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Neoadjuvant Chemoradiotherapy Is Not Associated
With a Higher Complication Rate Vs. Surgery Alone
in Patients Undergoing Esophagectomy
Scott T. Kelley, M.D., Domenico Coppola, M.D., Richard C. Karl, M.D.

Recent studies have claimed a higher rate of perioperative complications related to the use of neoadjuvant
chemoradiotherapy in the treatment of esophageal cancer. We tested the hypothesis that neoadjuvant
chemoradiotherapy has no significant effect on the perioperative complication rate. Data on 155 patients
with esophageal carcinoma treated between 1996 and 2001 were collected in a prospective database.
This included 61 patients (40%) treated with neoadjuvant chemoradiotherapy (group I) and 94 patients
(60%) who underwent esophagectomy alone (group II). Neoadjuvant therapy consisted of two courses of
cisplatinum and continuous-infusion 5-fluorouracil with radiation followed by esophagectomy. Ivor-
Lewis esophagectomy was performed in 146 (94%) and a transhiatal resection in nine (6%). The two
groups (I vs. II) were comparable in terms of age (61.3 � 11 years vs. 64.8 � 11 years), diagnosis
(adenocarcinoma: 82% vs. 83%; squamous cell carcinoma:11% vs. 16%), and stage (stage 0 to I: 39%
vs. 38%; stage II: 25% vs. 34%; stage III: 30% vs. 24%; and stage IV: 6% vs. 4%). The neoadjuvant
group had 23 complete responses, 11 partial responses, and 27 nonresponses. There were 39 complications
(25.1%) for the cohort, which included three deaths (1.9%) and four anastomotic leaks (2.6%)
demonstrated by Gastrografin swallow (1 in group I vs. 3 in group II. Only one leak required reoperation
(group II); all others responded to conservative treatment. Group I had 14 complications (22.9%) vs.
25 (26.5%) in group II (P � NS). Groups were comparable with respect to the rate of pulmonary
events (4.9% vs. 6.3%), arrhythmias (6.5%vs. 8.5%), and stricture formation (6.5% vs. 7.4%).Neoadjuvant
chemoradiotherapy in patients with esophageal cancer was not associated with increased perioperative
morbidity or mortality. Complete response to chemoradiotherapy also did not affect the complication
rate (26% vs. 22%). (J GASTROINTEST SURG 2004;8:227–232) � 2004 The Society for Surgery of the
Alimentary Tract
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The incidence of adenocarcinoma of the esophagus
has increased markedly over the past 25 years. The
change is most marked among Caucasian men in
whom it has increased 350% since the mid-1970s.1
Although surgical mortality for esophageal resection
has been reduced, the rate of cure and 5-year survival
are poor, particularly for patients with T3 and/or
N1 disease (American Joint Committee on Cancer
[AJCC] stages IIb, III, and IV disease).2 The optimal
treatment of adenocarcinoma of the esophagus is
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unknown. Although surgery may prove successful
in removing the primary tumor, most patients will
develop recurrent disease. Only about 20% to 30%
survive 2 years.3 Factors that contribute to this out-
look include the presence of locally advanced disease
and undetected metastatic cancer at diagnosis. Be-
cause of the high rates of locoregional and distant
failure, there is much interest in the combination of
systemic chemotherapy with local radiotherapy and
surgical treatment.3
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The expected benefits of preoperative chemora-
diotherapy are the preoperative elimination of poten-
tial systemic micrometastases in patients with both
locoregional and locally advanced tumors, and the
lowering of the stage of the primary tumor. Such a
regimenmay increase theR0 resection rate in patients
with locally advanced tumors and may reduce the rate
of local and distant recurrences, thereby increasing
the chances for long-term survival.4

This potential activity of chemotherapy as well
as the radiosensitizing properties of some chemother-
apeutics form the basis for the combination. In lo-
cally advanced disease, such a combination might
more effectively downstage the tumor and make pos-
sible an R0 resection.4 In fact, approximately 15% to
20% of patients experience a complete pathologic
response to preoperative chemoradiation therapy and
no tumor is found in the pathologic specimen at the
time of resection.4 Increased rates of long-term sur-
vival are to be expected in the subset of patients who
do have a complete response to such therapy.4 Several
studies report 3-year survival rates as high as 100%
in this group.5 Partial response is also associated with
improved survival.4

Although adjuvant chemotherapy and radiother-
apy, either combined or given individually, have failed
to increase survival,1 there is increasing evidence that
esophageal cancer (both adenocarcinoma and squamous
cell types) responds to neoadjuvant chemotherapy
or combination chemoradiation therapy. Two-year
survival rates as high as 30% to 40% have been
described with preoperative chemotherapy followed
by surgery.6 Recently the Medical Research Council
in the United Kingdom has shown, in a randomized
controlled trial, that two cycles of preoperative cis-
platin (CDDP) and 5-fluorouracil (5-FU) achieved a
significantly better 2-year survival of 43% compared
with the rate in the surgery-alone group (34%).6

There has been some controversy in the literature
as to whether neoadjuvant chemoradiotherapy is asso-
ciated with an increased rate of complications when
compared to that in patients undergoing immediate
esophagectomy.7–10 Many have claimed that patients
with carcinoma of the esophagus exhibit a higher
postoperativemorbidity andmortality after preopera-
tive radiochemotherapy.8 In a randomized trial, pa-
tients with esophageal cancer undergoing resection
after chemoradiation had more severe complications
(pneumonia, infection, and anastomotic leaks with
higher postoperative mortality) than patients under-
going surgery alone.9 Recently, in a study from
Munich,10 neoadjuvant therapy in general was associ-
ated with significant immunosuppression in the host,
specifically with defective proliferation of T cells after

chemoradiotherapy, when compared to patients un-
dergoing immediate esophagectomy. This deficiency
has been hypothesized to impair the host response
to subsequent surgery and has been proposed to ex-
plain the higher risk of surgery after neoadjuvant
therapy.
Given this state of the literature, and the fact that

we have not appreciated a similar increase in morbid-
ity andmortality after neoadjuvant therapy, we sought
to determine the validity at our institution. Neoadju-
vant therapy consisting of continuous 5-FU, CDDP,
and 5040 cGy local radiation is given routinely for
tumors greater than T2N0 at our institution. We
tested the hypothesis that neoadjuvant chemoradio-
therapy would fail to increase the morbidity, mortal-
ity, or rate of complications when given prior to
esophagectomy in patients with esophageal cancer.

METHODS

Between January 1996 and August 2001, a total of
155 consecutive patients (132 men and 23 women)
with esophageal carcinoma or high-grade dysplasia
(n � 16) underwent surgical resection at Moffitt
Cancer Center. Data collected included patient de-
mographics, and pretreatment tumor staging workup
included physical examination, routine blood work,
thoracic, abdominal, and pelvic CT scans, endoscopy
with biopsy, and endoscopic ultrasound.
The inclusion criteria at Moffitt Cancer Center

(initiated after mid-2000) for neoadjuvant therapy
were patients with distal or gastroesophageal junction
tumors with tumor �T2 or any T, N1 tumors as-
sessed by pretreatment endoscopic ultrasound and
CT scans. Sixty-one patients (40%) underwent neo-
adjuvant chemoradiotherapy prior to resection. Neo-
adjuvant therapy for most patients consisted of two
courses of chemotherapy with 5-FU and CDDP. The
first course of 5-FU was given at a dosage of 1 g/m2
per day and was given from day 1 to day 4. CDDP
was given at a dosage of 75 mg/m2 per day and was
given from day 2 to day 5. The second-course dose
of 5-FU was given from day 21 to day 24, and the full
dose of CDDP was given from day 22 to day 25.
Concomitant radiotherapy was administered in 25
fractions, to a total dose of 5040 cGy. Surgery was
performed 4 to 6 weeks after the completion of ther-
apy (see Fig. 1 for overall design).
Tumor histology and stage were determined by

the TNM classification system.11 On day 7 after sur-
gery, an esophagram was performed with meglumine
diatrizoate followed by thin barium after an Ivor-
Lewis esophagectomy, orwith only thinbariumafter a
transhiatal procedure. Complications, 30-day mortality
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Fig. 1. Study design.

rate, esophageal leakage rate, and length of hospital
stay were tabulated. For the purpose of group com-
parisons, patients were divided into two groups: neo-
adjuvant therapy vs. surgery alone. Statistical analyses
included chi-square test, Student’s t test, and Mann-
Whitney U test for nominal, continuous, or

Table 1. Patient characteristics

Category Entire cohort Neoadjuvant group Surgery alone P value

Total patients 155 (100%) 61 (40%) 94 (60%) —
Males 132 (85%) 49 (80%) 83 (88%) 0.78
Females 23 (15%) 12 (20%) 11 (12%) 0.44
ASA score (mean) 2.2 2.1 2.2 0.62
Squamous 19 (13%) 10 (18%) 9 (10%) 0.79
Adenocarcinoma/Barrett’s 136 (87%) 51 (82%) 85 (90%) 0.56
Mean hospital stay (days) 12.7 11.1 13.0 0.82
Ivor-Lewis esophagectomy 146 (94%) 58 (95%) 88 (94%) 0.67
Transhiatal 9 (6%) 3 (5%) 6 (6%) 0.72
AJCC stage (pathologic)
0 39 (25%) 23 CR (37%) 16 dysplasia/BE (17%)
I 21 (14%) 1 (2%) 20 (21%)
II 47 (30%) 15 (25%) 32 (34%)
III 41 (26%) 18 (30%) 23 (24%)
IV 7 (5%) 4 (6%) 3 (4%)
AJCC stage (EUS)
I 11 (7%) 0 11 (12%)
II 39 (25%) 16 (26%) 23 (24%)
III 48 (31%) 32 (52%) 16 (17%)
IV 0% 0 0
NO EUS 57 (37%) 13 (22%) 44 (47%)

ASA � American Society of Anesthesiologists; CR � complete response; BE � Barrett’s esophagus; EUS � endoscopic ultrasound.

ordinal variables. Results were considered significant
at P � 0.05.

RESULTS

Neoadjuvant therapywas successfully toleratedwith
only mild side effects (�1% required hospitalization)
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Table 2. Complications

Entire cohort Neoadjuvant Group Surgery alone
Complications No. of patients No. of patients No. of patients P value

All 39 (25.1%) 14 (22.9%) 25 (26.5%) 0.26
Death 3 (1.9%) 2 (3.3%) 1 (1.1%) 0.17
Leak 4 (2.6%) 1 (1.6%) 3 (3.2%) 0.19
Arrhythmia 12 (7.8%) 4 (6.5%) 8 (8.5%) 0.73
Pneumonia 9 (5.8%) 3 (4.9%) 6 (6.3%) 0.51
Stricture (over 1 yr) 11 (7.1%) 4 (6.5%) 7 (7.4%) 0.53

in all patients who received it. Patient characteristics
are reported in Table 1. Patients in both groups did not
differ in terms of routinedemographic characteristics—
specifically, age, American Society of Anesthesiologists
score, length of hospital stay, and type of operation
performed. Table 1 also summarizes the range of both
radiologic and pathologic stages within each of the two
groups. Results represent final pathologic staging of
resected specimens and therefore were not compared
across groups because the neoadjuvant group in-
cluded a significant number of complete responses
to therapy.

Tumor Staging and Response to Treatment

Of the 61 patients treated with neoadjuvant chem-
oradiation, 23 (38%) experienced a complete patho-
logic response to treatment. Specifically, the patient’s
pathologic specimen was found to contain no residual
tumor cells (cases range from T4N0 to T2N0; data
not shown). In addition, 11 patients (18%) experi-
enced a partial response to neoadjuvant therapy with
significant downstaging of their tumors on final
pathologic review as compared to their preoperative
stage (evaluated via endoscopic ultrasound). There
were an additional 27 patients (44%) who did not
respond to neoadjuvant therapy.

Surgical Resection and Postoperative
Complications

A total of 155 patients underwent esophageal re-
section. Of these, 146 patients (94.1%) underwent
Ivor-Lewis esophagectomy (via right thoracotomy
and abdominal incision) and nine (5.9%) underwent
transhiatal esophagectomy with anastomosis in the
neck. There were 39 postoperative complications
(25.1%), which are listed in Table 2. Analysis of the
overall and individual complication rates between
the neoadjuvant group and the surgery-only group
revealed no significant differences (see Table 2).
There were two deaths in the neoadjuvant group

(one patient experienced a massive pulmonary embo-
lus in the recovery room, and another died of multior-
gan system failure due to aspiration pneumonia) vs.

one in the surgery-only group (large acute myocardial
infarction in a patient with known coronary artery
disease who had undergone coronary stent place-
ment preoperatively).
Anastomotic leaks were more prevalent in the sur-

gery-only group than in the neoadjuvant group (3.2%
vs. 1.6%, respectively). Furthermore, the one leak in
the neoadjuvant group was the result of a transhiatal
esophagectomy and responded to neck drainage
alone. Only one patient in the surgery-only group
required reoperation (pleural flap, drainage), whereas
the other two were managed nonoperatively, with
complete resolution in all and no deaths.
There were a total of 12 episodes of arrhythmia

(4 neoadjuvant; 8 surgery only) documented; all were
supraventricular and all responded to medical man-
agement. Finally, there were three pneumonia/pul-
monary complications (4.9%) in the neoadjuvant
group (2 were simple aspiration events that responded
to antibiotics; the third was the patient who died of
multiorgan system failure) vs. six events (6.3%) in the
surgery-only group (4 simple aspiration pneumonias
and 2 patients who had episodes of mucous plugging
requiring extended intubations of 2 and 3 days).
Within the neoadjuvant group, patients who had

a complete response proved no more or less likely to
encounter a postoperative adverse event than nonre-
sponders (Table 3).

DISCUSSION

The early results of patients who underwent eso-
phagectomy for cancer of the esophagus carried a

Table 3. Tumor response to neoadjuvant therapy

Entire neoadjuvant
cohort Complications P

Response No. of patients No. of patients value

Complete response 23 (38%) 6 (26.1%) —
Partial response 11 (18%) 2 (18.2%) 0.52
No response 27 (44%) 2 (22.2%) 0.39
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very high operative morbidity and mortality and low
rates of resection.2 More recent studies have im-
proved results; however, with the advent of neoadju-
vant therapy came the question of whether such
manipulation of the tissue and immune system prior
to surgery might result in a higher rate of adverse
events. Our data did not show an increased propensity
for complications in this select group of patients. The
present study is a review of our experience in treating
esophageal cancer at a single, high-volume institu-
tion.Themajority of our patientswere oldermenwith
adenocarcinomas of the gastroesophageal junction or
distal esophagus. The majority of the patients un-
derwent Ivor-Lewis esophagectomy, with or without
neoadjuvant chemoradiotherapy. We believe that in
the setting of esophageal cancer, treatment with neo-
adjuvant therapy effectively facilitates resection in a
large number of patients (both complete responders
and partial responders), allows timely administration
of systemic treatment for what is likely a systemic
disease, and adds very little, if any, increase in the
risk to the patient in the form of postoperative
complications.
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Dr. S. Kelley: I will answer your second question
first. We do not do anything specifically with the
stomach or the area that we are going to anasto-
mose. However, for the Ivor-Lewis procedure obvi-
ously we do not need to stretch the stomach out and
put it on a very tenuous blood supply. There is a
great deal of stomach that we can use, and I think
we just cut back the stomach to a point where it is
very clearly able to bleed well. Our stricture rate is a
little bit lower than probably other series have shown.
Reporting of strictures is also an issue, and I pre-

sented patients who were “symptomatic” with stric-
tures, so they clearly were the worst of the worst.
I think that most of our patients end up having some
difficulty swallowing that may be due to a small stric-
ture, and they tend to get away with it.
In terms of your first question, the pulmonary

complication issue, any patient who has any under-
lying lung disease, any history of smoking, or chronic
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obstructive pulmonary disease, we tend to send to
our pulmonologists. All of our patients undergo pre-
operative pulmonary function testing, and they also
get some coaching in terms of quitting smoking and
some exercises they can do. I think that helps a great
deal just in terms of getting them ready for surgery.
I have not looked at the specifics of whether it has
had any effect on our pulmonary complications, but
it is an interesting point tomaybe look at in the future.
Mr. P. McCulloch (Liverpool, UK): Most series,

unfortunately, do not provide data that can support
your conclusions because they are not randomized
either, and you must select patients for chemoradia-
tion on some basis. There is already a hint that the
age is a difference. Can you tell us about your fit-
ness criteria?
Dr. Kelley:We are not trying to screen the healthy

or the sicker patients. We are now basically sending

Invited Discussion—Expert Commentator

David G. Fromm, M.D. (Detroit, MI): In this
esophageal cancer study, if one excludes deaths, twice
as many complications occurred in those patients who
did not receive neoadjuvant chemoradiotherapy com-
pared to those who did receive such treatment. On the
one hand, this is surprising because the European
Organisation for Research and Treatment of Cancer
(EORTC) randomized trial (reported in 1997) com-
paring patients who were also treated with neoadju-
vant chemoradiotherapy and surgery to those who
were treated with surgery only found almost the same
incidence of nonfatal postoperative complications.
On the other hand, the differences in complica-
tions reported by Dr. Kelley and his associates may
be due to a selection bias in that some patients, during
the course of their neoadjuvant therapy, develop com-
plications and/or progressive disease that excludes

anyonewith a T2N1 lesion or greater for neoadjuvant
therapy, so patients with T2N1 or T3 lesions are
receiving neoadjuvant therapy.
I agree with you that this is not a randomized study

and thus it is not easy to draw conclusions, but this
is essentially a retrospective review of one sur-
geon’s experience.With the advent of newer neoadju-
vant therapies, patients are tolerating treatment
better, and there are studies out there that are starting
to find just as low a complication rate in both groups.
Several studies have been published recently (e.g.,
Journal of Clinical Oncology 19:305–313, 2001).
Mr. McCulloch: If the chairman would permit me,

I should point out that the British recently abandoned
a prospective randomized trial with chemoradiation
because the pilot study showed a sudden leap in post-
operative mortality, and that is our concern.

them from operative treatment. Thus, better-risk pa-
tients are referred for surgery. Of note is that the
EORTC had a 12% postoperative mortality in the
neoadjuvant therapy arm compared to 4% in the sur-
gery-alone arm; the recent literature reports range
from 3% to 12%. The present study had an overall
mortality of 1.9%, which is not only a reflection of
patient selection but also surgical skill. Randomized
trials of preoperative radiotherapy alone have not
demonstrated an improvement in resection rate or
overall survival. Randomized trials of preoperative
chemotherapy alone and randomized trials of neoad-
juvant chemoradiation therapy have given mixed re-
sults. These conflicting outcomes may be due to
patient variables and differences in drug and radia-
tion doses.



Factors Affecting Quality of Life After Minimally
Invasive Heller Myotomy for Achalasia
Yannis Raftopoulos, M.D., Ph.D., Rodney J. Landreneau, M.D., Fernando Hayetian, M.D.,
Pavlos Papasavas, M.D., Keith S. Naunheim, M.D., Steven R. Hazelrigg, M.D., Ricardo Santos,
M.D., Daniel Gagné, M.D., Philip Caushaj, M.D., Robert J. Keenan, M.D.

The effect of prior nonoperative treatment, type of fundoplication, and surgical approach on quality of
life after minimally invasive Heller myotomy (MIHM) for achalasia in not known. MIHM for achalasia
was performed in 105 patients (primary 102; redo 3). Sixty-five patients had prior nonoperative treatment
(dilations in 41; botulinum toxin injections in 13; dilations and botulinum toxin injections in 11). Primary
laparoscopic MIHM with fundoplication (Dor in 32; Toupet in 56) was performed in 88 patients and
thoracoscopic MIHM without fundoplication in 14. Achalasia and quality-of-life–related symptoms were
evaluated prospectively with a visual analogue scoring scale. Median follow-up was 25 months. There was
a trend toward a higher incidence of intraoperative esophageal perforation and recurrent dysphagia in
patients with prior nonoperative treatment. Patients with prior nonoperative treatment had significant
improvement in achalasia-related symptomspostoperatively. Patients with prior botulinum toxin injections
with or without dilations had no improvement in quality of life after MIHM. The operative success of
MIHM may be compromised if prior nonoperative treatment is used. Botulinum toxin injections may
blunt the beneficial effect of MIHM on quality of life. The outcome of MIHM is good regardless of
the type of fundoplication or surgical approach. ( J GASTROINTEST SURG 2004;8:233–239) � 2004 The
Society for Surgery of the Alimentary Tract

KEY WORDS: Achalasia, minimally invasive, Heller myotomy, quality of life

Current therapies for achalasia aim at palliating
dysphagia rather than restoring normal esophageal
motility. As a result, some symptoms may persist or
new symptoms may develop postoperatively, thereby
affecting quality of life. Minimally invasive Heller
myotomy (MIHM) is a highly effective treatment
for achalasia.1 Quality of life and dysphagia improve
significantly after MIHM.2 MIHM in patients with
prior nonoperative treatment (dilation or botulinum
toxin injection), although technically challenging, is
feasible and safe if the procedure is performed care-
fully.3 The effect of such treatments on quality of
life after MIHM is not known because reports of such
studies are lacking in the literature. In addition, there
is no consensus as to whether to perform an anterior
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or posterior fundoplication.4 Short of randomized
trials, the use of quality of life and achalasia-specific
instruments to assess the impact of prior nonoperative
treatment, type of fundoplication, and surgical ap-
proach (thoracoscopic or laparoscopic) on patients’
quality of life after MIHM for achalasia might allow
for some valid conclusions.

