations
and treatment planning in patients with loco-regionally
confined and potentially operable oesophageal adenocarci-
noma. We specifically assessed the ability of PET scanning
to detect metastatic disease (M1) and incidental occult
synchronous neoplasms in patients with adenocarcinoma of
oesophagus and gastroesophageal junction.

Methods

Over a 3-year period, 142 patients with biopsy-proven
oesophageal cancer were referred to this specialist surgical
oesophagogastric unit. Among the 142 patients, 21 were
found to have distant metastasis on the initial staging CT
scans and hence they were referred for palliative treatment.
Of the remaining 121 patients who had localised disease, 17
patients had localised squamous cell carcinoma (SCC) of
the oesophagus and were referred for definitive chemotherapy
and radiation with curative intent. One hundred four patients
had biopsy-proven adenocarcinoma of the oesophagus, and
they were treated with intent to cure. These included 91 males
(87.5%) and 12 females (12.5%) with a mean age of 63.7±
9 years (range, 26.7–85.2 years) (Table 1). All these tumours
were classified according to the current American Joint
Committee on Cancer TNM staging system17 (Table 1). All
patients underwent a EUS for more accurate loco-regional
staging and also a FDG-PET (CT-PET) scan to detect further
metastases not previously identified on CT scanning. Further
to absence of distant metastases on PET scanning, all patients
underwent a staging laparoscopy prior to commencement of

definitive treatment. Patients were discussed in a dedicated
multidisciplinary team meeting before treatment plans for
each individual patient were authorised. All patients with N1
disease received neoadjuvant chemotherapy irrespective of T
stage of the disease. Patients with T3/T4N0 disease also
received neoadjuvant chemotherapy. For loco-regional
disease staging, EUS criteria were followed to decide
treatment plan. Two to three cycles of neoadjuvant
chemotherapy using cisplatin/5-fluorouracil were given
followed by an oesophagectomy through one of the
operative approaches described depending upon the loca-
tion of the primary tumour. All patients wherein FDG avid
hot spots were detected, underwent further investigations
to clarify the nature of these lesions. All these lesions
were presumed to be metastatic unless proven otherwise
and were investigated to their diagnostic conclusion. FDG-
PET findings in these patients were compared with either
histology, fine-needle aspiration (FNA) or a radiological
finding in the relevant organ within 6 months of follow-up.

PET Scan and Image Interpretation

All imaging and data acquisition were performed with a
combined PET-CT in-line system (Discovery DST 16, GE
Healthcare), which was able to acquire CT images and PET
data for the same patient in one session. Patients were
fasted for a minimum of 6 h, and excessive muscle activity
was avoided before the PET/CT study. CT data were
acquired first. Patients were positioned on the table in a
headfirst supine position, and patient’s arms were placed in
an elevated position above the abdomen to reduce beam-
hardening artefacts at the level of the liver. PET images
were acquired during shallow breathing in the two-
dimensional mode for 3 min per bed position at 60–
90 min after intravenous administration of 555–740 MBq
of FDG. Emission images were corrected for signal
attenuation using a gallium 68 transmission scan acquired
immediately before or after the emission scan. PET images
were then reconstructed with CT-derived attenuation cor-
rection using ordered-subset expectation maximization
software. The attenuation-corrected PET images, CT
images, and fused PET/CT images were available for
review in axial, coronal, and sagittal planes, as was a cine
display of maximum intensity projections of the PET data,
using the manufacturer’s review station (Xeleris; GE
Healthcare). PET scans were interpreted by two experi-
enced PET/CT specialists with full knowledge of conven-
tional imaging results. Any focus of FDG activity that was
greater than surrounding background and not attributable to
normal FDG bio-distribution was evaluated as a lesion and
a list of potential distant lesions was recorded. FDG avid
lesions in regions not likely to be sites of metastatic deposit

Table 1 Demographics and patient cohort data

Sex Males 91 (87.5%)

Females 13 (12.5%)

Age Mean 63.7±9 years

Localization Upper oesophagus 6 (5.8%)

Mid-oesophagus 18(17.3%)

Lower oesophagus
including GEJ

80 (76.9%)

TNM staging-AJCC17 Stage 1 2 (2%)

Stage 2 35 (33.6%)

Stage 3 67 (64.4%)

TNM tumour–node–metastasis, AJCC American Joint Committee on
Cancer
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from oesophageal cancer were reported as suggestive of
synchronous tumour, depending mainly on intensity and
pattern of distribution (focal or diffuse). When the cell type
between the primary and suspected second primary cancers
was identical, a determination of a metastasis or second
primary cancer was made based on findings from a tumour
board, which considered the comparative histological
findings, the biological behaviour of the primary tumour,
and the radiological appearance.18

Statistical Analysis

The results of the imaging modalities were compared with a
reference standard provided by pathologic examination of
each resection specimen. PET/CT-positive results were
defined as true positive when confirmed by histopathologic
examination. A site characterized as a negative area was
defined as true negative when histopathologic examination
of the resected nodal group or organ lesion revealed no
metastatic disease. Furthermore, a negative area was
classified as false negative when there was subsequent
histopathologic proof of metastasis, not previously demon-
strated on radiological staging. Changes in clinical staging
and the therapeutic procedure as a result of the PET
findings were recorded. The sensitivity, specificity, accuracy,
positive predictive value, and negative predictive value of
PET/CT for the detection of metastatic (M1) disease were
calculated. Statistical software (SPSS, version 12.0; SPSS
Inc.) was used for the analysis.

Results

A total of 121 FDG-PET scans were performed. Seventeen
patients with SCC were referred for radical chemotherapy
and radiation. In this cohort of 17 patients, PET scans
demonstrated correctly and accurately the loco-regional
disease consistent with the findings of endoscopy and CT
scans (100%). In three of these 17 patients, the FDG-PET
scans detected metastatic disease involving high mediasti-
nal and cervical lymph nodes not seen on CT scans,
upstaging the nodal involvement in three of the 17
(17.64%) patients. The remaining 104 patients with
oesophageal adenocarcinoma who underwent FDG-PET
scanning were evaluated as a separate group. FDG-PET
scanning confirmed the primary loco-regional disease
consistent with CT and EUS findings in all patients
(100%). Of these 104 FDG-PET scans performed, 19
patients (18.26%) were found to have a non-loco-regional
FDG uptake in non-loco-regional sites (not previously seen
on CT scanning), which merited further investigations
(Table 2). All these patients underwent further investiga-

tions to clarify the precise nature of the non-loco-regional
FDG uptake (Table 3). Eighty-five patients (85/104=
81.73%) did not have any FDG activity elsewhere. One
patient was found to have FDG avid activity in the lung,
liver, sternum and peritoneum, respectively (n=4, 3.84%).
This patient had an FDG uptake in the liver and was
recommended for further MRI and ultrasound of the liver
with a liver biopsy and referred for palliative chemotherapy
after histological confirmation of metastasis. The second
patient with the pulmonary nodule was also referred for
palliative chemotherapy after thoracoscopy, and lung
biopsy confirmed metastatic disease. The third patient had
high uptake in the sternum, and MRI confirmed metastatic
disease. The fourth patient had a peritoneal nodule which
was FDG positive, and CT-guided FNA of the nodule
confirmed metastatic disease. Our incidence of upstaging
disease to M1 not detected on CT scanning, in the current
series was 3.84%. In two patients (1.92%) with mid-
oesophageal cancer, FDG avid hot spots not visualised on
CT scan were seen along the lesser curve of the stomach.
Both these patients had neoadjuvant chemotherapy based
on CT and EUS staging (T3/N1). Hence, PET scanning
apart from more accurate depiction of lymph nodal
involvement did not affect the treatment plan in these
patients. In one patient (one of 104, 0.96%), PET scans

Table 2 Breakdown of 104 18F-FDG-PET scans

Total no. of FDG-PET scans 104

Total no. of FDG avid lesions apart from FDG uptake
in the primary loco-regional territory

19 (18.26%)

PETs compatible with CT and no evidence of distant
FDG avid lesions (PET negative)

85 (81.73%)

Table 3 Break down of 19 patients with FDG uptake in sites apart
from primary loco-regional oesophageal territory, n=19 (percentages
calculated on the basis of n=104)

Metastatic hot spot

Liver 01 (0.96%)

Lung, confirmed on biopsy 01 (0.96%)

Peritoneum, confirmed on biopsy 01 (0.96%)

Sternum, confirmed on MRI/bone scan 01 (0.96%)

Non-specific

Lung lesions, confirmed on interval imaging 01 (0.96%)

Musculoskeletal lesions (rib, spine), confirmed on
MRI/bone scan and interval imaging

02 (1.92%)

Colonic uptake, confirmed on colonoscopy 01 (0.96%)

Metastatic nodes

Left gastric territory in mid-oesophageal tumours 02 (1.92%)

Mediastinum, with primary in the CO junction 01 (0.96%)

2nd primary neoplasms 08 (7.69%)

Total 19 (18.26%)
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documented FDG avid mediastinal nodes located around
the carina in a patient with a T2N0 junction tumour. Based
on the FDG-PET findings, this patient went on to have
neoadjuvant chemotherapy and an Ivor Lewis oesophagec-
tomy later. Thus, PET scanning in 0.96% of the patients
achieved more accurate loco-regional staging thereby
changing treatment plan. In two patients (1.92%), FDG
avid musculoskeletal lesions were identified in the rib and
spine, respectively. The patients were asymptomatic, and no
abnormalities were detected on interval CT/MRI scans
across 3 weeks, and these were therefore treated as
insignificant. These patients went on to receive their
definitive treatment with intent to cure. One patient
(0.96%) similarly had non-specific FDG uptake in the lung
which was investigated through further imaging including
CT-guided biopsy and was found to be inflammatory only.
In view of equivocal findings on clinico-radiological
correlation, they went on to receive definitive treatment
with intent to cure. These patients on serial imaging at
6-month interval did not demonstrate any evidence of
metastatic disease, and hence these musculoskeletal and
lung lesions were classified as non-malignant. Hence,
we conclude that non-specific FDG uptake in three of
104 patients (2.88%) was non-specific leading to
increasing investigations and delaying definitive treat-
ment. Further investigations were carried out in nine
patients (8.65%) based on the abnormal FDG uptake.
While one patient (0.96%) with a FDG hot spot in the
colon did not have any detectable abnormality on
colonoscopy, eight (7.69%) patients were confirmed to
have additional primary neoplasms (Table 4). Colonic
incidentalomas were the commonest in this group, and
five (4.81%) patients were found to have FDG avid
lesions in the colon identified on PET scanning. All of
them went on to have further colonoscopic examinations.

Two patients had colonoscopic excision of adenomatous
polyps while three (2.88%) patients had coexisting
asymptomatic colorectal primaries that were treated
alongside their esophageal cancer. All the three colorectal
primaries were resected at the same time as the patients
who underwent esophagectomy, and all three patients had
an uncomplicated surgical recovery. One patient had FDG
avid synchronous primary cancers in the pancreas, lung
and prostate, respectively, discovered during appropriate
investigations, and they were treated with curative intent.
The patient with lung cancer had a lobectomy about
3 weeks prior to the esophagectomy while the patient with
the pancreatic primary had a synchronous esophagectomy
with pancreaticoduodenectomy. The patient with prostate
cancer was found to have locally advanced disease with
extensive iliac lymphadenopathy, proven on biopsy. This
in addition to significant medical co-morbidities made him
ineligible for radical treatment with curative intent. Hence,
he was treated with palliative intent for his prostate cancer
in addition to his oesophageal cancer. All patients wherein
synchronous asymptomatic primary cancers were detected
as a part of staging investigations for their oesophageal
primary had histological confirmation of their synchro-
nous cancers confirmed prior to treatment of the oesopha-
geal cancer. The distribution of these patients was colon×3,
lung×1 pancreas×1, prostate×1 and adenomatous colonic
polyp with mild dysplasia excised at colonoscopy×2.
These were appropriately staged independent of the
oesophageal cancer. All patients except one with the
prostate cancer had early disease amenable for treatment
with intent to cure. Thus, of this cohort of 19 patients, 14
patients proceeded on to have definitive treatment with
curative intent for their oesophageal adenocarcinomas.

Thus, 99 patients underwent a staging laparoscopy prior
to commencement of their definitive treatment. Of these 99

Table 4 Breakdown of eight patients proven to have coexisting second primary neoplasms

No. Location of FDG
hot spot

Investigations Diagnosis Treatment

1 Transverse colon Colonoscopic polypectomy
for polyp

Tubulovillous polyp with
low-grade dysplasia

Excised at colonoscopy

2 Caecum Colonoscopic polypectomy
for polyp

Tubulovillous polyp with
low-grade dysplasia

Excised at colonoscopy

3 Transverse colon Colonoscopy T2N0 adenocarcinoma Synchronous resection with Ivor Lewis oesophagectomy

4 Right colon Colonoscopy T2N0 adenocarcinoma Synchronous resection with Ivor Lewis oesophagectomy

5 Transverse colon Colonoscopy T3N0 adenocarcinoma Synchronous resection with Ivor Lewis oesophagectomy

6 Head of pancreas Surgery Adenocarcinoma pancreas Synchronous resection with Ivor Lewis oesophagectomy

7 Lung, right upper
lobe

Surgery Broncho-alveolar
carcinoma

Staged resection—lung first and oesophagogastrectomy
for lower oesophageal tumour 6 weeks later (left
thoracoabdominal approach)

8 Prostate Cystoscopy/CT-guided biopsy
of internal iliac node

Adenocarcinoma prostate Palliative treatment in view of locally advanced prostate
cancer
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patients, two patients could not proceed on for definitive
surgery (with intent to cure)—for reasons mentioned below:

1. At laparoscopy—one (1.01%) patient was identified to
have sub-centimetre tumour deposits on the under
surface of the diaphragm. Histology confirmed adeno-
carcinoma, and he was referred for palliative chemo-
therapy. These peritoneal metastases were not picked
up on FDG-PET scanning.

2. One patient with no evidence of metastatic disease
developed significant side effects following neoadju-
vant chemotherapy and was unfit for further surgical
treatment.

Of the 97 patients (in this cohort) intended to have
resection, 92 had successful oesophageal resections
(94.84%) (49 Ivor Lewis, 34 left thoracoabdominal, six
transhiatal and three three-stage oesophagectomy). A
standard two-field regional enbloc lymphadenectomy in-
volving the relevant lymph nodal areas in the abdomen and
the chest was carried out.

Five (5.15%) patients did not have resections following
explorations for the following reasons:

& Patient 1 had disease in the form of metastatic pleural
plaques confirmed on a frozen section during the
thoracotomy, not seen on any of the previous imaging
including PET scan, thus curative surgery was not
attempted.

& Patient 2 had peritoneal metastasis on the abdominal
wall discovered at laparotomy. This patient had a PET
scan about 3 weeks prior to his exploration, and the
nodule was not detected.

& Patients 3, 4 and 5 had locally advanced disease
involving the trachea, aorta and the diaphragm, respec-
tively, that the CT scan had underestimated and hence
on account of locally advanced disease the tumours
were deemed unresectable. Hence at exploration, two
patients (2.06%) had truly metastatic disease, not picked
up on any form of preoperative imaging, while three
patients (3.09%) had locally advanced T4 disease.

Discussion

Curative surgery alone or in combination with chemother-
apy is the only definitive treatment for oesophageal cancer.
Selection of patients eligible for oesophagectomy relies on
accurate oesophageal cancer staging.17 Historically, CT
scanning has been the conventional imaging modality for
detection of distant metastatic disease with a diagnostic
sensitivity varying between 37–66%.19,20 A combination of
CT scan, EUS and MRI provides a combined accuracy of
70–90% for the detection of metastatic disease.21–25 In

approximately 25% of patients with oesophageal cancer,
“skip” metastasis present in distant lymph nodes may occur
in the absence of “more local” lymph nodes involvement.11

Metastatic disease is present in 20–30% of patients with
oesophageal cancer at initial evaluation;11 10–20% of
patients have metastatic disease discovered during explora-
tion for resectional surgery, rendering them inoperable at
the time of surgery.14,26 More recently, FDG-PET scanning
has evolved as an accepted technique in the staging of
malignancies including oesophageal cancer.11,22,27–29 18Flu-
orodeoxyglucose positron emission tomography scanning
provides physiologic information based on the altered
glucose metabolism in malignant tissues, thereby enabling
the diagnosis of cancer.28 Thus, the investigation is more
precise than the purely anatomic imaging (CT scans) and
PET scanning proves to be a useful complement to the
traditional staging modalities.30 Co-registration of PET and
CT images using PET/CT systems is more accurate than
PET alone for detecting radiographically occult distant
metastatic disease.31–33 In this study, FDG-PET scanning
obtained accurate loco-regional and distant staging, thereby
enable take more judicious treatment decisions and pre-
venting inappropriate surgery. FDG-PET scanning is not a
replacement CT scanning as primary staging modality in
oesophageal cancer. However, PET scanning can prove to
be a valuable supplementary investigation in detection of
M1 disease. In 18.26% of this cohort, detection of FDG
avid incidentalomas necessitated further investigations. On
the background of biopsy-proven oesophageal adenocarci-
noma, it was that assumed all of these lesions are metastatic
unless proven otherwise. For the detection of distant
metastatic disease in oesophageal cancer, PET scanning
has been reported to be more sensitive than CT.15 Thus,
routine PET scanning prevents unnecessary surgery due to
its ability to pick up silent and previously undetected
metastatic disease;11,13,33 3.85% of the patients in this series
had detection of distant metastatic disease with PET
scanning, not seen on CT scanning and thus avoided
inappropriate attempts at curative treatment. Approximately
one fifth (21.05%) of all “non-loco-regional” FDG hot
spots in our series were indeed metastatic disease. The
incidence of upstaging the disease based on PET findings
has been reported to be between 3 and 28%.13,26,33 Among
the remaining 15 patients, “independent synchronous
neoplastic incidentalomas” were picked up in 7.69%
patients (8/104). Metastatic regional lymphadenoapathy
not influencing course of treatment was detected in two
(1.92%) patients, while “truly non-significant” FDG avid
areas were present in four (3.84%) patients. Thus in 5.76%
of patients, although PET findings did not change or alter
the treatment strategies, significant resources and time were
spent on further investigation of these patients and thus
delaying definitive therapy. However, in one (0.96%)
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patient with a T2 gastroesophageal junctional tumour, FDG
avid nodes were picked up in the sub-carinal region and this
changed the tumour stage to N1 from N0. Although biopsy
confirmation of the nodes was not performed, this patient
received two cycles neoadjuvant cisplatin/5 FU chemother-
apy prior to Ivor Lewis oesophagectomy. Thus, FDG-PET
scanning influenced administration of neoadjuvant chemo-
therapy in 0.96% of our patient cohort. Regarding regional
lymph nodal staging, Siewert stated that the initial staging
of regional lymph nodes is less important because at the
moment there is no pre-therapeutic therapy stratification
based on lymph node category.34 Detection, staging and
appropriate treatment of the eight synchronous primary
neoplasms (Table 4) was an additional benefit obtained
during the staging process of these oesophageal adenocar-
cinomas. In the final analysis in 3.8% of patients the FDG-
PET findings were truly insignificant leading to increasing
investigations and delaying treatment. The incidence of
false-negative metastatic disease in this patient series was
2.88%. Therefore, the benefit of 3.84% (4/104) gained due
to identification of distant metastasis was partly reduced in
significance by its failure (2.88%) to prevent unnecessary
procedures in three patients. Failure of esophageal resection
in three patients due to unresectable local disease cannot be
attributed to a failure of FDG-PET scanning with regards to
optimum staging. There were no compelling criteria on CT
scan or PET scans in these patients that could have avoided
an attempt at curative resection. Thus in this study PET
scanning demonstrated a true positive rate (four of 104) of
3.84% while the false negative (three of 104) was 2.88%,
understaging the disease and failing to prevent an unnec-
essary surgical procedures. 18-F-fluorodeoxyglucose posi-
tron emission tomography (FDG-PET) has a high sensitivity
(70–90%) and specificity (90–100%) in detecting distant and
distant metastasis (M1);16,35,36 7.69% (eight of 104) of
patients had the benefit of their second primary cancers
being treated alongside their oesophageal cancer. While the
patient with prostatic cancer was treated with chemotherapy
and radiation only, the remainder of the patients had either
synchronous resection of their extraoesophageal primary
carried out along with the oesophagectomy. One patient
with lung cancer her a left upper lobectomy, followed by an
oesophagectomy 4 weeks later while patients with colonic
polyps had colonoscopic polypectomies. Van Westreenen
reported that FDG avid lesions that are interpreted as
metastases of the primary tumour may, in fact, reflect a 18F-
FDG avid lesion in an incidental synchronous tumour.15

Apart from providing improvising upon distant staging,
PET scanning by the virtue of obtaining whole body images
helps detect incidental asymptomatic synchronous neo-
plasms.11 The incidence of these synchronous neoplasms
has been reported at 1.5–5.5%.11,37–39 In their study, Agress
et al. found 71% of the detected abnormalities on FDG-PET

scanning were premalignant or malignant lesions and they
recommended aggressive follow-up in all such lesions.40 In
our present study, the incidence of premalignant or
malignant lesions among the detected abnormalities was
42.10% (8/19). Recommendations are that all such non-
loco-regional foci of FDG uptake should be optimally and
unhesitatingly investigated.11,37–39 In our cohort, colonic
incidentalomas were the commonest with 31.5% of FDG
abnormalities being due to FDG avid colonic lesions.
62.5% (5/8) of the incidental premalignant or synchronous
malignant lesions picked up in this cohort, was due to either
colonic polyps with low-grade dysplasia or invasive
adenocarcinoma of the colon. The incidence of colonic
cancer in our study was 2.88%. This is comparable to a
similar incidence detected by Zhuang et al. in their study at
2.5%.41 Zhuang et al. detected FDG uptake in the colon in
28.93% of their patients, when they performed FDG-PET
scanning as part of the investigation of pulmonary
nodules.41 In another publication on the subject 79% of
FDG avid colonic abnormalities were found to have
histological abnormalities on investigation.42 Both these
publications have advocated aggressive investigation of
incidentalomas detected on FDG-PET scanning.41,42 In a
series of publications, the incidence of colonic incidentalo-
mas detected on FDG-PET scanning has been variously
reported between 1.5% and 5.5%.38,39,43 In a series of
1,479 patients with esophageal cancers, undergoing FDG-
PET scanning the incidence of a second primary cancer was
10.5%.43 In another similar study with 366 patients of
oesophageal cancer, the incidence of synchronous neo-
plasms was 5.5% with 3.0% of the lesions being colonic
premalignant or malignant lesions.38 It was demonstrated
that the incidence of colonic polyps in individuals with
adenocarcinoma of the oesophagus was higher than in
patients with SCC of the oesophagus or even normal age
matched controls.44 In our study, no patient was denied
potentially curative treatment based purely on positive PET
findings. Each lesion was pursued to its diagnostic end and
histopathologic confirmation was obtained wherever possi-
ble. Based on these results, FDG-PET scanning had a
sensitivity of 57.14%, specificity of 84.53%, a positive
predictive value of 21.05%, a negative predictive value of

Table 5 Sensitivity, specificity, positive predictive value and negative
predictive value in PET scanning

M1 disease present M1 disease absent

18F-FDG-PET positive 4 (true positive) 15 (false positive) 19
18F-FDG-PET negative 3 (false negative) 82 (true negative) 85

7 97 104

Sensitivity=57.14%; specificity=84.53%; positive predictive value=
21.05%; negative predictive value=96.47%; accuracy=82.69%
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96.47% and an accuracy of 82.69%, in the detection of
distant metastasis in patients with oesophageal adenocarci-
noma (Table 5). In their study similar to ours, Gillies et al.
found additional PET/CT findings in 18.5% of patients.16

We found an increased incidence of false positives in our
study (78.94%). However out of these 15 patients, eight
were ultimately found to be second primary neoplasms,
which were appropriately treated. Of the remaining seven
patients, only four patients had non-specific FDG positivity
while three had lymph nodal disease (Table 2). In a
landmark prospective multi-institutional trial, the American
College of Surgeons Oncology Group Trial (Z0060),
showed an increased FDG positivity rate of 14.3%, leading
to detection of metastatic disease, thereby altering the
management algorithm.45 Van Westreenen in his study
demonstrated distant metastasis in 4.0% of patients while
the incidence of synchronous neoplasms was 3.5%.26 They
had a false-positive rate (7.5%) with a false-negative
rate of 4.5%.26 Based on these findings, they advocated
that FDG-PET scans should be more selectively used in
patients with advanced oesophageal cancer only. The
likelihood of detecting distant metastasis in early oeso-
phageal cancer was small and hence routine use of FDG-
PET scans therefore did not seem to be justified.26 A
similar approach was also advocated in two other
publications on the subject.33,46 However, in another
study Walker et al. showed PET/CT to be an ideal
supplementary investigation to EUS for complete stag-
ing.47 While the study confirmed that EUS was a superior
modality to PET/CT for loco-regional staging, PET/CT
was mandatory for M staging.47 Another recent study
confirmed the unquestionable benefit of PET-CT in the
primary staging of oesophageal cancer.48

The present study has inbuilt limitations of any retro-
spective study. A sample size of 104 may not be an
adequate sample to draw any firm objective conclusions.
Furthermore, almost all patients had an adenocarcinoma
involving the distal oesophagus and gastroesophageal
junction and therefore there was not much variability in
the disease pattern. Since we were quite aggressive in
giving neoadjuvant chemotherapy to any patient with
N1and/or T3 disease, we specifically did not rely upon
PET scanning to make treatment decisions in our patients
since EUS and CT scan are very reliable in helping us make
these decisions. Only 37 of the 97 patients who underwent
exploration did not receive neoadjuvant chemotherapy.
Hence, 61.3% of patients received chemotherapy based on
staging information obtained from the CT and EUS. The
number of patients in this study is small to draw any firm
conclusions on the role of PET scanning in the loco-
regional staging of oesophageal cancer and given the fact
that majority of patients were down-staged with neo-
adjuvant chemotherapy.

Conclusions

In this analysis, we specifically evaluated the role of the
FDG-PET scanning in the detection of distant metastatic
disease. From the results of this study, we believe that PET
scanning can be an invaluable supplementary investigation,
which can prove to be very cost-effective. More studies
involving larger number of patients would be required to
carefully examine the precise role of PET scanning in the
distant staging of oesophageal cancer while combined CT-
PET has great potential in accurately defining extent of
loco-regional nodal involvement.
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Abstract
Background/Objectives Preoperative nutritional status is associated with postoperative complications. Prealbumin, a
visceral protein, is sensitive to protein malnutrition. The objective of this study is to evaluate the role of preoperative
prealbumin levels as a marker for predicting complications after gastric surgery.
Methods An observational study was performed on 183 patients who underwent gastric surgery due to benign or malignant
gastric disease at Seoul National University Hospital (SNUH) between August 2009 and October 2010. Preoperative
prealbumin levels were also measured. Nutritional variables such as prealbumin (cutoff value, 18 mg/dL), albumin, body
mass index (BMI), and clinicopathologic data were collected. Postoperative hospital stay, 30-day complications and
mortality rate were obtained to investigate outcomes.
Results The complication rate was 52% in the abnormal prealbumin group (n=23) and 24% in the normal prealbumin group (n=
160; p=0.005). The complication rate was higher in patients with low preoperative albumin levels (<3.5 g/dL) and abnormal
BMI (<18.5 kg/m2), but the differences were not statistically significant. Comorbidity of diabetes mellitus (DM), resection extent,
combined resection, TNM stage and prealbumin levels were associated with complications. In multivariate analysis, DM and
combined resection were significantly correlated with complications (p=0.001 for each). In subgroup analysis, resection extent,
approach, combined resection, TNM stage, and prealbumin levels were significantly associated with infectious complications.
Multivariate analysis identified combined resection (p=0.001) and prealbumin levels (p=0.032) as independent variables.
Conclusions Preoperative prealbumin levels could be a useful marker for predicting complications, especially infectious
complications, after gastric surgery.

Keywords Prealbumin . Gastrectomy . Postoperative
complications
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LADG Laparoscopy-assisted distal gastrectomy
CT Computed tomography
PCD Percutaneous drainage
UGIS Upper gastrointestinal series

Introduction

The effects of preoperative nutritional status on clinical
outcomes have been well described. In the USA, 44
Veterans Affairs (VA) medical centers performed the
National VA Surgical Risk Study in order to develop a
risk-adjusted model to predict postoperative outcomes in
major non-cardiac operations between October 1991 and
December 1993.1,2 In this study, the effects of various
preoperative, operative, and postoperative parameters on
postoperative outcomes were analyzed, and preoperative
albumin levels were identified to be the best predictor of
postoperative morbidity and mortality. The Centers for
Disease Control and Prevention guidelines suggest that
malnutrition and obesity (weight≥20% of ideal body
weight) could be risk factors for surgical site infection, a
major postoperative complication.3

Various nutritional parameters, including visceral pro-
teins, as well as anthropometric parameters and immuno-
competence have been clinically used to evaluate the
degree of risk of malnutrition.4 In addition, various
nutritional assessment and screening tools, such as subjec-
tive global assessment (SGA), detailed nutrition assessment
(DNA), and nutrition risk screening (NRS) 2002, have been
introduced.5,6 Many studies have been performed to
determine nutritional parameters that highly correlate with
clinical outcomes. Nutritional assessment parameters—such
as albumin7,8 and weight loss9—and tools, such as NRS
200210 and Seoul National University Hospital-Nutrition
Screening Index,11 have been identified to significantly
correlate with clinical outcomes.

Visceral proteins frequently used in clinical practice
include albumin, prealbumin, and transferrin. Unlike
subjective nutritional assessment performed by nutrition
experts, visceral protein test results can be quickly and
easily evaluated. According to the criteria of the American
Dietetic Association for establishing a diagnosis of malnu-
trition, body weight is associated with energy malnutrition,
whereas serum albumin levels are associated with protein
malnutrition.12 It has been reported that serum albumin
correlates with clinical outcomes in medical and surgical
patients.7,8,13 However, the sensitivity of albumin can be
reduced in acute protein malnutrition because of a large
body pool and a long half-life (20 days).14

Prealbumin is a rapid-turnover protein, and has a
much shorter half-life (2 days) than albumin. Prealbu-

min is assumed to be a better indicator of protein
nutrition than albumin because it contains a high
percentage of essential amino acids such as tryptophan.
In addition, prealbumin levels rapidly decrease in
patients with pre-kwashiorkor or early marasmus.14

Devoto et al.15 have demonstrated that prealbumin has a
high sensitivity and specificity compared to nutritional
assessment tools such as DNA, SGA and Prognostic
Inflammatory and Nutritional Index score. It has been
suggested that prealbumin, as a single parameter, is useful
for evaluating protein energy malnutrition.

Preoperative nutritional support is known to be
effective for moderate-to-severe malnutrition.16,17 Post-
operative complications are significantly decreased by
nutritional support after gastrointestinal surgery.18 Disco-
vering nutritional markers associated with postoperative
complications would allow us to improve clinical outcomes
by nutritional support of selected patients with nutritional
risk.16

The objectives of this study are to investigate the
usefulness of prealbumin levels as a predictor of postoper-
ative complications and to compare it with other nutritional
parameters such as serum albumin and body mass index
(BMI) frequently used in clinical practice and to assess
clinicopathologic factors that can affect postoperative
complications.

Material and Methods

The study subjects were patients who underwent gastric
surgery due to benign or malignant gastric disease at Seoul
National University Hospital (SNUH) between August
2009 and October 2010 and whose preoperative prealbumin
levels were measured. We prospectively collected the
clinical data of 183 such patients. The following patients
having factors that could be affected preoperative
prealbumin levels were excluded from the study: (1)
those with acute or chronic inflammation; laboratory
abnormalities (C-reactive protein elevation, abnormal
numbers of leukocyte) and/or clinical symptoms or
signs suggestive of inflammation; (2) those with severe
liver disease, Child-Pugh class B or C, and (3) those
who received corticosteroid therapy.

Baseline characteristics, operation, and disease-related
factors were collected. Gastric cancer patients were classi-
fied based on the seventh edition of the Union for
International Cancer Control/American Joint Cancer Com-
mittee (UICC/AJCC) TNM staging system.19 We investi-
gated comorbidities, such as hypertension, heart disease,
pulmonary disease, renal disease, liver disease, diabetes
mellitus (DM), cerebrovascular disease, and other cancers.
DM is reported to correlate well with surgical site infec-
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tion,20 and thus DM patients were classified into subgroups.
DM was defined according to the 2011 standards of
medical care in diabetes recommended by the American
Diabetes Association.21

We collected information on weight changes before
surgery, and nutritional parameters including BMI at
admission, the most recent albumin level before surgery
(up to 30 days), the most recent prealbumin level before
surgery (from 2 days before surgery to the day of
surgery) and prealbumin levels within 7 days of surgery
(early [2–4 days after surgery] and late [5–7 days after
surgery]).

The 30-day mortality rate, 30-day postoperative
complications, and postoperative hospitalization dura-
tion were included as outcome variables. The defini-
tions of postoperative complications are shown in
Table 1. Overall complications were analyzed, and
subgroup analysis was also performed on infectious
complications.

The chi-square test and Fisher's exact test were used
to determine the correlation between postoperative
complications and variables. In multivariate analysis, a
logistic regression model (stepwise) was used. A p value
of <0.05 was considered to be statistically significant.

Variables with a p value of <0.05 in the univariate
analyses were assigned in the multivariate analysis. The
ROC curve was used to obtain the cutoff value of
prealbumin levels with a high sensitivity and specificity
capable of predicting overall complications. The t test
was used to compare the mean of prealbumin levels.
Statistical analyses were performed using SPSS version
17.0.

This study was passed through the deliberations of the
SNUH Institutional Review Board (IRB no. H-1007-027-
322). All of authors have no actual or potential conflict of
interest.

Results

Baseline Characteristics

This study included 1,029 patients who underwent gastric
surgery due to benign or malignant gastric disease at SNUH
between August 2009 and October 2010. Of these patients,
183 underwent measurement of preoperative prealbumin
levels. The mean age of the patients was 59.3±12.3 years,
and the number of patients was greater in males. The

Table 1 Definitions of postoperative complications

Complications Definitions

Infectious
complications

Wound complications Seroma, hematoma, dehiscence, evisceration of surgical wound, wound infection requiring
wound repair

Intra-abdominal fluid
collection/abscess

Confirmed by abdominal ultrasonography or computed tomography (CT)

Requiring percutaneous drainage (PCD) or antibiotic therapy

Anastomosis leakage,
fistula

Drainage of intestinal content or leakage in upper gastrointestinal series (UGIS)

Fistula confirmed by fistulogram

Pancreatitis Confirmed by serum amylase and CT

Cholangitis Confirmed by liver function test and CT

Pulmonary infection Pneumonia, bronchiolitis, etc.

Urinary tract infection Confirmed by urine culture

Bacteremia, sepsis Confirmed by blood culture

Non-infectious
complications

Bleeding Requiring transfusion or intervention (angiography, reoperation)

Intestinal obstruction No gas passage or other symptoms suspected intestinal obstruction, the findings of suspected
mechanical obstruction on abdominal radiograph

Ileus Vomiting during meals after surgery or difficulty with diet progression, the findings
of suspected paralytic obstruction on abdominal radiograph

Anastomosis stenosis Anastomotic stenosis confirmed by gastrofibroscopy or UGIS, requiring intervention

Pulmonary complications Atelectasis, pneumothorax, pleural effusion, respiratory failure requiring PCD or mechanical
ventilator support

Renal complications Acute renal failure

Hepatic complications Hepatic dysfunction

Cardiac complications Myocardial infarction, heart failure, arrhythmia, cardiac arrest

Endocrine complications Diabetes inspidus, diabetic ketoacidosis, syndrome of inappropriate secretion of anti-diuretic
hormone

Neurovascular disorders Cerebrovascular accident, deep vein thrombosis, pulmonary embolism
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number of patients with gastric cancer was 168 (91.8%).
Patients who had at least one underlying disease accounted
for 44.3% of all patients. Of these patients, 10.9% had DM.
The majority (82.5%) of patients underwent subtotal
gastrectomy (STG), whereas 9.8% underwent total gastrec-

tomy (TG), and the remaining patients underwent wedge
resection or gastrojejunostomy. Patients with gastric cancer
underwent D1+β or D2 lymph node dissection, and those
with other diseases underwent limited lymph node dissec-
tion. Of the patients with gastric cancer, 76.8% had TNM
stage I–II tumors, and 23.2% had stage III–IV tumors.
Other information about the baseline characteristics of
subjects is shown in Table 2.

Distribution of Nutritional Markers

We investigated BMI as an anthropometric parameter as well
as visceral proteins, including albumin and prealbumin, as a
nutritional marker. The distribution of each nutritional
marker is shown in Fig. 1. BMI less than 18.5 kg/m2 was
found in 6.6% (12/183) of patients, and BMI 30 kg/m2 or
more (obesity) was found in 5.5% (10/183). The number of
patients with albumin test results within 30 days before
surgery was 145, and hypoalbuminemia (less than 3.5 g/dL)
was found in 7.6% (11/145) of patients. Prealbumin levels
less than 18 mg/dL were observed in 12.6% (23/183) of
patients.

The mean±S.D. of BMI was 23.56±3.551 kg/m2. The
mean±S.D. of prealbumin level was 26.97±8.330 mg/dL
and the mean±S.D. of albumin level was 4.09±0.446 g/dL
(median, 4.2 g/dL).

Surgical Outcomes

The 30-day postoperative mortality rate was 0% (0/
183). The postoperative complications during the last
30 days are shown in Table 3. The overall complication
rate was 27.9% (51/183). Among postoperative compli-
cations, wound complications were most common, fol-
lowed by intra-abdominal fluid collection/abscess,
anastomosis stenosis, and pulmonary complications.
Infectious complications, which occurred, included intra-
abdominal infection, pneumonia, bronchiolitis, pancreati-
tis, and cholangitis, in addition to two cases before sepsis.

Fig. 1 Distribution of nutritional markers. a BMI, b albumin, c prealbumin

Table 2 Baseline characteristics (n=183)

Variables Number (%)

Age (mean±S.D.) 59.3±12.3 years (range 25–85 years)

Gender (male/female) 131:52

Diagnosis Gastric cancer 168 (91.8%)

Gastrointestinal stromal tumor 13 (7.1%)

Othersa 2 (1.1%)

Comorbidity ≥1b 81 (44.3%)

DM 20 (10.9%)

BMI ≥18.5 kg/m2 171 (93.4%)

<18.5 kg/m2 12 (6.6%)

Operation name STG 151 (82.5%)

TG 18 (9.8%)

Wedge resection 12 (6.6%)

Gastrojejunostomy 2 (1.1%)

Approach Open surgery 103 (56.3%)

Laparoscopic surgery 80 (43.7%)

Combined resection No 162 (88.5%)

Yesc 21 (11.5%)

Radicality (n=182) R0 173 (95.1%)

R1 and R2 9 (4.9%)

Gastric cancer I 110 (65.5%)

TNM staged (n=168) II 19 (11.3%)

III 33 (19.6%)

IV 6 (3.6%)

a One carcinoid tumor and one duodenal ulcer
b Hypertension, heart disease, pulmonary disease, renal disease, liver
disease, DM, cerebrovascular disease, and other cancers
c Eight gallbladder, four spleen, four spleen and pancreas, and five
others
d Seventh UICC/AJCC TNM staging system
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Postoperative hospital stays ranged from 5 to 44 days
(median, 7 days). The median of postoperative hospital
stay was 7 days in patients without complications and
12 days in those with.

Factors Affecting Postoperative Complications

Cross-analyses were performed to determine the factors
affecting postoperative complications, and the results are

Table 4 Factors affecting postoperative complications: overall and infectious complications (univariate)

Variables Overall complications Infectious complications

Percent, % (no./total no.) P value Percent, % (no./total no.) P value

Age (years) <65 23.5 (27/115) 0.085 17.4 (20/115) 0.313
≥65 35.3 (24/68) 23.5 (16/68)

Gender Male 26.7 (35/131) 0.581 18.3 (24/131) 0.465
Female 30.8 (16/52) 23.1 (12/52)

Comorbidity of DM No 23.3 (38/163) <0.001* 17.8 (29/163) 0.078
Yes 65.0 (13/20) 35.0 (7/20)

Operation name (resection extent) STG 26.5 (40/151) 0.038* 18.5 (28/151) 0.028*
TG 50.0 (9/18) 44.4 (8/18)

Approach Open surgery 33.0 (34/103) 0.078 25.2 (26/103) 0.031*
Laparoscopic surgery 21.3 (17/80) 12.5 (10/80)

Combined resection No 23.5 (38/162) <0.001* 15.4 (25/162) <0.001*
Yes 61.9 (13/21) 52.4 (11/21)

TNM stage I–II 25.6 (33/129) 0.031* 17.8 (23/129) 0.039*
III–IV 43.6 (17/39) 33.3 (13/39)

BMI (kg/m2) ≥18.5 26.9 (46/171) 0.320 19.9 (34/171) 1.000
<18.5 41.7 (5/12) 16.7 (2/12)

Preoperative albumin (g/dL) ≥3.5 23.1 (31/134) 0.141 14.9 (20/134) 0.085
<3.5 45.5 (5/11) 36.4 (4/11)

Preoperative prealbumin (mg/dL) ≥18 24.4 (39/160) 0.005* 16.3 (26/160) 0.005*
<18 52.2 (12/23) 43.5 (10/23)

*p<0.05

Table 3 Surgical outcomes: 30-day postoperative complications

Complications Number Percent, %

Infectious complications Wound complications 18 9.8

Intra-abdominal fluid collection/abscess 11 6.0

Pulmonary infection 6 3.3

Sepsis 2 1.1

Pancreatitis 1 0.5

Cholangitis 1 0.5

Other infection (thrombophlebitis) 1 0.5

Non-infectious complications Anastomosis stenosis 9 4.9

Bleeding (intra-abdominal, intraluminal) 5 2.7

Ileus 4 2.2

Anastomosis leakage 4 2.2

Pulmonary complications (atelectasis, pleural effusion) 3 1.6

Obstruction 2 1.1

Hepatic complication (hepatic artery thromboembolism and liver enzymes elevation) 1 0.5

Cardiac complications (ST segment elevation myocardial infarction) 1 0.5

Total 69

Overall complication rate 51/183 27.9

Infectious complication rate 36/183 19.7
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shown in Table 4. The complication rate was 52% in the
abnormal prealbumin group (n=23) and 24% in the normal
prealbumin group (n=160) (p=0.005). The complication rate
was higher in patients with low preoperative albumin levels
(<3.5 g/dL) and abnormal BMI (<18.5 kg/m2), but the
differences were not statistically significant. As for complica-
tions, DM, resection extent, combined resection, TNM stage,
and preoperative prealbumin level had statistically significant
correlation with postoperative complications in univariate
analysis. The complication rate was higher in elderly patients
(≥65 years) or in patients who underwent open surgery, but
the differences were not statistically significant.

Five variables significant in the univariate analysis with
complications were assigned in the multivariate analysis. In
logistic regression analysis, comorbidity of DM (p=0.001;
OR, 6.521) and combined resection (p=0.001; OR, 6.521)
were significantly correlated with complications (Table 5).

Subgroup analysis of infectious complications was per-
formed in the same way. As for infectious complications,
resection extent, approach, combined resection, TNM stage,
and preoperative prealbumin levels were associated with
infectious complications in univariate analysis (p<0.05;
Table 4). The complication rate was higher in DM patients
and patients with low preoperative albumin levels (<3.5 g/
dL), but the differences were not statistically significant.

Five variables significant in the univariate analysis with
infectious complications were assigned in the multivariate
analysis. Multivariate logistic regression analysis identified
combined resection (p=0.001; OR, 5.720) and low preop-

erative prealbumin level (p=0.032; OR, 2.996) as indepen-
dent variables for the development of postoperative
infectious complications (Table 5).

Prealbumin showed a higher sensitivity than albumin for
predicting overall complications (0.235 vs. 0.139) and
infectious complications (0.278 vs. 0.167) (Table 6). Both
visceral proteins showed good specificities.

Change of Prealbumin Levels

Prealbumin levels were gradually reduced from preopera-
tive levels to early postoperative (2–4 days after surgery)
and late postoperative (5–7 days after surgery) levels. In
patients with complications, the mean of preoperative
prealbumin levels were lower, and the postoperative
reduction rates were higher (Fig. 2).

Discussion

In the USA, the National VA Surgical Risk Study was
performed to develop a risk-adjusted model for predicting
postoperative outcomes, and preoperative albumin levels were
the best predictor of postoperative morbidity and mortality.1,2

Additional analysis was performed by Gibbs et al.7 using the
albumin database. Preoperative albumin levels most signifi-
cantly correlate with 30-day postoperative mortality and
morbidity rates. Subgroup analysis performed in terms of
general surgery, thoracic surgery, and orthopedic surgery

Table 5 Factors affecting postoperative complications: overall and infectious complications (multivariate)

Variables Overall complications Variables Infectious complications

P value OR 95% CI P value OR 95% CI

Combined resection 0.001* 6.521 2.220–19.151 Combined resection 0.001* 5.720 2.029–16.127
Yes Yes

Comorbidity 0.001* 6.521 2.220–19.151 Preoperative prealbumin
<18 mg/dL

0.032* 2.996 1.096–8.188
DM

Preoperative prealbumin
<18 mg/dL

0.192 2.007 0.705–5.715 TNM stage
III–IV

0.508 1.377 0.533–3.559

TNM stage
III–IV

0.412 1.460 0.591–3.609 Operation name
TG

0.642 1.367 0.366–5.102

Operation name
TG

0.869 0.892 0.229–3.475 Approach 0.837 1.102 0.438–2.773
Open surgery

*p<0.05

Table 6 Comparison of preal-
bumin and albumin Overall complications Infectious complications

Sensitivity Specificity Sensitivity Specificity

Prealbumin 0.235 (12/51) 0.917 (121/132) 0.278 (10/36) 0.912 (134/147)

Albumin 0.139 (5/36) 0.945 (103/109) 0.167 (4/24) 0.942 (114/121)
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showed that albumin-based prediction was most accurate in
general surgery. Kudsk et al.8 reported that preoperative
albumin levels have inverse relationships with clinical
outcomes such as postoperative complications, hospital stay,
and mortality in gastrointestinal surgery patients.

In our study, among nutritional parameters, prealbumin
levels were the only significant variable that correlated
significantly with postoperative complications, but albumin
levels had no significant correlation. These results are different
from those of previous studies.7,8 The results could be
influenced by the different classifications of clinically mean-
ingful malnutrition. Although lower cutoff values (less than
3.0 g/dL) have been used in previous studies,22 albumin cutoff
values for predicting surgical outcomes have not yet been
established. In previous investigators,4,12,14 serum albumin
levels of >3.5 g/dL have been regarded as well nourished.
Therefore, our study used an albumin cutoff value of 3.5 g/dL.
In our study, the number of patients whose preoperative
albumin levels were less than 3.0 g/dL was only 2 (1.4%) and
thus it is difficult to identify significant correlations with
albumin levels and postoperative complications.

The reason for the low frequency of hypoalbuminemia may
be that serum albumin levels remained relatively constant
because the degeneration rate is proportional to the size of the
extravascular pool and that albumin levels do not fully reflect
short-term malnutrition.23 Prealbumin may be used as a
marker with a higher sensitivity for screening patients at high
risk of malnutrition. In our study, prealbumin showed a higher
sensitivity than albumin for predicting surgical complications.
Abnormal preoperative prealbumin levels (<18 mg/dL) could
be regarded as a risk factor of surgical complications.

The synthesis of prealbumin is decreased in severe liver
disease. Prealbumin can be decreased in patients with inflam-
mation but increased in those with corticosteroid therapy.14 In
our study, exclusion criteria were established in order to rule
out these effects and to improve the reliability of the results.

Previous studies of prealbumin were conducted mainly
in patients with renal diseases or critically ill patients.

These studies commonly reported mortality correlated with
prealbumin.24,25 However, studies in surgical patients have
been rare. One study with Brazilian elderly patients, who
underwent a major elective surgery, reported that prealbu-
min levels had the most significant correlation with
postoperative mortality and complications in multivariate
analysis which included visceral proteins, anthropometric
parameters, and immunocompetence.26 Also, it has been
reported that postoperative complication rates are signifi-
cantly higher in ovarian cancer patients with prealbumin
levels of <18 mg/dL who underwent cytoreductive sur-
gery.27 However, these two studies did not eliminate the
effects of surgery itself or clinicopathologic factors such as
comorbidity and severity of disease.

Ryan et al.9 have proposed that a weight loss of ≥10%
before surgery is the only independent predictor of postope-
rative complications on multivariate analysis, considering the
impact of tumor site, morphology, operation type, and
comorbidity with many nutritional parameters, such as BMI,
SGA, and albumin. Since most subjects in our study were
asymptomatic at diagnosis, the frequency of significant weight
loss before surgery was relatively low. In addition, most
subjects were within normal limits of BMI and the number of
patients with an abnormal BMI did not seem to be enough to
identify the effect of BMI on postoperative complications.

Gibbs et al.7 investigated 21 complications. They found that
major infectious complications, such as deep wound infection,
pneumonia, and systemic sepsis, significantly correlate with
albumin levels. In our study, the incidence of infectious
complications, such as wound infection, intra-abdominal
abscess, and pneumonia, was relatively high, and there were
two cases of sepsis. Our high incidence of infectious
complications was similar to the results of previous studies.7

Besides nutritional markers, many clinicopathologic and
operation-related variables could also affect postoperative
outcomes. In a study by Park et al.28, age (>50 years),
combined resection, and Billroth II reconstruction are
identified as independent prognostic factors of postopera-

Fig. 2 Changes in prealbumin
levels (mean, milligrams per
deciliter). a overall complica-
tions, b infectious complica-
tions. p*=0.010, p**<0.001,
p†=0.011, p††=0.001
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tive complications in gastric cancer patients. In cases of
Billroth II reconstruction, surgical complications, such as
ileus and obstruction, occurred frequently. A previous
multicenter study identified comorbidity as the most
important risk factor of postoperative complications in
patients who underwent laparoscopy-assisted distal gastrec-
tomy (LADG).29 Kim et al.30 investigated underlying
diseases in patients who underwent LADG. They found
that the patients with combined pulmonary comorbidity had
significantly higher postoperative complications, especially
pulmonary complications. DM is correlated with surgical
site infection.20 In our study, combined resection and
comorbidity of DM were significantly correlated with overall
complications. The complication rate was higher in elderly
patients, without any statistical significance. In analysis of
infectious complications, combined resection and low preop-
erative prealbumin levels were identified as independent
factors. As with previous studies, nutritional status was found
to be related to infectious complications, and prealbumin
could be used as a predictor based on our results.

In a recent study of postoperative changes in rapid-
turnover proteins (prealbumin, transferrin, and retinol-
binding protein) in elective gastrointestinal surgery, the
serum prealbumin levels decreased 3 days after surgery,
gradually increased and returned to approximately 80% of
preoperative values on the 14th postoperative day.31 In our
study, early postoperative prealbumin levels decreased
approximately 50% of preoperative values, and early and
late postoperative prealbumin levels were significantly
lower in patients with complications. Postoperative changes
in prealbumin levels may be affected by preoperative
nutritional status, as well as the surgical procedure, clinical
course, and postoperative nutrition support.31,32

In our study, the total number of study patients was 183,
and there were much fewer patients with abnormal prealbu-
min levels (n=23) than normal subjects (n=160). This may
be a limitation of our study. However, the proportion of
abnormal prealbumin was higher than that of albumin. When
only gastric surgery patients are analyzed, the homogeneity
of the sample patients could be obtained as compared to
previous studies in gastrointestinal surgery patients.

Taken together, preoperative prealbumin levels showed a
higher sensitivity for screening patients at risk of malnutri-
tion than albumin and BMI. Unlike albumin and BMI,
prealbumin was significantly correlated with postoperative
complications. The results of this study suggest that
preoperative prealbumin levels may be a useful marker for
predicting surgical complications, especially infectious
complications in patients undergoing gastric surgery.

Disclosure All authors have no conflict of interest.

References

1. Khuri SF, Daley J, Henderson W, Hur K, Gibbs JO, Barbour G,
Demakis J, Irvin G 3rd, Stremple JF, Grover F, McDonald G,
Passaro E Jr, Fabri PJ, Spencer J, Hammermeister K, Aust JB.
Risk adjustment of the postoperative mortality rate for the
comparative assessment of the quality of surgical care: results of
the National Veterans Affairs Surgical Risk Study. J Am Coll Surg
1997;185:315–327.

2. Daley J, Khuri SF, Henderson W, Hur K, Gibbs JO, Barbour G,
Demakis J, Irvin G 3rd, Stremple JF, Grover F, McDonald G,
Passaro E Jr, Fabri PJ, Spencer J, Hammermeister K, Aust JB,
Oprian C. Risk adjustment of the postoperative morbidity rate for
the comparative assessment of the quality of surgical care: results
of the National Veterans Affairs Surgical Risk Study. J Am Coll
Surg 1997;185:328–340.

3. Mangram AJ, Horan TC, Pearson ML, Silver LC, Jarvis WR.
Guideline for prevention of surgical site infection 1999. The
Hospital Infection Control Practices Advisory Committee. Infect
Control Hosp Epidemiol 1999;20:247–278.

4. RussellMerritt. The A.S.P.E.N. nutrition support practice manual. 2nd
ed. Silver Spring, MD, USA: A.S.P.E.N., 2005, pp 3–26, 259–262.

5. Anthony PS. Nutrition screening tools for hospitalized patients.
Nutr Clin Pract 2008;23:373–382.

6. Thomas DR. Nutrition assessment in long-term care. Nutr Clin
Pract 2008;23:383–387.

7. Gibbs J, Cull W, Henderson W, Daley J, Hur K, Khuri SF.
Preoperative serum albumin level as a predictor of operative
mortality and morbidity: results from the National VA Surgical
Risk Study. Arch Surg 1999;134:36–42.

8. Kudsk KA, Tolley EA, DeWitt RC, Janu PG, Blackwell AP, Yeary
S, King BK. Preoperative albumin and surgical site identify
surgical risk for major postoperative complications. J Parenter
Enteral Nutr 2003;27:1–9.

9. Ryan AM. Healy LA, Power DG, Rowley SP, Reynolds JV. Short-
term nutritional implications of total gastrectomy for malignancy,
and the impact of parenteral nutritional support. Clin Nutr
2007;26:718–727.

10. Schiesser M, Müller S, Kirchhoff P, Breitenstein S, Schäfer M,
Clavien PA. Assessment of a novel screening score for nutritional
risk in predicting complications in gastrointestinal surgery. Clin
Nutr 2008;27:565–570.

11. Kim Y, Kim WG, Lee HJ, Park MS, Lee YH, Cho JJ, Kong SH,
Yang HK. Impact of malnutrition risk determined by nutrition
screening index on operative morbidity after gastric cancer
surgery. J Korean Surg Soc 2011;80:1–9.

12. Funk KL, Ayton CM. Improving malnutrition documentation
enhances reimbursement. J Am Diet Assoc 1995;95:468–475.

13. Fuhrman MP, Charney P, Mueller CM. Hepatic proteins and
nutrition assessment. J Am Diet Assoc 2004;104:1258–1264.

14. Mary L. Basic skills in interpreting laboratory data. 3rd ed.
Bethesda, MD, USA: ASHP, 2004, pp 326–327.

15. Devoto G, Gallo F, Marchello C, Racchi O, Garbarini R, Bonassi
S, Albalustri G, Haupt E. Prealbumin serum concentrations as a
useful tool in the assessment of malnutrition in hospitalized
patients. Clin Chem 2006;52:2281–2285.

16. Howard L, Ashley C. Nutrition in the perioperative patient. Annu
Rev Nutr 2003;23:263–282.

17. Braga M, Ljungqvist O, Soeters P, Fearon K, Weimann A,
Bozzetti F. ESPEN guidelines on parenteral nutrition: surgery.
Clin Nutr 2009;28:378–386.

18. Bozzetti F, Gianotti L, Braga M, Di Carlo V, Mariani L.
Postoperative complications in gastrointestinal cancer patients:
the joint role of the nutritional status and the nutritional support.
Clin Nutr 2007;26:698–709.

J Gastrointest Surg (2011) 15:2136–2144 2143



19. Leslie S, Mary G, Christian W. TNM classification of malignant
tumours. 7th ed. Geneva, Switzerland: UICC International Union
Against Cancer, 2009.

20. Malone DL, Genuit T, Tracy JK, Gannon C, Napolitano LM.
Surgical site infections: reanalysis of risk factors. J Surg Res
2002;103:89–95.

21. American Diabetes Association. Standards of medical care in
diabetes–2011. Diabetes Care 2011;34:S11-S61.

22. Rey-Ferro M, Castaño R, Orozco O, Serna A, Moreno A.
Nutritional and immunologic evaluation of patients with gastric
cancer before and after surgery. Nutrition 1997;13:878–881.

23. Spiekerman AM. Nutritional assessment (protein nutriture). Anal
Chem 1995;67:429R-436R.

24. Devakonda A, George L, Raoof S, Esan A, Saleh A, Bernstein
LH. Transthyretin as a marker to predict outcome in critically ill
patients. Clin Biochem 2008;41:1126–1130.

25. Rambod M, Kovesdy CP, Bross R, Kopple JD, Kalantar-Zadeh K.
Association of serum prealbumin and its changes over time with
clinical outcomes and survival in patients receiving hemodialysis.
Am J Clin Nutr 2008;88:1485–1494.

26. Dos Santos Junqueira JC, Cotrim Soares E, Rodrigues Corrêa
Filho H, Fenalti Hoehr N, Oliveira Magro D, Ueno M. Nutritional
risk factors for postoperative complications in Brazilian elderly
patients undergoing major elective surgery. Nutrition 2003;19:321–
326.

27. Geisler JP, Linnemeier GC, Thomas AJ, Manahan KJ. Nutritional
assessment using prealbumin as an objective criterion to deter-
mine whom should not undergo primary radical cytoreductive
surgery for ovarian cancer. Gynecol Oncol 2007;106:128–131.

28. Park DJ, Lee HJ, Kim HH, Yang HK, Lee KU, Choe KJ.
Predictors of operative morbidity and mortality in gastric cancer
surgery. Br J Surg 2005;92:1099–1102.

29. Kim MC, Kim W, Kim HH, Ryu SW, Ryu SY, Song KY, Lee HJ,
Cho GS, Han SU, Hyung WJ. Korean Laparoscopic Gastrointes-
tinal Surgery Study (KLASS) Group. Risk factors associated with
complication following laparoscopy-assisted gastrectomy for
gastric cancer: a large-scale Korean multicenter study. Ann Surg
Oncol 2008;15:2692–2700.

30. Kim W, Song KY, Lee HJ, Han SU, Hyung WJ, Cho GS. The
Impact of comorbidity on surgical outcomes in laparoscopy-
assisted distal gastrectomy. A retrospective analysis of multicenter
results. Ann Surg 2008;248:793–799.

31. Mizutani M, Yamamoto T, Oka R, Otsu N, Nakagawa Y,
Tominaga M, Kimura W. Post operative changes of rapid turnover
proteins in elective gastrointestinal surgery. Hepatogastroenterol-
ogy 2009;56:167–173.

32. Nakamura K, Moriyama Y, Kariyazono H, Hamada N, Toyohira
H, Taira A, Yamada K. Influence of preoperative nutritional state
on inflammatory response after surgery. Nutrition 1999;15:834–
841.

2144 J Gastrointest Surg (2011) 15:2136–2144



ORIGINAL ARTICLE

Different Features of Complications with Billroth-I
and Roux-en-Y Reconstruction After Laparoscopy-Assisted
Distal Gastrectomy

Koshi Kumagai & Naoki Hiki & Souya Nunobe & Xiaohua Jiang & Takeshi Kubota &

Susumu Aikou & Ryohei Watanabe & Shinya Tanimura & Takeshi Sano &

Yuko Kitagawa & Toshiharu Yamaguchi

Received: 26 May 2011 /Accepted: 7 September 2011 /Published online: 24 September 2011
# 2011 The Society for Surgery of the Alimentary Tract

Abstract
Background This study investigated differences in the features of postoperative complications between Billroth-I
(B-I) and Roux-en-Y (R-Y) reconstructions after laparoscopy-assisted distal gastrectomy (LADG) for early gastric
cancer.
Material and methods The study included 424 patients who underwent LADG for cT1, cN0 gastric cancer. Patient
characteristics, surgical outcomes, postoperative complications including severity assessment using the Clavien–Dindo
classification, and risk factors related to postoperative complications were analyzed.
Results B-I and R-Y were performed in 329 and 95 patients, respectively. Total time in hospital was longer in R-Y (15.2±
10.5 days) than in B-I (12.8±6.4 days; P=0.034). The incidence of severe complications was higher in R-Y (13.7%) than in
B-I (5.2%; P=0.009). Three cases of internal hernia and three cases of duodenal stump leakage were observed in R-Y.
Univariate analysis revealed the method of reconstruction was a risk factor for severe postoperative complications after
LADG (P=0.006).
Conclusions The features of postoperative complications are quite different between B-I and R-Y after LADG.
Complications after R-Y were more severe than those after B-I. To avoid these severe complications in R-Y, it is necessary
to understand these different features.

Keywords Laparoscopy-assisted distal gastrectomy .

Postoperative complication . Billroth-I . Roux-en-Y.

Reconstruction

Introduction

In Asian countries, such as Korea and Japan, early gastric
cancer (EGC) has accounted for approximately 40% to 60%
of gastric cancers because of advances in diagnostic
techniques and the increasing prevalence of screening
programs. Distal gastrectomy is the standard treatment for
EGC located in the middle or lower stomach in surgical
cases.

After distal gastrectomy, three reconstruction methods
are mainly used—Billroth-I (B-I), Billroth-II (B-II), and
Roux-en Y (R-Y). In Japan, B-II is not often performed
because of possible inflammation and carcinogenesis of the
remnant stomach caused by regurgitation of duodenal
juice.1–3 Some authors have reported the merits and
demerits of the different surgical procedures and the
difference in the postoperative course between B-I and R-Y
in conventional open distal gastrectomy.2,4,5 The main
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difference between these two reconstruction methods is that
B-I has a single anastomotic site while R-Y has two
anastomotic sites and an additional duodenal stump accom-
panied by mesenteric transection. A higher rate of anasto-
motic insufficiency has been reported in B-I compared with
R-Y,2 while both internal herniation through the transected
mesentery and mesocolon, and duodenal stump leakage are
particular complications after R-Y.4,6,7

In recent years, laparoscopy-assisted distal gastrectomy
(LADG) has been performed in Asian countries as a
treatment method for EGC.6,8–10 Anastomosis is a difficult
procedure in LADG because it is performed through a small
incision by laparoscopy. In addition, the most frequent
postoperative complications in LADG are considered to be
anastomosis-related issues, such as anastomotic leakage,
stenosis, and bleeding.7 Although some studies have
compared postoperative outcomes of B-I and R-Y after
LADG, the different characteristics of these complications
have not been previously discussed.4,8–10

In this study, we examined the differences in the features of
complications of LADG between R-Yand B-I. The severity of
all complications was assessed by the Clavien–Dindo classi-
fication of surgical complications,11,12 and risk factors related
to complications were analyzed.