MATERIAL AND METHODS

FromMay 1992 to July 2002, a total of 105 patients
(primary 102; redo 3) underwent MIHM at three
institutions (Western Pennsylvania Allegheny Health
System [WPAHS], n� 66; St. Louis University
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{SLU], n � 22; and Southern Illinois University
[SIU], n � 14). Data regarding age, sex, preoperative
symptoms, diagnostic workup, operative time, type of
fundoplication (Toupet or Dor), surgical approach
(thoracoscopic or laparoscopic), length of hospital
stay, complications, postoperative gastroesophageal
reflux, and recurrence of dysphagia were prospec-
tively collected in a similar fashion by each institution.
The study was approved by the institutional review
board of WPAHS (RC #3318).
There were 54 males and 48 females whose mean

age was 46 years. Preoperative symptoms included
dysphagia (99%), weight loss (29.2%), regurgitation
(26.4%), chest pain (16%), and respiratory abnormal-
ities (6.6%). All patients underwent preoperative ma-
nometry, upper endoscopy, and barium swallow
study. Prior nonoperative treatment had been offered
in 65 patients. Forty-one patients were treated with
dilations (D group; median 2 per patient, range 1 to
12), 13 with botulinum toxin injections (B group;
median 2 per patient, range 1 to 4), and 11 with a
combination of dilations and botulinum toxin injec-
tions (DB group). Thirty-seven patients did not re-
ceive any treatment prior to MIHM (N group).
Thoracoscopic Heller myotomy without fundoplica-
tion was performed at only one institution (SIU) in
14 (13.8%) of 102 patients. Laparoscopic Heller my-
otomy with fundoplication was used in the remaining
88 (86.2%) of 102 patients. All patients from SLU
(n � 22) underwent a Dor fundoplication. Ten pa-
tients from WPAHS underwent a Dor fundopli-
cation, of which seven were performed during our
early experience and three to buttress an esophageal
perforation. A Toupet fundoplication was performed
in the remaining patients (n � 56) from WPAHS.

SURGICAL TECHNIQUE

The surgical technique used at the three institu-
tions was similar, as previously described.5 In brief,
patients are placed preoperatively on a liquid diet for
5 days to allow for clearance of as much solid debris
from the esophagus as possible. At the time of surgery,
a fiberoptic esophagogastroduodenoscopy is per-
formed first to remove any residual esophageal debris
and to assess the esophagus. LaparoscopicHeller myo-
tomy is performed with the patient in a lithotomy
position, and the legs abducted at a 45-degree angle
with Allen stirrups. Five ports (four 10 mm and one 5
mm) are placed, two of which (surgeon) are placed
at a horizontal line inferior to the costal margin, one
slightly to the right of the midline (5 mm), and one at
the left midclavicular line. Three additional ports are
placed at the right (liver retractor) and left (assistant)

anterior axillary line 2 cm below the costal margin and
one (laparoscope) in linewith the anatomic location of
the esophageal hiatus at the same horizontal level
with the liver retractor and assistant’s ports. The gas-
trohepatic ligament is divided, and the left and right
crura are dissected. Myotomy begins with the har-
monic scalpel, 1 cm proximal to the gastroesophageal
junction, and is extended 3 to 4 cm proximally and
2 cm distally onto the gastric cardia. Endoscopic eval-
uation ofmucosal integrity and adequacy of themyot-
omy is undertaken next. The procedure is completed
with a Dor or a Toupet fundoplication. The latter
requires, in addition, creation of a retroesophageal
window and division of the upper short gastric vessels.
Thoracoscopic Heller myotomy is performed with
the patient in a right lateral decubitus position under
double-lumen endotracheal anesthesia and contralat-
eral single-lung ventilation. Four ports are placed in
two nearly parallel vertical rows at the left anterior
and posterior axillary line. Myotomy is performed
in a similar fashion, as in the laparoscopic approach,
under endoscopic guidance. No fundoplication is
performed.

Follow-up Protocol

Achalasia-related symptoms and quality of life were
assessed with a questionnaire previously designed by
our group.5 Our questionnaire assesses six achalasia-
related gastrointestinal symptoms—heartburn, dys-
phagia, regurgitation, chest pain, gas/bloating, and
diarrhea—and includes two health-related quality-of-
life questions regarding level of activity, or lifestyle
and sense of well-being. A visual analogue scoring
scale (0 � no symptoms/great � 10 severe symp-
toms/poor) is used. Routine follow-up evaluation oc-
curred in the early postoperative period, 6 months
after the operation, and then on an annual basis.
Follow-up protocol was similar among the three insti-
tutions. Patients who had not been seen in our clinic
for more than a 1-year period were contacted by
telephone. Follow-up data were available in 101
(99%) of 102 patients. The median follow-up was 25
months (range 1 to 90 months).

Statistical Analysis

The symptom scores at the time of the last clinic
visit were used. Patients who required esophagectomy
because of recurrent dysphagia were included in the
analysis, as these were considered complications of
the original operation. The last symptom scores prior
to the second surgical intervention were used. Pa-
tients with intraoperative esophageal perforations
were excluded from the comparison of complica-
tions between the Dor and Toupet fundoplications,
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because their occurrence was directly related to the
myotomy technique and influenced the choice of fun-
doplication. Surgical outcome was assessed by opera-
tive time, length of hospital stay, and incidence of
intraoperative esophageal perforation, complications,
and recurrent dysphagia.
GraphPad (GraphPad Software, Inc., San Diego,

CA) software was used for statistical analysis. Mean
symptom scores were calculated. Comparison of
continuous and categorical data was performed by
means of Student’s t test and chi-square test, respec-
tively. One-way analysis of variance and Kruskal-
Wallis tests were used for comparison of more than
two variables. P � 0.05 was considered significant.

RESULTS

Mean operative time was 166 (±60) minutes and
the hospital stay averaged 2.7 (±2.3) days. The
perioperative morbidity was 4.9% with no deaths.
Esophageal perforations occurred in 3 (2.9%) of 102
patients; these were sutured laparoscopically with an
uneventful postoperative course. Seventeen (16.6%)
of 102 patients had dysphagia postoperatively; seven
had mild symptoms and required no treatment, six
were treated with dilations, and four required further
surgical intervention. One patient underwent a redo
laparoscopic Heller myotomy on postoperative day
1 because of persistent achalasia symptoms consistent
with incomplete myotomy, and three eventually re-
quired a transhiatal esophagectomy because of sub-
sequent stricture formation and severe esophageal
dilation. There were no significant differences in any
preoperative characteristics in the patients who re-
quired further surgical intervention compared to
the entire group. Postoperative gastroesophageal
reflux requiring medical treatment occurred in 14

Fig. 1. Improvement in postoperative symptom score over baseline. * � P � 0.05; scale: 0 (none/great)
to 10 (severe/poor).HB � heartburn; RG� regurgitation;DP � dysphagia; CP � chest pain;GB � gas/
bloating; DR� diarrhea; LA � level of activity; WB � sense of well-being.

(13.7%) of 102 patients. There was a statistically sig-
nificant improvement in heartburn (P � 0.0001), re-
gurgitation (P � 0.0001), dysphagia (P � 0.0001),
chest pain (P � 0.02), level of activity (P � 0.03), and
sense of well-being (P � 0.0001) scores after MIHM
(Fig. 1).
Preoperative lower esophageal pressure was sig-

nificantly higher (P � 0.0019) in patients with previ-
ous botulinum toxin injections (B group) (56.9 � 8.6
mm Hg) compared to patients in the N group
(33.4 � 17.5 mmHg), D- (32.2 � 16.4 mm Hg) and
the DB group (39.2 � 20.9 mm Hg). There was no
significant difference in preoperative symptom scores
among theD, B,DB, andNgroups with the exception
of dysphagia, which was higher (P � 0.02) in the D
and DB groups. Prior nonoperative treatment had
no significant effect on surgical outcome (Table 1).
There was a trend, however, toward a higher inci-
dence of intraoperative esophageal perforation and
recurrent dysphagia in patients with prior nonopera-
tive treatment. Patients without prior nonoperative
treatment reported a significant improvement in
heartburn (P � 0.0007), regurgitation (P � 0.0001),
dysphagia (P � 0.0001), chest pain (P � 0.02), and
sense of well-being (P � 0.0001) postoperatively
(Fig. 2). Patients in the D group had a significant im-
provement in heartburn (P � 0.01), regurgitation
(P � 0.0001), dysphagia (P � 0.0001), and sense of
well-being (P � 0.0001) postoperatively (see Fig. 2).
In contrast, patients in the B group had significant
improvement only in dysphagia (P � 0.001) and
patients in the DB group only in regurgitation
(P � 0.003) and dysphagia (P � 0.0005) postopera-
tively (see Fig. 2). Postoperative level of activity
(P � 0.008) and sense of well-being scores (P � 0.01)
were significantly poorer in the DB group compared
to the other groups.
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Table 1. Effect of prior nonoperative treatment on surgical outcome

Group OT (min) LOS (days) Esophageal perforation Postoperative complications Recurrent dysphagia

D 181 2.9 2/41 (4.8%) 1/41 (2.4%) 5/41 (12.1%)
B 156.5 3.6 1/13 (7.6%) 0 3/13 (23%)
DB 198 2.5 0 0 2/11 (18.1%)
N 172 2 0 1/37 (2.7%) 7/37 (18.9%)

NS NS NS NS NS

D � dilation; B � botulinum toxin injection; DB � dilation and botulinum toxin injection; N � no previous treatment; OT � operative time;
LOS � length of hospital stay; NS � not significant.

The type of fundoplication had no significant effect
on surgical outcome (Table 2). Toupet fundoplica-
tion was associated with significantly lower heartburn
(P � 0.005), regurgitation (P � 0.0001), dysphagia
(P � 0.0001), sense of well-being (P � 0.0001), and
level of activity (P � 0.01) scores postoperatively.
Dor fundoplication was associated with a significant
improvement in heartburn (P � 0.0009), regurgita-
tion (P � 0.001), dysphagia (P � 0.0001), and sense
of well-being (P � 0.04) (Fig. 3). Although symptom
scores were reduced significantly after MIHM, re-
gardless of the type of fundoplication, postopera-
tive dysphagia scores were higher in patients with
Dor fundoplication (P � 0.02).
Operative time was significantly shorter after thor-

acoscopic Heller myotomy compared to laparoscopic
Heller myotomy (96 vs. 177 minutes; P � 0.0001).
No significant difference in length of stay, complica-
tions, and dysphagia recurrence rates was noted be-
tween the two approaches (Table 3). Laparoscopic
Heller myotomy was associated with significant im-
provement in heartburn (P � 0.0004), regurgitation
(P � 0.0001), dysphagia (P � 0.0001), chest pain
(P � 0.01), and sense of well-being (P � 0.0001)
postoperatively. With the exception of chest pain,
postoperative heartburn (P � 0.04), regurgitation
(P � 0.008), dysphagia (P � 0.0001), and sense of
well-being (P � 0.04), scores were significantly im-
proved after thoracoscopic Heller myotomy as well
(Fig. 4). Postoperative symptom score reduction was
similar for both approaches.

DISCUSSION

This study shows that quality of life and gastroin-
testinal symptoms related to achalasia improve sig-
nificantly after MIHM. Other investigators, as well
as our group, have previously reported that quality of
life improves after laparoscopic Heller myotomy.2,5–7
A telephone survey assessing symptoms and quality of
life after laparoscopic Heller myotomy with anterior
fundoplication concluded that this procedure im-
proves patients’ symptoms and results in excellent

patient satisfaction.8 In addition, compared to open
Heller myotomy, laparoscopic Heller myotomy has
comparable success and causes less early detriment
to quality of life.9
According to our results, achalasia-related symp-

tom scores improved significantly after MIHM
regardless of whether or not prior nonoperative
treatment was used. However, patients without prior
nonoperative treatment had significant improvement
in more achalasia-related symptoms after MIHM
than the other groups, suggesting that the operative
success may be somewhat compromised if previous
treatments have been used. Prior nonoperative treat-
ment may also blunt the beneficial effect of MIHM
on quality of life. The degree of postoperative im-
provement in quality of life, as measured by sense
of well-being and level of activity, was impaired in
patients with a history of botulinum toxin injections,
compared to the other groups. Furthermore, this
study provides evidence that the benefit of MIHM
on quality of life can even be reversed in patients who
had a combination of dilations and botulinum toxin
injections prior to MIHM, as such patients reported
worsening of their sense of well-being and level of
activity scores postoperatively. Longer duration of
symptoms preoperatively, fibrosis of the lower esoph-
ageal sphincter as previously reported,10 and a higher
(as shown in this study) preoperative lower esophageal
sphincter pressure in patients with previous botuli-
num toxin injections may play a role. On the other
hand, treatment of achalasia with dilations prior to
MIHM did not have a negative effect on quality of
life postoperatively. A previous study comparing six
patients who had preoperative dilations with 34 pa-
tients who had no prior nonoperative treatment
showed that a history of dilations had no influence
on preoperative and postoperative achalasia-related
symptoms and quality-of-life scores.2
This study did not show any significant differ-

ences in surgical outcome and degree of postoperative
improvement on quality of life and achalasia-related
symptom scores in relation to the type of fundoplica-
tion or surgical approach. It is possible that the inclu-
sion of patients from three different institutions may
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Fig. 2. Effect of prior nonoperative treatment on pre- and postoperative symptom scores. * � P � 0.05;
scale: 0 (none/great) to 10 (severe/poor). N � no treatment; D � dilation; B � botulinum toxin injection;
DB� dilation and botulinum toxin injection; other abbreviations as in Fig. 1.

Table 2. Effect of type of fundoplication
on surgical outcome

OT LOS Postoperative Recurrent
Group (min) (days) complications dysphagia

Toupet 190 2.3 1/56 (1.7%) 9/56 (16%)
Dor 172 3.1 1/32 (3.1%) 2/32 (6.2%)

NS NS NS NS

OT � operative time; LOS� length of hospital stay; NS � not sig-
nificant.

have concealed differences among the procedures. It
is important to emphasize that the techniques used for
the myotomy, fundoplication, and surgical approach
were similar. In addition, variations with regard to the
choice of fundoplication and approach were mostly
among the institutions, and to a lesser extent among
patients originating from the same institution. It is
also possible that because of the retrospective nature
of this study, the sample size may not have been
large enough to detect differences between the
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Fig. 3.Preoperative and postoperative symptom scores in relation to type of fundoplication. * � P � 0.05;
scale: 0 (none/great) to 10 (severe/poor). Lap � laparoscopic; other abbreviations as in Fig. 1.

various subgroups examined. Achalasia, however, is
a relative rare condition, and a review of the literature
shows that there are only a few studies with larger
patient populations (110 to 168 patients). In addition,
sample sizes in studies reporting data on quality of
life afterMIHMare even smaller (19 to 56 patients). A
multicenter collaborative study could allow for more
valid conclusions.
The results of this study should be viewed with

some caution, however, as the questionnaire used to
assess achalasia-related symptoms and quality of life
has not been validated yet. Certain validation criteria,
however, such as reliability, validity, and respon-
siveness have been met.11 The same results on re-
peated examinations define the reliability of an
instrument. Although reliability was not directly
tested, improvement of achalasia-related symptoms
and quality-of-life scores, as measured by our ques-
tionnaire, was similar in this report and our previous
report.5 Validity is defined by the instument’s ability

Table 3. Effect of surgical approach on surgical outcome

Group OT (min) LOS (days) Esophageal perforation Postoperative complications Recurrent dysphagia

Laparoscopic 177 2.6 3/88 (3.4%) 2/88 (2.3%) 16/88 (18.1%)
Thoracoscopic 96 2.5 0 0 1/14 (7.1%)

P � 0.0001 NS NS NS NS

OT � operative time; LOS � length of hospital stay.

to measure what it claims to measure. Validity can
be assessed in an informal way, so-called “face” valid-
ity, or in a formal way so-called “construct
validity.”11 In our opinion, face validity is fulfilled
because our questionnaire examines the most
common symptoms of achalasia. Quality of life is
also reliably assessed. A previous study showed that
disease-specific instruments might be more sensitive
than generic instruments in assessing quality of life for
surgical diseases.12This same study demonstrated that
only the domains of physical functioning and general
health of the SF-36 were significantly affected in pa-
tients with gastroesophageal reflux disease who undergo
antireflux surgery when compared with a validated
gastroesophageal reflux disease–specific quality-of-life
scale. The domains of physical functioning and gen-
eral health are represented in our questionnaire by
the questions regarding level of activity and sense of
well-being. Sensitivity is defined by the instrument’s
ability to detect changes in quality of life over time.
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Fig. 4. Preoperative and postoperative symptom scores in relation to surgical approach. * � P � 0.05;
scale: 0 (none/great) to 10 (severe/poor). Abbreviations as in Fig. 1.

Our study shows that all achalasia-related symptom
scores improved significantly after MIHM.

CONCLUSION

MIHM offers excellent long-term relief of acha-
lasia-related symptoms and significant improvement
in quality of life. The outcome of MIHM is good
regardless of the type of fundoplication, or surgical
approach. Prior nonoperative treatment may blunt
the success of MIHM. Botox pretreatment should
not be used in patients who are good operative candi-
dates because it may increase the technical difficulty
of MIHM and have a negative effect on quality of life.
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Clinicopathologic Characteristics of Gastric Cancer
in a Young Patient Population
Antonio Ramos-De la Medina, M.D., Noel Salgado-Nesme, M.D.,
Gonzalo Torres-Villalobos, M.D., Heriberto Medina-Franco, M.D.

The aim of this study was to analyze the clinicopathologic characteristics of young patients with gastric
cancer with special attention to hereditary gastric cancer in a tertiary referral university hospital. Charts
from all patients 40 years of age or younger at the time of diagnosis, during the period from January 1,
1987 to December 31, 2001, were retrospectively reviewed. Demographic variables, family history of
gastric cancer, clinicopathologic characteristics, and treatment-related variables were analyzed. Overall
survival was the main outcome variable. Survival curves were constructed by means of the Kaplan-Meier
method, univariate anlaysis was performed with the log-rank test, and multivariate analysis with Cox
regression. Significance was considered at P � 0.05. During the study period, 558 cases of gastric cancer
were seen at our institution, 83 (14.8%) were in patients 40 years of age or younger. Mean patient age was
33.2 years. Forty-five patients (54.2%) were male. Fourteen patients (16.9%) had a family history of
gastric cancer. Five patients (6%) fulfilled the criteria of hereditary gastric cancer. Surgery was performed
in 88% of patients, but only 35% of the operations had a curative intent. Operative mortality was 2.4%.
On univariate analysis, advanced tumor stage, hypoalbuminemia, low performance status, diffuse type,
pangastric tumor location, noncurative surgery, and lack of adjuvant chemotherapy had a significant
negative impact on survival. On multivariate analysis, advanced tumor stage, pangastric tumor location,
and absence of adjuvant chemotherapy were significantly associated with poor prognosis. Family history
of gastric cancer or hereditary gastric cancer did not have any impact on prognosis. There is a high
frequency of gastric cancer in young patients at our institution. Most patients present in advanced stages,
which favors a poor overall survival. Family history of gastric cancer or hereditary gastric cancer did not
have a significant impact on survival. Complete resection and adjuvant chemotherapy appeared to confer
the only chance of prolonged survival. ( J GASTROINTEST SURG 2004;8:240–244) � 2004 The Society
for Surgery of the Alimentary Tract

KEY WORDS: Hereditary gastric cancer, young patients, E-cadherin

Gastric cancer is the second most common malig-
nancy in the world.1 In Mexico, gastric adenocarci-
noma is themost frequent gastrointestinal neoplasm.2
The proportion of young patients at our institution
is the highest reported thus far in the literature.3 The
prognosis in young patients with gastric cancer has
been a subject of debate, with some series reporting
poorer prognosis for these individuals and others
finding no difference between young and elderly pa-
tients.3,4 Differences between young patients with he-
reditary gastric cancer and those with sporadic
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occurences have not been described. Criteria for de-
fining familial gastric cancer syndromes have been
proposed and include review of histopathologic find-
ings and pedigree analysis of any family with an aggre-
gation of cases of gastric cancer.
The present study represents a retrospective analy-

sis of all patients 40 years of age or younger with
gastric cancer seen andmanaged at theNational Insti-
tute of Medical Sciences and Nutrition “Salvador
Zubirán” in Mexico City during a 15-year period.
The objective was to describe the clinicopathologic

mailto:herimd@hotmail.com
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characteristics of gastric cancer in a young patient
population with a main focus on hereditary gastric
cancer.

PATIENTS AND METHODS

A retrospective review of charts from patients 40
years of age or younger with a diagnosis of gastric
cancer, who were seen at the National Institute of
Medical Sciences and Nutrition in Mexico City, was
conducted. The study period was January 1, 1987 to
December 31, 2001. Demographic, clinical, histopath-
ologic, treatment, and survival data were reviewed
and analyzed. All deaths within 30 days after surgery
were considered to represent surgical mortality. The
American Joint Committee on Cancer (AJCC) stag-
ing criteria was used for clinical and pathologic
staging. The criteria used to define hereditary gas-
tric cancer included the following: two or more
documented cases of gastric cancer in first- and
second-degree relatives, with at least one of them
diagnosed before the age of 50, or three or more
cases regardless of age at diagnosis. Survival curves
were constructed according to the Kaplan-Meier
method5 and compared by means of the log-rank test.
Multivariate analysis was performed with the Cox
regression model using the SPSS 10.0.1 statistical
package (Chicago, IL). Differences were considered
significant at P � 0.05.

RESULTS

A total of 558 patients with gastric adenocarcinoma
were identified from the tumor registry during the
study period. Eighty-three patients (14.8%) were 40
years of age or younger; these patients comprised the
study group. There were 45 male (54.2%) and 38
female (45.8%) (ratio 1.2:1) patients. Forty-four pa-
tients (53%) were 35 years of age or younger, and
27 (32.5%) were less than 30 years of age. Of these
27 patients, 13 were male and 14 were female (ratio
0.9:1). Among the patients over 30 years of age, 32
were male and 24 were female (ratio 1.3:1). The mean
age at diagnosis was 33.2 years (range 15 to 40 years).
The mean age for males and females was 34 and 32.3
years, respectively. Fourteen patients (16.9%) had a
first-degree relative with a history of gastric cancer.
Five patients (6%) fulfilled the criteria of hereditary
gastric cancer. All patients were symptomatic. The
mean duration of symptoms from onset to diagnosis
was 8.4 months (range 2 to 48 months). Abdominal
pain was the most common symptom, reported by
88% of patients, followed by weight loss in 70%.

All symptoms at presentation are shown in Table 1.
Thirty-nine percent of patients had a Karnofsky score
of less than 90, and 56% had a body mass index
below 20. Although only 26% of patients reported
gastrointestinal bleeding, 46%had hemoglobin levels
below 12 g/dl. Thirty percent of patients had albumin
levels below 3.0 g/dl at the time of diagnosis. All of
the patients underwent upper endoscopy with biopsy
of the tumor. This study was the most useful diagnos-
tic test with a sensitivity of 97%. Computed tomogra-
phy and endoscopic ultrasound were performed in
90.4% and 10.8% of the patients, respectively. Histo-
logic findings were as follows: 88% of patients had
diffuse gastric cancer, followed by 10.8%with intesti-
nal-type, in 1.2% (one case) with mucinous-type
cancer. By definition, all hereditary gastric cancers
were of diffuse type. Surgery was performed in 88%
of patients, but only 35% of the operations had a
curative intent. Operative morbidity was 20.5%. The
most frequent complications were intra-abdominal
abscess and anastomosis leak/fistula. Infectious
complications (intra-abdominal abscess, pneumonia,
wound infection and urinary tract infection, medi-
astinitis, and empyema) developed in 15.6% of cases.
The postoperative mortality rate was 2.4% (2 of 83
patients). Tumor locations are shown in Fig. 1.
Pathologic tumor stages were divided as follows: stage
I–II 9.6%; stage III 26.5%; and stage IV 63.9%.
Forty-one patients (49.4%) received some type of
adjuvant chemotherapy and in four cases (4.8%)
postoperative radiotherapy was used. There were no
significant differences in clinicopathologic character-
istics between patients with and without a family
history of gastric cancer.
Median survival for the entire cohort was 10

months (95% confidence interval 5.92 to 14.08) with
actuarial survival at 1, 3, and 5 years of 43.3%, 16.4%,
and 10%, respectively. Mean follow-up was 15.1
months (range 1 to 99 months). There was no signifi-
cant difference in survival for patients with or without
a family history of gastric cancer. Median survival for

Table 1. Symptoms at presentation

Symptom %

Abdominal pain 87.9
Weight loss 69.9
Vomiting 60.2
Upper gastrointestinal bleeding 26.4
Dysphagia 21.6
Abdominal distention 18.0
Ascites 3.6
Early satiety 2.4
Jaundice 1.2
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Fig. 1. Tumor location according to surgical and pathologic notes. Tumors in the middle and
distal thirds were grouped together.

patients with hereditary gastric cancer was 5 months
compared to 10 months for patients with sporadic
cases; nevertheless, the difference was not significant.
Patients with symptoms for less than 12 months had
a median survival of 6 months compared with 27
months for patients with symptoms for more than 12
months (P � 0.08). On univariate analysis, advanced
tumor stage, low performance status, linitis plastica
hypoalbuminemia, and diffuse histologic findings were
significantly associated with poor prognosis, whereas
curative surgical resection and adjuvant chemotherapy
had a positive significant impact on survival.
On multivariate analysis, advanced stage, tumor

location, and chemotherapy retained their signifi-
cance (Table 2).
Recently germline mutations in the E-cadherin/

CDH1 gene have been identified in families with
an autosomal dominant inherited predisposition to
gastric cancer of the diffuse type. E-cadherin muta-
tion analysis was performed in only 22 patients and
was positive in three. Among the few cases in which
E-cadherin analysis was performed, its mutation had
a tendency to predict poor survival, with 15 months
for patients not showing expression of this gene vs. 2
months for those testing positive for gene expres-
sion (P � 0.02).

DISCUSSION

Some reports have suggested that certain malig-
nancies present a decade earlier in Mexico compared

to other countries.6 The proportion of young patients
with gastric cancer at our institution is one of the
highest that has been reported in the literature
(14.8%). It has come down since a previous pub-
lication in which a rate of 16.2% was reported.3 In
contrast, several studies have stated that the frequency
of gastric cancer in young patients has remained stable
representing approximately 4% of all gastric cancers.
Bonacini and Valenguela7 reported a sevenfold in-
crease in the incidence of gastric cancer from 1972
to 1976 and from 1982 to 1986 in Hispanic patients
less than 30 years of age.
Gastric cancer in patients under the age of 30 is

considered very rare.8 In our series, 32.5% of young
patients were less than 30 years of age. Young patients
with gastric cancer in the United States are more
likely to be black, Asian, orHispanic.9,10 All patients in
this study were of Hispanic origin. These patients
have a tendency to present in advanced stages, and
some investigators have blamed this on delayed diag-
nosis due to lack of suspicion, whereas others theorize
that a more aggressive disease is the culprit. Our
findings suggest that patients with an abbreviated du-
ration of symptoms have a shorter mean survival than
patients with symptoms lasting longer than 12
months. This is consistent with previous reports, al-
though statistical analysis did not show this correla-
tion to be significant in our series.8,11 Surgically
treated patients have also shown better survival
rates the longer the duration of symptoms prior to
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Table 2. Survival analysis

Median survival (mo) 95% CI Univariate P value Multivariate P value

Tumor stage 0.0001 .001
1 NR
3 19 9.22–28.78
4 4 2.91–5.09

Albumin
�3.5 g/dl 13 9.72–16.28 0.0002 NS
�3.4 g/dl 4 3.25–4.75

R0 resection
Yes 33 14.21–51.79 0.001 NS
No 5 0–14.64

Karnofsky
�90 14 10.9–17.10 0.00001 NS
�90 4 3.01–4.99

Lauren
Diffuse 9 5.27–12.73 0.04 NS
Intestinal 27 8.48–45.52

Tumor location
Distal 13 4.69–21.31 0.0006 0.01
Proximal 12 7.81–16.19
Linitis plastica 3 1.94–4.06

Chemotherapy
Yes 14 10.82–17.18 0.01 0.01
No 4 2.44–5.56

Family history
Yes 11 0–24.09 NS NS
No 10 6.32–13.68

CI-confidence interval; NR-not reached; NS-not significant.

treatment.12 As suggested by Armstrong and Dent,11
this difference in behavior may represent subsets of
disease, one of which is biologically more aggressive.
Gastric cancer tends to present more frequently in
men than in women (male:female ratio 2:1). Others
series have noted that this relationship changes in
young patients and particularly in patients under 30
years of age where the male:female ratio becomes
reversed.8,13 In our series, the male:female ratio for
all patients 40 years of age or younger was 1.2:1 and
for patients younger than 30 the ratio was 0.9:1. The
reason for this increase in the number of women in
the younger age group is not known. Yamachika et
al.14 recently correlated the expression of intestinal
trefoil factor (ITF) with poor prognosis in patients
with gastric cancer. In this report, although women
were more likely to express ITF, it was mainly in
men that expression of ITF was correlated with a
more aggressive tumor phenotype (tumor stage, in-
filtrative growth pattern, positive lymph nodes) and
a significantly worse survival. ITF expression seems
to be induced by estrogen in breast cancer cells15 and
has been associated with expression of estrogen recep-
tors in mucinous skin cancers, a nontargeted organ
of estrogen.16

A family history of gastric cancer was found in
16.9% of the cases. A previous report from our insti-
tution found thatonly 2.6%ofpatients over 70yearsof
age report a family history of gastric neoplasms.3

There is increasing evidence in the literature on he-
redity in gastric cancer. First-degree relatives of per-
sons with gastric cancer have a two- to threefold
increase in risk,17,18 especially those diagnosed before
the age of 50.19 The Scandinavian Twin Study also
showed an increased risk of gastric cancer in the twin
of an affected person.20 In only two patients were we
able to find a reference to H. pylori in the pathology
report. H. pylori infection may be lost with the devel-
opment of atrophic gastritis, and atrophy is present
in many patients with gastric cancer, so retrospective
studies need to be interpreted with caution.21
In our series, survival was influenced by stage,

tumor location, histologic findings, performance
status, hypoalbuminemia, surgical resection, and ad-
juvant chemotherapy, as shown by univariate analysis.
All of these variables have previously been reported
in the literature as significant prognostic factors of
survival.3,21–25 Of interest, in a subset of our patient
population where E-cadherin analysis was obtained,
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its mutation had a negative predictive value on
survival.
On multivariate analysis, only advanced stage,

tumor location, and chemotherapy sustained signifi-
cance. In summary, family history of gastric cancer
and hereditary gastric cancer are variables without a
significant impact on survival. We acknowledge that
the small number of patients with a family history
of gastric cancer (n � 14), hereditary gastric cancer
(n � 5), and advanced disease stage at the time of
surgery in the majority of patients may underpower
the statistical analysis. Women under 30 years of age
are a group with a higher risk of gastric cancer than
was previously thought. The only interventions that
can improve survival in this group of patients are
prompt diagnosis and aggressive surgical treatment.
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Choledochal Cysts in Western Adults: Complexities
Compared to Children
Michael Nicholl, M.D., Henry A. Pitt, M.D., Patrick Wolf, M.D., Janice Cooney, N.P.,
Munci Kalayoglu, M.D., Joel Shilyansky, M.D., Layton F. Rikkers, M.D.

Choledochal cysts occur most frequently in East Asian children and rarely in Western adults. Over the
past two decades, pediatric treatment has been standardized, but relatively little information is available on
the management of Western adults with choledochal cysts. Therefore the aims of this analysis were to
compare the presentation, management, and late results of Western adults and children with choledochal
cysts. Records were reviewed of patients with choledochal cysts at three academic institutions inWisconsin.
Fifty-seven patients were identified, and 51 of these patients (89%) were managed surgically. Thirty-
one patients (54%) were adults, and the adults were more likely to be male (29% vs. 4%, P � 0.02).
Pain (81% vs. 42%, P � 0.01) and cholangitis (35% vs. 15%) were more common in adults. Forty-one
patients (71%) had type I cysts, but type IVa or V cysts with dilated intrahepatic ducts were more common
in adults (39% vs. 15%, P � 0.05). Seventeen adults had undergone biliary surgery prior to referral
compared to only four children (59% vs. 15%, P � 0.01). Preoperative endoscopic or percutaneous stents
were employed more commonly in adults (42% vs. 15%, P � 0.01). Hospital mortality was 0%, and
morbiditywas low inbothadults andchildren (25%vs.8%).Anassociatedbiliarymalignancycorrelatedwith
age (P � 0.05): 0 to 30 years (0%), 31 to 50 years (19%), and 51 to 70 years (50%). In addition, adults
were more likely to have late problems with cholangitis (19% vs. 4%, P � 0.07) and secondary biliary
cirrhosis (13% vs. 4%). This analysis suggests that compared to children,Western adults with choledochal
cysts are more likely to have (1) type IVA or V cysts, (2) undergone prior surgery, (3) preoperative biliary
stents, (4) an associated biliary malignancy, and (5) late hepatobiliary problems. We conclude that
surgery in Western adults with choledochal cysts is frequently complicated and should be performed
by specialists in complex biliary surgery. (J GASTROINTEST SURG 2004;8:245–252) � 2004 The Society
for Surgery of the Alimentary Tract

KEY WORDS: Biliary cysts, cholangiocarcinoma, choledochal cysts, gallbladder cancer

Choledochal cysts are dilatations of the extrahe-
patic and/or intrahepatic bile ducts that are believed
to be of congenital origin. Most reported cases have
been in female Asian children.1 However, even in this
patient population, choledochal cysts are uncommon.
In comparison, choledochal cysts are very rare in chil-
dren in the United States2 and Europe.3 Even more
rare has been the presentation of choledochal cysts
among Western adults.4–6 Moreover, comparisons
between children and adults with biliary cysts from
Asia7 or the United States8 have rarely been reported.
Surgical treatment of choledochal cysts is under-

taken to reduce the incidence of complications in-
cluding pancreatitis, cholangitis, and biliary tract
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malignancy.1–3,7–11 Even with adequate surgical
treatment, long-term complications develop and in-
clude anastomotic stricture, cholangitis, biliary cir-
rhosis, and biliary tract malignancy.12–14Over the past
two decades, pediatric treatment has been standard-
ized and entails cholecystectomy, extrahepatic cyst
excision, and Roux-en-Y hepaticojejunostomy.1,2,11,15

However, the low incidence of choledochal cysts in
Western adults has resulted in little information re-
gardingmanagement in this patient population. Thus
the aims of this study were to compare the presenta-
tion, management, and late results in Western adults
and children with choledochal cysts.

mailto:hapitt@mcw.edu
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METHODS
Patient Population

After institutional review board approval was ob-
tained, a retrospective chart review was conducted of
available records for the past 20 years at two Medical
College of Wisconsin hospitals, Froedtert Memo-
rial Hospital and Children’s Hospital of Wisconsin,
aswell as at theUniversity ofWisconsinHospitals and
Clinics. Search criteria included ICD 9 codes 576.9
and 751.9. Additionally, the radiology and endoscopic
retrograde cholangiopancreatography (ERCP) data-
bases were searched for the following key words:
choledochal cyst, choledochocele, Caroli’s disease,
and abnormal pancreaticobiliary junction. Fifty-five
patients were identified with the diagnosis of biliary
cyst disease. Two patients were treated initially as
children with cyst drainage or resection procedures at
Children’s Hospital of Wisconsin and subsequently
returned as adults with long-term complications.
Data from these patients were collected from both
the children and adult groups, as appropriate, yielding
a total of 57 patient encounters. Adults were defined as
patients aged 18 years and older, and their mean age
at presentation was 36.4 years. Children were defined
as patients from birth to 18 years, and their mean age
at presentation was 3.9 years. Adults comprised 54%
(31 of 57) of the patient population (Table 1). Eighty-
two percent (47 of 57) of the patients were female.
However, adults were more likely to be male (29%
vs. 4%, P � 0.02).

Table 1. Patient characteristics

Children Adults Total
(n � 26) (n � 31) (n � 57)

Age and sex
Mean age (yr) 3.9 36.4 21.6
Female 96% 71%* 82%

Presenting symptoms
Pain 42% 81%† 63%
Jaundice 42% 23% 32%
Fever 23% 35% 30%
Vomiting 23% 19% 21%
Mass 19% 0%* 9%

Associated diagnosis
Cholangitis 15% 35% 26%
Pancreatitis 15% 19% 18%
Biliary malignancy 0% 19%* 11%
Biliary stricture 0% 3% 2%

Prior procedures
Surgery 15% 55%† 37%
Stenting 4% 42%† 24%

*P � 0.02 vs. children.
†P � 0.01 vs. children.

Presentation

Pain was the most common presenting symptom
(63%) andwas reportedmore frequently in adults than
in children (81% vs. 42%, P � 0.01) (see Table 1).
Jaundice occurred in 32% of patients, and fever was
present in 30%with no significant difference between
adults and children. An abdominal mass was noted
in 19% of children but was not found in any adult
(P � 0.02). Cholangitis or pancreatitis was an associ-
ated diagnosis in 26% and 18% of patients, respec-
tively, with no significant differences between adults
and children. However, biliary malignancies were
more common in adults (19% vs. 0%, P � 0.02).

Radiology

Sixty percent of patients underwent CT imaging,
with adults slightly more likely than children to have
a CT scan (65% vs. 54%). Ultrasound examinations
were performed in 51% of patients, with adults less
likely than children to have an ultrasound examina-
tion (32% vs. 75%, P � 0.01). Conversely, ERCP
was performed in 42% of patients, with adults more
likely than children to undergo ERCP (68% vs. 8%,
P � 0.01). Nuclear medicine (HIDA) scans were ob-
tained in only 13% of patients, all of them children
(0% vs. 29%, P � 0.01). Magnetic resonance cho-
langiopancreatography (MRCP) was performed in
11% of patients, slightly more often in adults (16%
vs. 4%). Radiology reports commented on the length
of the common channel between the bile duct and
the pancreatic duct in only 16 patients (28%). The
common channel was long (�1.0 cm) in 75% of pa-
tients, adults (60%) and children (82%).

Cyst Type

Cysts were classified according to theTodanimod-
ification16 of the system of Alonso-Lej et al.17 Sev-
enty-two percent of the cysts were type I cysts (Fig.
1), which are completely extrahepatic. Adults were
less likely to present with type I cysts (61% vs. 85%,
P � 0.05). No patients with type II, type III, or type
IVB cysts were found. Ten patients had type IVA
cysts, which are both extrahepatic and intrahepatic,
and six patients had type V cysts, which are entirely
intrahepatic. Adults were more likely to present with
either a type IVA or V cyst (39% vs. 15%, P � 0.05).

Prior Surgery and Stenting

Seventeen adults and four children (55% vs. 15%,
P � 0.01) had undergone prior biliary tract surgery
(see Table 1). Eighty-two percent of adults who had
prior surgery underwent cholecystectomy before re-
ceiving definitive treatment for their choledochal
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cysts. Five adults and no children underwent preoper-
ative endoscopic biliary stenting (16% vs. 0%, P �
0.03), and eight adults and one child underwent per-
cutaneous biliary stenting (26% vs. 4%, P � 0.02).
Overall, 13 adults and only one child had preoperative
biliary stents (42% vs. 4%, P � 0.01) (see Table 1)
(Fig. 2).

Statistical Analysis

Statistical analysis was performed with SPSS 11.0
for Windows software (SPSS Inc., Chicago, IL). Dis-
crete variables were compared by chi-square analy-
sis. All P values �0.05 were considered statistically
significant.

RESULTS
Surgery

Fifty-one patients (89%) underwent surgical treat-
ment including the vast majority of adults and chil-
dren (84% vs. 96%) (Fig. 3). Most patients (82%)
underwent cyst resection with Roux-en-Y cholangio-
or hepaticojejunostomy in both adults and children
(81% vs. 84%). Cyst drainage procedures were per-
formed in three children (12%) and no adults. Four
adults (15%) underwent palliative operations for ad-
vanced biliary tract malignancy. If not previously per-
formed, cholecystectomy was undertaken at the time
of surgery in most adults and children (74% vs. 88%).
Intrahepatic or extrahepatic bile duct stones were
found with equal frequency in adults and children
(12% vs. 11%).

Fig. 1. Choledochal cyst type in children and adults. Type I cysts were less common (P � 0.05) and
type IVA and V cysts were more common (P � 0.05) in adults.

Mortality and Morbidity

No hospital deaths occurred in adults or children
(Table 2). Overall morbidity was 18% and was higher
in adults (23% vs. 12%), but this difference was not
significant. Six adults incurred infectious postopera-
tive complications with cholangitis (8%), abscess
(4%), and wound infection (4%) being the most
common. One adult patient had multiple postopera-
tive complications. Postoperative complications oc-
curred in three children; these included a biliary
fistula, a biloma, and pancreatitis.

Biliary Malignancies

Six adults had a biliary malignancy compared to
none of the children (19% vs. 0%, P � 0.05). These
six patients ranged in age from 38 to 68 years with
a median of 43 years. Four (67%) were women,
which was similar to the entire adult group (71%).
Five (83%) of these six adults had type I cysts, and
onehad a type IVAcyst. This distribution of cyst types
was no different from that in the overall adult group
(see Fig. 1). Three of these six patients had undergone
prior biliary surgery. Two had undergone choledo-
chal cyst duodenostomies 34 and 36 years previously
when they were ages 4 and 8, respectively. One pa-
tient had undergone resection of a type I cyst else-
where at age 29, which was 13 years before presenting
to us with an unresectable cholangiocarcinoma. Thus,
of the 43 patients undergoing cyst resection, only
one (2%) developed a subsequent biliary malignancy.
The other three adults with a biliary malignancy had
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Fig. 2. A, Transhepatic cholangiogram demonstrating a type
IVA cyst with intrahepatic stones and strictures in a patient
previously managed with a metallic endoscopic stent. B, Pre-
operative cholangiogram after placement of bilateral trans-
hepatic stents through the cysts and metal stent into the
duodenum.

this problem at the time of their initial presentation.
Five of the adults with a malignancy had cholangio-
carcinomas (16%), whereas one had gallbladder
cancer (3%). Two of the five cholangiocarcinomas
were resected, and four patients underwent pallia-
tive surgery.

Late Complications

Late complications occurred in 28 patients (49%)
including 18 adults and 10 children (58% vs. 38%).
The most common late complications were cholan-
gitis (12%), cancer (11%), cirrhosis (9%), and bowel
obstruction (5%) (Fig. 4). Adults were more likely to
have cholangitis (19% vs. 4%,P � 0.07), cancer (19%

vs. 0%, P � 0.05), and cirrhosis (13% vs. 4%). How-
ever, children were more likely to develop bowel ob-
struction (0% vs. 12%, P � 0.07). As mentioned
earlier, six adults had a biliary malignancy. The inci-
dence of malignancy increased with age (Fig. 5). No
patient under the age of 30 years developed a biliary
tract malignancy. Nineteen percent of patients be-
tween the ages of 31 and 50 years developed a biliary
cancer, and 50% of the patients aged 50 to 70 years
developed a biliary tract malignancy. Four percent of
adults and 8% of children developed an anastomotic
stricture. Three percent of adults and 4% of children
developed recurrent pancreatitis.