Material and Methods

Patient Characteristics

From April 2005 to July 2009, 424 patients with EGC
underwent LADG with curative intent in the Department of
Gastrointestinal Surgery at The Cancer Institute Hospital,
Tokyo, Japan. For each patient, surgery was either performed
or supervised by one of two experts in laparoscopic surgery. In
our institution, B-I is selected for cancer located in the middle
or lower third of the stomach and R-Y is selected for cancer
located in the middle or upper third of the stomach.

Clinical classification of tumor depth (cT) and nodal
involvement (cN) was determined by preoperative evalua-
tions, including barium radiography, upper gastrointestinal
tract endoscopy, computed tomography, and endoscopic
ultrasonography. All tumors were diagnosed histologically
as adenocarcinomas. Preoperatively diagnosed intramucosal
or submucosal carcinoma without lymph node metastasis
(cT1, cN0) in the lower, middle, and part of the upper third
of the stomach was suitable for LADG.

The following parameters were recorded: patient age and
gender, body mass index (BMI), tumor characteristics, opera-
tion time, estimated intraoperative blood loss, postoperative
complications, length of postoperative hospital stay including
readmission due to complications. BMI was calculated using
preoperative physical measurements. The severity of compli-

cations was graded using the Clavien–Dindo classification of
surgical complications.

Surgical Procedures for Laparoscopy-Assisted Distal
Gastrectomy

LADG was performed under a pneumoperitoneum that was
created by injection of carbon dioxide (10–12 mmHg). A
total of five ports (each 5–12 mm) were inserted, and
LADG with a modified D2 (D1+8a+9+11p) or D2 lymph
node dissection was conducted as reported previously.8,13

Procedure for Extracorporeal Billroth-I Anastomosis

After laparoscopic mobilization of the stomach and duode-
num and en bloc lymph node dissection, a 4- to 5-cm
midline incision was made and a hemi-double stapling
technique using a circular stapler was performed for the B-I
anastomosis. A purse-string suture was placed at the
transecting line of the duodenum, just distal to the pylorus,
using purse-string forceps and 2–0 polypropylene suture
(Prolene; Ethicon Inc., Japan). After transecting the
duodenum, 28 or 29 mm of the detachable anvil head of
the circular stapler was inserted into the duodenal stump
and the purse-string suture was tied over the anvil shaft.

The proximal stomach was transected at the appropriate
line (1–2 cm proximal to the bifurcation of the gastroepiploic
trunk) using a liner staple (75 mm) from the greater curvature
halfway (5 cm) to the lesser curvature. The anterior gastric
wall of the remnant stomach was opened partially, and the
circular stapler was inserted into the stomach. The trocar was
extended to penetrate the corner of the staple line at the greater
curvature and then connected to the detachable anvil shaft
placed in the duodenum (Fig. 1a). The instrument was gently
closed so that the anastomotic line appeared on the ventral
surface beyond the midline incision. After confirmation of
the continuity of the anastomotic line, the circular stapler was
fired to complete the end-to-end gastroduodenostomy. The
instrument was opened, disengaged from the anastomosis,
and gently withdrawn. The anastomosis was examined using
direct vision through the opening in the anterior wall of the
stomach, and hemostasis was made by direct suturing of the
staple line. The remaining upper gastric segment was divided
using a 75-mm linear stapler to complete the distal
gastrectomy (Fig. 1b). The entry hole of the circular stapler
was included in the resected specimen.

Procedure for Intracorporeal Roux-en Y Anastomosis

Resection of the Stomach

After laparoscopic en bloc lymph node dissection, the
duodenum was transected intracorporeally using a 60-mm
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linear stapler (Fig. 2a). Before transection of the proximal
stomach, an intraoperative gastroscopy was performed to
confirm the location of the tumor and preoperatively placed
clips, and a safe gastric transection line was determined and
marked by dying or suturing in the outer gastric wall.
Under direct vision through the gastroscope, the stomach
was transected with two endoscopic linear staplers about
2 cm proximal to the tumor.

Gastrojejunal Anastomosis

A side-to-side gastrojejunal anastomosis was chosen if the
remnant stomach was relatively large. The mesentery and
jejunum were divided 20 cm distal to the ligament of Treitz.
Then, the resected stomach and divided jejunum were
externalized through the extended umbilical port site, and
an extracorporeal anastomosis of the proximal end of the
jejunum to the distal jejunum was created 45 cm distal to
the jejunal division using a 60-mm linear stapler. The
common entry hole was closed using a single-layer
interrupted suture. After returning the jejunum to the
abdominal cavity, the jejunal loop was brought up via the
antecolic route and an isoperistaltic gastrojejunostomy was

performed with a 60-mm linear stapler (Fig. 2b). The
common entry hole was closed with a 60-mm linear stapler.

In the case of a small remnant stomach, an end-to-side
gastrojejunal anastomosis was performed using a transoral
anvil (OrVil™; Covidien, Mansfield, MA) with a 25-mm
anvil. After gastrectomy, the OrVil™ tube was then
introduced into the remnant stomach transorally. As the
OrVil™ tube reached the greater curvature of the gastric
stump, a small hole was created on the greater curvature of
the gastric stump. The OrVil™ tube was extracted through
the hole until the 25-mm anvil reached the greater curvature
of gastric stump, and the tube was disconnected and pulled
out from the abdomen by cutting the thread connecting the
anvil to the tube. After making a side-to-side jejunojeju-
nostomy (Y-anastomosis) extracorporeally, as mentioned
above, a 25-mm circular stapler was inserted into the distal
limb of the jejunum and the jejunum was tied to the stapler
with a rubber band to prevent slippage of the jejunum from
the circular stapler during anastomosis. The circular stapler
was introduced into the abdominal cavity, and then the
wound retractor which was attached to the extended
umbilical port site and the circular stapler were sealed off
using a surgical glove so that a pneumoperitoneum could be

Fig. 1 Procedure for the Billroth-I reconstruction using a hemi-double
stapling technique. a The anterior gastric wall of the remnant stomach
was opened partially, and the circular stapler was inserted into the
stomach. The trocar penetrating the corner of the staple line at the

greater curvature was connected to the anvil shaft placed in the
duodenum. b After gastroduodenostomy, the remaining upper gastric
segment was divided using a 75-mm linear stapler to complete the
distal gastrectomy

Fig. 2 Procedure for the
Roux-en-Y reconstruction. a The
duodenum was transected intra-
corporeally using a 60-mm linear
stapler. b The jejunal loop was
brought up via the antecolic route
and an isoperistaltic side-to-side
gastrojejunostomy was performed
with a 60-mm linear stapler. The
common entry hole was closed
with a 60-mm linear stapler
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reestablished. The port located at the right lower side of
the abdomen was used for laparoscopy. The Roux-limb
then was brought up via the antecolic route to create a
gastrojejunostomy. The anvil and circular stapler were
connected, and the anastomosis was performed laparos-
copically using a hemi-double stapling technique. The
jejunal stump was closed with an endoscopic linear
stapler, and the antecolic Roux-en-Y reconstruction was
completed. Finally, the gastrojejunal anastomosis was
checked for no bleeding, no stenosis, and no leakage
under gastroscopy. Abdominal irrigation was performed
using 2,000 mL of normal saline. The operation was
completed by closure of all the wounds.

Statistical Analysis

All values are expressed as mean±standard deviation. An
unpaired t test was used to test the equality of the means of
the two groups for each variable. The Fisher's exact test or
χ2 test was used to test the independence between the two
groups. P<0.05 was considered statistically significant.
Factors that might affect postoperative complications were
evaluated by univariate and multivariate logistic regression
analyses. Statistical analyses were performed using SPSS
version 11.0 (SPSS, Chicago, IL).

Results

Patient Characteristics

Age, BMI, preoperative complications, preoperative nutri-
tional status, and both clinical and pathological staging
were not significantly different between the two groups.
The proportion of males was significantly higher in the R-Y
group. The percentage of tumors in the upper part of the
stomach was also higher in the R-Y group compared with
the B-I group (Table 1).

Surgical Data

Lymphadenectomy of D1+No. 7 dissection (D1+α),
the modified D2 dissection (D1+β), and the D2
dissection were evenly distributed between the two
groups (Table 1).

Operative and postoperative data

The operation time for the R-Y procedure (260±51 min)
was significantly longer than for the B-I procedure (225±
55 min; P<0.001), although the estimated blood loss with
R-Y (84±127 mL) was not significantly different from B-I
(62±142 mL; P=0.154; Table 2). The average time from

surgery until the first episode of flatus was significantly
longer in the R-Y group (2.6±0.7 days) than in the B-I
group (2.4±0.9 days; P=0.025). The duration of the
postoperative hospital stay in the R-Y group (14.0±
9.5 days) was not significantly different from that of the
B-I group (12.6±6.4 days; P=0.183). However, the
duration of total hospitalization including rehospitalization
for treatment of postoperative complications was signifi-
cantly longer in the R-Y group (15.2±10.5 days) than in the
B-I group (12.8±6.4 days; P=0.034; Table 2).

Postoperative Complications

Postoperative complications classified as grade III or above
on the Clavien–Dindo classification of surgical complica-
tions are shown in Table 3. The incidence of complications
classified as grade III or above on the Clavien–Dindo scale
was significantly higher in the R-Y group (13.7%) than in
the B-I group (5.2%; P=0.009, χ2 test). No significant
difference was observed between the two groups for the
lower grades (data not shown). Overall, the most frequent
complication in both the B-I (7.0%) and R-Y (4.2%) groups
was abdominal fluid collection including pancreatic leak-

Table 1 Characteristics of patients undergoing LADG with Billroth-I
or Roux-en-Y reconstruction

Billroth-I Roux-en-Y P value

Number of cases 329 95

Age, years (range) 63.5 (29–90) 62.7 (42–81) 0.471

Sex ratio (M/F) 197:132 74:21 0.002

ASA-PS (1/2/3) 214/106/9 69/22/4 0.302

Body mass index, kg/m2 23.2±3.5 24.0±3.3 0.062

Prealbumin, mg/dL 26.4±5.9 28.5±5.1 0.052

Location of tumor 0.001
Upper 2 (0.6) 26 (27.4)

Middle 152 (46.2) 55 (57.9)

Lower 175 (53.2) 14 (14.7)

Lymph node dissection 0.471
D1+α 1 (0.3) 1 (1.0)

D1+β 266 (80.9) 82 (86.4)

D2 62 (18.8) 12 (12.6)

Tumor depth 0.549
pT1/≧pT2 277/52 83/12

Lymph node metastasis 0.264
pN0/≧pN1 277/52 85/10

Values in parentheses are percentages unless indicated otherwise. Data
are presented as mean±standard deviation. An unpaired t test was used
to test the equality of the two group means for each variable. The
Fisher's exact test or χ2 test was used to test the independence
between the two groups. P<0.05 was considered statistically
significant

LADG laparoscopy-assisted distal gastrectomy, ASA-PS American
Society of Anesthesiologists physical status
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age. No statistical difference was observed in the frequency
of anastomotic complications associated with the remnant
stomach between the two groups. On the other hand,
anastomotic complications associated with the jejunum or
duodenum were observed more frequently in the R-Y group
(P=0.002, χ2 test). Three cases (3.2%) of postoperative
bowel obstruction due to internal herniation and three cases
(3.2%) of duodenal stump leakage were observed in the R-Y
group. In addition, one patient (1.1%) developed stricture of
the Roux-limb jejunojejunal anastomosis.

Furthermore, the incidence of complications classified as
grade IIIb was significantly higher in the R-Y group (5.3%)
than in the B-I group (0.3%; P=0.002, χ2 test). Only one

patient who suffered from peritonitis due to enteric injury
associated with adhesiotomy was classified as grade IIIb in
the B-I group.

Risk factors were examined for postoperative complica-
tions after LADG. Univariate analysis using the logistic
regression test showed that sex (P=0.049), age (P=0.002),
BMI (P=0.035), and preoperative comorbidity (P=0.010)
were significantly associated with the overall number of
complications classified as grade II or above. Multivariate
analysis identified age as a risk factor for postoperative
complications classified as grade II or above (odds ratio,
2.288; 95% confidence interval, 1.158–4.521). On the other
hand, univariate analysis showed the reconstruction method

Table 2 Operative and postoperative data from patients undergoing LADG with Billroth-I or Roux-en-Y reconstruction

Billroth-I Roux-en-Y P value
n=329 n=95

Operation time, min 225±55 260±51 0.001

Blood loss, mL 62±142 84±127 0.154

Time until start of flatus, days 2.4±0.9 2.6±0.7 0.025

Time until start of oral intake, days 2.1±0.4 2.1±1.1 0.439

Postoperative hospital stay, days 12.6±6.4 14.0±9.5 0.183

Total hospitalizationa, days 12.8±6.4 15.2±10.5 0.034

Number of cases requiring rehospitalization 7 (2.1) 6 (6.3) 0.081

Data are presented as mean±standard deviation. Values in parentheses are percentages unless indicated otherwise. An unpaired t test was used to
test the equality of the two group means for each variable. The Fisher's exact test or χ2 test was used to test the independence between the two
groups. P<0.05 was considered statistically significant
a Total hospitalization includes duration of postoperative hospital stay plus rehospitalization required to treat complications

Table 3 Postoperative compli-
cations classified as grade III
using the Clavien–Dindo
grading system in patients
undergoing LADG with B-I
or R-Y reconstruction

Values in parentheses are
percentages unless indicated
otherwise. The Fisher's exact
test or χ2 test was used to test
the independence between
the two groups. P<0.05 was
considered statistically
significant

LADG laparoscopy-assisted
distal gastrectomy, B-I Billroth-I,
R-Y Roux-en-Y, SSI surgical
site infection
aOne of these two patients
received two operations for
internal herniation

Billroth-I Roux-en-Y P value
n=329 n=95

Grade IIIa 16 (4.9) 8 (8.4) 0.288

Anastomotic complications (remnant stomach) 6 (1.8) 3 (3.2) 0.699
Bleeding 3 (1.2) 0 (0)

Leakage 0 (0) 1 (1.1)

Stricture 3 (0.6) 1 (1.1)

Ulceration 0 (0) 1 (1.1)

Anastomotic complications (jejunum or duodenum) 0 (0) 2 (2.1) 0.074
Bleeding 0 (0) 0 (0)

Leakage 0 (0) 2 (2.1)

Abdominal fluid collection 7 (2.1) 2 (2.1) 0.699

Intraabdominal bleeding 1 (0.3) 1 (1.1) 0.931

Superficial SSI 1 (0.3) 0 (0) 0.505

Grade IIIb 1 (0.3) 5 (5.3) 0.002

Anastomotic complications (jejunum or duodenum) 0 (0) 2 (2.1) 0.074
Leakage 0 (0) 1 (1.1)

Stricture 0 (0) 1 (1.1)

Enteric injury 1 (0.3) 0 (0) 0.505

Internal herniation 0 (0) 3 (3.2)a 0.011
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was the only risk factor for severe postoperative complica-
tions classified as grade III (P=0.006; Table 4).

Discussion

In this study, we demonstrated the different features of
complications between B-I and R-Y reconstruction after
LADG. The selection criteria for the reconstruction method
used at our institution meant that B-I was performed for
cancers located in the middle or lower third of the stomach
and R-Y was performed for cancers located in the middle or
upper third of the stomach. Therefore, the significant
difference in tumor location between the B-I and R-Y
groups can be easily explained. The ratio of male patients
was significantly higher in the R-Y group, and BMI tended

to be higher in the R-Y group as well. To avoid excessive
tension in the gastroduodenal B-I anastomosis, R-Y is
preferred for larger patients with plenty of intraabdominal
adipose tissues. A longer operating time for the R-Y group
can be explained by the different number of anastomoses
between both methods. The average time from surgery until
the first episode of flatus was significantly longer in the R-Y
group. Manipulation of the jejunum during the R-Y recon-
struction might affect bowel movement. Several animal
studies have suggested that a major causative factor of
postoperative ileus is a local inflammatory reaction within
the gut induced by surgical manipulation.14–16

In this study, the average duration of postoperative
hospital stay seemed long for the modern age. Most
gastric cancer patients in Japan are medically fit to
leave hospital around 7 days after surgery. However,

Table 4 Univariate analysis of
risk factors for grade III
postoperative complications
in LADG

LADG laparoscopy-assisted
distal gastrectomy, BMI body
mass index, ASA American
Society of Anesthesiologists

Variables Patients, n Complications, n (%) P value

Sex 0.064
Male 271 24 (8.9)

Female 153 6 (3.9)

Age 0.131
<60 years 154 7 (4.5)

≧60 years 270 23 (8.5)

BMI 0.210
<24 kg/m2 258 15 (5.8)

≧24 kg/m2 166 15 (9.0)

Comorbidity (ASA) 0.971
Class 1 283 20 (7.1)

Class 2 128 9 (7.0)

Class 3 13 1 (7.7)

Previous abdominal surgery 0.162
No 327 20 (6.1)

Yes 97 10 (10.3)

Experience of surgeon 0.142
<50 105 4 (3.8)

≧50 319 26 (8.2)

Combined surgery 0.199
No 420 29 (6.9)

Yes 4 1 (25.0)

Lymph node dissection 0.906
D1+α or D1+β 350 25 (7.1)

D2 74 5 (6.8)

Operation time 0.485
<230 min 224 14 (6.3)

≧230 min 200 16 (8.0)

Blood loss 0.681
<70 mL 324 22 (6.8)

≧70 mL 100 8 (8.0)

Reconstruction method 0.006
Billroth-I 329 17 (5.2)

Roux-en-Y 95 13 (13.7)
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patients often want to remain in hospital for 10 days or
more after surgery due to the Japanese culture and
health insurance system.

The incidence of complications classified grade III or
above on the Clavien–Dindo grading system was signifi-
cantly higher in the R-Y group than the B-I group.
Consequently, total hospitalization time including rehospi-
talization was longer in the R-Y group compared with the
B-I group. Among the listed clinical factors, only the
method of reconstruction was found to be a risk factor for
severe postoperative complications of grade III or above on
the Clavien–Dindo scale, while patient characteristics such
as sex, age, BMI, and comorbidities were risk factors for
relatively mild complications classified as grade II on the
Clavien–Dindo grading system. Ryu and colleagues
reported that the degree of lymph node dissection and
surgical inexperience are risk factors for postoperative
surgical complications of LADG.17 A retrospective analysis
of multicenter results in Korea also suggested that patient
comorbidities are a predictive risk factor for surgical
complications after LADG.18 However, no previous studies
of LADG used a grading system to score the severity of the
postoperative complications; such severity could differ
greatly and thus significantly affect therapy.

In the present study, complications associated with the
anastomosis of the remnant stomach were observed equally
in both groups. All six patients with complications related
to the remnant stomach anastomosis did not need surgical
intervention (0%), while two out of four patients (50%)
with anastomotic complications such as duodenal stump
leakage and jejunojejunostomy stricture required surgical
intervention under general anesthesia, which might be the
reason for the different severity of complications between
B-I and R-Y.

No intestinal obstructions due to adhesions were
observed in either group, while bowel obstructions due to
internal herniation were only observed in the R-Y group.
Petersen’s hernia is known to be a hernia of the intestine
into Petersen’s defect which is the gap in the mesentery
between the Roux limb and the transverse colon (Fig. 3).19

Small bowel obstruction after R-Y gastric bypass is a well-
described complication in the field of bariatric surgery.
Koppman et al. reviewed 9,527 laparoscopic R-Y gastric
bypass operations, in which 342 postoperative small bowel
obstructions were noted including 42% (144 of 342) with
internal hernias.20 These internal hernias could be pre-
vented by closure of the mesenteric defects, and several
authors have noted a decreased incidence of internal hernias
after closure of these defects.21–27

This study demonstrated excellent results with B-I.
However, patients enrolled in this study had a unique
perspective in terms of having an average BMI of 23 or 24.
In patients with an extremely high BMI, B-I is difficult and

R-Y is inevitably preferred. R-Y is also necessary when the
tumor is located in the upper part of the stomach and many
benefits of R-Y over B-I have been reported in terms of
postoperative quality-of-life.5,10 As a result of this study,
we have employed several procedures to avoid severe
postoperative complications in R-Y, as follows: (1) duode-
nal stump disruption; inverting the staple line of the
duodenal stump with covered sutures, (2) stricture of
the jejunojejunostomy; temporary intracorporeal fixation
of the jejunojejunostomy with two stitches prior to
extracorporeal jejunojejunal anastomosis, and (3) internal
hernia; closing Petersen’s defect and the mesenteric defect at
the jejunojejunostomy.

In conclusion, the features of postoperative complica-
tions are quite different between B-I and R-Y after LADG.
Complications seen in R-Y reconstructions are more severe
than those in B-I reconstructions. These complications
could be theoretically prevented by improved surgical
techniques in those cases where R-Y reconstructions are
still indicated. Further randomized studies are needed to

Fig. 3 Whole image of completed Roux-en-Y reconstruction. The
arrow shows Petersen’s defect which is the gap in the mesentery
between the Roux limb and the transverse colon
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clarify the feasibility of these reconstruction methods after
improved techniques have been adopted.
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Abstract
Background Adjuvant therapy is not usually recommended in AJCC T2N0M0 gastric cancer, yet sometimes is indicated for
high-risk patients. The purpose of this study is to stratify the risk of pathological T2N0 gastric cancer after gastrectomy
based on clinicopathological factors so as to predict prognosis and guide treatment.
Methods We analyzed our documented clinical database of 233 patients with T2N0M0 gastric cancer who underwent
radical resection between 2000 and 2007. No adjuvant chemotherapy was applied.
Results For the entire study group, the overall 5-year survival rate was 88.5%. Multivariate analysis indicated there
were three tumor characteristics which were independent prognostic factors: lymphatic and/or blood vessel invasion
(p=0.025), tumor diameter (p=0.004), and perineural invasion (p=0.009). Three risk groups were created based on
weighted variables with overall 5-year survival of 97.7%, 83%, and 50.3% as low-risk, intermediate-risk, and high-risk
groups, respectively (p<0.001).
Conclusion Patients with T2N0 gastric cancer have a favorable prognosis after radical resection. A prognostic risk model of
patients with pT2N0 gastric cancer undergoing radical resection is constructed based on lymphatic and/or blood vessel
invasion, tumor diameter, and perineural invasion. The prognostic risk model identifies a small subgroup of patients with an
increased risk of death, suggesting adjuvant therapy may be considered for these patients.

Keywords Gastric cancer . T2N0 . Prognosis . Adjuvant
therapy

Introduction

The mainstream therapy for gastric cancer without distant
metastases is the radical gastrectomy with lymphadenec-
tomy.1,2 Current guide recommendations for adjuvant

treatment are based on the risk stratification according to
the American Joint Committee on Cancer (AJCC) staging
classification. In the lastest edition of the AJCC Cancer
Staging Manual published in early 2010, T1 is further
divided so that mucosal and submucosal depth of invasion
could be delineated. T2a and T2b were separated into T2
(muscularis propria) and T3 (subserosa).3 In the National
Comprehensive Cancer Network guidelines, adjuvant ther-
apy is recommended for T3, T4, and/or node-positive
gastric cancer. To date, almost all data on adjuvant therapy
are derived from randomized controlled trails that include a
large proportion of stage II and III patients4–6 and, very
likely, too few stages I patients who definitely benefit from
adjuvant therapy in these stage groups. The value of
adjuvant therapy in treating patients with T2N0 gastric
carcinoma is still controversial due to lack of data from
randomized studies and low relapse rate. It is believed
that not all T2N0 patients should be treated, but those
with high risk. Identifying high-risk factors based on
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current classification will help select patients who may
benefit from adjuvant therapy. To date, no study clearly
identifies the high-risk factors of T2N0 gastric cancer.
The purpose of this study is to stratify risk of pathological
T2N0 gastric cancer after gastrectomy based on clinico-
pathological factors to predict prognosis and to define a
high-risk subgroup that might be considered for adjuvant
therapy and potentially benefit from it.

Materials and Methods

In our gastric cancer database, we documented all patients
who underwent surgical resection for gastric cancer in our
department. From January 2000 to December 2007, 1,745
patients with histological gastric cancer underwent curative
resection of the stomach at the Department of Gastric
Cancer and Soft Tissue Surgery, Fudan University Shang-
hai Cancer Center. For this analysis, the patients were
selected according to the following criteria: (1) without any
preoperative therapy, (2) had undergone radical resection of
gastric cancer, (3) pathologically confirmed T2N0 gastric
cancer, (4) no evidence of distant metastases, (5) no
adjuvant therapy applied, and (6) available to provide
follow-up information at least once. Patients who died from
other diseases were excluded from the study. After careful
review, 233 patients with T2N0M0 gastric cancer were
identified for our retrospective analysis.

Clinicopathologic features such as age, gender, tumor
location, tumor diameter, type of resection, histological
type, lymphatic and/or blood vessel invasion (LBVI),
perineural invasion (PNI), the total number of lymph nodes
examined, and the extent of lymph node dissection were
reviewed. In this study, the histology was divided into the
differentiated type (papillary and tubular adenocarcinoma)
and the undifferentiated type (poorly differentiated adenocar-
cinoma, signet-ring cell carcinoma, mucinous carcinoma, and
miscellaneous). Gastric resection with an extensive (D2)
lymph node dissection was recommended. This procedure
entails the resection of all perigastric lymph nodes and some
celiac, splenic or splenic hilar, hepatic artery, and cardial
lymph nodes, depending on where the tumor was located in
the stomach.

Statistical analyses were performed with SPSS statistical
software, version 13.0 for Windows. Descriptive statistics
was reported for relevant variables. Univariable analysis of
tumor-specific survival was performed on the following
prognostic factors: age (<50 vs. ≥50 years), gender (female
vs. male), tumor location (upper vs. middle versus lower
third), tumor diameter (≤3 cm vs. >3 cm), histological type
(differentiated vs. undifferentiated), LBVI (absence vs.
presence), PNI (absence vs. presence), resection type
(subtotal vs. total), the total number of lymph nodes

examined (<15 vs. ≥15), and extent of lymph node
dissection (D1 plus vs. D2). And survival curves were
constructed using the Kaplan–Meier method, and survival
differences were compared using log-rank test. To investi-
gate multivariable relationships of covariates with survival,
Cox proportional hazard models with variable selection
procedures were performed. A risk model was constructed
to stratify pT2N0 patients into different risk groups based
on factors that remained significant on multivariable
analysis. And a weighting method was applied to each
variable which had been employed in previous studies by
other investigators.7 The β-regression coefficients from
final model applied to the original sample were used to
develop prognostic scores (with low scores indicating a
greater probability of overall survival (OS)) for each
variable in the model. The score was calculated by dividing
the regression coefficients by 1.128 (the smallest β coeffi-
cient), multiplying by 2.0, and rounding to the nearest whole
number. P values less than 0.05 were taken to indicate
statistically significant differences.

Results

Clinicopathologic Characteristics

A total of 233 patients with pT2N0 gastric cancer were
eligible for analysis. The clinical and pathological
characteristics of this cohort are shown in Table 1. The
mean patient age was 57 years (SD, 13.0 years), and
68.6% were male. Most patients (n=133, 59.6%) had
tumors in the lower third of the stomach as opposed to in
the middle third (n=36, 16.1%) or in the upper third (n=54,
24.2%) of the stomach. One hundred twenty patients
(53.8%) had undifferentiated disease as opposed to differen-
tiated disease (n=103, 46.2%). LBVI was present in 22
patients (9.9%), and PNI was present in 17 patients (7.6%).
Most patients (n=203, 91%) underwent subtotal gastrec-
tomy. One hundred patients (44.8%) received D2 lymph
node dissection, and 123 patients (55.2%) received D1
plus lymph node dissection. The median follow-up
interval was 53 months. The overall 5-year survival rate
was 88.5%.

Potential Risk Factors and Prognostic Significance

All potential clinicopathologic risk factors were evaluated
by using the Kaplan–Meier method (compared with log-
rank test). Univariate analysis shows that for overall 5-year
survival, patients with tumors in the lower third of the
stomach live longer than those with tumor in other sites. So
are patients with tumors ≤3 cm compared to those with
larger tumors, in patients without LBVI compared to
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patients with LBVI, and in patients without PNI compared
to patients with PNI (Table 1). On multivariate analysis
with the Cox regression model, tumor size, LBVI, and PNI
were statistically independent poor prognostic factors
(Table 2).

A prognostic risk model is constructed to predict
prognosis based on tumor size, LBVI, and PNI. The range
of weighted score is 0–3 for each variable with a maximum
of 7 when combining the variables. Each variable has a
total score to give a total risk stratification score of 0–7.
Three risk groups were constructed based on the presence
of 0 (low risk), 2–3 (intermediate risk), and 4–7 (high risk).
The number of patients in the low-, intermediate-, and high-

risk group was 109 (48.9%), 98 (43.9%), and 16 (7.2%),
respectively. The overall 5-year survival of the low-,
intermediate-, and high-risk group was 97.7%, 83%, and
50.3%, respectively (p<0.001; Tables 2 and 3, Fig. 1).

Discussion

Our analysis of potential predictors of outcome after
curative surgery for T2N0 gastric cancer revealed that the
following three factors were associated with a higher risk of
death: the tumor size >3 cm, the presence of LBVI, and the
presence of PNI. Patients with no risk factor had a
relatively higher overall 5-year survival rate (97.7%). In
contrast, the same survival rate declines when risk factors
are present in the intermediate- and high-risk group patients
(83% and 50.3%, respectively), in which case adjuvant
therapy should be considered for patients with high risk
according to our scoring system, but 48.9% of those with
low-risk disease may benefit from sparing of treatment-
induced toxicity with adjuvant therapy.

Table 1 Characteristics of 233 patients with T2N0 consensus stage
gastric cancer

Variables N (%) 5-year survival
rate (%)

p value

Age (years) 0.591

<50 60 (26.9) 85.7

≥50 163 (73.1) 89.7

Gender 0.333

Female 70 (31.4) 84.7

Male 153 (68.6) 90.4

Tumor location 0.025

Upper1/3 54 (24.2) 80.9

Middle1/3 36 (16.1) 86.2

Lower1/3 133 (59.6) 93.6

Tumor diameter 0.003

≤3 cm 130 (58.3) 94.5

>3 cm 93 (41.7) 80.7

Histological type 0.195

Differentiated 103 (46.2) 90.6

Undifferentiated 120 (53.8) 86.4

LBVI 0.003

Negative 201 (90.1) 90.7

Positive 22 (9.9) 78.0

PNI 0.001

Negative 206 (92.4) 90.6

Positive 17 (7.6) 74.9

Resection type 0.409

Subtotal 203 (91.0) 88.5

Total 20 (9.0) 88.5

Lymph node dissection 0.893

D1 plus 123 (55.2) 87.7

D2 100 (44.8) 89.8

Total number of lymph
nodes examined

0.770

<15 111 (49.8%) 88.5

≥15 112 (50.2%) 86.5

Table 2 Multivariable Cox regression analysis to evaluate potential
prognostic factors for 5-year overall survival

Variable Hazard
ratio

95% CI p value β-coefficient Prognostic
score point

Tumor diameter

≤3 cm 1 0

>3 cm 4.050 0.484–8.368 0.004 1.399 2

LBVI

Negative 1 0

Positive 3.090 0.504–5.012 0.025 1.128 2

PNI

Negative 1 0

Positive 4.829 0.600–6.877 0.009 1.575 3

Assignment of points to risk factors was based on a linear
transformation of the corresponding β regression coefficient. The
coefficient of each variable was divided by 1.128 (the lowest β value,
corresponding to male sex), multiplied by a constant (2), and rounded
to the nearest integer

Table 3 Prognostic model for outcomes in T2N0 consensus stage
gastric cancer

Total number
of points

Risk group N (%) 5-year overall
survival (%)

0 Low 109 (48.9) 97.7

2–3 Intermediate 98 (43.9) 83.0

4–7 High 16 (7.2) 50.3
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A meta-analysis conducted by GASTRIC Group pub-
lished in JAMA in 2010 demonstrated that compared with
surgery alone, postoperative adjuvant chemotherapy based
on fluorouracil regimens was associated with reduced risk
of death in gastric cancer.8 Another meta-analysis shows a
statistically significant 5-year survival benefit with the
addition of radiotherapy in patients with resectable gastric
cancer.9 However, almost all data on adjuvant therapy are
derived from randomized controlled trails that included a
large proportion of stage II and III patients and, very likely,
too few stages I patients to determine the benefit of
adjuvant therapy in these stage groups. To date, the value
of adjuvant therapy in treating patients with stage I gastric
carcinoma is controversial due to lack of data from
randomized studies and low relapse rate. The results of
the INT-0116 trial have shown improvement of disease-free
and overall survival by chemoradiation with a significant
impact on the management of gastric cancer. INT-0116 is a
phase-III trial on 556 patients with histologically proven
stage Ib–IVM0 adenocarcinoma of the stomach or gastro-
esophageal junction randomized to surgery versus surgery
plus postoperative adjuvant chemoradiation (4,500 cGy,
5FU, Leucovorin). Thirty-six patients with stage Ib gastric
cancer were included.4 Recently, a 10-year follow-up of
INT-0116 was presented. Exploratory subset analysis
showed that adjuvant chemoradiation benefited stage Ib
tumors; however, some groups have questioned the appli-
cability of INT-0116 to stage Ib tumors because of small
patient size in the trial (n=36) and relatively good
prognosis of this early lesion with surgery alone.10

Kunisaki et al. studied 1,880 patients with histologically
proven stage I gastric cancer and identified lymphovascular

invasion as a poor prognostic factor in stage Ib gastric
cancer patients. In their study, patients with T2N0 gastric
cancer with lymphovascular invasion or stage II gastric
cancer had similar survival period. They suggested that
T2N0 gastric cancer patients with moderate to severe
lymphovascular invasion may be suitable for adjuvant
chemotherapy.11 For stage I gastric cancer, adjuvant therapy
is recommended in AJCC T1N1 gastric cancer and may be
considered for high-risk T2N0 patients, but not for T1N0
patients. However, no concurrent randomized trial data are
available to support efficacy of adjuvant therapy for T2N0
gastric cancer. Our scoring system will be helpful in
deciding treatment for T2N0 patients.

According to the new stage system, carcinoma that has
invaded muscularis propria is categorized as T2 cancer. The
possibility of gastric cancer invading the muscularis propria
accounts for 9–15% of all gastric cancer patients who
undergo surgical resection.12,13 Current guidelines from
NCCN recommended that not all T2N0 patients should be
treated, but those with high-risk patients. The high-risk
features include poorly differentiated or higher grade
cancer, LBVI, PNI, or <50 years of age. Although many
prognostic factors for early gastric cancer and advanced
gastric cancer have been identified, there are few reports
concerning prognostic factors for gastric cancer invading
the muscularis propria.14–18 Imamura et al.14 reported that
the depth of tumor invasion in the muscularis propria has an
effect on lymph node metastasis and prognosis. Yokota et
al.15 conducted a multivariate analysis which also revealed
that the prognosis of muscularis propria gastric cancer
patients was affected most by vascular permeation, fol-
lowed by tumor diameter. Son et al.18 reported that tumors
macroscopically resembling early gastric cancers, younger
patient, and Lauren’s diffuse type were significantly
associated with a better prognosis of muscularis propria
gastric cancer through multivariate analysis. The focus of
this study is to evaluate commonly reported clinicopatho-
logic features. These parameters can easily be validated in
other cohorts in addition to the AJCC stages and might be
helpful for designing future trials on adjuvant therapy to
achieve manageable sample sizes and reasonable follow-up
periods. Our study shows that tumor diameters, LBVI, and
PNI were independent prognostic factors by multivariate
analysis.

Based on our data, we find three clinical risk factors to
predict the outcome, and the scoring system generated may
help provide more tailored therapy for T2N0 patients.
Based on the scoring system that we used, the 5-year OS
was 97.7%, 83%, and 50.3% according to risk grouping. In
our study group, 7.2% of the patients in high-risk group had
two or three identified risk factors and showed significantly
decreased overall 5-year survival. Patients in high risk of
relapse and poor prognosis may be good candidates for

Fig. 1 Five-year overall survival based on risk groups
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adjuvant therapy. In contrast, T2N0 patients without risk
factors in low-risk group had a favorable outcome, and
adjuvant therapy maybe unnecessary for these patients. As
the survival curve for patients in intermediate-risk group lay
in the middle between those of low- and high-risk groups, it
is unclear whether adjuvant therapy will benefit those
patients, which requires further study Hence, the decision to
offer adjuvant therapy for T2N0 patients should be
discussed in light of evidence abovementioned and must
be individualized to the circumstances of each patient, and
should be balanced against the possible risks of treatment-
related toxicity.

There are several limitations inherent in this retrospec-
tive investigation. First is the heterogeneity in clinical
decision making, surgical intervention, and pathological
evaluation. The radical gastric cancer resections were
performed by multiple surgeons, and the specimens were
evaluated by multiple pathologists. These doctors were
trained in academic centers with experience in gastrectomy,
and the data are probably valid. The second limitation is the
choice of overall survival as the end point. In some way,
this can be regarded as a powerful end point, given that
overall survival is a concrete end point that we were able to
ascertain reliably for our patients using the resources
described in our “Materials and Methods” Section. Although
time to recurrence would be an interesting end point to
analyze, patients were not on a predefined follow-up
schedule and were observed at the discretion of the
treating physician. Therefore, we have tried to collect
recurrence data on these patients, yet there are limi-
tations to the validity of investigating this end point due
to lack of predefined surveillance plan and schedule.
The third limitation is that the data remain hypothesis-
generating, and further external validation in modern
datasets is warranted. Validation of the prognostic risk
model is expected in another patient cohort. Other
limitations include the fact that we did not incorporate
biomarkers, such as HER2 status, in risk stratification.
Although the model includes readily available patholog-
ical data, further refinement may be possible by
combining biomarkers. In our center, a study is ongoing
to apply molecular-based testing using CISH/FISH anal-
yses in addition to IHC for gastric cancer.

In this study, we categorize relatively homogeneous
patients with pT2N0 stage into three prognostically
different risk groups with substantial accuracy. This
simple and user-friendly risk stratification based on
readily available pathological features may aid in
clinical decision making in respect of eligibility of
pT2N0 gastric cancer patients. Based on our results, it
is suggested that adjuvant radiotherapy is required for
high-risk patients, and that a more aggressive chemo-
therapy regimen should be recommended for patients

with increased risk scores. In the future, further
prospective randomized trials will be focused on
investigating the optimal treatment strategy in high-risk
T2N0 gastric cancer. Our scoring system will serve as
reference basis for future study in this group of patients.

References

1. Miyahara R, Miwa Y, Matsuura T, MaedaO, Ando T,
OhmiyaN, et al. Prevalence and prognosis of gastric cancer
detected by screening in a large Japanesepopulation: data
froma single institute over 30 years. J Gastroenterol Hepatol.
2007;22:1435–42.

2. Desai AM, Pareek M, Nightingale PG, Fielding JW. Improving
outcomes in gastric cancer over 20 years. Gastric Cancer.
2004;7:196–201.

3. Edge SB, Byrd DR, Compton CC, Fritz AG, Greene FL, Trotti A.
(2010) AJCC Cancer Staging Handbook, 7th ed. American Joint
Committee on Cancer, Chicago.

4. Macdonald JS, Smalley SR, Benedetti J, Hundahl SA, Estes
NC, Stemmermann GN,et al. Chemoradiotherapy after surgery
compared with surgery alone for adenocarcinoma of the
stomach or gastroesophageal junction. N Engl J Med.
2001;345:725–730.

5. Kim S, Lim DH, Lee J, Kang WK, MacDonald JS, Park CH, et al.
An observational study suggesting clinical benefit for adjuvant
postoperative chemoradiation in a population of over 500
cases after gastric resection with D2 nodal dissection for
adenocarcinoma of the stomach. Int J Radiat Oncol Biol Phys.
2005;63:1279–1285.

6. Sakuramoto S, Sasako M, Yamaguchi T, Kinoshita T, Fujii M,
Nashimoto A, et al. Adjuvant chemotherapy for gastric cancer with
S-1, an oral fluoropyrimidine. N Engl J Med. 2007;357:1810–1820.

7. Rassi A Jr, Rassi A, Little WC, Xavier SS, Rassi SG, Rassi
AG, et al. Development and validation of a risk score for
predicting death in Chagas’ heart disease. N Engl J Med.
2006; 355:799–808

8. GASTRIC (Global Advanced/Adjuvant Stomach Tumor Research
International Collaboration) Group, Paoletti X, Oba K, Burzykowski
T, Michiels S, Ohashi Y, et al. Benefit of adjuvant chemotherapy for
resectable gastric cancer: a meta-analysis. JAMA. 2010;303:1729–
1737.

9. Valentini V, Cellini F, Minsky BD, Mattiucci GC, Balducci M,
D’Agostino G, et al. Survival after radiotherapy in gastric cancer:
systematic review and meta-analysis. Radiother Oncol.
2009;92:176–183.

10. Macdonald JS, Benedetti J, Smalley SR, Haller DG, Hundahl
SA, Jessup JM, et al. Chemoradiation of resected gastric
cancer: A 10-year follow-up of the phase III trial INT0116
(SWOG 9008). J Clin Oncol.27:15s, 2009 (suppl; abstr 4515)

11. Kunisaki C, Makino H, Kimura J, et al. Impact of lymphovascular
invasion in patients with stage I gastric cancer. Surgery.
2010;147:204–211.

12. Yoshikawa K, Maruyama K. Characteristics of gastric cancer
invading to the proper muscle layer with special reference to
mortality and cause of death. Jpn J Clin Oncol. 1985; 15; 499–
503.

13. Harrison JC, Dean PJ, Vander Zwaag R, el-Zeky F, Wruble LD.
Adenocarcinoma of the stomach with invasion limited to the
muscularis propria. Hum Pathol. 1991; 22; 111–117.

14. Imamura Y, Baba Y, Ishikawa S, Hiyoshi Y, Nagai Y, Nakamura
T, et al. Heterogeneous prognoses of patients with tumors invaded

J Gastrointest Surg (2011) 15:2153–2158 2157



within muscularis propria according to tumor depth in the layers
of the muscularis propria. Gastric Cancer. 2008;11:219–25.

15. Komatsu S, Ichikawa D, Kurioka H, Kan K, Shioaki Y,
Ueshima Y, et al. Prognostic and clinical evaluation of
patients with T2 gastric cancer. Hepatogastroenterology.
2005;52:965–968.

16. Ishigami S, Natsugoe S, Miyazono F, Hata Y, Uenosono Y,
Sumikura S,et al. Clinical merit of subdividing gastric cancer

according to invasion of the muscularis propria. Hepatogastroen-
terology. 2004;51:869–71.

17. Yokota T, Kunii Y, Teshima S, Yamada Y, Saito T, Kikuchi S,
Yamauchi H. Gastric cancer with invasion limited to the
muscularis propria. Int Surg. 1999;84:7–12.

18. Son HJ, Myung W, Yoo HS, Park SH, Song SY, Kwon YD, Rhee
JC. Prognostic indicators of gastric carcinoma confined to the
muscularis propria. Histopathology. 2007;51:105–110.

2158 J Gastrointest Surg (2011) 15:2153–2158



ORIGINAL ARTICLE

Intraoperative Real-Time Cholangiography and C-tube
Drainage in Donor Hepatectomy Reduce Biliary Tract
Complications

Toshiya Ochiai & Hisashi Ikoma & Koji Inoue & Yasutoshi Murayama &

Shuhei Komatsu & Atsushi Shiozaki & Yoshiaki Kuriu & Masayoshi Nakanishi &
Daisuke Ichikawa & Hitoshi Fujiwara & Kazuma Okamoto & Yukihito Kokuba &

Teruhisa Sonoyama & Eigo Otsuji

Received: 27 February 2011 /Accepted: 7 September 2011 /Published online: 29 September 2011
# 2011 The Society for Surgery of the Alimentary Tract

Abstract
Background In living-donor liver transplantation, biliary tract complications are a serious problem for recipients and
donors.
Methods We applied intraoperative real-time cholangiography using a C-arm and/or C-tube drainage to reduce biliary tract
complications in donor hepatectomy. From 2003 to 2010, intraoperative real-time cholangiography and C-tube drainage was
applied to 39 and 19 donor cases, respectively. Fifteen donor cases had both procedures.
Results We confirmed the division line of the hepatic duct by visualizing a stricture on the monitor of the C-arm by pulling
a thread and dissecting the proper site of the bile duct. The number of hepatic ducts of the graft to be anastomosed was 1 in
11 cases and 2 or 3 in 8 of the 19 cases without intraoperative real-time cholangiography, and it was 1 in 32 cases and 2 in 7
of the 39 cases with intraoperative real-time cholangiography. Bile leakage from the resection occurred in seven donors
without, and in none of those with, C-tube drainage.
Conclusion In living-donor liver transplantation, intraoperative real-time cholangiography enables effective determination
of the precise division line of the hepatic duct. Moreover, C-tube drainage is effective for reducing bile leakage from the
resected surface of the liver of donors.

Keywords Living-donor liver transplantation .

Cholangiography . Donor . Biliary tract complication .

C-tube

Abbreviations
LDLT Living-donor liver transplantation
IORTC Intraoperative real-time cholangiography
CBD Common bile duct

Introduction

A biliary tract complication remains a serious problem in
living-donor liver transplantation (LDLT), to be resolved
not only for the recipients but also for the donors. A high
biliary complication rate of recipients has been reported in
right lobe LDLT.1,2 The anatomic variation of the biliary
tract is the main reason why complications occur. There-
fore, the anatomy of the biliary tract should be evaluated in
detail before the operation for both the recipients and
donors. However, the preoperative radiological diagnostic
examination, i.e., endoscopic retrograde cholangiography
or percutaneous transhepatic cholangiography, for a healthy
donor should be limited because of donor safety. Moreover,
biliary complications depend on the procedure and the site
of bile duct division. To reduce biliary tract complications,
we applied intraoperative real-time cholangiography
(IORTC) using a C-arm to aid in the division of the bile
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ducts and postoperative bile drainage using a C-tube in
donor hepatectomy. In this retrospective study, we evaluat-
ed their efficacy for reducing biliary tract complications in
our donors of LDLT.

Patients and Methods

Sixty-five LDLTs were performed at the Department of
Surgery, Kyoto Prefectural University of Medicine, be-
tween September 2003 and September 2010. Among them,
58 adult-to-adult LDLT cases were studied. These cases
included 38 male patients and 20 female patients, ranging
from 19 to 65 years of age (mean, 40.6 years). Other
clinicopathological characteristics and surgical data are
shown in Table 1. For donor hepatectomy, we changed
the procedures of bile duct cutting and prevention of bile
fistula. We applied IORTC using a C-arm and/or bile
drainage using a C-tube, respectively, in donor hepatectomy
to reduce biliary tract complications. As a result, all 58
donors consisted of four groups: 15 donors without IORTC
and C-tube drainage, 24 donors with IORTC only, 4 donors
with C-tube drainage only, and 15 donors with both IORTC
and C-tube drainage. We compared the operative courses of
39 donors with IORTC and 19 donors without IORTC;
subsequently, there were 19 donors with C-tube drainage
and 38 donors without drainage. Finally, we compared the
number of hepatic ducts of the graft to be anastomosed and
biliary tract complications among the four groups.

In donor hepatectomy, we evaluated the whole liver and
the graft volume, steatosis of the liver, and the anatomy of
the hepatic artery and vein, and portal vein in detail by
multi-detector computed tomography before the operation.
With regard to the biliary tract, after the hepatic duct on the
graft side was identified, a small hemostatic clamp was
applied to a predetermined division line on the bile duct
intraoperatively. We performed intraoperative cholangiog-
raphy through a tube inserted into the cystic duct routinely
after cholecystectomy. In the previous procedure of the
division of the hepatic duct, we separated the hepatoduo-
denal ligament and identified the hepatic duct on the graft
after intraoperative cholangiography. To divide the hepatic
duct at an adequate division line, we dissected the
Glissonian sheath around it and exposed the branch origin
of the duct with scissors 2–3 mm away from the common
hepatic duct to prevent its stenosis. The cut end of the
hepatic duct of the donor was closed with an absorbable
suture.

We began to perform IORTC in addition to routine
intraoperative cholangiography when we divided the bile
duct from the 23rd case onwards. With regard to the
procedure for dividing the bile duct, the hepatic duct wall
was not exposed, the duct was ligated twice with the
Glissonian sheath around it, and the duct was divided. In
this procedure, we can precisely confirm the division line
using IORTC on the monitor of the C-arm. A proper
division line can prevent bile duct stenosis of the donors or
multi-anastomosis of the hepatic duct of the recipients.
Therefore, to divide the hepatic duct, it was not necessary
to expose the branch origin of the bile duct or to use
sutures.

Reduction of the intra-bile ductal pressure is thought to
be effective for preventing bile leakage. Therefore, we
performed postoperative bile drainage using a C-tube from
the cystic duct, but this was not carried out routinely. We
inserted a C-tube into the cystic duct and turned the tip of
the C-tube toward the hepatic hilus using the curve of a
clamp pinching the proximal side of the common bile duct
(CBD). The tube was removed 3 weeks after LDLT at our
outpatient clinic.

IORTC

IORTC using a C-arm can easily acquire three-dimensional
images during a 190° orbital rotation. The bile duct, as
displayed three-dimensionally, assists in understanding the
architecture of the biliary tree. In our donor hepatectomy,
we performed IORTC through a tube inserted into the
cystic duct routinely after cholecystectomy, or via a 24-G
puncture needle with a trocar inserted into the CBD during
dissection of the hepatic duct. In our new donor hepatec-

Table 1 Clinico-pathologic features of 58 donors in adult-to-adult
LDLT

Gender Male 38

Female 20

Age (years) 40.6±13.2 (19–65)

Body weight (kg) 62.0±10.0 (44.7–86.0)

Body mass index 22.3±2.5 (18.0–29.0)

Graft type Right: right lobe 27

Right lobe with MHV 2

Left: left lobe with MHV 15

Left and Spiegel lobe 14

Two interventions preventing biliary tract complications

Neither IORTC nor C-tube drainage 15

IORTC only 24

C-tube drainage only 4

Both IORTC and C-tube drainage 15

Graft weight (g) 555.1±150.1 (298.0–890.0)

Residual liver (%) 49.9±14.4 (30.0–73.5)

Liver/spleen ratio 1.28±0.13 (1.00–1.57)

Blood loss (g) 554.9±394.4 (117–1,596)

Postoperative hospital stay (days) 19.8±11.3 (9–73)
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tomy surgical procedure, the hepatic duct was divided from
the hepatoduodenal ligaments while attached to the Glisso-
nian sheath at the hepatic hilus to preserve the blood
supply. We used a thread to determine the proper division
line of the hepatic duct while performing the IORTC. We
confirmed it by visualizing a stricture on the monitor of the
C-arm, and this occurs by pulling the thread (Fig. 1a and b).

We describe one case of a right lobe graft donor, who
has a right hepatic duct, which separates into both anterior
and posterior branches at a point approximately 5 mm from
the CBD as follows. First, we evaluated the anatomy of the
biliary tract by routine intraoperative cholangiography. We
then performed IORTC to divide the right hepatic duct.
Pulling the thread, which encircled the right hepatic duct,
we recognized that the stricture induced by the thread was
near the separation point of the anterior and posterior
branches. If we were to divide the hepatic duct at this site,
two anastomoses would have been necessary in the
recipient operation. Therefore, we adjusted the thread to
the CBD side (Fig. 1c). After a double ligation, we divided
the right hepatic duct and thus obtained a single lumen,
making it easier to perform anastomosis.

Definitions of Bile Leakage

Postoperative bile leakage was defined as discharge from
the drain with macroscopic bile staining or a bilirubin level
of 5 mg/dL or more in the discharge from the drain or an

intra-abdominal fluid collection associated with a feverish
episode (>38°C).

Statistical Methods

Continuous data are expressed as median values with
ranges and were compared using the Mann–Whitney U
test. Categorical data were compared using the Fisher exact
test or chi-square test.

Statistical significance was defined as p<0.05. All
statistical analyses were performed using statistical software
(StatView 5.0; SAS Institute, Cary, NC, USA).

Results

We found that the number of hepatic ducts of the graft to be
anastomosed was 1 in 11 cases, 2 in 7 cases (36.8%), and 3
in 1 (5.2%) of the 19 cases without IORTC (mean, 1.47).
The number of hepatic ducts of the graft to be anastomosed
was 1 in 32 cases and 2 in 7 (17.9%) of the 39 cases with
IORTC (mean, 1.21). There was a significant difference in
the rate of multi-ducts between cases with and those
without IORTC (p=0.043) (Table 2).

With regard to biliary tract complications, we experi-
enced one major biliary fistula originating from the suture
site in patients without IORTC and C-tube drainage.
Surface bile leakage from resection occurred in seven

Fig. 1 Determination of the
hepatic duct division line. We
confirmed the hepatic duct
division line by visualizing a
stricture on the monitor of the
C-arm, and this occurs by pull-
ing a thread (a, b). By pulling
the thread encircling the right
hepatic duct, we recognized that
the stricture by the thread was
near the separation point of the
anterior and posterior branches.
IORTC showed that the thread
moved to the CBD side. After
double ligation, we divided the
right hepatic duct and obtained a
single lumen, which made anas-
tomosis easier (c)
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donors who did not have C-tube drainage and in none of
the donors who had C-tube drainage (p=0.049) (Table 3).

The profiles of our two interventions to prevent biliary
tract complications, IORTC and C-tube drainage, are shown
in Table 4. The number of hepatic ducts of the graft to be
anastomosed of donors with IORTC and C-tube drainage
was lower than that of donors without them (p=0.033).
Moreover, the occurrence rate of biliary fistula of donors
with IORTC and C-tube drainage was lower than donors
with IORTC (p=0.058). The combined application of
IORTC and C-tube drainage reduced the rate of bile duct
anastomoses and bile leakage.

Discussion

Biliary stenosis and leakage are the main complications of
biliary reconstruction, which is one of the most difficult
aspects of right lobe LDLT. Fan et al.2 described that the
causes of biliary complications are hepatic duct ischemia,
double or triple hepaticojejunostomies, the presence of an
unrecognized branch of the right hepatic duct, a jejunal

opening smaller than the size of the right hepatic duct, and
ductal plasty without division of a newly created septum. In
a recipient operation, the rate of biliary complications,
including bile duct anastomosis or a resection surface, has
been reported as 2.5–64%.2–4 In donor hepatectomy, biliary
complications are also the most common and serious
problems.5,6 With regard to the biliary tract of a donor,
direct fluorography is the best method to estimate any
anatomic variations, but preoperative endoscopic retrograde
cholangiography or percutaneous transhepatic cholangiog-
raphy is much too invasive an examination for healthy
donors, with the associated complication risks of hemor-
rhage, cholangitis, and pancreatitis. Magnetic resonance
cholangio-pancreaticography is thought to be insufficient to
estimate a small bile duct. Therefore, we have not
performed any precise examinations preoperatively. Even
if we can determine the exact biliary anatomy preopera-
tively, biliary complications will generally occur because of
the procedure or the site of bile duct division. It has been
reported that the morbidity rate for a donor is 9.3% in the
lateral segment or left lobe graft procurement and 19.7% for
right lobe graft procurement.7 However, the precise rate of

Table 2 Postoperative biliary
complications of donors with
and without IORTC in adult-to-
adult LDLT

*p<0.05, statistically significant
aSubgroup

IORTC(−) (n=19) IORTC(+) (n=39) p value

Gender

Male 13 25

Female 6 14 0.745

Age (years) 39.4±13.2 41.2±13.3 0.590

Graft type

rt 14 15

lt 5 24 0.012*

No. of hepatic ducts 1.47±0.61 1.18±0.39 0.043*

Complications of biliary tract 2 (10.5%) 5 (12.8%) 0.801

(rt hepatectomy)a (2) (14.3%)a (3) (20.0%)a 0.684

Postoperative hospital stay (days) 22.3±15.0 18.1±8.8 0.502

Table 3 Postoperative biliary
complications of donors with
and without C-tube drainage in
adult-to-adult LDLT

*p<0.05, statistically significant
aSubgroup

C-tube (−) (n=39) C-tube (+) (n=19) p value

Gender

Male 12 8

Female 27 11 0.394

Age (years) 39.4±13.5 37.0±13.4 0.954

Graft type

rt 20 9

lt 19 10 0.780

No. of hepatic ducts 1.16±0.60 1.33±0.50 0.214

Complications of biliary tract 7 (17.9%) 0 (0.0%) 0.049*

(rt hepatectomy)a (5) (25.0%)a (0) (0.0%)a 0.083

Postoperative hospital stay (days) 20.7±16.3 27.1±4.8 0.914
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biliary complications of a donor has not yet been
determined.

Various methods have been attempted to decrease the
biliary complication rate. A modified technique to preserve
the blood supply to the bile duct, or attention and surgical
refinement, can lead to a significant reduction of these
problems. Lee et al.8 reported that the Glissonian dissection
technique at the high hilar level is useful for reducing the rate
of biliary complications. Suehiro et al.3 reported that an in
situ dye injection leakage test of the resection surface can
minimize the incidence of bile leakage of a resected surface.
Moreover, Takatsuki et al. introduced the new technique of
division of the hepatic duct to reduce the number of bile duct
anastomoses and biliary complications in 2006.9 This
technique using a C-arm is similar to our procedure.

In our series, we experienced one case of severe bile
leakage in a right lobe LDLT donor case. In this case, the
anterior and posterior branches arose from the CBD
separately. Therefore, the closure site of the CBD was
large. The bile leakage was successfully treated by
endoscopic retrograde biliary drainage. However, the
closure site developed stenosis. It was necessary to
maintain an endoscopic retrograde bile drainage tube in
the CBD. After that experience, we initiated our procedure
of division of the biliary duct including IORTC. Since
initiating this procedure, there have been no severe biliary
tract complications arising at the division site of the biliary
tract in the donor. In the recipient, biliary duct complica-
tions have also tended to decrease (data not shown). The
use of double ligation, while including the tissue around the
bile duct, was thought to preserve blood flow to the
anastomotic site. We found that the number of bile duct
anastomoses decreased because of a double ligation and
IORTC, which is similar to a previous report.9 However,
IORTC cases had more left graft types than cases without
IORTC. This may affect the number of bile duct anasto-
moses because the distance between the first and second
branches of the left hepatic duct is longer than that of the
right hepatic duct. IORTC is thought to be effective for

preventing severe bile leakage from the division site of the
first branch of the bile duct.

IORTC did not effectively reduce bile leakage of the
resected surface in the donor. If we could recognize the small
bile duct around the hepatic cut surface by IORTC, the
occurrence rate of biliary complications may decrease. We
must also be extremely careful not to damage any small bile
ducts from the caudate lobe. However, it is nearly impossible
to predict bile leakage from a resected surface that occurs
more than 1 week after hepatectomy. All cases of bile leakage
from a resected surface were successfully treated with
percutaneous transhepatic abscess drainage and endoscopic
nasal bile duct drainage. Therefore, we performed C-tube
drainage, especially for hemi-lobe graft donors. We did not
experience any bile leakage in patients who had C-tube
drainage. Hotta et al.10 also reported that transcystic duct tube
drainage after hepatectomy is useful for decreasing postop-
erative bile leakage. They observed bile leakage in 3.6% of
patients with transcystic duct tube drainage and in 26.3% of
patients without drainage. On the other hand, retrograde
transhepatic biliary drainage via a tube inserted through a
choledochostomy is reported to be ineffective in preventing
postoperative bile leakage.11 In our donor series, the back-
grounds of the patients and operative methods were similar,
which is different from other previous studies. Furthermore,
all bile leakage in donor hemi-hepatectomy originating from
the biliary duct communicates with the main biliary tree.
Therefore, C-tube drainage is thought to be effective in
preventing bile leakage in donor hepatectomy.

The C-arm has been applied for three-dimensional
imaging during liver resection, cholecystectomy, and
percutaneous transhepatic biliary drainage.12,13 This proce-
dure creates an excellent visualization of the anatomy of the
extrahepatic biliary tree and can be used to find bile duct
stones, strictures, and tumors, as well as for defining the
function and anatomy of Oddi's sphincter.14 For performing
hepatectomy for hepatic malignancy, this procedure could
be an important prerequisite for defining the landmarks of
the liver, which are necessary for a curative resection in a
three-dimensional space.15 In comparison with using a
mobile X-ray machine and static films, C-arm fluorography
has been found to be superior in terms of a reduced time to
carry out the procedure and the total abolition of unsatis-
factory radiological exposure of the biliary tract.16 The
introduction of a new device to obtain superior imagery is
expected to improve the biliary complication rate, while
also improving the overall results of LDLT.

Conclusion

In conclusion, the safety of the donor is one of the most
important aspects in LDLT. From this point of view, a

Table 4 Our two interventions to reduce biliary tract complications of
donors in adult-to-adult LDLT

No. of hepatic ducts
of the graft to be
anastomosed

The incidence
of biliary tract
complications

Neither IORTC nor C-tube
drainage (n=15)

1.47±0.64* 2/15 (13.3%)

IORTC only (n=24) 1.25±0.44 5/24 (20.8%)**

C-tube drainage only (n=4) 1.50±0.58 0/4 (0.0%)

Both IORTC and C-tube
drainage (n=15)

1.07±0.26* 0/15 (0.0%)**

*p=0.033, statistically significant

**p=0.058, marginally significant
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combined application of IORTC and C-tube drainage is a
useful technique to determine the precise division line of
the hepatic duct and to avoid severe bile leakage or stenosis
at the division site or the resected surface of the donor in
adult-to-adult LDLT.
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Abstract
Purpose The aim of this study was to investigate the long-term outcomes of percutaneous ablation (PA) of very early-stage
hepatocellulcar carcinoma (HCC) with a multimodal strategy.
Methods Written informed consent was obtained from all patients before treatment. Percutaneous ethanol injection (PEI)
was performed for tumors in unfavorable locations; microwave ablation (MWA) was performed for tumors in favorable
positions without a capsule; and radiofrequency ablation (RFA) was carried out in favorable tumors with a capsule. Since
2003, these advanced PA techniques have been used.
Results Eighty-three patients with very early HCC were treated with PA, including 33 with PEI, 19 with MWA, and 31 with
RFA. Initial complete response (CR) was achieved in 79 patients (95%). The mean follow-up period was 45±27 months (range,
24–155 months). Late treatment failure was observed in eight patients (10%), which was significantly associated with tumor size
(P=0.046) and technique advancements (P=0.009). Sustained CR was achieved in 51 patients (61%) at the end of follow-up.
Major complications occurred in two patients (2%). The 1-, 3-, 5-, and 6-year disease-free survival rates were 87%, 69%, 62%,
and 59%, respectively. The 1-, 3-, 5-, and 7-year overall survival rates were 94%, 88%, 78%, and 74%, respectively.
Conclusions Treatment of very early-stage HCC using a multimodal strategy tailored to tumor characteristics achieves
equivalent initial CR rates and long-term survival rates compared to surgical resection.

Keywords Percutaneous ablation . Hepatocellular
carcinoma . Early stage

Introduction

Hepatocellular carcinoma (HCC) is one of the most
common cancers worldwide and its incidence in devel-
oped countries is rising.1–3 HCC is the second highest
cause of malignancy-associated mortality in China.4

Early-stage HCC can be successfully treated with the
use of hepatic resection, liver transplantation, or percuta-
neous ablation (PA).5–7 Transplantation achieves the best
survival results but high costs and donor shortages limit
its use. Therefore, surgical resection remains the treat-
ment of choice.8

In the past two decades, methods of PA, such as
percutaneous ethanol injection (PEI), radiofrequency abla-
tion (RFA), and microwave ablation (MWA), have been
widely used for the treatment of small HCC in patients who

Synopsis This study assessed different modalities of percutaneous ablation
(PA) for the treatment of 83 patients with very early-stage hepatocellular
carcinoma. PA produced results that were comparable to surgical resection
in terms of initial response, complications, and overall survival.
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are not candidates for resection or transplantation.5, 9, 10

Recently, several randomized clinical trials demonstrated
that PA is as safe and effective as surgical resection of small
HCC.11–13 Furthermore, PA has been shown to be less
invasive, simpler to perform, less costly, and requires a
shorter duration of hospitalization. Therefore, some centers
now use PA as the first-line treatment for HCC that are
≤3 cm,14, 15 but the debate continues about which is the
more optimal treatment for small HCC.

Although most studies have focused on comparing the
efficacy of RFA and surgical resection, such comparisons
are incomplete, as RFA is contraindicated in 10–25% of
tumors that are located close to critical structures, unlike
surgery.16 Other forms of PA, such as PEI and MWA, are
promising as the former could be used to eradicate high-risk
tumors with lower complication rates, and the latter has
equivalent efficacy to RFA.17 Therefore, the combined use
of multiple PA modalities might be more efficacious and
safer compared to surgical resection.

In this study, we present our 11-year experience in
treating single HCC ≤2 cm in size using a multimodal PA
strategy. The primary endpoints were disease-free survival
(DFS) and overall survival (OS) rates. Prognostic factors
that influenced survival were also analyzed.

Patients and Methods

Patients

This study was performed according to the guidelines of the
Helsinki Declaration. It was registered and approved by the
ethics committee at The First Affiliated Hospital of Sun
Yat-Sen University. All patients gave written informed
consent before treatment.

Surgical resection remains the first choice for very early-
stage HCC at this institution. PA is an alternative option
when surgery is contraindicated. From November 1997 to
October 2008, 92 patients with HCC and cirrhosis were
enrolled in this study. The inclusion criteria were (a) single
≤2-cm tumor with a very early HCC stage according to the
Barcelona Clinic Liver Cancer (BCLC) staging system;5 (b)
tumor detectable on ultrasound (US); (c) Child–Pugh A or
B liver function; and (d) grade 0 or 1 performance status.5

The exclusion criteria were evidence of vascular invasion or
extrahepatic spread, a platelet count <50,000/mm3, or
<50% prothrombin activity.

HCC was confirmed by evaluating vascular profile or
biopsy. Characteristic vascular profile was successful in
confirming 57 tumors. Evaluation of vascular profile was
accomplished using two dynamic imaging techniques, such
as contrast-enhanced ultrasound, dynamic CT, or MRI.
Biopsy was used to confirm HCC in 35 tumors, in which

vascular profile on dynamic imaging was not characteristic
and the AFP was less than 200 ng/mL. Liver disease was
evaluated with standard US and spiral computed tomogra-
phy (CT) imaging. US was used to detect vascular invasion.
A tumor capsule was defined as the presence of a
peritumoral hypoechoic halo as visualized by US. Unfa-
vorable target tumors were subcapsular nodules or those
located ≤5 mm from critical structures, such as the
gallbladder, gastrointestinal tract, inferior vena cava, hilum,
heart, or diaphragm. The general health status of each
patient was evaluated using routine liver, renal, and
hematological investigations. Portal hypertension (PHT)
was defined as the existence of esophageal varices or
splenomegaly with a platelet count <100,000/mm3. Diag-
nostic and management decisions were made by consensus
of the hepatobiliary surgery and interventional radiology
teams.

Percutaneous Ablation Procedures

According to our protocol, PEI was performed for
unfavorable tumors, MWA was used to treat favorable
tumors without a capsule, and RFA was used to treat
favorable tumors with a capsule. A safety margin of 0.5–
1.0 cm was employed during all thermal ablations.

Percutaneous Ethanol Injection

All patients were hospitalized prior to treatment. Two
needles were used: a 21-gauge needle (PEI needle, Silux,
Saitama, Japan) and a multipronged 20-cm-long 18-gauge
needle (Quadra-Fuse, Rex-Medical Co., USA). The latter
consisted of three retractable tines that each had two evenly
spaced through-holes (four fluid exits); the tines could be
deployed up to 5 cm.18 After administration of local
anesthesia, the needle was inserted into the center of the
tumor nodule under US guidance, and the tip of the needle
was positioned at the inferior aspect of the tumor. For 21-
gauge PEI, ethanol was injected until the entire tumor
appeared hyperechoic upon using the pullback technique.
The amount of ethanol injected per session was 2–10 mL,
and a treatment cycle consisted of three or four sessions.

Multipronged PEI was used after November 2004. In
this modification, the tines were deployed into the area of
the target tumor with the largest diameter. We calculated the
amount of ethanol necessary for injection based on the
volume of a sphere: V1=4/3 π [(D/2+0.5)3], where V is the
volume and D is the largest tumor dimension. After half of
this volume of ethanol was injected, the tines were retracted
into the cannula. The cannula was then rotated 60°, the
tines were redeployed, and the remaining ethanol was
injected. The procedure was completed with one needle
insertion in a single treatment session.
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Microwave Ablation

MWA was performed under local anesthesia with sedation
and US guidance. Two systems were used: a 16-gauge
monopolar antenna with a 2.7-cm-long active tip connected
to a UMC-I MW generator (Institute 207 of Aerospace
Industry Company and PLA General Hospital, Beijing,
China), and a 14-gauge cooled-shaft antenna containing a
16.5-cm-long double-lumen shaft and a 1.5-cm-long active
tip connected to a MTC-3MW generator (FORSEA™,
Qinghai Microwave Electronic Institute, Nanjing, China).
Noncooled-shaft MWA was performed at 60 W for a
duration of 5 min, producing a coagulation zone of 3.7×
2.6 cm; one or two insertions were required for a single
treatment session.19

Since August 2003, a cooled-shaft antenna was used
with continuously circulating chilled saline solution (4°C)
in the double-lumen shaft to maintain a shaft temperature at
10±2°C during ablation. One insertion and a single energy
application of a cooled-shaft MWA was performed using
80 W for a duration of 25 min in a single session, and a
radiological necrosis zone of 5.0×3.6 cm was produced.20

Radiofrequency Ablation

US-guided RFA was performed under local anesthesia and
sedation. RFA was initially carried out with WE-7568 RF
delivery system (Welfare Electronic Co., Beijing, China),
which consisted of a RF generator producing a frequency of
290 kHz and a maximum power of 200 W, and a 14-gauge
electrode that contained ten expandable tines. After October
2005, a Cool-tip™ RFA system (Valleylab, Boulder, CO,
USA) was used instead, which consisted of a RF generator
with a maximum power of 200 W and a 17-gauge internally
cooled electrode. Radiofrequency energy was delivered for
10 or 12 min for expandable-tip RFA or cool-tip RFA,
respectively. Treatment was completed within one or two
insertions in a single treatment session.17

Evaluation of Treatment Response and Follow-up

One month after PA was completed, a contrast-enhanced
CT was performed. The local treatment response was
classified according to radiological findings.9 A complete
response (CR) was defined as no enhancement within the
tumor area. If residual enhancement of the tumor was
detected, another treatment cycle or session was per-
formed. “Initial CR” depicted the status of CR after the
completion of the first or second PA cycle. “Initial
treatment failure” was defined as the presence of tumor
enhancement after the second PA. These patients received
other treatment modalities, such as resection or trans-
arterial chemoembolization (TACE).

All patients who underwent PAwere enrolled in follow-up
studies. Follow-up was performed using US and evaluation of
serum alpha-fetoprotein (AFP) levels every 2–3 months, and a
CT scan every 6 months. “Sustained CR” referred to the
tumor-free status at the end of follow-up. “Late treatment
failure” was defined as the reappearance of an enhancing zone
inside the tumor that was initially completely ablated or ≤2 cm
of the surrounding liver parenchyma.16, 21 Tumors with late
failure were treated using the same modality as given initially.
“Disease recurrence (DR)” was defined as the appearance of
new intrahepatic tumors in areas other than the treated area in
the absence of failure of treatment. Early DR was defined as
occurrence of new intrahepatic tumors 12 months or less after
the initial treatment, and those occurred more than 12 months
after treatment was defined as late DR. “Total recurrence”
included late failure and DR. For patients with DR, the
appropriate treatment modality, including PEI, RFA, MWA,
resection or TACE, were applied, depending on the individ-
ual status of each case. Any ablation-related complication or
side effect was documented. In cases with suspicious image
findings, a fine-needle biopsy was performed.

Statistical Analysis

SPSS (version 13.0; SPSS, Chicago, IL, USA) was used for
the statistical analysis. Continuous data were expressed as
mean ± SD. Differences between patient subgroups with
regards to initial response, late failure, DR, and complications
were analyzed using the Pearson’s chi-square test or Fisher’s
exact probability test for categorical variables and a t test for
continuous variables. Univariate analysis was used to identify
variables that predicted survival. Twenty-one variables were
assessed, and those are as follows: sex, age, etiology,
cirrhosis, Child–Pugh class, PHT, alanine aminotransferase,
bilirubin, albumin, platelet count level, AFP, tumor size,
tumor pattern, tumor location, PA modality (thermal vs. PEI),
technique advancement (multipronged PEI, cooled-shaft
MWA and cool-tip RFA vs. initial modalities), initial CR,
late treatment failure, DR, operability (absence of PHT, or
total bilirubin <1.5 mg/dL)5, and complication. DFS and OS
curves were evaluated using Kaplan–Meier curves and
compared with the log-rank test. Variables with P<0.05 in
the univariate analysis were entered into a Cox’s proportional
hazard model for multivariate analysis. Two-tailed P values
<0.05 were considered statistically significant.

Results

Patients and Tumor Profile

Of the 92 patients who met the inclusion criteria, 9 (10%)
were excluded because of coagulopathy (n=4), vascular
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invasion (n=2), the development of Child–Pugh C liver
function before treatment (n=2), or the appearance of new
tumor tissue (n=1). Finally, 83 (90%) patients (age range,
27–74 years; mean, 55 years) were treated with PA: 33
underwent treatment with PEI, 19 with MWA, and 31 with
RFA. The number of treatment sessions for each modality
was 1.5±1.0, 1.2±0.4, and 1.2±0.4, respectively. The
average hospitalization time was 3±2 days (range, 1–
17 days). Detailed patient characteristics and tumor profiles
are presented in Table 1.

Local Effectiveness

Treatment effectiveness was assessed in all patients. Initial
CR was achieved in 79 patients (95%), including 31 (94%)
who were treated with PEI, 18 with MWA (95%), and 30
with RFA (97%; Table 2). Four patients (5%) with initial
treatment failure underwent resection (n=2) or TACE (n=
2). The mean follow-up period was 45±27 months (range,
24 to 155 months). Late treatment failure was observed
in eight patients (10%) between 3 and 89 months
(mean, 18±29 months) after initial treatment with 21-
gauge PEI (n=4), multipronged PEI (n=1), expandable-
tip RFA (n=2), and noncooled-shaft MWA (n=1). Late
failure was significantly associated with tumor size (P=
0.046) and technique advancement (P=0.009). DR was
observed in 29 patients (35%), including 22 (76%) of
early DR and 7 (24%) of late DR. DR was significantly
associated with age >65 years (P=0.014) and technique
advancement (P=0.002; Table 3). Sustained CR was
achieved in 51 patients (61%) at the end of the follow-
up period.

Complications

Twenty (24%) patients complained of grade 1 (NCI
Common Toxicity Criteria Version 2.0) intraprocedural
pain, which resolved immediately after the PA ceased.
Ten (12%) patients had a low-grade fever that resolved
within 12–72 h of treatment. In the majority of patients,
serum transaminase levels increased two to six times over
baseline levels during the first 3–5 days after PA. Tumor
seeding did not occur in any of the patients.

Major complications occurred in two patients (2%), who
both developed liver decompensation after MWA. These
patients were hospitalized for 10 and 17 days, and
completely recovered after medical intervention. There
were no treatment-related deaths (Table 3).

Survival

No patient was lost during follow-up. Fifteen patients died
at the end of follow-up, due to recurrent cancer (n=9), liver
failure (n=4), and upper gastrointestinal bleeding (n=2),
respectively. The 1-, 3-, 5-, and 6-year DFS were 87%,
69%, 62%, and 59%, respectively. The 1-, 3-, 5-, and 7-year
OS were 94%, 88%, 78%, and 74%, respectively (Fig. 1).
Univariate analysis revealed that Child–Pugh class, ALB,
PHT, DR, and operability significantly affected OS. Only
DR was an independent predictor of OS in the multivariate
analysis (Table 4). Patients without DR after treatment
completion achieved 1-, 3-, 5-, and 7-year OS rates of 98%,
98%, 94%, and 94%, respectively; those who developed
DR had OS rates of 86%, 69%, 51%, and 42%, respectively
(P=0.000) (Fig. 2). Patients with early DR achieved 1-, 3-,
5-, and 7-year OS rates of 82%, 64%, 46%, and 34%,
respectively; those with late DR had OS rates of 100%,
86%, 69%, and 69%, respectively (P=0.253)

Sixty patients (72%) were considered to be potential
candidates for resection. The 1-, 3-, 5-, and 7-year OS of
these operable patients were 97%, 89%, 83%, and 83%,
respectively, which was significantly better than 87%, 83%,
62%, and 47% in inoperable patients (P=0.049).

Discussion

Treatment selection for specific stages of HCC should be
based on clinical data, including local tumor control and
technical limitations. According to the BCLC staging
system, single HCC tumors sized ≤2 cm represent the
earliest stage of disease and are suitable for potentially
curative therapies, such as hepatic resection, liver trans-
plantation, and PA. In this study, we treated very early HCC
with PEI, MWA, or RFA, depending on the tumor
characteristics. Initial CR rates of 94% or higher were

Table 1 Patient characteristics and tumor profile

Clinical (n=83)

Sex: M/F 78 (94%)/5 (6%)

Age (year): ≤65/>65 62 (75%)/21 (25%)

Etiology: hepatitis B/hepatitis C/other 77 (93%)/2 (2%)/4 (5%)

Child–Turcotte–Pugh class: A/B 70 (84%)/13 (16%)

Portal hypertension: present/absent 21 (27%)/62 (73%)

ALT (U/L): ≤40/>40 46 (55%)/37 (45%)

Total bilirubin (mg/dL): ≤1/>1 56 (67%)/27 (33%)

Albumin (g/L): ≤35/>35 12 (14%)/71 (86%)

Platelets (1000/mm3): <100/≥100 21 (27%)/62 (73%)

AFP (ng/mL): ≤20/21–200/>200 33 (40%)/19 (23%)/31 (37%)

Tumor

Tumor size (cm): ≤1.5/>1.5 26 (31%)/57 (69%)

Location: unfavorable/favorable 33 (40%)/50 (60%)

Encapsulated/noncapsulated 61 (73%)/22 (27%)

M male, F female, AFP alpha-fetoprotein, ALT alanine aminotransferase
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obtained for all three modalities, and a sustained CR rate of
61% was achieved at the end of follow-up, which were both
higher than previously reported.9 We documented a major
complication rate of 2%, which is similar to previous
studies.22

Although several randomized clinical trials have shown
that PA achieved similar survival rates as hepatectomy, the
latter was superior in terms of local tumor control as
potential satellite nodules and emboli in small portal
branches <1 cm from the main tumor were more likely to
be eliminated.23 Therefore, both the American Association
for the Study of Liver Disease and the European Associ-
ation for the Study of the Liver recommend that PA should
be used in patients who are not surgical candidates.
However, recent technique advancement in PA has enabled
a larger ablation zone that envelops peritumoral satellites
with fewer treatments.

Multipronged PEI is capable of overcoming the short-
comings of conventional PEI by disrupting the intratumoral
septa with the deployment ofmultiple prongs. Ethanol injected
from multiple holes in various directions produces a homoge-
neous distribution across the whole tumor, as ethanol usually
diffuses with a radius of 2–3 cm around a single-needle tip.24

The high-dose single-session strategy used in our
treatment scheme simplified the PEI procedure. Although
the late failure rate of all PEI procedures was 15%, that of
multipronged PEI was only 4%. Additionally, the high-risk
location of all PEI-treated tumors made it difficult to
confirm a safe margin of more than 0.5 cm, which may
have contributed to the high rate of late failure in PEI.

MWA is theoretically better than RFA in producing large
coagulation area and is less influenced by heat-sink
phenomenon, while RFA is safer and more convenient than
MWA with the use of a thinner electrode. To treat tumors
without clear edge, we selected MWA for production of a
large coagulation area in order to confirm local efficacy.
Existence of tumor capsule allows the puncture and
position of electrode easier to perform, RFA was the first
choice. The single application of cooled-shaft MWA
achieved a 1-cm wider coagulation zone than noncooled-
shaft MWA, and cool-tip RFA produced a more stable
coagulation area than expandable-tip RFA, although both
achieve an ablation margin of at least 0.5–1 cm. This may
explain why late failure was not observed in any of the

Table 2 Treatment response
according to type of
percutaneous ablation

According to type of PA All patients PEI MWA RFA
n=83 n=33 n=19 n=31

Initial response

Initial CR 79 (95%) 31 (94%) 18 (95%) 30 (97%)

Initial treatment failure 4 (5%) 2 (6%) 1 (5%) 1 (3%)

Response at the end of follow-up

Late failure 8 (10%) 5 (15%) 1 (5%) 2 (6%)

Disease recurrence 29 (35%) 12 (36%) 7 (37%) 10 (32%)

Sustained CR 51 (61%) 17 (52%) 11 (58%) 21 (68%)

Failure/recurrence 32 (39%) 16 (48%) 8 (42%) 10 (32%)

Table 3 Variables associated with late failure and disease recurrence

Variables Patient subgroups P valuea

Late failure No late failure

Technique advancement:
yes/no

1/7 47/28 0.009

Tumor size 1.7±0.3 1.5±0.3 0.046

Disease
recurrence

No disease
recurrence

Age (year): ≤65/>65 17/12 45/9 0.014

Technique advancement:
yes/no

10/19 38/16 0.002

a Pearson’s test was used to compare age and technique advancement
in DR, and Fisher’s exact test was used to compare technique
advancement in cases of late failure as categorical variables. The
unpaired t test was used for the size of main tumor as a continuous
variable

7-year:  74%

Fig. 1 Overall survival of the patients
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tumors treated by the two advanced thermal PA techniques.
The total late failure rate in this study was 10%, but only
2% occurred with advanced techniques, which was much
lower than the rate of 31% reported previously.9 As these
results suggest that the technique advancement has im-
proved every PA modality, studies that compare surgery
and PA in very early HCC should consider PA as a single
arm of therapy, rather than individual PA modalities.

Tumors ≥1.5 cm had a significantly higher rate of late
failure than those ≤1.5 cm in the present study. Histological
studies have shown that HCC nodules ≤1.5 cm are
uniformly well-differentiated, while 1.5–2.0 cm nodules
often contain fewer differentiated cells with more prolifer-
ative activity.23, 25 Portal microinvasion and peritumoral
micrometastases are observed more frequently in larger
tumors.26, 27 Almost 70% of the tumors treated in this study
were ≥1.5 cm in diameter (average, 1.7 cm). Therefore, our
study may have included patients with more advanced HCC
which could have resulted in increased tumor invasion prior
to ablation and an altered treatment response.

It has been reported that intrahepatic recurrence
observed 12 months or less after curative resection was

considered as early recurrence and was a significant
factor to poor prognosis.28, 29 Our study revealed early
DR-related 7-year survival was worse than those with late
DR, which was similar to previous reports. Advanced PA
modalities achieved improved local tumor control than
initial modalities, and could therefore prevent potential
tumor dissemination to the remote sites from peritumoral
micrometastases and portal emboli. This may explain why
the DR rate was significantly lower in patients who
underwent the more advanced forms of PA. Patients older
than 65 years of age had a higher rate of DR than younger
patients, which may be because the longer duration of
cirrhosis increased the likelihood of developing new HCC
nodules.

The 5-year OS of 78% in this study was similar to
previous reports.9, 22 Three of the five predictors that
significantly influenced OS in the univariate analysis were
liver function factors, which demonstrates that pretreatment
liver function status plays an important role in the survival
outcomes of patients with the earliest stage of HCC. For
patients with inadequate liver reserve, PA should be
considered advantageous as a bridge to transplantation
compared to resection because of its decreased invasive-
ness, lower complication rates, and sustained local CR rate.
Patients with operable tumors had a 5-year survival of 83%,
which was significantly better than the 47% observed in
inoperable patients, and equivalent to the resection out-
comes of 67–70%.30–32 Previous guidelines that PA can
only be used when surgery becomes unavailable requires
further evaluation. DR was the only independent predictor
of OS in the multivariate analysis, which suggests that the
natural history of the disease governs the prognosis.22

One limitation of this study is that the results of tumor
differentiation were only known in one third of the patients.
Furthermore, a larger sample size and longer average
follow-up may help provide more conclusive information
in the future.

In conclusion, a multimodal strategy that considers both
the tumor characteristics and the suitability of each PA
modality for very early-stage HCC achieves equivalent
initial CR and long-term survival rates to surgical resection.
Technique advancement has improved the coagulation

Without DR: 94%

With DR:  42%

Fig. 2 Overall survival of patients with and without distant recurrence
(DR)

Table 4 Predictors of overall
survival: univariate and
multivariate analysis

DFS disease-free survival, OS
overall survival, ALT alanine
aminotransferase

Variables Univariate analysis Multivariate analysis

P value Odds ratio (95% CI) P value

Child–Turcotte–Pugh class: A vs. B 0.003 0.984 (0.184–5.254) 0.185

Albumin (g/L): ≤35 vs. >35 0.001 6.148 (0.997–37.910) 0.050

Portal hypertension: present vs. absent 0.045 1.816 (0.547–6.029) 0.329

Disease recurrence: yes vs. no 0.000 11.565 (2.455–54.475) 0.002

Operability: yes vs. no 0.049 1.809 (0.545–6.009) 0.333
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efficacy of PA and decreased late treatment failures and
disease recurrence. The advantages of PA over surgery
suggest that PA should be the first-line treatment choice for
very early-stage HCC in certain patients.
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Abstract
Introduction Most western patients who have not had a previous operation and present with biliary obstruction are thought
to have a malignant lesion. However in our country where the disease is common, we found that some of these patients had
a tuberculous cause which considerably altered their management as well as their prognosis. We herein present our
experience of these patients whom we had operated with a preoperative diagnosis of biliary tract malignancy and discuss,
retrospectively, how they might have been detected before operation to have tuberculosis.
Methods Between August 1996 and June 2010, we operated on 209 patients with a preoperative diagnosis of carcinoma of
the gallbladder and common bile duct. Seven out of these 209 patients had biliary tuberculosis. We retrospectively analyzed
the clinical features of these patients from our prospectively maintained database.
Results There were four males and three females who had a mean age of 54 (32–65) years. The bile duct was involved in
four and gallbladder in three patients. In contrast to those with malignancy, patients with tuberculosis had a longer history
(122 vs 44 days), an abdominal mass was present less frequently (28% vs 57%), the serum bilirubin was lower (1.6 vs 6 mg/dl),
and they also had evidence of tuberculosis elsewhere in the body (28.5%). There was no operative mortality in biliary tract
tuberculosis in contrast to 7.5% in biliary tract malignancy.
Conclusion Though tuberculosis of the biliary tract is rare, it needs to be considered in the differential diagnosis of patients
with biliary obstruction especially in countries where the disease is endemic.

Keywords Bile duct . Gallbladder . Tuberculosis .

Carcinoma

Introduction

Most patients with biliary stricture or mass who have not had a
previous operation are thought to have a malignant lesion
because another diagnosis like isolated biliary tuberculosis
(TB) is rare.1,2 However, in contrast to biliary tract

malignancy, biliary TB is almost always curable and has a
better outcome. Hence it is important to be aware of the
clinical profile of biliary TB, which will help to rule it out in
any case of biliary tract malignancy, especially in countries
where tuberculosis is endemic. Biliary symptoms can be
caused by pericholedochal or portal tuberculous lymphade-
nitis, lymph nodes fistulating into the common bile duct or
biliary stricture due to fibrosis.3,4 The most common
symptoms of biliary tuberculosis including jaundice, abdom-
inal pain, and weight loss are usually indistinguishable from
those of cholangiocarcinoma or gallbladder carcinoma.5,6

Most cases of biliary TB require relief of obstruction and
antituberculosis therapy. Surgery is most often required for
relief of biliary obstruction.7 The diagnosis is mostly based
on postsurgical histopathological examination showing case-
ating granuloma and Langhans giant cells.8,9

Between 1996 and 2010, we operated on a large number
of patients with a preoperative diagnosis of biliary tract
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malignancy, a few of whom turned out to have tuberculosis.
In this series, we present our experience of these patients
and discuss how they might have been recognized to have
tuberculosis preoperatively.

Patients and Methods

Between August 1996 and June 2010, 209 patients were
operated for biliary tract malignancy including both
carcinoma of the gallbladder and common bile duct in the
department of Surgical Gastroenterology and Liver Trans-
plantation at Sir Ganga Ram Hospital, New Delhi (India).
Seven out of these 209 patients had biliary tuberculosis. We
retrospectively reviewed, from a prospectively collected
database, their demographic profile, clinical presentation,
routine blood investigations (hemogram, liver and renal
function tests) and imaging [ultrasonography (USG),
contrast-enhanced computed tomography (CECT), magnet-
ic resonance imaging (MRI), endoscopic retrograde chol-
angiopancreaticography (ERCP)], operative procedures
performed, and the outcomes. The diagnosis of biliary TB
was based on the presence of at least one of the following:
(1) positive acid-fast bacilli stain of the tissue biopsy or
biliary tract aspirate, (2) histopathological demonstration of
caseating granulomatous necrosis, or (3) positive polymer-
ase chain reaction (PCR) for Mycobacterium tuberculosis
on tissue biopsy or biliary tract aspirate.10,11

Results

Demographic Profile

Out of seven patients, four were male and three were
female, and their mean age was 54 years (range 32–
65 years).

Sites Involved

Four patients had common bile duct involvement, and three
had gall bladder disease. Three patients had associated
duodenal involvement; one each had involvement of the
liver and pancreas (Table 1).

Clinical Presentation

Jaundice (six of seven) and abdominal pain (four of seven)
were the most common presenting symptoms. Constitu-
tional symptoms like fever, weight loss, and anorexia
occurred in three patients each. Other symptoms like
vomiting, itching, and an abdominal mass were seen in
two patients (Table 2).

The mean delay in presentation from the onset of symptoms
was 122 days (range 16–240) and did not differ with the site of
involvement. One patient with bile duct TB with associated
duodenal involvement had duodenal ulcer perforation and
presented in the emergency department with jaundice, fever,
hematemesis, and generalized lymphadenopathy.

None of the patients had biliary TB in isolation. Other
associated sites of abdominal TB were the duodenum (three),
liver (one), pancreas (one), and intestine (one). Two patients
had systemic involvement, one each with pulmonary TB and
generalized lymphadenopathy. The patient with pulmonary
TB had hemoptysis and was on antitubercular therapy.
Another patient had a childhood history of pulmonary TB
with repair of a tracheoesophageal fistula.

The serum bilirubin was elevated in four patients with a
median of 1.6 mg/dl (range 0.4–30), and serum alkaline
phosphatase was elevated in all patients with a median of
324 IU/l (range 77–2,840). One patient with bile duct TB
had a high bilirubin of 30 mg/dl because of a fibrous
stricture in the bile duct at the hilum.

Imaging and Diagnostic Procedures

Ultrasonography and CECT abdomen were the commonly
used diagnostic modalities (five of seven). The most

Table 1 Sites involved

Site involved No. of patients

Common bile duct 4

Gall bladder 3

Other abdominal organs

Duodenum 3

Liver 1

Pancreas 1

Systemic

Pulmonary 1

Generalized lymphadenopathy 1

Table 2 Clinical characteristics of biliary tract tuberculosis

Clinical presentation Common bile duct Gall bladder

Jaundice 4 2

Abdominal pain 1 3

Fever 1 2

Anorexia 1 2

Weight loss 1 2

Vomiting 1 1

Itching 2 0

Abdominal mass 1 1

Hematemesis 1 0
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common findings were dilated intrahepatic biliary radicles
(four of seven) and a mass lesion at the hilum (two), CBD
(one), or gallbladder (one, Fig. 1). Three patients had
cholelithiasis. MRCP was the next commonly used diag-
nostic modality (four of seven), and it showed either a CBD
stricture (two of seven) or a mass lesion in the common bile
duct (one of seven).

One patient with common bile duct TB who presented
with gastric outlet obstruction underwent a barium meal
follow through examination which showed duodenal
obstruction. ERCP was suggestive of an ampullary ulcer
and was provisionally diagnosed to have periampullary
carcinoma.

None of the patients were diagnosed to have biliary
tuberculosis preoperatively. The preoperative diagnoses
were carcinoma of the gall bladder (two), hilar chol-
angiocarcinoma (two), periampullary carcinoma (one),
duodenal perforation (one), or the Mirizzi syndrome
(one, Tables 3 and 4). The final diagnosis was based on
the postoperative histopathological examination showing
caseating granulomata (Fig. 2).

Management and Outcomes

Cholecystectomy (five of seven) and hepaticojejunostomy
(four of seven) were the most commonly performed
procedures. T-tube drainage was done in all patients
undergoing hepaticojejunostomy according to our unit
protocol. Gastrojejunostomy was performed in four
patients, following duodenal repair in two patients and for
duodenal obstruction in two patients. Cholecystostomy was
performed in one patient who was suspected to have locally
advanced gallbladder carcinoma with hilar infiltration with
a raised bilirubin (10 mg/dl) and cholangitis. Another

Fig. 1 Computed tomography scan—showing a mass in the gallblad-
der (black arrow) with associated lymphadenopathy (white arrow) in a
patient with gallbladder tuberculosis

Table 3 Clinical characteristics of patients with common bile duct TB

Age 48/M 63/M 32/M 59/M

Comorbidities Nil DM, HT Nil Nil

Symptomsa 2, 4, 5, 9 1, 2, 3 2, 3, 6, 7, 8 2

Duration (days) 210 16 30 90

Past H/o TB Nil Nil Yes Yes

Other organs involved Duodenum, generalized
lymphadenopathy

Pancreas Nil Intestine

Serum total bilirubin 5.8 1.0 30 1.6

Investigations USG Not done Dilated IHBR Dilated IHBR CBD calculi

CECT Not done Mass distal CBD Mass at confluence CBD calculi

MRI Not done Not done Mass at confluence Type IV hilar
cholangiocarcinoma

Preoperative diagnosis Duodenal ulcer perforation Periampullary carcinoma Hilar cholangiocarcinoma Hilar cholangiocarcinoma

Perioperative findings D II perforation,
retroperitoneal hematoma,
pericholedochal and
para-aortic lymphadenopathy

Mass head of pancreas,
mesenteric lymphadenopathy

Firm mass at the hilum Stricture in CHD 2 cm
from confluence, stones
in RHD, duodenum and
colon stuck to liver

Procedure Perforation closure, GJ, FJ Cholecystectomy, HJ Cholecystectomy, HJ Cholecystectomy, HJ

Mortality Nil Nil Nil Nil

Priority Emergency Elective Elective Elective

M male, F female, DM diabetes mellitus, HT hypertension, IHBR intrahepatic biliary radicles, CBD common bile duct, USG ultrasonography,
CECT contrast-enhanced computed tomography, MRI magnetic resonance imaging, HJ hepaticojejunostomy, GJ gastrojejunostomy, FJ feeding
jejunostomy
a 1—abdominal pain, 2—jaundice, 3—itching, 4—fever, 5—vomiting, 6—anorexia, 7—weight loss, 8—abdominal mass, 9—hematemesis
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patient with a mass lesion in the head of pancreas and
raised CA 19–9 (66 units) was suspected to have a
periampullary carcinoma and underwent ERCP and biliary
stenting before surgery.

The operative findings were a firm mass in and around
the gall bladder (two), common bile duct (one), retroperi-
toneal hematoma (one), mesenteric lymphadenopathy (one),
and mass in the head of the pancreas (one). One patient had
a mass encasing the main portal vein with a resulting

thrombosis of the vein. Three patients had pericholedochal,
para-aortic, or mesenteric lymphadenopathy. Two patients
had associated gallbladder calculi, and one had calculi in
the right hepatic duct.

In the postoperative period, all the patients were started
on antitubercular therapy after histopathological confirma-
tion of biliary TB. One patient had collapse consolidation
due to a mucus plug on postoperative day 2, which required
bronchoscopy and removal. One patient with a cholecys-
tostomy had prolonged peridrain leakage which gradually
reduced and stopped with antitubercular therapy. One
patient had a feeding jejunostomy site leak and was
managed conservatively. One patient had a hepaticojeju-
nostomy anastomotic site stricture for which percutaneous
balloon dilatation was done (Fig. 3). There was no
postoperative mortality.

Discussion

Abdominal TB is usually a primary gastrointestinal disease,
and active pulmonary TB has been reported in only a
minority (6–38%) of these cases.12,13 Biliary involvement is
extremely rare in abdominal TB. The clinical presentation
of biliary TB is slow and insidious, and it is usually
indistinguishable from malignancy. The most common
symptoms are abdominal pain, jaundice, malaise, anorexia,

Table 4 Clinical characteristics of patients with gall bladder tuberculosis

Age/sex 52/M 65/F 64/F

Comorbidities Nil DM DM

Symptomsa 1, 2, 6, 7, 8 1, 4, 6, 7 1, 2, 4, 5

Duration (days) 240 210 60

Past H/o TB Nil Nil Nil

Serum total bilirubin 9.9 0.8 0.4

Other organs involved Pulmonary Duodenum Duodenum, liver

Investigations USG Dilated IHBR Hypoechoic lesion GB with calculi Thickened GB

CECT Dilated IHBR, Mass near porta
encasing PV, HA

Irregular GB wall thickening Not done

MRI Stricture CHD Not done Calculous cholecystitis

Preoperative diagnosis GB carcinoma Mirrizzi type II GB carcinoma with
duodenal obstruction

Perioperative findings Firm mass GB neck infiltrating
PV with thrombosis

Contracted GB with calculi;
Mirrizzi type II with
cholecystoduodenal fistula

Thickened GB, dilated
stomach, multiple
liver nodules

Procedure GB biopsy, cholecystostomy, GJ Cholecystectomy, duodenal
repair, GJ

Cholecystectomy, HJ, GJ, JJ

Mortality Nil Nil Nil

Priority Elective Elective Elective

M male, F female, DM diabetes mellitus, HT hypertension, IHBR intrahepatic biliary radicles, GB gall bladder, CBD common bile duct, USG
ultrasonography, CECT contrast-enhanced computed tomography, MRI magnetic resonance imaging, HJ hepaticojejunostomy, GJ gastro-
jejunostomy, FJ feeding jejunostomy, JJ jejunojejnostomy, PV portal vein, HA hepatic artery
a 1—abdominal pain, 2—jaundice, 3—itching, 4—fever, 5—vomiting, 6—anorexia, 7—weight loss, 8—abdominal mass, 9—hematemesis

Fig. 2 Histopathological examination—showing caseating granuloma
and Langhans giant cell
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weight loss, and fever.14 In concordance with the study by
Saluja et al. and Chong et al., we also found the most
common symptoms to be jaundice (85%) and abdominal
pain (57%) followed by nonspecific symptoms like fever,
weight loss, and anorexia (43%).15,16 This is in contrast to a
study by Amarapurkar et al., where fever and weight loss
were the commonest presenting symptoms1 (Table 5). The
mean delay in presentation was longer in biliary tract
tuberculosis than malignancy (122 vs 44 days).

From a previous study in our institution on biliary tract
malignancy, 57% of patients presented with an abdominal
mass.17 In the presence of abdominal mass and jaundice,
almost 88% of the patients had advanced carcinoma, i.e.,
beyond stage III.17 But in the present study, only 28% of
patients with biliary TB had an abdominal mass and most
of them presented with abdominal pain. The bilirubin levels
as in other benign conditions are usually not as high as they
are in those with malignant obstruction. The median serum
bilirubin in biliary TB according to this study was 1.6 mg/dl
compared to 6.0 mg/dl (range 0.2–29.3) and 14 mg/dl
(range 3.0–31) in cases of carcinoma gallbladder and
cholangiocarcinoma respectively in our previous report.17

In this study 42.8% of the patients had bile duct obstruction

due to lymphadenopathy, similar to 35% and 36.8% in studies
by Alvarez and Amarapurkar et al. respectively.1,2

Stemmerman et al. in an autopsy series of 1,500 cases of
TB reported a 3% incidence of biliary TB and Kok et al.,
from Brunei, in a 10-year study period described four cases
of biliary TB.18,19 Biliary TB occurs from three routes of
spread: (1) descending infection from the portal tracts into
the bile ducts which is the most common, (2) tuberculous
periportal lymphadenitis, and (3) ascending infection
through the ampulla of Vater.2 The symptoms in biliary
TB can be due to (1) primary TB involving the biliary tract
causing strictures, (2) cholangitis due to rupture of case-
ating granulomas into the bile duct, (3) compression related
to periportal, pericholedochal or peripancreatic tuberculous
adenitis, (4) posttreatment stricture after antitubercular
therapy, or (5) compression due to pseudotumor.1

The diagnostic modalities like ultrasonography, comput-
ed tomography, ERCP, and MRCP are all useful in
evaluating these patients with biliary tuberculosis, but they
are seldom pathognomonic of the condition.15 Alvarez and
Sollano et al. published the characteristic cholangiographic
features of biliary TB like (1) pruning of the distal
intrahepatic ducts, (2) tight hilar strictures with dilated
IHBR, (3) long smooth stricture of the distal bile duct, and
(4) sclerosing cholangitis-like changes.2 Even with the
clinical and cholangiographic features of biliary TB, it is
usually difficult to differentiate it from cholangiocarcinoma
or gallbladder carcinoma.

Isolated biliary TB is rare. In our study two patients had
systemic disease, one with pulmonary and the other with
generalized lymphadenopathy constituting about 28.5%,
similar to 28.9% by Amarapurkar et al.1 Another patient
had a history of pulmonary tuberculosis in childhood. One
patient also had intestinal TB and was on antitubercular
therapy. Other abdominal sites like the liver and pancreas
were involved in one each of the patients in this series.
Hence the associated tuberculosis infection of other sites
and past history of TB should provide a clue to the
diagnosis of biliary TB.

Most of the reported cases of biliary TB were
diagnosed after surgery with histopathological findings

Fig. 3 MRCP scan—showing hepaticojejunostomy site stricture with
dilated IHBR in a follow-up case of bile duct tuberculosis

Table 5 Review of literature

Author N Symptoms Time delay in
presentation (days)

Serum bilirubin
(mg/dl)

Other organ
involvement

Preop diagnosis
of TB

Present study 7 Jaundice, abdominal pain 122 (16–240) 1.6 (0.4–30) 5 (71%) 0

Saluja et al. 9 Abdominal pain, jaundice 140 (14–720) 5.8 (0.5–25.4) 5 (55.5%) 1

Amarapurkar et al. 15 Fever and weight loss 105 (75–135) 2.4 4 (27%) –

Kok et al. 4 Jaundice – – – –

Chong et al. – Jaundice, abdominal pain – – – –
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of caseating granuloma and Langhans giant cells.8,9 In
this series biliary TB was diagnosed in all patients after
the operation, and the common preoperative diagnosis was
that of bile duct or gallbladder malignancy (5/7). In
contrast with 7.5% operative mortality in biliary tract
malignancy, there was no operative mortality in tubercu-
losis in this study.17 In previous studies even FDG-PET
scanning has not been shown to be useful in differentiat-
ing TB from malignancy.15 Other modalities like USG or
CT-guided FNAC of the enlarged lymph nodes can be
useful in diagnosis. Though the yield is only 0–10%, some
cases can be diagnosed by acid-fast bacilli staining or
culture of the biliary fluid aspirate during ERCP.20,21 PCR
testing of the bile aspirate or ERCP brushings for M.
tuberculosis is extremely sensitive and should probably be
used more commonly.22,23

In most of the cases reported, the biliary stricture did not
resolve with medical therapy alone and usually required
biliary metallic stent placement or surgical intervention.20,22

A fibrotic reaction during antituberculosis therapy leading
to worsening of jaundice has been reported in 6–25% of
patients.24,25

Summary

Biliary TB closely mimics malignancy. Hence even
though it is a rare entity, it should be considered in
the differential diagnosis of biliary tract carcinomas,
especially in areas where tuberculosis is highly preva-
lent. The factors like (1) a past history of TB, (2) other
systemic manifestations like pulmonary or generalized
lymph node involvement, (3) associated involvement of
other abdominal organs, (4) mild jaundice, (5) abdom-
inal pain more than an abdominal mass, (6) image-
guided FNAC or biopsy in suspected cases, and (7) the
geographic area where the patient resides might help in
differentiating biliary tuberculosis from biliary tract
malignancy. We suggest that for the preoperative
diagnosis of biliary tuberculosis, PCR testing of bile
aspirate being more sensitive might be used more
extensively, especially in patients who present with
these clinical features.
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Abstract
Background Zinc and copper are two essential trace elements. However, few studies have been conducted specifically to
investigate these deficiencies in patients who underwent bariatric surgery. The aim of our work was to describe the influence
of biliopancreatic diversion (BPD) on serum copper and zinc levels during 4 years.
Methods We have analyzed a consecutive series of 65 patients who have been followed-up for 4 years after undergoing
open BPD.
Results The final (4 years) initial excess weight percent loss was 63.5%. A significant improvement of BMI, weight, waist
circumference, and fat mass was detected. The preoperative average zinc (42.2±53.2 μg/dl) and copper (61.3±58.6 μg/dl)
levels are under the lower limit of the normal values. These data show a deficient micronutrient status in morbidly obese
patients, 73.8% of patients had low basal zinc values and 67.8% low basal copper values. Values of both micronutrients at
different times (6 months, 1, 2, 3, and 4 years) were lower than basal value.
Conclusion BPD is an effective method of sustainable weight loss. Otherwise, a high prevalence of zinc and copper basal
deficiencies in morbidly obese seeking bariatric surgery was detected. These deficiencies of copper and zinc increased
during the 4 years of follow-up after BDP.

Keywords Biliopancreatic diversion . Copper . Morbid
obesity . Zinc

Introduction

Obesity, specifically severe obesity, markedly lessens life
expectancy, especially among younger adults.1 Bariatric
surgery is the most effective long-term treatment for morbid
obesity, reducing obesity-associated comorbidities. Bilio-
pancreatic diversion (BPD)2,3 is a mixed and complex
operation that has shown good long-term results regarding
weight loss. It is well-known that as complexity increases in
bariatric surgery, effectiveness also increases, but risk of
secondary effects and potential complications, likewise, may
increase. The severity of the postoperative nutritional deficit
is dependent on several factors, including the preoperative
nutritional status, the type of bariatric procedure performed,
the occurrence of postoperative complications, the ability to
modify eating behavior, and compliance with regular follow-
up and prescribed vitamin and mineral supplementation.

Zinc and copper are two essential trace elements. Zinc is
a component of the catalytic site of more than 300
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metalloenzymes, and more than 2,000 transcription factors
that work to regulate gene expression require zinc to
maintain their structural integrity and bind to DNA.4 Severe
zinc deficiency has been shown to increase susceptibility to
infection as well as to affect different organ systems,
including the gastrointestinal, skeletal, and reproductive
systems.4 Although zinc deficiency is common after
bariatric surgery, it has not been shown to be clinically
relevant to date.

Copper is used as a catalytic cofactor for a variety of
metalloenzymes involved in many processes as pigmenta-
tion (tyrosinase), energy generation (cytochrome c oxidase),
and free radical scavenging (superoxide dismutase), and in
central nervous system functioning.5 Copper deficiency has
been shown to cause hematological and neurological
disorders, and many of these cases have been described in
the setting of derivative bariatric surgery.6 However, few
studies have been conducted specifically to investigate
these deficiencies in patients who underwent bariatric
surgery. Comminetti et al.7 evaluated zinc deficiency in
patients after Roux-en-Y gastric bypass, Madan et al.8

studied zinc deficiency in patients after laparoscopic
bypass, and Balsa et al.9 evaluated zinc and copper
deficiencies after gastric bypass and BPD.

According to these previous data of the association of
copper and zinc deficiency with bariatric surgery and the
limited long-term data on their incidence,7–10 we realized
the present study with the aim of evaluating the influence of
BPD on serum copper and zinc levels during 4 years.

Subjects and Methods

Patients and Surgical Technique

We analyzed restrospectively 65 consecutive morbidly
obese patients (BMI >40) who were operated upon from
December 2002 to December 2008. These patients were
followed-up for 4 years after undergoing open BPD by the
Scopinaro technique. At our institution, the main character-
istics of BPD were a 200- to 250-ml gastric pounch, a 200-
cm alimentary limb, and a 70-cm common limb. Intestinal
limbs were measured during the surgery with a sterile tape
measure.

Follow-up visits were carried out at set intervals
(6 months, 1, 2, 3, and 4 years). The following variables
were specifically recorded: age, weight, body mass index
(BMI), waist circumference, and fat mass. Copper and
zinc blood levels were measured at basal visit and at each
visit.

All enrolled patients received instruction to reach a daily
dietary intake of 70 g of protein per day and 30 kcal/kg of
ideal weight. All patients received two tablets of a
multivitamin supplement containing 15 mg of elemental
zinc and 2 mg of elemental copper each tablet, total daily
amount (30 mg of elemental zinc and 4 mg of elemental
copper).

Biochemical Assays and Anthropometric Measurements

Copper (reference, 80–155 μg/dL) and zinc (60–150 μg/
dL) were measured by spectophometry (Varian, Inc.
Corporate Headquaters, NY, USA).

Body weight was measured to an accuracy of 0.1 kg and
BMI computed as bodyweight/(height2). Waist circumference
was measured at narrowest diameter between xiphoid
process and iliac crest. Tetrapolar body electrical bioimpe-
dance was used to determine fat mass (Biodynamics Model
310e, Seattle, WA, USA).

Table 1 Preoperative characteristics of the patients

Gender (women/men) 55/10

Age (years) 42.4±10.2

BMI (kg/m2) 47.8±6.4

Weight (kg) 126.5±22.2

BMI body mass index

Table 2 Anthropometric parameters along the follow-up

Characteristics Basal time 6 months 1 year 2 years 3 years 4 years

BMI(kg/m2) 47.8±6.4 43.9±18.4* 36.7±6.1* 34.8±7.2* 32.9±6.5* 32.5±7.4*

Weight (kg) 126.5±22.2 108.9±20* 93.6±14.1* 87.4±17.4* 85.2±18.8* 81.1±17.2*

WC(cm) 132.9±20.3 113.5±17.3* 104.6±11.5* 99.2±11.8* 97.9±12.6* 97.2±13.4*

Fat mass (kg) 51.1±11.6 49.0±10.2* 38.2±13.8* 34.5±13.7* 34.4±12* 34.6±5.2*

IEWL% – 25.24 43.4 60.1 61.2 63.5

WC waist circumference, IEWL% initial excess weight percent loss

*p<0.05 to basal data
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Statistical Analysis

SPSS software program (SPSS 15.0, SPSS Inc., Chicago, IL,
USA) was used for statistical analysis. Quantitative variables
are expressed as mean±standard deviation. The distribution of
continuous variables was analyzed with Kolmogorov–Smir-
nov statistics. Quantitative variables with normal distribution
were analyzed with a two-tailed, paired Student’s t test. Non-
parametric variables were analyzed with the Mann–Whitney
U test. Differences in serum zinc and copper levels along the
follow-up were analyzed using repeat measures analysis of
variance. Qualitative variables were analyzed with the chi-
square test, with Yates correction as necessary, and Fisher’s
test. Pearson’s test was used to correlation analysis. A p
value under 0.05 was considered statistically significant.

Results

The preoperative characteristics of the patients are shown in
Table 1. Initial perceptual excess weight loss (IEW%L) is
shown in Table 2, with a significant BMI, weight, waist
circumference, and fat mass improvement. All parameters
were significantly different from basal values. The final
initial excess weight percent loss was 63.5%.

Table 3 shows modifications of zinc and copper levels.
The preoperative average zinc (42.2±53.2 μg/dl) and copper
(61.3±58.6 μg/dl) levels are under the lower limit of the
normal values. These data show a deficient micronutrient
status in morbidly obese patients; 73.8% of patients had low
basal zinc values and 67.8% low basal copper values.

Although the adherence of mineral supplementation was
100%, levels of zinc and copper decrease during follow-up.
Values of both micronutrients at different times (6 months,
1, 2, 3, and 4 years) were lower than basal value.

Table 4 shows the percentage of patients with low serum
status of zinc and copper. Prevalence of zinc and copper
deficiency increased during the follow-up.

Correlation analysis between basal micronutrient levels
or decrease of micronutrient levels and BMI or decrease of
BMI did not show statistical association.

Discussion

Our results show a significant loss of body weight, fat
mass, and waist circumference in patients having undergone
BPD. However, blood levels of zinc and copper decreased
during the follow-up, and our results indicate a high
prevalence of basal zinc and copper deficiencies.

Loss of weight in our patients was important amounting
to 25.4% at 6 months and 63.5% at 4 years of follow-up.
IEW%L after 4 years was 70% in other studies11 and 77%
in the 12th year in Scopinaro’s patients.2

Serum basal deficiencies of copper and zinc could be
explained with the fact if the accumulation of adipose tissue
increases the production of cortisol and adipocytokines,
which produces chronic inflammatory process, the inflam-
mation induces the expression of metallothionein and zinc–
copper transporter in hepatocytes, and these proteins
promote the metal accumulation in the liver and in
adipocites, which may have contributed to low zinc and
copper concentrations.12,13 However, serum zinc concen-
trations varied in different studies of morbid obese patients
and in some of them serum concentrations did not correlate
with weight before surgery.14–16

Ours results agree with previous studies showing a
decrease in serum zinc and copper concentrations post-
surgery. Deficiencies of zinc and copper are common after
BPD.7–9,17,18 Our study showed an increased incidence of
both deficiencies, although patients were taking 30 mg/day
of zinc and 4 mg/day of copper with a multivitamin–
mineral supplement. Copper absorption seemed to be
predominant in the proximal small bowel19 and zinc is also
absorbed in the small intestine, primarily in the jejunum.20

Our findings are in agreement with these data as the
prevalence of copper and zinc deficiency was larger in our
patients treated with BPD. This procedure excludes the
duodenum and all jejunum from the alimentary limb.

Our patients had no clinical problems secondary to
neurological deficits or hematological problems, although
the copper and zinc deficiencies remained along the 4 years
of follow-up. Perhaps, this follow-up of 4 years is short to
detect these clinical problems and deficits above 11 years

Characteristics Basal time 6 months 1 year 2 years 3 years 4 years

Zinc(μg/dL) 42.2±53.2 25.3±36.2* 19.8±25.9* 18.7±28.4* 18.8±33.2* 9.8±4.9*

Copper (μg/dL) 61.3±58.6 45.8±55.3* 30.6±37.8* 33.5±42.4* 26.3±35.4* 17.3±4.6*

Table 3 Serum zinc and copper
levels along the follow-up

*p<0.05 to basal data

Characteristics Basal time 6 months 1 year 2 years 3 years 4 years

Zinc (<60 μg/dL) 73.8% 73.8%* 86.1%* 86.1%* 90.7%* 90.7%*

Copper (<80 μg/dL) 67.8% 76.9%* 76.9%* 87.7%* 87.7%* 90.7%*

Table 4 Percentage of patients
with low serum zinc and copper
levels

*p<0.05 to basal data

2180 J Gastrointest Surg (2011) 15:2178–2181



are needed to develop neurological and hematological
deficits.21

Current zinc and copper dietary reference intakes are 11
and 0.9 mg/day, respectively. A limitation of our study is
the lack of dietary control, although these requirements are
achieved when a multivitamin tablet is taken on a daily
regimen after bariatric surgery. This recommendation is
realized by AACE guidelines.22 These guidelines do not
indicate a specific mineral supplementation and also
indicate that minerals should be tested annually after
malabsorptive surgery. An empirical zinc supplementa-
tion of an additional 200% dietary recommendation has
been suggested after malabsorptive bariatric techniques.23

However, an additional 400% of zinc and copper was given
in our study and normal serum levels were not achieved
during the follow-up. Perhaps, higher doses are necessary to
restore normal serum mineral levels in BPD patients.

Limitations of our study are the retrospective design with
potential bias the technique to measure zinc and copper,
which could be influenced by hypoalbuminemia.24

In conclusion, BPD is an effective method of sustainable
weight loss. Otherwise, a high prevalence of zinc and copper
basal deficiencies in morbidly obese seeking bariatric surgery
was detected. Although, a standard multivitamin supplemen-
tation approach was realized in all patients, the deficiencies of
copper and zinc increased during the 4 years of follow-up.
Proper monitoring of mineral status and other additional
supplementation must be investigated.
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Abstract
Background The technique of single-port laparoscopy was developed over the past years in an attempt to reduce the
invasiveness of surgery. A reduction of incisions and their overall size might result in enhanced postoperative cosmesis and
potentially reduce pain when compared to conventional techniques. While manual single-port laparoscopy is technically
challenging, a newly approved robotic platform used with the da Vinci Si System (Intuitive Surgical, Sunnyvale, CA, USA)
might overcome some of the difficulties of this technique.
Methods Patients with cholelithiasis were scheduled for robotic single-port cholecystectomy in an initial clinical trial.
Demographic data, intra- and short-term postoperative results were assessed prospectively.
Results Twenty-eight patients (22 females/6 males; median age, 48 years) underwent robotic single-port cholecystectomy in
our first week of clinical cases. Median OR time was 80 min with a median docking time of 8 min and median robotic
console time of 53 min. Two patients underwent intraoperative cholangiography. Eight cases presented with adhesions,
tissue alterations, or anatomical abnormalities. No conversions, intra- or postoperative complications occurred.
Conclusion Robotic single-port cholecystectomy appears feasible and safe in our early experience. The robotic approach to
single-port surgery seems to overcome some of the technical difficulties of manual single-port surgery. This robotic platform
may facilitate completion of more complex cases.
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Introduction

Recently, minimally invasive cholecystectomy underwent a
strong development towards less invasive methods such as
natural orifice transluminal endoscopic surgery, reduced
port, and single-incision surgery.1–7 Reports of these new
methods indicate theoretic improvements in some clinical
parameters such as pain, wound-related complications, and
cosmetic outcomes.8–10 Additionally, such less invasive

methods seem to find great patient acceptance.11–13 Among
the above-mentioned methods, single-port cholecystectomy
appears to be gaining clinical significance with numerous
reports in the recent literature.14–18

Besides this enthusiasm, single-port cholecystectomy is
associated with technical limitations due to the enhanced
complexity of the approach and limited number of
specialized instruments or platforms.19 Using conventional
laparoscopic instruments for a single-port or single-incision
approach leads to collisions and reduction of triangulation.
Specific curved or articulated instruments on the other hand
add complexity in handling especially when used crossing
at the abdominal wall (right hand controls left instrument
and vice versa). While instrumentation for manual single-
incision surgery continuously improves and standard cases
of cholecystectomy seem to be successfully performed,
more complex cases, for example high body mass index
(BMI) or male patients, are more likely to result in
conversions to standard laparoscopy.20
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In an attempt to overcome the above-mentioned limita-
tions, a few experimental reports about robotic single-incision
laparoscopy can be found in the literature.21,22 In a couple of
studies, authors have used robotic instruments crossing at the
level of the abdominal wall and switching robotic arm
control to regain dexterity23,24. While these reports on the
experimental setup were very promising, clinical adoption
has been limited.

In the meantime, specific robotic instruments using the
same principle have been developed and recently received
approval in the European market. These new da Vinci
Single-Site™ Instruments and Accessories are designed to
be used with the da Vinci Si Surgical System (Intuitive
Surgical International, Sunnyvale, CA, USA) to perform
single-incision laparoscopic surgery. This setup re-creates
intuitive control at the surgical console and should therefore
facilitate single-incision surgery. We present our early
clinical experience that was gathered during a limited
product launch after the device received CE mark approval.

Methods

After approval of the new robotic instruments for the
European market, initial patients with confirmed cholelithi-
asis were consented and scheduled for robotic single-incision
cholecystectomy under an IRB-approved protocol. The
inclusion criteria were patients between 18 and 80 years
old with symptomatic cholelithiasis. The exclusion criteria
included acute cholecystitis, suspicion of common bile duct
stones, pregnant patients, severe lack of cooperation due to
psychological or severe systemic illness, or the presence of
medical conditions contraindicating general anesthesia or
standard surgical approaches. All patients underwent surgery
by two different surgeons already experienced in standard
single-site surgery (>50 cases) and robotic surgery (>100
cases).

Demographic, intra- and postoperative data were prospec-
tively collected. Case difficulty based solely on underlying
disease and anatomy was estimated by the operating surgeon
upon completion of cases based on a scale of 1 (very easy) to
10 (most difficult). All the patients were followed up at
postoperative day 14 for a clinical visit and at postoperative
week 6 with a phone call.

To enable single-incision surgery, curved cannulae (Fig. 1)
are placed through a special silicone port, with the curves of
the cannulae crossing over each other at the level of the
abdominal wall. This allows alignment of the remote center
and effectively re-creates triangulation of the instruments.
The da Vinci Surgical System automatically switches arm
control for ease of instrument control. Available instruments
include non-articulating needle driver, atraumatic grasper,
right-angle dissector, curved scissors, hook, clip applier, and

a suction/irrigator device. The single-site instruments are
flexible but not endowristed, and this is their main difference
with the standard robotic instruments.

Surgical Procedure

The patients were placed in supine positionwith the legs apart.
A periumbilical skin incision of 2.0–3.5 cm was formed
followed by blunt dissection to the abdominal fascia. The
abdomen was entered under direct vision and a finger sweep
performed to check for adhesions. Using an atraumatic clamp,
a specific silicon port was grasped (Fig. 2) and inserted
through the previously formed incision (Fig. 3). Insufflation
to about 12 mm Hg was installed through the port using a

Fig. 1 Curved cannulae

Fig. 2 Intuitive single-incision port before insertion
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conventional laparoscopic insufflator. A straight 8.5-mm
trocar for the camera and a 5-mm laparoscopic port were
introduced to confirm the operability. The 5-mm port was then
removed. The patients were then placed in an 8 to 10° reversed
Trendelenburg position with a slight roll to the left. The
camera arm was docked to the corresponding trocar and the
robotic camera was inserted. Next, curved robotic cannulae
were inserted under direct vision. Two arms of the da Vinci
surgical system were docked to the cannulae, and flexible
robotic instruments were mounted (Fig. 4). The 5-mm
assistant’s trocar was reinserted. A laparoscopic grasper
was used to retract the gallbladder at its fundus in a cephalad
direction (Fig. 5). The triangle of Calot was exposed by
lateral retraction from the robotic surgeon’s left hand. The
anatomy was dissected using a robotic cautery hook, and if
needed, a robotic Maryland forceps. After clear identification
of cystic duct and artery, both structures were clipped with
robotic Hem-o-lock clips (Teleflex Medical, Ireland) and
transected using robotic scissors. The gallbladder was then

dissected off the liver bed using the robotic cautery hook and
retraction from the robotic as well as the laparoscopic
grasper. After completing the dissection, the liver bed was
controlled for hemostasis and the surgical field flushed using
robotic suction and irrigation. The laparoscopic grasper was
removed together with its trocar, and a MemoBag (Teleflex
Medical, Ireland) was placed intra-abdominally through the
port. The gallbladder was placed inside the bag using the
robotic instruments and laparoscopic assistance. The bag was
held using a laparoscopic grasper. The robotic instruments
and camera were removed and the robot undocked. The
robotic trocars were removed, and the port was exteriorized.
Lastly, the gallbladder was removed, and the incision was
closed in layers.

In the case where cholangiography was needed, this step
was performed before complete dissection of the cystic
duct. After proximal clipping of the cystic duct, the
laparoscopic grasper was removed, and a laparoscopic
balloon cholangiocatheter was inserted intra-abdominally.
The catheter was placed into the cystic duct, and the
balloon was insufflated to secure the correct location. The
robotic instruments and camera were removed and the robot
re-docked. The robotic arms were moved out of the surgical
field. The C-arm was brought to the patient’s left side, and
cholangiography was performed in the usual fashion. After
completion, the C-arm was removed. The balloon of the
cholangiocatheter was desufflated to remove the catheter.
The da Vinci Surgical System was re-docked and the
procedure completed in its standard fashion.

Results

Twenty-eight patients underwent robotic single-incision
cholecystectomy as part of this initial case series. Twenty-
two patients were female and six were male. The median
age was 48 years (range, 28–77). The median body mass

Fig. 3 Intuitive single-incision port placed in a periumbilical incision

Fig. 4 Insertion of second robotic cannulae

Fig. 5 The da Vinci SP Surgical System during surgery
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index was 26 kg/m² (range, 18–36). The median ASA score
was 2 (range, 1–3).

The median OR time was 80 min (range, 45–195), with a
median port placement time of 3 min (range, 1–8), a median
docking time of 8 min (range, 1–18), and a median console
time of 53 min (range, 23–134). The median estimated blood
loss was 5 ml (range, 0–50). The median length of skin
incision was 3 cm (range, 2–3.5). The estimated case difficulty
was five cases (range, two to eight): eight cases were rated
with a difficulty of five or above.

The learning curve of the procedure, with respect to
operative time, is summarized in Figs. 6 and 7. Of note, the
operative time decreased during the study period as the
robot docking time.