DISCUSSION

This analysis reports the experience with biliary
cyst disease in adults and children at three academic
medical centers inWisconsin. Of the 57 patients with
choledochal cysts or Caroli’s disease, 31 (54%) were
adults. Adults were more likely to be male (P � 0.02)
and to present with pain (P � 0.01) and cholangitis
(P � 0.09). Adults also were more likely to have intra-
hepatic cysts (P � 0.05) and to have undergone prior
biliary tract surgery (P � 0.01) and preoperative bili-
ary stenting (P � 0.01). In addition, adults were more
likely to have a biliary tract malignancy (P � 0.05).
Operative mortality (0%) and morbidity (18%) were
low in both adults and children. However, adults
were more likely to have late postoperative prob-
lems with cholangitis (P � 0.07) and biliary cirrhosis,
whereas children were more likely to develop bowel
obstruction (P � 0.07). This Wisconsin experience
with choledochal cysts suggests that Western adults
frequently have complicated disease that can be man-
aged safely by specialists in complex biliary surgery.
In Japan and other East Asian countries, biliary

cysts are diagnosed most frequently in childhood in
females.1,7,11,16 In comparison, in the United States
andEurope an increasing number of adult patients are
being diagnosed and treated.1,4,6,8,18–20 In adults the
classic triad of jaundice, right upper quadrant pain,
and a palpable mass is unusual. In this and other
series, pain was more common in adults, but this
finding may be due to the fact that small children are
unable to express this symptom.1,8,13,21 Lipsett et al.8
from JohnsHopkinsUniversity found that adultswere
more likely to present with cholecystitis and pan-
creatitis, but this observationwasnot confirmed in this
Wisconsin series. In addition, the finding that
Wisconsin adults were more likely to present with
cholangitis may be due to the fact that they had rela-
tively more type IVA and V cysts and were more
likely to have preoperative biliary stenting. However,
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Fig. 3. Operations in children and adults.

theoverall distributionof cysts in this series,with types
I and IVA being most common is similar to many
other reports.1,8,9,18,19,21
Once considered, the diagnosis of biliary cyst

disease is easily established with modern imaging
studies. Ultrasound has the advantages of imaging in-
trahepatic stones and avoiding radiation exposure but
does not provide sufficient detail regarding vascular
and pancreatobiliary duct anatomy. CT and MRI,
therefore, are preferred. In addition, MRCP should
be able to detect pancreatobiliary malfunction with-
out the risks of pancreatitis and cholangitis associated
with ERCP.Of note, the importance of an anomalous
pancreatobiliary junction in the etiology of choledo-
chal cysts was first described in 1969 by Babbitt,22 a
radiologist at the Children’s Hospital of Wisconsin.
This report confirms that most adults and chil-
dren with choledochal cysts have a pancreatobiliary
malfunction.
Factors to be considered when operating on pa-

tients with biliary cystic disease include (1) age, (2)

Table 2. Operative mortality and morbidity

Children Adults Total
(n � 25) (n � 26) (n � 51)

Mortality 0% 0% 0%
Morbidity 12% 23% 18%
Cholangitis 0% 8% 4%
Abscess 0% 4% 2%
Wound infection 0% 4% 2%
Biliary fistula 4% 0% 2%
Biloma 4% 0% 2%
Pancreatitis 4% 0% 2%

presenting problems, (3) cyst type, (4) associated bili-
ary stones, (5) prior biliary surgery, (6) intrahepatic
strictures, (7) hepatic atrophy/hypertrophy, (8) biliary
cirrhosis, (9) portal hypertension, and (10) associated
biliary malignancy. As documented in this and other
reports, adults are more likely to have many of these
factors, which complicate their surgical man-
agement.1,4–8,23,24 In general, however, surgery should
include cholecystectomy and excision of extrahepatic
cyst(s).1,2,3–12,18–20,23,24

Distally the intrapancreatic portion of the cyst
should be excised taking care to avoid injuring the
pancreatic duct or a long common channel. With
respect to intrahepatic ducts, surgery should be indi-
vidualized depending on whether (1) both lobes are
involved, (2) strictures and stones are present, (3)
cirrhosis has developed, or (4) an associated malig-
nancy is localized or metastatic. In the absence of
cirrhosis, hepatic parenchyma should be preserved
even when strictures and stones are present. With
advanced cirrhosis, which is unusual, transplantation
may be indicated. If a malignancy has developed,
oncologic principles should be followed.1,25–27 When
possible, resection of a localized tumor including ad-
jacent hepatic parenchyma or the head of the pancreas
and regional lymph nodes should be performed.
However, as evidenced by this and other series, malig-
nancies complicating biliary cystic disease are often
diagnosed late and therefore have a low resectability
rate and a poor prognosis.1,8,28–32

Resection of the gallbladder and the extrahepatic
cysts clearly reduces the risk of subsequent biliary
malignancy.1,14 Thus in symptomatic adults and chil-
dren, surgery is indicated. Occasionally a teenager or
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Fig. 4. Late complications in children and adults. Cancer (P � 0.05) and cholangitis (P� 0.08) were
more common in adults, whereas bowel obstruction (P � 0.07) was more common in children.

young adult with minimal symptoms will be diag-
nosed, and the timing of surgery will be questioned.
In this series, no malignancies were diagnosed in pa-
tients less than 30 years of age; however, the risk
of malignancy in the gallbladder and bile ducts is
increased in teenagers and adults in their 20s.1,28–31
Thus, because of this increased risk of malignancy,
surgery should not be delayed, even in asymptomatic

Fig. 5. Biliary malignancy by age. All malignancies were observed in patients over 30 years (adults vs.
children, 19% vs. 0%; P � 0.05).

patients. In addition, the morbidity and mortality of
surgery in this and most reports is quite low.
Patients with choledochal cysts who have under-

gone surgery remain at increased risk for recurrent
cholangitis, pancreatitis, intrahepatic strictures,
stones, and malignancy. In some patients who present
with recurrent cholangitis, febrile episodes may per-
sist for severalmonths postoperatively until the biliary
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epithelium is repaired and a barrier to cholangioven-
ousandcholangiolymphaticreflux isreestablished.Pa-
tients with intrahepatic cysts are more likely to have
late problems with cholangitis, as well as intrahepatic
strictures and stones. In a recent report from Japan by
Tsuchida et al.,33 4 of 10 patients with intrahepatic
cysts developed late problems with cholangitis. These
patients did not have stents placed, and the results
are not as good as those reported with a strategy of
long-term transhepatic stenting with large-bore silas-
tic stents.1,8,25–27,34 Recurrent pancreatitis also has
been reported in Japanese children after choledochal
cyst excision.35 In this analysis, pancreatic duct abnor-
malities were reported in 47% of patients undergoing
ERCP. In comparison, in this Wisconsin series only
one adult (2%) and one child (2%) had postoperative
pancreatitis.

CONCLUSION

When they are considered a possibility, biliary
cysts are easily identified and treated. Surgery should
include cholecystectomy, complete excision of extra-
hepatic cysts, and Roux-en-Y reconstruction. The
pancreatobiliarymalformation observed in themajor-
ity of these patients plays a significant role in their
increased risk of gallbladder and bile duct malignan-
cies.14,30–33 Thus surgery should be undertaken in
adults and children even when symptoms are minimal
or prior cyst-enteric drainage without resection has
been performed. In the hands of specialists in complex
hepatobiliary surgery, operative morbidity is low and
the long-term outlook for these patients is very good.
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2003 SSAT-AGA-ASGE Workshop on
“Palliative Therapy of Rectal Cancer”

Summary Statement
Matthias Stelzner, M.D.

Questions Addressed by the Workshop

1. What are the indications and goals of pallia-
tive therapy for rectal cancer? How extensive
should staging and clinical work-up be? Are en-
doscopic ultrasound and magnetic resonance
imaging useful in the planning of palliative
therapy?

2. What are the indications for palliative surgical
therapy? What operative measures are most
suited for patients with complications of the
disease process? What is the role of diverting
colostomies in light of the introduction of new
interventional endoscopy techniques?

3. What are the indications and limitations of en-
doscopic rectal stenting? How successful is
stenting in the palliation of cancer symptoms?

4. What are other endoscopic options? What are
their strengths and weaknesses? When should
they be used? Which methods are outdated?

5. What is the role of chemo-radiotherapy and
chemotherapy?When are repeated courseswith
different agents indicated? Is chemotherapy
useful to palliate rectal obstruction?

6. Is radiotherapy alone a good option? What are
the indications? What is the role of intraopera-
tive radiation therapy?

GENERAL SUMMARY

Cancer of the rectum is an important cause of
cancer mortality in the United States. It is estimated
that 20,000–30,000 patients require palliative care
for rectal cancer annually. Palliative therapy of rectal
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cancer remains, thus, a major health issue in the
United States.
Palliative care seeks to maximize the quality of

remaining life. This goal requires a multidisciplinary
approach. Optimal pain control, reassurance of the
patient, and good communication about all aspects of
the disease process are germane elements of palliative
care. Every test or treatment should be intended to
improve the patient’s comfort. Whereas intravenous
fluids may be helpful to increase patient comfort,
total parenteral nutrition or enteral tube feedings in
nonsurgical patients offer no proven benefit.
Diagnostic workup should assess the need for pal-

liative treatment and identify factors that may limit
palliative treatment options. In patients with ad-
vanced disease, workup should be minimized. Resect-
ability and extent of abdominal metastases should
be assessed with computerized tomography (CT) of
the abdomen and pelvis. Endorectal ultrasound and
magnetic resonance imagining (MRI) should be
used only if resectability is uncertain. If the primary
tumor is resectable and abdominal metastases are
absent, further imaging studies (e.g., positron emis-
sion tomography) may be indicated. Diagnostic lapar-
oscopy is occasionally useful to determine if palliative
resection would be beneficial.
Resective surgery should be avoided in patients

with nonresectable metastases or extensive locoregio-
nal disease and with a life expectancy of less than
3–6 months. The indication for surgical palliation
depends on symptoms, extent of local disease, ex-
pected duration of life, and perioperative morbidity
and mortality. Options may include resection, diver-
sion, or local procedures. Pelvic exenterations are
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rarely useful for palliation because of their high mor-
bidity. For mid- and low-rectal lesions, transanal re-
section and/or electro-coagulation compare favorably
to transabdominal procedures because of their lower
morbidity of the transanal procedures.
Self-expandable metal stents may be indicated for

obstructing tumors in patients who are not surgical
candidates. Stents provide a good long-term resolu-
tion of symptoms and have low complication rates.
Stenting is not suitable to palliate bleeding. Recurrent
obstruction after stent placement may require argon
beam, laser ablation, or restenting.
Laser ablation is most useful to palliate tumor-

related bleeding. It can also be used for rectal obstruc-
tion. Palliation usually lasts up to 6 months. Laser
therapy is not effective for treating pain, infiltration of
the pelvic sidewall, or anal involvement. Endoscopic
argon plasma coagulation is effective in palliating
bleeding, but less effective in treating obstruction or
other local symptoms.
Injection therapy with alcohol or sclerosing agents

and endoscopic coagulation have been used as low-
cost alternatives to laser ablation. Photodynamic
therapy and cryotherapy are less suitable for palliation
because of high rates of side effects or complications.
Chemotherapy and chemo-radiation therapy are

useful for palliation in the absence of rectal ob-
struction. They may achieve a “down-staging” of the
tumor to allow for palliative resection. In unresect-
able patients, both modalities are frequently useful
in controlling effects of local tumor compression
or infiltration including pain. Repeated courses of
chemotherapy with newer agents (e.g., irinotecan,
oxaliplatin) may increase or prolong the palliative
effects and may offer a survival benefit.
External beam radiation without chemotherapy

can be expected to relieve pain and bleeding in about
75% of patients with advanced pelvic disease. Pallia-
tion from radiation alone is shorter-lived compared to
chemo-radiation and lasts usually not longer than
3–9 months. Future clinical studies are needed to
improve clinical definitions and databases, to develop
educational tools and decision aids for patients, and
to compare different treatment options. It may be
difficult to conduct such studies because of the varia-
tion of disease and the heterogeneity of the patient
population.

INTRODUCTION

Cancer of the rectum ranks among the important
causes of cancer mortality in the United States. It is
estimated that there are 42,000 new cases of rectal

cancer and 8,500 deaths from it every year. In most
series, about three-quarters of the patients with rectal
cancer are treated with curative intent. The re-
maining 25% of patients are treated for palliation
and half of these will undergo abdominal surgery
as part of their palliative treatment. Of the patients
treated with curative intent, approximately 40% will
develop cancer recurrences which cannot be treated
with curative intent. Based on these data, it can be
estimated that 20,000–30,000 patients per year will
require palliative care for rectal cancer. Palliative
therapy of rectal cancer remains, thus, a major health
issue in the United States.

INDICATIONS FOR PALLIATIVE
TREATMENT

Rectal cancer may be deemed incurable for several
reasons. The patient may have advanced locoregio-
nal disease or distant metastases. There may be sig-
nificant comorbidities rendering the patient unfit for
surgery or the patient may decline the extent and
consequences of radical surgery (e.g., construction of
a permanent colostomy or urostomy). Finally, a few
patients will decline surgery altogether even if the
cancer is otherwise curable.
Operative palliative therapy is generally indicated

if the patient will tolerate the procedure and if the
operation has a high likelihood of relieving cancer-
related symptoms and maintaining normal functions
to maximize the quality of life.
Nonoperative palliative therapymay include chemo-

therapy, radiation therapy, interventional gastroenter-
ologic measures, pain control, and other measures
directed at increasing patient comfort. Therapeutic ef-
forts are generally indicated for severe symptoms from
locoregional disease (e.g., bowel obstruction, fistulas,
or sciatic nerve compression).

GOALS OF PALLIATIVE CARE

The primary goal of palliative therapy is to max-
imize the quality of remaining life. Palliative care is
a complex undertaking and requires close collabora-
tion of a multidisciplinary team of surgeons, physi-
cians, nurses, clergy, and spiritual counselors.There is
evidence that cancer patients tend to overestimate
the probability of long-term survival. This puts great
responsibility on clinicians to provide the patient with
a realistic prognosis and a choice of treatment op-
tions. This advice should be based on a thorough
evaluation of the patient’s general health and an accu-
rate staging of the cancer. The treatment plan should
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focus on pain and symptom management and treat-
ments should be commensurate with the expected
improved quality of life. Most patients with incurable
rectal cancer fear the development of severe pain.
Reassurance and good communication about all as-
pects of the disease process in combination with opti-
mal pain control by modern pain management
methods should play a pivotal role in the palliative
treatment regimen.

CLINICAL EVALUATION

Diagnostic workup of a patient with incurable
rectal cancer is based on physical findings and symp-
toms. It should determine whether palliative therapy
is needed and identify factors that may limit palliative
treatment options. If clinical findings suggest very
advanced disease, workup should be minimized. In all
other cases, a CT of the abdomen and pelvis is done
to determine resectability and the extent of abdominal
metastases. Endorectal ultrasonography and pelvic
MRI may be used if physical exam and a CT scan
are unable to determine resectability. If the pelvic
disease seems resectable, additional imaging (e.g.,
chest CT) may be indicated to exclude distant metas-
tases. In some instances, diagnostic laparoscopy is
useful to identify widespread disease not amenable to
palliative resection.

SURGICAL TREATMENT OPTIONS FOR
PALLIATION OF RECTAL CANCER

Whereas surgical removal is the preferred curative
treatment for rectal cancer, surgical intervention is
only one of several options for palliation. Surgical
resection of rectal cancer should be avoided if there
is extensive pelvic disease, lower extremity lymph-
edema, invasion into iliofemoral vessels, or extensive
lymphatic involvement. Surgery is also not an option
in patients with nonresectable metastases or for pa-
tients with a life expectancy of less than 3–6 months.
Anterior resection with anastomosis is considered if
the rectal remnant is longer than 3 or 4 cm. Increased
risks of anastomotic breakdown due to preoperative
radiation, the disadvantage of a temporary proximal
stoma, and the time to achieve good anal function
shouldbe taken into account.AHartmannoperation is
often a better alternative if the patient is willing to
accept a permanent colostomy. Whereas posterior
vaginectomy and hysterectomy are not a deterrent
to palliative rectal resection, more extensive pelvic
exenterations are rarely performed because of their
high morbidity and diminished quality of life. Surgi-
cal treatment for patients with unresectable cancer

is frequently limited to construction of a sigmoid
colostomy for fecal diversion; this is now often per-
formed laparoscopically. Construction of an end
stoma with an adjacent small mucous fistula avoids
the disadvantages of a loop colostomy such as stoma
recession and incomplete diversion of the fecal
stream. Loop stomas are useful for patients with short
life expectancy and with significant obesity. In a
number of patients, colostomies are being replaced
by endorectal debulking and endorectal stenting par-
ticularly for mid- and low-rectal lesions. These le-
sions are amenable to local transanal excision with
conventional techniques or by transendoscopic exci-
sion (TEM). Both techniques compare favorably to
transabdominal resective measures because of their
lower morbidity.

RECTAL STENTING

Self-expandable metal stents have become a useful
addition to the palliative armamentarium in the past
decade. Stent placement is indicated in patients with
obstructive rectal carcinoma who have extensive dis-
ease, who are poor surgical candidates, and who have
incurable recurrent disease after resection. Stent
placement does not palliate rectal bleeding. In ex-
perienced centers, stents are successfully placed in
approximately 90% of cases. Stents provide good
long-term resolution of obstruction (9 months and
longer) and reported migration rates are below 15%.
The interaction between stent placement and radio-
therapy or chemotherapy is not well defined. How-
ever, case reports seem to indicate that stented tumors
can be irradiated and radiated tumors can be stented
without adverse effects. Recurrent obstruction may
require endoscopic argon beam, laser ablation, or
restenting. There are reports indicating that covered
stents provide excellent palliation for rectovaginal or
rectovesical fistulas.

OTHER ENDOSCOPIC METHODS

Older endoscopic methods of palliating obstruc-
tion from rectal cancer have largely been replaced by
expandable metal stent placement. However, laser
ablation is still a useful therapy for some patients
particularly when the predominant symptom is rectal
bleeding. In patients with obstructive rectal cancer,
several repeated treatment sessions may be necessary
to achieve initial luminal patency and further sessions
will become necessary every few months or as symp-
toms recur. Palliation of obstructive symptoms is
achieved after 2–5 laser sessions in 80%–90% of pa-
tients. In general, palliation is not long lasting and
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symptoms often recur within 6 months. Complica-
tions occur in 5%–15% of patients and are mostly
minor although perforation, sepsis, and death have
been reported. Laser therapy is an important adjunct
in patients with recurrent obstruction after self-ex-
panding metal stent placement. Laser ablation is not
effective for treating painful tumor infiltration of
pelvic nerves.
Argon plasma coagulation is a cost-effective alter-

native to laser treatment for control of bleeding, but it
is less useful for treating rectal obstruction. Injection
therapy of rectal cancer using alcohol or sclerosing
agents has the great advantage of being low cost
and simple. Photodynamic therapy, endoscopic
electrocoagulation, and cryotherapy cannot be recom-
mended because of the side effects or high complica-
tion rates. Photodynamic therapy is limited by the
cutaneous phototoxicity of the systemically adminis-
tered hematoporphyrin sensitizing agent.

Fig. 1. Algorithm for palliative care of patients with locally unresectable rectal cancer.

CHEMOTHERAPY AND RADIATION
THERAPY

Chemotherapy and external beam radiation ther-
apy play an important role in the palliation of in-
curable rectal cancer. Whereas tumors that are
obstructing or near-obstructing on endoscopic exam-
ination require palliative surgery or stenting, those
lesions that are asymptomatic or minimally symp-
tomatic can be managed with chemotherapy or with
chemotherapy and radiation. As a rule, tumors that
are unlikely to obstruct in an 8–10 week period will
not require palliative mechanical management before
initiation of chemotherapy. Most chemotherapy will
be assessed for efficacy at 6–8 weeks into treatment
and tumor regressionwill decrease the risk of obstruc-
tion substantially. Modern combination regimens
may achieve responses in excess of 75% for chemo-
therapy-naive rectal cancers and offer a considerable
chance for palliation. The addition of pelvic radiation
therapy should be made dependent on the extent of
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extra-pelvic metastases and the size of the rectal
tumor. For example, patients with small volume,
asymptomatic distant metastases, and a larger rectal
tumor are at greater risk of developing pelvic com-
plications and should be offered pelvic radiation.
This decision should be made by an experienced
treatment team, because the addition of radiation
generally requires the use of a less effective chemo-
therapy regimen.
Even radiation alone without chemotherapy has

definite benefits in relieving symptoms. Pain and
bleeding can be treated with success in 75% of pa-
tients with low doses of radiation. However, symptom
relief is relatively short-lived and can be expected to
last for only 3–9 months. It is most useful in patients
with advanced disease and a short life expectancy.
Radiation therapy does not offer a survival benefit.
Addition of chemotherapy will generally increase
long-term survival. Because of the poor results with
external beam therapy alone, attempts have been
made to improve palliation in patients with locally

Fig. 2. Algorithm for palliative care of patients with resectable rectal cancer.

recurrent rectal cancer by combining surgery with
external beam and intraoperative radiation therapy.
Available evidence indicates that this is most benefi-
cial when the tumor can be completely resected with
negative margins. However, data for patients with
metastatic disease are not available.

OTHER RECOMMENDATIONS

The presence of medical comorbidities should
affect decisions about palliative treatment options.
Patients should not be considered for surgery, chemo-
therapy, or radiation treatment if they have significant
preexisting medical conditions, are unable to main-
tain alimentation because of metastatic disease, or are
so debilitated in their performance status that they
are limited to a bed-to-chair existence. Parenteral
administration of fluids may provide some addi-
tional comfort, however, total parenteral nutrition or
enteral tube feedings have not been shown to be of
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benefit in the nonsurgical cancer patient. Routine use
of these latter modalities is discouraged.

FUTURE DIRECTIONS

Scientific progress in the palliative treatment of
rectal cancer is limited by the lack of universally ac-
cepted definitions of extent of the disease, comorbidi-
ties, and factors influencing the patients’ performance
status. Future efforts are needed to improve these
clinical definitions and to supply better andmore stra-
tified databases. In addition, the effectiveness of our
current methods of informing patients about the
state of their disease is not well understood. Further
research should explore the patients’ preferences, in-
vestigate the communications between patient and
health-care providers, and also focus on the develop-
ment of improved educational tools and decision aids.
Other studies should examine and compare the effect
of different palliative therapies. Further scientific evi-
dence is especially desirable in the following areas:
(1) comparison of combining radiotherapy with stent
placement vs. stent placement alone, (2) comparison
of self-expandable metal stents vs. colostomies for
palliation of obstruction, (3) comparison of metal
stents vs. colostomies for palliation of cancer-related
fistulas, (4) comparison of different interventional en-
doscopicmeasures forpalliation, and (5) explorationof
the usefulness of intraoperative radiation therapy. It
is conceivable that some of these issues will never
be studied in controlled randomized trials as it may
prove very difficult to conduct such studies because
of the variation of disease and the heterogeneity of
the patient population.