Two patients underwent intraoperative cholangiography.
No complications associated with this additional step were
observed. The cholangiography added an additional 19 min
to the operating time including additional robotic docking
time. The robotic setup did not interfere with the technique
of intraoperative cholangiography.

Concerning the outcomes, no intraoperative complications
occurred, and no conversions or additional ports were
required. Moreover, no postoperative complications, readmis-
sions, or reoperations were reported.

Discussion

Single-incision and single-port surgery underwent a massive
movement over the past years with growing numbers of
procedures performed and scientific articles published. It
appears that this surgical approach might become a valid
method for certain procedures such as cholecystectomy under
specific circumstances. While many specific instruments
became available on the market to support this new surgical
access with camera and multiple instruments through one
incision, a recent review of single-incision laparoscopic

cholecystectomy concluded that instruments still need further
improvement.20 A potential solution to such an improvement
might be the robotic technology. The above described new
single-site instruments by Intuitive Surgical (Sunnyvale, CA,
USA) were only recently approved for the European market.
The main difference between the standard robotic approach
and the new single-site platform remains the semiflexible
instruments with however the loss of endowristed technology.
These instruments can be inserted in curved cannulae,
allowing for improved triangulation that was not possible to
achieve with the rigid straight cannulae.

We present a first series of clinical cases. Our very early
experience suggests that robotic single-incision cholecystec-
tomy is feasible and safe using this new platform. Previous
literature suggests that conventional single-incision cholecys-
tectomy can lead to a higher conversion rate and longer
operative times.20 Our overall operating times fall well
within the available data,20 but are longer than previously
published case series of single-incision cholecystectomy
from our institution.25 We noted that a significant number
of relatively difficult cases were encountered in this series
(extensive adhesions, post-infectious tissue alterations, atypical
anatomy, acute cholecystitis, and higher BMI) and were
completed without conversions or complications. We believe
that the relative complexity of cases and a certain learning
curve regarding system installation and handling are respon-
sible for the longer operative times. Docking times of the
system were overall within reason, but still contribute to the
length of the cases. Since the docking time already signifi-
cantly decreased during these initial 28 cases, we are confident
that the system can be installed in acceptable times after a few
initial cases. In that sense, the last five docking took a median
of 4 min. Our console times showed that these complex cases
were completed successfully with reasonable surgical times
comparable to the literature. Work at the console was very
comfortable for the surgeon and surgical dexterity felt restored,
especially when compared to manual single-port surgery. We
suspect that a number of these complex cases would have been

Fig. 7 Learning curve for da Vinci console time

Fig. 6 Learning curve for port placement and robot docking time
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extremely difficult to be performed with manual single-port
laparoscopy, and we would have expected a higher conversion
rate. Therefore, we assume after this initial clinical assessment
of the da Vinci Single-Site Instruments that it might be an
excellent option for complicated cases such as those with
acute or chronic cholecystitis, higher BMI, or more advanced
single-port procedures. Further clinical trials will have to
confirm these potential advantages over manual single-port
cholecystectomy, as well as the suitability of the system for
other indications and cost-related issues.

Disclosure Dr. Monika Hagen has a financial relationship with
Intuitive Surgical. All other authors have nothing to disclose.
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Abstract
Background Postoperative pancreatic fistula remains a troublesome complication after pancreatoduodenectomy (PD), and
many authors have suggested factors that affect pancreatic leakage after PD. The International Study Group on Pancreatic
Fistula (ISGPF) published a classification, but the new criteria adopted have not been substantially validated. The aims of
this study were to validate the ISGPF classification and to analyze the risk factors of pancreatic leakage after duct-to-
mucosa pancreatojejunostomy by a single surgeon.
Methods All patient data were entered prospectively into a database. The risk factors for pancreatic fistula were analyzed
retrospectively for 247 consecutive patients who underwent conventional pancreatoduodenectomy or pylorus-preserving
pancreatoduodenectomy between June 2005 and March 2009 at the Samsung Medical Center by a single surgeon. Duct-to-
mucosa pancreatojejunostomy was performed on all patients. The ISGPF criteria were used to define postoperative
pancreatic fistula.
Results Conventional pancreatoduodenectomy was performed in 84 patients and pylorus-preserving pancreatoduodenectomy in
163. Postoperative complications occurred in 144 (58.3%) patients, but there was no postoperative in-hospital mortality. Pancreatic
fistula occurred in 105 (42.5%) [grade A, 82 (33.2%); grade B, 9 (3.6%); grade C, 14 (5.7%)]. However, no difference was evident
between the no fistula group and the grade A fistula group in terms of clinical findings, including postoperative hospital stays (11
versus 12 days, respectively, p=0.332). Mean durations of hospital stay in the grade B and C fistula groups were significantly
longer than in the no fistula group (21 and 28.5 days, respectively; p<0.001). Multivariate analysis revealed that a soft pancreas
and a long operation time (>300 min) were individually associated with pancreatic fistula formation of grades B and C.
Conclusions Although the new ISGPF classification appears to be sound in terms of postoperative pancreatic leakage, grade A
fistulas lack clinical implications; thus, we are of the opinion that only grade B and C fistulas should be considered in practice. A
soft pancreatic texture and an operation time exceeding 300 min were found to be risk factors of grade B and C pancreatic fistulas.
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Introduction

Pancreatoduodenectomy is the treatment of choice for some
benign lesions in the pancreatic head and for periampullary
cancer. At high-volume centers, mortality after pancreato-
duodenectomy is currently around 3–5%, but postoperative
morbidity rates are considerable at around 30–50%.1, 2

Furthermore, despite recent advances in surgical procedures
and postoperative management techniques, pancreatic fis-
tula remains the most common postoperative complication
after pancreatoduodenectomy even at high-volume centers.3

The development of a pancreatic fistula increases hospital
stay and the cost of treatment, necessitates the use of
additional investigations and interventional procedures, and
can cause life-threatening complications. One of the
problems encountered by those studying postoperative
pancreatic fistula is the heterogeneity of the definitions
applied. In order to overcome this problem, the Interna-
tional Study Group on Pancreatic Fistula (ISGPF) defined
grades of pancreatic fistula severity in terms of their clinical
impacts on hospital course. However, the ISGPF classifi-
cation has not been rigorously tested or validated.

The aims of this study were to validate the ISGPF
classification and to identify the risk factors of pancreatic
leakage after duct-to-mucosa pancreatojejunostomy by a
single surgeon specializing in pancreatobiliary surgery at a
high-volume center.

Materials and Methods

Between June 2005 and May 2009, 247 consecutive
patients underwent pancreatoduodenectomy by an experi-
enced surgeon at the Samsung Medical Center. All patients
underwent elective surgery after a full workup. All
preoperative, intraoperative, and postoperative data were
prospectively collected and maintained on a secure data-
base. Preoperative parameters included patient age, gender,
and laboratory findings; intraoperative parameters included
operative time, pancreas texture, and the use of stents.
Postoperative parameters and events were recorded and
included the use of antibiotics, nutritional support, labora-
tory and imaging studies, postoperative hospital duration,
hospital readmissions, reoperations, and mortality.

All operations were performed by an experienced single
surgeon. Patients received single-shot intravenous antibiotic
prophylaxis on induction of anesthesia, and all 247
underwent pancreatojejunal anastomosis, which was per-
formed using a double-layer duct-to-mucosa technique

where the jejunal mucosa (full layer) was stitched to the
pancreatic duct with 5–0 absorbable coated Vicryl interrupt
sutures and the edge of the parenchymal resection surface
was stitched to the serosa of the jejunum using 5–0 Prolene
single continuous sutures. Ductal short stents were often
used in small pancreatic ducts, and no external pancreatic
duct stent was used. Two Jackson-Pratt drainages were
placed around the pancreatojejunal anastomosis and hep-
atojejunal anastomosis and then exteriorized through the
lateral abdominal wall. Adjacent organ resection (colon,
portal vein) was performed in accord with malignant
extension. Prophylactic octreotide was given subcutaneous-
ly (100 μg every 8 h for 5 days). Computed tomography
(CT) was performed routinely at postoperative day 7.
Drained fluid volumes were measured daily, and serum and
drain fluid amylase levels were determined on postoperative
days 1, 2, 3, 4, 5, and 7 and daily thereafter if there was
evidence of persistent leakage. For the no fistula group and the
grade A group, drains were removed routinely on the eighth
postoperative day, except for extraordinary large drainage
amount if there was no evidence of elevated drain amylase
activity and no abnormal CT finding on the seventh
postoperative day. For the grade B and C groups, drains were
kept longer until the amylase concentration of the drainage
fluid was below the normal serum range (<100 IU/L) or the
24-h drainage fluid volume was <10 mL in case of higher
amylase concentration level of the drainage fluid with or
without interventional procedure.

Pancreatic fistula grades were defined as described by
the ISGPF.4 Mortality and morbidity were defined as death
or complications occurring within 30 days of surgery.
Detailed analysis of collated data and clinical course was
performed for each of the 247 consecutive patients. To
identify possible risk factors of a grade B and C pancreatic
fistula, we reviewed the records of 23 (9.3%) patients with

Table 1 Pathologic indication for 247 consecutive patients undergo-
ing pancreatoduodenectomy

Disease Conventional
PD (n=84)

PPPD
(n=163)

N=247

Pancreas cancer 42 38 80

CBD cancer 18 55 73

AoV cancer 7 35 42

Duodenal cancer 8 4 12

Pancreas benign tumor 5 23 28

Pancreatitis 1 4 5

AoV benign tumor 2 2 4

Duodenal benign tumor 1 1 2

CBD benign tumor 0 1 1

PD pancreatoduodenectomy, PPPD pylorus-preserving pancreatoduo-
denectomy, CBD common bile duct, AoV ampulla of Vater
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a postoperative pancreatic fistula and compared these with
those of non-pancreatic fistula cases. Categorical variables
were compared using the chi-square test, and P values
<0.05 were considered statistically significant.

Results

Of the 247 patients treated during the 4-year study period, 152
were males; the median patient age was 62 years (range, 26–

85 years). Pylorus-preserving pancreatoduodenectomy was
performed in 163 and conventional pancreatoduodenectomy
in 84, although conventional pancreatoduodenectomy was
performed more frequently in patients with pancreatic head
carcinoma or duodenal carcinoma (Table 1). The most
common indication for pancreatoduodenectomy was peri-
ampullary cancer (n=207, 83.8%). Pathologic examinations
revealed pancreatic carcinoma in 80 patients (32.4%), distal
common bile duct carcinoma in 73 (29.6%), ampullary
carcinoma in 42 (17.0%), duodenal cancer in 12 (4.9%), and
a benign disease of the pancreatic head in 40 (16.2%).

Median operation time was 300 min (range, 200–540 min)
and median operative blood loss was 400 mL (range, 50–
2,500 mL). Twenty (8.1%) patients required operative blood
transfusion [mean, 2.5 U (range, 1–5 U) of packed red blood
cells] due to bleeding. Median postoperative length of hospital
stay was 12 days (range, 8–48 days).

Of the 247 study subjects, 105 (42.5%) developed a
pancreatic fistula postoperatively. Pancreatic fistula grades
A, B, and C occurred in 33.2%, 3.6%, and 5.7% of the
study subjects, respectively. In the 105 patients with a
pancreatic fistula, 82 (78.1%) had a grade A fistula, 9
(8.6%) had a grade B fistula, and 14 (13.3%) had a grade C
fistula. Grade C fistula was developed after discharge in
two patients who were initially classified as grade A when
they were discharged. Anyway, they were classified as
grade C fistula group finally. Reoperation was not required
in any patient, and no in-hospital mortality occurred.
Duration of hospital stay progressively increased with
fistula severity (grade A, 12 days; grade B, 21 days; grade
C, 28.5 days, p<0.001). In addition, other parameters also
progressively increased.

The median maximal drain amylase level for fistula
grade A was 548 IU/L. Although two patients maintained a

Table 2 Comparison of postoperative course between non-pancreatic
fistula group and grade a pancreatic fistula group

Postoperative parameters Non-fistula Grade A P

N (%) 142 (57.5) 82 (33.2)

Gender (male) 86(60.6) 45(54.9) 0.405

Age (>60 years) 78(54.9) 36(43.9) 0.112

Operation time (>300 min) 65(45.8) 35(42.7) 0.654

Postop. hospital stay (days) 11 12 0.332

Drain removal (postoperative day) 9 10 0.789

Complicationsa (%) 40 (28.2) 28(34.1) 0.368

CT positive finding (%) 0 (0.0) 0 (0.0) –

Supplemental nutrition (%) 5 (3.5) 0 (0.0) 1.000

Antibiotics use (%) 4 (2.8) 0(0.0) 0.709

Positive drainage culture (%) 2 (1.4) 3 (3.7) 0.358

Percutaneous drainage (%) 0 (0.0) 0 (0.0) –

Persistent drainageb (%) 0 (0.0) 0 (0.0) –

Readmission (%) 1 (0.7) 2 (2.4) c 0.556

a Complications except pancreatic fistula
b Persistent drainage after 3 weeks
c Two patients was excluded because they were reclassified as grade C
after readmission.

Table 3 Comparison of post-
operative course between the
non-pancreatic fistula group and
the grade B and C pancreatic
fistula group

aComplications except pancreatic
fistula
bPersistent drainage after 3 weeks

Postoperative parameters Non-fistula Grade B and C P

N (%) 142 (57.5) 23 (9.3)

Gender (male) 86(60.6) 14(60.9) 0.978

Age (>60 years) 78(54.9) 14(60.9) 0.595

Operation time (>300 min) 65(45.8) 17(73.9) 0.012

Postop. hospital stay (days) 11 23 <0.001

Drain removal (postoperative day) 9 18 <0.001

Complicationsa (%) 40 (28.2) 21 (91.3) <0.001

CT positive finding (%) 0 (0.0) 20 (87.0) <0.001

Supplemental nutrition (%) 5 (3.5) 5 (21.5) 0.005

Antibiotics use (%) 4 (2.8) 22 (95.7) <0.001

Positive drainage culture (%) 2 (1.4) 16 (69.9) <0.001

Percutaneous drainage (%) 0 (0.0) 14 (60.9) <0.001

Persistent drainageb (%) 0 (0.0) 17 (73.9) <0.001

Readmission (%) 1 (0.7) 2 (8.7) 0.051
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drain at hospital discharge, no patient experienced drainage
for more than 3 weeks. This variability in drain removal
reflects the surgeon’s clinical judgment because customary
drain removal was delayed in some cases due to a higher
than expected volume at the scheduled time of discharge.
Readmission via emergency room was required in four
patients who were initially classified as grade A when they
were discharged. Readmission rate of grade A was not
different from that of the no fistula group (p=0.065).
Among them, two patients with intraabdominal amylase-
rich fluid collection by CT scan were reclassified as grade C
pancreatic fistula and treated with percutaneous drainage on
admission.

For grade B fistulas, the median maximal drain amylase
level was 49,800 IU/L. Drains were removed at a median
17 days postoperatively. The majority of patients (six of the
nine) were suspected to have fluid collection by CT, and
three of these patients were accessible to percutaneous
drainage. All patients with a grade B pancreatic fistula had
other complications.

For grade C fistulas, the median drain amylase was
significantly elevated (117,181 IU/L); drains were removed
late at a median 25.5 days postoperatively. All 14 grade C
patients had other complications that required specific
treatments such as antibiotics (100%) or minimally invasive
drainage (78.6%). In addition, three of these patients
(21.4%) developed pseudoaneurysmal bleeding and were
managed by embolization. However, despite the severity of
these fistulas and the pseudoaneurysmal ruptures, no
mortality occurred.

In terms of clinical course, grade A pancreatic fistula
patients were no different from no fistula patients (Table 2).
In grade A pancreatic fistula, drain fluid amylase levels
were tender to highest at postoperative day 2 or 3, but
progressively decreased. Patients with no pancreatic fistula

and patients with a grade B or C fistula were compared with
respect to ten clinical parameters related to postoperative
course (Table 3). No significant differences were observed
between these two groups (p<0.05), although the readmis-
sion rates were approaching significance (p=0.051).

Patients with a grade B or C pancreatic fistula were
compared with patients without a pancreatic fistula with
respect to 14 risk factors of pancreatic fistula development
(Table 4). Multivariate analysis showed that a soft
pancreatic texture and a long operation time (>300 min)
were independently associated with pancreatic fistula
development (Table 5).

Discussion

The guidelines issued by the International Study Group on
Pancreatic Fistula (ISGPF) enable pancreatic fistula to be
defined and graded more precisely based on considerations
of clinical procedures and outcomes, and allow realistic
comparisons of surgical experiences to be made between
different hepatopancreatobiliary centers. Thus, the new
guidelines will undoubtedly simplify evaluations of new
surgical techniques and pharmacological interventions.

Some studies that have used this new ISGPF classifica-
tion have confirmed its usefulness. Pratt et al.3 reported that

Table 4 Risk factors for grade
B and C pancreatic fistulas by
univariate analysis

Parameters Non-fistula (N=142) Grade B and C (N=23) P

Age (>60 years) 78 (54.9) 14 (60.9) 0.595

Gender (Male) 86(60.6) 14(60.9) 0.978

Operation time (>300 min) 65(45.8) 17(73.9) 0.012

Preop. T-bilirubin (>1.6 mg/dL) 80 (56.3) 12 (52.2) 0.709

Preop. biliary drainage (yes) 80 (56.3) 13 (56.5) 0.987

Preop. CA19-9 (>35 U/mL) 78 (56.1) 12 (54.5) 0.890

Preop. amlyase (>100 U/L) 42 (31.1) 3 (15.8) 0.169

Preop. lipase (>60 U/L) 59 (43.7) 4 (21.1) 0.060

Pancreatic duct size (>3 mm) 66 (46.5) 8 (34.8) 0.295

Location of the lesion (pancreas) 80 (56.3) 8 (34.8) 0.055

Operation type (PPPD) 81 (57.0) 15 (65.2) 0.461

PJ stent insertion (no) 97 (68.3) 17 (73.9) 0.590

Pancreas texture (soft) 64 (45.1) 16 (69.6) 0.029

Pathology (malignant) 124 (87.3) 17 (73.9) 0.110

Table 5 Multivariate analysis for predictive factors influencing grade
B and C pancreatic fistulas, performed based on the result of the
univariate analysis

Variable OR 95% CI P value

Operation time (>300 min) 3.774 1.375–10.355 0.010

Pancreas texture (soft) 3.175 1.199–8.409 0.020
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increasing fistula severity has negative clinical and eco-
nomic impacts on patients and their healthcare resources.
Frymerman et al.5 suggested that a soft pancreatic consis-
tency and a high drain lipase activity on postoperative day 3
are early predictors of the development of a postoperative
pancreatic fistula, and C. Fuks et al.6 reported that the risk
factors of a grade C pancreatic fistula are soft pancreatic
parenchyma, preoperative transfusion, and postoperative
bleeding.

In the present study, the ISGPF classification scheme
was examined in a high-volume pancreatobiliary surgical
specialty setting using patients treated by a single surgeon.
Furthermore, all patients were treated using the same
operative procedure.

In the present study, grade A pancreatic fistula was most
commonly encountered, but no significant difference was
evident between these patients and those that did not
develop a pancreatic fistula. Accordingly, it seems that
grade A pancreatic fistulas are biochemically apparent only.
On the other hand, patients with a clinically relevant (grade
B or C) pancreatic fistula followed a more severe clinical
course than those without a fistula. The present study
indicates that grade A fistulas scarcely merit consideration
as complications because they lack clinical consequences,
whereas grades B and C are valuable for categorizing and
delineating the impact of fistula severity.

The pancreatic anastomosis technique has been consid-
ered to the most important factor of fistula development by
several authors.7–9 Various anastomotic methods have been
developed to reduce pancreatic fistula rates, such as end-to-
end dunking PJ, the duct-to-mucosa technique, external
drainage of the pancreatic duct, internal stenting of the
pancreatic duct, and modifications of these techniques.10–15

Poon et al.16 reported that the use of an external stent to
drain the pancreatic duct significantly reduced the pancre-
atic fistula rate. In the present study, no external stent to
drain was used; thus, we are not in a position to compare
the external and internal pancreatic drain methods with
respect to pancreatic fistula development rates. However,
internal short stent insertion was not found to affect the
pancreatic fistula rates significantly (p=0.590).

The nature of the pancreatic parenchyma has already
been described to be a risk factor of fistula development.
Mathur et al.17 recently reported that fatty pancreatic
parenchyma is significantly associated with fistula devel-
opment after pancreatoduodenectomy, and Frymerman et
al.5 reported that a soft pancreatic consistency and a high
drain lipase activity on postoperative day 3 are early
predictors of the development of a grade C fistula. Our
multivariate analysis also showed that soft pancreatic
parenchyma is a risk factor for grade B and C pancreatic
fistulas and that an operation time of more than 300 min is
also an independent risk factor.

In conclusion, it appears that the new ISGPF classifica-
tion is satisfactory in terms of comparing outcomes
between surgeons or centers, but we are concerned that
grade A fistulas lacked any clinical manifestations.
Accordingly, we recommend that only grade B and C
fistulas be considered practical criteria. We found that a
soft pancreatic texture and a protracted operation time
(>300 min) were risk factors for grade B and C
pancreatic fistulas; thus, we suggest that more attention
be paid to pancreatic texture during pancreaticojejunostomy
and that patients with a soft pancreatic texture or a long
operation time be monitored closely for fistula development.
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Dual-Phase Computed Tomography for Assessment
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Abstract
Introduction Delayed or decreased computed tomography (CT) enhancement characteristics in pancreatic fibrosis have been
described.
Methods A review of 157 consecutive patients with preoperative dual-phase CT between 2004 and 2009 was performed.
Pancreatic CT attenuation upstream from the tumor was measured in the pancreatic and hepatic imaging phases. The ratio of
the mean CT attenuation value [hepatic to pancreatic phase; late/early (L/E) ratio] and histological grade of pancreatic
fibrosis was correlated with the development of a clinically relevant pancreatic anastomotic failure (PAF) and other clinical
parameters.
Results A clinically relevant PAF was observed in 21 patients (13.4%) with morbidity and mortality of 39.5% and 0%,
respectively. The PAF group showed maximum enhancement in the pancreatic and washout in the hepatic CT phase, while
the no PAF group showed a delayed enhancement pattern. Degree of pancreatic fibrosis and L/E ratio were significantly
lower for the PAF group than the no PAF group (0.86±0.14 vs. 1.09±0.24; P<0.0001 and 21.0±17.9 vs. 40.4±29.8; P<
0.0001); fewer PAF patients showed an atrophic histological pattern (14% vs. 39%; P=0.046). The L/E ratio was positively
correlated with pancreatic fibrosis. Pancreatic fibrosis and L/E ratio increased with larger duct size (P<0.001), the presence
of diabetes (P<0.05), and the surgeon’s assessment of pancreas firmness (P<0.001). In multivariate analyses, L/E ratio and
body mass index were significant predictors for the development of a clinically relevant PAF; a 0.1-U increase of L/E ratio
decreased the odds of a PAF by 54%.
Conclusion Pancreatic CT enhancement pattern can accurately assess pancreatic fibrosis and is a powerful tool to predict
the risk of developing a clinically relevant PAF following PD.
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Introduction

The safety of pancreatic resections has substantially
improved over the last decades. However, pancreatic
anastomotic failure (PAF) following pancreatoduodenec-
tomy (PD) remains a significant problem without further
decrease in most recent years. A clinically relevant PAF
occurs in 5–30% of cases,1–13 contributes significantly to
the 30–50% morbidity rate observed after PD,3,7,9,10 and
results in longer hospital stay, increased health care costs,
or even death. Identifying patients with a high risk for PAF
is critical to further decrease morbidity and mortality after
PD and to improve clinical outcomes.

A soft pancreas is the most widely accepted risk factor
for developing a PAF following PD.3,13,14 Pancreatic
fibrosis with decreased softness of the gland is thought to
be associated with a decreased risk of PAF. Previous studies
have reported low rates of PAF in the presence of firm
pancreatic parenchyma.14–17 Assessment of the degree of
pancreatic fibrosis may be helpful in preoperative patient
counseling, risk stratification for development of PAF, and
in postoperative patient management. The degree of
pancreatic fibrosis may also be associated with pancreatic
duct size and endocrine and exocrine gland function3,4,13,15,16

which are additional factors potentially contributing to the
risk of developing a PAF.

So far only few radiological studies have addressed if the
degree of pancreatic fibrosis can be reliably detected and
quantified.18–22 In a recent study, we reported that patients
with autoimmune pancreatitis show enhancement character-
istics distinct from patients with adenocarcinoma on dual-
phase computed tomography (CT).22 A delayed enhancement
with a slow increase followed by a slow decline or a plateau
was characteristic for a fibrotic pancreas in patients with
autoimmune pancreatitis; a rapid increase followed by a
rapid decrease indicated a “normal” pancreas with lower
degrees of fibrosis.18–22 The aim of this study was to
investigate the ability of dual-phase CT to assess the
histological degree of pancreatic fibrosis and to predict the
risk of developing a clinically relevant PAF after PD in a
large single surgeon cohort of patients undergoing PD.

Methods

Patients and Clinical Data Collection

The study was approved by the institutional review board.
Using a prospectively maintained database, we identified

289 consecutive patients undergoing PD performed by a
single surgeon (MBF) between January 2004 and August
2009. One hundred fifty-seven (54%) of these patients
underwent a preoperative dual-phase pancreas protocol CT at
Mayo Clinic and were included in the study. Demographic
data, preoperative American Society of Anesthesiology
(ASA) grade, medical comorbidities, operative procedure,
pathology, perioperative data, and clinical follow-up were
reviewed.

Definitions of Pancreatic Anastomotic Failure

PAF, pancreatic anastomotic “leak,” or pancreatic “fistula”
were considered synonyms for the purpose of this study.
PAF was defined and classified in accordance with the
International Study Group of Pancreatic Surgery (ISGPS)
classification.3,23 The ISGPS definition of PAF provides
three levels of severity. Whereas grades B and C are
clinically relevant as they require changes in the postoper-
ative management and further diagnostic and therapeutic
interventions, grade A is not. For the purpose of this study,
we combined grades B and C in the clinically relevant
“PAF group,” while grade A and no PAF were combined in
the no PAF group.

Surgical Technique

A pylorus-preserving or standard PD with a two-layer end-to-
side, duct-to-mucosa pancreaticojejunostomy was performed.
Pancreatojejunostomy was stented with an indwelling silastic
catheter until May 2008; thereafter, the stent was removed
intraoperatively before completing the anterior part of the
anastomosis. An end-to-side hepaticojejunostomy was per-
formed with running (bile duct>5 mm) or interrupted (bile
duct≤5 mm) sutures approximately 10 cm distally. Approx-
imately 40 cm distal to the biliary anastomosis, an antecolic,
end-to-side duodenojejunostomy or gastrojejunostomy was
performed. One closed-suction drain was routinely placed in
proximity to the pancreatic and biliary anastomosis. Intra-
operatively, the texture of the pancreatic gland was subjective-
ly assessed by the surgeon using a 1–10 scale and classified
into three grades as “soft” (scale 1–3), “firm” (4–7), or “very
firm” (8–10).

Perioperative Care

Patients went from the recovery room to the regular
surgical floor unless significant medical comorbidities or
intraoperative events warranted prolonged continuous mon-
itoring. The nasogastric tube was removed on the first
postoperative day. A clear liquid diet was started on the
second postoperative day and advanced to a regular diet as
tolerated. The amylase concentration in the drain fluid was
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measured once the patient was tolerating unlimited oral
intake. The operative drain was discontinued if the amylase
concentration was normal (<3× upper limit of normal serum
amylase level), and there were no clinical concerns for PAF.
All patients with symptoms concerning for PAF underwent
a contrast-enhanced CT. Patients were dismissed from the
hospital when tolerating a solid diet, postoperative pain was
controlled with oral analgesics, and clinically stable.

Histological Analysis

Sections from the surgical pancreatic cut margin were used
for immunohistochemistry. Masson’s trichrome staining
was used to identify collagen tissue and was reviewed by
a single pathologist (TCS) blinded to the clinical informa-
tion. The degree of fibrosis was calculated as ratio of the
stained collagen tissue area to total area measured in the
entire section. Further, the pattern of pancreatic fibrosis was
recorded as acinar (intralobular), lobular (interlobular), or
atrophic.

CT Protocol

The dual-phase pancreatic CT protocol included an unen-
hanced scan followed by dual-phase contrast-enhanced
scans through the abdomen as described before.22 Briefly,
scanning delay after administration of contrast material
depended on the contrast injection rate: 45- and 70-s delays
at 3 mL/s injection, 40- and 65-s delays at 4 mL/s injection,
and 35- and 60-s delays at 5 mL/s injection. A total of
150 mL of IV contrast material (Iohexol, Omnipaque 300,
GE Healthcare) was used. The median slice thickness for
contrast-enhanced images was 3 mm (2–4 mm).

CT Evaluation

CT attenuation values were independently measured by two
of the authors (YH and YK) on the electronically stored CT
images without knowledge of the clinical information. CT
images taken for diagnostic purposes within 30 days before
PD were included in this analysis. CT attenuation values
were measured on both unenhanced images and images
obtained in the pancreatic (early) and hepatic (late) phases
after contrast administration. CT attenuation values of the
pancreatic parenchyma were quantified by use of Houns-
field unit thresholds placing a region of interest (ROI) in six
points in two segments of the pancreas (body and tail). The
mean value for the two segments was computed for each
patient. ROIs in the body were placed over the superior
mesenteric artery in an area unaffected by the tumor and in
the tail about two thirds distal from the body–tail transition.
The largest possible spherical ROI was placed making
every effort to avoid the pancreatic duct and extrapancreatic

structures. The smallest ROI measured was approximately
3 mm in diameter in a case with an atrophic pancreas. The
CT attenuation values of the abdominal aorta, main portal
vein, liver, and spleen were similarly measured on
unenhanced images and on images obtained in the
pancreatic and hepatic phases. The enhancement ratio
expressed as late phase/early phase ratio (L/E ratio) was
calculated as (hepatic phase − unenhanced phase)/(pancreatic
phase − unenhanced phase) to indicate delayed-phase
enhancement. The pancreatic duct size was measured in
millimeter at the presumed surgical pancreatic neck margin at
the right border of the superior mesenteric artery.

Statistical Analyses

Patients with a clinically relevant PAF (grade B/C PAF) and
those with no and grade A PAF were compared using two-
sided t tests for continuous variables with 95% confidence
intervals (CIs) and chi-square tests for categorical variables.
Logistic regression models were used to evaluate risk
factors for a clinically relevant PAF for univariate analysis.
For multivariate analysis, the area under the curve (AUC)
was calculated to aid in model selection. An AUC of 0.5 is
a random prediction while a perfect model has an AUC of
1. A model is considered reliable with an AUC>0.8. Odds
ratios (ORs) and 95% CIs for the ORs were computed. To
identify a threshold value for L/E ratios that would best
discriminate patients with and without a clinically relevant
PAF, a sequence from 0.05 to 1.4 in steps of 0.05 was
chosen for the L/E ratios. To estimate robustness of the
threshold, 1,000 bootstrap samples were selected,24 and
univariate logistic regression models were applied to
random samples with replacements of the patients. Each
model’s accuracy was measured by the AUC to evaluate
how well the model distinguished patients with and without
a clinically relevant PAF. Contour lines for the multivariate
logistic regression model with two predictors were com-
puted. All statistical tests were two-sided, and a P<0.05
was considered significant. Data analyses were performed
using R version 2.10.1.25 and SPSS 18.0 for Windows
(SPSS, Chicago, IL, USA).

Results

Patient Population and Outcomes

There were 94 men (60%) and 63 women (40%) among the
157 study patients with a mean age of 62.5 years (median,
63 years; range, 26–86 years). No postoperative mortality
was observed. Postoperative complications occurred in 62
of 157 patients (39.5%). Based on the ISGPS classification,
21 patients (13.4%) developed a clinically relevant PAF (15
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grade B and 6 grade C) and constituted the PAF group for
this study; all were managed without reoperation. The no
PAF group consisted of the remaining 136 patients (no PAF
or grade A). The overall mean postoperative length of
hospital stay (LOS) was 12 days (median, 10 days; range,
5–74 days); for the PAF group, it was 20 days (median,
16 days; range, 9–74 days) and significantly longer than for
the no PAF group with a mean LOS of 11 days (median,
10 days; range 5–30 days, P<0.001).

Patient Characteristics, Operative, and Histological Factors

Patient characteristics are presented in Table 1. The PAF
group showed a significantly higher body mass index
(BMI) compared to the no PAF group (P=0.002). No
differences were observed for age, sex, ASA classification,
medical history, preoperative symptoms/interventions, or
neoadjuvant therapy. Table 2 details the operative and
histological features. No differences were observed for
pathological diagnosis, type of procedure, portal vein
resection, estimated blood loss, perioperative blood trans-
fusion, or operative time. However, more patients in the

PAF group had a smaller pancreatic duct size and a soft
pancreatic gland compared to the no PAF group (P=0.024
and 0.047, respectively).

CT Assessment

To assure the reproducibility of the method, we first
validated the inter-observers variability. The calculated L/E
ratio was highly correlated (r=0.92) between two observers
indicating that CT assessment can be reliably reproduced
among various observers. The observed CT enhancement
characteristics are presented in Fig. 1 and Table 3.

In the PAF group, the pancreatic parenchyma showed
maximum enhancement in the pancreatic and washout in
the hepatic phase, whereas in the no PAF group, the
pancreas showed decreased enhancement in the pancreatic
phase and maintained higher attenuation values in hepatic
phase, findings consistent with a delayed enhancement
pattern. Therefore, the mean value of the L/E ratio was
significantly lower in the PAF group compared to the no
PAF group (0.86±0.14, 95% CI 0.80–0.93 vs. 1.09±0.24,
95% CI 1.05–1.13; P<0.0001).

Table 1 Patient demographics

Variables No PAF group (n=136) PAF group (n=21) P value

Age (years) 62.4 (62.5) [31–86] 63.3 (67.0) [26–78] 0.741

Male, sex 78 (57%) 16 (76%) 0.101

Body mass index (kg/m2) 26.4 (25.9) [14.8–41.9] 30.1 (29.3) [24.6–39.9] 0.002

≥30 kg/m2 24 (18%) 7 (33%) 0.087

ASA

I 2 (1%) 0 (0%) 0.920
II 61 (45%) 10 (48%)

III 72 (53%) 11 (52%)

IV 1 (1%) 0 (0%)

Medical history

Diabetes mellitus 34 (25%) 5 (24%) 0.906

Pancreatitis 34 (25%) 5 (24%) 0.906

Hypertension 56 (41%) 9 (43%) 0.884

Chronic cardiovascular diseasea 37 (27%) 8 (38%) 0.310

Alcohol use 27 (20%) 3 (14%) 0.397

Smoking 65 (48%) 7 (33%) 0.216

Abdominal surgery 51 (38%) 9 (43%) 0.638

Preoperative symptom and intervention

Clinical jaundice 84 62% 10 48% 0.218

Endoscopic biliary stenting 88 65% 10 48% 0.132

Endoscopic pancreatic duct stenting 15 11% 1 5% 0.334

FNA biopsy 67 49% 9 43% 0.584

Neoadjuvant chemoradiation therapy 8 (6%) 0 (0%) 0.308

Values are mean (median) with range or number (in percent) of patients

ASA the American Society of Anesthesiologists classification of comorbidities, FNA fine needle aspiration
a Except hypertension
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The threshold for the L/E ratio in discriminating patients
developing PAF from those without PAF was determined to
be 1.0 on the basis of the AUC criteria. Hence, in the
models below, the variable L/E ratio was dichotomized as
L/E ratio≤1.0 or >1.0 and accordingly defined as “normal”
(L/E ratio≤1.0) or “delayed” (L/E ratio>1.0) enhancement.
Only two of 21 (10%) patients in the PAF group showed
delayed enhancement (L/E ratio>1.0) compared with 88 of
136 (65%) patients in the no PAF group (P<0.0001). These
two patients in the PAF group had multiple other risk
factors for developing a PAF: morbid obesity with BMI of
38 and 39 kg/m2, soft pancreatic texture on surgeon’s
assessment, small pancreatic duct, and lower degrees of
pancreatic fibrosis (10% and 30%). Both patients also
underwent endoscopic procedures preoperatively: One with
a neuroendocrine tumor had a common bile duct stent
placed; the other one with an intraductal papillary mucinous

neoplasm required repetitive, endoscopic retrograde chol-
angiography for recurrent mucinous obstruction of the
pancreatic duct.

Pancreatic Fibrosis

Results of immunohistochemical analysis of pancreatic
fibrosis are shown in Table 4. In the PAF group, the mean
degree of fibrosis was significantly lower than in the no
PAF group (21.0±17.9 vs. 40.4±29.8; P<0.0001). In
addition, fewer patients in the PAF group showed an
atrophic fibrosis pattern (14% vs. 39%; P=0.046). Further,
the L/E ratio based on CT enhancement characteristics
correlated positively with the degree of pancreatic fibrosis
found on immunohistochemical analysis with a regression
coefficient of 0.75 (Fig. 2). In contrast, the mean CT
attenuation values of the abdominal aorta, main portal vein,

Table 2 Operative and histological factors

Variables No PAF group (n=136) PAF group (n=21) P value

Disease status

Malignant disease 116 85% 16 76% 0.222

Pathological diagnosis

Pancreatic tumors 105 77% 13 62% 0.172

Ductal adenocarcinoma 66 49% 6 29% 0.103

Cystic neoplasmsa 33 24% 6 29% 0.786

Neuroendocrine tumor 6 4% 1 5% 0.999

Chronic pancreatitis 6 4% 1 5% 0.999

Periampullary tumorb 21 15% 7 33% 0.064

Othersc 4 3% 1 5%

Type of procedure

Pylorus-preserving PD 122 90% 19 90% 0.637
Standard PD 14 10% 2 10%

PV/SMV resection 17 13% 1 5% 0.267

Pancreatic duct size (mm) 4.6 (4.5) 0–15 (not identified, n=2) 3.5 (3) 1.5–6 0.024

≤3 mm 35 26% 11 52% 0.013
>3 mm 101 74% 10 48%

Pancreatic textured

Soft (1–3) 16 12% 5 24% 0.047
Firm (4–7) 57 42% 12 57%

Very firm (8–10) 63 46% 4 19%

Estimated blood loss (mL) 731 (550) 50–2,800 690 (650) 250–1,400 0.744

Operative time (min) 371 (366) 229–700 357 (363) 267–459 0.374

Blood transfusion, perioperative 59 43% 11 52% 0.440

Values are mean (median) with range or number (%) of patients

PD pancreatoduodenectomy, PV/SMV portal vein/superior mesenteric vein
a Including intraductal papillary mucinous neoplasm, serous cystic tumor, and mucinous cystic neoplasm
b Including ampullary adenocarcinoma, bile duct adenocarcinoma, and duodenal adenocarcinoma
c Including metastatic pancreatic tumor (n=2), epithelioid sarcoma (n=1), IgG4-associated cholangitis (n=1), and lymphoma (n=1)
d Subjectively assessed by surgeons during operation using 1–10 scale and classified as “soft” (scale 1–3), “firm” (4–7), or “very firm” (8–10)
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spleen, and liver were not significantly different for the two
groups in the unenhanced, pancreatic, and hepatic CT
phases.

Correlation of Pancreatic Fibrosis and CT Enhancement
Pattern with Pancreatic Texture, Pancreatic Duct Size,
and Diabetes Mellitus

The association of pancreatic fibrosis and L/E ratio with
pancreatic texture, pancreatic duct size, and diabetes
mellitus is presented in Figs. 3, 4, and 5. Figure 3 shows
the correlation with surgeon’s assessment of pancreatic
texture; the degree of pancreatic fibrosis was 16.6±14.0%
in soft pancreas, 31.5±27.2% in firm pancreas, and 52.0±
28.5% in very firm pancreas (P<0.05 resp. <0.001). The
same observation was made for the CT enhancement
pattern; the L/E ratio was significantly higher in patients
with very firm pancreas than those with soft or firm
pancreas (P<0.05 resp. <0.001). Figure 4 shows the
findings for pancreatic duct size. Patients with a dilated
duct, i.e., >3 mm, had a higher percentage of fibrosis than

those with a small duct (42.1±25.3% vs. 27.3±21.5%; P<
0.001). Also L/E ratio was significantly higher in patients
with a dilated duct compared to those with a small duct (P<
0.001). Figure 5 shows the findings looking at diabetes
mellitus. Pancreatic fibrosis was increased in patients with
diabetes compared with non-diabetic patients (48.0±28.5%
vs. 34.3±28.7%; P=0.01). The median L/E ratio for
diabetic patients was significantly higher compared to
non-diabetic patients (1.09 vs. 1.01; P=0.005).

Risk Factors for a Clinically Relevant PAF

Factors for developing a clinically relevant PAF were
subsequently included into a multivariate regression model,
and a stepwise selection procedure was applied (Table 5).
To properly measure the effects of variables on prediction
accuracy for development of a PAF, an important score was
computed using the random forest algorithm. Multivariate
analyses identified that L/E ratio and BMI were the most
significant predictors of a clinically relevant PAF. The
stepwise increase of L/E ratio by 0.1 U decreased the odds

Fig. 1 CT enhancement characteristics of PAF and no PAF Group. a
Bar graph shows mean CT attenuation values of pancreatic paren-
chyma in PAF group (squares) and No PAF group (circles) in relation
to phase of contrast enhancement. b The CT attenuation ratio (late
phase/early phase [L/E] ratio) was calculated as (hepatic phase −

unenhanced phase)/(pancreatic phase − unenhanced phase) to indicate
delayed-phase enhancement. The PAF group shows a significantly
lower L/E ratio compared with no PAF group (P<0.001). Box lower
and upper boundaries=25th and 75th percentiles. Center line =
median. Error bars=10th and 90th percentiles

Table 3 CT enhancement
characteristics

Values are mean±SD with 95%
confidence interval or number
(in percent) of patients

L/E ratio late/early phase ratio,
HU Hounsfield unit

Variables No PAF group (n=136) PAF group (n=21) P value

L/E ratio 1.09±0.24 1.05–1.13 0.86±0.14 0.80–0.93 <0.0001

<1.0 48 35% 19 90% <0.0001
≥1.0 88 65% 2 10%

Unenhanced scan (HU) 31.5±14.5 28.0–35.1 33.7±8.9 28.5–38.9 0.634

Pancreatic phase (HU) 98.3±29.5 93.4–103.3 107.4±23.0 97.6–117.2 0.179

Hepatic phase (HU) 101.7±21.2 98.1–105.2 92.2±20.3 83.5–100.9 0.057
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of developing a clinically relevant PAF by 54%. The model
with the dichotomized L/E ratio as a single factor had an AUC
of 0.81 while the AUC for the model with both L/E ratio and
BMI was 0.89. Figure 6 shows the logistic regression model
for predicting a PAF with L/E ratio and BMI. The contour
lines show regions of a constant 5%, 30%, 70%, and 90%
predictive probability for developing a clinically relevant
PAF. This indicates a clear separation of PAF cases from
non-PAF cases for various L/E ratio and BMI combinations.

Discussion

With advances in perioperative care and surgical technique,
PD-associated mortality has decreased to less than 5% in
high volume centers.1–6,8,11–13 Morbidity remains fairly
high with a rate of 30–50% and is often seen in conjunction
with the occurrence of a PAF.7,9,10 A clinically relevant
PAF still occurs in 5–30% of cases despite all efforts and
remains the major cause of postoperative morbidity result-
ing in an extended hospital stay, increased health care costs,
and perioperative mortality.1–13 To achieve acceptable
outcomes, patient selection is crucial; however, a simple
quantitative method to estimate preoperatively the risk of
developing a PAF after PD has been lacking.

This study to our knowledge is the first to describe the
quantitative assessment of enhancement characteristics on
preoperative dual-phase pancreatic CT as a method to
estimate the risk of developing a clinically relevant PAF
(ISGPS grade B/C) after PD. The assessment can be easily
performed on a standard pancreas protocol CT and is
therefore readily available in the preoperative setting;
moreover, it can be reliably reproduced among various
observers as shown in this study.

Although with this method no absolute prediction of a
postoperative clinically relevant pancreatic anastomotic
failure can be made, we believe that this method is of
clinical relevance due to its simplicity, noninvasive charac-
teristics, and ready availability in the preoperative setting
based upon a routine preoperative evaluation. We also
believe that this method is a highly valuable tool in
preoperative patient counseling. This is crucial in this
special patient cohort with expected high postoperative
morbidity, which may impact greatly upon the postopera-
tive quality of life and limited prognosis inherent to the
underlying disease. In addition, the preoperative quantitative
assessment of pancreatic fibrosis may be useful in stratifying
patients for enrollment in clinical trials evaluating as yet to be
determined techniques for decreasing the risk of clinically
relevant postoperative pancreatic fistula.

Table 4 Pancreatic fibrosis by
immunohistochemistry

Values are mean±SD with 95%
confidence interval or number
(in percent) of patients

Variables No PAF group (n=136) PAF group (n=21) P value

Pancreatic fibrosis (%) 40.4±29.8 35.4–45.4 21.0±17.9 13.3–28.6 <0.0001

Fibrosis pattern

Atrophic 53 39% 3 14% 0.046
Acinar (intralobular) 18 13% 2 10%

Lobular (interlobular) 65 48% 16 76%

Fig. 2 Correlation between CT
enhancement ratio (L/E ratio)
and pancreatic fibrosis by
histology (r=0.75; P<0.001)
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Factors underlying the development of a PAF have been
extensively studied.2,3,5,7–15,26 Soft pancreatic parenchyma
is the most widely recognized risk factor for development
of a PAF.3,4,10,13 On the other hand, pancreatic fibrosis is
thought to decrease the softness of the gland.18–22,27

Recently, it has been shown that CT or magnetic resonance
(MR) perfusion imaging can detect microcirculatory
changes caused by collagen deposits in the liver and
pancreas.18–20,22,28,29 Romero-Gomez et al.28 studied liver
fibrosis in patients with chronic hepatitis C and concluded
that optical digital analysis of conventional CT images is
effective in determining the stage and distribution of liver
fibrosis. Ronot et al.29 examined 52 patients with chronic
hepatitis C who underwent perfusion CT and liver biopsy at
the same time. They report that CT perfusion changes
occurred early during liver fibrosis and may help differen-
tiate minimal from intermediate fibrosis. Tajima et al.21

used dynamic contrast-enhanced MR to assess fibrosis in
the remnant pancreas after PD. They describe that time–
signal intensity curve (TIC) in normal pancreas showed a
rapid rise followed by a rapid decline while TIC in fibrotic
pancreas showed a slow rise to a peak followed by a slow
decline or plateau. They conclude that the time–signal
intensity curve obtained from dynamic MR is a reliable
indicator for fibrosis in the remnant pancreas. We recently
reported similar findings with dual-phase CT; enhancement
characteristics of pancreatic parenchyma and pancreatic
masses in patients with autoimmune pancreatitis were
distinct from those of pancreatic carcinoma and normal
pancreas.22 As in the MR study of Tajima et al., pancreatic
fibrosis was characterized by a delayed CT enhancement
with a slow rise to a peak followed by a slow decline or
plateau. Normal pancreas showed a rapid rise to a peak
followed by a rapid decline. In the present study, we

Fig. 3 Correlation between
pancreatic texture and histologi-
cal pancreatic fibrosis (a) and
CT enhancement ratio
(L/E ratio) (b)

Fig. 4 Correlation between
pancreatic duct size and histo-
logical pancreatic fibrosis (a)
and CT enhancement ratio
(L/E ratio) (b)
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observed a normal pancreatic enhancement pattern in the
PAF group while the no PAF group showed a delayed
enhancement pattern consistent with fibrosis. To quantify
the histological degree of pancreatic fibrosis based on CT
enhancement characteristics, we used the pancreatic en-
hancement ratio or L/E ratio, which is the ratio of
pancreatic enhancement in the liver (late) phase of CT to
the enhancement during the pancreatic (early) phase. The
histologic degree of pancreatic fibrosis showed good
correlation with the L/E ratio (r=0.75). Further, a L/E
ratio≤1.0 was the optimal cutoff associated with a clinically
relevant PAF and maybe consistent with normal non-
fibrotic pancreatic parenchyma. L/E ratio also showed good
interobserver reproducibility (r=0.92). Taken together,
these data suggest that calculating the L/E ratio is an
excellent method to noninvasively assess pancreatic fibrosis
preoperatively and risk stratify patients for development of
a clinically relevant PAF. Noninvasive assessment of the
degree of pancreatic fibrosis may have an impact on
preoperative patient management. Neoadjuvant radiation
and chemotherapy may be considered in patients with a
very soft pancreas and confirmed cancer diagnosis in order
to make the pancreas more fibrotic and less likely to leak.

So far no data were available that compared the
surgeon’s subjective assessment of pancreatic firmness with
the histological degree of fibrosis. Our data showed that

degree of fibrosis as well as L/E ratio correlated with the
surgeon’s assessment of firmness. Consistent with the
previous findings, more patients with a surgeon’s assessment
of soft pancreas were found in the PAF group (24% vs. 12%;
P=0.047). This is consistent with other studies that observed
significantly higher rates of PAF in patients with soft than
firm glands.3,14,17 For example, Yeo et al.17 reported no PAF
in patients with a firm pancreas compared to a 25% PAF rate
in patients with a soft pancreas (P<0.0001).

The subjective impression of pancreatic firmness maybe
also influenced by pancreatic fat infiltration, a relatively
common condition most frequently found in the elderly and
obese.20,30 Mathur et al.30 compared 40 patients who
developed a PAF after PD to matched controls and found
that the PAF group had significantly more pancreatic fat on
histological exam at the pancreatic neck margin than the
control group. They concluded that fatty pancreas was a
risk factor for PAF. Only few radiographic studies looked at
the possibility of predicting PAF after PD based on the
pancreatic fat content.18,20 Using dual-gradient-echo MR
imaging, Lee et al. found that relative signal intensity
decrease correlated with pancreatic fat content and were
predictive of developing a PAF after PD.20 Similar to
Marthur’s study, pancreatic fat content was a risk factor for
developing a PAF, and measurement of pancreatic fat
content by MRI allowed them to predict occurrence of a
PAF with a 72.7% sensitivity and 75.9% specificity. Using
dynamic contrast-enhanced MR imaging, Dinter et al.
calculated a muscle-normalized signal intensity (SI) curve
with SI ratio in 72 patients who underwent PD with duct-to-
mucosa pancreatojejunostomy.18 Rapid increase in signal
intensity was found in soft pancreas with a SI ratio≥1.1
(early arterial value>portal venous value), while a SI ratio<
1.1 was seen in firm pancreas. Patients with a SI ratio≥1.1
more frequently developed a PAF than patients with a SI
ratio<1.1 (32% vs. 6%, P=0.006), and in multivariate

Table 5 Results of multivariable logistic regression modeling risk of
clinically relevant pancreatic anastomotic failure (ISGPS grade B/C)

Variables Odds ratio 95% confidence interval P value

Body mass index 1.17 1.05–1.31 0.005

L/E ratio 0.46a 0.29–0.66 0.0002

ISGPS International Study Group of Pancreatic Surgery
a Represents each 0.1-U increase in L/E ratio

Fig. 5 Correlation between dia-
betes mellitus and histological
pancreatic fibrosis (a) and
CT enhancement ratio
(L/E ratio) (b)
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analysis, SI ratio≥1.1 was the only preoperative parameter
predicting leakage (odds ratio=7.9). Therefore, the SI ratio
may be used for identifying patients at risk for developing a
PAF. Their SI ratio≥1.1 corresponds to our L/E ratio≤1.0
as cutoff between soft and firm pancreas and as an
independent predictor of leakage in multivariate analysis.
The advantage of the LE ratio, however, is that it can
quantify the risk of developing a clinically significant PAF;
a 0.1-U increase in L/E ratio decreased the odds of
developing a PAF by 54%. Also, pancreas protocol CT
seems more readily available than dynamic pancreas
protocol MRI and can be read and the LE ratio calculated
by the surgeon after basic training. Interpretation and
evaluation of MRI requires the availability of a radiologist
experienced in that field.

Pancreatic firmness maybe also affected by underlying
pancreatic pathology like chronic pancreatitis.31–33 Further,
pancreatic head neoplasms, especially ductal adenocarcino-
ma, can cause upstream fibrotic changes due to obstructive
pancreatitis. In 1992, Buchler et al.31 were among the first to
describe that patients with chronic pancreatitis had consid-
erably lower rates of postoperative morbidity, including PAF,
than patients with pancreatic or periampullary tumors.
Similarly, PAF was more frequently observed in patients
with periampullary neoplasms than other pathologies. Al-
though further studies are needed to assess the relevance of
these findings, these data suggest that patients with a low
degree of pancreatic fibrosis and a high pancreatic fat content
are at highest risk for developing a PAF after PD.

Pancreatic duct size is another recognized risk factor for
PAF.3,7,9,10,14,15,17 In our study, patients with a dilated duct,
i.e., >3 mm, had a higher degree of fibrosis than those with
a small duct. Duct size also correlated with an increased
L/E ratio on dual-phase CT. Consistent with these findings,
more patients in the no PAF than the PAF group had a
dilated pancreatic duct. A fibrotic pancreas together with a
dilated duct may make the performance of the anastomosis
technically easier as sutures have better purchase in the firm
pancreas and the duct-to-mucosa stitches can be placed
easier. Moreover, the presence of a fibrotic gland maybe
associated with a decreased production of pancreatic juice
reducing the risk of perioperative pancreatitis. Those factors
associated with pancreatic fibrosis, while protective against
postoperative PAF, might also be associated with endocrine
insufficiency. Patients with diabetes mellitus had a higher
degree of fibrosis and a higher L/E ratio than non-diabetic
patients in our study. Friess et al.26 demonstrated that
increased pancreatic fibrosis is associated with decreased
exocrine activity. Replacement of acini and islet cells by
fibrotic tissue may lead to exocrine and endocrine pancreatic
insufficiency.26,27 Assessment of perfusion changes over
time may also be used to monitor for fibrotic changes in the
remnant pancreas for early detection of exocrine and
endocrine pancreatic insufficiency.

Obesity is another factor thought to increase the risk for
developing a PAF.3,10,15 Multivariate analysis in our study
identified two factors independently associated with the
development of a clinically relevant PAF: L/E ratio and

Fig. 6 Logistic regression mod-
el for predicting a PAF with L/E
ratio and BMI. The contour
lines show regions of constant
5%, 30%, 70%, and 90%
predictive probability for
developing a clinically relevant
PAF. This indicates a clear
separation of PAF cases from
non-PAF cases for various L/E
ratio and BMI combinations
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BMI: Each 0.1-U increase in the L/E ratio decreased the
odds of developing a clinically relevant PAF by 54%, while
each 1.0-U increase in BMI increased the odds by 17%.
Further, we observed a clear separation of PAF cases from
non-PAF cases for various L/E ratio and BMI combina-
tions. In the PAF group, only two patients (10%) showed a
delayed enhancement pattern compared to 88 (65%) in the
no PAF group. Interestingly, both of these two patients had
several other risk factors for developing a PAF: high BMI,
soft pancreatic texture on surgeon’s assessment, small duct,
lower degrees of pancreatic fibrosis, and potential for
infectious complications from preoperative endoscopic
manipulation.

Despite these interesting and useful findings, this
analysis has inherent limitations. First, our study included
a variation of imaging protocols. For our protocol, a fixed
scan delay at a specific contrast injection rate is required
because bolus tracking was not used. The effect of timing
differences between performance of scan and arrival of
contrast in the structures was not taken into account.
Further, the iodine concentration of the contrast used could
affect the magnitude of enhancement. However, these two
factors are more important when used in conjunction with
an absolute than a relative measure. Because enhancement
ratio is a relative measure, it should not be affected by the
amount or concentration of the utilized contrast. Also, the
enhancement of the splenic vein and aorta can be used as
internal control to monitor for errors in contrast injection
rate or timing of the scan. Second, other circumstances that
affect pancreatic perfusion have to be taken into consider-
ation, e.g., occlusion of the SMA, celiac trunk, or portal
vein. Pancreatic perfusion could also be affected by
previous surgical interventions like splenectomy or partial
pancreatectomy. Patients with these conditions are not
suitable for analysis with the described method. None of
our study patients fell into these categories. Other variables
which affect the contrast transit time include idiosyncratic
factors such as age, body weight, and ejection fraction.
Lastly, atrophic parenchyma and fatty replacement could
interfere with the correct assessment of enhancement
characteristics due to limitations in the current CT
technique.

Conclusion

This study showed that dual-phase CT scan can be used as a
powerful tool in the noninvasive assessment of pancreatic
fibrosis with an accuracy similar to that achieved by
immunohistochemical staining of histopathology speci-
mens. CT enhancement characteristics can be quantified
with help of the pancreatic enhancement ratio (L/E ratio).
An L/E ratio≤1.0 correlated with a soft pancreas, a small

pancreatic duct, and an increased risk of developing a
clinically relevant PAF. L/E ratio and BMI were indepen-
dent predictors for development of a clinically relevant PAF
in multivariate analysis; a 0.1-U increase in L/E ratio
decreased the odds of developing a PAF by 54%.
Therefore, CT enhancement characteristics of the pancreas
may be useful in preoperative risk stratification, patient
counseling, and to help direct the pre- and postoperative
patient management. Ultimately, this may help to further
improve clinical outcomes after PD.
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Abstract
Background and Aims UK guidelines recommend that patients with gallstone pancreatitis have cholecystectomy within
2 weeks of their pancreatitis. A proportion of these are elderly with significant comorbidities rendering them high risk for
general anaesthesia and surgery. Endoscopic retrograde cholangiopancreatography (ERCP) and endoscopic sphincterotomy
(ES) may offer a safe alternative to cholecystectomy as definitive treatment in these patients.
Patients and Methods A retrospective review of all cases of gallstone pancreatitis presenting between 1999 and 2009 was
undertaken.
Results One hundred one patients underwent ERCP and ES as a definitive treatment for gallstone pancreatitis with a
median age of 78 years (range, 43–96 years) and a median American Society of Anesthesiologists grade of 2. Three
patients died from pancreatitis despite successful ERCP. Eighty-nine patients were successfully treated with an ERCP
alone, and 84 patients (94%) had no recurrence of pancreatitis with a mean follow-up of 41 months (±32 months, range
4–118 months). The total patient follow-up was 3,260 months. Twenty-seven patients (33%) died within the follow-up
period of unrelated causes, explaining the lower than expected median follow-up. Five patients had a recurrence of
pancreatitis during follow-up (6%).
Conclusion ERCP with ES is a safe alternative to laparoscopic cholecystectomy to prevent further attacks of gallstone
pancreatitis in high-risk surgical patients and the elderly.

Keywords Cholecystectomy . Pancreatitis . Gallstones .

ERCP and ES

Introduction

The incidence of pancreatitis is increasing and approxi-
mately 50% of these cases are related to gallstone disease.1

The role of gallstones in the aetiology of pancreatitis was
first described by Opie in 1901.2 The passage of gallstones

through the ampulla of Vater may precipitate an attack of
pancreatitis3–6 with the length of time that the calculus is
impacted at the sphincter of Oddi relating to the severity of
the episode.7 The benefits of early endoscopic retrograde
cholangiopancreatography (ERCP) and endoscopic sphinc-
terotomy (ES) in acute severe pancreatitis compared with
no treatment8,9 and the role of ERCP and ES in preventing
recurrence of pancreatitis prior to interval cholecystectomy
have been well documented.10,11 Despite the benefit of
ERCP in acute cases, cholecystectomy is still recommended
in the UK within 2 weeks of their pancreatitis.12 In an
ageing population with increased comorbidities however,
this treatment is not always appropriate. ERCP and
sphincterotomy alone has been shown to be effective in
the prevention of gallstone pancreatitis, and this has
increasingly been used in the elderly and frail,13–15 but
these studies are often limited by small patient numbers or
short duration of follow-up. Only the study by Vazquez-
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Iglesias et al.13 which followed up 88 patients over a
median follow-up period of 51 months supports the long-
term effectiveness of this strategy. We therefore present the
follow-up of patients treated in this way over a 10-year
period.

Materials and Methods

A retrospective analysis of all patients admitted with
pancreatitis to the Norfolk and Norwich hospital between
May 1999 and 2009 was performed. Using computerised
records, a diagnosis of pancreatitis was made when the
serum amylase was three times greater than normal or if
there was radiological evidence of pancreatitis. Gallstones
as the aetiological factor was then confirmed after demon-
stration on ultrasound scan, CT scan or ERCP of gallstones
in the gallbladder or biliary tree. All patients with proven
gallstones on admission who underwent ERCP were further
analysed by retrieval of their full clinical notes. The full
clinical notes were also retrieved in any patient where the
aetiology of the pancreatitis or their subsequent manage-
ment was unclear. The full clinical notes were reviewed,
and data regarding demographics, inpatient management,
and any evidence of recurrence of pancreatitis or biliary-
related admissions after discharge were then extracted.
Recurrent pancreatitis was diagnosed if there was a
consistent history with biochemical or radiological evi-
dence of pancreatitis on repeat admission. Statistical
analysis was undertaken using Fisher’s exact test.

During the study period, there were 1,132 admissions for
pancreatitis with an equal sex distribution. The median age
was 62. Twenty-two patients whose notes had been
routinely destroyed were excluded; they had died in 1999
or 2000 and in line with Department of Health policy had
their notes destroyed 10 years after death. The documented
cause for each episode of pancreatitis is listed in Table 1.
Thirty-seven patients (3%) died as a result of acute
pancreatitis.

Results

There were 536 cases (48%) of gallstone pancreatitis. The
mean age at presentation was 62±18.4 years, with a female
to male ratio of 2:1. Full hospital follow-up was available
on 524 of 536 admissions (98%). Twelve patients lived
elsewhere in the UK, and follow-up was performed in their
local hospital and was not available for this review.
Seventeen patients died during their acute admission before
any intervention by ERCP or surgery and were excluded
from further analysis, leaving 507 cases of gallstone
pancreatitis in our review.

Three hundred ten (61%) patients underwent cholecys-
tectomy alone, and 62 patients underwent ERCP and
planned cholecystectomy (12%). These will be considered
together. One hundred one patients (20%) were managed
with ERCP and ES alone with the remaining 34 (7%) being
deemed unfit for intervention (Fig. 1).

Cholecystectomy

The mean age of the patients undergoing cholecystecto-
my alone or ERCP and cholecystectomy was 56±
17.7 years. In total, 371 underwent a cholecystectomy
(±ERCP) as definitive management of gallstone pancre-
atitis. Twenty-three patients had a further episode of
pancreatitis following cholecystectomy during the 10-year
follow-up period giving a recurrence rate of pancreatitis
following cholecystectomy of 6%.

ERCP and ES Alone

The 101 patients who underwent ERCP and ES as a
definitive treatment for gallstone pancreatitis had a mean
age of 76±9.5 years and a median American Society of
Anesthesiologists (ASA) grade of 2 (range, 1–4; IQR, 2–3).
The median Imrie score was 2 (0–5; Fig. 2). There were
three deaths following ERCP (3%). Two patients died
during the same admission following their ERCP and ES,
one the following day and the other 8 days later. These
patients both had severe pancreatitis (Imrie scores of 3),
were aged 84 and 88 years and were being cared for on the
High Dependency Unit. The cause of death in both cases
was attributed to their pancreatitis. The third patient
underwent successful ERCP and ES but died within

Table 1 Table to show the aetiology of pancreatitis of patients
admitted to the NNUH between 1999 and 2009

Aetiology Number of cases

Gallstones 536

Alcohol 116

Idiopathic 285

Autoimmune 3

Drugs 6

Hypercholestrolaemia 8

Hypercalcaemia 3

Trauma 2

Tumour (benign or malignant) 16

Post-ERCP 16

Recurrent pancreatitis, aetiology unknown 43

Pancreatitis post-cholecystectomy 69

Congenital 3

Other 4
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Fig. 1 A diagram to show management of gallstone pancreatitis
between 1999 and 2009 at NNUH. 1 Twenty-two patients had been
dead for over 10 years at the time of our review, and in line with UK
Department of Health policy, their medical records had been

destroyed. 2 A small cohort of 34 patients were deemed unfit for
intervention by the surgeon in charge of their care, and these patients
were managed expectantly

Fig. 2 A diagram to show outcome of those patients with gallstone pancreatitis who were managed with ERCP and ES alone
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1 month of ERCP as a result of continued pancreatitis
having been discharged to a rehabilitation ward.

Nine of the 101 (8%) patients had a failed ERCP and ES
for technical reasons. Three patients were managed with a
laparoscopic cholecystectomy, five, who were deemed unfit
for surgery, were managed expectantly with no recurrence
of pancreatitis and the final patient was successfully
managed with a further ERCP and ES after failed
conservative management. One patient who was managed
conservatively was admitted on two separate occasions for
acute cholecystitis and cholangitis which were managed
conservatively.

Eighty-nine patients underwent a successful ERCP and
ES, eight of which required at least two attempts to
cannulate the ducts. The reasons given for failure were:
oedema surrounding the ampulla at the initial ERCP (six
patients), restlessness (one patient) and bleeding (one
patient). One patient required a second ERCP as his liver
function tests failed to improve after initial ERCP and ES.
A stent was inserted with good effect. The ERCP findings
for these patients are shown in Table 2.

Eighty-four patients (94%) had no recurrence of pancre-
atitis with a median follow-up of 29 months (range, 4–118;
IQR, 12–60). The total patient follow-up was 3,260 months.
Five patients had a recurrence of pancreatitis during follow-
up (6%). The length of their follow-up ranged from 3 to
89 months with a median of 5 months (IQR, 4–65). Three
patients were treated with cholecystectomy after normal
(two patients) or failed (one patient) ERCP. One patient
with an acute gastrointestinal bleeding and recurrent
pancreatitis died and the final patient was managed
expectantly after a failed ERCP as they were a high
anaesthetic risk. Twenty-eight patients (30%) died within
the follow-up period of unrelated causes, explaining the
lower than expected median follow-up in both groups.

There was no significant difference in the recurrence rate
between those managed with ERCP and ES and cholecys-
tectomy (P=0.8132). The median length of stay of patients
following ERCP was 2 days (range, 1–49; IQR, 1–7) with a
median total length of stay of 11.5 days (range, 4–85; IQR,
8–20). One ERCP and ES was complicated by pancreatitis

post-procedure which extended the hospital stay by 30 days.
Although the patient was discharged, he subsequently
suffered from two episodes of acute upper gastrointestinal
bleeding secondary to a duodenal ulcer, the second of
which necessitated a laparotomy where pancreatitis was
noted. There were no episodes of bleeding as a result of
ERCP and ES. The failed ERCP and ES described above
was abandoned due to bleeding at a friable ampulla in the
presence of a coagulopathy, and no sphincterotomy had
been performed. One patient contracted Clostridium difficile
infection following ERCP and ES.

During the follow-up period, 10% of patients (9/89)
were readmitted for biliary complications: one empy-
ema, two episodes of cholangitis, two episodes of
cholecystitis and four episodes of right upper quadrant
pain attributed to biliary colic in the presence of a
normal amylase. The empyema was managed with a
laparoscopic cholecystectomy, and both episodes of
cholangitis were managed with a further ERCP and
sphincterotomy despite no evidence of a stricture or common
duct stone. One case of biliary colic was recurrent and was
managed with a laparoscopic cholecystectomy. The other
cases were managed conservatively.

Wait and Watch

Thirty four patients were managed expectantly with a mean
age of 77±12.5 years, a median ASA of 2 (range, 1–4;
IQR, 1–3) and a median Imrie of 3 (range, 1–4; IQR, 2–3)
during a median follow-up of 34 months (range, 1–120;
IQR, 13–60). Four patients had a further episode of
pancreatitis (12%).

Discussion

The British Society of Gastroenterologists recommends that
cholecystectomy is the definitive treatment of choice
following gallstone pancreatitis. The results of this study
demonstrate ERCP and ES to be an effective treatment to
prevent recurrence of pancreatitis secondary to gallstones
with a low complication rate. The recurrence rate of
pancreatitis of 6% is higher than the results published by
Vazquez-Iglesias,13 Welbourn,14 and Lee15 who quote
figures of 2%, 0% and 0%, respectively. The discrepancy
between the published data is most likely due to the small
numbers and short follow-up by Welbourn and Lee since
two of our recurrences occurred at 24 and 60 months. The
presence of fibrosis following ES is named as a cause of
recurrence of pancreatitis,13,14 but in those cases in this
study where a further ERCP was undertaken, there was no
evidence of fibrosis to explain the recurrence. All patients
in this study had documented evidence of gallstones, either

Table 2 Table to show the ERC findings in those who successfully
underwent an ERCP and ES

Findings Number of cases

Dilated bile ducts 7

Common bile duct stones 29

Normal 49

Stricture 1

Filling defect—no calculus 2

Fistula 1
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radiologically or at ERCP, but at recurrence, there were no
common bile duct (CBD) stones on repeat ERCP which
revealed a dilated CBD in only one patient. It can therefore
be implied that the gallstone had passed as suggested by
Johnson16 prior to the second ERCP. The cause of
recurrence in this series can therefore not be explained by
incomplete sphincterotomy or fibrosis.

The mortality rate from this series of ERCP and ES
alone is 3% with a complication rate of 2%. Although three
patients died within 30 days of their ERCP and ES, it was
not felt in any of these cases that the ERCP and ES had
contributed to their death giving a mortality rate of 0%
which is consistent with the published data17,18 as is the
major complication rate of 1%. It is possible that the overall
complication rate of 2% is an underestimation given the
retrospective nature of the study, although it is the minor
complications that are likely to have been underreported.
The failure rate of 9% is similar to that reported by
Salminen et al.17 and in 50% of cases was due to oedema at
the ampulla where a repeat ERCP and ES may have been
successful if it had been attempted once the patient was
well and the oedema had subsided.

This is a large retrospective study with a long follow-up
(up to10 years) in the use of ERCP and ES as a definitive
management for gallstone pancreatitis. As with all retro-
spective studies, errors can exist in the follow-up, and it is
possible that the recurrence rate quoted may be an
underestimation. It has been assumed that if there is no
documented evidence of pancreatitis in the medical notes,
then recurrence did not occur. This study involves patients
under the care of 30 consultant surgeons and physicians
over a 10-year period. The patients who underwent an
ERCP and ES are heterogenous with varying ages and
ASAs. Despite this, the ERCP and ES group had a mean
age that was 20 years greater than the laparoscopic
cholecystectomy group, and the heterogeneity of this group
has no impact on the primary outcome of incidence of
pancreatitis recurrence in the follow-up period. The net
flow of the population of Norfolk over 75 years of age is
one of immigration year on year over the study period.19

This, combined with the extensive medical records,
corroborates our good follow-up, but the possibility exists
that patients may have moved elsewhere towards the end of
the follow-up period. There is more likely to be an error in
the reporting of biliary complications as these do not
always require hospital admission as patients can be
managed at home or by their family doctor. The biliary
complication rate after ERCP and ES for common ductal
stones followed by a wait and see policy ranges from 20%
to 40%,20,21 with 70% requiring cholecystectomy. These
studies however had a limited follow-up, and there was an
eagerness to manage recurrence with a cholecystectomy
rather than a continued wait and watch policy combined

with a low-fat diet which resulted in a cholecystectomy rate
of 20% in our series.

Laparoscopic cholecystectomy (LC) and preoperative
cholangiogram remain the gold standard in the BSG
guidelines12 but is not without risk. Elective mortality rates
are low (0.5%) with conversion and complication rates of
up to 5%22–24 with no real difference for LC performed
after pancreatitis except a slightly prolonged hospital stay.25

However, the risk of LC increases with age, with
conversion rates increasing to 16% and complication rates
increasing to 10% in patients over 80 years of age.26,27

This, combined with a pancreatitis recurrence rate of 6% in
our study and 13% in the study by Gloor et al.,28 makes LC
a less attractive treatment option in the elderly.

Conclusion

The results of this study demonstrate that ERCP and ES
combined with a low-fat diet should be used as an alternative
to cholecystectomy in the treatment of gallstone pancreatitis in
high-risk surgical patients and those over 75 years of age. It is
not clear from this study if this approach should be adopted in
those under 75 years of age due to the high risk of biliary
complications, and randomised controlled trials will be
needed to determine this.
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Abstract
Background The management of endoscopic retrograde cholangiopancreatography (ERCP)-related perforations remains
controversial. Τhe aim of the study was to determine the incidence of perforations following ERCP, their characteristics,
operative and non-operative management options and clinical outcome.
Methods A retrospective review of ERCP-related perforations, during a 21-year period, was performed. Each perforation
was categorized into types I to IV according to the location, mechanism and radiographic evaluation of the injury.
Comparisons were made between patients treated operatively and non-operatively.
Results Forty-four perforations (0.4%) occurred in 9,880 procedures. They were mainly caused by the passage of the
endoscope (type I) in 7 (16%) and sphincterotomy (type II) in 30 (68%) patients. The management was non-operative in 32
(72%) and operative in 12 patients. In multivariate analysis, only the type of perforation (type I: endoscope-related) was
found significant for predicting operative treatment. The hospital stay was longer for patients requiring an operation
(median, 24 vs 9 days). The overall mortality was 2/44 (4.5%). There was no death in the non-operative group.
Conclusions The need for immediate operative intervention should be based on the type of injury and clinical findings.
Patients with type I perforations should be treated surgically and primary repair should be tried. Patients with type II injuries
may be treated initially non-operatively. Delayed operative intervention will be required in a minority of these patients.

Keywords ERCP. Endoscopic sphincterotomy .

Complications . Perforation .Management

Introduction

Endoscopic retrograde cholangiopancreatography (ERCP)
has evolved from a diagnostic tool to an interventional

therapy for biliary and pancreatic diseases. The increase in
volume and complexity of these procedures has led to an
increase in number and spectrum of complications.1

The incidence of complications varies widely and appears
to be related primarily to the indication for the procedure and
the technical skill of the endoscopist.2 ERCP and endoscopic
sphincterotomy carry the risk of perforation of the bile duct,
pancreatic duct, and duodenum. Duodenal injury is reported
to have an incidence of 0.3% to 1.3%, with a reported
mortality of up to 25%.3

–6 Duodenal perforations may be
retroperitoneal (usually due to sphincterotomy) and much
less commonly intraperitoneal (due to endoscope passage).

The management of ERCP-related perforations remains
controversial. The traditional approach entails immediate
surgical intervention. However, over the last decade, reports
of successful conservative treatment, in selected patients,
are increasing.3,7,8 The aim of this study was to determine
the incidence of duodenal and biliary perforations following
ERCP, their characteristics, operative and non-operative
management options, and clinical outcome.
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Patients and Methods

A retrospective review of ERCP-related perforations was
conducted during a 21-year period (June 1989–August
2010) in an attempt to identify their incidence, indications
and ERCP findings, management, time to intervention, and
clinical outcome. All procedures, including ERCP and
surgery, were performed by the same two operators (AP
and AV) in tertiary referral centers.

The perforations were categorized according to the
Stapfer et al. classification3 with a modification in types
III and IV (Table 1).

Primarily, clinical and radiologic criteria were used to
determine conservative or surgical management. Stable
patients without signs of peritonitis were observed, whereas
patients with clinical signs of sepsis were operated upon.
Conservative treatment consisted of the administration of
parenteral fluids, broad-spectrum antibiotics, and nasogas-
tric drainage. Total parenteral nutrition was started in
malnourished patients or in patients expected to restrict
oral diet for a long period. Prior to reinstituting oral intake,
a contrast study or cross-sectional imaging (CT) was
performed to document no retroperitoneal leakage.

Data were organized and reported as mean ± SEM or
median and range. Categorical variables were compared by
means of the chi-square test or Fisher’s exact test. Continuous
variables were analyzed using Student’s t test or Mann–
Whitney test depending on the distribution of the data. A
multivariate logistic regression analysis was performed to
adjust for confounding variables between operative and non-
operative management. Statistical analysis was performed by
using the Minitab 16 Statistical Software.

Results

During the 21-year period, 9,880 ERCPs were performed.
Forty-four of these procedures (0.4%) resulted in biliary
and duodenal perforations. The characteristics of the
patients and type of injuries are shown in Table 2.

The most common indications for performing an ERCP
were management of known or suspected choledocholi-
thiasis in 30 patients (68%) and malignant obstructive
jaundice in 9 patients (20%). Other less common indica-
tions included pancreatic duct stones, postoperative bile

leak, benign biliary stricture, hepatojejunal stenosis, and
ampullectomy. The mechanisms of injury are shown in
Table 3. The pre-intervention plan was executed endoscop-
ically with success in 35 patients (79%); however, nine
procedures were abandoned prematurely because of the
perforation. After recognition of the perforation, 32 patients
(74%) were managed non-operatively, and 12 (26%)
underwent an operation (Table 4). The mean hospital stay
for the entire group was 18±3 days (range, 4–95) with two
deaths (4.5%).

In seven patients with type I perforation, the injury resulted
from passage of the endoscope. Three of them had a history of
gastrectomy and Billroth II reconstruction. The perforation
was immediately recognized in six patients, and the endo-
scopic procedure was completed in two of them. One had an
endoscopic sphincterotomy and stone extraction and the other
placement of a plastic stent for drainage of malignant
obstructive jaundice, so that only repair of the perforation
was needed at the time of surgery. All six patients had an
immediate operation (Table 4). Primary repair was tried in
four and tube-duodenostomy in one patient, with simulta-
neous treatment of any retained common bile duct (CBD)
stones. In a patient with pancreatic cancer, during the
exploratory laparotomy, the tumor was found to be resect-
able, and a Whipple’s procedure was performed. Two
patients, aged 85 and 93, died from respiratory insufficiency
and aspiration pneumonia 5 and 60 days postoperatively,
respectively. In one patient, the perforation was identified the
next day. She was apyrexial, with no signs of sepsis, with
mild abdominal pain, and she was treated conservatively
with success. Re-operation was required in patient 2 (Table 4)
after a primary repair, and a tube-duodenostomy was
performed because of leaking from the closure site.

There were 30 patients with type II injury. The
perforation was caused by the sphincterotomy, and in eight
of them (26%), a needle-knife precut was performed. The
injury was identified during the procedure in all but one
patient. In that patient, the perforation was identified 24 h
later by using CT scan. The pre-intervention plan was
completed in 25 cases (83%). Six patients (20%) required
operative intervention. That included drainage of the
retroperitoneal space and common bile duct exploration
(CBDE) with T-tube placement for patients with retained
CBD stones and intraoperative stent placement for patients
with malignancy (Table 4). One patient with type II injury

Table 1 Modified classification
of ERCP-related perforations Type Definition

I Lateral or medial duodenal wall perforations (endoscope related)

II Periampullary perforations (sphincterotomy related)

III Ductal or duodenal perforations due to endoscopic instruments (not guidewires)

IV Guidewire perforation with presence of retroperitoneal air at X-ray
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was operated the same day. The remaining patients failed to
respond to the conservative treatment and were operated
after 4 to 15 days. A covered self-expandable metallic
biliary stent (SEMBS) was placed endoscopically in order
to cover the laceration (Fig. 1) in three patients (two during
the initial ERCP and one at repeat ERCP after the
operation). In two patients without malignancy, the stents
were removed a month later. A CT-guided percutaneous
drainage of a retroperitoneal abscess was required in one
patient. All patients with type II injury had a complete
recovery.

Type III perforations were related to basket entrapment
(2/5), balloon dilatation of strictures (2/5), and lithotripsy
techniques (1/5). Balloon dilatation of a malignant stricture
resulted in bile duct tearing and was treated with placement
of a plastic stent. One patient with stenosis of a hepatoje-
junal anastomosis, performed for CBD injury during
laparoscopic cholecystectomy, had tearing of the anasto-
mosis during dilatation. The endoscopic procedure in that
patient was performed through a subcutaneous access loop.
She was treated non-operatively but with percutaneous
drainage of a collection 5 days later. All patients with type
III injuries were treated non-operatively, but two patients
required percutaneous drainage.

The two patients with type IV injury were treated
conservatively with success.

Thirty-two patients were treated non-operatively. A CT
scan (Fig. 2) was performed in most of these patients for

the exclusion of contrast leaking from the duodenum and
the existence of intraperitoneal or retroperitoneal fluid
collections. CT-or US-guided percutaneous drainage of
retroperitoneal abscesses or fluid collections was required
in three patients.

Operative intervention was required in 12 patients. The
operations performed are shown in Table 4. Complications
after operative treatment included duodenal leakage in four
(33%) patients (patients 2, 6, 8, and 11) and retroperitoneal
abscess in one patient (patient 12). The leakage was treated
conservatively in two patients, reoperation was required in
one, and repeat ERCP with placement of metallic covered
stent in one. The abscess was treated with percutaneous
drainage.

A univariate analysis was performed to identify the
association of variables such as age, sex, ASA grade,
indication for ERCP, type of perforation, and duration of
hospital stay between operative and non-operative manage-
ment (Table 5). An association was found between higher
ASA grade (≥3) and the need for operative treatment.
Patients with type I perforations were more likely to require
an operation. In multivariate analysis using logistic regres-
sion, only the type of perforation remained significant for
predicting operative treatment. The hospital stay was longer
for patients requiring an operation (24 vs. 9 days). The
overall mortality due to perforations was 4.5% (2/44).
There was no death in the non-operative group, in contrast
with two deaths (16%) in the operative group.

Discussion

Generally, ERCP is regarded as a safe procedure in the
hands of experienced endoscopists. However, the rate of
complications including bleeding, pancreatitis, cholangitis,
and perforation approaches 10%.5,9 ERCP-related perfora-
tion is a major complication, with great mortality if
overlooked and left untreated.

This retrospective review of 9,880 ERCPs during a long
time period identified 44 perforations, which could be one
of the largest series taking into consideration that most
guidewire perforations were not included in the study. All
the procedures regarding endoscopic and operative inter-
ventions were performed by the same two surgeon endo-
scopists, who were dedicated to the treatment of biliary and
pancreatic diseases. There was a tendency for more
perforations during the last years of the study. The most
possible explanation for this is that by growing experience,
we undertake more difficult cases and cases with failed
attempts at other centers.

The presence of periampullary diverticula, abnormal
anatomy (Billroth II gastrectomy), and precut techniques
are considered to be risk factors for perforation.1,2 In our

Table 2 Characteristics of the patients and injuries

Number of pts 44

M/F 11/33

Median age (years, range) 62 (36–93)

Periampullary diverticula 5 (11%)

Billroth II gastrectomy 3 (7%)

Type of injury

I 7 (16%)

II 30 (68%)

III 5 (11%)

IV 2 (4%)

Table 3 Mechanisms of endoscopic perforations

Mechanism

Sphincterotomy 30a

Endoscope-related 7

Guidewire 2

Dilatation of stricture 2

Difficult stone extraction (basket) 2

Lithotripsy 1

a Needle-knife preceded in eight patients
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series, duodenal diverticula were present in five patients
(11%), which is lower than our previous published
experience (20%) for patients who undergo ERCP.10 There
were no data regarding the presence of a diverticulum in all
our ERCPs, and we cannot compare the association of a
perforation in the entire experience. In three out of seven
(43%) type I duodenal perforations, the patients had a
Billroth II gastrectomy. In all of them, the perforation
occurred in the third part of the duodenum during
maneuvers to access the papilla through the afferent loop.
The manipulations of the endoscope in association with
insufflation, when the procedure takes long, are responsible
for these perforations. There is controversy whether precut
papillotomy increases the risk of perforation compared with
sphincterotomy alone.11 In our series, 8 out of 30 (26%)

patients with type II perforation had a needle-knife precut
performed. In our technique, we use needle-knife precut
quite often (27%),10 when we have difficulties at cannula-
tion, but we do not have complete data to make true
comparisons. The needle-knife technique is associated
mainly with guide wire perforations, most of which are
not included in our study.

There are mainly two classifications for ERCP-related
perforations. Howard et al.7 classified perforations into
three types according to the mechanism of injury. Type I
refers to guidewire perforations, type II to periampullary,
and type III to duodenal perforations. Guidewire perfora-
tion is considered as the entrance of the guidewire into the
retroperitoneal space during attempts for cannulation or
attempts to pass a stricture. It may be associated with
injection of contrast into the retroperitoneal space. The

Fig. 2 A CT scan showing the presence of retroperitoneal air and a
metallic stent in the common bile duct

Fig. 1 A metallic biliary stent placed in a patient with type II
perforation. The presence of retroperitoneal air is also obvious
outlining the kidney margins

Table 4 Details of patients who required operation

Sex Age Perf type Indication Days after perf Operation type Hospital stay
(post-ERCP)

Outcome

1 F 70 I Malignant stricture 0 Whipple’s 7 Complete recovery

2 M 56 I CBD stones 0 Primary repair, CBDE, T-tubea 78 Complete recovery

3 M 85 I CBD stones 0 Primary repair, CBDE, T-tube 5 Death

4 F 74 I Malignant stricture 0 Primary repair, pyloric exclusion 19 Complete recovery

5 F 75 I CBD stones 0 Primary repair 8 Complete recovery

6 F 93 I CBD stones 0 CBDE, T-tube, tube-duodenostomy 60 Death

7 F 68 II CBD stones 8 CBDE, T-tube, drainage 22 Complete recovery

8 F 75 II CBD stones 4 CBDE, T-tube, drainage 95 Complete recovery

9 M 52 II Malignant stricture 0 Drainage, stent 26 Complete recovery

10 M 49 II Malignant stricture 13 Drainage, stent 18 Complete recovery

11 F 58 II Dilated ducts 14 Debridement, drainage, gastrojejunostomy 70 Complete recovery

12 F 69 II CBD stones 15 Debridement, drainage 40 Complete recovery

CBD common bile duct, CBDE common bile duct exploration
a Reoperation required (tube-duodenostomy)
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duodenal or bile duct tearing in such cases is quite small
and closes spontaneously. In the first years of our study, we
referred these events as perforations, but soon we realized
that there were no clinical consequences, and we stopped
noting them in our database. Only in cases where
retroperitoneal air was seen at the X-ray during the ERCP,
we considered them as true perforations. Stapfer et al.3

classified perforations into four types, based on severity and
anatomical location. Stapfer’s classification includes the
following:

1. Type I: lateral or medial duodenal wall perforation
2. Type II: perivaterian injury
3. Type III: bile or pancreatic duct injury
4. Type IV: presence of retroperitoneal air alone.

The majority of type III injuries are caused by guidewires.
In our modified classification (Table 1), type III includes
injuries caused by instruments such as baskets, lithotriptors,
dilators, but no guidewires. The presence of retroperitoneal
air alone should not be considered a true perforation since
the presence of retroperitoneal air on CT scan occurs in up to
29% of asymptomatic patients after an ERCP and sphincter-
otomy.12,13 When retroperitoneal air was seen at X-ray at the
end of the procedure and a sphincterotomy had preceded,
without any other obvious cause of perforation, we consid-
ered that as a sphincterotomy-related perforation. According
to our classification, type IV includes guidewire perforations
with the presence of retroperitoneal air at X-ray.

A high clinical suspicion is essential for diagnosing ERCP-
related perforations. Early diagnosis and prompt treatment
during the endoscopic procedure are essential for a better
outcome. At the end of every endoscopic procedure, thorough
evaluation for any possible perforation should be performed.
The endoscopist should inspect the circumference of the
duodenum carefully and check the X-ray for the presence of
retroperitoneal air. This is especially true when the procedure

is technically difficult; needle-knife precut has been per-
formed; there are variations in the usual anatomy due to
previous operative interventions; strictures are dilated. If there
is high suspicion, contrast medium can be infused through the
endoscope to facilitate identification of the injury. CT scan
should be reserved for selected patients according to their
clinical condition.

The clinical presentation of patients with ERCP-related
perforation is non-specific. The initial symptoms, and
clinical and laboratory findings are shown in Table 6.14

Treatment of patients with ERCP-related perforations
depends on the type of injury and clinical symptomatology.
A clinical index score, including fever, tachycardia, guard-
ing, and leukocytosis, has been devised15 to predict the
need for operative intervention. Although it has not been
validated prospectively, it emphasizes the importance of
clinical findings to guide therapy. The presence of
retroperitoneal or even free air is not reliable in determining
the need for operative intervention (Fig. 3). The extent of
retroperitoneal air correlates more closely with the manip-
ulations and amount of insufflation after the injury occurs,
than with the type or size of perforation.4,16

Table 5 Univariate and multivariate analysis between operative and non-operative group

Non-operative group Operative group Univariate p value Multivariate p valued Odds ratio

Median age (years) 60 (31–93) 69.50 (49/93) 0.15a 0.704

Sex (M/F) 7/25 4/8 0.434b

ASA (I, II/≥III) 28/4 7/5 0.033b 0.731 1.49 (0.15–14.6)

Type (I/II, III, IV) 1/31 6/6 0.000b 0.017 0.09 (0.01–0.65)

Indication (stones/malignancy) 22/5 7/4 0.241b

Median hospital stay (days) 9 (4–36) 24 (7–95) 0.003a

Deaths 0 2 0.069c

aMann–Whitney U test
b Chi-squared test
c Fisher’s exact test
d Binary logistic regression

Table 6 Clinical and laboratory findings in patients with ERCP-
related perforations15

Abdominal or flank discomfort 100%

Tachycardia 74%

Mild to moderate abdominal tenderness 64%

Low-grade fever 47%

Hyperamylasaimia 37%

Mild leukocytosis 32%

Peritoneal signs 18%

Subcutaneous emphysema 16%
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In our series, patients with endoscope-related perfora-
tions (type I) were much more likely to require an operation
(83%) in comparison with other types of perforations
(17%). Type I perforations are usually large, and immediate
surgical repair is required (Fig. 4). The type of surgery
depends on the extent and site of the perforation and ranges
from single closure to oversewing with omental patch, pyloric
exclusion, gastrojejunostomy, and tube-duodenostomy. The
endoscopic completion of the pre-intervention plan permits
the simple repair of the perforation, which happened in two
patients (patients 4 and 5; Table 3). The addition of pyloric
exclusion to simple closure in patient 4 was performed
because the patient had undergone gastrojejunostomy in a
previous operation. In the rest type I cases (patients 1, 2, 3,

and 6; Table 4), the primary disease had to be treated during
the same operation. A Whipple operation was performed in
one patient, and a CBDE was done in three patients. The
simultaneous treatment of bile duct stones seems inevitable,
but the performance of a Whipple procedure is controversial.
It depends from the clinical status of the patient, patient’s
consent, and availability of an experienced surgeon. All the
previous requirements were achieved, and the patient
underwent the procedure with success. In one patient with
type I injury, the diagnosis was delayed. It was a technically
easy procedure, and the existence of retroperitoneal air was
overlooked. Because of mild symptoms, the perforation was
clinically realized next morning from the subcutaneous
emphysema. The ERCP X-ray images were reviewed, and
it was found that retroperitoneal air existed before the first
attempt for cholangiography, so the perforation was classified
as endoscope related, probably due to the rupture of a small
duodenal diverticulum. CT failed to identify contrast leakage;
the patient remained clinically well and was successfully
treated conservatively.

Type III and IV perforations usually close spontaneously
and can be managed conservatively or with placement of a
biliary stent. Additional procedures like percutaneous
drainage of an abscess may be required later.

The approach to patients with type II injury is contro-
versial. Endoscopic findings like a large hole in the
periampullary area or radiographic findings like large
contrast extravasation during the ERCP could suggest an
immediate laparotomy. The use of covered SEMBS was
attempted with success, in two patients without malignancy,
during the initial ERCP. Covered SEMBS cover the
laceration, divert the bile away from the site of perforation,
and can be easily removed after healing of the perforation.
The placement of stents (either plastic or metallic) should
be tried in all patients with malignancy after recognition of
the periampullary perforation. Closure of ERCP-related
perforations using endoclipping devices or other endoscopic
modalities has also been described and seems promising.17,18

If the periampullary laceration is not considered large,
patients with type II injuries can be managed initially
conservatively, provided that they are stable without clinical
signs of sepsis. Five from 29 patients (17%) treated that way
finally required operative treatment. CT scan is essential in
these patients, since it demonstrates the presence of
peritoneal or retroperitoneal fluid, which suggests continuous
leak from the perforation site. The decision for surgery in
these patients depends on clinical evaluation and CT
findings. Operative exploration should be considered if the
patient becomes septic, despite conservative treatment,
especially in elderly and frail patients with no reserves to
withstand the physiological stress. The type of surgery
depends on local conditions. Since most of these patients
have a delayed operation, primary repair is not advised, and

Fig. 4 During manipulations of the endoscope to access the afferent
loop, in a patient with Billroth II gastrectomy, the duodenum was
perforated and the endoscope passed into the peritoneal cavity. This is
the endoscopic view obtained, showing the presence of a small bowel
loop

Fig. 3 Despite the presence of extensive amount of air in the
retroperitoneal space, that patient was treated conservatively with
success
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drainage with debridement of necrotic retroperitoneal tissue
is applied. Simultaneous treatment of retained bile duct
stones is advisory with CBDE and T-tube placement. In
patients with malignancy (which was considered previously
unresectable in our patients), the placement of a plastic stent
intraoperatively was possible, and the jaundice was palliated
during the same procedure. Using the above-described
methodology, there was no mortality in patients with type
II injury, even with delayed surgery.

Conclusions

Guidewire perforations with no presence of retroperitoneal
air should not be considered as true perforations. The need
for immediate operative intervention should be based on the
type of injury and clinical findings. Type I perforations
should be treated surgically. Primary repair should be tried
in these patients, although sometimes it will leak. If the pre-
intervention plan was not completed during endoscopy,
simultaneous treatment of the underlying disease (stones
and malignant jaundice) should be undertaken. Advances in
technology, such as endoscopic suturing devices, may
permit non-operative treatment in the near future. Type II
injuries may be treated initially non-operatively, unless
there is a large hole. The placement of covered SEMBS for
a short period facilitates healing. Delayed operative
intervention will be required in a minority of patients and
should depend on clinical findings, laboratory tests, and CT
imaging. Primary repair should be avoided in these patients.
Debridement with drainage of the retroperitoneal space is
essential, with biliary decompression and gastrojejunos-
tomy when required. Non-operative treatment is usually
sufficient for type III and IV injuries. Elderly patients with
comorbidities need special care.
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Abstract
Introduction Peutz–Jeghers syndrome is a rare autosomal dominantly inherited disease characterized by mucocutaneous
pigmentations and gastrointestinal polyps. The polyps are located predominantly in the small intestine and usually cause
intussusceptions. Adult intussusception caused by Peutz–Jeghers syndrome occurs very rarely. The purpose of this study
was to analyze the clinical characteristics, preoperative diagnosis, and surgical management of Peutz–Jeghers syndrome
associated with acute intussusception in adult patients.
Discussion Consecutive patients with the postoperative diagnosis of acute intussusception caused by Peutz–Jeghers
syndrome from 1995 to 2010 were reviewed retrospectively for this study. Data concerning clinical considerations,
morphological examinations, and surgical procedure were analyzed. Different clinical manifestations were presented in
patients with intussusception due to Peutz–Jeghers syndrome. Computed tomography associated or not with
ultrasonography may be the most accurate examination for acute intussusceptions caused by Peutz–Jeghers syndrome.
Surgical intervention is the first choice regimen in acute intussusceptions caused by Peutz–Jeghers syndrome. Prophylaxis
and polypectomy of the entire small bowel is a worthy way in Peutz–Jeghers syndrome patients to reduce the frequency of
laparotomies.
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Introduction

Intussusception is the most common cause of intestinal
obstruction in children between ages 3 months and 6 years
and is the second most common cause of acute abdomen in
this age group. However, adult intussusception is relatively
rare, and only 5% to 16% of cases have been previously
reported 1. Although the clinical, pathologic, and radiologic
features of the complications of intussusception are well
known, a variety of clinical manifestations makes the
preoperative diagnosis difficult. Diagnosis even can be
delayed because of its longstanding, intermittent, and
nonspecific symptoms, and most cases are diagnosed at
emergency laparotomy subsequently requiring bowel resec-
tion and anastomosis of the intussusception in most adult
cases.

Peutz–Jeghers syndrome (PJS) is an autosomal dominant
rare syndrome characterized by pigmented mucocutaneous
spots and intestinal and extraintestinal polyposis. Polyps are
most common in the small intestine, but can also occur in the
stomach, large bowel, and nasal passages. Gastrointestinal
polyps can result in chronic bleeding and anemia and cause
recurrent obstruction and intussusception requiring repeated
laparotomy and bowel resection. Furthermore, intussuscep-
tion is the most frequent abdominal complication of PJS.
Children with PJS have a high risk of suffering from
intussusception, but it occurs very rarely in adults. The
association between adult intussusception and PJS is a very
predictable but unusual complication. Adult intussusception is
elusive and difficult to diagnose due to its vague presentation.
Most patients have a characteristic clinical course of recurrent
episodes of polyp-induced intussusception. Although surgical
resection is recommended, repeated abdominal surgery for
intussusception may cause short bowel syndrome.

The purposes of the present study are to review and
update the data of 11 adult patients during the last
152 months and to improve the preoperative diagnosis
and eventually determine and discuss the value of surgical
management and prevention.

Methods

Patients were followed prospectively between January 1995
and May 2010, and clinical data from the period before
1995 were collected retrospectively. We included patients
diagnosed with PJS on the basis of the diagnostic criteria as
defined by the World Health Organization 2. Selection
criteria included family history of PJS, intestinal polyposis,
and pigmented macules of buccal mucosa, lips, fingers, and
toes 2, 3. The following data were collected: sex, date of
birth, family history of PJS, diagnosis of PJS, diagnosis and
characteristics of intussusception, and follow-up. Informa-

tion was collected on the family history of each of the
affected patients. Clinical findings of 11 patients were
collected from patients’ charts, operative notes, and
pathology reports. Presentation of intussusception was
defined as an acute abdomen in case of acute abdominal
pain in combination with nausea and vomiting. Intussus-
ception characteristics that were recorded included date of
diagnosis as well as data on confirmation, presentation,
localization, therapy, and size of the polyp causing the
intussusception. Localization of the intussusception was
classified as small intestinal or colonic based on the site of
the leading point. The small intestinal intussusceptions
were further subdivided according to the most proximal
small intestinal segment involved.

Surgical procedures are performed in all cases. We only
used the size of en bloc resected polyps, as measured by the
pathologist, in order to get an objective measurement.
Finally, all diagnoses were surgically proven by laparotomy
and routine pathological examination. The study protocol
was approved by the West China Hospital Ethics Commit-
tee and conformed to the ethical guidelines of the 1975
Declaration of Helsinki.

Results

A total of 11 PJS patients from 11 families were included
for analysis. The patients ranged in age from 19 to 67 years
old, with a mean age of 31.7 years. Female predominated in
a ratio of 2.7:1 (Table 1). Ten patients had family history
with PJS. Eleven families with PJS, altogether containing
25 affected and 40 unaffected individuals, were identified
through probands (Fig. 1). In 25 PJS patients from 11
families, 11 adult patients (44%) had suffered from acute
intussusception, and 2 patients (8%) had experienced at
least one intussusception. Case 7 had a prior laparotomy.
No polyps had been detected in ten patients in the past, and
one had a history of gastric polypectomy (Table 1). All of
the patients from PJS families did not have screening before
surgery.

The different clinical manifestations were summed up in
Table 1. In 11 patients, 10 had differently hyperchromatic
spots in the buccal mucosa, finger, and lips with more than
3 spots, but 1 patient had none. The spot diameter oscillated
between 2 and 5 mm. All patients presented with an acute
abdomen. Pain was the most common presenting com-
plaint, associated or not with an intestinal obstructive
syndrome. Palpable abdominal mass was found out in
72.7% of the patients. Six patients had abdominal pain
along with constipation, and diarrhea developed in three
patients. Hematochezia was found in three patients.
Peritonitis occurred in two patients, one of which was
caused by jejunal perforation (Fig. 5c). Fifty percent of the
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patients had symptoms for more than 2 weeks before
presentation to the hospital.

Intussusception was a preoperative diagnosis in 91% of
patients (Tables 2 and 3). In 11 cases, the examinations had
already been done by abdominal ultrasounds (9 times),
barium enema (twice), plain abdominal radiographs (11
times), and abdominal computed tomography (CT) (8
times). When plain abdominal radiographs (nine times),
abdominal ultrasonography (three times), and barium
enema (one time) were not able to demonstrate intussus-
ception, a CT scan was performed (eight times) but
provided the diagnosis of intussusception eight times
(Table 3). CT scan was also performed to try to precise
the nature of the causative pathology (Figs. 2 and 3).
Finally, preoperative diagnosis of our patients was con-
firmed by surgical intervention.

There were 11 patients with intussusception confirmed at
operation. Polyps vary in type, shape, size, location, and
number (Table 2). On the basis of 11 intussusceptions,
localization of polyps was classified as small intestine in
8 events and colonic in only 2 events. These intussuscep-
tions had been caused by polyps with a median size of
23 mm (range 10–50 mm) (Figs. 4 and 5). Different types
of intussusceptions were analyzed in Table 2. The choice of
procedure was determined by location, size, cause, and
viability of the bowel. Overall, 11 patients underwent
primary resections. Three reductions were attempted before
a resection and anastomosis, but this manipulation was
unsuccessful. All patients had a laparotomy and eight

patients underwent enteric resection and anastomosis, and
two patients underwent tumorectomy. One patient under-
went enteric resection and ileostomy. Intraoperative entero-
scopy (IOE) through the incision point was performed in
order to examine the small intestine segment without the
need for additional enterotomies in two patients (Fig. 4).
Histological study reported the presence of an acute
inflammatory infiltrate and hamartomatous polyps. Micro-
scopically, typical Peutz–Jeghers polyp shows branched
proliferation of non-atypical glandular cells with a core of
smooth muscle (Fig. 6).

This manipulation was successful in 11 patients. No
patient suffered postoperative complications. In this study,
no anastomotic leak was noticed. Of these 11 patients, all
underwent successful surgeries, and 1 patient died 5 months
after surgery because of metastatic melanomas (Table 2). A
resection of the lesion by tumorectomy has been performed
once with an adenoma of ileum.

Fig. 1 Pedigrees of 11 families with Peutz–Jeghers syndrome (arrows
represent proband)

Age (years)

19–35 n=7

35.1–39.9 n=2

>40 n=2

Gender

Male n=2

Female n=9

Family history n=10

Pigmentation

Lips 9

Buccal 6

Finger 3

Toenails 1

Symptoms

Abdominal pain 11

Obstruction 7

Constipation 6

Diarrhea 3

Abdominal mass 8

Hematochezia 3

Peritonitis 2

Table 1 General characteristics
of the patients
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Discussion

Early diagnosis of PJS associated with acute intussuscep-
tion is crucial because many of these adult patients need
usually an emergency surgical treatment 4–6. A diagnosis of
intussusception caused by PJS will be based on family
medical history and physical examination. Including symp-
toms of intussusception, there are at least two of the
following clinical criteria that need to be present: a family
history of the syndrome, melanin deposits, and bowel
polyposis 3, 7. Studies have shown that intussusception was
observed in 47–69% in adult patients with PJS 3, 6. Because
PJS patients carry a high incidence of intussusception, a
careful and detailed review of a person’s medical family
history is important in diagnosing PJS. Moreover, the
family history can provide effective information to the
patient and families about likely disease outcomes and

following surveillance. At the same time, physical exami-
nation is an important element to this diagnosis 8. The
diagnosis of the syndrome is easy because the hyperpig-
mented spots are in general evident. The mucocutaneous
pigmentations caused by melanin aggregation can be seen
in 93% of patients even in infancy 9. They are generally
located around the lips, buccal, hand, foot, and sometimes
perianal and genital areas (Table 1) 10. The clinical
presentation of adult intussusception varies considerably
depending on the site of intussusception and the possibility
of self reduction. The symptoms can range from mild
abdominal pain to more acute signs of intestinal obstruction.
The classic triad of abdominal pain, mass, and jam-like stools
is not found and mentioned in our study 3, 5, 6, 11, 12. In
addition, it is noteworthy that some patients with a solitary
Peutz–Jeghers-type polyp have none of the other clinical
features associated with PJS, and it is difficult to identify
before surgery 13–15. In short, complete family medical
history and physical examination by mucocutaneous pig-
mentation are most important in diagnosing acute intussus-
ception caused by PJS because there is no obvious difference
between PJS associated with intussusception and ordinary
intussusception in other clinical manifestations.

Conventional barium studies have nowadays been
replaced by cross-sectional techniques, such as ultrasonog-
raphy, CT and magnetic resonance imaging (MRI), and
enteroclysis, which not only improve visualization of the

Table 2 Clinical characteristics of adult intussusception caused by Peutz–Jeghers syndrome

Case Preoperative
diagnosis

Previous
surgery

Intraoperative
manifestation

Location
of polyps

Size
(mm)

Surgical
treatment

Cancer Follow-up

1 No/BE No Jejunoileal
intussusception

Jejunoileum 50 Resection/
anastomosis

?

2 Yes/BE, US No Ileocolic
intussusception

Ileum 17 Resection
and ileostomy

?

3 Yes/US No Jejunojejunal
intussusception

Jejunum 20 Resection/
anastomosis

Alive at 152 months

4 Yes/CT No Ileocolic
intussusception

Colon 31 Tumorectomy Colonic
adenocarcinoma

?

5 Yes/US, CT No Jejunojejunal
intussusception

Jejunum 22 Resection/
anastomosis

Alive at 89 months

6 Yes/US, CT No Ileoileal
intussusception

Ileum 10 Resection/
anastomosis

Alive at 65 months

7 Yes/US, CT Yes/
laparotomy

Ileocolic
intussusception

Colon 23 Tumorectomy Colonic
leiomyosarcoma
/Metastatic melanoma

Dead at 5 months

8 Yes/US, CT No Jejunoileal
intussusception

Jejunoileum 20 Resection/
anastomosis

Ileal adenocarcinoma Alive at 36 months

9 Yes/US, CT No Jejunoileal
intussusception

Jejunoileum 25 Resection/
anastomosis

Alive at 12 months

10 Yes/US, CT No Ileoileal
intussusception

Ileum 14 Resection/
anastomosis/IOE

Alive at 4 months

11 Yes/US, CT Yes/gastric
polypectomy

Jejunojejunal
intussusception

Jejunum 21 Resection/
anastomosis/IOE

Alive at 2 months

CT computed tomography, US ultrasounds, BE barium enema, IOE intraoperative enteroscopy

Table 3 Preoperative examination

Procedure No. of
patients (n)

Accuracy (%)

Plain radiographs of the abdomen 11 18.2

Barium enema 2 50.0

Abdominal ultrasound 9 66.7

Abdominal CT scan 8 100.0

J Gastrointest Surg (2011) 15:2218–2225 2221



intestinal lumen, but also detect intestinal wall and
extraluminal diseases. As a noninvasive, inexpensive, and
readily available method, ultrasonography may demonstrate
small bowel polyps in patient with Peutz–Jeghers 8, 16.
Ultrasonography may typical show a “doughnut” or
“target” sign with a nodular soft tissue mass in the center
thought to be a polyp in the abdomen (Fig. 2) 8, 17. In
addition, the presence of blood flow by color Doppler
between the layers of bowel is typically seen and can be
helpful in making the diagnosis, though whether or not this
absolutely excludes bowel wall ischemia is not known.
Abdominal CT scan has been reported to be the most useful
imaging modality 18. CT is most available for making the
diagnosis of adult intussusception and is helpful in
revealing the underlying lesion, although a barium enema
can help to diagnose colonic intussusceptions. A multi-
centric study shows that CT associated or not with barium

enema may be the most accurate modality for diagnosis of
adult intussusceptions 19. In our study, CT scan was used
eight times and made the preoperative diagnosis in eight
cases. Intussusception may represent a “target mass” on
both CT and ultrasound (Figs. 2 and 3). More importantly,
CT scans may help to delineate the precise location of
polyps because differentiating between lead point and non-
lead point intussusception is important in determining the
appropriate treatment and has the potential to reduce the
prevalence of unnecessary surgery 20. CT associated or not
with ultrasonography is cheap, quite easy to carry out, and
timely and, therefore, may be the most accurate examina-
tion for acute intussusceptions caused by PJS. It is
emphasized that there is no single generally accepted
approach for evaluating patients with suspected intussus-
ception. The diagnostic approach also depends on the
clinical presentation.

Fig. 2 Examples of emergency
medicine bedside ultrasound
showing adult intussusception in
a PJS patient. a A transverse
sonographic image of the left
lower quadrant demonstrates a
“doughnut” or “target” sign cre-
ated by multiple. b A longitudi-
nal image also shows the
concentric layers of bowel in a
separate area of intussusceptions
with a nodular soft tissue mass
in the center thought to be a
polyp

Fig. 3 a Abdominal computed
tomography scan shows bowel
wall thickening and polyps
within the bowel. b Abdominal
computed tomography scan
reveals the obstructing intussus-
ception and small intestinal
polyps. c Computed tomography
of the abdomen reveals the
obstructing intussusception. d In
the same patient as shown in c,
polyps in the center of bowel
and a doughnut-shaped mass
consisting of different densities
are seen in the left mid-abdomen
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Although surgical resection is recommended, there is
still no consensus regarding optimal management of adult
intussusception 3, 19, 21. Definitive surgical resection
remains the recommended treatment in most cases of PJS
associated with intussusception because of the large
proportion of structural causes and the relatively high
incidence of malignancy 19, 22–25. Previous studies have
also shown that the majority of the patients suffer from
recurrent episodes of intussusception induced by polyps
who require laparotomy 5, 26. Few options exist for the
therapeutic management of PJS. During the surgical
procedure, this reduction can lead to a more limited bowel
resection 27. Based on our experience, all patients with
obstructive symptoms, hematochezia, and palpable polyps
associated with intussusception should undergo primary
surgical resection without prior reduction to avoid unneces-
sary manipulation of a potential neoplasm. Surgical strategies
are common with dealing with the sequelae of PJS such as
small bowel intussusception due to hamartomatous polyps or
resection of neoplastic lesions. The choice of procedure was
determined by the location, size, cause, and viability of the
bowel. Abdominal exploration with conventional resection
and anastomosis of the involved section of bowel is usually
recommended. Based on intraoperative biopsy, it seems
logical to recommend a radical excision intestinal tumor to
malignant tumor. Occasionally, ostomy is performed due to
the poor general condition of the patient and insufficient
preoperative preparation in emergency surgery.

In emergency surgical procedures, combined endoscopic
and surgical treatment generally is advocated, including IOE
with endoscopic and/or surgical resection of polyps, with or
without resection of short segments of intestine 21, 28–30. IOE
is a combination of laparotomy with endoscopy, which was
accepted as the ultimate diagnostic and/or therapeutic
procedure for complete investigation of the small intestine.

Fig. 5 a An intraoperative photograph showing the lobulated Peutz–
Jeghers polyp that caused the intussusception. b Postoperative photo-
graph demonstrating the jejunal intraintestinal polyps, responsible for
intussusception. c Postoperative photograph revealed the intussusception
segment with a leading polyp, and a perforation was found in polyp root

Fig. 4 Intraoperative enteroscopy view of polyps in jejunum

Fig. 6 Typical histological features of a Peutz–Jeghers polyp (H&E, ×100)
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It allows manipulation to ensure the entire small bowel is
visualized and nearly all polyps are removed in an
endoscopic or surgical manner. A systematic review suggests
that an attempt to clear the small intestine of polyps should
be made during laparotomy in PJS patients 21. Oncel et al 30.
have compared two groups of PJS patients. The group of PJS
Patients who were operated upon using IOE to remove all
small intestinal polyps did not require any further surgery
within 21 patient follow-up years. But control group patients
required 23 further operations within 87 patient follow-up
years (2.64 operations per year). IOE for PJS improves polyp
clearance without the need for additional enterotomies and
may help to reduce the frequency of laparotomies. In
addition, polyp size probably is the most important risk
factor for intussusception, as the cause of the polypectomy is
prevention of intussusception 6. The intussusceptions are
generally caused by polyps ≥15 mm in diameter in PJS
patients 6. In the light of our limited experience, when polyps
≥10 mm in diameter are discovered in non-intussusception
segment, we recommend removing polyps and complete
detection of the small intestine by IOE. To ensure patient
safety and optimal surgical conditions, timely clearance of
all small intestinal polyps and careful screening are
beneficial for PJS patients 30. Although this study has
some limitations, including a limited number of patients,
IOE is still a useful method for small bowel investigation and
a solution for some pathological findings.

With the development of endoscopic techniques, there
are other ways to prevent obstruction/intussusception in
PJS patients. Combined endoscopic and surgical treatment
for PJS together with gastroduodenoscopy and colonoscopy
remains the best method for controlling polyposis. Endo-
scopic treatment has been performed with successful
reduction of an ileoileal intussusception followed by
endoscopic resection of the responsible polyp by using
double-balloon endoscopy (DBE) in a PJS patient 31.
Endoscopic management of small bowel polyps by using
DBE is safe and effective and avoids urgent laparotomy 32.
Furthermore, the use of this combined approach can lead to
a healthier life and to a longer life expectancy for the
patient to avoid short bowel syndrome in multiple intus-
susception. This combined procedure may obviate the need
for emergency laparotomies for an intestinal resection and
also limit the risk of the development of short bowel
syndrome. Prophylaxis and polypectomy of the entire small
bowel is a good procedure in PJS patients to avoid
intussusception. Noteworthy, patients with PJS should be
in medical care and periodic follow-up examinations should
be performed such as blood cell count determination,
gastrointestinal passage, colonoscopy, and esophagogastro-
duodenoscopy in order to avoid complications of the
disease 30. Finally, the optimal surveillance strategy remains
to be established in prospective trials.

Conclusions

PJS is characterized by the association of gastrointestinal
polyposis and mucocutaneous pigmentation. Gastrointesti-
nal polyps can result in chronic bleeding and anemia and
cause recurrent obstruction and intussusception requiring
repeated laparotomy and bowel resection. A careful and
detailed review of a patient’s family medical history and
physical examination are important in diagnosing PJS
associated with intussusception. CT associated or not with
ultrasonography may be the most accurate examination for
acute intussusceptions caused by PJS. Surgical manage-
ment of PJS associated with intussusception is the
recommended treatment, and combined endoscopic and
surgical treatment generally is advocated for controlling
polyposis. Recent advances in genetic testing, magnetic
resonance enterography, DBE, IOE, and capsule endoscopy
should result in improved timely diagnosis and manage-
ment of patients with PJS. Patients with PJS should be
followed up/monitored throughout their lives because of the
increased risk of malignant change and to reduce the
number of laparotomies.
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Abstract
Introduction Although laparoscopic appendectomy (LA) is being performed with increased frequency, the utilization of
laparoscopy in the management of acute appendicitis remains controversial, and it continues to be used selectively.
Objectives This study aims to evaluate outcomes of LA vs. open appendectomy (OA) in perforated and non-perforated
appendicitis in adults.
Methods Using the Nationwide Inpatient Sample database, clinical data of adults who underwent LA and OA for suspected
acute appendicitis were evaluated from 2006 to 2008. Incidental and elective appendectomies were excluded.
Results A total of 573,244 adults underwent urgent appendectomy during these 3 years. Overall, 65.2% of all appendectomies
were performed laparoscopically. Utilization of LA increased 23.7% from 58.2% in 2006 to 72.0% in 2008. In acute non-
perforated appendicitis, LA had a lower overall complication rate (4.13% vs. 6.39%, p<0.01), lower in-hospital mortality
(0.03% vs. 0.05%, p<0.01), and shorter mean length of hospital stay (LOS; 1.7 vs. 2.4 days, p<0.01) compared with OA;
however, hospital charges were higher in the LA group ($22,948 vs. $20,944, p<0.01). Similarly, in perforated appendicitis,
LAwas associated with a lower overall complication rate (18.75% vs. 26.76%, p<0.01), lower in-hospital mortality (0.06% vs.
0.31%, p<0.01), lower mean hospital charges ($32,487 vs. $38,503, p<0.01), and shorter mean LOS (4.0 vs. 6.0 days,
p<0.01) compared with OA.
Conclusion LA is safe and associated with lower morbidity, lower mortality, and shorter hospital stay with acute perforated
and non-perforated appendicitis. Also, in perforated cases, LA had an advantage over OA in hospital charges. LA should be
considered the procedure of choice for perforated and non-perforated appendicitis in adults.

Keywords Laparoscopic appendectomy . Open
appendectomy . Acute appendicitis . Adults

Introduction

Appendicitis is the most common emergency surgical
disease in the USA, with a lifetime risk of 8.6% in males
and 6.7% in females; the lifetime risk of appendectomy is
12% for males and 23% for females.1 For the past century,
the conventional management of appendicitis has been
open appendectomy (OA) due to its efficient, dependable,
and almost infallible outcomes. In 1983, Semm2 introduced
laparoscopic appendectomy (LA) several years before
laparoscopic cholecystectomy; however, LAwas not broadly
performed until the success of laparoscopic cholecystectomy
was demonstrated.3 LA has shown advantages over OA such
as shorter length of hospital stay (LOS), better cosmetic
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appearance, faster recovery and return to normal activities,
and less postoperative pain.3–7 However, LA has been
disfavored due to longer operating times, greater hospital
costs, and concern of increased postoperative abscess
formation.7,8 LA has been recommended for select patients
with suspected appendicitis, especially young female, obese
patients, and employed patients unless laparoscopy itself is
contraindicated or not feasible.7

Even after LA’s widespread use, there has been much
controversy over the utilization of LA over OA, mainly
because OA already involves a minimal incision.9 Despite
LA’s advantages, a consensus has not been reached as to
whether LA is more favorable over OA, or if LA will
replace the time validated OA. Many randomized control
trials,10–13 retrospective studies,14,15 and meta-analyses7,16–
19 have been conducted to compare the outcomes of LA and
OA for acute appendicitis in adults; all of these studies have
produced conflicting findings; some studies claim the
superiority of LA over OA, some reported no difference
between the two, and some found OA still produced better
outcomes than LA.

We hypothesized that LA is safe and effective and has
superior outcomes compared with OA in the management of
acute perforated and non-perforated appendicitis in adults. To
investigate this hypothesis, we evaluated appendicitis in
adults, from 2006 to 2008 in the USA: (1) to examine the
utilization rate of LA in adults in the USA and (2) to evaluate
the outcomes of LA vs. OA in perforated and non-perforated
appendicitis in adults.

Materials and Methods

Database

Data were obtained from the Nationwide Inpatient Sample
(NIS) database. The NIS is the largest inpatient care
database in the USA consisting of a nationally representative
sample of approximately 20% of US community hospitals,
providing a sampling frame that comprises approximately
90% of all hospital discharges in the USA. Affiliates with the
NIS include approximately 1,000 hospitals across the nation,
and the NIS includes annual data on about eight million
hospital stays. NIS data were collected from hospital
discharge abstracts that allow determination of all procedures
performed during a given hospital admission. Additionally,
the NIS has a collection of discharge information on inpatient
hospital stay, including patient characteristics, length of
hospital stay, specific postoperative morbidity, and in-
hospital mortality. However, the NIS database has no
information on complications arising after discharge.
Approval usage for the NIS patient-level data in this study
was acquired from the Institutional Review Board of the

University of California, Irvine School of Medicine and
the NIS.

Data Analysis

We analyzed discharge data of adult patients (18–65 years)
who underwent appendectomy for suspected acute appendicitis
from 2006 to 2008, which are the most recent years included in
this database. Adult patients, hospitalized with a diagnosis of
appendicitis who underwent appendectomy, were selected by
identifying discharges with International Classification of
Disease ninth revision (ICD-9) appendectomy codes (laparo-
scopic 47.01 and open 47.09)—these patients were admitted
emergently with a diagnosis of appendicitis. Based on ICD-9
diagnosis codes, these patients were divided into the perforated
(540.0, 540.1) or non-perforated (540.09, 541, and 542)
groups. Omitted from this study were cases of incidental
appendectomies, elective appendectomies, and patients who
were treated non-operatively for acute appendicitis. We
separately compared the outcomes of LAwith OA in perforated
and non-perforated appendicitis. Patient characteristics of
interest included age, gender, race, and comorbidities. Other
data of interest included postoperative complications, LOS,
total hospital charges, and in-hospital mortality.

Statistical Analysis

The frequencies of categorical variables are expressed as a
percentage of the group of origin. Continuous variable are
reported as means for patient age, LOS, and total hospital
charges. All statistical analyses were conducted using SAS
version 9.2 (SAS institute, Cary, NC, USA). Since the NIS
database is a 20% sample of the USA yearly inpatient
admissions, weighted samples (NIS variable DISCWT) were
used to produce national estimates for all analyses. Appropri-
ate statistical tests were used for both categorical variables
(chi-square analysis) and continuous variables (the Student t
test) in the univariate analysis comparing demographic and
outcomes variables for patients undergoing LA or OA.
Multivariable analysis was determined to analyze the risk-
adjusted influence of the type of procedure (LA vs. OA) on
postoperative complications, in-hospital mortality, and hospi-
tal stay. Statistical significance was set at p value <0.05 and
odds ratios and 95% confidence intervals that excluded 1.

Results

From 2006 to 2008, a total of 573,244 adults underwent
appendectomy for suspected appendicitis, accounting for
67.3% of all appendectomies. The mean age was 37 years
old; the majority of the patients were male (54.1%) and
Caucasian (69.5%). Overall, 65.2% of the appendectomies
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were performed laparoscopically. However, LA was
performed more frequently on females than males
(67.6% vs. 63.1%, p<0.01), and the rate of perforated
appendicitis was lower for females than males (22.0% vs.
26.1%, p<0.01). Between 2006 and 2008, the utilization
rate of LA increased 21.8% for non-perforated appendici-
tis and 27% for perforated appendicitis (Table 1).

Laparoscopic vs. Open Appendectomy in Acute
Non-perforated Appendicitis

Table 2 lists patients’ characteristics and postoperative
outcomes for non-perforated appendicitis. For non-
perforated appendicitis, out of a total of 435,060 patients,
303,888 patients underwent LA (69.9%) and 131,172
patients underwent OA (30.1%). In both OA and LA,
most of the patients were males (LA 51.5% vs. OA
55.7%, p<0.1) and Caucasian (LA 65.7% vs. OA 63.1%,
p<0.1). The average age in both groups was 35 years. The
overall postoperative complication rate was significantly
lower for LA than OA (LA 4.13% vs. OA 6.39%, p<0.01).
Most of the postoperative complications (acute renal failure,
pneumonia, respiratory failure, deep vein thrombosis,
ileus, abdominal abscess, wound infection, and bowel
obstruction) were significantly lower for LA than OA
except for urinary tract infection and pulmonary emboli
which were comparable between the two groups. In-hospital
mortality was lower for LA than OA (LA 0.03 vs. OA 0.05;
p<0.01). Mean LOS was shorter for LA than OA (LA
1.7 days vs. OA 2.4 days, p<0.01). However, the total
hospital charges were higher for LA than OA (LA $22,948
vs. OA $20,944, p<0.01).

Laparoscopic vs. Open Appendectomy in Acute Perforated
Appendicitis

Table 3 lists patients’ characteristics and postoperative
outcomes for perforated appendicitis. For perforated
appendicitis, out of a total of 138,184 patients, 69,840
(50.5%) underwent LA and 68,344 (49.5%) underwent
OA. The average age was higher in the OA group (LA

42 years old vs. OA 41 years old, p<0.01). Overall, the
majority of patients were males (LA 56.4% vs. OA 60.3%,
p<0.01) and Caucasian (LA 69.5% vs. OA 64.9%, p<0.01).
The overall postoperative complications were significantly
lower for LA than OA (LA 18.75% vs. OA 26.76%,
p<0.01). Most of the postoperative complications (urinary
tract infection, pneumonia, acute renal failure, respiratory

Table 1 Trends of utilization of laparoscopic appendectomy in the
adults in the USA, 2006–2008

Non-perforated (%) Perforated (%) Total (%)

2006 62.8 45.0 58.2

2007 69.7 50.5 65.1

2008 76.5 57.1 72.0

2006–2008 69.9 50.5 65.2

2008 vs. 2006
(% increase)

21.8% 27.0% 23.7%

Table 2 Acute non-perforated appendicitis in adult patients: LA vs.
OA, 2006–2008

Characteristics and
perioperative outcomes

LA OA p value
N=303,888 N=131,172

Demographics

Mean age (year) 35.3 35.8 <0.01

Male (%) 51.5 55.7 <0.01

Race (%)

Caucasian 65.7 63.1 <0.01

African-American 6.7 7.8

Hispanic 19.3 20.8

Asian-Pacific Islander 3.3 3.6

Native American 0.6 0.6

Other 4.4 4.1

Comorbidities (%)

Diabetes mellitus 3.7 4.1 <0.01

Hypertension 11.6 12.5 <0.01

Congestive heart failure 0.3 0.5 <0.01

Chronic pulmonary disease 5.8 5.7 0.42

Liver disease 0.6 0.6 0.67

Renal failure 0.4 0.6 <0.01

Alcohol abuse 0.8 0.4 <0.01

Peripheral vascular disease 0.2 0.4 <0.01

Postoperative complications (%)

Urinary tract infection 1.05 1.01 0.24

Pneumonia 0.31 0.49 <0.01

Acute renal failure 0.25 0.36 <0.01

Respiratory failure 0.34 0.51 <0.01

Myocardial infarction/angina 0.05 0.08 <0.01

Deep vein thrombosis 0.02 0.04 <0.01

Pulmonary emboli 0.02 0.01 0.08

Ileus 1.92 3.11 <0.01

Abdominal abscess 0.26 0.76 <0.01

Wound infection 0.15 0.42 <0.01

Bowell obstruction 0.23 0.80 <0.01

Incidental puncture 0.24 0.56 <0.01

Overall complication rate 4.13 6.39 <0.01

Length of hospital stay (days)

Mean 1.7 2.4 <0.01

Median 1 2

In-hospital mortality (%) 0.03 0.05 <0.01

Mean total hospital charge ($) 22,948 20,944 <0.01
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failure, deep vein thrombosis, ileus, abdominal abscess,
wound infection, and bowel obstruction) were significantly
lower for LA compared with OA; only myocardial infarction/
angina was similar between two groups. The average LOS
was shorter for LA than OA (LA 4.0 days vs. OA 6.0 days,
p<0.01). Mortality rate was lower for LA than OA (LA
0.06% vs. OA 0.31%, p<0.01). Unlike in the non-perforated
appendicitis group, total hospital charges were lower for LA
than OA (LA $32,487 vs. OA $38,503, p<0.01).