TREATMENT ALGORITHMS

During the conference, the panel members devel-
oped two treatment algorithms for palliative treat-
ment of rectal cancer. These flow diagrams give an
outline of state-of-the-art therapy options for incur-
able rectal cancer in the presence of unresectable local
disease (Fig. 1) and for incurable rectal cancer in

the presence of technically resectable local disease
(Fig. 2).
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Overview: Epidemiology, Indications, Goals, Extent,
and Nature of Work-up
David A. Rothenberger, M.D.

Each year in the United States, it is estimated that there will be 42,000 new cases of rectal cancer and
8,500 deaths.1,2 Some patients present with an incurable rectal cancer but more often death follows
development of recurrent rectal cancer after failed curative-intent therapy. Knowledge of the natural
history of rectal cancer and limitations of treatment options coupled with sound clinical judgment and
compassion are essential prerequisites for the clinician providing palliative care. (J GASTROINTEST SURG
2004;8:259–261) � 2004 The Society for Surgery of the Alimentary Tract

KEY WORDS: Rectal cancer, palliation, recurrent rectal cancer, incurable rectal cancer

EPIDEMIOLOGY

In most series of rectal cancers, curative-intent
resections are performed in 70%–90%of cases, some-
times after neoadjuvant chemoradiation. The
remaining 10%–30% of patients are treated for palli-
ation. It is logical to assume that the percentage of
patients requiring palliative care is higher among
those presenting with late-stage disease, but the epi-
demiology of late-stage rectal cancer is not well char-
acterized. Morris and Baxter3 used the Surveillance
Epidemiology and End Results (SEER) database that
represents 14% of the new cases in the United States
to assess new colorectal cancer patients between 1988
and 1999. Among patients of known stage in the
SEER database, 31,341 patients (17%) had stage IV
disease at presentation (colon cancer � 23,865; rectal
cancer � 7,476). One third of the 31,341 patients
with stage IV colorectal cancer did not undergo resec-
tion and were presumably treated for palliation. The
SEER database does not record the intent of therapy
for the two-thirds of patients with stage IV colorectal
cancer treated by resection but it is reasonable to
assume that at least some of these resections were
palliative.
In addition to palliation in the setting of a primary

rectal cancer, approximately 40% of patients who
previously underwent curative-intent therapy of
rectal cancer will develop recurrence. Of those with
recurrence, the vast majority cannot be retreated
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with curative intent. Thus, palliative care for rectal
cancer patients remains a major health issue.

INDICATIONS

Palliative therapy is indicated for all patients with
incurable rectal cancer and may be operative or non-
operative. Palliative-intent operations leave local or
metastatic residual cancer, varying from a small mi-
croscopic focus causing no symptoms to an extensive
tumor producing major symptoms. Operative pallia-
tive therapy is indicated if a patient is judged able
to tolerate a surgical procedure that has a high likeli-
hood of relieving significant symptoms and/or main-
taining normal functions to maximize the quality of
remaining life. For some, extirpative radical surgery
is the most likely way to provide relief of symptoms
without undue morbidity. For others, operative palli-
ation is achieved by symptom-relieving but less rad-
ical surgery.
Nonoperative palliative therapy may include che-

motherapy, radiation therapy, pain control measures,
and other comfort care. Nonoperative palliative ther-
apy is generally indicated for locoregional disease if
work-up shows that the pelvic cancer has caused sci-
atic nerve pain, bilateral ureteral obstruction, exten-
sive pelvic side wall involvement (especially if in the
upper 2/3 of the pelvis), neural or bony involvement
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at or higher than S1–S2, bilateral lymphedema, or
deep venous thrombosis. Nonoperative palliative
therapy is also indicated for patients who present with
multiple peritoneal metastases, metastases fixed, or
invading vital structures not amenable to safe resec-
tion or multiple metastases to the liver, lungs, or
other organs. Such patients have a dismal prognosis
and comfort measures are generally the only therapy
of value.
Whereas incurability ismost often a function of the

patient’s cancer status, general health and treatment
preferences are also important factors. Curative ther-
apy may have to be compromised because of the pa-
tient’s debility and/or comorbidities and a palliative
approach taken instead. Similarly, palliative treat-
ment may be necessary to accommodate a patient’s
refusal to accept the morbidity of a proposed cura-
tive therapy.
In many cases, the need for a palliative approach

is obvious after pretreatment evaluation. Counseling
and treatment can be tailored accordingly but in a
surprising number of cases, despite intensive investi-
gations and modern imaging, the surgeon finds that
the extent of disease was understaged and the need
for palliative therapy is not apparent until laparotomy.
The decision-making in these two scenarios is quite
different. In the former, the morbidity of a laparot-
omy can be avoided whereas in the latter, the pa-
tient has already been subjected to the morbidity of
a major operation before it is recognized that cure
is impossible.

GOALS

The two primary goals of palliative therapy for
rectal cancer are (1) to maximize the quality of re-
maining life by controlling symptoms and preserving
normal bodily functions and (2) to help the patient,
their family, and friends develop realistic expectations
about their impending death from the incurable
cancer. Most patients with incurable rectal cancer
fear development of severe pain. They can be reas-
sured that pain control is achieved in almost all
cases with modern pain management. Other symp-
toms such as obstruction, tenesmus, urgency, inconti-
nence, and bleeding can usually be controlled as
described below. Preservation of anorectal and geni-
tourinary functions is desirable but often a colostomy
and/or urostomy with or without concomitant tumor
resection can eliminate miserable symptoms and im-
prove the quality of remaining life.
Creating realistic expectations about the natural

history of incurable rectal cancer and its treatment is
a complex undertaking made more difficult by the

fact that cancer patients tend to overestimate the
probability of long-term survival.4–6 There is no con-
vincing evidence that palliative resection improves
survival.Weeks et al.7 performed a prospective cohort
study of 917 patients hospitalized because of ad-
vanced stage lung or colorectal cancer. They found
that physicians estimated the prognosis accurately but
their patients overestimated their survival probabili-
ties and that these estimates influenced their prefer-
ences about treatment. Patients who thought they
were going to live for at least 6 months were more
likely to favor life-extending therapy over comfort
care compared with patients who thought there
was at least a 10% chance they would not live 6
months. Patients who preferred life-extending ther-
apy were more likely to undergo aggressive treatment
but after controlling for known prognostic factors,
their 6-month survival was no better.
For some patients with a small focus of micro-

scopic residual cancer, survival of high quality can be
anticipated for a reasonable period of time. Realistic
counseling regarding the pros and cons of palliative
therapy options in this setting is difficult. Unfortu-
nately, there is little hard data on which to base a
recommendation. Steele’s review from the National
Cancer Database on colorectal cancer noted that 42%
of patients with metastatic colorectal cancer received
chemotherapy but 58% did not.8 The decision-
making process is unclear.
For other patients, a large burden of residual

cancer makes death imminent. A multidisciplinary
team including the treating physicians, pain control
experts, nurses, clergy, and spiritual counselors can
help create realistic expectations essential to shared
decision-making as death approaches. The team
needs to be aware of cultural sensitivities and psycho-
logical states that may make acceptance of some pal-
liative measures such as construction of a colostomy
unacceptable. It is essential that all personnel involved
in palliative care communicate a clear message to the
patient, the family, and others caring for the patient
without prematurely removing hope of meaningful
survival. This is time consuming and emotionally
draining but an ethical imperative for our profession.
The surgeon has the responsibility of making cer-

tain that the physical and psychological burdens of
palliative measures are commensurate with the hoped-
for improved quality of life achieved by such treat-
ments. Palliative operations for colorectal cancer have
been associated with a mortality as high as 10% so
it behooves the clinician to fully evaluate the patient,
accurately stage the extent of disease, and provide
the patient with a realistic prognosis and alternative
treatment options.9 Every test or treatment should
be intended to improve the patient’s comfort.
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WORK-UP

Clinical evaluation and diagnostic testing should
provide information needed to answer four funda-
mental questions: (1) Is palliative therapy necessary?,
(2) What is the patient’s prognosis and what compo-
nent of their disease is most likely to cause significant
symptoms in the near-term?, (3) Do prior treatments,
underlying comorbidities, or patient choices limit
palliative options?, and (4) Of the palliative options
available, which will be most likely to provide mean-
ingful palliation with the least morbidity?
The distinction between curative and palliative

therapy is blurring because of the ability of some
centers to safely conduct major resections such as
pelvic exenterations and the ability to treat and con-
trol more than one sight of distantmetastasis. Clinical
judgment is needed to realistically estimate the pa-
tient’s prognosis. In general, the more radical the
contemplated treatment, the more extensive the
work-up must be to assure that the treatment’s mor-
bidity is justified by the expected outcome. Con-
versely, when clinical findings such as significant
malnutrition, ascites, extensive lymphadenopathy, and
palpable metastases make it obvious that the progno-
sis is guarded, work-up is minimized. In between
these two extremes are many patients who benefit
from a limited work-up focused on (1) confirming
the clinical impression that curative-intent therapy is
not possible, (2) understanding the etiology of the
patient’s symptoms, and (3) obtaining additional in-
formation to appropriately tailor a palliative treat-
ment plan.
Symptoms and physical findings should direct the

work-up. For example, if obstructive symptoms domi-
nate the clinical presentation, endoscopy and contrast
gastrointestinal studies are indicated to define the
areas of intrinsic or extrinsic obstruction. If digital
rectal and pelvic examinations identify a fixed rectal
primary cancer or a recurrence invading pelvic side-
walls or other adjacent viscera in a patient who is a
candidate for radical surgery, a computed tomograph

of the pelvis � endorectal ultrasonography (ERUS)
are done to determine resectability. If these studies are
equivocal or do not confirm the clinical impression,
additional studies, such as a pelvic MRI, may better
define the pelvic mass.
If pelvic imaging studies suggest there is a realistic

consideration of performing radical surgery, CT of
the abdomen and chest and positron emission tomo-
graphic scanning are done to exclude distant metasta-
ses. Their presence generally precludes undertaking
a potentially morbid radical resection. A negative
work-up for distant metastases may lead to a laparot-
omy to determine whether palliative resection would
benefit the patient. In some instances, diagnostic la-
paroscopy is useful to identify widespread disease not
amenable to palliative resection.
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Indications and Surgical Alternatives for Palliation of
Rectal Cancer
Victor W. Fazio, M.B., M.S., F.R.A.C.S., F.R.C.S

The goals of palliation of rectal cancer are relief of disabling symptoms and maximizing quality of life.
Surgical intervention is appropriate in specific situations, where the selected procedure is chosen based
on likelihood of achieving these goals, balanced against morbidity and recognition of the patient’s
limited life expectancy. Locally unresectable rectal cancer may be treated by transanal procedures where
obstruction is the major feature; techniques used include local resection, self-expanding metal stents,
and laser debulking of tumor where the rectal lumen is compromised. As well, colostomy may be used
with or without external beam radiation therapy but is preferred when transanal techniques are unsuitable.
Resective techniques such as anterior proctosigmoidectomy and anastomosis, Hartmann’s resection, or
abdominoperineal rectal excision are preferred in fit patients where local clearance is possible and longevity
expectations are deemed reasonable—e.g., six months or more. Decisions for performing restorative
procedures are based on risk assessment for anastomotic leak and quality of anal function. In rare cases,
palliative exenteration is an option, although controversial. Recognition of contraindications to resection
will minimize the risk of disabling or lethal complications of these procedures. (J GASTROINTEST SURG
2004;8:262–265) � 2004 The Society for Surgery of the Alimentary Tract

KEY WORDS: Palliation, rectal cancer, surgery

Rectal cancer is typically treated by resection and
usually a curative operation is performed. The range
of rates of curative resection varies but commonly
averages about 85%.A further number of patients will
undergo treatment—these include chemo/radiation
therapy and local procedures to debulk or disobstruct
certain lesions. The focus of this presentation is on
those 15% of patients not eligible for curative resec-
tion and, in particular, those who are managed by
palliative abdominal surgery. Usually this involves
resection of the primary tumor.
Palliation of colon cancer from a surgical strategy

viewpoint may be achieved using more options (inter-
nal bypass, fecal diversion, segmental resection, ab-
dominal colectomy, with/without anastomosis) than
palliation for rectal cancer, and this can be done with
less difficulty than palliative surgery for rectal cancer.
In the case of rectal cancer, the anatomical restrictions
of the pelvis (frequently irradiated) and the tumor
extension/fixation to major structures (iliac vessels,
prostate, ureter, bladder, nerve roots) make for
greater difficulty as a rule than in palliative surgery
of colon cancer. Additionally, aside from carcinoma-
tosis, frequently colon cancer can be completely re-
moved locally despite distal metastases. In certain
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cases, the metatastic colon cancer patient may have
few symptoms, for example, cecal or ascending colon
cancer, and may pose a dilemma for the clinicians to
decide not to perform surgery until local symptoms
develop. Possibly this occurs when the patient is least
fit for operation.

VARIATIONS IN PRESENTATIONS
OF INCURABLE RECTAL CANCER

Rectal cancer may be deemed incurable by the
following:
• Patient declining surgery (otherwise curable)
• Significant comorbidity, unfit patient
• Locally extensive cancer (inability to achieve Ro
status with resection)

• Can provide Ro status but with unacceptable
risk of tolerance for surgery or injury to pelvic
structures or patient refuses (e.g., a permanent
colostomy or urostomy is unacceptable to the
patient)

• Distal metatastic disease
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Vol. 8, No. 3
2004 Palliation of Rectal Cancer 263

This has several clinical variations. With increas-
ing use of positron emission tomography (PET) and
magnetic resonance imaging (MRI), whole body-on-
coscint scans, patient with metastases apparently
confined to the liver or lung or both may be offered a
potentially curative procedure (e.g., radio-frequency
ablation [RFA] of one or more metastases or segmen-
tal liver resection).
Where there is clear evidence of nonresectable

metastases (e.g., bilateral hepatic lobe, extensive dis-
ease, extensive mesenteric nodal metastases, multiple
lung metastases, carcinomatosis), strong consider-
ation is given to the avoidance of rectal resection if the
prognosis is very limited (e.g., less than 3–6 months
life expectancy). Alternatives such as chemotherapy,
radiation therapy, and local procedures are usually
preferred, especially for locally extensive disease. Fi-
nally, recurrence in the pelvis after curative resection
usually involves palliative treatment, and this may or
may not involve resective surgery.

INDICATIONS FOR SURGERY
AND GOALS OF TREATMENT

Goals of treatment are to provide relief or im-
provement of symptoms, especially those deemed by
the patient to be disabling. As well, treatment choices
are taken into consideration. Quality of life may be
affected positively by relieving symptoms or nega-
tively by complications, functional anal problems, or
patient’s attitude regarding ostomy surgery.

INDICATIONS FOR SURGERY

Where distal metastases are present and the fol-
lowing are present:

• Obstruction of bowel
• Perforation of rectum—localized sepsis, supra-
levator abscess

• Fistula (e.g., rectovesical, rectoprostatic, recto-
vaginal)

• Rectal bleeding
• Obstructive uropathy
• Fecal incontinence, disabling diarrhea
• Pain (e.g., sphincter, or sacral, nerve root
involvement by the primary cancer may lead to
the need for surgical intervention)

Local extent of disease may mandate en bloc resec-
tion of adjacent structures with the increased like-
lihood of postoperative disability or complications.
There remains a widely accepted view that palliative

extensive resection and particularly anterior or pos-
terior or combined pelvic exenteration are contrain-
dicated.
In cases where locally extensive disease affects cer-

tain structures, resective surgery is best avoided.
These factors include the following:

• Bilateral ureteric obstruction
• Fixation of primary tumor to lateral pelvic side
wall (confirmed on CT/MRI scan) and an exam
under anesthesia and/or trial dissection of the
rectum

• Invasion of sacrum (e.g., S2 or above) where
aggressive resection produces spinal instability
and/or major intraoperative complications

• Lower limb lymphedema
• Invasion—extension or encasement of primary
cancer to major vascular structures (ileo–femo-
ral thrombosis)

• Extensive retroperitoneal nodal involvement

The considerations favoring nonresective surgery
thus relate to the following:

• Diminished life expectancy
• Resection is a major intervention
• Complications prolong the time to recovery in
a situationwhere longevity, especially that with a
reasonable quality of life, is already very limited

• Functional impairment regarding anal sphinc-
ters may be very disabling, with low colorectal
coloanal anastomosis producing incontinence

• Patient’s (major) aversion to fecal diversion in
many cases

OPERABLE ALTERNATIVES

Operable alternatives may be local or resective
procedures.

Local Transanal Excision

A variety of procedures have been used including
local excision with conventional techniques or with
transendoscopic excision (TEM). Usually advanced
tumor precludes local excisional techniques that may
be inappropriate where palliation is defined on the
basis of widespreadmetastases and the primary tumor
otherwise lends itself to local excision.
Theresectoscope, a urological instrument,hasbeen

used to prevent impending obstruction by debulking
the tumor or enlarging the channel for defecation.
This is proposed as an alternative to anterior resec-
tion, abdominal perineal resection, or colostomy
alone. In one study from Oxford, 49 patients with
rectal cancer had unresectable liver metastases and
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24 patients underwent resectoscope debulking to
achieve a hemostatic and patent lumen. Outcomes
were compared to 25 patients having palliative ab-
dominal resection of rectum. Overall survival and
time spent out of the hospital were similar in the two
groups.Morbidity for the anterior section APR group
was higher (24% vs. 4% for local treatment [P �
0.049%]).
Laser therapy, cryotherapy, and endoscopic stents

are topics being addressed elsewhere in the panel.

Abdominal Approaches to Palliation

Colostomy. Perhaps the widest used procedure for
palliation is colostomy.Theprocedure is used formost
of the complications—indications listed above, par-
ticularly obstruction (due to lack of experience, ex-
pertise, or availability of other techniques applied
locally). The usual procedure is that of sigmoid colos-
tomy (to leave the least column of stool proximal
to the obstructing lesion). A loop colostomy is usually
performed. In obese patients, a loop transverse colos-
tomymay be used. Then, in the event that total occlu-
sion occurs, proximal collection of mucus, secretions,
orbloodhaveanexit point through therecessive endof
the colostomy. This has significance in situations
where an end stoma is considered desirable. A patient
with septic complications or fistula may not have
long-term relief with a loop colostomy due to stoma
recession and the nondefunctioning nature of the pro-
cedure. In such cases, an end stoma is made, but if
the tumor remains in situ, a small mucous fistula
of the distal side of the colon is brought up into the
midline wound.
A cutaneous, skin-level venting colostomy may be

all that can be done for patients with distal rectal
obstructionwhere local procedures are not possible or
desirable due to extent of malignancy limiting access
to the bowel mobilization.
An uncommon clinical situation occurs where rec-

tosigmoid cancer is associated with circumferencial
local disease, major narrowing of the lumen, but ex-
tensive intraperitoneal metastases. Occasionally the
colon can be brought up to the extra fascial plane and
left unopened. A tattoo of the overlying skin is made
so that in the event that later obstruction occurs, this
can be done through a local procedure. In certain
cases, the patient may succumb from the metastatic
disease before acute obstruction becomes a problem,
thus negating the need for colostomy construction.
This procedure has been largely replaced by colonos-
copic assisted laparoscopic colostomy.
In general, colostomies are largely being replaced

by endorectal debulking or stents in the palliative
management of obstructing neoplasm of the rectum,

particularly mid- and low-rectal cancers. However,
where local procedures are likely to be difficult—long
strictures or where the lumen is particularly angu-
lated—laparoscopic colostomy is often an attractive
alternative.

Resective Techniques

Resective techniques are possible with a variety of
the following alternatives:

• Anterior resection and anastomosis
• Hartmann resection and colostomy
• Abdominal perineal resection and colostomy
• Pelvic exenteration—total, anterior, posterior

The choice of procedure is guided by the following:

• Extent of preoperative comorbidity
• Extent of distant metastases (e.g., volume of
extra rectal tumor involvement of distant
organs)

• Resectability of the primary tumor to achieve
local clear margins

• Height of lesions in the rectum
• Surgeon experience and preference

Thus, the surgeon will consider the anticipated
longevity of the patient, the level of operative risk,
and the ability to achieve local clearance with ac-
ceptable morbidity and mortality rates. Other issues
that may bear on choices include a possible role for
intraoperative radiotherapy, although this is depen-
dent upon availability, experience with the technique,
and surgeon preference.
Imaging techniques and/or evaluation of the pri-

mary lesion by examination under anesthesia are help-
ful adjuncts to assess the feasibility of obtaining
local clearance. This can be difficult in distinguish-
ing malignant involvement of adjacent structures
vs. inflammatory or fibrotic changes post-radiation.
Historically, a trial dissection of the presacral space
has been done to assess posterior fixation/freedom
of primary tumor from the sacrum. Mobility of the
primary lesion may be assessed at operation, but may
be difficult to assess in borderline cases. The surgeon
will variably continue dissection in the assessment
of mobility depending upon the overall assessment of
anticipated longevity. These are difficult decisions
and in the presence of distal metastases, continued at-
tempts at resection are made with the above consider-
ations in mind. This relates to the experience of the
surgeon as well as the predictablemorbidity of leaving
the primary tumor in situ.
Anastomoses are considered if local clearance of

the tumors is possible with sufficient distal rectal rem-
nant (greater than 3–4 cm) and predictably adequate
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anal sphincter function, taking into account the risk
of performing an anastomosis where distal rectum
has been irradiated. Placement of a temporary prox-
imal stoma may negate some of the advantages of a
bowel anastomosis (compared to a Hartmann proce-
dure) considering that anal function takes time to
achieve a steady state of acceptable function.Whereas
fashioning a colonic reservoir (e.g., colonic J pouch or
coloplasty reservoir) is widely acceptable as ameans of
improving anal function with low anastomoses, these
maneuvers increase the surgeon’s concern about
suture line breakdown unless a proximal stoma is
made.
The extended Hartmann operation has been used

to advantage—particularly in nonobstructing cases—
where anal sphincter function is poor or predictably
a problem is likely when an anastomosis is done.
This can be considered an alternative to palliative
abdominoperineal resection (APR), where problems
with healing of the perineal wound are frequent; how-
ever, when anal sphincter involvement is present or
the tumor involves the low rectum, APR is the pre-
ferred option.
Pelvic exenteration is rarely performed for pallia-

tion of rectal cancer because of anticipated high mor-
bidity rates and further diminishing quality of life,

especially because longevity is limited. Absolute con-
traindications were listed above. Many surgeons will
draw the line at synchronous resection of bladder-
prostate or sacrum. However, posterior vaginectomy
or hysterectomy is usually not a deterrent to rectal
resection in this context.