Risk-Adjusted Outcomes

Table 4 indicates the multivariate regression analysis for the
outcome of LAvs. OA in adults. After adjusting for variables
(patient characteristics (age, sex, and race), comorbidities,
and type of appendicitis), LA was still associated with a
lower mortality rate (odd ratio (OR) 0.41; 95% confidence
interval (CI) 0.32–0.51; p<0.01), lower complication rate
(OR 0.65; 95% CI 0.64–0.67; p<0.01), and shorter LOS
(OR 0.37; 95% CI 0.36–0.0.38; p<0.01). Additionally, all of
the complications were lower for LA except for pulmonary
embolism and myocardial infarction which there was no
effect of type of procedure in these complications.

Discussion

This study is the most recent retrospective analysis based
on a large administrative database that compares the
outcomes of LA to OA in adults. Interestingly, the
utilization rate of LA increased from 58.2% in 2006 to
72% in 2008—a 23.7% difference. Additionally, LA was
used at a greater rate for non-perforated appendicitis
(69.9%) while for perforated appendicitis LA was utilized
for just over half (50.5%) of all appendectomies. Previous
studies have also shown an increase in the utilization rate of
LA,20,21 yet our findings show rates exceeding OA. Using a
nationwide administrative database (NIS) from 1997 to
2003, Van Hove et al. reported that LA was performed
19.1% of the time in 1997 to 39.7% in 2003, while 11.8%
of the complicated cases were treated laparoscopically in
1997 and 23.5% in 2003.20 Our study shows that more than

Table 3 Acute perforated appendicitis in adult patients: LA vs. OA

Characteristics and
perioperative outcomes

LA OA p value
N=69,840 N=68,344

Demographics

Mean age (years) 41.1 42.0 <0.01

Male (%) 56.4 60.3 <0.01

Race

Caucasian 69.5 64.9 <0.01

African-American 5.9 8.3

Hispanic 17.2 19.3

Asian-Pacific Islander 3.4 3.1

Native American 0.5 0.8

Other 3.5 3.6

Comorbidities (%)

Diabetes mellitus 6.0 7.8 <0.01

Hypertension 19.4 21.3 <0.01

Congestive heart failure 0.8 1.3 <0.01

Chronic pulmonary disease 5.9 7.1 <0.01

Liver disease 0.8 1.0 <0.01

Chronic renal failure 0.9 1.4 <0.01

Alcohol abuse 1.4 2.1 <0.01

Peripheral vascular disease 0.4 0.9 <0.01

Postoperative complications (%)

Urinary tract infection 1.33 1.62 <0.01

Pneumonia 1.48 2.34 <0.01

Acute renal failure 1.08 2.77 <0.01

Respiratory failure 1.33 3.06 <0.01

Myocardial infarction/angina 0.11 0.10 0.51

Deep vein thrombosis 0.08 0.18 <0.01

Pulmonary emboli 0.08 0.12 0.04

Ileus 13.34 16.64 <0.01

Abdominal abscess 1.65 3.57 <0.01

Wound infection 0.58 2.09 <0.01

Bowel obstruction 1.24 2.84 <0.01

Overall complication rate 18.75 26.76 <0.1

Length of hospital stay (days)

Mean 4.0 6.0 <0.01

Median 3 5

In-hospital mortality (%) 0.06 0.31 <0.01

Mean total hospital charge (%) 32,487 38,503 <0.01

Table 4 Multivariate regression analyses for outcome after LAvs. OA

Outcomes OR (95% CI) p value

In-hospital mortality 0.41 (0.32–0.51) <0.01

Complication rate 0.65 (0.64–0.67) <0.01

Urinary tract infection 0.93 (0.88–0.99) 0.02

Pneumonia 0.69 (0.64–0.74) <0.01

Acute respiratory failure 0.56 (0.53–0.60) <0.01

Acute renal failure 0.53 (0.49–0.57) <0.01

Deep vein thrombosis 0.56 (0.43–0.73) 0.04

Pulmonary embolism 1.11 (0.80–1.54) 0.51

Myocardial infarction 0.88 (0.70–1.11) 0.28

Ileus 0.73 (0.71–0.75) <0.01

Abdominal abscess 0.45 (0.42–0.48) <0.01

Wound infection 0.33 (0.30–0.37) <0.01

Bowel obstruction 0.37 (0.35–0.40) <0.01

Length of hospital stay 0.37 (0.36–0.38) <0.01

OR odds ratio, CI confidence interval
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two third (72%) of all appendectomies were performed
laparoscopically in 2008 in the USA and LA is rapidly
replacing OA.

According to our findings, the overall rate of LA
performed on females was higher than males; however,
the rate of perforated appendicitis was actually higher for
males than females. The high utilization rate of LA for
females could have contributed to the lower perforation rate
in females, or more likely these differences might be due to
the fact that laparoscopy is used as a convenient diagnostic
tool for exploration of right lower quadrant pain in females
more often than males. This might have led to earlier
appendectomies thus fewer perforations in females.10,22,23

Early studies on LA often reported higher complication
rates for LA than OA16–19; recent studies have noticeably
found LA to have lower complication rates than OA for
appendicitis or found no difference between the two
procedures, yet none of these studies distinguishes between
perforated and non-perforated appendicitis.12,21,24,25

Surprisingly, Sporn et al. examined LA vs. OA using the
NIS from 2000 to 2005 and found that LA was associated
with higher complications than OA; when conducting
risk-adjusted analysis, Sporn and colleagues reported
significantly higher complications in the LA group for
uncomplicated appendicitis (OR 1.07; 95% CI 1.00–1.14;
p=0.05) and no difference in overall complication rate
between procedures for complicated appendicitis (OR
1.01; 95% CI 0.96–1.06; p=0.74).26 However, we found
that the overall frequency of postoperative complications was
significantly lower for LA than OA in both perforated and
non-perforated appendicitis. Furthermore, risk-adjusted anal-
ysis indicated that LA had an advantage over the OA group for
complication rate (OR 0.65). Common concerns over post-
operative complications for LA include abdominal abscess
formation.7 Our study shows that the abdominal abscess
rates were significantly lower for LA than OA in both
perforated and non-perforated appendicitis.

For non-perforated appendicitis, the LOS was shorter for
LA than OA by 0.7 of a day. For perforated, the difference
in LOS was much more pronounced where LA was shorter
than OA by 2 days. Furthermore, risk-adjusted analysis for
LOS showed that the LA group had shorter LOS than the
OA group (OR 0.37). Previous studies have also reported
shorter LOS for LA, but many of these studies have
averaged a day or less difference with no distinction
between perforated and non-perforated appendicitis.15–19,21

When examining costs, many of the early studies found that
LA’s total hospital charges were more expensive than
OA,23,27–29 but these studies did not distinguish between
perforated and non-perforated appendicitis. We found that the
total hospital charges for non-perforated appendicitis were
substantial with lower costs for OA than LA by about $2,000.
However, in perforated appendicitis, the difference between

procedures more pronounced, with OA being more expensive
than LA by about $6,000. LA’s reduced hospitalization might
have contributed to the lower hospital charges associated with
perforated appendicitis. Likewise, Kurtz et al. found that while
laparoscopic operating costs were greater than open, the
difference between costs were offset by shorter LOS.30

The in-hospital mortality rate was lower for LA than OA
for both non-perforated and perforated appendicitis. The small
mortality rate in all four groups and the small differences in
percentage between the two procedures can be due to the fact
that appendicitis is not commonly a fatal disease for adults.
However, when using risk-adjusted analysis for in-hospital
mortality, we found that mortality was independently lower in
the LA group (OR 0.41). Only a few studies had cases of
mortality and those that did either experienced a low mortality
for OA17,31,32 or found no significant difference between LA
and OA.14,21 In a 1997 nationwide administrative database,
Guller et al. reported a lower mortality rate for LA in
appendicitis, but did not distinguish between perforated and
non-perforated appendicitis (LA 0.05% vs. OA 0.30%, p=
0.002).14

The limitations of this study are similar to other
retrospective studies utilizing administrative databases. For
example, many of the differences between groups are
statistically significant; however, they may not be clinically
significant. Also, the NIS does not provide the conversion rate
of laparoscopic to open procedures, or final pathology.
Breakdown of operating costs relative to hospital stay was
unknown. Case selection bias is also a factor which cannot be
discerned, and it is certainly possible or even likely that choice
of LA vs. OA was influenced by patient presentation.
Additionally, we did not have severity of illness in this patient
population which could be an important factor in selection of
type of appendectomy. Although patients in the OA groups had
higher comorbidities compared with patients in the LA groups,
risk-adjusted analyses showed that LA is still associated with
superior outcomes in terms of morbidity, mortality, and length
of hospital stay. Lastly, data of patients after discharge are
unknown such as post-discharge readmission, complications,
morbidity, and mortality. Despite these limitations, the data
presented in this study are based on a large sample population
supported by multivariate statistical analysis from which
consistent conclusions can be drawn.

Data from this study show that LA has become an
established procedure for adults with perforated and non-
perforated appendicitis with rates exceeding OA. For non-
perforated appendicitis, LAwas associated with shorter hospital
stay, lower mortality, lower postoperative complications but
with modest differences in total hospital charges. The benefits
of LA are much more pronounced in perforated appendicitis,
where LA hadmuch shorter hospital stay, much lowermortality
rate, significantly lower postoperative complications, and much
lower total hospital charges. Based on the findings of this study,
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LA is safe and effective in the management of perforated and
non-perforated appendicitis and should be considered the
procedure of choice in acute appendicitis.
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Abstract
Background Emergency treatment of perforated colon cancer has traditionally been linked with dismal outcomes due to the
double jeopardy of a septic insult combined with a malignant disease, leaving unclear how aggressive emergency surgical
procedures should be. We aimed to define short- and long-term outcomes in the current era of critical care support and
oncologic advances, to provide updated data for decision making.
Study Design Patients with perforations associated with a primary colon cancer were identified. Peri-operative and long-
term survival were compared among free (FP; n=41) and contained perforations (CP; n=45) and to age-, stage-, and
resection status case-matched, non-perforated (NP; n=85), controls.
Results Tumors were completely resected in 67% of FP but fewer lymph nodes were harvested (median, 11 vs. 11 and 16 in CP
and NP; p=0.21 and p<0.001). Peri-operative mortality was highest in FP: 19% vs. 0% and 5% in CP and NP (p=0.038),
respectively. After adjusting for peri-operative mortality, 5-year overall survival was comparable: 55%, 59%, and 54% for FP,
CP, and NP, respectively. Advanced age, higher ASA class, presence of residual disease, and advanced stage, but not
perforation, were independent predictors of poorer long-term overall survival.
Conclusions Patients with malignant colonic perforation face high risk of peri-operative death, making septic source control
the priority in the acute setting. Pursuit of an oncologically oriented resection and long-term cancer-directed treatments,
however, may lead to improved long-term outcomes.

Keywords Complicated colon cancer . Peforated viscous .

Long-term outcomes . Septic shock . Intensive care

Introduction

Colon cancer is the third most common and the second
most lethal malignancy in the USA.1 Despite established

guidelines for cancer screening, compliance rates remain
low. Fewer than half of the adults age 50 or older undergo
recommended screening for colorectal cancer.2 Consequently,
up to 30% of colon cancers can present in a complicated
fashion, with obstruction or perforation.3–7 The management
and outcomes of obstructing colon cancers have been well
investigated, with the surgical literature replete with levels I
and II evidence.8–11 Substantiation, however, does not exist
regarding perforated colon cancers.

Patients with free perforations in the setting of colon
cancer represent a unique challenge in management. In
contrast to locally perforated, fistulous, and non-perforated
colon cancers, patients with free perforation generally
require emergent surgical intervention. The surgeon must
contend with a multitude of unfavorable factors including
septic shock, poorly defined tissue planes, and the technical
demands of an oncologic resection without the leisure of
time or adequate oncologic work-up. Previous literature has
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reported dismal outcomes in patients with acutely perforated
colon cancers, leaving unclear how aggressive the treating
surgeon should be in these unstable patients.7,12 In addition,
advances in critical care and adjuvant therapy have improved
outcomes in septic shock and metastatic colon cancer.13,14

This study aimed to define the short- and long-term
outcomes of patients with perforated colon cancers with
particular attention to peri-operative factors that affect long-
term overall survival (OS), information which is critical for
surgeons and the patients/families who are challenged to
make complex decisions in the acute care setting.

Methods

After approval by the Institutional Review Board, the
institutional prospective tumor registry was queried.
Eighty-five patients underwent operative intervention for a
primary colon cancer complicated by perforation between
1993 and 2008. Iatrogenic perforations during the operation

and rectal malignancies (within 15 cm from the anal verge)
were excluded. Within the study cohort, subgroups of
patients with free perforation (FP; n=41) and contained
perforation (CP; n=44) were identified based on review of
medical records. FP was defined by intra-operative finding
of feculent or purulent peritonitis (modified Hinchey 3 or 4).
CP was defined by abscess formation or fistulous connection
into an adjacent organ or structure (modified Hinchey 1/2).
The tumor registry was further queried to identify a matched
control cohort of patients with non-perforated colon cancers
(n=85) treated over the same time period. Patients were
matched for age within 5 years, AJCC stage14 and residual
disease status (R0 vs. non-R0) after resection.

Remaining data points of interest were obtained by
review of the medical record. Post-operative mortality was
considered as 30-day or in-hospital mortality. Long-term
follow-up was conducted at the discretion of the treating
surgeon but consisted of a minimum of annual clinical
examination, carcinoembryonic antigen, and chest and
abdominal imaging through 5 years. Colonoscopy was

Table 1 Patient and tumor characteristics

Free perforation
(n=41)

Contained perforation (n=44) No perforation (n=85) P value FP
vs. CP

P value perforation
vs. NP

No. (% or IQR) No. (% or IQR) No. (% or IQR)

Patient characteristics

Age (years (median, IQR)) 70 (57, 80) 72 (61, 78) 71 (58, 81) 0.54 0.55

Female sex 54 (63) 30 (69) 32 (33) 0.76 <0.001

Co-morbidities

Cardiac disease 14 (34) 15 (35) 24 (32) 0.88 0.73

Diabetes mellitus 6 (15) 7 (16) 16 (21) 0.92 0.34

Peripheral vascular disease 7 (17) 6 (14) 12 (16) 0.70 0.93

Pulmonary disease 7 (17) 5 (11) 6 (8) 0.32 0.21

Chronic renal failure 6 (15) 4 (9) 9 (12) 0.45 0.99

Pre-operative labs

WBC (×109/L, median, IQR) 13.1 (10.4, 16.1) 13.5 (8.1, 16.5) 10.9 (8.1, 15.5) 0.73 0.20

Lactate (mmol/L, median, IQR) 1.9 (1.1, 2.1) 2.2 (1.5, 8.3) 1.6 (1.0, 4.3) 0.27 0.60

ASA class

1–2 25 (62) 27 (64) 35 (51) 0.021
3 14 (33) 11 (26) 28 (41) 0.35

4 2 (5) 4 (10) 5 (7)

Pathologic AJCC stage

II 12 (29) 22 (51) 40 (47)

III 14 (34) 16 (35) 29 (34) 0.11 0.08

IV 15 (37) 6 (14) 17 (20)

Tumor size (mm) 52 (36–74) 70 (60–102) 67 (48–80) 0.002 0.89

Histologic grade

1–2 2 (5) 10 (23) 17 (20) 0.048 0.054

3–4 39 (95) 34 (77) 67 (80)

Column total may be less than 100% due to missing data

IQR interquartile range, WBC white blood cell, ASA American Society of Anesthesiologists, AJCC American Joint Commission on Cancer
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performed at years 1 and 4 or 5. Patients were followed up
for vital status and disease recurrence. Recurrent disease
was categorized as local if occurred at the anastomosis,
previous tumor site, or mesentery nodal basin of the
previous tumor; and as distant if elsewhere.

Statistical Analysis

The primary endpoints were OS and adjusted OS; the latter
endpoint excluded patients who experienced post-operative
mortality. The secondary endpoints were disease-free survival
(DFS) and tumor recurrence. All continuous variables are
described as median and interquartile range (IQR) while
categorical variables are described as number and percent.
Comparisons between the FP vs. CP groups aswell as between
the P vs. NP groups were conducted usingWilcoxon rank-sum
test for continuous variables, and the Chi-square (or Fisher’s
exact) tests for categorical variables. Survival analyses were
conducted according to the Kaplan–Meier method, and
comparisons between cohorts were conducted using the log-
rank test. Significant predictors of OS were identified through
a Cox proportional hazards regression model. All tests were
two sided with significance determined by p value of <0.05.

Results

Patients and Tumors

No significant differences were found in age and pathologic
stage of the patients (Table 1). Fewer females were present

in the NP group when compared with either the FP or CP
groups (Table 1). Nineteen patients (22%) had known colon
cancer pre-operatively in the perforation groups (nine FP
and ten CP). Similarly, there was a trend, albeit not
statistically significant, toward lower pre-operative leukocyte
count and lactate levels in the non-perforated patients, when
compared with those with free or contained perforation
(Table 1). Significantly, vasopressor support was required
pre-operatively in 14 (35%) and two (4%) of the free
and contained perforation patients, respectively. The
worst pre-operative base deficits were 3.5 (median—IQR,
1.78–7) and 0.5 (median—IQR, 0–3.8), for the FP and CP
patients, respectively.

While the median tumor size did not differ between the
free perforation and NP groups, the tumors that presented
with CP were larger (Table 1). Slightly more tumors in the
FP group were of high histologic grade, but this difference
again did not reach statistical significance (Table 1).

Treatments

All patients with FP and 2 in the CP group underwent
emergency surgical intervention; 37 perforated tumors were
right sided, 41 were left, and seven were transverse. Nine
perforations were remote from the tumor, five as a result of
distal obstruction, and four were secondary to colonoscopic
perforations. Forty-six patients received stomas; one
ascending colostomy, 23 descending colostomies, 18 end
ileostomies, and four diverting loop ileostomies. The
median total number of lymph nodes harvested was
significantly higher in the NP group (Table 2). While the

Table 2 Treatments and short-term outcomes in patients with perforated and non-perforated colon cancer

Free perforation (n=41) Contained perforation (n=44) No perforation
(n=85)

P value FP
vs. CP

P value perforation
vs. NP

No. (%) No. (%) No. (%)

Stoma rate 29 (71) 17 (39) 25 (29) 0.008 <0.001
Stomas reversed 3 (7) 1 (2) 5 (6)

Total number of nodes examined
(median, IQR)

11 (5.5, 14.8) 11 (6.5, 17.5) 16 (10, 25) 0.21 <0.001

Positive nodes (median, IQR) 1 (0, 3) 0 (0, 2) 1 (0, 4) 0.30 0.23

Resection of malignant disease 0.062 0.80

R0 resection of primary tumor 25 (62) 30 (68) 52 (61)

R1 resection of primary tumor 2 (5) 7 (16) 11 (13)

R2 resection of primary tumor 14 (33) 7 (16) 23 (27)

Post-operative mortality 7 (19) 0 (0) 4 (5) 0.038

Post-operative complication 27 (66) 20 (46) 24 (28) 0.095 <0.001

Adjuvant therapy received 16 (38) 27 (56) 43 (50) 0.066 0.31

Days to adjuvant therapy
(days (median, range))

47 (27–159) 58 (17–718) 44 (15, 371) 0.13 0.72

Column total may be less than 100% due to missing data

IQR interquartile range, R2 residual gross disease, R1 residual microscopic disease, R0 no residual disease
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proportion of node-positive tumors did not differ, a
substantial proportion of patients presenting with perforation
(21 patients, 24.4%) were discovered to have stage IV disease
at the time of their emergent surgical intervention. Complete
resection of gross tumor (R0 or R1 resection) could be
achieved in a majority of the patients with free perforation
(67%; Table 2), where distant metastatic disease constituted
the majority of the unresected gross residual disease (Table 2).
Patients with CP were often managed by en bloc resection of
adjacent organ(s) and a trend toward higher rate of complete
gross tumor resection (84%; Table 2) was observed. By
design, we selected a similar proportion of patients with
unresected distant metastatic disease in the NP control group.

Post-operative mortality was significantly higher for the
FP patients (19% vs. 0% in CP group and 5% in NP group;
Table 2). Postoperatively, similar proportions of patients

received adjuvant therapy, and there was no statistically
significant delay in the initiation of chemotherapy (Table 2).
A significantly higher proportion of patients with FP
received a stoma compared with the CP and NP patients,
and few were reversed. (Table 2)

Oncologic Outcomes

Patients with perforated (free or contained) and NP colon
cancers were followed up for a median of 26.5 and
35.4 months, respectively. The median follow-up among
living patients was 55.8 months (range, 0.3–205).

Comparing patients with FP and CP, the OS was
significantly worse in the FP group, with 5-year estimated
OS at 24% vs. 62%, p=0.003 (Fig. 1a). After excluding

Fig. 1 a Overall survival for patients with FP vs. CP (24% vs. 62%;
p=0.003). Dashed line, free perforation (FP). Solid line, contained
perforation (CP). b Adjusted overall survival for patients with FP vs.
CP (44% vs. 38%; p=0.924). Dashed line, FP. Solid line, CP

Fig. 2 a Overall survival for patients with perforated and non-
perforated colon cancer (41% vs. 48%; p=0.860). Dashed line, all
perforated patients. Solid line, non-perforated patients. b Adjusted
overall survival for patients with perforated and non-perforated colon
cancer (38% vs. 44%; p=0.180). Dashed line, all perforated patients.
Solid line, non-perforated patients
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peri-operative mortality, however, no difference was
observed in 5-year adjusted OS: 44% vs. 38% (FP vs. CP,
p=0.924; Fig. 1b). The 5-year OS and the 5-year adjusted
OS of all patients with perforated tumors was equivalent to
their case-matched, non-perforated controls (41% vs. 48%,
p=0.860 and 38% vs. 44%, p=0.180 respectively; Fig. 2a, b).
Multivariate analysis revealed that older age, ASA class IV,
advanced AJCC-stage, and unresected gross residual tumor,
but not the presence of perforation, were independent
predictors of poor adjusted OS (Table 3).

Recurrent or persistent disease was similar among all
groups (Table 4). The 5-year DFS of patients with FP was
15%, compared with 53% for those with contained perfora-
tion (p<0.001) and 50% for stage-matched and resection
status-matched non-perforated cohort (p=0.16). Metastec-
tomy for recurrence was performed in 13 patients, five from
each perforation group, and three in the NP controls.

Discussion

In 2010, the 7th edition of the AJCC staging system defined
two subgroups of T4 tumors15: (1) T4a including non-
perforated cancers invading the visceral peritoneum and (2)
T4b including colon cancers complicated by direct invasion
into adjacent organs or malignant fistulae. Colon cancers
complicated by free perforation, however, were not explic-
itly defined in either substage. Opinion has been divergent
in the literature as to whether the previously reported
dismal oncologic outcomes in the setting of perforated
colorectal cancer is due to the dissemination of tumor
within the peritoneal cavity or other, peri-operative, factors.
An early study found that intra-operative perforation of
colorectal cancer led to a high local recurrence rate of 65%
and a low 5-year OS of 14% suggesting that perforation
leads to carcinomatosis and subsequent death.16 This theory
was supported by Chen at al who reported a 5-year survival
of 33% in perforated malignancies, significantly inferior to
the 50% in non-perforated cases.17 Interpretation of these
results, however, is complicated as patients presenting with
perforation or other complications of colon cancer tend to
have higher incidence of metastatic disease, higher disease
stage and greater residual tumor burden.6,18–29

In the current study, we found that, while patients with
FP generally present in extremis, those with CP tend to
present in a more elective fashion, albeit with signs of
infection (fever and leukocytosis). The peri-operative
mortality in FP patients is substantial, but, once the septic
insult has been conquered, age, co-morbidities, disease
stage and resection status are key determinants of long-term
OS, not perforation status. The implication, therefore, is
that peritoneal seeding of cancer cells does not occur to
a degree that allows for tumor implantation. A plausi-
ble, but unproven, reason for this is likely due to the
very alterations in homeostasis that is responsible for
the high peri-operative mortality; Lehnert et al. theorized that
the intense inflammatory reaction of the peritoneum and
other structures combined with poor oxygen delivery
creates an environment that inhibits tumor growth
during the septic episode.30

Table 3 Multivariate analysis of independent predictors of poor
adjusted overall survival

Feature Hazard ratio (95% CI) P value

Age (10-year increase) 1.55 (1.28–1.87) <0.001

ASA class

1–3 1.0

4 4.26 (1.60–11.34) 0.004

Pathologic AJCC stage

1–2 1.0

3 2.61 (1.50–4.52) <0.001

4 6.50 (3.09–13.67) <0.001

Resection status

R0–R1 1.0

R2 1.94 (1.09–3.46) 0.024

Perforation

No 1.0

Yes 0.85 (0.52–1.38) 0.51

ASA American Society of Anesthesiologists, AJCC American joint
commission on cancer, R2 residual gross disease, R1 residual
microscopic disease, R0 no residual disease

Table 4 Patterns of disease
recurrence Free perforation

(n=41)
Contained
perforation
(n=44)

No perforation
(n=85)

P value free
vs. contained
perforation

P value
perforation vs.
no perforation

No. (%) No. (%) No. (%)

Never disease

Free 6 (15) 4 (9) 6 (7) 0.75 0.11

Disease

Recurrence 10 (24) 11(25) 16 (19)

Local recurrence 3 (7) 6 (14) 4 (5)
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While previous studies had not controlled for confounding
factors, we conducted a comparison with a control cohort of
NP colon cancer patients matched in age, disease stage and
residual tumor burden. We found no difference in long-term
OS after adjusting for peri-operative mortality.

Contrary to an elective resection, the surgeon facing a
perforated colon cancer, unfortunately, has more limited
options. The presence of intra-operative hemodynamic
instability, gross contamination of the field, obscuring of
tissue planes, and hyperemia of the mesentery may preclude
the surgeon from performing an often more time-
consuming, and technically difficult, operation following
oncologic principles. We believe these conditions are
responsible for the lower lymph node harvest seen in both
perforation populations when compared to NP controls. In
addition, a proper work-up for metastatic disease is not
feasible. “Prima non nocere”; source control and aggressive
supportive care for sepsis physiology must be the primary
goal. This approach is supported by the substantial risk of
peri-operative mortality faced by these patients. Peri-
operative mortality is the main reason for inferior OS in
the unadjusted analysis when compared to NP controls.
Although others reported lower rates of successful resection
in complicated colorectal cancer, we found that R0
resection could be achieved in 62–68% of patients with
perforated colon cancer, with gross residual disease being
mostly distant metastases.19,22,24,25 Taken together, early and
aggressive source control to minimize the risk of peri-
operative death is the primary treatment goal. In patients
whose hemodynamic status allows for consideration of an
oncologic resection, it is often feasible and can be pursued if
the patient’s condition allows. If the patient has easily
resectable extra-colonic, but exclusively intra-abdominal,
disease, an expeditious attempt at resection could be consid-
ered provided that appropriate physiologic parameters have
been achieved. More likely, after the patient recovers, adjuvant
therapy and/or secondary surgical procedures for recurrence or
persistence should be undertaken. Combined with recent,
substantial, advances in adjuvant systemic therapy, cancer
specific follow-up and treatment may allow patients with
perforated colon cancer to achieve comparable outcomes to
patients with non-perforated colon cancer in the long term.

As a retrospective review, there are inherent drawbacks to
our analysis. Although we herein report the largest series of
perforated colon cancers, our subgroup comparison between
patients with free and contained perforations may lack
adequate sample size and power to detect significant differ-
ences. Our findings therefore warrant further validation in
adequately powered, larger data sets. Secondly, patients with
FP might be under-staged since some might have not
undergone the extensive metastatic work-up pre-operatively.
This may lead to under staging at the time of resection due to
missed disease outside the abdominal cavity that may become

detected in follow-up. This supports the notion that patients
who are initially managed in an emergent fashion and who
survive the acute phase of care should be followed as other
oncologic patients who present in the elective setting. Thirdly,
the advances in colon cancer adjuvant therapy have led to
longer survival, biasing the results of this study which
includes patients receiving chemotherapy prior to the wide-
spread use of leucovorin, oxaliplatin, and bevacizumab.13

Conclusions

Patients with freely perforated colon cancer face what has
been termed “the double jeopardy”: first from the diagnosis
of malignancy, and secondly from the septic complications
that result from perforation.31 Our study confirms that these
patients have significant peri-operative and long-term
mortality risks; they present with severe physiologic
disturbances requiring emergency intervention and critical
care support. Fortunately, gross total resection is feasible in
nearly all patients without distant metastatic disease as
oncologic surgical principles can be followed even in the
acute surgery setting. If the peri-operative disturbances
inherently present in freely perforated colon cancer can be
overcome, then continued oncologic treatments for persistent/
recurrent disease are warranted and may lead to similar long-
term survival compared with non-perforated controls.
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Abstract
Background It is well established that adjuvant chemotherapy with 5-fluouracil and leucovorin (5-FU/LV) improves
survival for patients with resected colon cancer; however, the benefits of oral uracil and tegafur (UFT) chemotherapy in
these patients are still uncertain.
Methods All patients enrolled in this retrospective study with stage II disease who were treated with surgery or surgery plus
UFT were examined to determine the overall survival and disease-free interval. Time-to-event by treatment group was
examined using Kaplan–Meier estimates and multivariable Cox regression analysis.
Results There were 456 eligible patients—217 (47.5%) patients had surgery and 239 (52.5%) patients had surgery plus
UFT. In patients aged ≧65 years, deeper tumor depth and fewer nodes observed were associated with lower survival. The 5-year
survival rate was 84.2% in the surgery group and 89.1% in the surgery plus UFT group (P=0.006). Treatment with UFT after
surgery was associated with improved outcome compared with surgery alone: overall survival (HR=0.611, P=0.018) and
disease-free survival (HR=0.590, P=0.032).
Conclusions Oral fluoropyrimidines improve the disease-free rate and the overall survival of patients after resection of stage
II colon cancer. These observations support the use of these agents following surgery as it provides a benefit over surgery
alone.

Keywords Colon cancer . UFT. Adjuvant chemotherapy

Introduction

Colorectal cancer is the fourth leading cause of cancer-
related death in the world and the third leading cause in the
USA.1 In Taiwan, colon cancer is the most prevalent

gastrointestinal malignancy with 10,600 new cases diag-
nosed in 2009.2 Of these patients, around 40% of the
patients presented with localized node negative (TNM stage
II) disease and 36% with regional node positive (TMN
stage III) disease. It is critically important to differentiate
between stage II and III disease because this has a direct
effect on prognosis and treatment. Patients with metastatic
lymph nodes have a 5-year survival of approximately 44–
70%.1, 3 Therefore, postoperative adjuvant chemotherapy
has been widely recommended as the standard treatment for
stage III colon cancer since the early 1990s.4 In contrast,
stage II colon cancers are highly heterogeneous, with 5-year
survival rates ranging from 87.5% to 58.4%.5 Most patients
with stage II colon cancer can be cured with surgery alone;
the use of chemotherapy in patients with stage II colon
cancer has been controversial.6 The main question concerns
the selection of stage II patients. For example, how to select
patients most likely to benefit from chemotherapy? How to
identify the patients who do not need chemotherapy?
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Different studies had defined high-risk stage II patients as
those who need adjuvant chemotherapy, including those
with T4 tumors, poor differentiation, occlusion/perforation,
and a low number of lymph nodes examined.7

The primary drug used for chemotherapy in colorectal
cancer is 5-flurouracil (5-FU), and therapeutic regimens
containing 5-FU or its derivatives, such as UFT, composed
of uracil and tegafur, are recommended not only for patients
with metastatic disease but also for patients after complete
resection.8 Two phase III trials comparing oral UFT + LV
with FU + LV administered intravenously to patients with
previously untreated stage IV colorectal cancer showed no
significant differences in tumor response rates, time to
progression, or survival.9, 10 Recently, the results of an
NSABP C-06 trial11 revealed that an oral UFT + LV
regimen and a weekly bolus FU + LV regimen had similar
effects with respect to disease-free and overall survival;
these were equally toxic and were generally tolerated in
patients with stage II and III colon cancer. A meta-
analysis of 5,233 patients with stage I to III colorectal
cancer in Japan found that 1 year of fluorinated
pyrimidine regimens reduced the risk of death by 21%
and the risk of tumor recurrence by 22% in subgroups of
stage II patients.12 However, the results of this study were
obtained from heterogeneous populations and different
treatment remedies, and there is also a lack of consensus
on the utility of adjuvant chemotherapy for stage II colon
cancer.

Therefore, the aim of this study is to examine the
survival benefit of UFT-based adjuvant chemotherapy for
stage II colon cancer under clearly defined entry, treatment,
and follow-up criteria. We also sought to examine whether
the tumor recurrence was influenced by UFT-based adju-
vant chemotherapy following surgical resection of the
primary tumor.

Methods

Patients who underwent elective surgical intervention alone
or surgery plus UFT were enrolled. Only cases of resections
with curative intent which could include the removal of
adjacent organs but not the metastatic disease were
enrolled. Emergent operations for colon obstruction or
perforation were excluded in the trial. There were 512
patients without lymph node metastasis treated and fol-
lowed in our hospital. Two patients with T1 lesions, 17
with T2 lesions, five cases with perioperative (<30 days
post-operation) mortality, and 32 with incomplete oral
adjuvant therapy (<6 months) were all excluded. Thus,
there were 456 patients with stage II colon cancer enrolled
in this study, and their postoperative performance status
was less than two for all patients.

Patients included retrospectively in this analysis were not
randomized between surgery alone and surgery plus UFT. The
surgery-alone patients were treated from 1999 to 2002, and the
surgery plus UFT patients were treated from 2003 to 2004
because the National Health Insurance Act in Taiwan offers
coverage for UFT as adjuvant chemotherapy of stage II colon
cancer after 2003. All the patients in this study agreed to
receive UFT-based chemotherapy after discussion on potential
morbidity and benefits after treatment. Although the treatment
comparison is not randomized, we controlled for the important
prognostic factors of age, gender, and lymph nodes examined
in all treatment comparisons. No significant difference in
clinicopathological prognostic factors (including patients’
performance) was found between the group treated with

Table 1 Clinicopathological distribution of patients included in
analyses by characteristics and treatment group

Characteristics Surgery Surgery + UFT P value

Patient number 217 239

Median follow time (months) 72 63

Age 0.109

<65 87 114

≧65 130 125

Gender 0.411

Male 123 139

Female 94 100

Performance statusa 0.347

0 200 226

1 17 13

Locationb 0.869

Right 87 101

Left 35 39

Sigmoid 95 99

Differentiation 0.392

Well 13 17

Moderate 190 199

Poor 14 23

Tumor depth 0.354

T3 192 218

T4 25 21

Invasionc 0.120

Present 43 63

Absent 174 176

LN number 0.091

≧12 105 135

<12 112 104

a Performance status: according to the definition of ECOG–WHO
bLocation: right—cecum to middle transverse colon, left—middle
transverse to descending colon
c Invasion (present): if the pathological report revealed venous,
lympho-vessel, or perineural invasion

2240 J Gastrointest Surg (2011) 15:2239–2245



chemotherapy and without chemotherapy (Table 1). However,
a shorter follow-up period following UFT treatment could be
problematic since it does not allow sufficient time for some
adverse “events” to set in and would be mistakenly accounted
as “benefit” of UFT. Patients were subscribed UFT (300 mg
tegafur/m2/day) and leucovorin (LV) 90 mg/day for 28 days,
followed by 7 days of rest. The daily doses of both UFT and
LV were divided into three doses administered 8 h apart.
Patients were instructed to avoid food consumption 1 h
before and 1 h after each dose. This cycle was repeated every
35 days for at least 6 months. The compliance with an oral
UFT regimen in this study was around 88%. The most
common drug toxicities included severe nausea and diarrhea
(4–8%), and the risks of severe stomatitis, neutropenia, or
hand–foot syndrome were less than 2%.

All patients had regular follow-up consisting of periodic
examinations including blood chemistry panels (such as
complete blood cell count and liver function tests),
carcinoembryonic antigen (CEA) level, endoscopy, abdom-
inal ultrasonography, and radiographs of the thorax.
Computed tomography (CT) or magnetic resonance imag-

ing (MRI) was also performed in cases where there was a
suspected tumor recurrence.

The overall survival time was calculated from the date of
surgery to the time of the last visit or death. Follow-up was
updated in January 2011 for the current study. Each
variable factor of survival rate was estimated using the
Kaplan–Meier method. The significance of differences
between subgroups was calculated using the log-rank test.
Multivariate Cox regression analysis with stepwise selec-
tion was used to search for independent prognostic factors
associated with survival. A probability value of less than
0.05 was considered as significant.

Results

During the study period, a total of 410 eligible patients with
T3N0 and 46 patients with T4N0 colon cancer were all
treated with complete tumor resection. There were 262
males and 194 females. The mean age was 65.4 years
(range 25 to 97 years). The median follow-up was

Table 2 Univariate analysis for
5-year overall and disease-free
survival in 456 patients who
underwent curative surgery
for stage II colon cancer

aLocation: right—cecum to
middle transverse colon, left—
middle transverse to descending
colon
bInvasion (present): if
pathological report revealed one
of venous, lympho-vessel, or
perineural invasion

Characteristics Number 5-year survival rate P value 5-year disease-free rate P value

Age <0.001 0.021

<65 201 89.6% 88.2%

≧65 255 84.6% 84.4%

Gender 0.100 0.237

Male 262 86.5% 85.7%

Female 194 85.8% 86.2%

Locationa 0.861 0.251

Right 188 84.7% 87.4%

Left 74 73.5% 76.8%

Sigmoid 194 83.2% 83.3%

Differentiation 0.728 0.241

Well 30 75.6% 89.5%

Moderate 389 90.6% 83.1%

Poor 37 62.7% 78.2%

Tumor depth <0.001 <0.001

T3 410 92.1% 90.4%

T4 46 42.6% 62.7%

Invasionb 0.569 0.028

Present 106 76.8% 77.1%

Absent 350 89.3% 89.7%

LN number 0.005 0.007

≧12 240 87.9% 88.3%

<12 216 81.6% 80.5%

Treatment 0.006 0.001

Surgery + UFT 239 89.1% 88.7%

Surgery 217 84.2% 82.8%
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60 months. Of the 456 patients, 217 (47.5%) received
surgery alone and 239 (52.5%) received surgery followed
by UFT-based chemotherapy. The distribution of patients
by demographic characteristics is shown in Table 1. The
two treatment groups were similar with respect to age,
gender, performance status, tumor differentiation, and the
number of lymph nodes examined.

Poor 5-year survival rates in the “high risk” subgroups
was the trend observed in this study. For example, the
5-year survival rate in patients with poor tumor differenti-
ation was 62.7%, as compared with 75.6% to 90.6% in
patients with moderate or well differentiation, respectively.
Patients with lymphovascular or perineurial invasion had a
lower 5-year survival rate (76.8%) compared to that of
89.3% in patients with absence of these intra-tumor
invasions. However, there was no significant difference in
survival based on tumor grading (P=0.728) or the presence
of intra-tumor invasion (P=0.569) after univariate analysis.
Table 2 shows that survival and recurrence-free rates were
significantly dependent on patients with age ≧65 years,
deeper invasion of tumor depth (T4), or fewer nodes
examined. There is a statistically significant effect of
treatment with UFT evident for both outcomes. Patients
who received UFT had a significantly better survival rate
and disease-free advantage than those who did not receive
chemotherapy (89.1% vs. 84.2%, P=0.006 and 88.7% vs.
82.8%, P=0.001, respectively). In addition, the presence of
intra-tumor invasion was also associated with significantly
frequent recurrence. Kaplan–Meier estimates of overall
survival and disease-free rate by treatment are presented
in Fig. 1.

In Table 3 and Fig. 2, the Cox regression analysis showed
that in the stage II group, patients’ age, depth of tumor
invasion, extent of nodal examination, and treatment with
UFT were significant contributors to the overall survival.
Treatment with UFT was associated with improved overall
survival compared with surgery only (HR=0.61, P=0.018).
The examination of less than 12 lymph nodes was associated
with increasing hazard ratios (HR), when the number of
lymph nodes was analyzed as a categorized variable (95%
CI=1.17–2.58, P=0.006). For recurrence-free survival,
similar patterns of effects were found for these variables
except for patients’ age. The presence of intra-tumor
invasion was also statistically associated with increasing
recurrence (HR=1.67, 95% CI=1.01–2.78, P=0.049).

To better understand the progression of stage II colon
cancer, we analyzed the timing of recurrent disease
following surgical resection year by year as shown in
Table 4. It shows that the risk for recurrence for the first
5 years was 16.2% in the surgery alone cohort and 10.9% in
the UFT cohort. These results confirm that adjuvant
chemotherapy with UFT provides a meaningful survival
advantage to patients with stage II colon cancer.

Discussion

In this study, some important concepts for the management
of stage II colon cancer are illustrated as follows: adjuvant
UFT-based treatment actually eradicates colon cancer cells;
thereby the reduced recurrence could translate into its effect
on prolonging survival; late relapse can occur after 5 years
and most relapses occur in the first 4 years. Our findings
also emphasize the importance of accurate determination of
the lymph node status for patients with early-stage colon
cancers. These concepts are pertinent to our understanding
of tumor biology, clinical practice, and future clinical trial
design.

Fig. 1 Analysis of survival (Kaplan–Meier) in 456 patients with
colon cancer: (a) overall survival and (b) disease-free survival
according to treatment (surgery alone with blue line vs. surgery plus
UFT with green line)
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In general, patients with stage II colon cancer are
considered to have a good prognosis after surgery alone.
Nevertheless, the outcome for these patients remains highly
variable, with the 5-year survival ranging from 87.5% to
58.4%.5 A 30% difference in 5-year survival for the same
stage suggests that there are certain subgroups of the
population with frequent recurrence resulting in a decreased
survival. Based on this scenario, several high-risk features
including T4 lesions, tumor perforation or obstruction, poor
or high-grade differentiation, lymphovascular invasion, and
inadequate lymph node examination are likely associated
with poor prognosis. An American Society of Clinical
Oncology Panel, in collaboration with the Cancer Care
Ontario Practice Guideline Initiative, reviewed literatures
from before May 2003, and this meta-analysis found that
direct evidence does not support the routine use of
chemotherapy for stage II patients. Meanwhile, the study
did reveal that there are populations of patients with high-
risk features that may benefit from adjuvant chemotherapy.6

Later, study of a pooled analysis of infusional FU-based
adjuvant chemotherapy revealed that the improvement with
adjuvant chemotherapy reached statistical significance for
5-year disease-free survival (76% vs. 72%, P=0.049) but
not for 5-year overall survival (81% vs. 80%, P=0.1127) in
patients with stage II colon cancer.13 Similarly, in high-risk
stage II patients (22.4% of all patients) of the MOSAIC
study (T4, obstruction/perforation, poorly differentiated

tumor, venous invasion, and <10 lymph nodes examined),
the risk of relapse was reduced by 26% with FOLFOX4
relative to LV5-FU2. However, no benefit in survival after
the 6-year follow-up was observed.14 This discrepancy
between disease-free survival and overall survival may be
partially explained by the overall good prognosis, the
confounding deaths from causes other than colon cancer,
and, more importantly, due to less intensive therapy or more
advanced disease progression for patients who relapsed. In
contrast, the report of Wilkinson et al.15 and Sargent et al.16

showed the 5FU-based chemotherapy was associated with
significantly improved overall survival compared with
surgery alone in patients with stage II colon cancer. However,
different control and treatment arms in the trials may create
bias in the results. Fortunately, we now have randomized data
from a large single clinical trial. QUASAR study of 3,239
patients, in which 91.5% had stage II colorectal cancer,
showed that adjuvant therapy with FU resulted in a reduced
risk of tumor recurrence (P=0.01) and a reduced risk of
dying from colorectal cancer (P=0.008).17 Therefore, our
results, in concert with those aforementioned results,15–17

demonstrate that patients with stage II colon cancer will
probably benefit from 5FU-based adjuvant chemotherapy.

Our results also provide invaluable data to clinical
practice regarding the long-term risk of recurrence in
patients with colon cancer who undergo curative resection.
The risk of recurrence in patients treated with adjuvant

Table 3 Results of multivariate Cox regression modeling of overall survival and recurrence-free rate in stage II colon cancer

Characteristics Overall survival Disease-free rate

Hazard ratio 95% CI P value Hazard ratio 95% CI P value

Age <65 1.00 0.001 1.00 0.117

≧65 2.38 1.54–3.70 1.59 0.068–3.75

Gender Male 1.00 0.384 1.00 0.099

Female 0.92 0.89–1.12 0.95 0.62–1.54

Location Right 1.00 0.597 1.00 0.516

Left 1.14 0.95–1.43 1.39 0.72–2.87

Sigmoid 0.95 0.84–1.09 0.99 0.84–1.17

Differentiation Well 1.00 0.659 1.00 0.156

Moderate 0.92 0.83–1.11 0.95 0.83–1.21

Poor 1.23 0.91–1.21 1.87 0.85–3.52

Tumor depth T3 1.00 0.001 1.00 0.001

T4 3.65 2.25–5.93 2.85 1.58–5.15

Invasion Absent 1.00 0.238 1.00 0.049

Present 1.14 0.96–1.34 1.67 1.01–2.78

Treatment Op 1.00 0.018 1.00 0.032

Op + UFT 0.61 0.40–0.92 0.59 0.36–0.95

Lymph node
examination

≧12 1.00 0.006 1.00 0.005

<12 1.76 1.17–2.58 2.02 1.24–3.28
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chemotherapy never exceeds that of the control patients,
and chemotherapy reduced the risk of recurrence for the
first 5 years of stage II patients from 16.2% to 10.9%. After
5 years, recurrence rates were less than 2% per year. Based
on the pattern of recurrence seen in this analysis, it is clear
that all surveillance efforts should be directed toward the
critical first 5 years. Once a patient had been recurrence free
for 5 years after surgery plus UFT-based adjuvant chemo-
therapy, continued medical care can be focused on other

issues beyond the patient’s prior colon cancer. These
conclusions support those by Wilkinson et al.15 in a recent
pooled analysis of NSABP C-01 through C-05.

Finally, these analyses clearly demonstrate that the
current prognostic factor with proven worth and greatest
importance is pathological staging. The depth of tumor
invasion is the most important characteristic in stage II
colon cancer. The greatest difference in overall survival and
recurrence-free rates between T3N0 and T4N0 means that
these patients with T4 lesion should be offered postopera-
tive chemotherapy. In addition, there has been evidence
supporting the pivotal role of lymph node evaluation in
predicting the prognosis of patients with stage II colon
cancer.18–24 These reports suggest that due to “understaging
or inadequate resection”, patients are often falsely identified
as having negative nodes. These incorrectly staged patients
are less likely to receive chemotherapy and have a survival
risk similar to their true node-positive status. However,
there is still controversy regarding the number of nodes by
which a colonic tumor can be deemed as “accurately
staged.” Recently, the American College of Surgeons, the
American Society of Clinical Oncology, the National
Comprehensive Cancer Network as well as other groups
agreed on the cutoff value of 12 as the required number of
lymph nodes for the assurance of an adequate resection and
precise pathological staging examination of colon cancer.25,
26 Our results also support the findings that the prognosis of
stage II colon cancer is dependent on the number of lymph
nodes examined. For stage II colon cancer, all gross disease
and regional lymph nodes at risk for metastasis must be
resected surgically. The incremental benefits of UFT-based
chemotherapy will not replace adequate lymphadenectomy.

Although there are some limitations in this non-
randomized study, including different follow-up dura-
tion, the retrospective nature of the data analysis, and
the inadequate number of patients, our study still
provides the observed survival outcome for stage II
colon cancer patients after UFT-based chemotherapy.
The tolerability of oral fluoropyrimidines may make
them an attractive treatment option; however, the
incremental benefits in survival should be balanced
against the possibility of treatment-related toxicities
and costs. Importantly, the decision to offer adjuvant
therapy for stage II colon cancer needs to be individ-
ualized with respect to the presence of risk factors in
each patient. Given the potential poor prognosis of stage
II colon cancer, our future task is crucial to identify
patients likely to develop metastasis and/or benefit from
adjuvant chemotherapy.

Author disclosures We certify that the authors of this article do not
have commercial associations that might pose a conflict of interest in
connection with the submitted article.

Table 4 Probability of recurrence in the interval given the patient is
alive and recurrence free at the beginning of the interval

Surgery alone (%) Surgery + 5FU/LV

1 year 2.7 2.5

2 years 3.9 3.1

3 years 3.6 3.2

4 years 4.9 1.5

5 years 2.9 0.5

6 years 1.9 0

Years 1–6 16.2 10.9

Fig. 2 Forest plot of multivariate model hazard ratio for (a) overall
and (b) disease-free survival by clinicopathological characteristic and
treatment options
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Abstract
Background One-stage pull-through operation has become increasingly popular for treatment of Hirschsprung’s disease.
The one-stage transanal pull-through was introduced in the late 1990s and has rapidly replaced traditional procedures in
infants and young children in many surgical centers.
Objective The aim of this study is to determine feasibility and safety of transanal primary repair in adolescent and adults.
Methods Fifteen patients who underwent transanal endorectal pull-through were prospectively studied. All patients
presented by chronic refractory constipation with the age ranged from 11 to 22 years. The patients were followed up for a
mean of 18 months. Anal continence and postoperative complication were evaluated.
Results Incomplete continence in the form of soiling occurred in four patients (26.6%) and improved gradually with
conservative management. No patients suffered from complete incontinence. Anastomotic strictures occurred in two patients
and were successfully treated with regular dilatations. One patient had continued outlet obstruction and revision was
considered for him. One patient complicated with low perianal fistula which needed fistulectomy. There was no impotence
in adults.
Conclusion These findings indicate that one-stage transanal endorectal pull-through operation in adolescent and adults is
feasible and safe.

Keywords Hirschsprung’s disease . Constipation .

Megacolon . Adult . Transanal pull-through

Introduction

Hirschsprung’s disease (HD) is a congenital aganglionosis of
the submucosal and myenteric neural plexuses principally
affecting the rectosigmoid or rectal segments of varying

length. Most cases manifest during the neonatal period,1 but
in rare instances, the disease is initially diagnosed in older
children and adult patients.2,3

Swenson first described definitive surgical management
of infants and children with HD in the late 1940s.4 Because
these children often presented with severe malnutrition or
enterocolitis, a preliminary colostomy was usually done,
followed by a pull-through procedure many months later.
Earlier recognition and diagnosis of the disease led a number
of surgeons in the 1980s to report series of single-stage pull-
through procedures in small infants, using each of the three
common operations (Swenson, Duhamel, and Soave). Since
then, one-stage operations have become increasingly popular
because of its safety and cost-effectiveness.5 The one-stage
transanal endorectal pull-through operation (TEPT) was
introduced in the late 1990s and has rapidly replaced
traditional procedures in infants and young children in many
surgical centers around the world.6–10 However, no studies
address TEPT for treatment of HD in adolescent and adults.

S. A. Ammar
Surgery Department, Assiut University Hospitals,
Assiut, Egypt

S. A. Ammar (*) : I. A. Ibrahim
General Surgery Department, Assiut University Hospital,
El Gamaa Street,
Assiut, Egypt
e-mail: samirahmed70@hotmail.com

J Gastrointest Surg (2011) 15:2246–2250
DOI 10.1007/s11605-011-1662-z



The purpose of this study is to evaluate feasibility and safety
of TEPT for treatment of HD in adolescent and adults.

Materials and Methods

The study protocol was approved by the ethics committee
of our institution and all patients or their parents gave
written informed consent. Data were prospectively collected
on 15 consecutive patients (11 males and 4 females), all of
whom underwent TEPT for HD in the Surgery Department,
Assiut University Hospital between January 2004 and May
2010. TEPT was the standard operative technique for HD at
Assiut University Hospital during the period of performance
of this study. Patients with HD above 10 years old were
included in the study. Patients having enterocolitis, acute
obstruction not responding to conservative measures, and
patients with bad general condition were excluded from this
study. For the excluded patients, the initial surgical interven-
tion consisted of formation of a leveling stoma in the
ganglionic bowel and the definitive transabdominal pull-
through procedure was performed electively at a later stage.

All the diagnoses were made based on clinical symptoms
and barium enema showing the classic rectosigmoid transition
zone. All patients reported long-standing refractory constipa-
tion as the predominant symptom. The diagnoses were
confirmed by rectal biopsy showing absence of ganglion cells.

Preoperative chemical preparation was done using a third
generation cephalosporin and metronidazole started 12 h
before surgery. Mechanical preparation starts 2 days preoper-
atively using rectal wash two to three times daily. The results
were expressed as the mean±SD or percentage.

Surgical Technique

The patient was anesthetized and placed in the supine
lithotomy position. Caudal block was given to all patients.
Complete relaxation using neuromuscular blocking agents
excludes any interference due to reflex contraction of
striated pelvic floor muscles and permits the level of the
force necessary for the dilatation to be reduced. Complete
relaxation and gradual dilatation prevent injury of the
striated muscles. Anal retraction was performed using four
traction sutures placed at the four corners of the anus
(Fig. 1). The mucosa was incised circumferentially 1.5 cm
above the dentate line, and a submucosal dissection was
carried out proximally (Fig. 2) until above the peritoneal
reflection. The submucosal dissection was carried out using
combination of sharp and blunt dissection. To promote
hemostasis and facilitate dissection 1:200,000 epinephrine
was injected into the submucosa above the dentate line. The
muscle of rectum was then incised circumferentially

allowing exposure of the full thickness of the colon, and
the dissection was carried proximally along the outer wall
of the rectal muscle. The vessels were ligated and divided
just as they enter the bowel wall to avoid injury of the
pelvic nerves and vessels and to avoid injuries of nearby
structures such as vagina or prostate. The proximal
mobilization and dissection of the colon were continued
until the caliber was nearly normal. The bowel was then
transected and the posterior wall of the muscular cuff was
split. Coloanal anastomosis (Fig. 3) was done using braided
absorbable suture material. A good bite of the colon was
anastomosed to the underlying muscles of the rectum
including a small bite of the distal mucosa. The anastomosis
should be done above the dentate line so that the transitional
epithelium is not damaged. This is important to prevent loss of

Fig. 1 Operative view showing four traction sutures placed at the four
corners of the anus

Fig. 2 Operative view showing submucosal dissection of the rectum
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sensation, which may predispose to long-term problems with
anal continence. A drain was placed paracolic and extracted
after 24 h. Antibiotics were discontinued after 48 h, and
feeding was begun when bowel function returned. The first
per rectal examination of the patients was done 15 days
postoperatively and followed by dilatation on regular basis in
any patients with suspicion of anastomotic narrowing.

Results

Age at operation was 12.6±1.9 years (range 11–22).
Operating time was 121±19.9 min (range 90–150). Bowel
movements returned to normal within 24 h in all patients.
Progression of oral feeding was uneventful. Postoperative
hospital stay was 2.7±0.95 days (range 2–5). Two patients
had postoperative bleeding (350–400 cc) and both of them
were treated conservatively with blood transfusion without
the need for re-exploration. The mean follow-up time was
18 months (range 6 months to 4 years). There was no
urinary complication and no impotence in adults. None of
the patients suffered from postoperative enterocolitis. The
most frequent early complications after TEPT were frequent
defecation (up to ten times per day), perineal dermatitis,
and skin rash in four patients (26.6%). The rash was
probably caused by frequent bowel movements. Frequent
defecation and skin rash usually lasted for 6–10 weeks and
improved gradually with conservative management. Anas-
tomotic strictures occurred in two patients (13.3%) and
were successfully treated with regular dilatations. One
patient complicated with low perianal fistula which needed
fistulectomy. There was no exposure of anal mucosa in any
of the patients.

Functional Outcome

Continence was considered complete when the patient
spontaneously evacuated soft stools, and there were no
diurnal or nocturnal fecal soiling. When the patient had
voluntary evacuations and few episodes of fecal soiling, he
was considered partially continent. Data on fecal conti-
nence and bowel control of the patients were based on
short-term follow-up. The frequency of stool in all patients
4 months after surgery was one to three bowel movements
per day. None of the patients suffered from complete fecal
incontinence. Partial incontinence in the form of soiling
occurred in four patients (26.6%) and improved gradually
within 10–16 weeks. One patient had continued outlet
obstruction with failure of conservative management and
revision was considered for him

Discussion

HD in adolescents and adults is a rare and frequently
misdiagnosed cause of long-standing refractory constipation.
All patients in this study reported long-standing refractory
constipation as the predominant symptom. In these cases, the
disease goes undiagnosed early because the proximal inner-
vated colon can be hypertrophied and, thus, compensates for
the distal obstructed, aganglionic rectum. In addition, these
patients often try to relieve the constipation by taking
cathartics and using enemas. Eventually, the dilated colon is
no longer able to propel the feces distally. The term adult HD
has been arbitrarily applied by some investigators to cases in
which the patient is older than 10 years when the diagnosis is
established,11–13 whereas others have defined adult HD as
cases in which the diagnosis was made after the age of 18 or
19 years.14

One-stage operation is safe, cost-effective, and avoids the
morbidity of stomas. Specific stoma complications, including
prolapse, stenosis, and wound infection, are prone to occur.5,15

The requirement for multiple admissions and operations
places a significant burden on both the family and the health-
care system. Thus, the desire to avoid stoma creation and to
reduce the duration of treatment prompted surgeons to adopt
a strategy of primary one-stage repair once a definitive
diagnosis of HD was established.5,15 A preliminary colosto-
my is still needed in some conditions as presentation by
complication as enterocolitis, acute on top of chronic
intestinal obstruction not respond to conservative methods
of treatment, and patients in bad general condition who
cannot withstand major surgery.

In the early 1990s, Georgeson et al.16 described a minimal
access approach consisting of a laparoscopic biopsy to
identify the transition zone, laparoscopic mobilization of the
rectum below the peritoneal reflection, and a short endorectal

Fig. 3 Operative view of coloanal anastomosis

2248 J Gastrointest Surg (2011) 15:2246–2250



mucosal dissection from below. The anastomosis was done
from below after prolapsing and excising the rectum.
Subsequently, laparoscopic approaches have been described
for the Duhamel and Swenson operations with good short-
term results reported.17,18

In adults, transanal technique has been used successfully
in the treatment of rectal malignancies, ulcerative colitis,
familial polyposis coli, and colorectal vascular malformation.19–
23 The one-stage TEPT for the treatment of HD in infants and
children was introduced in the late 1990s6 and presents several
advantages compared to classical pull-through techniques; it is
a one-stage approach that can be conducted even during the
neonatal period, previous colostomy is unnecessary, it is
technically simple, no intraperitoneal adherence or scarring is
observed, and it is associated with good fecal continence.6–10

Most of older children with congenital megacolon have
short aganglionic segment.24 All patients in the present
study had short aganglionic segment and no patients
required laparotomy. This is in contrast to congenital
megacolon in infants and children by Tannuri et al.25 who
reported that three cases (8.5%) in TEPT group, age ranged
from 10 days to 6 years, required laparotomies because the
normoganglionic colon could not be reached or clearly
identified.

All studies involving patients who underwent TEPT
report the occurrence of coloanal anastomosis stricture
although the incidence rate varies. The reported incidence
of stricture ranged from 4.8% by Elhalaby et al.8 to 43% by
Stensrud et al.26 Anastomotic stricture may be the result of
ischemia of the lowest part of the mobilized colon and can
be successfully managed by anal dilatations.8,25,26 The
incidence of anastomotic stricture in the present study was
13.3%. The strictures were easily treated and completely
resolved with serial anal dilatations. There was no routine
prophylactic dilatation because of the trauma, anxiety, and
pain caused to the patient and to the parents.

During TEPT procedure, the use of four traction sutures
and not using retractors is to avoid injury to the internal
sphincter.25 A general anesthesia in addition to regional
sacral anesthesia induces satisfactory relaxation of both the
internal and external sphincters. This makes it possible to
perform free dissection of the rectal mucosa without using
retractors. Attention to these fine details is important so as
to avoid long-term continence issues from sphincter injury
during the operation.24,25 None of the patients in this study
suffered from complete fecal incontinence.

Partial incontinence in the form of soiling occurred in
four patients (26.6%). Patients with partial incontinence
showed a steady improvement in their continence status.
One multicenter study with a median follow-up of
12 months revealed that complete anorectal continence
was achieved in 83.3% of patients who underwent TEPT
older than 3 years.8 In another study done by Tannuri et al.25

complete continence was achieved in 70.8% of patients who
underwent TEPT pull-through.

Conclusion

Hirschsprung’s disease should be suspected in the context
of refractory chronic constipation. One-stage TEPT in older
children and adults is feasible and safe.
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Abstract
Background We analyzed factors associated with the occurrence of anastomotic leakage (AL) and its impact on long-term
survival in patients who have undergone resection for rectal cancer. We also investigated the effect of fecal diversion on
survival.
Method Clinical data of patients who received surgery for rectal cancer were reviewed. The difference in AL
incidence among different groups was compared and survival rates were calculated. Cox’s proportional hazards
model was used to compare survival in patients who developed AL or received diversion stoma with those who
did not.
Results Of 999 patients who received resection and anastomosis, 53 patients experienced AL. Multivariate analysis
revealed advanced age (P=0.009) and operative method (P=0.002) were independent risk factors for AL.
Anastomotic leakage was an independent risk factor for overall recurrence (HR 2.30; 95% CI 1.12–4.73). Anastomotic
leakage and fecal diversion were independent prognostic factors of overall survival (P=0.002 and P<0.001,
respectively), cancer-specific survival (P=0.002 and P<0.001, respectively), and disease-free survival (P<0.001,
respectively).
Conclusions Patients who are older and have anastomosis at the anorectal junction or dentate line have an increased risk of
AL. A diversion stoma does not appear to decrease the incidence of anastomotic leakage, but may decrease the need of
reoperation when leakage occurred. Anastomotic leakage and fecal diversion are independent prognostic factors of overall,
cancer-specific, and disease-free survival.