SUMMARY

Few studies exist that compare alternative surgical
treatment in the palliation of treatment of rectal
cancer. The variables involved in comparative studies
are large and quantification of risks and benefits is
difficult. Thus, for evidence-based guidelines, the
quality of studies are limited. This then requires an
extensive discussion with the patient, family, and
friends of options available. Collaboration of the sur-
geon with the medical oncologist and radiotherapist
as well as radiologist and nuclear medicine imager
will be highly desirable. In the event that resective
surgery is chosen, principles of rectal resection are
the same as for curative resection, namely total mes-
orectal or site-specific mesorectal excision.



Indications and Results of Endoscopic Rectal Stenting
Todd H. Baron, M.D.

Self expandable metal stents (SEMS) are a useful option to diverting colostomy for the palliation of
malignant rectal obstruction. SEMS can be successfully placed in approximately 90% of cases with
acceptable complication rates. Covered SEMS allow closure of malignant rectovaginal and rectovesical
fistulae associated with rectal obstruction. The main drawback to these devices is the inability to palliate
bleeding. ( J GASTROINTEST SURG 2004;8:266–269) � 2004 The Society for Surgery of the Alimentary
Tract
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INTRODUCTION

Self-expandable metal stents (SEMS) are useful for
nonsurgical palliation ofmalignant rectal obstruction.
SEMS may be placed endoscopically or by inter-
ventional radiologistswithout the useof endoscopy. In
experienced centers SEMS can be successfully placed
in approximately 90% of cases. Although it is known
that the placement of these devices is feasible, there
are no prospective trials comparing stent placement
for palliation of rectal obstruction to other endo-
scopic or surgical modalities. Additionally, there are
no studies comparing the outcome of the method of
placement (endoscopic vs. radiologic).
Primary or recurrent adenocarcinoma of the rec-

tum may lead to the development of colonic ob-
struction. Traditional management of symptomatic
malignant rectal obstruction involves creation of a
surgical ostomy. The use of self-expandable metal
stents (SEMS) for the relief of malignant rectal ob-
struction as an alternative or adjunct to surgery is
becoming more widely accepted.

Self-expandable Metal Stents: General
Principles

SEMSarecomposedof avarietyofmetal alloyswith
varying shapes and sizes, depending on the individual
manufacturer and organ of placement. Colonic
SEMS have lumenal diameters of 20–30 mm. The
radial expansile forces and degree of shortening differ
between stent types.1 Tissue reactions to SEMS in
vivo are known based on animal data as well as autopsy
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and surgical findings in humans.2 Histologic findings
specifically related to rectal self-expandable metal
stents has been reported on two occasions.3,4 Once
deployed, the tissue response to SEMS seems to
be consistent throughout the gastrointestinal tract.
The stent material becomes incorporated into both
the tumor and surrounding tissue by pressure necro-
sis. In the areas uninvolved by tumor above and below
the stenosis, the stent incorporates deep into the wall
of the organ. This reaction allows anchoring of the
stent and helps to prevent stent migration. With
the use of fully covered stents this integration does
not always occur and a higher rate of stent migration
is seen. At the present time, SEMS specifically de-
signed for rectal use are uncovered. Covered esopha-
geal stents have been used in the colon to combat
problems with tumor ingrowth and to close fistulae.5

SEMS may produce imaging artifacts on both
computer tomography (CT) and magnetic resonance
imaging (MRI) localized to the area around the stent
thatmay prevent accurate interpretation.Most SEMS
materials appear safe for MRI, but factors such as
stent shape, orientation to the magnetic field, and
type of alloy composition influence signal intensity in
vitro. Therefore, this information should be obtained
before an MRI is performed in a patient who has
undergone rectal stent placement.6,7
Rectal SEMSmay be placed by interventional radi-

ologists using fluoroscopy alone or by endoscopists
using endoscopic techniques with or without fluoro-
scopic guidance. Many patients can be electively
treated as outpatients. It is unknown whether the
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success rates and complication rates differ between
endoscopic and radiologic insertion.

Palliation of Malignant Rectal Obstruction

Patients with obstructive rectal carcinoma who
have extensive local or metastatic disease, who are
poor operative candidates for surgical resection, or
who have recurrent disease after resection are candi-
dates for colonic SEMS placement for palliation.8–10
Several series have demonstrated successful palliation
of rectal obstruction with avoidance of colostomy
in 85%–100% of patients. In some series, the stents
effectively palliated obstruction for more than 1
year.11–13
In a recent comprehensive review of all colonic

stent literature published through December 2000
of 336 patients undergoing palliative colonic stent
placement (of which 20% were rectal lesions), suc-
cessful palliation was achieved in 302 (90%).14 Al-
though most of the stent literature contains patients
with all forms and locations of colonic obstruction,
there are several series devoted entirely to the treat-
ment of rectal cancer.15,16 The largest series of endo-
scopic stent placement for palliation of obstructive
primary rectal and rectosigmoid obstruction was pub-
lished by Spinelli et al.16 Stents were successfully
placed in 36 out of 37 patients. Three earlymigrations
occurred. Twenty-eight of the remaining 33 pa-
tients had good long-term resolution of obstruction
without need for further treatment. Similarly, Tack
et al.17 reported their follow-up results in 10 patients,
9 of whom had rectal carcinoma. They found median
patient survival of 204 � 43 days with stent occlu-
sion due to ingrowth in 1 patient after 268 days.
Nearly all series have used uncovered stents. One

study found an unacceptably high rate of migration
using fully covered stents.18 In a recent study using
partially covered esophageal stents in 16 patients for
palliation of malignant rectal and sigmoid obstruc-
tion, two stent migrations occurred.19 At a mean
follow-up of 21weeks, no stent occlusionwas seen. Al-
though randomized comparative trials of stent place-
ment vs. colostomy are lacking, it is difficult to deny
terminal patients the option of stent placement to
avoid permanent colostomy.

Palliation of Malignant Fistulae

Patients with rectal carcinoma may suffer from
fistulae to the vagina or bladder. In this setting, cov-
ered esophageal stents have been used to close such
fistulae and produce excellent palliation.5,20

Patient Education

After uncomplicated colorectal stent placement
patients may resume intake by mouth immediately if

there was no overt clinical obstruction or after clinical
decompression if they presented with significant ob-
struction. After palliative colorectal stent placement,
patients are advised to consume a low-residue diet
and use stool softeners, mineral oil, or laxatives to
avoid stent occlusion from stool impaction. Patients
should be educated about the signs and symptoms of
recurrent obstruction and are advised to contact their
physicians should they occur.

COMPLICATIONS OF SEMS

Complications of colon SEMS placement may
occur during the procedure or soon after placement
(early complications) or late after insertion (Table 1).
Early complications include perforation, migration,
bleeding, stent malposition, and stent occlusion by
stool impaction. Free perforation during SEMS in-
sertion may be a devastating complication, because
fecal material is spilled into the abdominal cavity,
resulting in peritonitis. This may be more difficult
to manage surgically as compared to diverting colos-
tomy alone. Additionally, the patient may become
more acutely ill, producing a potentially worse surgi-
cal outcome. Improper deployment of the stent or
proximal stent migration after successful placement
results in a stent floating freely within the lumen
above the stricture. This is usually of no consequence
assuming an additional stent(s) is properly placed to
relieve the obstruction (personal experience). Stents
placed very distally in the rectum may produce te-
nesmus, rectal pain, and fecal incontinence. Thus,
patients with distal rectal obstruction should be ad-
vised of this possibility before stent placement. In
general, stent placement greater than 2 cm proximal
to the anal canal does not interfere with anal function.
Late complications include distal stent migration,
bleeding, and perforation.21 Stent migration may be
completely asymptomatic or result in rectal bleeding
or tenesmus. Removal of distally migrated stents from
the rectum is not technically difficult and is best per-
formed using rat’s tooth forceps and an endoscope
overtube. Stent occlusion from tumor overgrowth,

Table 1. Complications of colorectal SEMS

Complication Mean incidence14

Perforation 4%
Bleeding 5%
Reobstruction 10%
Migration 10%
Pain/tenesmus 5%
Death 1%

SEMS � self-expandable metal stents.
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ingrowth, or stool impaction requires endoscopic in-
tervention. Obstruction by tumor ingrowth or tissue
hyperplasia may be treated by ablative therapies such
as argon beam plasma coagulation (APC), laser, or
restenting. Tumor overgrowth is usually managed
with placement of additional stents through the origi-
nal stent(s).
The effect of stent placement on delivery of radia-

tion therapy to the rectum is not well defined. It is also
unknown whether it is safe to administer radiation
therapy after stent placement. There is one case
report in which a patient with a distal obstructing
rectal cancer received preoperative radiation. After a
full course of chemoradiation therapy, the tumor and
stent were resected. No adverse pathologic effects
were seen in the resected specimen. It is assumed
that the risk of stent migration increases after such
treatment when tumor shrinkage occurs. Similarly, in
patients who have received prior radiation therapy
to the rectum, the safety of stent placement is un-
known. Some patients with widely advanced rectal
cancer and rectal obstruction may not improve after
successful stent placement because of other unidenti-
fied sites of malignant gastrointestinal obstruction or
diffuse peritoneal carcinomatosis with small bowel
encasement.

Stent Types

Although any type of SEMS may be used within
the rectum22 including esophageal, tracheobronchial,
and biliary stents, dedicated colonic SEMS are com-
mercially available. Three different self-expandable
colonic stents are approved by the food and drug
administration (FDA) in the United States for treat-
ment of malignant obstruction.23 These are (1) the
colonic Z-stent (Wilson–Cook Medical, Winston-
Salem, NC) with diameters of 28 mm flanged ends
and 25 mm mid-body; (2) the Enteral Wallstent (Mi-
crovasive Corp., Natick, MA) with dimensions of 20
and 22 mm diameters; and (3) the Ultraflex Precision
Colonic Stent (Microvasive, Boston Scientific Corp.,
Natick, MA) with a 30 mm diameter proximal flare
and 25 mm body. The advantage of using the Enteral
Wallstent over the other colonic stents is the much
longer and smaller diameter (10Fr) delivery system
that allows passage of stents directly through the
working channel of the endoscope. A theoretical ad-
vantage of the Wilson–Cook Z-stent and the Ul-
traflex Precision stent is the larger diameter of the
lumen compared to the Enteral Wallstent. One fur-
ther advantage of the Z-stent is that they do not
shorten during deployment.

Limitations and Success Rate

The technical success rate for placement of rectal
SEMS in experienced centers is close to 100%.

Pooled data from a large review of all stent literature
of 598 patients found a technical success rate of 92%
(interquartile range 88%–100%).14 Unsuccessful
placement is usually due to the inability to pass a
guidewire through the stricture.

Avoidance of Complications

Two important tips are helpful to avoid intra-
procedural perforation. The first is limiting the
amount of air insufflation during the exam, especially
in patients with a dilated cecum. The second is
avoiding pre-stent or post-stent dilation.22 A recent
review of all colonic stent literature compared perfo-
ration rates in studies where stricture dilation was
performed with those where dilation was not per-
formed. A significantly higher incidence of perfora-
tion was found in the group in whom dilation was
performed (10% vs. 2%).14

CONCLUSIONS

SEMS are effective for the palliation of obstructing
rectal cancer allowing avoidance of a permanent co-
lostomy in approximately 90% of patients. Covered
stent placement should be considered the treatment
of choice to seal malignant rectovaginal and rectovesi-
cal fistulae. Stent placement does not palliate rectal
bleeding.Future studies should focuson the ideal stent
design that prevents tumor ingrowth but with a low
rate of stent migration. Additionally, future studies
are needed to determine the effect of combined radia-
tion therapy with stent placement on outcome of
palliation as compared to stent placement alone.
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Endoscopic Methods (Other Than Stents)
for Palliation of Rectal Carcinoma
Michael B. Kimmey, M.D.

Patients with unresectable or metastatic rectal cancer may have symptoms of obstruction, bleeding, pain,
or tenesmus. Insertion of a self-expandable metal stent is the most durable nonsurgical method for
relieving obstruction and has been reviewed in the previous article. Other endoscopic methods of palliating
obstruction have been largely replaced by expandable metal stent placement. However, laser ablation is
still a useful therapy for some patients, particularly when the predominant symptom is rectal bleeding.
The indications and results of endoscopic laser therapy along with other endoscopic treatments for the
palliation of rectal cancer will be reviewed here. (J GASTROINTEST SURG 2004;8:270–273) � 2004
The Society for Surgery of the Alimentary Tract

KEY WORDS: Rectal cancer, laser, palliation

LASER ABLATION

Lasers have been used with flexible endoscopy over
the past 30 years.1 The ability to deliver a focused
form of energy through a small caliber fiber made it
an ideal modality for treating bleeding lesions and
cancer with flexible endoscopes. Although a number
of types of lasers have been adapted for endoscopic
use, the neodymium yttrium argon garnet (Nd:YAG)
laser has been used the most for the treatment of
cancer over the past two decades.2 The Nd:YAG laser
has a wavelength of 1024 nm and is well suited
for treating bleeding and vaporizing tumor tissue.
Lower power settings result in coagulative necrosis
of tissue with subsequent tissue sloughing, whereas
higher power settings cause immediate vaporization
of neoplastic tissue. Both types of tissue injury are
useful in patients with rectal cancer who may have
symptoms of bleeding and/or luminal obstruction.
Laser energy can be applied to the tissue using both

contact and noncontact methods. The noncontact
method is most commonly used in the palliation of
rectal cancer. A special fiber with a quartz tip and
lumen for gas cooling of the tip is placed through
the accessory channel of a sigmoidoscope or colono-
scope and aimed at the tumor using endoscopic vision.
Treatment is usually begun at the proximal edge of
the tumor and targeted to intraluminal bulky tumor
masses and areas of bleeding. The amount of energy
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delivered to the tissue and hence the effect on the
tumor is a function of the laser power setting, dura-
tion of laser activation, and proximity of the fiber tip
to the tissue. Care must be taken to suction tissue
vapor and cooling gas at frequent intervals to avoid
excessive colonic distension. Treatments are usually
repeated every few days until luminal patency is
achieved. Repeat treatments are then performed when
recurrent symptoms develop or every few months
in patients with good performance status.
The indications for laser ablation of rectal cancer

are the palliation of bleeding, obstruction, and rectal
urgency, or tenesmus. Palliation of symptoms is
achieved after 2–5 laser sessions in 80%–90% of pa-
tients (Table 1).Quality of life is improved for patients
with symptoms of bleeding, diarrhea, mucus dis-
charge, tenesmus, and obstruction.15
Patients with symptoms of bleeding and te-

nesmus require fewer laser sessions and have a
more durable response than patients with obstruc-
tion.4,14 Palliation becomes less effective as patients
survive longer, dropping from 80%–90% initially to
only 52% at 6 months and 42% at 12 months,3 ar-
guing for the use of other palliative methods (stents,
radiotherapy, or surgery) in patients with longer pre-
dicted survivals. Laser ablation is more difficult and
results are not as good in patients with long or circum-
ferential tumors and those where endoscopic visual-
ization is difficult due to angulation or edema.5,16
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Laser ablation is not effective for treating rectal
pain, which may be caused by tumor infiltration of
regional nerves.14 Patients with tumor involvement
of the anal canal or sphincter and those with advanced
cachexia do not usually benefit from laser therapy.15

Complications of laser therapy occur in 5%–15%
of patients (Table 1). Most complications are minor
but perforation, sepsis, and death may occur, particu-
larly in severely debilitated patients. Other complica-
tions include bleeding, development of rectovaginal
and rectocutaneous fistulas, perirectal abscess, fecal
incontinence, and rectal stenosis.
There are few comparative studies with other tech-

niques, none of them controlled, for the palliation of
rectal cancer. In two retrospective reviews, laser abla-
tion was found to be as effective as palliative surgery
but with shorter hospitalization times and lower
costs.9,17 There are no comparative studies of laser ab-
lation with endorectal stenting or radiation therapy.
Laser ablation is often used in conjunction with

other techniques. Lasers effectively stop bleeding and
reduce obstructive symptoms while awaiting the cy-
toreductive effects of radiation therapy. The combi-
nation of laser with external beam radiotherapy
reduces recurrent obstruction from 58% with laser
alone to 15%.18 Use of endorectal brachytherapy
along with laser therapy has also been reported to
reduce the pace of recurrent tumor obstruction and
bleeding.19 Lasers can help open the rectal lumen to
facilitate placement of self-expanding metal stents,
but are usually not needed for this purpose.20 Recur-
rent obstruction or bleeding due to tumor in-growth
through the mesh of expandable metal stents can also
be treated effectively with laser ablation.

Table 1. Laser ablation for palliation of rectal cancer

No. Initial Median number of Median survival or Complications
Author (reference) Year of patients efficacy (%) treatments (range) range (weeks) (%)

Van Cutsem3 1989 88 82 5 (1–10) 40 7
Mathus-Vliegen4 1986 181 89 3 (1–40) 10–24 9
Loizou5 1990 49 74 3 19 5
Daneker6 1991 37 84 1 (1–5) 32 9
Mandava7 1991 27 85 3 (1–9) 39 15
Chia8 1991 27 100 2 20 0
Tacke9 1993 37 95 1 (1–5) 32 8
Schulze10 1994 74 74 2 (1–11) 28 9
Mlkvy11 1994 126 71 3 18 2
Rantala12 1995 20 70 4 (1–8) 44 15
Brunetaud2 1995 272 85 ? 41 2
Farouk13 1997 41 78 2 (1–6) 24 2
Gevers14 2000 219 92 5 52 13

PHOTODYNAMIC THERAPY

Photodynamic therapy involves the activation of a
systemically delivered hematoporphyrin drug by laser
light directed at tumor tissue. Drug activation pro-
duces singlet oxygen species that destroy blood vessels
and result in tumor necrosis. Because tumors often
have increased vascularity and vascular permeability,
there can be relatively more drug concentrated within
tumors, leading to destruction of more neoplastic
tissue than normal tissue. Most studies with photody-
namic therapy of rectal cancer have focused on the
use of this modality as an adjunct to endoscopic resec-
tion for curing small rectal cancers in nonoperative
candidates.21
There have only been small pilot studies of photo-

dynamic therapy for the palliation of symptoms due
to rectal cancer.22,23 In one series, 5 of 6 patients had
clinical and radiologic response to treatment.22 In
another group of 10 patients, response was more du-
rable in patients with small local or anastamotic
tumor recurrences.23
The main limitation of photodynamic therapy is

cutaneous phototoxicity. Patients must avoid signifi-
cant sun exposure for up to 6 weeks after administra-
tion of Photofrin II (Axcan Pharma, Montreal,
Quebec, Canada), the only photosensitizer currently
available in the United States. Newer porphyrin de-
rivatives with shorter durations of photosensitivity
may lead to more widespread use of photodynamic
therapy for treating rectal cancer.24

ARGON PLASMA COAGULATION

Argon plasma coagulation (APC) has replaced laser
therapy in many gastrointestinal endoscopy units be-
causeof its lower cost, portability, and easeof use.This
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technique involves the ionization of argon gas by
electrocautery to fulgurate mucosal blood vessels and
neoplasms. Surface coagulation for bleeding control
can be accomplished very effectively, resulting in con-
trol of bleeding inmost cases.25 The depth of penetra-
tion with APC is limited, so this technique is usually
used as a temporizing measure in patients with ob-
struction while awaiting a beneficial effect of radia-
tion therapy or before stent placement.25,26 Larger
controlled comparisons of APC with Nd:YAG laser
for palliation of rectal cancer are desirable.

ELECTROCOAGULATION

Electrocautery has been used as an ablative tech-
nique both for attempted cure of early cancers and
palliation of advanced tumors.27–29 The treatment has
usually been applied through a rigid operating proc-
toscope under general anesthesia, necessary because
of significant pain during the procedure. Complica-
tions of bleeding, strictures, urinary retention, elec-
trical burns, and perforation in approximately 20%
of cases along with an unpredictable depth of tissue
injury has made this treatment less desirable than
other palliative therapies such as laser ablation and
stenting.

CRYOTHERAPY

Coagulation of rectal cancer with endoluminal ap-
plication of cryoprobes has been described. Use of
rigid proctoscopes is necessary with current probes
and general anesthesia may be required. Rectal
discharge is common after the procedure.30 Relief of
tumor-related symptoms has been reported in ap-
proximately 60%.31 Laser ablation appears to provide
better palliation with fewer adverse effects.30 This
technique has been abandoned in most centers for
local therapy of rectal cancer, however its use in the
ablation of liver metastases is receiving renewed
interest.

INJECTION THERAPY

Alcohol and sclerosing agents have been injected
directly into bulky rectal cancers in an effort to ablate
the tumors with a very low cost and simple tech-
nique. Palliation of obstruction was described in 5
patients treated with injections of 3% polidocanol
into the tumor using a sclerotherapy needle passed
through the channel of a flexible sigmoidoscope.32
Up to 25 cc was injected per session in 2–3 cc
aliquots. Repeat injection sessions were necessary in

4 of 5 patients over a period of 4–31months of follow-
up. Injection treatment has not been formally com-
pared to lasers and other ablative techniques.

DISCUSSION

Endoscopic laser therapy is the main endoscopic
therapy available for the palliation of rectal cancer.
It is primarily an adjunctive tool to other techniques. It
is an effective treatment for bleeding and tenesmus
caused by rectal cancer. Although it can also be used
to restore lumen patency, the effect is not durable.
Therefore, it is used primarily in patients with very
advanced disease and short life expectancy or as an
adjunctive therapy to other treatments such as radio-
therapy or stenting.
Other endoscopic ablative therapies have not been

well studied in patients with rectal cancer. Argon
plasma coagulation is a simple and widely available
technique used in many centers, but the lack of pub-
lished series and especially comparative studies do
not allow conclusions to be reached about the role
of this technique in the palliation of rectal cancer.
Photodynamic therapy, cryotherapy, injection ther-
apy, and electrocautery cannot be recommended due
to side effects or the high rate of complications.
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Palliative Management of Rectal Cancer: The Roles
of Chemotherapy and Radiation Therapy
Leonard B. Saltz, M.D.

One of the first maxims of oncologic care is that we must never miss an opportunity to cure a patient.
Perhaps an equally important corollary is that to provide the best possible care for each individual, it is
necessary to accurately recognize when a curative option does not exist and to adjust our treatment
recommendations accordingly. A discussion of palliative care in a patient with rectal cancer must therefore
be based on the assumption that the patient does not have a realistic chance of undergoing a curative
intervention. (J GASTROINTEST SURG 2004;8:274–276) � 2004 The Society for Surgery of the
Alimentary Tract

KEY WORDS: Rectal cancer, palliation, chemotherapy, radiation therapy

Palliative care of the patient with rectal cancer
presents challenges that are quite different from those
encountered in a patient with a potentially curable
tumor. A good place to start in the determination
of the appropriate treatment options for a patient
with incurable rectal cancer is to identify the clinical
issues that preclude curative management. Several of
these determinants of incurability will be outlined
and discussed below.

SYNCHRONOUS METASTATIC DISEASE

One of the most common reasons for a rectal
cancer patient to be incurable on initial presentation
is the existence of metastatic disease. Keeping inmind
the importance of not abandoning any realistic chance
for cure, a patient presenting with synchronous
resectable liver or lung metastases is a candidate for
a curative intervention and is not under discussion
here. The initial management of the patient with
a rectal tumor in place and concurrent metastases
requires an assessment of the relative risk of the pri-
mary tumor for imminent obstruction. This is ideally
done endoscopically using either a flexible or rigid
scope. Tumors that are obstructing or near-obstruct-
ing require mechanical palliation either by palliative
surgery or by placement of an endorectal stent.
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Tumors, which are asymptomatic orminimally symp-
tomatic and are not at substantial risk for imminent
obstruction, can be managed with chemotherapy or
with chemotherapy and radiation. In general terms,
if a tumor is felt on clinical assessment to be unlikely
to obstruct in an 8 to 10-week period, then it does not
require palliative mechanical management (palliative
resection or mechanical stent) before the initiation of
chemotherapy. The scenario that is of most concern
is the development of an obstruction during a chemo-
therapy-related toxicity such as neutropenia or
thrombocytopenia—toxicities which would substan-
tially complicate the ability to perform an emergency
surgical intervention. Most chemotherapy will be as-
sessed for efficacy at 6–8 weeks into treatment. If the
chemotherapy is effective, then the risk of obstruction
will be substantially decreased. In patients with mea-
surable metastatic disease, such as lung, liver, or nodal
metastases, CT or MRI evaluation of the metastatic
disease can give a realistic surrogate evaluation of
the primary. If the liver metastases are shrinking,
the danger of progression of the primary tumor is
remote and the risk of obstruction is remote as well.
If the metastatic indicator lesions are not responding,
then further attention to the risk of primary obstruc-
tion must be paid.
The choice of whether to use chemotherapy alone

or chemotherapy plus radiation therapy is complex
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and must be individualized to each patient. Combina-
tion chemotherapy regimens of either irinotecan/
fluorouracil/leucovorin or oxaliplatin/fluorouracil/
leucovorin have consistently been reported to cause
major objective response rates in the range of 50%
ormore. It is important to recall that the definition of
a response is a 50% reduction in the bidimensional
measurements of the tumor. A tumor that shrinks by
40% is not counted as a response, but such a regres-
sion may have significant favorable impact on the
patient. Taking the major responses (greater than
50% reduction) and the more minor responses and
disease stabilizations, the disease control rate for che-
motherapy–naı́ve colorectal cancer is usually in excess
of 75%.Thus, chemotherapy alone can offer a consid-
erable chance for palliation of disease.
The potential role of radiation therapy is largely

based on the relative risk to the patient of the pri-
mary vs. the metastatic disease. If a patient has bulky
extra-pelvic metastases and a nonobstructing rectal
tumor, then the greater risk to the patient’s life is
progression of the metastases and systemic chemo-
therapy is the best option. Put bluntly, such a patient
is likely to die of his/her metastatic disease before
progression in the pelvis becomes an issue and con-
trol of the metastatic disease to whatever degree pos-
sible is of paramount concern. Conversely, if a patient
has relatively small volume asymptomatic metastases,
then the likelihood of serious complications devel-
oping in the pelvis over time becomes the greater
concern. Such a patient should probably be consid-
ered for pelvic radiation therapy.
The question of surgical resection after palliative

pelvic radiation is also one which must take into ac-
count the likely failure pattern of the patient’s dis-
ease. If the volume of metastatic disease is large or
response to systemic therapy is poor such that the
patient is likely to die of metastatic disease before
pelvic recurrence becomes a problem, then there is
no need to subject the patient to a palliative resection.
If, however, the patient has small-volume metastatic
disease or metastatic disease that is demonstrating a
high degree of responsiveness to chemotherapy, then
resection of an asymptomatic primary would po-
tentially be warranted to protect the patient from the
miseries of a pelvic recurrence. The location of the
tumor and the ability to perform a sphincter-sparing
resection or not may figure into the decision. The
creation of a permanent colostomy in a nonobstructed
patient may well not be viewed by that patient as
desirable palliation.
Whereas radiation therapy is typically given with

concurrent chemotherapy, the amount of chemother-
apy is necessarily limited because of toxicity con-
straints. Firstly, use of irinotecan or oxaliplatin in

combination with radiation therapy remains investi-
gational and concurrent chemotherapy treatments are
usually restricted to protracted infusion fluorouracil
or fluorouracil plus leucovorin. Additionally, to ac-
commodate the toxicity of radiation, the fluorouracil
dose has to be decreased approximately 25%. The
use of pelvic radiation with chemotherapy there-
fore concentrates effective therapy on the pelvic
disease but does not provide optimal therapy to
extrapelvic metastases.
Given the activity levels demonstrated with combi-

nation chemotherapy regimens, use of these regimens
as initial therapy, with radiation plus fluorouracil used
for either consolidation of a favorable response or
salvage of an unfavorable response, would seem to
be a reasonable approach in many patients with meta-
static disease and nonobstructing rectal cancer.

UNRESECTABLE PELVIC RECURRENCE

Patients who develop recurrent disease after
having received previous pelvic radiation present a
special management problem in palliation. The dose
of radiation administered to the pelvis in the treat-
ment of resectable rectal cancer represents the life-
time tolerance of normal tissues in that area. Further
radiation therapy at a later date is not, therefore,
a realistic consideration. Also, palliative management
is limited to diverting surgery or stenting, if indicated,
and systemic chemotherapy. Response rates in pre-
viously irradiated fields tend to be lower, however,
substantial tumor regressions to chemotherapy in this
setting can be achieved in some cases.

MEDICAL COMORBIDITIES

One of the most important issues to consider in
deciding on palliative treatment options is the overall
treatability of a patient. Patients with severe debilita-
tion secondary to either their cancer or those with
significant preexisting medical conditions may be in-
appropriate for aggressive intervention. Patients with
an inability tomaintain alimentation due tometastatic
disease or patients with a debilitated performance
status such that they are leading a bed-to-chair exis-
tence are not realistic candidates for chemotherapy-
based treatments, and supportive comfort-oriented
care without specific anti-cancer therapy may be the
most appropriate course of action. Attention to anal-
gesia is of critical importance in these settings. Paren-
teral hydration may provide some comfort in this
palliative setting, however, total parenteral nutrition
in the nonsurgical cancer patient has not been
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shown to be of benefit and routine use of this maneu-
ver should be discouraged.

SUMMARY

Palliative management of the incurable rectal
cancer patientmust be individualized to each patient’s
clinical presentation and overall medical condition.
Combination chemotherapeutic regimens for colo-
rectal cancer have made substantial improvements
over the past decade and should be considered as the

primary palliativemodality in patients withmetastatic
disease. Pelvic radiation therapy plays an important
role in the consolidation of successful initial chemo-
therapy or as salvage for chemotherapy–refractory
disease.Decisions regarding palliative surgery require
consideration of the overall management plan and an
assessment of the specific immediate and long-term
risks presented by the cancer to the patient’s health.
The overall clinical presentation of disease and the
patient’s general medical and nutritional status must
also be considered in the decisions regarding appro-
priateness of any antineoplastic therapies.
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A majority of patients who develop local or re-
gional recurrence after curative resection of primary
rectal or colon cancers are treated with palliative
intent in most institutions in the United States and
worldwide.1 Exceptions include patients with a true
anastomotic recurrence or female patients with a
limited vaginal recurrence. In either instance, comp-
lete resection with negative margins may be feasible
and postoperative external-beam radiation therapy
(EBRT) plus chemotherapy can be given as indicated.
Patients with prior resection of rectal or sigmoid
cancers often present with pelvic pain, which is a mani-
festation of local recurrence involving nerve in the
presacrum or pelvic sidewalls. Presentation with pain
usually indicates that a surgical approach will be
unlikely to yield negative resection margins. Distal
sacrectomy with negative resection margins can occa-
sionally be performed in patients with a central distal
pelvic relapse. If relapse develops after abdominoperi-
neal resection, male patients may also require a pelvic
exenteration in view of bladder or prostate involve-
ment. Most patients, however, either have no surgical
resection or a subtotal resection with gross or micro-
scopic residual in view of tumor fixation to presacrum,
pelvic sidewalls, or both.
In a Mayo Clinic analysis of 106 patients with

subtotal resection of a localized pelvic recurrence
from rectal cancer, 12 patients were treated with sur-
gery alone and the remainder had some type of irradi-
ation.2 Of the 12 with no irradiation, 3- and 5-year
overall survival rates were 8% and 0%, respectively.
If 8 patients who received EBRT with no planned
spatial relationship to surgery are included, 3-year
survival increases to 15%, but 5-year survival was
still 0%.
External irradiation with or without chemotherapy

has definite palliative symptomatic benefit for lo-
cally recurrent lesions, but long-term survival is infre-
quent.3–11 Relief of pain and/or bleeding is achieved
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in approximately 75% of patients with doses as low
as 20 Gy in 10 fractions over 2 weeks, but doses in
most series vary from 40–60 Gy in 1.8–2.5 Gy frac-
tions. Median duration of symptom relief is only 6–9
months and long-term survival is infrequent (0%–
5% in most series).
In a series from Queen Elizabeth Hospital in Bir-

mingham, England, 18 patients with local recurrence
of colorectal cancer were treated by external beam
radiation therapy for pain relief.12 Seven received a
fractionated course of 45 Gy and the remainder re-
ceived single fractions of 10 Gy, a number being
treated more than once. The median survival for all
patients once recurrence had produced pain was 7
months. Treatment benefit was recorded in 71%
treated by fractionated courses and in 66% by single
fractions. The duration of pain relief was 3 months
for each method.
Some data suggest a correlation between irradia-

tion dose and duration of palliation.8,13–15 In an analy-
sis by Wang and Schulz11 for residual, inoperable,
or recurrent lesions, the percentage of patients who
received palliation for 6 months or more increased
with doses beyond 41 Gy (21–30 Gy: 3 of 24 or 12%,
31–40 Gy: 5 of 28 or 31%, 41–50 Gy: 7 of 12 or
58%). Correlation of response and irradiation dose
level was also seen in series reported by Hindo et
al.,13 Rao et al.,14 and Overgaard et al.15 on groups of
patients treated for palliation. In 110 patients, Hindo
et al. reported successful responses in 20% of patients
treated with a nominal single dose (NSD) of 400–
700 ret, 67% with 701–1000 ret and 82%–89% in
the other three dose divisions (1001–1300, 1301–
1500, and 1501–1750 ret). Rao et al. treated 92 pa-
tients with successful palliation in only 12% with an
NSD of 1000 ret or less, 49% 1000–1200 ret, 59%
with 1200–1400 ret, and 87% with 1400–1700 ret.
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Lybeert et al.16 published data from a group of 95
locally recurrent rectal cancer patients in the Nether-
lands treated with EBRT with or without 5-FU
for relapse after radical surgery. Seventy-six patients
presented with loco-regional relapse only and 19 pre-
sented with loco-regional relapse and concomitant
distant metastases. The total dose of EBRT was 44
Gymedian (range 6–66 Gy) and 40Gymedian (range
6–50 Gy), respectively. Twelve of 76 with localized
relapse received concomitant 5-FU with EBRT. In
the patients with loco-regional relapse only, recur-
rence-free and overall survival rates after EBRT
were, respectively, 23% and 61% at 1 year and 6% and
13% at 3 years. Recurrent or persistent disease inside
the EBRT volume was an important clinical problem
in 43 of 63 patients who were able to be evaluated
or 68% (42 of 43 were diagnosed within 2 years). In
the 76 patients with loco-regional relapse only, using
recurrence-free survival as the end point, dose of
EBRTwas a significantmultivariate prognostic factor
(P � 0.01); using survival as the end point, dose of
EBRT (P � 0.005), and grade of tumor differentia-
tion (P � 0.002) were significant.
Investigators at Peter MacCullum Cancer Insti-

tute17 retrospectively analyzed a group of 135 patients
with locally recurrent nonmetastatic rectosigmoid
cancer treated from 1981–1990 with three different
dose ranges of radiotherapy: 50–60Gy (radical group:
2-Gy fractions, no split), 45 Gy (high-dose palliative
group: 3-Gy fractions with 1 wk split after 30 Gy in
10 fractions), and�45Gy (low-dose palliative group).
Symptomatic response rates of 85%, 81%, and 56%
were achieved in the radical, high-dose palliative, and
low-dose palliative groups, respectively. Objective re-
sponse rates were assessed only in the radical and
high-dose palliative groups and were 44% and 37%,
respectively. Estimated median survival times were
17.9, 14.8, and 9.1 months for the radical, high-dose,
and low-dose palliative groups, respectively.
Randomized trials from the Mayo Clinic have

looked at the combination of radiation therapy with
and without chemotherapy or immunotherapy in pa-
tients with locally advanced or recurrent colorectal
cancers. In the first trial, a group of 65 patients with
locally unresectable or recurrent colorectal carcinoma
were treatedwith 40Gy in 2-Gy fractions over 4weeks
plus placebo or 5-FU (15 mg/kg on the first 3 d
of EBRT)6. Median survival time was 10.5 months
in the placebo group vs. 16 months in those receiving
5-FU concomitant with EBRT (P � 0.05). Two-year
survival was 24% vs. 38% and 3-year survival was
9% vs. 19%.
In a later trial, 44 patients with locally advanced

rectal cancer (unresectable 7, resected but residual 7,
locally recurrent 30) received 50 Gy split-course

pelvic irradiation with or without adjuvant immuno-
therapy.10 Site of initial tumor progression could be
evaluated in 31 patients and local progression within
the radiation field was diagnosed in 28 patients (90%).
In 17 patients (55% of patients who could be evalu-
ated), it was the only site of disease. Median survival
time in both groups of patients was approximately 18
months. In this trial, 36 of 44 patients were experienc-
ing significant pelvic or perineal pain before EBRT.
Although 94% of patients experienced temporary im-
provement in pain after treatment, median duration
of pain relief was only 5 months.
Because of these poor results with external beam

radiation therapy only, investigators initiated studies
evaluating the combination of external beam irradia-
tion (EBRT), surgery, and intraoperative irradiation
(IORT) for patients with recurrent rectal cancer in the
1970s. From June 1978 to February 1997, 49 patients
with locally recurrent carcinoma of the rectum or
rectosigmoid were treated with external beam radia-
tion therapy18, surgery, and IORT for recurrent rectal
cancer at theMassachusetts General Hospital. The 5-
year overall survival, local control, and disease-free
survival rates of 49 patients who received IORT
were 27%, 35%, and 20%, respectively. Of the 49
patients undergoing surgery and IORT, 34 patients
had a complete gross resection.
The 5-year overall survival, local control, and dis-

ease-free survival rates of these patients were 33%,
46%, and 27%, respectively. Twenty-five of these 34
patients underwent a complete gross resection with
pathological negative margins. For this group, the 5-
year overall survival, local control, and disease-free
survival rates were 40%, 56%, and 32%, respectively.
The results were inferior for 24 patients undergoing
partial resection. Their 5-year overall survival, local
control, and disease-free survival rates were 14%,
17%, and 8%, respectively. Within this group of 24
patients, 15 patients had gross residual disease despite
maximal resection. Their 5-year overall survival, local
control, and disease free-survival rates were 13%,
12%, and 7%, respectively. Two of the 15 patients
with gross residual disease survived more than 5
years (13%). Aggressive combinations of external
beam radiation therapy, surgery, and IORT may
benefit a subset of patients undergoing complete
re-resection.
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Predicting Resectability of Periampullary Cancer
With Three-Dimensional Computed Tomography
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The radiographic assessment of extent of tumor burden and local vascular invasion appears to be enhanced
with three-dimensional computed tomography (3D-CT). The purpose of this study was to evaluate the
impact of preoperative 3D-CT in determining the resectability of patients with periampullary tumors.
Intraoperative findings from exploratory laparotomy were gathered prospectively from 140 patients who
were thought to have periampullary tumors and were deemed resectable after undergoing preoperative
3D-CT imaging. CT findings were compared to intraoperative findings, and the accuracy of 3D-CT in
predicting tumor resectability and, ultimately, the likelihood of obtaining amargin-negative resectionwere
assessed. Of the 140 patients who were thought to have resectable periampullary tumors after
preoperative 3D-CT, 115 (82%) were subsequently determined to have periampullary cancer. The
remaining 25 patients had benign disease. Among the patients with periampullary cancer, the extent of local
tumor burden involving the pancreas and peripancreatic tissues was accurately depicted by 3D-CT in 93%
of the patients. 3D-CTwas 95%accurate in determining cancer invasion of the superiormesenteric vessels.
Preoperative 3D-CT accurately predicted periampullary cancer resectability and a margin-negative
resection in 98% and 86% of patients, respectively. For patients with pancreatic adenocarcinoma (n � 85),
preoperative 3D-CT resulted in a resectability rate and a margin-negative resection rate of 79% and
73%, respectively. The ability of 3D-CT to predict a margin-negative resection for periampullary cancer,
including pancreatic adenocarcinoma, relies on its enhanced assessment of the extent of local tumor burden
and involvement of the mesenteric vascular anatomy. ( J GASTROINTEST SURG 2004;8:280–288) � 2004
The Society for Surgery of the Alimentary Tract
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Although several imaging modalities are available
to evaluate patients with suspected periampullary
tumors, including endoscopic ultrasound, endoscopic
retrograde cholangiopancreatography, and mag-
netic resonance imaging (MRI), computed tomogra-
phy (CT) has evolved as the predominant, single
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modality for diagnosis and preoperative staging.1
Many patients with neoplasms arising from the peri-
ampullary region, especially pancreatic adenocar-
cinoma, present with advanced disease that is not
amenable to curative resection.1,2 Although the surgi-
cal management of localized periampullary cancer has
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improved over the past two decades, less than 20%
of patients with pancreatic adenocarcinoma will have
resectable disease at the time of initial diagnosis.1,3,4
In patients with pancreatic cancer, preoperative thin-
section, contrast-enhanced CT, when used alone,
can accurately predict tumor resectability in 70% to
88% of patients.5–8
The radiographic findings on dual-phase, contrast-

enhanced CT that predict unresectability for periam-
pullary tumors include distant extrapancreatic spread,
ascites, encasement of the superior mesenteric artery,
and occlusion of the superior mesenteric vein–portal
vein confluence.6,9 Despite the reliability of dual-
phase, contrast-enhanced CT to assess extrapancre-
atic involvement, its accuracy for predicting subtle
local vascular invasion remained unreliable until the
introduction of multidetector CT technology. This
latter technology can be used to generate detailed,
volume-rendered helical CT data that can be pro-
cessed and displayed in three dimensions.10 Conse-
quently three-dimensional computed tomography
(3D-CT) enhances the assessment of vascular invasion
by allowing periampullary structures to be viewed in
image planes that correspond to the oblique orienta-
tion of the pancreas within the retroperitoneum.10,11
Several studies have investigated the accuracy of

CT in staging periampullary cancer and predicting
tumor resectability.5,7,12–16 Different scanning tech-
niques and varying degrees of experience with later-
generation devices make it difficult to compare CT
results between large-volume centers. Also, the desig-
nation of unresectability has been poorly defined,
particularly by surgeons who advocate aggressive re-
section even with extensive portal vein involvement.8
The goal of preoperative evaluation of periampul-

lary tumors is to identify patients who will most likely
achieve a survival benefit as a result of operative inter-
vention.17–19 The ultimate goal of preoperative im-
aging is to predict which patients will eventually
undergo a margin-negative resection. Therefore this
single-institution, prospective study was performed
to evaluate the accuracy of 3D-CT in determining
resectability for periampullary neoplasms and spe-
cifically for predicting a margin-negative pancreat-
icoduodenal resection.

MATERIAL AND METHODS
Patients

After obtaining permission from the Johns Hop-
kins University institutional review board, we began
a prospective study to assess patients who were first
seen with periampullary lesions at our institution be-
tween September 2001 and December 2002. Patients

were eligible for enrollment if they underwent surgi-
cal exploration for a suspected periampullary mass
detected on preoperative imaging with 3D-CT. In-
traoperative findings from exploratory laparotomy,
performed with intent to proceed to pancreaticoduo-
denal resection, were then gathered prospectively for
140 patients who were deemed resectable after un-
dergoing preoperative 3D-CT at our institution.
Among the patients who were evaluated with 3D-CT
preoperatively, the average age was 64 years (range 26
to 87 years), and approximately half of the patients
(52%) were male.