Keywords Rectum . Cancer . Anastomotic leakage .

Diversion stoma . Recurrence . Survival
Introduction

Symptomatic anastomotic leakage is the most significant
surgical complication following rectal resection with
anastomosis, especially after resection of middle and lower
rectal cancers. Anastomotic leakage is also a major cause of
postoperative morbidity and mortality in patients with rectal
cancer undergoing sphincter preservation surgery.1,2

Leakage rates from 2.8% to more than 15% have been
reported.1–12 Many factors may influence the risk and the
outcome of anastomotic leakage, including the patient’s
condition, tumor characteristics, and surgical technique.
Identification of risk factors for leakage may lead to
preventive measures. Intraoperative tests for determining
the integrity of anastomosis, fecal diversion, and pelvic
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drainage have been reported by several authors to decrease
the occurrence and effects of anastomotic leakage.12–17

The impact of anastomotic leakage on the long-term
oncological outcome is not clear. Some authors suggest
that anastomotic leakage is an independent prognostic
factor for local recurrence; however, others take the
opposite view.3,18–21 The aim of this study is to analyze
factors that may influence the incidence of anastomotic
leakage and examine the long-term oncological impact of
anastomotic leakage. In addition, we investigate the effect
of fecal diversion with respect to prognosis after resection
of rectal cancer with anastomosis.

Methods

Patient Demography

Prospective data collection of consecutive patients with
colorectal cancer was begun at the inception of the
Colorectal Surgery Service at our hospital in 1959. The
database includes patient age; sex; family history of
colorectal cancer; major medical conditions and previous
major surgeries; the location, size, and histological charac-
teristics of the tumor; surgical procedure for colorectal
cancer and complications; and recurrence and survival. All
patients have been followed up regularly.

From January 1993 to June 2003, a total of 999 patients
with rectal cancer located at or distal to 16 cm from the anal
verge received resection and anastomosis at a tertiary care
referral hospital. Patients who did not have an anastomosis
or who received preoperative radiotherapy (RT) or chemo-
radiotherapy (CRT) were excluded from the study. Tumor
location was measured from the lower border of the tumor
to the anal verge with a rigid sigmoidoscope and was
classified as low when the distance was <6 cm from the
anal verge, middle when between 6 and 12 cm from the
anal verge, and upper when it was more than 12 cm from
the anal verge.

The operation was defined as an anterior resection (AR)
when the anastomosis was performed above the peritoneal
reflection, a low anterior resection (LAR) when the
anastomosis was constructed below the peritoneal reflection,
and an ultra-low anterior resection (ultra-LAR) when the
anastomosis was located at the level of the anorectal junction,
near the pelvic outlet or at the dentate line.

Surgical Techniques

Standard procedures for resection of rectal cancers were
followed. High ligation of the inferior mesenteric vessels
proximal to the left colic vessels was routine procedure.
The mobilization of the rectum was achieved by sharp

dissection and autonomic nerve preservation under direct
visual inspection so that the rectal fascia propriae, which
enclosed the mesorectum, was kept intact. Adequate
mesorectal excision with at least 4 cm distal clear margin
was the rule for resection of upper and most middle rectal
cancers. For low and some middle lesions, total mesorectal
excision (TME) with an ultra-low anastomosis was adopted
as the standard surgical technique. In TME resection and
ultra-low anastomosis, a clear distal margin of 2 cm was
considered adequate. Only resections with pathologically
confirmed clear lateral margins and both cut ends clear
were considered radically curative.

End-to-end colorectal or colo-anal anastomosis (straight
or J pouch) was performed using circular staplers or hand-
suture technique. A diversion colostomy or ileostomy was
performed when the anastomosis was difficult to accom-
plish as judged by the surgeon, when the anastomosis was
ultra-low, or when there was an incomplete doughnut or
leakage on the air-tight test. Pelvic drains placed behind the
anastomosis in the presacral space were usually used. Of
the 999 patients, 155 received defunctional fecal diversion,
either colostomy or ileostomy.

According to the selection of the individual surgeon,
41 patients received postoperative radiotherapy or
chemoradiotherapy. In these, 35 patients were in
curative resection group.

Definition of Anastomotic Leakage and Tumor Recurrence

The definition of anastomotic leakage in the present study
was based on the clinical findings of pus or fecal discharge
from the drain, pelvic abscess, peritonitis, discharge of pus
per rectum, or the development of a colo-cutaneous or
rectovaginal fistula. Subclinical leakage was considered
when there was leakage of water-soluble contrast media
during enema examination performed before considering
reversal of the diversion.

Local recurrence was defined as recurrence at or near the
anastomotic site, limited to the pelvic cavity. Distant
metastasis was defined as recurrence at various distant
organs or tissues, including intraperitoneal dissemination.
Recurrence was confirmed by histological examination of
tissue or progressive or new radiological findings, with or
without elevation of tumor makers. The time to recurrence
was defined as the duration between the time of surgical
resection and identification of the recurrence. Only patients
who underwent curative resection were included in the
analysis of survival and recurrence. One hundred and forty-
nine patients had stage IV disease with distant metastasis,
and in 22 patients the lateral cut margin was not described
or was not clear. These 171 patients and seven patients with
postoperative mortality in curative resection group were not
included in the analysis of survival and recurrence. The
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remaining 821 cases were included in survival and
recurrence analysis.

Statistical Analysis

To investigate the factors that might influence the
occurrence of anastomotic leakage, 13 variables were
analyzed: age, gender, systemic disease (none or
presence of any major systemic disease, such as
diabetes mellitus, hypertension, heart, liver, or kidney
disease), tumor location, tumor invasion depth (T1–3
versus T4), TNM staging (stage I and II versus III and
IV), lymphovascular or perineural invasion, quality of
resection (curative versus palliative), operation methods
(LAR versus ultra-LAR versus AR), type of anastomosis
(hand-sutured or stapled), fecal diversion, associated organ
resection, and related surgical complications (such as stroke,
arrhythmia, atelectasis of lungs, or pneumonia). Continuous
variables, such as age, were dichotomized using the mean
value as a cut-off point. Logistic regression analysis was used
for univariate analysis of the prognostic value of these
variables. Recurrence pattern and interval related to
anastomotic leakage were examined using chi-squared
test, Fisher’s exact test, or t test, as appropriate. All
variables with a value of P <0.1 were included in the
multivariate model. A P value<0.05 was considered
statistically significant. The odds ratios (OR) and 95%
confidence interval (CI) were quoted.

Five-year survival rates were calculated using the
Kaplan–Meier method and compared by using log-rank
test. Cox’s proportional hazards model was used to
compare survival in patients who developed an anastomotic
leakage or received a diversion stoma to those who did not.
Statistical analyses were performed using the SPSS package
(version 16.0 for Windows; SPSS, Chicago, IL, USA).

Results

Of the 999 patients, 53 patients experienced anastomotic
leakage with an incidence of 5.3% (53 of 999 patients). The
leakage rate between patients with diversion (6.5%, 10 of
155) compared to those without diversion (5.1%, 43 of 844)
showed no significant difference (P=0.49). Fourteen
patients died within 30 days after surgery or during
hospitalization, resulting in a surgical mortality of 1.4%
(14 of 999 patients). Only one patient who died was in the
leakage group.

Risk Factors for Anastomotic Leakage

The patients were divided into two groups according to
the presence of clinical anastomotic leakage. Patient

and tumor characteristics and treatment-related varia-
bles of both groups are shown in Table 1. Univariate
analysis revealed that the patient age (P=0.008 for age
>70 years), tumor location (P=0.026 for location 6–
12 cm from the anal verge), and operative method (P=
0.002 for ultra-LAR) were associated with an increased
anastomotic leakage rate. Multivariable analysis revealed
that only older age and operative method were indepen-
dent risk factors for the occurrence of anastomotic
leakage. The risk of leakage was 2.2 times higher for
patients >70 years of age compared to those <70 years of
age (P=0.009; 95% CI 1.21–3.88). The risk of leakage
was 3.1 times higher in anastomoses at the level of the
anorectal junction or dentate line than in anastomoses
below the peritoneal reflection but above anorectal
junction (P=0.002; 95% CI 1.53–6.22). Tumor in the
middle rectum (6–12 cm) also showed a borderline
significant increased risk of anastomotic leakage (P=
0.078). Results of the multivariable analysis are shown in
Table 2.

Recurrence

The overall recurrence rate was 18.6% (186 of 999)
and the local recurrence rate was 4.7% (47 of 999). In
22 patients with lateral margin not mentioned or not
clear, the local recurrence rate was 13.6% (3/22) and
the 5-year overall survival rate was 44.3%. In the
curative resection patients, the comparison of the
incidence and pattern of recurrence between patients
with and without anastomotic leakage is shown in
Table 3. It showed no difference between the two groups
in terms of the incidence of local, distant, and overall
recurrence. There was also no difference of time to
recurrence and time to local recurrence between the two
groups. Univariable analysis showed that local recurrence
and overall recurrence were more common in the
presence of deeper tumor invasion, lymph node metasta-
sis, and poor cell differentiation (P<0.05). The relation-
ship between recurrence and anastomotic leakage showed
borderline significance (P=0.095 for local recurrence; P=
0.093 for overall recurrence). Multivariable analysis
identified lymph node metastasis (HR 3.56; 95% CI
1.76–7.17) and poor cell differentiation (HR 2.75; 95%
CI 0.99–7.61) as independent risk factors for local
recurrence. However, tumor invasion depth (HR 2.63;
95% CI 1.54–4.49), lymph node metastasis (HR 4.62;
95% CI 3.17–6.74), and anastomotic leakage (HR 2.30;
95% CI 1.12–4.73) were identified as independent risk
factors for overall recurrence. There was no influence of
anastomotic leakage on local recurrence. Postoperative
radiotherapy had no influence on either local or overall
recurrence (Table 4).
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Diversion Stoma

We analyzed the influence of the timing of the diversion
stoma on the recurrence of the tumor and the survival of the
patients. The selection of whether diversion stoma should
be done after rectal resection was judged by the surgeons.
As shown in Table 5, male gender, low cancer (<6 cm from
anal verge), low anastomosis, and associated organ resection
were factors related to performance of diversion stoma.
Associated medical disease was not an independent factor
for selection of diversion stoma (Table 5). In the 43 patients
with anastomotic leakage, there was no significant difference
in local, distant, and overall recurrence rates, recurrence-free
periods, or 5-year survival rates between patients who
received a diversion stoma before the leakage occurred
compared to those who received a diversion stoma after
leakage occurred (Table 6). However, only 25% (two of
eight) of the leakage patients who had diversion stoma
before leakage occurrence needed reoperation to treat the
abdominal sepsis caused by the leakage. In contrast, 100%
(35 of 35) of the patients who did not have a diversion stoma
before leakage occurrence required reoperation to treat
abdominal sepsis caused by leakage (P<0.001).

Survival

The 5-year overall survival rates were 74.2% in the non-
leakage group and 52.9% in the leakage group (P=0.001;
Fig. 1). The cancer-specific survival rates were 82.5% in the

Table 1 Univariate analysis of predictive factors for anastomotic
leakage in 999 patients undergoing resection of rectal cancer

Variables Anastomotic leakage
(%)

P valuea OR 95% CI

Yes
(n=53)

No
(n=946)

Age (years)

≦70 21 (3.7) 553 (96.3)

>70 32 (7.5) 393 (92.5) 0.008 2.14 1.22–3.77

Gender (M/F)

Female 10 (3.4) 287 (96.6)

Male 43 (6.1) 659 (93.9) 0.08 1.87 0.93–3.78

Systemic disease

Absence 23 (4.5) 492 (95.5)

Presence 30 (6.2) 454 (93.8) 0.224 0.71 0.41–1.24

Tumor location

>12 cm 3 (1.7) 172 (98.3)

6–12 cm 46 (6.3) 689 (93.7) 0.026 3.83 1.18–12.45

<6 cm 4 (4.5) 85 (95.5) 0.200 2.70 0.59–12.33

Tumor invasion depth

T1, T2, T3 50 (5.6) 843 (94.4)

T4 3 (2.8) 103 (97.2) 0.239 0.49 0.15–1.60

TNM staging

I and II 34 (6.4) 495 (93.6)

III and IV 19 (4.0) 451 (96.0) 0.096 0.61 0.35–1.09

Lymphovascular or perineural invasion

No 45 (5.1) 841 (94.9)

Yes 8 (7.1) 105 (92.9) 0.374 1.42 0.65–3.10

Quality of resection

Curative 46 (5.4) 813 (94.6)

Palliative 7 (5.0) 133 (95.0) 0.862 0.93 0.41–2.10

Operative method

LAR 39 (4.7) 789 (95.3)

Ultra-LAR 14 (12) 103 (88) 0.002 2.75 1.44–5.27

AR 0 (0) 54 (100) 0.997 0.00 0.00

Anastomosis type

Hand suture 3 (2.1) 143 (97.9)

Staple 50 (5.9) 803 (94.1) 0.070 2.97 0.91–9.65

Fecal diversion

No 43 (5.1) 801 (94.9)

Yes 10 (6.5) 145 (93.5) 0.490 1.285 0.63–2.61

Associated organ resection

No 38 (5.2) 698 (94.8)

Yes 15 (5.7) 248 (94.3) 0.737 1.111 0.60–2.06

Surgical complication

Absence 51 (5.2) 926 (94.8)

Presence 2 (9.1) 20 (90.9) 0.430 1.82 0.41–7.98

CI confidence interval, OR odds ratio, LAR low anterior resection, AR
anterior resection
a As determined by logistic regression

Table 2 Multivariate analysis of risk factors for anastomotic leakage

Odds ratio 95% confidence interval P valuesa

Age (years)

≦70
>70 2.17 1.21–3.88 0.009

Gender

Female

Male 1.37 0.63–2.98 0.431

Tumor location

>12 cm

6–12 cm 2.93 0.89–9.71 0.078

<6 cm 1.26 0.25–6.35 0.782

Operative method

LAR

Ultra-LAR 3.08 1.53–6.22 0.002

AR 0.00 0.00 0.997

Anastomosis type

Hand suture

Staple 2.34 0.65–8.37 0.192

LAR low anterior resection, AR anterior resection
a As determined by logistic regression
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non-leakage group and 65.5% in the leakage group (P=
0.005; Fig. 2). The disease-free survival rates were 76.2%
in the non-leakage group and 52.2% in the leakage group
(P<0.001; Fig. 3). All differences were statistically
significant.

Cox’s regression model, including all known prognostic
factors, was performed to determine whether anastomotic
leakage and diversion stoma were prognostic factors in
overall 5-year survival, cancer-specific survival, and
disease-free survival. In the multivariable model, lymph
node metastasis (P<0.001), lymphovascular or perineural
invasion (P=0.007), systemic disease (P=0.001), anasto-
motic leakage (P=0.002), and diversion stoma (P<0.001)
were independent variables of 5-year overall survival
(Table 7). In the analysis of cancer-specific survival,
deeper tumor invasion (P=0.005), lymph node metastasis
(P<0.001), anastomotic leakage (P=0.002), and diversion
stoma (P<0.001) were independent variables (Table 8). In
the analysis of disease-free survival, deeper tumor
invasion (P<0.001), lymph node metastasis (P<0.001),
systemic disease (P=0.014), anastomotic leakage (P<
0.001), and diversion stoma (P<0.001) were independent
variables (Table 9). Anastomotic leakage and diversion
stoma are consistent independent prognostic factors for
overall, cancer-specific, and disease-free survival, with
power comparable to lymph node metastasis.

Discussion

Clinical anastomotic leakage is one of the most serious
complications of rectal cancer surgery. Although better
survival and reduced local recurrence have been achieved
in rectal cancer surgery patients,22 treatment with low
colorectal anastomosis is still associated with a high risk of
leakage at the anastomosis. Reports in the literature indicate
that anastomotic leakage following resection of rectal
cancer is associated with high morbidity and mortality
rates.18,23,24 The present study found a clinical leakage rate

Table 3 Site of tumor recur-
rence and survival

n number of cases, CSS cancer-
specific survival
aAs determined by chi-squared
or Fisher’s exact tests
bAs determined by t test
cAs determined by Kaplan–
Meier method

Recurrence and survival Anastomotic leakage P values

Yes (n=43) No (n=778)

Local recurrence, n (%) 3 (7.0) 41 (5.3) 0.497a

Distant recurrence, n (%) 11 (25.6) 142 (18.3) 0.230a

Total recurrence, n (%) 13 (30.2) 163 (21.0) 0.179a

Time to recurrence (months) 22.1±12.2 24.1±19.5 0.590b

Time to local recurrence (months) 23.7±16.3 25.7±24.8 0.859b

5-year overall survival 57.4% 74.8% 0.005c

5-year CSS 69.6% 83.2% 0.020c

5-year disease-free survival 54.9% 76.7% 0.002c

Table 4 Multivariate analysis of factors affecting local recurrence and
overall recurrence after curative resection for rectal cancer

Odds ratio 95% confidence interval P valuesa

Local recurrence

Tumor invasion depth

T1, T2, T3

T4 2.17 0.98–4.81 0.057

TNM staging

I and II

III 3.56 1.76–7.17 <0.001

Cell differentiation

Well and moderate

Poor 2.75 0.99–7.61 0.052

Post-op chemoradiation

No

Yes 1.32 0.42–4.14 0.636

Anastomotic leakage

No

Yes 1.65 0.47–5.83 0.436

Overall recurrence

Tumor invasion depth

T1, T2, T3

T4 2.63 1.54–4.49 <0.001

TNM staging

I and II

III 4.62 3.17–6.74 <0.001

Cell differentiation

Well and moderate

Poor 1.05 0.45–2.43 0.915

Post-op radiation

No

Yes 1.27 0.60–2.72 0.532

Anastomotic leakage

No

Yes 2.30 1.12–4.73 0.024
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of 5.3%, and there was no leakage occurrence if the
anastomosis was done above the peritoneal reflection. Only
one death occurred in the leakage group. The rate is at the

lower end of the rates reported by several investigators,
which range from 2.8% to more than 15%.1–12 The
definition of leakage varies, and clinical leakage differs
from subclinical leakage. In this study, the diagnosis of
anastomotic leakage was dependent on clinical presenta-
tion, and subclinical leakage was not considered because
routine contrast enema was not performed after surgery.
We also excluded patients who received preoperative
radiotherapy (RT) treatment to simplify the analysis
because some literature has indicated that preoperative
RT is a risk factor for anastomotic leakage. This may
partially explain our relatively low leakage rate as
compared to other reports.

Several factors, such as age, gender, tumor character-
istics, and surgical method, may be related to the incidence
of leakage. Other possible factors, such as body mass
index, tumor diameter, gross appearance of an advanced
tumor, and American Society of Anesthesiologists
(ASA) score, were not analyzed using our limited
database.

In patient-related factors, male gender is generally
accepted as a risk factor for anastomotic leakage.1,8,25 In
the present study, male gender showed borderline signifi-
cance in univariable analysis but no significance in
multivariable analysis. Proportions of the two groups were
unequal (F/M=297:702) because of the special condition of
our hospital. Older age and ultra-LAR remained indepen-
dent risk factors associated with anastomotic leakage in
multivariable analysis, and this has also been found in other
studies.1,8,12,25 Poor general condition and potentially
compromised microcirculation may explain the higher
incidence of anastomotic leakage in older patients. Tumor
located at 6 to 12 cm from the anal verge had a significantly
higher rate of anastomotic leakage in the univariable
analysis, but in multivariable analysis the significance was
borderline. Ultra-LAR anastomosis had a significant higher
incidence of anastomotic leakage than LAR anastomosis.
Usually, a diverting stoma was added after an ultra-LAR
anastomosis. However, the leakage rate of ultra-LAR
anastomosis in this series was still high (12%). Tumor in
the middle or lower third, with subsequent lower anasto-
mosis, is generally accepted as a risk factor for anastomotic
leakage.23,26 For lower locations of tumor and lower
anastomosis, tissue tension, poor circulation at anastomotic
ends, and technical difficulty may explain the higher
incidence of leakage.

Many factors are known to be associated with local
recurrence, including tumor stage, histological differentia-
tion, obstruction, perforation, type of operation, distal
margin of clearance, venous invasion, adjuvant therapy,
and the experience of the surgeon.18 Multivariable analysis
showed that anastomotic leakage was not associated with
local recurrence, while it was an independent factor

Table 5 Univariate analysis of pathological and medical co-morbidity
difference between patients with or without diversion stoma after
curative resection of rectal cancer

Variables Defunctional stoma (%) P valuea OR 95% CI

Yes
(n=145)

No
(n=676)

Age (years)

≦70 79 (16.9) 388(83.1)

>70 66(18.6) 288(81.4) 0.52 1.13 0.79–1.61

Gender (MF)

Female 1 (0.4) 255 (99.6)

Male 144(25.5) 421(74.5) <0.001 87.22 12.1–627.2

Systemic disease

Absence 78(18.2) 350(81.8)

Presence 67(17.0) 326(83.0) 0.659 0.93 0.65–1.32

Tunior location

>12 cm 19(13.4) 123(86.6)

6–12 cm 103(17.1) 499(82.9) 0.282 1.34 0.79–2.26

<6 cm 23 (29.9) 54(70.1) 0.004 1.66 1.18–2.34

Tumor invasion depth

Ti. Ti T3 135 (18.0) 615 (82.0)

T4 10(14.1) 61(85.9) 0.41 0.75 0.37–1.50

TNM staging

I and II 98 (18.9) 421 (81.1)

III 47(15.6) 255(84.4) 0.23 0.79 0.54–1.16

Lymphovascular orperineural invasion

No 133 (17.7) 618(82.3)

Yes 12(17.1) 58(82.9) 0.905 0.96 0.50–1.84

Histological differentiation

W&M 141 (17.8) 652(82.2)

Poor 4(14.3) 24(85.7) 0.635 0.77 0.26–2.26

Operative method

AR 2(4.1) 47(95.9)

LAR 111 (16.5) 562 (83.5) 0.035 4.64 1.11–19.39

Ultra-LAR 32(32.3) 67(67.79) 0.001 3.35 1.60–7.01

Anastomosis type

Handsuture 0(0) 122(100)

Staple 145(20.7) 554(79.3) 0.996 0.00 0.00

Associated organ resection

No 8(1.4) 564(98.6)

Yes 137(55.0) 112(45.0) <0.001 86.2 41.1–181.0

Surgical complication

Absence 142(17.6) 667(82.4)

Presence 3(25.0) 9(75.0) 0.505 1.57 0.42–5.86

CI confidence interval, OR odds ratio, LAR low anterior resection, AR
anterior resection, W & M well and moderate
a As determined by logistic regression
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associated with overall recurrence. However, the interval
from operation to recurrence in both the leakage and non-
leakage groups showed no difference. Typically, 55–80% of
recurrences present in the first 2 years after surgery.18 We
had similar findings in that the average interval from
surgery to recurrence was 22 to 24 months and the average
interval from surgery to local recurrence was 23 to
26 months. The present study confirmed that lymph node
metastasis and poor cell differentiation were independent
risk factors for local recurrence, and the independent factors
for overall recurrence were deeper tumor invasion, lymph
node metastasis, and anastomotic leakage. Some studies
have reported a significant association between anastomotic
leakage and local recurrence.19,27–30

The influence of long-term prognosis after anasto-
motic leakage is still controversial.18,20,24,28–32 The
proportion of patients with anastomotic leakage is usually
small, thus it is difficult to determine if it is a factor in

long-term survival. In the present analysis, the negative
prognostic impact of anastomotic leakage on long-term
overall survival, disease-free survival, and cancer-specific
survival was confirmed by both univariable and multi-
variable analyses. The pathological mechanism responsi-
ble for the adverse oncological influence of anastomotic
leakage is presumably related to the release of exfoliated
cancer cells that remain in the bowel lumen of patients
with colorectal cancer at the time of operation,33,34 which
have been reportedly detected on the suture or staple lines
of the anastomosis.35,36 In addition, the inflammatory
response to anastomotic leakage may enhance tumor
spread and metastasis.37,38

Anastomotic leakage results in delayed mucosal healing
and provides a way for the exfoliated tumor cells to implant
on a highly vascular surface, which allows for tumor

Fig. 2 Analysis of cancer-specific survival in patients with and
without anastomotic leakage after curative resection of their rectal
cancer

Fig. 1 Analysis of overall survival in patients with and without
anastomotic leakage after curative resection of their rectal cancer

Table 6 Influence of timing of
diversion stoma on tumor
recurrence and survival
of patients

AL anastomotic leakage, n
number of cases, CSS cancer-
specific survival
aAs determined by chi-squared
or Fisher’s exact tests
bAs determined by t test
cAs determined by Kaplan–
Meier method

Recurrence and survival Time of diversion performed P values

Before AL (n=8) AfterAL (n=35)

Local recurrence, n (%) 2 (25.0) 1 (2.9) 0.084a

Distant recurrence, n (%) 1 (12.5) 10 (28.6) 0.656a

Overall recurrence, n (%) 2 (25.0) 11 (31.4) 1.000a

Time to recurrence (months) 26.7±21.8 21.2±11.2 0.581b

Time to local recurrence (months) 26.7±21.8 17.7±0 0.792b

5 year overall survival 65.6% 55.8% 0.626c

5 year CSS 87.5% 66.0% 0.395c

5 year disease-free survival 60.0% 53.9% 0.764c
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growth or distant spread. These mechanisms may account
for the association of poor survival and anastomotic
leakage.19,27,30 In a recent multicenter pooled data analysis,
authors reported that anastomotic leakage had no significant
impact on the oncological outcome (local recurrence,
distant metastasis, cancer-specific survival, or disease-free
survival) after rectal cancer surgery, except for reducing
overall survival.39 However, in that study, a large number
of the patients received preoperative CRT or RT. Preoper-
ative CRT or RT may have some positive influence of the
tumor control, especially in local control and even in
prolonging the survival. The negative impact of anastomotic
leakage on oncological control may be balanced by the
beneficial effect of CRT or RT. Clinically, many patients with
colorectal anastomotic leakage after CRT or RT had unhealed
anastomosis or fistula, but no local or distant recurrence in
long-term follow-up.

The role of a temporary diverting stoma in patients
undergoing LAR remains controversial.40–42 Some
reports showed that proximal diversion is unable to
protect the patient from anastomotic dehiscence.2,4 Other
reports showed a significant decrease in the incidence of
clinically relevant leakage and the risks of reopera-
tion.43,44 A diversion stoma is the best strategy to
minimize the occurrence of severe pelvic sepsis caused
by anastomotic leakage.10 In the present study, the
reoperation rate in patients with a diversion stoma was
significantly decreased, although the leakage rate of
patients with and without diversion stoma revealed no
significant difference.

Interestingly, in the 43 clinical leakage patients after
curative resection, preventive fecal diversion did not have a

beneficial influence on recurrence or survival. On the
contrary, fecal diversion was an independent beneficial
prognostic factor for overall recurrence, overall survival,
cancer-specific survival, and disease-free survival, and a
borderline good prognostic factor for local recurrence. It
is possible that some minor or subclinical leakage may
occur without local or systemic inflammatory reaction in
the presence of preventive fecal diversion. In the
clinical leakage patient, the protective effect of fecal
diversion is overcome by the pollution of a large

Fig. 3 Analysis of disease-free survival in patients with and without
anastomotic leakage after curative resection of their rectal cancer

Table 7 Prognostic factors influencing overall survival rate after
curative resection of rectal cancer

Univariate analysis 5-year survival
rate (%)

P valuea

Tumor invasion depth <0.001

T1, T2, T3 74.8

T4 55.3

TNM staging <0.001

I and II 81.3

III 60.0

Lymphovascular or
perineural invasion

<0.001

No 75.0

Yes 53.3

Histological
differentiation

0.386

Well and moderate 73.7

Poor 60.5

Systemic disease 0.003

Absence 77.5

Presence 68.4

Post-opradiation 0.288

No 44

Yes 64.9

Anastomotic leakage 0.001

No 74.2

Yes 52.9

Diversion <0.001

No 68.5

Yes 95.8

Multivariate analysis Hazard ratio 95% confidence
interval

P valuesb

Tumor invasion depth 1.42 0.96–2.10 0.077

TNM staging 1.98 1.50–2.60 <0.001

Lymphovascular or
perineural invasion

1.69 1.15–2.48 0.007

Systemic disease 1.54 1.19–2.00 0.001

Anastomotic leakage 2.14 1.32–3.48 0.002

Diversion 0.16 0.08–0.31 <0.001

Post-op postoperative
a As determined by log-rank test
b As determined by Cox’s proportional hazard model

2258 J Gastrointest Surg (2011) 15:2251–2261



volume of leakage material. Once clinical leakage
occurs, a local and systemic septic reaction cannot be
avoided regardless of the presence or absence of a
diverting stoma. The adverse consequences of a leakage
and poor prognosis can be expected. Therefore, it is
critical to identify high-risk patients and to perform a
diversion stoma in high-risk anastomoses.

Conclusion

According to our results, older age and anastomosis at the
anorectal junction or dentate line are associated with an
increased risk of anastomotic leakage in rectal cancer
patients undergoing surgical resection. Anastomotic leakage
is independently associated with overall recurrence and is an
independent adverse prognostic factor of overall survival,
disease-free survival, and cancer-specific survival. A diver-
sion stoma does not appear to decrease the incidence of
anastomotic leakage. However, a diversion stoma may

Table 8 Prognostic factors influencing cancer-specific survival rate
after curative resection of rectal cancer

Univariate analysis 5-year survival
rate (%)

P valuea

Tumor invasion depth <0.001

T1, T2, T3 83.7

T4 60.6

TNM staging <0.001

I and II 91.6

III 65.8

Lymphovascular or
perineural invasion

<0.001

No 83.5

Yes 62.3

Histological
differentiation

0.0 74

Well and moderate 82.3

Poor 65.0

Systemic disease 0.243

Absence 83.2

Presence 79.8

Post-op radiation 0.021

No 83.4

Yes 64.9

Anastomotic leakage 0.005

No 82.5

Yes 65.5

Diversion <0.001

No 77.9

Yes 95.8

Multivariate analysis Hazard ratio 95% confidence
interval

P valuesb

Tumor invasion
depth

1.89 1.21–2.96 0.005

TNM staging 3.76 2.54–5.57 <0.001

Lymphovascular or
perineural invasion

1.58 0.99–2.51 0.055

Histological
differentiation

0.81 0.39–1.70 0.581

Post-op radiation 1.40 0.74–2.63 0.303

Anastomotic leakage 2.67 1.42–5.03 0.002

Diversion 0.10 0.03–0.30 <0.001

Post-op postoperative
a As determined by log-rank test
b As determined by Cox’s proportional hazard model

Table 9 Prognostic factors influencing disease-free survival rate after
curative resection of rectal cancer

Univariate analysis 5-year survival
rate (%)

P valuea

Tumor invasion depth <0.001

T1, T2, T3 77.8

T4 46.0

TNM staging <0.001

I and II 86.2

III 57.0

Lymphovascular or
perineural invasion

<0.001

No 76.7

Yes 56.8

Histological
differentiation

0.047

Well and moderate 75.7

Poor 56.3

Systemic disease 0.076

Absence 77.7

Presence 72.0

Post-op radiation 0.007

No 76.7

Yes 55.0

Anastomotic leakage <0.001

No 76.2

Yes 52.2

Muhivariate analysis Hazard ratio 95% confidence
interval

P valuesb

Tumor invasion depth 2.07 1.42–3.02 <0.001

TNM staging 3.40 2.48–4.67 <0.001

Lymphovascular or
perineural invasion

1.41 0.94–2.11 0.099

Histological differentiation 0.87 0.46–1.63 0.661

Systemic disease 1.42 1.08–1.89 0.014

Post-op radiation 1.38 0.80–2.39 0.246

Anastomoticleakage 2.85 1.71–4.76 <0.001

Diversion 0.39 0.24–0.65 <0.001

Post-op postoperative
a As determined by log-rank test
b As determined by Cox’s proportional hazard model
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decrease the severity of intra-abdominal sepsis and subse-
quent necessity of reoperation in most leakage patients, and
possibly provide a better oncological impact if leakage occurs.
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Abstract
Introduction Acquired angioedema (AAE), an acquired deficiency of C1esterase inhibitor, is a medically treatable condition
which can cause severe abdominal pain mimicking an acute surgical abdomen. This disorder is strongly associated with
chronic lymphocytic leukemia (CLL) and other indolent lymphoplasmacytic disorders.
Discussion We describe a patient with known CLL who developed incapacitating, recurrent severe abdominal pains,
culminating in partial bowel resection. Signs, symptoms, laboratory and pathologic findings demonstrated AAE.
Conclusion Wider appreciation of the possibility of AAE, particularly in patients with lymphoproliferative disorders, could
lead to preventive therapy and spare unnecessary surgery. This is more important now that more effective medical therapies
are available.

Keywords Acquired angioedema . Chronic lymphocytic
leukemia . Autoimmunity . C1 inhibitor deficiency

Introduction

Acquired angioedema (AAE) is due to acquired deficiency
of C1 inhibitor (C1Inh), resulting in excessive complement
and bradykinin activities. Blood vessel permeability is
increased; thus, angioedema occurs. Just as with hereditary
angioedema (hereditary C1Inh deficiency; HAE), common
clinical manifestations are skin swelling, laryngeal edema,
and/or abdominal pain.1,2

AAE often occurs in the context of lymphoplasma-
cytic disorders, such as monoclonal gammopathy of
unknown significance (MGUS), non-Hodgkin’s lympho-
ma, or chronic lymphocytic leukemia (CLL).1,3 Among
32 patients with AAE, Castelli found that 13 (40%) had
MGUS and 9 (28%) had lymphoproliferative disease.3

Therefore, all cases of AAE should be evaluated for the
possibility of underlying lymphoplasmacytic disorder.
Conversely, when patients with known lymphoprolifer-
ative disease manifest compatible symptoms, AAE should
be expeditiously considered. This is important because
AAE can be effectively treated medically, but delayed
diagnosis can lead to unnecessary diagnostic procedures,
therapeutic interventions, or life-threatening complications,
well-illustrated by our case.

Case Presentation

A 78-year-old woman with atherosclerotic vascular
disease was transferred to our hospital with abdominal
pain and underwent emergent laparotomy. One year
earlier, she had been diagnosed with Rai Stage I CLL
which had been observed without treatment. Two
months earlier, she presented with severe abdominal
pain, nausea, and vomiting. Over the next 8 weeks, she
had six emergency room and/or hospital admissions for
identical symptoms. The episodes left the patient weak
and incapacitated. Pains would begin at rest in the
lower abdomen, spread to the upper abdomen, described
as “gas-like”, non-radiating, constant. There was no
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association with meals, exertion, or bowel movements.
Subsequent vomiting was nonbloody, nonbilious, and
did not relieve the pain. Episodes resolved spontane-
ously within 2–3 days with intravenous hydration and
pain control. Extensive evaluation included colonoscopy,
endoscopic retrograde cholangiopancreatography, mag-
netic resonance angiography, and abdominal aortogra-
phy. Benign colon polyps and small gallstones were
removed, mesenteric stenoses ruled out, yet pains
recurred unabated. She had lost 12 lbs. There was no
dysphagia, change in bowel habits, GI bleeding, fever,
or sweats. Medications included baby aspirin, clopidogrel,
benazepril, hydrochlorothiazide, and glipizide.

Physical examination on transfer revealed blood pressure
130/88 mmHg, pulse 88 beats per minute, respiratory rate
20 cycles per minute, pulse oximetry of 95% on ambient
air, and temperature 97.0°F. The patient was in acute
distress due to abdominal pain. Left cervical and axillary
lymph nodes were enlarged to 1.5 cm in diameter.
Cardiopulmonary examination was unremarkable. Abdo-
men was slightly distended, diffusely exquisitely tender
with guarding and rebound. Bowel sounds were hypoac-
tive. Rectal examination showed guaiac-negative brown
stool.

Hemoglobin was 18.1 g/dL, hematocrit 55%, platelets
146×109/L, and leukocytes elevated to 34,500 cells/μL
with 47% neutrophils and 48% lymphocytes. Chemistries
and liver function tests were normal. Abdominal X-ray
showed no free air, nor air-fluid levels. CT scan of abdomen
and pelvis with IV contrast showed multiple abnormal
loops of small bowel with contrast-enhanced bowel wall
edema (Fig. 1a).

At laparotomy, massively swollen small bowel was
encountered and resected. Pathologic examination revealed
massive submucosal edema (Fig. 1b). There was no
leukemic infiltration visible.

A hematology consultant, called postoperatively,
suspected AAE. C4 was 3 mg/dL (normal 17–46), C3
66 mg/dL (85–200), and C1Inh activity reportedly 83%
(68–200%). Serum protein electrophoresis revealed two
faint bands immunofixing as monoclonal IgM kappa
and IgG kappa. Chlorambucil was started for CLL and
danazol to raise C1Inh. Lymphocytosis and lymphade-
nopathy improved and C1Inh activity increased to
110%. Over 3 years of follow-up, abdominal symptoms
never recurred.

Discussion

Approximately 145 cases have been reported of AAE,3

and this is one of four cases that we have diagnosed in the
last decade with abdominal pains from AAE with

associated CLL. Table 1 shows characteristics of patients
with CLL and AAE we have seen (some briefly mentioned
in a prior report).4 This is our only case to undergo
surgery, allowing unique and dramatic demonstration of
massive bowel edema visible radiographically, on surgical
inspection and on histopathology. An initial C1Inh activity
was reported low normal, but there can be no doubt about
the diagnosis based on radiologic/surgical/histologic find-
ings, further laboratory results, and the clinical course.
Characteristic are very low C4 level and low C3;
diagnostic recommendations currently add C1q and anti-
C1Inh antibody levels. Autoantibody is demonstrable in
up to 70% with AAE.1 Our patient had monoclonal
gammopathy, which frequently corresponds to the C1Inh
autoantibody. Patients with the hereditary form (HAE)

Fig. 1 a CT scan of abdomen and pelvis with intravenous contrast
shows several abnormal loops of small bowel with a target appearance
indicating bowel wall edema. b A section of small bowel shows
massive submucosal edema. There is no infiltration of the wall by
lymphocytes
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usually manifest before age 20 and give a family history
of symptoms. In all our patients with CLL and AAE,
chemotherapy and androgens increased C1Inh and produced
durable remission.

Angioedema should be borne in mind among “medical”
illnesses that can mimic acute surgical abdomen, along with
such other disorders as porphyria, Familial Mediterranean
fever and sickle cell disease (Fig. 2). One may need to
discern whether a true surgical emergency might supervene
even when one of these disorders is present. Our patient
had typical symptoms of acute bowel edema, including
diffuse abdominal pain, occasionally rebound tenderness
and vomiting, with spontaneous resolution within 1–
5 days.1,2 Some patients with AAE have cutaneous or
upper respiratory edema in addition, or instead of, bowel
symptoms. Because of cardiovascular comorbidities, there
was a high suspicion for ischemic bowel in our patient, but
radiography and endoscopy did not support this. In the
differential diagnosis, angiotensin-converting enzyme
inhibitors rarely precipitate angioedema, but our patient

had taken benazepril many years and continued it without
incident after AAE therapy.

In 2009, the US FDA approved the C1Inh concentrate
Berinert P® and the kallikrein inhibitor ecallantide (Kalbitor®)
for treatment of acute attacks, and the C1Inh concentrate
Cinryze® for prophylaxis in severely affected patients.5

Fresh frozen plasma can be given when these are
unavailable. C1Inh concentrates are highly safe and
effective; the standard of care for decades in other
countries, but US approval was delayed by concerns of
virus transmissibility.1,5–9 Doses used in the clinical HAE
trials may need to be higher for AAE because of increased
enzyme clearance. Ecallantide is subcutaneous, facilitating
patient self-administration out of hospital. A bradykinin
B2 receptor antagonist icatibant (Firazyr®) is under
investigation. For long-term control, the underlying cause
should be addressed, CLL in our case. Commonly used for
prophylaxis are anti-fibrinolytic drugs or the attenuated
androgen danazol, which increases C1Inh synthesis at low
cost.10

Symptoms & Signs
Recurrent episodes of nausea, vomiting, abdominal pain or diarrhea
May have rebound tenderness on exam
Spontaneous recovery in 1-5 days
CT scan with PO/IV contrast: may reveal bowel wall edema- (“donut sign”)
May have concurrent or history of cutaneous or upper respiratory tract edema 

Especially consider Acquired AE when 
Comorbid lymphoproliferative disorder

e.g. CLL, MGUS, Lymphoma etc.
Onset of Age > 40 years old
No family history of Hereditary Angioedema(HAE)

Confirm diagnosis with 

Radioloy to exibitbowel wall edema and exclude other pathology
Low C1 inh functional activity 
Low or Normal Quantitative C1inh 
Anti-C1 inh autoantibody - Present(70%)
Low C4
Low C1q (Normal in HAE)

Treatment

C1 inh concentrate(BerinertP®) 
Kallikrein inhibitor ecallantide(Kalbitor®)
If not available, Fresh Frozen Plasma

ProphylaxisAcute attack

C1Inh concentrate (Cinryze®) 
Androgen (eg. danazol)
Anti-fibrinolytic drugs (eg. tranexamic acid)

Fig. 2 Algorithm for diagnosis and treatment for suspected AAE
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In conclusion, earlier suspicion for AAE in our known
CLL patient could have spared her the morbidities of
recurrent abdominal pains, hospitalizations, morbid inter-
ventions, and bowel resection. Wider appreciation of this
disorder takes on added importance as our ability to
effectively treat the problem has grown.

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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Introduction

Wandering liver has been described in the literature as a rare
entity.1–6 Described clinical features include complete
dislocation of the liver into the left upper quadrant and
congenital absence of the falciform and triangular liga-
ments. The condition is believed to be associated with a
persistent ventral mesentery, and most reported cases are
diagnosed during investigation of intestinal obstruction.3

Case Report

A 39-year-old male patient was admitted to our hospital
with feeding intolerance and repeated gastric obstruction.
He had developed neurological impairment associated with
infantile spasms and had been a resident in a facility
specifically caring for the severely handicapped. At 24 years
of age, the patient suddenly developed abdominal disten-
sion most marked at the epigastrium and subsequently food
intolerance. Upper gastrointestinal series examination was
suspicious for gastric volvulus. At this time, he had
developed gastric obstruction and developed a state of poor
nutrition. At 30 years of age, he underwent gastropexy by
percutaneous endoscopic gastrostomy. Three years later, the
patient developed a recurrence of gastric obstruction. Prior
to admission to our hospital, the patient was able to tolerate
a liquid food diet by mouth (approximately 1,000 kcal/day),
but during the period of mechanical gastric obstruction, oral

feeding had often been stopped. At the time of surgical
consultation, the patient had developed severe nutritional
disturbance, weighing only 30 kg in body weight and
160 cm in height. Body mass index [body weight (kilo-
grams)/height (meter)2] was 11.7 (normal range, 18.5∼25;
emaciation, <18.5; obesity, >25). Before transfer to our
institution, abdominal radiographs suggested a pattern of
oral intolerance. The gastric gas pattern was very prominent
indicating significant gastric distention; however, due to
intermittent oral tolerance, there was marked distension of
the colon (Fig. 1a, b). Abdominal computed tomography
(CT) demonstrated displacement of the right lobe of the
liver into the left upper abdominal quadrant and displace-
ment of the spleen (Fig. 2a–d). Based on these CT findings,
a mobile liver (wandering liver) and a wandering spleen
were surmised to carry a significant risk of mesenteroaxial
gastric volvulus. At this time, the patient was transferred to
our institution to undergo redo-gastropexy to prevent
gastric volvulus. On admission, the patient was noted to
be suffering from air swallowing (aerophagia) due to
bruxism (teeth grinding). Left lateral decubitus, supine,
and right lateral decubitus abdominal radiographs demon-
strated displacement of the right lobe of the liver (Fig. 3a–c).
The patient underwent laparoscopic surgery after closure of
the prior gastrostomy site. Intraoperatively, the spleen was
partially fixed to the retroperitoneum, but located at a
different anatomic site than usual, and the lienorenal and
lienophrenic ligaments exhibited abnormal laxity (Fig. 4a, b).
Laparoscopic splenic fixation was initially attempted; how-
ever, splenic injury was sustained during this maneuver
necessitating conversion to an open laparotomy to remove
the spleen. The cecum was normally situated. A portion of
the small intestine was remarkably dilated. There was no
abnormal colonic fixation appreciated. Due to the fact that
the Angle of His was redundant, an anterior fundoplication
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(Thal fundoplication) was performed to prevent gastro-
esophageal reflux. A redo-gastropexy was then per-
formed at the greater curvature of the stomach after
confirmation of the shape of the stomach by intra-
operative contrast radiography. Diaphragmatic attach-
ments such as the falciform and triangular ligaments on

the bilateral sides were congenitally absent. The liver
was suspended by an elongated midline falciform
ligament (Fig. 4c, d). Therefore, hepatopexy was per-
formed by suturing the round ligament to the right-sided
abdominal wall to prevent further mobility of the liver. As a
final procedure, a gastrostomy tube was placed at the

Fig. 1 Abdominal radiographs
during states of oral intolerance
and tolerance. a Abdominal
radiographs at 5 months prior to
admission were taken during a
state of oral intolerance and
demonstrate a remarkably dilat-
ed gastric gas pattern due to
mechanical obstruction (mesen-
teroaxial gastric volvulus) in the
presence of an otherwise gasless
abdomen (black arrow
esophago-cardiac junction,
white arrow pyloric junction). b
Abdominal radiograph at
3 months prior to admission
taken during a state of oral
tolerance and demonstrates a
marked colonic gas pattern

Fig. 2 Abdominal computed to-
mography (CT) before admis-
sion. a, c A plain CT at
2 months prior to admission
demonstrating displacement of
the right lobe of the liver into
the left upper abdominal
quadrant (black arrow spleen).
b, d An enhanced CT at 1 month
prior to admission demonstrat-
ing the right lobe of the liver
was located at a normal ana-
tomic site (black arrow spleen)
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gastric antrum. Postoperatively, the patient’s abdominal
distension did not improve, and the patient was medicat-
ed with Daikenchuto (TU-100), a traditional Japanese
(Kampo) medicine. Furthermore, as the treatment of air
swallowing due to bruxism, occlusal splint (mouthpiece)
was fitted. The patient underwent decompression of
intestinal gas by an anal tube. The gastrostomy tube
was used as a desufflator mechanism when the patient
experienced gastric bloating. During the postoperative

period, the symptoms of abdominal distension and signs
of intestine gas distension gradually resolved.

Conclusions

The term wandering liver is synonymous with hepatic
hypermobility resulting in displacement of the liver from its
normal position within the right upper quadrant of the

Fig. 3 Abdominal radiographs on admission. a Radiograph in the left
lateral decubitus position demonstrating the liver located in the left
hypochondrium. b Radiograph in the supine position demonstrating

the liver in the normal position and a dilated gastric gas pattern. c
Radiograph in the right lateral decubitus position demonstrating the
liver was located in the right hypochondrium

Fig. 4 Intraoperative findings at
laparoscopic surgery. a, b The
spleen was partially fixed to the
retroperitoneum, but located at a
different anatomic site. The lie-
norenal and lienophrenic liga-
ments exhibited abnormal laxity.
c, d The diaphragmatic attach-
ments such as the falciform and
triangular ligaments on the
bilateral sides were congenitally
absent. The liver was suspended
by an elongated midline
falciform ligament (black arrow
persistent ventral mesentery)
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abdomen.1–6 Described clinical features include a congen-
ital absence of the falciform and triangular ligaments. The
condition is usually associated with bowel obstruction.
However, it is still unclear whether hepatic displacement is
the mechanism of action that results in bowel obstruction.
Thompson et al. describe a freely mobile right lobe of the
liver that was intermittently displaced into the left upper
abdomen leading to volvulus of both the stomach and
transverse colon.1 In cases of wandering liver, volvulus of
segments of mobile colon often coexists and presents as a
surgical emergency. In the diagnosis of a wandering liver,
right and left lateral decubitus abdominal radiographic films
confirm that the liver tends to be located in the most
dependent quadrant of the abdomen. Furthermore, repeated
CT scan demonstrates displacement of the right lobe of the
liver into the left upper abdominal quadrant.3–6

In this particular case, it was considered that a wandering
liver could lead to gastric volvulus. When the right lobe of the
liver shifts to the left side of the abdomen by rotating
counterclockwise under the round ligament, mesenteroaxial
gastric volvulus can theoretically occur. During embryonic
development of the liver, a ventral mesentery persists as the
falciform ligament, while the dorsal mesentery gives rise to
the gastrohepatic and duodenohepatic (lesser) omenta. Initial-
ly, the dorsal and ventral mesenteries are continuous via a
simple median subphrenic peritoneal reflection. Expansion of
the hepatic parenchyma subsequently separates left and right
peritoneal leaves, forming a bare area, bounded by the
coronary and triangular ligaments.3 Upon review of the
literature pertaining to wandering liver, persistence of the
undifferentiated ventral mesentery (persisting ventral meso-
gastrium) results in the liver retaining a midline peritoneal
attachment. Resultantly, the liver is suspended by an
elongated midline falciform ligament.3–6 Because of this
process, many authors believe that due to the association of a
persistent ventral mesentery, a wandering liver can precipi-
tate volvulus of both the stomach and colon.

Bruxism is characterized by the grinding of the teeth and
allows increase in the large amount of air swallowed

unconsciously, which is one of factors to the occurrence
of aerophagia. As treatments of aerophagia in mentally
retarded patients, affected patients are able to reduce the
number of biting events and are able to express saliva due
to the fact that patients can observe the effect of
unconscious biting when wearing a Sprint.

Routine decompression of intestinal gas by an anal tube
and gastrostomy tube used as a desufflator mechanism can
prove to be useful in the management of these patients.7

Furthermore, the addition of a traditional Japanese medicine,
Daikenchuto (TU-100), may reduce bloating and abdominal
pain in patients with chronic constipation, possibly by
decreasing bowel gas volume.8 As mechanism, TU-100 dose
dependently increases gastrointestinal motility by modulating
cholinergic and serotonergic mechanisms in animal studies.9
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Abstract
Objective Lateral internal sphincterotomy is an effective treatment for fissure in ano but carries a definite risk of incontinence. In
trial to avoid this complication, segmental lateral internal sphincterotomy was used to treat chronic anal fissures.
Design The lateral internal sphincterotomy was done in two parts and at different planes.
Setting This study was conducted in the General Surgery Department, Zagazig University Hospital, Egypt.
Patients This study was undertaken on 50 patients (43 men and seven women, with mean age of 37.3 years) with chronic
fissure in ano from January 2009 to December 2010.
Interventions Under general or local anesthesia, lateral internal sphincterotomy was done in two segments under direct
vision. Preoperative and postoperative anal manometry study was recorded.
Main Outcome Measures Postoperative course with early and long-term results were recorded. Mean follow-up was
18.5 months (ranging from 6 to 24 months).
Results In 31 patients, the technique was done under general anesthesia and the remainder under local anesthesia. The
fissures and anal wounds were healed within 4 weeks. Pain was significantly reduced in all patients at day 1 postoperative.
Early complications included mild hematoma and urine retention in one male patient (2%). No transient or any persistent
degree of incontinence occurred in these patients group.
Conclusion Segmental lateral internal sphincterotomy is a safe, easy, and effective procedure and not associated with risk of
incontinence for the treatment of chronic anal fissure.

Keywords Segmental . Internal sphincterotomy . Anal
fissure

Introduction

Anal fissure (AF) is a common disorder which affects all
age groups with an equal incidence in both sexes; 90% are
situated posteriorly and 10% anteriorly.1 The exact etiology
of AF is unknown but trauma caused by fecal mass,
diarrhea, constant saddle vibration in bikers, water steam
from bidet toilets, and hypertonicity of the internal

sphincter are thought to be initiating factors.2–5 Lateral
internal sphincterotomy is considered the gold standard
therapy of chronic anal fissure. It relieves symptoms with
high rate of healing and less long-term recurrence.6 This
optimal therapy has, however, been associated with the
development of period of transient postoperative impair-
ment of anal continence in 30% of patients which can
become permanent.7,8 To avoid these side effects, segmen-
tal lateral internal sphincterotomy was used for treatment of
chronic anal fissure in this study.

Patients and Methods

During a period of 2 years between January 2009 and
December 2010, 50 patients (43 males and seven females,
with median age of 37.3 years; range, 17–57 years) with
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chronic anal fissure have been enrolled in this study. A chronic
anal fissure was defined by duration of symptoms longer than
3months, presence of induration at fissure edges, sentinel pile,
hypertrophied anal papillae, and circular muscle fibers at the
base of the cutaneous defect. The fissure was found posterior
in 44 patients, anterior in five patients, and both in one patient.
The most common symptoms encountered in this series were:
pain and discomfort with bowel movements in all cases
(100%) and bright rectal bleeding in 80%. Also, an occasional
undue expulsive force from a hard fecal mass was found in
60% of our patients, and constipation in 53%. No history of
anal incontinence was found in this patient group. Anal
manometry was performed for all patients preoperatively
and 3 months postoperatively, using the waterfilled 10 F
balloon rectal catheter of the Ellipse 4 Andromeda water
cystometry system (Andromeda, Medizinishe Systeme
GambH Wallbergstr, 5 D-82024 Taufkinhen) and recorded
in centimeters H2O for each case. All patients have
received medical therapy as the first line of treatment but
presented with recurrent or persistent fissures. The
medical treatment was in the form of a stool softener,
analgesics, and 0.2% glyceryl trinitate for at least 6 weeks.
Informed consent was obtained from all patients after the
nature of the procedure was explained. In the lithotomy
position, segmental lateral sphincterotomy was performed
under general anesthesia in 31 cases and under local
anesthesia in 19 cases, using an Eisenhammer speculum in
the anal canal. The internal sphincter is divided in two
segments from anoderm up to dentate line but not in the
same line. First segment starts from anoderm line to a
point midway between it and the dentate line, where the
internal sphincter is divided under direct vision. Second
segment starts from a part midway point between the
anoderm line and dentate line to dentate line, where the
internal sphincter is divided under direct vision. The two
segments are equal in length and parallel with about 1 cm
between them. Good haemostasis is achieved by using
diathermy. The wounds were left open to heal with
secondary intention (Fig. 1). Third generation cephalo-
sporin antibiotics were given perioperatively, in all
patients. The mean follow-up period was 18.5 months
(6–24 months) for early and late complications.

Results

The main presenting symptom in this group of patients was
pain, which occurred during defecation and hours after-
wards. Pain was significantly reduced in all patients in the
first postoperative hours while symptoms such as bleeding
and irritation were reduced in most patients in the next day.
No patient reported incontinence on direct questioning
preoperative. The operation time ranged from 15 to 25 min

(mean, 17 min). The main hospital stay was 1 day. During
follow-up, one patient complained of minor bleeding during the
first 3 days (2%) and one patient (2%) developed perianal
abscess at 2 weeks postoperative, which was incised and
drained under general anesthesia. No fissure relapse was
observed during follow-up period. Anal fissures and sphincter-
otomywounds show complete healing within 4 weeks (ranging
from 2 to 5 weeks). An increased basal tone of the internal
sphincter and an elevated resting pressure were the preoperative
manometric findings in all of our patients. After 3 months
postoperatively, basal tone of the internal sphincter and resting
anal pressure retuned to normal levels in all patients. The mean
maximal resting pressure value was found to be 108.19±
15.18 cm H2O preoperatively and 70.27±9.33 cm H2O at
3 months postoperatively. No anal incontinence was reported
in this patients group after segmental lateral sphincterotomy
during the period of follow-up.

Discussion

In our study, 100% patients were presented with painful
defecation and 80% with bleeding, corresponding to 98.8%
and 71.4% in other study. High percentage of male to

Fig. 1 1 External anal sphincter. 2 Internal anal sphincter. 3 Anal
verge. 4 Dentate line. Segmental lateral internal sphincterotomy
procedure. In this procedure, internal sphincterotomy is done in two
incisions: first incision (a–b) extends from the anal verge points a′ to b
midway between the anal verge and dentate line and divided the
internal anal sphincter in this area. Second incision (a′–b′) extends
from the midway point between the anal verge to dentate line a′ and to
dentate line point b′ and divided the internal anal sphincter in this area.
The two incisions a–b and a′–b′ are equal in length and are parallel
with about 1 cm between them

2272 J Gastrointest Surg (2011) 15:2271–2274



female (6.1:1) in our study was due to the fact that most of
the female patients avoid presenting to male surgeons for
treatment due to shyness or modesty. This study favored the
reports that anal fissure is common in middle age and at
posterior midline of anus.9 The most recent theories on
etiopathogenesis of anal fissures have focused on increased
tonicity of the internal anal sphincter, which contains
smooth muscle fibers whose contraction is controlled by
neural influences and myogenic mechanism.10 Factors
causing internal sphincter hypertonia are not well under-
stood, but a significant role in perpetrating the muscle
spasm is played by the trauma caused by passage of hard
stools on the mucosa.4,5 Spasm of the sphincter not only
promotes constipation (thus setting up a vicious cycle) but
also leads to compression of the terminal arterioles
supplying the mucosa of the anal canal. Impaired blood
flow in this already poorly perfused area prevents fissure
healing.10 Since the introduction of the posterior internal
sphincterotomy by Eisenhammer11 in 1951, chronic anal
fissure has been managed with surgery once conservative
measures failed. The more safe lateral sphincterotomy,
popularized by Notaras12 in 1969, has until now been the
mainstay of treatment to reduce the pathologically raised
pressure profile within the anal canal. Despite the surgery is
highly efficacious and succeeds in curing chronic anal
fissure in more than 90% of patients (often exceeds 95%
with high satisfaction), postoperative impairment of conti-
nence is not uncommon. The incidence is not well
documented and varies between 0% and 35% for flatus
incontinence, 0% and 21% for liquid incontinence, and 0%
and 5% for solid stool incontinence.13 To minimize this
risk, several authors have tried a more limited division of
internal sphincter, a tailored or controlled sphincterotomy 14

and recently, injection of botulinum toxin.15 No inconti-
nence or failure of fissure healing were reported in this
patients group which treated by segmental lateral internal
sphincterotomy. From the data of previous studies, we
believed that the incontinence follow lateral internal
sphincterotomy due to gutter formation at the site of
sphincter division. This gutter allowed to rectal contents
(flatus or stool) to pass through it in spite of internal anal
sphincter contraction. The prove for this theory that, the
risk of incontinence more with total (up to dentate line)
than limited (up to fissure apex only) lateral internal
sphincterotomy,16 because total technique produces groove
extends from the anal verge to the dentate line in same
continuity. Also, open lateral sphincterotomy is associated
with more risk of incontinence than the closed one because
the groove after the open one is deeper. Also, incontinence
after lateral internal sphincterotomy is usually in a form of
flatus incontinence,9 because flatus are easy to pass through
this groove. One study reported that perianal injection of
autologous fat treated the anal incontinence well.17 We

think this is due to obliteration of anal gutters by the
injected fat. The extended gutter formation from the anal
verge to the dentate line is responsible for incontinence
complication after total lateral internal sphincterotomy.
With our technique, total internal sphincterotomy was done
in two short incisions and not in the same continuity,
producing good relief of sphincter hypertonia leading to
good fissure healing, and secondly, two short incisions
healed rapidly by second intension and without gutter
formation avoiding anal incontinence. This manuscript
represents preliminary data, which need more evaluation
studies on long run about its efficacy and complications.

Conclusion

Segmental lateral internal sphincterotomy is a novel, safe,
and effective way of treating chronic anal fissure, and it is
not associated with any risk of anal incontinence.
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Abstract
Background Focal nodular hyperplasia (FNH) is a benign hyperplastic lesion of the liver with no known malignant
potential. It has generated much interest due to the frequency with which it presents with atypical features on radiological
imaging. Often resulting in misdiagnosis. Moreover, the understanding of particular subtypes of this lesion at a molecular
level has changed in recent years. This may have implications on how certain subtypes should be managed.
Purpose This review aims to analyse current literature pertaining to FNH and to provide clinically relevant advice regarding
diagnosis and management.

Keywords Diagnosis . Focal nodular hyperplasia . Liver .

Neoplasms . Treatment

Introduction

Focal nodular hyperplasia (FNH) is a benign tumour of the
liver with an indolent course, no known potential for
malignant transformation, and an extremely low rate of
rupture or haemorrhage. It is thought to arise as a
hyperplastic lesion in response to a preexisting arterial
malformation. The widespread use of imaging has resulted
in FNH being found occasionally as an incidental finding.
Although this lesion has a well-documented natural history,

management decisions may be difficult because of atypical
radiological features and because there is still uncertainty as
to whether growth is influenced by the hormonal milieu.
Moreover, with recent developments in the understanding
of certain FNH subtypes at a molecular level, management
options are still evolving. The aim of this review is to
analyse the current literature regarding FNH in order to
provide clinically relevant advice about the diagnosis and
management of these lesions.

Epidemiology

FNH is the second most common benign liver tumour after
liver haemangiomas.1 In a large autopsy study of 2,270
cadaveric specimens there was an incidence of 0.31%1

which fits with our clinical experience and confirms that
this diagnosis is far less common than liver haemangioma.
Although FNH may affect both women and men of all
ages,1,2 it is most often found in females between the ages
of 30 and 501,3 with a reported female-to-male ratio of
between 8:1 and 12:1.2,3 This diagnosis is rarely made in
the paediatric population. In fact, one case series claiming
to describe 21 paediatric cases of FNH should be interpreted
with caution as the microscopic findings of a fibrous tumour
in many of the lesions in this study do not match with the
currently accepted histopathological descriptions of FNH.4
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Accordingly, the diagnosis of FNH in a child should be
questioned. Equally puzzling is the fact that this lesion is
almost never seen in elderly patients, suggesting that focal
nodular hyperplastic lesions may involute as women pass
through menopause.

Clinical Manifestations

From the literature, it is difficult to determine what
proportion of patients with FNH suffers from symptoms
directly attributable to the lesion itself. Most cases are
discovered incidentally on abdominal imaging.3 Some
authors have suggested that large subcapsular lesions may
cause stretching of Glisson’s capsule or displacement of
adjacent organs and that this might lead to vague abdominal
pain.5 Many reports attributing abdominal pain to the
presence of an FNH do not describe rigorous attempts to
exclude alternative causes for the patients’ symptoms.6,7

Clinicians should be cautious when attributing symp-
toms to FNH as the physiological mechanisms of pain in
the context of this lesion have not been specifically
identified. Nevertheless, FNH may grow extremely large,
up to 190 mm,2 and occasionally present with an abdominal
mass or hepatomegaly.2,3 Liver function test abnormalities
are uncommon unless the FNH is large enough to cause
extrinsic intrahepatic biliary duct compression, which
usually manifests as a mildly elevated serum gamma-
glutamyl transferase level.

There are several case reports describing a first presentation
of FNH in patients with acute abdominal pain due to
intratumoral haemorrhage and a subsequent haemoperito-
neum.8,9 However, this is rare and is most often in patients
with large exophytic tumours or in those with multiple FNH
lesions.10 In this latter case report, the histopathological
description of the culprit lesion describes the presence of
“portal triads” which many experts believe do not occur in
true FNH. This is a typical example of how the literature has
become confused on this topic and why there needs to be a
consensus regarding diagnostic criteria for FNH.

Histopathology and Pathogenesis

The classic histopathological description of FNH is that of a
non-encapsulated nodule with a central fibrous body from
which there are radiating septa dividing nodules of
hyperplastic hepatocytes sometimes forming plates that
are two cells thick. The central fibrous regions usually
contain abnormal vessels of different sizes, as well as
proliferating bile ductules. However, FNH is typically void
of any formal portal triads.1 In addition to this classical
FNH description, Nguyen et al., in a study of 305 FNH

lesions, defined three “nonclassical” histological subtypes.
These accounted for 20% of their series, and there was no
central fibrous scar in any of these cases.2 The subtypes
described include the telangiectatic FNH (tFNH), the mixed
hyperplastic and adenomatous forms, and FNH with
cytologic atypia. tFNH is characterised by dilated sinusoids
and a gross resemblance to hepatic adenoma. Mixed
hyperplastic and adenomatous forms essentially contain
separate regions resembling tFNH and hepatic adenoma but
with some lesions showing transitional morphological
features between the two. This transitional appearance is
an interesting observation consistent with recent molecular
studies of FNH discussed below. Only eight of 305 lesions
in this series were categorised as FNH with cytologic
atypia. This group of lesions was characterised by the
presence of atypical hepatocytes with enlarged hyper-
chromatic nuclei with irregular contours frequently demon-
strating cytoplasmic–nuclear inclusions. Five of these
lesions demonstrated classical FNH morphology, two
lesions demonstrated tFNH, and one lesion was of mixed
type.

FNH nodules are usually solitary but may be multiple in
approximately 20% of cases.1,2 Reports of up to 30 lesions
in one patient have been documented.2 The size of the
lesion can vary between 1 and 190 mm in diameter, but
most are in the range of 40–50 mm at the time of
presentation.11,12

The exact aetiology of FNH is not known, but the most
accepted theory describes a vascular malformation as the
trigger event. It is thought to arise as a result of preexisting
spider-like arterial structures larger than expected in the
liver cellular architecture, leading to heterogeneous blood
flow causing a hyperplastic hepatocytic response.1 Sato et
al. conclude from their immunohistochemical analyses on
sections of FNH that the central scar forms as a result of
hepatic stellate cell activation secondary to hyperoxic
conditions due to arterial hyperperfusion (Fig. 1). In
addition, they propose that vascular endothelial growth
factor, also activated by increased oxygen tension, may
play a role in the proliferation of abnormal vessels.13

Of great clinical interest is the debate about the exact
role of the oestrogen or progesterone milieu in the
development or growth of FNH. The clinical dilemma
about whether pregnancy or the oral contraceptive pill has
any impact on incidental or suspiciously symptomatic
lesions is ongoing. However, a review of the relevant
literature does allow some sensible conclusions. Impor-
tantly, there has been a lack of prospective comparative
series of decent sample size to make any firm statement
regarding the impact of the hormonal milieu on FNH. There
are numerous series and reports suggesting that oral
contraceptives are a contributing factor in the development
of FNH, especially with long-term use.14,15 Some of these
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reports, although small in sample size and lacking rigorous
study design, attained histological confirmation for the
majority of the lesions that were diagnosed as FNH.14,16

However, much of the supportive literature describes
patients presenting in the 1960s and 1970s when oral
contraceptive formulations contained much higher doses of
oestrogen (>50 mcg) than at present. Also, radiological and
even histological diagnosis was not as accurate as it is
today. More recent literature, albeit the majority only with a
radiological diagnosis of FNH, seems to refute the
argument for an association.7,17,18 However, it is also
possible that modern low-dose oestrogen formulations of
oral contraceptives have averted the risk of patients
developing FNH. Regardless, and to be definitive, more
prospective studies of larger sample sizes and with
histopathological confirmation of the diagnosis of FNH
would need to be undertaken.

The effect of pregnancy on the behaviour of FNH has
only been observed in a few small case series and
individual case reports, most of which describe stable
appearances of the lesion and uncomplicated deliveries.7,19

More recent developments in the study of FNH
pathogenesis have been at a molecular level, focussing on
clonal analysis. Most of the literature dealing with this
subject supports a polyclonal origin of FNH,20–22 which is
consistent with the most accepted theory that it is a
hyperplastic lesion. Only one series of ten lesions in nine
patients has proposed that most FNH lesions are monoclo-
nal.23 This last series describes the histopathology of each
studied FNH lesion as demonstrating a thin fibrous capsule
demarcating it from the surrounding liver parenchyma,
which is not in keeping with the current understanding of
FNH. It is possible that the lesions studied in this paper
were not true FNH. Others have demonstrated a lack of
somatic gene mutations, especially of those involved in
liver tumorigenesis, further supporting the theory that FNH

is truly a nonneoplastic lesion.21,22,24 However, several
small but recent pathological series found parts of the FNH
nodules were monoclonal, suggesting, at least, partial
neoplastic transformation.25,26 These intriguing findings
raise further questions about malignant potential but may
be specific only for certain subtypes of FNH. In this regard,
Bioulac-Sage et al., in a series that compares 13 telangiec-
tatic FNH (tFNH) with 28 classical FNH and 17 hepatic
adenomas, showed that 100% of tFNH are monoclonal in
origin and more closely resemble hepatic adenomas than
classical FNH.21 Paradis et al. made similar conclusions in
a series studying the patterns of X-chromosome inactivation
in ten tFNH, six typical FNH, and six hepatocellular
adenoma lesions. Seventy-five percent of tFNH lesions in
this series were monoclonal in nature, whereas 100% of
typical FNH lesions were polyclonal and 100% of
hepatocellular adenoma lesions were monoclonal.27 This
confirms that tFNH should be considered as a separate
subtype when classifying FNH.

The Natural History of FNH

Apart from scattered case reports of the synchronous
discovery of FNH and hepatocellular carcinoma,28,29 there
has never been a documented case of transformation of a
histologically proven FNH into a malignant lesion. In
support of this lack of risk, numerous series describe long-
term follow-up imaging of histologically proven FNH
where no malignant transformation occurred.30–32

Changes in the size of FNH lesions are common and
may simply reflect dynamic growth fluctuations known to
occur in normal liver tissue. In an ultrasound study of 16
cases of FNH in which 14 cases were histologically proven,
size reduction was noted over a mean follow-up of
33 months in seven cases, with complete disappearance of
the lesion in one patient. A larger study following 53
patients with conservatively managed FNH over a mean of
32 months demonstrated that a minority of lesions may
increase in size.32 Another imaging study using ultrasound
that followed 30 patients with 34 FNH nodules followed for
a mean period of 42 months showed 71% were stable in
size, 3% increased in diameter by more than 30%, and 27%
even regressed in size over the follow-up period.33 It has
been postulated that lesion regression occurs as a result of
thrombosis of the feeding artery, a pathological finding that
was confirmed in one large autopsy study.1 The stability of
most FNH lesions along with the likelihood of regression
with age, the lack of potential for malignant transformation,
and the extremely low risk of rupture and haemorrhage
supports a conservative approach to the management of
most patients with radiologically convincing or histologically
proven FNH.

Fig. 1 Resected FNH specimen demonstrating the characteristic
fibrous central scar. The figure was kindly provided by Professor
Jonathan Fawcett, Princess Alexandra Hospital, Brisbane, Australia

J Gastrointest Surg (2011) 15:2275–2283 2277



Imaging of FNH

The similarity on imaging between FNH and other hepatic
lesions may cause diagnostic dilemmas. FNH, on multiple
imaging modalities, may mimic a liver cell adenoma34 and
even a hepatocellular carcinoma (particularly the fibrola-
mellar subtype).35 Obviously, it is important to differentiate
FNH from both of these diagnoses which usually mandate
resection. The typical appearance of FNH as seen with
different imaging modalities has been described. When
these findings are atypical more invasive diagnostic
measures may be required to confirm or exclude the
diagnosis.

Transabdominal Ultrasound

Although ultrasound is highly sensitive for diagnosing
FNH, frequently FNH cannot be characterised well, and
therefore, further imaging may be required to make a
confident diagnosis. The typical ultrasound (US) appear-
ance is a well-demarcated homogeneous hypo- or isoechoic
lesion, although confusingly FNH can sometimes be
hyperechoic. A hyper- or hypoechoic central scar is
particularly helpful for a diagnosis, but is seen in less than
20% of cases.36,37 Usually, there is absence of a peripheral
hypoechoic rim, compatible with the absence of a true
capsule.

Colour Doppler US may assist by identifying a central
arterial structure, with a “spoke-wheel” pattern of peripherally
radiating smaller aberrant vessels, or even a basket pattern of
vessels in some cases.37,38 However, similar vascular patterns
can also be seen in hepatic malignancy and therefore these
findings should be interpreted with caution.38

Overall, US is attractive because it avoids the radiation
risks of computed tomography (CT) scanning, and is more
accessible than magnetic resonance imaging. However, US
is operator-dependent, and image quality may be limited by
large body habitus or overlying bowel gas.

Computed Tomography (CT) Scanning

Early reports of CT scanning in the detection of FNH
showed that it has a sensitivity and specificity of 75% and
92%, respectively.39,40 Despite the advent of more sophis-
ticated scanning protocols and hardware, there have been
no recent studies measuring the sensitivity and specificity
of CT for the diagnosis of focal nodular hyperplasia. The
typical findings on CT scan are that of a well-circumscribed
lesion appearing iso- or hypodense on the non-contrast
studies,41 with a hypodense scar visible in a minority of
cases (Fig. 2). The rich arterial supply of the feeding
arteries, as well as the uniform cellular architecture, is
responsible for rapid homogeneous intense enhancement

throughout the lesion in the arterial phase. The feeding
arteries are seen in approximately 6% of cases. The

Fig. 2 CT images of FNH during the a non-contrast phase, b arterial
phase, and c portal venous phase. Note the hypodense central scar
demonstrated on arterial phase and the discontinuous peripheral
vascular rim on portal venous phase
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presence of large sinusoids and draining veins cause the
lesion to become iso- or hypodense in the portal venous
phase, followed by gradual enhancement of the central scar
on delayed scans as the contrast diffuses slowly into the
fibrous tissue. This latter feature is most apparent in large
lesions. A discontinuous peripheral vascular rim is seen in
this phase in approximately 40% of cases.36,42 This rim
may be confused with a true fibrous capsule that is
completely continuous in hepatocellular carcinoma (HCC)43

or hepatic adenomas.42 Critically a multiphase scan should
be performed if FNH is to be diagnosed accurately.

A radiological examination of 13 patients with histolog-
ically proven tFNH found features on CT that distinctly
differed from those of classical FNH. Comparatively, tFNH
lesions were more likely to be multiple in number (62%),
heterogeneous (43%), without a central scar (92%), and
persistently enhancing on delayed phase imaging.44 Lesions
with this appearance on CT should be approached with
suspicion, especially in light of new molecular evidence
that supports the classification of tFNH as a variant of
hepatic adenoma rather than of FNH, as previously
discussed.

There are some features on multiphase CT which can
assist in the differentiation between FNH and hepatocellular
adenoma. On non-contrast scans, hepatocellular adenomas
may exhibit hyperdensity if there has been prior haemor-
rhage and may contain low attenuating focal fat deposits.
This contrasts with FNH which tends to be relatively
homogenously iso- or hypodense. In the arterial phase,
hepatocellular adenomas also exhibit hyperdense enhance-
ment, but in a more heterogeneous pattern and usually to a
lesser degree than FNH. Adenomas then gradually lose
their heterogeneity and hyperdensity, eventually becoming
homogenously hypodense during the delayed phase due to
arteriovenous shunting. The presence of a central hypo-
dense area in FNH, representing a fibrous central scar, is
rare in hepatocellular adenoma.45

Differentiation of FNH from the fibrolamellar subtype of
hepatocellular carcinoma (FLHCC) may be difficult on CT,
particularly if FNH exhibits atypical findings such as the
presence of intralesional calcification.46 In a retrospective
analysis of FNH in 295 patients, calcification was demon-
strated in only 1.4% of cases, and this prompted resection.
This pathological feature may also be seen in cholangio-
carcinoma, hepatocellular carcinoma, as well as in some
hepatic metastases.47,48 Obviously, the presence of a very
large lesion (such as greater than 100 mm) or any
associated vascular or biliary tract invasion or locoregional
lymphadenopathy would go against a diagnosis of FNH.
Nonetheless, the fact that FNH and FLHCC occur in the
same age groups and in those patients with no underlying
liver disease may lead to confusion if the lesions have an
atypical appearance.35

Magnetic Resonance Imaging

As a modality with no radiation risk and excellent tumour
characterisation capabilities, magnetic resonance (MR)
imaging is a valuable tool in the diagnosis of FNH and
other liver lesions that occur in women of child-bearing
age. The typical findings on MR are that of a homogeneous
lesion that is isointense or slightly hypointense on T1-
weighted images, and isointense or slightly hyperintense on
T2-weighted images. The central scar is typically hypointense
on T1 and hyperintense on T2. During arterial phase
enhancement, a typical FNH appears homogenously hyperin-
tense apart from a hypointense central scar. During the portal
phase, the lesion returns to isointensity or occasionally
remains slightly hyperintense. On delayed phase images, the
FNH is either isointense or slightly hyperintense, with the
central scar often exhibiting avid enhancement due to slow
diffusion of contrast through the myxomatous stroma.49,50 In
one series of 41 patients with FNH reported by Cherqui et
al., a central scar was visualised on MR imaging in 78% of
cases.51

Although MR may be very helpful for diagnosing FNH,
unusual or atypical features are frequently found. In one
series of 37 patients with 48 histologically proven FNH
lesions, the typical appearance of isointensity on T1- and
T2-weighted images and a central hyperintense scar on T2
was seen only in 43% of cases. However, this particular
series may represent surgical bias as these cases were
resected presumably because of unusual radiological features.34

Unusual or atypical features of FNH on MR, including
the absence of a central scar, a strong hyperintense signal
on T1 (which may occur due to steatosis), a hypointense
central scar on T2, the presence of a complete or
incomplete pseudocapsule (which may occur due to dilated
vessels and sinusoids around the lesion), or a strong
hyperintense lesion on T2 make diagnosis difficult and,
from a clinical viewpoint, suggest either biopsy, resection,
or a period of observation. In particular, a T2 hypointense
central scar is often suggestive of fibrolamellar HCC.

As in CT imaging, telangiectatic FNH demonstrates
different imaging features on MR as compared with
classical FNH. tFNH, as detected by MR, is more likely
to be heterogeneous (43% of lesions), hyperintense on T1
(53%), strongly hyperintense on T2 (44%), without a
central scar (92%), and to demonstrate persistent enhancement
in delayed phase imaging.44

One study using delayed phase contrast-enhanced MR
imaging showed that FNH could be successfully differentiated
from other benign or malignant liver lesions with an overall
accuracy of 98%.52 Unfortunately, as with many studies
related to FNH imaging, only 58 of 100 patients in this series
had a histopathological diagnosis, and therefore, the results
are difficult to interpret.
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Nuclear Medicine

Nuclear medicine imaging has an important role in
differentiating FNH from other liver lesions. Uptake of
radiolabelled colloids (technetium Tc 99 m sulphur colloid)
occurs because of Kupffer cell activity within many FNH.53

Although this is considered highly diagnostic, unfortunately
only 7–30% of cases show increased uptake.54 While
frustrating, this test is still important because uptake
demonstrated as a “hot spot” excludes a malignant lesion
or a liver cell adenoma.55

Biopsy

There are conflicting reports regarding the benefits of
needle biopsy in the diagnostic work-up of FNH. Due to the
high specificity of CT and MRI in diagnosing most FNH,
there is usually no indication for biopsy in the presence of
typical radiological features. However, needle biopsy may
be appropriate in selected cases if imaging is indeterminate.56

In these situations, the risks of a biopsy have to be balanced
with the potential benefits. These risks include the small but
real chance of bleeding or seeding of malignant cells if the
lesion is not benign.

In a series of 155 patients with benign liver tumours
(including 42 FNH), 30 patients underwent percutaneous
needle biopsy, 19 of which were incorrect or indeterminate
when compared with histopathology of the resected
specimen. It is not stated whether the specimens were fine
needle aspirates or core biopsies. This likely relates to
sampling error, and the authors concluded that percutane-
ous needle biopsy rarely influences management of benign
liver tumours.57 In another study retrospectively analysing
patients with FNH with atypical imaging, only 14 of 24
patients (58.3%) who underwent ultrasound-guided needle
core biopsy had a correct diagnosis of FNH.56 A large
collated series of 100 archival cases of needle biopsy speci-
mens of FNH from a number of different hospitals confirmed
that a confident diagnosis of FNH was made by the initial
pathologist in only 24 of 100 cases. Overall, these data suggest
that there is still a need for consensus about diagnostic criteria
regarding needle biopsy features of FNH, and that this
investigation has a limited role to play. An alternative
approach for managing patients with atypical imaging features
is to “observe” the lesions over a defined time period (usually
3–4 months) and then to repeat the imaging to exclude a
change in the size or characteristics of the lesion.

Management

Considering the indolent natural history of focal nodular
hyperplasia, the rare chance of acute complications, and the

fact that there is no potential for malignant change, patients
with asymptomatic FNH should be treated conservatively.
If there is a typical radiological appearance of FNH, then
patients should be reassured that no further imaging is
required. Importantly, they should also be strongly encouraged
to keep the films safe for future reference in the event that this
liver lesion is identified again.

Even with multiple imaging modalities (ultrasound,
multiphase CT, multiphase MR, and nuclear scintigraphy),
some patients have lesions that are likely to be benign but
have atypical features of FNH. This typically occurs in
patients over 40 years of age and may reflect fluctuations in
the hormonal milieu as women reach menopause. It is
interesting that FNH is almost never seen in elderly women
despite the widespread use of imaging in this age group.
Presumably, this is because many focal nodular hyperplas-
tic lesions involute following menopause. In patients with
atypical but likely benign imaging features, and when there
are no other worrying features to the presentation, then a
period of observation is reasonable with repeat imaging
approximately 3 to 4 months later. This is long enough to
detect any change but not too long to cause undue anxiety
for the patient or for the clinician. The choice of the most
appropriate imaging modality depends on the location of
the lesion as well as the available local resources. A simple
transabdominal ultrasound or a contrast-enhanced MR scan
will avoid the need for further radiation dosage. If the
lesion changes in imaging characteristics or enlarges
significantly or becomes symptomatic over that observation
period, then surgical intervention should be considered for
both therapeutic and diagnostic purposes.58

Although the majority of patients with FNH are
completely asymptomatic, there is a subgroup who do
develop symptoms that may require resection. This is
usually in patients with large and subcapsular lesions. It is

Fig. 3 Laparoscopic view of FNH in segment 4A of the liver

2280 J Gastrointest Surg (2011) 15:2275–2283



appropriate to consider resection in these patients but only
after other causes for these patients’ symptoms are ruled
out. In our practice, we perform a biliary ultrasound to
exclude gallstones, a HIDA scan to exclude chronic
acalculous cholecystitis, and an upper endoscopy to rule
out oesophageal or gastroduodenal pathology. The indica-
tions for resection include patients with persistent symp-
toms, those with atypical lesions that have increased in size
or changed their imaging characteristics, or when symp-
toms develop after a period of observation. Also, patients
should be offered immediate resection when there are such
atypical radiological features that it is not possible to
confidently rule out a malignant process. In those patients
who are offered a period of observation, the oral contra-
ceptive pill should be stopped in the first instance even
though there is only limited data supporting an association
between the low-dose oral contraceptive pill and FNH. In
women who are pregnant or in those who wish to become
pregnant, there is no need to resect these lesions, and most
patients can be observed carefully with serial ultrasounds
throughout the pregnancy.

Notwithstanding the above recommendations, evidence
supporting the role of surgery in the management of focal
nodular hyperplasia is at best, level 3 or 4. There are no
randomised controlled trials studying the benefit of elective
surgery for any benign liver tumour versus conservative
management.59 In one retrospective series comparing 15
patients with resections specifically for FNH versus 37
patients who underwent conservative management with
observation only, there was a 20% perioperative complica-
tion rate (including chest infection, subhepatic abscess, and
wound infection), a median hospital stay of 9 days but no
postoperative mortality. Two out of 15 of the resected cases
had a recurrence of their FNH at 29 and 48 months,
respectively. In the conservatively managed group, of the
13 patients who had pain, five continued to have pain after
a median follow-up of 23 months. Unfortunately, there was
no follow-up information about persistent pain postopera-
tively in the 13 patients who underwent resection when the
preoperative indication for surgery was pain.60 In a
retrospective series analysing eight patients with symptom-
atic FNH who underwent resection, symptoms were
relieved in all of these patients at a median of 24 months
follow-up.61 Laparoscopic liver resection may provide
additional benefits over open resection in terms of
postoperative hospital stay and early return to normal
activities (Fig. 3). A multicentre retrospective study of
laparoscopic liver resections for benign liver tumours in 87
patients (48 of whom had resections for FNH) showed that
the mean postoperative hospital stay was 5 days. There was
a 10% open conversion rate and no postoperative mortal-
ity.62 There are sporadic reports of shrinkage and disap-
pearance of FNH following angiographic embolisation in

cases where resection was contraindicated because of
comorbidity or difficult anatomical locations of the
lesion.30,63 However, there are no controlled studies closely
analysing the benefit of this procedure compared with
observation alone or resection. Importantly, the indications
for resection should not change just because laparoscopic
surgery is possible.

In conclusion, our understanding of FNH has evolved
over the past 30 years. The rapid advances in imaging have
allowed more accurate diagnoses without the need for
biopsy or resection. The natural history of FNH is still not
fully understood, although multiple different pathological
subtypes have now been described, and this may explain
the heterogeneous clinical behaviour. The fact that the
diagnosis of focal nodular hyperplasia is almost never made
in postmenopausal women strongly supports the role of the
hormonal milieu in influencing the development and
growth of these benign lesions. Longitudinal studies are
required to better understand the natural history of this
condition.
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Abstract
Background Cystic fibrosis (CF) is the most commonly inherited lethal autosomal recessive genetic disease amongst
Caucasians. CF results from mutations in the cystic fibrosis transmembrane conductance regulator (CFTR) gene. Patients
with homozygous or compound heterozygous CFTR mutations have a risk of pancreatitis, but typically do not live long
enough to develop pancreatic ductal adenocarcinoma (PDA), a disease that has an average age at diagnosis of 65 years.
Little is known about the risk of the development of PDA in people who are heterozygous for mutations in the CFTR gene.
Patients and Methods We report a case of a patient with PDA who underwent resection, who is a carrier for the W1282X
nonsense mutation in the CFTR gene. The patient is of Ashkenazi Jewish ethnicity and has a family history of CF, but no
family history of PDA. We reviewed the English language literature for the prevalence of PDA in CF patients (and CFTR
mutations in the setting of PDA) and their significance in terms of screening, and the use of this mutation as a biomarker for
an increased risk of the development of PDA.
Conclusion We conclude that patients with CFTR mutations, who also have other risks for the development of PDA such as
a family history of the disease, should undergo screening and be educated about their risks.

Keywords Cystic fibrosis . Pancreatic ductal
adenocarcinoma .W1282X mutation

Introduction

Cystic fibrosis (CF) is the most common lethal autosomal
recessive inherited disease amongst Caucasians.1 The gene
responsible for CF is on chromosome 7 and encodes the
cystic fibrosis transmembrane conductance regulator
(CFTR) protein, which functions as a chloride channel
regulated by cyclic AMP.2 Much work has been accom-
plished over the past 20 years identifying over 1,300
different mutations in the CFTR gene. A genotype to
phenotype profile classification system has been developed
for mutations in the CFTR gene.3 Classifications of
mutations include missense, nonsense, and splice-site
alterations which typically lead to reduction in CFTR gene
expression. Homozygous and compound heterozygous
mutations of the most severe classes produce the most
severe phenotypes.4 In regards to pancreatic exocrine
physiology, these genetic alterations affect CFTR protein
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expression. Under normal circumstances, the CFTR protein
is highly expressed on the apical side of pancreatic ductal
epithelial cells. The protein serves as an ion channel for the
secretion of chloride and bicarbonate into the epithelial
lumen to solubilize digestive enzymes and alkalinize
pancreatic secretions. However, with certain CFTR muta-
tions, the protein function is impaired or absent. Dysregu-
lation in the CFTR protein leads to an acidic milieu, with
inspissated pancreatic secretions and ductal obstruction.3

Approximately 80% to 90% of CF patients have
pancreatic insufficiency.5 Cohn et al. found an increased
association of CFTR mutations in patients with idiopathic
chronic pancreatitis.6 It has been controversial if patients
with chronic pancreatitis have an increased risk of
developing pancreatic ductal adenocarcinoma (PDA). In
some settings, CF has also been shown to lead to an
increased risk of the development of PDA.7 For instance,
Neglia et al. showed that there was an increased risk of
many gastrointestinal cancers in CF with an odds ratio of
9.5 (95% confidence interval, 3.5–11.1), and McWilliams et
al. showed that there was a modest increased risk of the
development of PDA in CF patients.1,8

The most common (up to 70%) disease causing mutation
in the CFTR gene is the ΔF508 mutation, which results
from a base pair deletion in exon 10 that leads to a loss of a
phenylalanine at position 508.3,9 This has been the most
commonly occuring CFTR mutation associated with idio-
pathic pancreatitis and PDA; however, less common
mutations have also been associated with other disease
phenotypes. A less common mutation in the CFTR gene is
the W1282X, where a G to A base pair substitution at
nucleotide 3978 leads to a substitution of a tryptophan
amino acid residue with generation of a premature stop
codon. Albeit far less common than the ΔF508 mutation,
the W1282X mutation has been shown to occur with a ten-
fold higher frequency in patients with PDAwhen compared
to controls.8 We recently operated on a patient with PDA
who had a family history of CF. The patient underwent
genetic testing and was found to harbor a heterozygous
W1282X mutation in the CFTR gene. We sought to review
the English literature for PDA in cystic fibrosis patients as
well as patients harboring CFTR gene mutations.

Methods

We reviewed the patient demographics, preoperative studies,
operative details, hospital course, and family history of a
patient with a family history of CF that underwent a
pancreaticoduodenectomy for PDA at the Thomas Jefferson
University Hospital. Appropriate operative and tumor bank-
ing consents were obtained, and the review was IRB exempt.
Mutational analysis of the CFTR gene was detected from the

patient's DNA extracted from peripheral blood cells. The
genomic DNA underwent polymerase chain reaction ampli-
fication of specific CF gene regions testing for 32 common
mutations recommended by the American College of
Medical Genetics and American College of Obstetricians
and Gynecologists for CF carrier screening (Quest
Diagnostics Nichols Institute, Chantilly, VA, USA). A
literature review was conducted searching the English
language literature for all cases of PDA-associated CF
and CFTR mutations, using the search terms PDA, CF,
and CFTR mutation.

Patient Details

A 77-year-old male of Ashkenazi Jewish ethnicity, with a
past medical history significant for duodenal adenomatous
polyps under yearly endoscopic surveillance, and a history
of cigarette smoking, presented to his gastroenterologist
with complaints of dark urine, pale stools, and fatigue.
Laboratory analysis revealed an elevated total bilirubin of
2.5 mg/dL, alkaline phosphatase of 381 IU/L, SGOT of
113 IU/L, and SGPT of 224 IU/L. He underwent a magnetic
resonance imaging/magnetic resonance cholangiopancrea-
tography which revealed a 1.5-cm occlusive stricture in the
distal common bile duct with dilation of the common bile
duct proximal to the stricture and a thick, irregular
duodenal wall (Fig. 1). The patient then underwent an
endoscopic retrograde cholangiopancreatography with bile
duct and duodenal brushings, and placement of a metallic
endoprosthesis to relieve the symptoms of obstructive
jaundice. Cytology from these brush biopsies revealed
adenomatous changes with no evidence of dysplasia. An
abdominal computed tomography (CT) scan with intrave-
nous contrast showed mild dilation of the pancreatic duct

Fig. 1 An MRCP revealed a 1.5-cm occlusive stricture in the distal
common bile duct (arrow) with dilation of the common bile duct
proximal to the stricture and a thick, irregular duodenal wall
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and evidence of pancreatitis. The combination of the
patient's symptoms and radiological findings were sugges-
tive of a malignant process in the periampullary region. The
patient was offered exploration and was scheduled for a
pancreaticoduodenectomy. Preoperative tumor markers
revealed a normal CEA of 2.1 ng/mL and an elevated CA
19–9 of 159 U/mL.

At operation, there was no evidence of malignant ascites
or distant metastases. A pylorus-preserving pancreaticoduo-
denectomy was performed, and the resulting specimen was
sent for pathological evaluation. Pathology revealed a 1.5×
1.5×1.3 cm moderately differentiated ductal adenocarcinoma
originating in the head of the pancreas and extending into the
duodenal wall and peripancreatic fat, with negative
surgical resection margins (Fig. 2a). Nine of 26 peri-
pancreatic lymph nodes were positive for metastatic

disease leading to an American Joint Commission on
Cancer pathologic stage of IIb (T3N1M0). In addition to
the PDA, the specimen contained a dilated main pancreatic
duct (diameter of a 1.5 cm) containing an intraductal
papillary mucinous neoplasm (IPMN) with mild to
moderate dysplasia (Fig. 2b), and an incidental 0.2-cm
endocrine microadenoma in the uncinate process. The
patient had an uneventful postoperative course and was
discharged home on postoperative day 7.

The patient revealed to us that he had a family history of
CF, but no family history of PDA (Fig. 3). We ordered genetic
tests to determine his CFTR carrier status. Genetic analysis
revealed the patient to harbor a heterozygous W1282X
mutation in the CFTR gene. The patient is now alive
8 months post-resection and undergoing gemcitabine-based
chemoradiation therapy. In addition, he is enrolled in a phase
III pancreatic hyperimmune vaccine therapy trial. Recent
surveillance abdominal CT scan showed no evidence of
recurrent disease.

Literature Review

We reviewed the English language literature for two topics:
all CF patients who have developed a pancreatic tumor
(Table 1), as well as all patients who have been diagnosed
with a pancreatic neoplasm and subsequently have been
found to harbor CFTR gene mutations on genetic testing
(Table 2).

In CF patients with pancreatic tumors, there have been
six reports describing PDA and one report of a mucinous
cystadenoma (Table 1).10–16 The average age of CF patients
with PDA is 29.6 and 19 years in the patient with mucinous
cystadenoma. Of the CF patients with pancreatic tumors
and reported comorbidities, five of the six cases had
pancreatic insufficiency. The most common presentation
of pancreatic tumors in the patients was abdominal pain
occurring in four of the six reported cases. The most
prevalent genotype was that of the homozygous ΔF508
mutation occurring in every reported case.

In patients with PDA or precursor lesions for PDA who
have been screened for CFTR mutations, there have been 107
reported cases (Table 2).8,17–21 There were 106 cases of PDA
and 1 case of IPMN with PanIN-2 on pathologic analysis.
The average age of patients with PDA who had CFTR
mutations was 66.6 years. The four most prevalent geno-
types were the ΔF508 mutation (n=47), 5T allele (n=44),
W1282X mutation (n=6), and R117H mutation (n=5).

The present case is the sixthW1282Xmutation in the setting
of PDA to have been reported in the English literature, and only
the second publication to note this association. Our study
describes a proband of Ashkenazi Jewish ethnicity with a
family history of CF who underwent resection for PDA. The

Fig. 2 a Moderately differentiated pancreatic ductal adenocarcinoma
composed of malignant glands and desmoplastic stroma. b Intraductal
papillary mucinous neoplasm with mild dysplasia in the mucinous
cells lining cyst wall (hematoxylin and eosin stain, ×200 original
magnification)
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patient underwent genetic testing and was found to be
heterozygous for the W1282X CFTR gene mutation. The
W1282X mutation is a class I CFTR gene nonsense mutation
that occurs with a frequency of 1% in the population and has
only been reported in one publication with five other patients
with PDA.8 Below, we discuss the significance of CFTR gene
mutation carrier status in the risk of developing PDA and
what this means in terms of cancer screening and surveillance.

Discussion

In CF patients, there is a known increased risk of
gastrointestinal tract tumors as documented in large

retrospective and prospective studies. Neglia et al. showed
an increased risk of digestive tract tumors in patients with
CF after retrospectively examining cohorts of patients from
CF centers in North America and Europe.1 Most of these
affected patients were in their third decade of life, and the
tumors originated in the large bowel (n=9), liver/biliary
system (n=5), small bowel (n=3), pancreas (n=3), stomach
(n=1), and esophagus (n=1).1 Maisonneuve et al., in a 10-
year prospective study, reported a significant increased risk
of digestive tract tumors in adults with cystic fibrosis, with
a standardized incidence ratio of 5.1, (95% CI=3.2–7.6).14

The most common digestive tract tumors originated in the
large bowel (n=11), liver/biliary tract (n=5), small bowel
(n=4), and pancreas (n=1).14 While it has been observed

Table 1 Cystic fibrosis patients with pancreatic tumors

Year Author Number
of patients

Age Comorbidities Presentation Pathology Genotype

1985 Davis 1 23 Pancreatic insufficiency Abdominal pain PDA Unknown

1986 Tedesco 1 42 Pancreatic insufficiency,
pulmonary disease

Abdominal pain, anorexia PDA Unknown

1987 McIntosh 1 26 Insulin dependent diabetes,
pulmonary disease

Abdominal pain PDA Unknown

1994 Tsongalis 1 39 Pancreatic insufficiency,
diabetes, pulmonary disease

Gastric outlet obstruction PDA ΔF508/ΔF508

2000 Maisoneuve 1 Not reported Not reported Not reported PDA ΔF508/ΔF508
2004 Oermann 1 19 Pancreatic insufficiency,

pulmonary disease,
sinusitis, gastroesophageal
reflux

Incidental finding
on imaging for
esophageal reflux

Mucinous
cystadenoma

ΔF508/ΔF508

2005 Petrowsky 1 18 Pancreatic insufficiency,
pulmonary disease

Abdominal pain, cholestasis PDA Unknown

PDA pancreatic ductal adenocarcinoma, ΔF508 Delta F508

Fig. 3 Pedigree analysis: The
index patient (proband) (arrow)
had a brother that had a history
of cysts of the pancreas, and an
eldest son who died of CF at
4 years of age. The proband had
twins affected with CF. One was
dead at birth and the other died
at 17 years of age from compli-
cations from CF. The proband
also had a youngest son who
was a known CF carrier, and one
adopted daughter
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that there is an increase in gastrointestinal tract tumors in
patients with CF, the number of patients with pancreatic
tumors is quite small in relation to the incidence of CF per
year. This is partially attributable to the fact that most
patients with CF typically do not live long enough to
develop PDA, which has an average age of onset of
65 years.

Less is known about the risk for the development of
PDA in people who harbor heterozygous mutations in the
CFTR gene. It is interesting to postulate that heterozygous
carriers may silence the other copy of the gene (e.g.,
through loss of heterozygosity) during the clonal develop-
ment of PDA. McWilliams et al. in 2005 showed a positive
association with the development of pancreatic cancer and
CFTR carrier status.22 The presence of a heterozygous
CFTR gene mutation conferred a two-fold risk for the
development of PDA in patients younger than 60 years.
None of the patients tested in the McWilliams study had the
W1282X mutation. Interestingly enough, only one of the
CFTR carriers in the McWilliams study that developed
PDA had a clinical history of pancreatitis. This suggests
that these patients may have had a subclinical pancreatitis
that predisposed them to the development of PDA, or there
was another direct molecular mechanism at play. Later,
McWilliams et al. in 2010 examined a larger cohort of
patients and found that the relative risk for being a carrier
of a heterozygous CFTR gene mutation was 1.40 (95%
confidence interval 1.04–1.89; p=0.027) for the develop-
ment of PDA, which increased to 1.82 in patients younger
than 60 years old.8

These data suggest that being a heterozygous carrier for
a CFTR allele does lead to an increased risk for the

development of PDA. This risk may be secondary to the
development of a subclinical chronic pancreatitis or some
other unknown mechanism. Cohn et al. showed that being a
carrier of a CFTRmutation did lead to an increased risk for the
development of idiopathic chronic pancreatitis. Our patient
displayed evidence of pancreatitis on gross pathology as well
as a dilated pancreatic duct on histologic examination. The
heterozygous mutation in the CFTR mutation likely predis-
posed our patient to pancreatitis and subsequently may have
set the stage for genetic instability or other molecular events
that could contribute to or facilitate pancreatic tumorigenesis.

Molecular data exist to suggest that loss of CFTR
expression, as occurs in heterozygous CFTR mutations,
contributes to the development of PDA.23 Singh et al.
showed that in PDA cell lines, CFTR expression negatively
regulated the expression of MUC4, a transmembrane glyco-
protein that plays an important role in PDA tumorigenesis.23

The authors also showed that CFTR was expressed in
normal pancreatic cells and was downregulated in 81% of
PDA cell lines. This correlated with MUC4 expression,
which was not detectable in normal pancreatic cells but
overexpressed in 81% of PDA cell lines.23 These data
provide an exciting molecular mechanism by which loss of
CFTR expression may lead to PDA tumorigenesis.

Our patient had a known family history of CF as well as
a history of smoking, and was discovered to be a CF carrier
upon genetic testing. Approximately 10% of PDA cases
have a familial component. It would be beneficial to
establish a screening protocol for those patients that are
known to be at the highest risk for the development of
PDA. Klapman et al. suggested screening those patients
that have two or more first degree relatives with PDA as

Year Author Number of
patients

Average age
(years)

Pathology Genotype

2001 Malats 9 66.5 PDA 3 ΔF508
6 5T Allele

2003 Pezzilli 1 73.8 PDA 5T Allele

2003 Matsubayashi 42 Not reported PDA 6 ΔF508
36 5T Allele

2006 Piepoli 3 63 PDA 3 ΔF508
2010 Rebours 1 52 IPMN with PanIN-2 2789+G>A/5T Allele

2010 McWilliams 50 67 PDA 35 ΔF508
5 R117H

5 W1282X

G551D

N1303K

R347 P

S549R

Δ1507
2011 Present Study 1 77 PDA W1282X

Table 2 Patients with pancreatic
tumors and heterozygous muta-
tions in the CFTR gene

CFTR cystic fibrosis transmem-
brane regulator, PDA pancreatic
ductal adenocarcinoma, ΔF508
Delta F508, IPMN intraductal
papillary mucinous neoplasm,
PanIN-2 pancreatic intraepithelial
neoplasia-2
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well as those with a family history of any of the known
hereditary pancreatic cancer syndromes such as familial
adenomatous polyposis, hereditary nonpolyposis colorectal
cancer syndrome, hereditary pancreatitis, hereditary breast/
ovarian cancer syndrome, Peutz–Jeghers syndrome, and
familial atypical multiple mole and melanoma syndrome.24

It might be worthwhile for those patients with a family
history of CF and who have other risk factors such as
smoking and obesity, who are known carriers of any of the
more disease-associated mutations (i.e., ΔF508, W1282X)
to be screened for PDA. The W1282X mutation, found in
our proband, is approximately 66 times less common than
the ΔF508 mutation in the general population. However, it
comprises 52% of the CFTR gene mutations in the
Ashkenazi Jewish population.25 Multiple studies have also
shown an increased life-time risk of pancreatic cancer in
patients of Ashkenazi Jewish ethnicity who harbor a
germline BRCA2 mutation.26–29 Identifying patients who
have a specific ethnicity that conveys a greater likelihood of
harboring mutations in cancer-causing genes, in addition to
recognizing patients with known environmental risk factors
such as smoking and obesity, could lower the threshold for
screening.

In conclusion, we have described a case of PDA in a
patient of Ashkenazi Jewish ethnicity with a family
history of CF. The patient was found to harbor a rare
nonsense mutation in the CFTR gene (W1282X) that has
an increased prevalence in the Ashkenazi Jewish popu-
lation. Carrier status of this gene, as well as other genetic
alterations in hereditary pancreatic cancer susceptibility
genes (i.e., BRCA2, p16), may convey a risk for the
development of PDA over time and therefore may serve
as a panel of biomarkers for both detection and
therapeutic intervention options. Patients who have a
family history of CF and harbor this gene may be
considered for early screening for PDA, especially if
other risk factors exist such as ethnicity, a history of
smoking and obesity. Future large, epidemiologic studies
will likely further unravel the contribution of CFTR
mutations in the development of sporadic and familial
forms of pancreatic cancer.
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Jejunal Subserosal Hematoma in an 11-Year-Old Boy
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Abstract
Introduction Intramural hematoma may be subserosal, intramuscular, or submucosal or may involve the entire thickness of
the bowel wall. Subserosal hematoma of the jejunum in children is uncommon.
Discussion We report a case of an 11-year-old boy with a jejunal subserosal hematoma presenting with duodenojejunal
obstruction. Emergency laparotomy was performed and subserous hematoma involving the 7-cm long bowel was found.
Serosal incision was done for evacuation of blood and clots. The patient had an uneventful postoperative course. The
clinical picture and radiological findings were presented and discussed.

Keywords Hematoma . Small bowel . Child

An 11-year-old boy admitted to our hospital with bilious
vomiting and severe abdominal pain of 3-h duration. Two days
prior to admission, he was struck by a moving car which
bruised his abdomen. At the time of admission, his temper-
ature was 37.4°C, pulse rate was 90, and his blood pressure
was 110/70 mmHg. Exquisite tenderness and muscle guarding
were present in the left upper abdominal quadrant; rebound
tenderness was positive. The bowel sounds were decreased.
Hemoglobin was 126 g/l. Upper GI contrast study showed
duodenojejunal obstruction and an extramural round-shaped
compression of the jejunum (Fig. 1). Oral contrast CT scan
revealed a large mass measuring 6.5×3.5 cm occupying the
majority of the jejunal lumen with luminal narrowing and
causing bowel obstruction (Fig. 2). Emergency laparotomy
was performed. On opening the peritoneal cavity, a very
large subserous hematoma involving 7-cm long bowel was
found close up to the duodenojejunal flexure (Fig. 3). Serosal
incision was done releasing about 100 ml of blood and clots.

No bleeding vessel was found. After closure of the serosal
incision, the abdomen was closed without drainage. The
postoperative recovery was uneventful and upper GI contrast
study on the 14th day revealed a free flow through the
duodenum and jejunum. He was discharged on that day and
continues to be symptom-free during 2 years of follow-up.

Fig. 1 Upper GI contrast study showed duodenojejunal obstruction
and an extramural round-shaped compression of the jejunum (arrow)
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Intramural hematoma may be subserosal, intramuscular,
or submucosal, or may involve the entire thickness of the
bowel wall. Subserosal hematoma of the jejunum is
uncommon. Abdominal CT scan plays a critical role in the
evaluation of intramural hematoma, bowel perforation, and
mesenteric injuries in children. 1, 2

In our patient, the clinical picture was typical of
subserosal hematoma, with signs of jejunal obstruction,
extramural compression of the jejunum of GI contrast study,
an intramural mass on CT scan, and a delay of 48 h between
injury and onset of symptoms.
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Fig. 3 At surgery, a red-black subserous haematoma was seen near
the duodenojejunal flexure

Fig. 2 Oral contrast CT scan revealed a large mass occupying the
majority of the jejunal lumen with luminal narrowing
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Abstract
Introduction A small bowel phytobezoar is a rare cause of intestinal obstruction, whose most common cause is adhesion.
Case Report This is a case report in which the etiology of small bowel obstruction was identified due to intussusception via
computed tomography scan, and upon exploration, was found to be due to a small bowel phytobezoar.

Keywords Bezoar . Phytobezoar . Obstruction

Introduction

A bezoar is an accumulation of partially digested or
undigested material. A mass made up of fruit or vegetable
matter is termed a phytobezoar. Consisting of non-digestible
material such as cellulose, lignin, hemicellulose, and tannium,
persimmon fruit is a common cause of phytobezoar formation
reported in the literature.1Other types of bezoars include
lactobezoars (undigested milk products), phycobezoars
(medications—pills), and trichobezoars (hair). A gastric
operation for peptic ulcer disease is a common predisposing
factor and bezoars may manifest as post-gastrectomy
syndrome.

Case Report

A 75-year-old woman presented to our emergency depart-
ment with a 2-day history of diffuse abdominal pain. She
had been unable to pass flatus or have a bowel movement
during this time. She denied nausea, vomiting, blood in her

stool in the past, weight loss, or previous change in bowel
habits. Her past medical history was significant for a
subtotal gastrectomy with vagotomy over 30 years ago for
treatment of peptic ulcer disease.

On admission, her vital signs were acceptable with BP of
146/66 and HR of 84. Her abdomen was slightly distended
and tender, with the pain most pronounced in the left lower
quadrant. Bowel sounds were hypoactive, and there was no
stool on rectal l exam. The physical exam was otherwise
unremarkable with normal basic metabolic panel, complete
blood count, and lactic acid results. Medically, she was
being treated for hypertension and coronary artery
disease and she had an unremarkable cardiac catheriza-
tion 2 days prior.

An obstruction series film of the abdomen revealed
multiple air–fluid levels. There was no free air in the
abdomen or air in bowel wall. The CT scan revealed dilated
loops of jejunum and there was a small amount of intra-
abdominal free fluid with a transition point in the left
abdomen, suggestive of an intussusception (Figs. 1 and 2).
No evidence of strangulation was evident.

At exploratory laparotomy, she had a complete obstruc-
tion at the level of the distal jejunum with collapse of the
ileum distally. On palpation, a firm immobile mass was
palpated measuring approximately 10 cm. Intussusception
could not be identified within the small bowel. The
mass was resected with its mesentery and a primary
small bowel anastamosis was made. The specimen was
opened at the end of the case and a large soft mass that
resembled a fruit was found (Fig. 3). The specimen was
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sent to the surgical pathology lab which confirmed the bezoar
to be a fruit. The patient had an unremarkable postoperative
course.

Discussion

A small bowel obstruction is not an uncommon cause for
surgical admission, with adhesions being the most common

culprit. Hernias and cancer are the second and third most
common causes, respectively. The incidence of bezoars
causing a small bowel obstruction is approximately 4%.2

Risk factors associated with bowel obstructions secondary
to bezoars are edentulous patients and previous gastric
resection. Furthermore, the formation of a bezoar may develop
in a patient with diabetic gastroparesis or those on a strict
vegan diet.3

Digestion is both a chemical and a mechanical process.
Lack of either may result in an obstructive process. With
patients that are unable to masticate, the likelihood of an
obstruction is directly related to the size of the food bolus.
Under normal conditions, a food bolus undergoes a
chemical breakdown within the stomach. This allows an
easier transit through the gastrointestinal tract. Following
gastric surgery, both gastric motility and acidity are
decreased.4 In addition, the lack of an intact pylorus
sphincter, allows the food bolus to travel down the
gastrointestinal tract in an unaltered form. All of these
factors play a role in the formation of a bezoar. Although
the incidence of post-gastrectomy bezoar formation is
unknown, it can range between 5% and 12%.5

There are a variety of surgical and medical options in
regards to the management of bezoars. They include, but
are not limited, to endoscopy with retrieval or break up,
enterotomy and/or entrectomy. These treatment modalities
need to be individualized, such as in this patient where an
intussusception was felt to be present. Although not
evident, an intussusception can occur with the bezoar
forming the leading edge of the intussuscipiens. Similarly,
pain would be colicky in nature. In conclusion, bezoars are
a rare cause of bowel obstruction. A thorough history and
physical exam is always warranted. Once diagnosed,
observation versus endoscopy and/or surgery should be
considered. Finally, upon discussion with this patient, the
phytobezoar was confirmed to be a half of a peach.

Fig. 3 Large soft mass

Fig. 2 Intra-abdominal free fluid with a transition point in the left
abdomen, suggestive of an intussusception

Fig. 1 The CT scan revealed dilated loops of jejunum
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A Focal Mass-Forming Autoimmune Pancreatitis Mimicking
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Abstract
Introduction and background Autoimmune pancreatitis (AIP) is a rare disease that closely mimics pancreatic cancer (PC) in
its presentation. It is very important for clinicians to distinguish one from the other because their treatment and prognosis are
vastly different. Typical radiological imaging findings, in particular observation of diffusely or segmentally narrowed main
pancreatic duct (MPD) with an irregular wall by endoscopic retrograde cholangiopancreatography (ERCP), are essential for
making the diagnosis of AIP. On the other hand, MPD obstruction is one of the most frequent features on ERCP.
Case report We report a rare case of a patient with focal mass-forming AIP strongly suspected of being PC because of MPD
obstruction on ERCP.
Conclusion It was difficult to distinguish PC from AIP with current diagnostic modalities. We will continue to make an
effort to distinguish between the two disorders to prevent unnecessary surgery.

Keywords Autoimmune pancreatitis . Pancreatic cancer .

Endoscopic retrograde cholangiopancreatography .Main
pancreatic duct . Diagnosis

Autoimmune pancreatitis (AIP) is a rare disease that closely
mimics pancreatic cancer (PC) in its presentation. It is very
important for clinicians to distinguish one from the other
because their treatment and prognosis are vastly different.
In 2006, the Japanese Pancreas Society proposed clinical
diagnostic criteria for AIP based on a combination of
clinical, laboratory, imaging, and histological findings.1

According to these criteria, typical radiological imaging
findings, in particular observation of diffusely or segmen-
tally narrowed main pancreatic duct (MPD) with an
irregular wall by endoscopic retrograde cholangiopancrea-
tography (ERCP), are essential for making the diagnosis of

AIP. On the other hand, MPD obstruction is one of the most
frequent features on ERCP.

Here, we report a rare case of a patient with focal mass-
forming (FMF) AIP strongly suspected of being PC
because of MPD obstruction on ERCP.

Case Report

A previously healthy 79-year-old man with epigastric pain
was admitted to another hospital. After examination, he was
diagnosed as having acute pancreatitis due to a tumor of the
pancreatic tail. After treatment for pancreatitis, he was
referred to our hospital for further examination and
treatment of the tumor. The patient's blood chemistry data
were within normal limits except for slightly elevated
serum pancreatic amylase (264 IU/l) and lipase levels
(430 IU/l). Serum levels of CA19-9 and CEA were both
normal. Serum gamma globulin and total IgG were normal,
but IgG4 was elevated (256 mg/dl). Serum autoantibodies
and rheumatoid factor were negative. Dynamic CT imaging
revealed an irregular mass measuring 40×23 mm in the tail
of the pancreas. The tumor was not enhanced on the arterial
phase and slightly enhanced on the portal phase (Fig. 1a).

I. Matsumoto (*) :M. Shinzeki :H. Toyama : S. Asari :
T. Goto : I. Yamada : T. Ajiki : T. Fukumoto :Y. Ku
Division of Hepato-Biliary-Pancreatic Surgery, Department
of Surgery, Kobe University Graduate School of Medicine,
7-5-2 Kusunoki-Cho, Chuo-Ku,
Kobe 650-0017, Japan
e-mail: imatsu@med.kobe-u.ac.jp

J Gastrointest Surg (2011) 15:2296–2298
DOI 10.1007/s11605-011-1543-5



The splenic vein was obstructed by the tumor. MRI imaging
showed that the intensity decreased in the T1-weighted
images of the pancreas and increased in the T2-weighted
images. Endoscopic ultrasonography (EUS) revealed a
hypoechoic lesion detected in the tail of the pancreas. EUS-
guided fine needle aspiration (EUS-FNA), however, did not
reveal any cancer cells. 18-Fluorodeoxyglucose positron
emission tomography (FDG-PET) showed hot spots of FDG
uptake at the site of the pancreatic mass. No extrapancreatic
lesions were detected. ERCP revealed an obstruction of the
MPD at the site of the tumor (Fig. 1b). Insertion of a
guidewire to the distal MPD was impossible. Brush cytology
was negative for cancer cells. We suspected PC concomitant
with AIP or rather than AIP. The patient underwent a distal
pancreatectomy with an uneventful postoperative course.

Gross inspection of the resected specimen revealed a
diffusely enlarged and firm pancreas. Histologically, it was
remarkable for an intense mixed inflammatory cell infiltrate
predominantly composed of lymphocytes and plasma
cells, and centered on the pancreatic ducts. The inflam-
mation was associated with significant acinar dropout
and parenchymal fibrosis. An obliterative venulitis was

noted at the leading edges of the inflammatory cell infiltrate.
Immunohistochemical labeling with an antibody to IgG4
revealed large numbers of IgG4-expressing plasma cells.

Discussion

Although diagnosis of AIP has improved thanks to a
growing awareness of the condition and proposed diagnostic
criteria,1 there remains no practical strategy to differentiate
PC from AIP. One must distinguish between the two
disorders to prevent unnecessary surgery or delayed initia-
tion of corticosteroid therapy. However, about 3–5% of
patients undergoing pancreatic resection for presumed PC
in fact has AIP.2 Kamisawa et al.3 reported that 7 of 37
(18.9%) AIP patients had surgery because they were
misdiagnosed as having PC or bile duct cancer. In particular,
it is very difficult to differentiate between FMF AIP and PC.
Chang et al.4 reported that 8 of 26 (31.8%) AIP patients were
FMF AIP who were frequently surgically treated because
differentiating FMFAIP from PC was so difficult. Kamisawa
et al.3 also reported that 6 of 17 (35.3%) FMF AIP patients
were surgically treated (resection; 3, bypass operation; 3)
because PC was suspected.

To obtain images of the pancreatic duct, it is necessary to
use ERCP, and additionally direct images taken during the
operation or of specimens. Kamisawa et al.3 reported that
the three ERCP features required for AIP diagnosis were
(1) a >3-cm-long narrowed main pancreatic duct; (2) skip
lesion of the MPD; and (3) maximal upstream MPD
diameter of <5 mm. On the other hand, features highly
suggestive of PC were a pancreatic low density mass, MPD
obstruction, distal pancreatic atrophy, and metastases. There
have been four reports of retrospective evaluation of ERCP
imaging in AIP patient.3,5–7 The frequency of MPD
obstruction on ERCP in AIP patients was 0–5.9%, whereas
in PC patients, it was 35–60%, but only three patients with
MPD obstruction have been reported. Although the
measurement of serum IgG4 level is useful for differenti-
ating between the two diseases, 10% of PC patients also has
elevated IgG4.8 Moreover, there are a few reports of AIP
patients with concomitant PC.9,10 EUS-FNA is frequently
used to rule out PC. However, its accuracy for PC is not
perfect (about 70–90%) because some cases of PC are
accompanied by chronic inflammation and fibrosis around
the mass, so a negative biopsy does not rule out cancer.
Diagnosis of AIP by EUS-FNA is difficult because the
specimen is too small. Taken together, we cannot exclude
the presence of PC in many cases. Further improvement of
diagnostic strategies, such as core biopsy techniques, or
development of new immunohistological diagnostic criteria
from results of cytologic and tissue specimen analyses are
needed to avoid unnecessary surgery.

Fig. 1 Dynamic abdominal CT scans in arterial phase showed a low-
density mass (arrow) measuring 40×23 mm in the tail of the pancreas
(a). ERCP showed an obstruction of the MPD (arrow) at the site of
the pancreatic mass (b)
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In conclusion, we report an extremely rare case of
FMF AIP mimicking PC with MPD obstruction. It was
difficult to distinguish PC from AIP with current diagnostic
modalities.

Open Access This article is distributed under the terms of the
Creative Commons Attribution Noncommercial License which
permits any noncommercial use, distribution, and reproduction in
any medium, provided the original author(s) and source are
credited.
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Abstract
Background While laparoscopic Roux-en-Y gastric bypass is one of the most commonly performed procedures for morbid
obesity in the USA, robotic application has been viewed as a valid option. However, the technique is not firmly established
with single robotic docking. The objective of this video is to demonstrate the technical details of performing a standardized
monoquadrant robotic Roux-en-Y gastric bypass (RRYGB).
Methods Between April 2008 and May 2009, 15 patients meeting the NIH consensus criteria for bariatric surgery
underwent a monoquadrant RRYGB. The data were prospectively collected in a dedicated bariatric database and reviewed
retrospectively. The patient was positioned supine. Subsequent to creating a 30-ml gastric pouch using a series of
endostaplers, the da Vinci robotic system (Intuitive, Sunnyvale, CA) was docked cranially. The robotic arms were attached
in the double cannulation fashion. The gastrojejunostomy (GJ) was performed by a robot-assisted hand-sewn double-layered
technique, followed by the creation of a jejunojejunostomy (JJ) with an endostapler. The common enterotomy of the JJ was
closed with robot-assisted hand-sewn double-layered fashion. The bridge of jejunum between the GJ and JJ was transected
separating both anastomoses. The mesenteric defect was not routinely closed at the end of the procedure.
Results There were 13 women and 2 men with a median age of 36 years included in this study. The procedure was
successfully accomplished by a monoquadrant robotic technique in 14 cases (93.3%). One case was converted to open
procedure because of an intra-operative enterotomy by an endostapler. The mean operative time was 202 min (range 158–
353 min). There was no postoperative complication, notably no GI leak or anastomotic bleeding. The median hospital stay
was 2.4 days (range 1.7–4 days). The mean weight loss after 1 year was 38.5 kg.
Conclusions This video highlights the feasibility of performing a standardized monoquadrant RRYGB in its entirety with
single docking of the da Vinci robotic system.

Keywords Video .Monoquadrant . Single docking .

Robotic . Gastric bypass . Obesity
Disclosure Drs. Ayloo, Buchs, Addeo, Bianco, and Giulianotti have
no conflict of interest or financial ties to disclose.

Electronic supplementary material The online version of this article
(doi:10.1007/s11605-011-1672-x) contains supplementary material,
which is available to authorized users.

S. M. Ayloo :N. C. Buchs (*) : P. Addeo : F. M. Bianco :
P. C. Giulianotti
Division of General, Minimally Invasive and Robotic Surgery,
Department of Surgery, University of Illinois at Chicago,
840 S. Wood Street, Suite 435 E,
Chicago, IL 60612, USA
e-mail: nicolas.c.buchs@hcuge.ch

J Gastrointest Surg (2011) 15:2299
DOI 10.1007/s11605-011-1672-x

http://dx.doi.org/10.1007/s11605-011-1672-x


LETTER TO THE EDITOR

Intra-Abdominal Pressure and Abdominal Perfusion
Pressure Early in Severe Acute Pancreatitis Misses
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I read with interest the results of Ke et al.’s1 recent study
comparing intra-abdominal pressure (IAP) to abdominal
perfusion pressure (APP) as a marker of severity in severe
acute pancreatitis (SAP) published in this journal in April
2011. The rise in intra-abdominal pressure sometimes
observed in severe acute pancreatitis continues to pose a
clinical conundrum. Although the presence of abdominal
compartment syndrome is usually treated with a decompres-
sive laparotomy,2 advocating the same in acute pancreatitis
would run contrary to the dogma that operations early in
acute pancreatitis are associated with an increase in
morbidity and mortality.3,4

The study purports to judge the efficacy of IAP and APP
early in the onset of the disease as predictors of outcome.
The authors agree that infection is a significant contributor
to mortality after the early phase of the disease,5,6 but there
is no evidence to indicate that this can be adequately
detected 72 h after admission.

While I laud Ke et al.’s1 efforts to clarify the role of
raised IAP in SAP, their conclusion that an intra-abdominal
pressure >15 mmHg in SAP, within 72 h of admission,
which is a valuable predictor of the outcome in SAP, should
be approached with caution. In the absence of the consort
data, we do not have information on patients who met the
entry criteria but declined or were unable to participate in
the study. Furthermore the definition of what constituted an
infection was not stated (for example, Systemic Inflammatory
Response Syndrome, positive blood cultures, fine needle
aspiration and culture, or computed tomography evidence of
free gas in the presence of pancreatic necrosis).

Even with the limitations described, demonstrating
causality between the presence of raised IAP/reduced APP
and the onset of infection requires the results from
prospective controlled trial (i.e. incidence of infection in
SAP patients with an IAP>15 is greater than the incidence
of infection in SAP patients with an IAP<15). As it stands,
it could be argued that a raised IAP in SAP is an
epiphenomenon of the underlying disease process.
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To the Editor:
Thanks to Dr. Miranda's recent letter and thoughtful com-
ments regarding our article. We really appreciate and agree
with his suggestion that the cutoff level of intra-abdominal
pressure (IAP, 15 mmHg for the maximal value and
12 mmHg for the mean value) demonstrated from the ROC
curves1 should be cautiously used; however, there are several
important issues that need to be clarified.

We agree with Dr. Miranda's statement that pancreatic
infection could not be adequately detected 72 h after
admission. In fact, secondary pancreatic infections we
mentioned in this study were mostly diagnosed 2 weeks
after the onset of severe acute pancreatitis (SAP), which is
in accordance with previous studies and the natural course
of SAP.2 Moreover, we have stated our standards for the
diagnosis of pancreatic infection in the Methods section,
which is “positive findings in bacterial culture of abdom-
inal fluid and temperature increased consistently.” The
samples were obtained through imaging-guided aspiration
or drainage, and/or imaging-guided fine needle aspiration,
and/or surgical drainage. Consistently increased tempera-
ture was confirmed in patients whose body temperatures

were greater than 38°C for three consecutive days. In the
article, we did not describe the criteria in detail for
concision.

It is really true that a prospective controlled trial with a
large sample size will make great sense. Actually, there
were several studies regarding the different outcomes
between SAP patients with or without raised IAP like what
Dr. Miranda suggested in the letter had been published,
some of which used the reference level (15 mmHg) we
demonstrated in our article.3,4 However, these studies
including ours were all single-center ones with limited
sample size. We do agree that causality between increased
IAP and the onset of infection or other important
complications need to be further confirmed by a large,
multi-center, prospective study.
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The editors of the Journal of Gastrointestinal Surgery
as well as the SSAT Board of Directors have retracted
the article Malik, A.A. & Bari, S.U. Conservative
management of acute appendicitis. J Gastrointest. Surg
13, 966–970 (2009) since significant portions of
the article were published earlier in the following
articles:

Eriksson,S. & Granstrom,L. Randomized controlled trial
of appendectomy versus antibiotic therapy for acute
appendicitis. Br J Surg 82, 166–169 (1995).

Horton,M.D., Counter,S.F., Florence,M.G. & Hart,M.J.
A prospective trial of computed tomography and ultraso-
nography for diagnosing appendicitis in the atypical patient.
Am J Surg 179, 379–381 (2000).

The online version of the original article can be found at http://dx.doi.
org/10.1007/s11605-009-0835-5.
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