Three-Dimensional CT Technique

All 3D-CT studies were performed at The Johns
Hopkins Hospital with a Somatom Plus-4 scanner
(Siemens, Iselin, NJ) according to a standard proto-
col.11 Patients received 750 ml of water 30 minutes
prior to helical CT scanning. Scan slices 3 mm thick
were acquired 30 seconds (arterial phase) and 60 sec-
onds (venous phase) after the intravenous infusion of
100 to 125 ml of Omnipaque-350 (Nycomed, New
York, NY) at 2 to 3 ml/sec. Scanning data were trans-
ferred for reconstruction using Reality Engineering
software (SiliconGraphics, Mountain View, CA), and
images were interpreted by one of two senior radiolo-
gists (K.M.H. or E.K.F) who had extensive experience
with three-dimensional pancreatic imaging. After
retrieving the three-dimensional images from the
Reality Engineering software program, radiologists
required approximately 5minutes to interpret thefinal
3D-CT scans.

CT Interpretation

Two radiologists (K.M.H. and E.K.F) reviewed
all of the preoperative 3D-CT scans prior to surgical
exploration and prospectively recorded their inter-
pretations for tumor size, location, peripancreatic
spread, distantmetastases, regional lymphadenopathy
(measuring at least 5 mm), and degree (percentage
of vessel circumference) of tumor infiltration/en-
casement into adjacent major vessels (including the
superior mesenteric artery (SMA), hepatic artery,
celiac axis, superior mesenteric vein (SMV), and
portal vein (PV). The presence of anomalous arterial
anatomy was also recorded.
Preoperative imagingwith 3D-CTwas interpreted

as demonstrating a resectable tumor if there was no
radiographic evidence of metastatic disease, a clear
tissue plane between the tumor and SMA, and�180º
circumferential involvement of the SMV-PV conflu-
ence. Patients with unequivocal metastates to the
liver, ascites, invasion into the SMA, or total occlusion
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of the SMV-PV confluence were not included in
this study.

Tumor Resectability

Tumors, completely removed at the time of sur-
gery, without gross evidence of residual tumor, were
defined as resectable. Patients discovered intraopera-
tively to have metastatic disease to the liver, or tumor
spread to the peritoneum, adjacent organs (excluding
duodenumandcolon),ordistant lymphnodes (exclud-
ingperipancreatic andlymphnodes),weredeemedun-
resectable.An experienced surgeon’s determinationof
vascular involvement was based predominantly on
gross intraoperative findings that were not necessarily
confirmed with biopsy. None of the patients in this
study underwent vein resection in order to obtain
gross or microscopically negative margins.

Pathologic Evaluation

In addition to the surgeon’s intraoperative assess-
ment, histopathologic findings were recorded for re-
sected specimens by a gastrointestinal pathologist
(R.H.H.) whohad extensive experiencewith pancreatic
tumors. These findings included tumor size, histopath-
ologic diagnosis, pathologic staging, and microscopic
invasion of resection margins.

Statistical Analysis

3D-CT findings were recorded prospectively from
patients with potentially resectable periampullary
tumors, and comparisons were made between preop-
erative 3D-CT interpretations and intraoperative
findings (documented immediately after surgery from
a datasheet filled out by participating surgeons), spe-
cifically for the extent of tumor burden, presence of
local or distant tumor spread, degree of tumor inva-
sion of the local venous and arterial systems, and
anomalous hepatic arterial anatomy. Sensitivity was
defined as the percentage of positive intraoperative
findings correctly diagnosed by 3D-CT, whereas
specificity reflected the percentage of negative find-
ings correctly diagnosed by 3D-CT. The negative
predictive value represented the percentage of pa-
tients with negative 3D-CT findings (for example,
no evidence of tumor invasion of the local venous and
arterial systems, and absent hepatic artery anomalies)
who were also found to have negative intraoperative
findings. The positive predictive value was calculated
as the percentage of patients with positive 3D-CT
findings (for example, tumor invasion of the mesen-
teric vessels) who were also found to have positive
intraoperative findings. Overall accuracy reflected
the consistency between the 3D-CT and intraopera-
tive findings. The sensitivity, specificity, predictive

value, and accuracy of 3D-CT topredict tumor resect-
ability and, ultimately, the likelihood of obtaining a
margin-negative resection were also assessed.

RESULTS
Intraoperative and Pathologic Findings

Of the 140 patients who were thought to have
resectable periampullary tumors after preoperative
3D-CT, 115 (82%) were subsequently determined to
have periampullary cancer. The remaining 25 pa-
tients (18%) were found to have benign pancreatic
disease and were not included in the subsequent anal-
yses. The average time interval from 3D-CT scan to
operation was 19 days. Table 1 includes the patho-
logic features of the patients undergoing preoperative
3D-CT. The average size of all periampullary cancers
was 3.4 cm (range 0.5 to 9 cm). Pancreatic adenocarci-
noma was confirmed pathologically in 85 (74%) of
115 periampullary cancer specimens. Positive lymph
nodes were present in 53% and 73% of the periam-
pullary and pancreatic cancers, respectively.

Resectability

Of the 115 patients with periampullary neoplasms
who were thought to be resectable on preoperative

Table 1. Pathologic characteristics for patients
undergoing preoperative 3D-CT

Average Lymph
No. of tumor node
patients size (cm) status (%)*

Periampullary cancers
Pancreatic 85 (74%) 3.2 73
adenocarcinoma

Ampulla/common 13 (11%) 1.8 51
bile duct
adenocarcinoma

Pancreatic 12 (10%) 6.2 17
neuroendocrine
tumor

Duodenal 5 (4%) 3.8 30
adenocarcinoma

115 3.4 53
Benign pancreatic

lesions
Benign cystic tumors 15 (60%) 3.1 NA
Chronic pancreatitis 10 (40%) NA NA

25 3.1 cm NA

All 3D-CT scans were performed at The Johns Hopkins Hospital;
NA � not applicable.
* Percentage of tumors with positive lymph nodes.
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3D-CT, 95 (83%) were resected. A pylorus-preserv-
ing pancreaticoduodenectomy was performed in
82%, a classic pancreaticoduodenectomy in 14%, and
a total pancreatectomy in 4%. No patients underwent
vein resection during pancreaticoduodenectomy.The
intraoperative findings that prevented resection in 20
patients (out of 115 patients thought to be resectable
preoperatively) are listed in Table 2. Eight patients
were found to have liver metastases that were unde-
tected by 3D-CT. All liver metastases were less than
1 cm in diameter. Multiple sites of metastases were
present in three fourths of the patients with liver
involvement. Peritoneal implants were not found in
any patient; therefore only 7% of patients had unde-
tected systemic metastases. Patients who were un-
resectable because of SMV/PV or SMA invasion were
those that the surgeon thought would have positive
margins even with major vein resection.
The decision to perform exploratory surgery in

a patient with a suspected periampullary neoplasm
depended heavily, but not exclusively, on the preoper-
ative 3D-CT findings.17,20 In general, our surgical
philosophy is to explore all patients with suspected
periampullary cancer unless clear evidence of unre-
sectability is present. Twenty-three patients with
highly suspicious, albeit nondefinitive, 3D-CT crite-
ria for unresectability, therefore had exploratory op-
erations (20% of 115 patients). Of the 23 patients
who had exploratory operations with equivocal 3D-
CT findings, 18 (78%) were found to have unresect-
able disease. However, five of these patients with
equivocal 3D-CT findings of unresectability were re-
sected with negative gross margins. Table 3 indicates
the sensitivity, specificity, and predictive values of
3D-CT, when used alone, for unresectable periam-
pullary cancer. The negative predictive value reflects
the ability of 3D-CT to predict a resectable periam-
pullary neoplasm.

Table 2. Reasons for tumor unresectability in
patients undergoing preoperative 3D-CT

No. of patients

SMV/PV invasion 8 (40%)
Liver metastasis 8 (40%)
SMA invasion 2 (10%)
Root of mesentery invasion 2 (10%)

Total unresectable cases 20
Total resectable cases 95 (83%)
Total exploratory operations for 115
periampullary cancer

SMA � superior mesenteric artery; SMV � superior mesenteric vein;
PV � portal vein

Table 3. Accuracy of 3D-CT to assess periampullary
tumors

Unresectable
periampullary Margin-positive
cancer (%) resection (%)

Sensitivity 90 54
Specificity 95 93
PPV 78 72
NPV 98 86
Overall accuracy 94 83

NPV (negative predictive value) predicts a resectable/margin-negative
periampullary neoplasm; PPV (positive predictive value) predicts an
unresectable/margin-positive periampullary neoplasm.

Margin-Negative Resectability

Ninety-five of the 115 patients (83%) with periam-
pullary neoplasms were resected without residual
gross disease (Table 4). If the 23 patients with equivo-
cal 3D-CT findings of unresectability were excluded,
the resectability rate for patients with periampullary
cancers would have been 98%. However, 5 (22%) of
these 23 excluded patients would have been denied
an opportunity for curative resection. Within the re-
sected group, results of final histopathologic examina-
tion revealed microscopically positive resection
margins in 24 patients (25%). Eighty-eight percent
of these margin-positive tumors had involvement of
the celiac (hepatic) or superior mesenteric vessels. As
shown in Table 4, the rate of margin-positive resec-
tions increased for patients with pancreatic adenocar-
cinoma, albeit nonsignificantly. Of the 67 resected
pancreatic adenocarcinomas, 18 (27%) were associ-
ated with positive margins. In comparison, a positive
margin was found in 6 (21%) of the 28 nonpancreatic
periampullarycancers (P � 0.61).Asasinglemodality,
3D-CTwas 86%accurate in predicting amargin-neg-
ative resection for periampullary neoplasms (negative
predictive value; see Table 3) but was less accurate for

Table 4. Resectability of periampullary tumors
among patients undergoing 3D-CT

Periampullary Pancreatic
neoplasms† adenocarcinomas

Resectability 95 (83%) 67 (79%)
Margin-negative 71 (75%) 49 (73%)
resectability*

Total exploratory 115 85
operations

* Among resectable cases only.
† Periampullary neoplasms include primary tumors of the pancreas,
common bile duct, ampulla, and duodenum.
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predicting a margin-negative resection for pancreatic
adenocarcinoma (83%, P � NS). 3D-CT predicted a
margin-positive resection for 7 of the 18 patients with
pancreaticcancerwhoendedupwithapositivemargin,
typically involving the uncinate/retroperitoneal
margin. The radiologist predicted a margin-negative
resection based on the presence of a clear tissue
plane between the neoplasm and the SMA, and non-
circumferential involvement of the SMV-PV conflu-
ence. The overall features of the neoplasm, including
size, density, location, or adjacent tissue invasion, did
not contribute to the radiologist’s opinion regarding
the likelihood for margin-negative resectability.
Positive lymph nodes were confirmed by patho-

logic examination in 53% of all periampullary can-
cers; however, 3D-CT detected enlarged lymph
nodes (�5 mm) in only 13 (21%) of 61 patients
with lymph node–positive cancers. Although preop-
erative 3D-CT suggested lymph node involvement
in 25 of the 115 patients with suspected periampullary
cancer, lymph node positivity was confirmed patho-
logically in only 16 (64%) of these 25 patients.
Furthermore, lymphadenopathy on 3D-CTwas asso-
ciated with eventual unresectability in only 11 of
20 patients.

Three-Dimensional CT Detection of Vascular
Involvement

A major benefit of 3D-CT is its enhanced assess-
ment of tumor invasion into local mesenteric
vessels. For this study, tumor involvement of the
SMV, PV, SMA, and celiac axis was assessed during
exploratory laparotomy and compared to preopera-
tive 3D-CT findings that were recorded prospec-
tively. The surgeon’s determination of vascular
involvement was based predominantly on gross intra-
operative findings that were not necessarily con-
firmed with biopsy. The assessment of vascular
involvement at the time of the operation was made
irrespective of the preoperative 3D-CT findings.
The sensitivity, specificity, and predictive values of
3D-CT in detecting tumor involvement of the major
splanchnic vessels are listed in Table 5. Vascular
invasion of the SMV, PV, or SMV-PV confluence
were grouped together to simplify the analysis. Fifty-
three patients were thought by the surgeon at the time
of operation to have vascular invasion of the SMV/
PV, and 3D-CT findings were consistent with the
surgeon’s operative assessment of vascular invasion
in 45 (86%) of these 53 patients. Even though resec-
tion was precluded in only 8 of these 53 patients, 24
(out of these 53) patients were resected with micro-
scopically positive margins. Five patients (out of 115
with periampullary cancer), thought to have SMV/

Table 5. Detection of vascular involvement with
tumor by 3D-CT

Overall
Sensitivity Specificity PPV NPV accuracy

(%) (%) (%) (%) (%)

SMV/PV 85 95 90 92 90
SMA 86 97 83 98 95
Celiac axis 87 99 93 98 98

SMV/PV � superior mesenteric vein/portal vein; SMA � superior
mesenteric artery; PPV � positive predictive value; NPV � nega-
tive predictive value.

PV involvement on 3D-CT, did not have vascular
invasion during operative exploration. Fig. 1 illus-
trates the 3D-CT findings for a pancreatic neoplasm
encroaching on the SMV but without direct vascular
invasion. During laparotomy, 22 patients were judged
to have minimal gross tumor involvement of the
SMA. Even though resection was precluded in only
2 of these 22 patients, a positive resection margin
was present in 11 of the final surgical specimens from
the remaining 20 patients. Based only on the sur-
geons’ assessment of SMA involvement in the resect-
able patients, 3D-CT was a sensitive modality for
detecting this minimal SMA invasion (Fig. 2 and
Table 5). Likewise, 3D-CT detected involvement of
the celiac axis in 13 (87%) of 15 patients with positive
intraoperative findings. Not surprisingly, 21 (88%)
of the 24 resectable patients with positive margins
had intraoperative findings of celiac or mesenteric
vessel invasion. Overall, the accuracy of 3D-CT for
determining the presence or absence of local vascu-
lar invasion was greater than 90%.

Three-Dimensional CT Detection of Arterial
Anomalies

Variations of hepatic artery anatomy occur in ap-
proximately 10% to 20% of patients undergoing pan-
creaticoduodenectomy. In addition to detecting
tumor invasion of the major mesenteric vessels, 3D-
CT can accurately map out anomalous anatomy in-
volving the hepatic artery and celiac axis (Fig. 3).
In this study, anomalous hepatic arteries were de-
tected by 3D-CT in 19 patients and included 15
replaced right hepatic arteries originating from the
SMA and four replaced left hepatic arteries off the left
gastric. The 3D-CTmaps of hepatic artery variations
were confirmed in all 19 patients, whereas no varia-
tions in hepatic artery or celiac axis anatomy were
detected in the remaining 121 patients in this study.
The overall accuracy of 3D-CT for arterial anomalies
was 100%.
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Fig. 1. Three-dimensional axial oblique reconstruction shows a low-density mass within the head of the
pancreas that abuts but does not encase the superior mesenteric vein or portal vein. The vessels
appear patent with no evidence of displacement. This pancreatic adenocarcinoma was resected without
the need for partial superior mesenteric vein or portal vein resection.

Fig. 2. A, Axial CT shows a 3 cm mass arising from the head of the pancreas. Arterial-phase axial images
demonstrate loss of the periarterial plane over 90 degrees of the superior mesenteric artery (SMA)
(arrow). SMA displacement is also present. B, Sagittal 3D-CT image confirms the intimate relationship
of the pancreatic mass (arrowhead) with the SMA; however, the vessel remains completely patent. Themass
does not involve the origin of the celiac axis (arrow). This patient underwent a margin-negative resection
for pancreatic adenocarcinoma.
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Fig. 3. A replaced right hepatic artery (arrow) arising off the superior mesenteric artery is readily seen
during the arterial phase of 3D-CT. The left hepatic artery (open arrow) arises from the common hepatic
artery off the celiac axis.

DISCUSSION

In this single-institution prospective study, 3D-
CTwas an accurate predictor of resectability for peri-
ampullary neoplasms. In the group of 92 patients
with periampullary cancer who had 3D-CT scans that
were interpreted unequivocally as showing resectabil-
ity, resection was accomplished in 98%, whereas 22%
of 23 patients with nondefinitive 3D-CT criteria of
unresectability were resected. Perhaps more im-
portant, 3D-CT was an accurate predictor of a
margin-negative resection for pancreatic cancer. 3D-
CT predicted a margin-negative resection in 86%
of patients with pancreatic adenocarcinoma. These
results are superior to those from previous studies
that reported predictive values for spiral CT for
tumor resectability between 70% and 80%.5,8,20 This
apparent superiority of 3D-CT to predict tumor re-
sectability is primarily due to its enhanced assessment
of local vascular involvement compared to conven-
tional spiral CT techniques.11 In all of the patients
who underwent preoperative 3D-CT and had explor-
atory operations, tumor involvement of the SMV,
PV, SMV-PV confluence, or SMA was accurately
assessed by 3D-CT in more than 90% of patients.
Even though CT findings contributed to the consid-
eration for surgical exploration during preoperative
evaluation, equivocal radiographic criteria for un-
resectability (including, near-complete SMV-PV

encasement with preserved patency or questionable
SMA invasion with partial loss of a discernable fat
plane) did not independently commit patients to a
nonoperative treatment course.17,21 Because 3D-CT
was not used as the sole factor for surgical exploration,
there was a discrepancy between the calculated pre-
dictivevalues of3D-CTforresectability and the actual
resectability rate for patients who underwent 3D-CT.
Also, the intraoperative discovery of small hepatic
metastases that were not seen by 3D-CT accounted
for 8 of the 20 unresectable patients. Despite acquisi-
tion of 3 mm sections, current multidetector CT
techniques fail to confirm liver metastases on the
order of 2 to 10 mm in diameter. The routine use of
laparoscopy may have avoided laparotomy in these
eight patients with liver metastases, and the applica-
tion of endoscopic ultrasound could have further de-
lineated vascular invasion in patients with equivocal
3D-CT findings. The benefit of further imaging mo-
dalities andminimally invasive exploration needs to be
addressed for patients with borderline 3D-CT criteria
for unresectability.
The selective use of laparoscopy and/or endoscopic

ultrasound for complete preoperative staging of peri-
ampullary carcinoma remains controversial. Our in-
stitution does not employ either of these modalities
routinely during the preoperative evaluation of pa-
tients with suspected periampullary cancer; however,



Vol. 8, No. 3
2004 Three-Dimensional CT in Periampullary Cancer 287

we recognize the experiences of other large-volume
centers that have been able to detect either metastatic
disease or vascular invasion in approximately one
third of patients with neoplasms of the head of
the pancreas.22,23 Eight (40%) of the 20 unresectable
patients in this series were found to have hepatic
metastases that went undetected on preoperative CT
with 3 mm sections. This incidence of metastatic
disease compares to previous studies from our institu-
tion in that metastatic disease to the liver accounted
for approximately 50% of unresectable patients.24,25
Despite these results, we have found that diagnostic
laparoscopy in our hands would preclude open ex-
ploratory operations in only 2% to 3% of patients
with periampullary cancer.24
In the absence of other factors precluding operative

intervention, it has been the practice of our department
to explore patientswith suspected periampullarymasses
and with marginal or equivocal findings for unresect-
ability on CT.17,21 As a result, only patients with clear,
unequivocal radiographic evidence of tumor unresect-
ability were excluded from this study. Some may argue
that this study should have included patients who had
definitive radiographic evidence of unresectability
and underwent exploratory operations; however, our
strict criteria for judging unresectability and ethical
issues prohibited exploratory laparotomy except in
rare patients undergoing operative palliation after
failed nonoperative interventions or impending duo-
denal obstruction. Also, previous retrospective studies
of CT assessment of periampullary cancer have not
recognized frequent instances of CT overstaging
that would have prevented patients, with potentially
resectable disease, from undergoing surgical explo-
ration.7
In summary, 3D-CT is an accurate predictor of

resectability for periampullary neoplasms and can
predict which patients, with suspected periampullary
adenocarcinomas, will eventually go on to have a
margin-negative resection and derive a significant
survival benefit. 3D-CT should be introduced to the
preoperative evaluation of periampullary lesions that
demonstrate equivocal findings of unresectability on
high-quality spiral CT. Because 3D-CT can be per-
formed with only minimal added cost to conventional
multidetector CT, it should be employed as the im-
aging modality of choice for patients with suspected
periampullary neoplasms.
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Does “Clonal Progression” Relate to the
Development of Intraductal Papillary Mucinous
Tumors of the Pancreas?
Keita Wada, M.D., Tadahiro Takada, M.D., Hideki Yasuda, M.D., Hodaka Amano, M.D.,
Masahiro Yoshida, M.D., Maki Sugimoto, M.D., Hiroshi Irie, M.D.

Intraductal papillary mucinous tumors of the pancreas show a unique histologic feature in that the wide
spectrum of intraductal epithelium is observed in the same pancreas. The aim of this study was to clarify
whether or not the “clonal progression” relates to the development of this tumor. A total of 210 intraductal
epithelium samples were microdissected from 23 resected specimens of intraductal papillary mucinous
tumors of the pancreas, including nine carcinomas, five borderline tumors, and nine adenomas. After
histologic grading (grades 1 to 4) of the individual epithelium, the K-ras point mutation and loss
of heterozygosity in 9p21(p16) and 17p13(p53) were investigated. From the distribution of the K-ras
point mutation of 210 microdissected specimens, an identical sequence of K-ras was demonstrated in the
precursor lesions in most cases. K-rasmutation showed a single pattern, and themultiple or heterogeneous
mutation pattern was not seen in this study. In the same ways, the distribution of loss of heterozygosity
in 9p21(p16) and 17p13(p53) of 210 microdissected specimens was shown to be mostly clonal, without
the presence of the genetic alterations. Such distributions of the identical genetic statuses in the pre-
cursor lesions are consistent with the presence of clonal progression during the development of this
tumor. (J GASTROINTEST SURG 2004;8:289–296) � 2004 The Society for Surgery of the Alimentary Tract

KEY WORDS: Intraductal papillary mucinous tumor of the pancreas, clonal progression, K-ras, loss of
heterozygosity

Intraductal papillary mucinous tumor (IPMT) of
the pancreas is a relatively new entity and an increas-
ingly recognized disease. IPMT is a papillary neo-
plasm that proliferates and spreads mainly in the
pancreatic ducts, and secretes copious quantities of a
thick mucin that fills the main and/or branch pancre-
atic ducts, thereby causing dilatation of the pancreatic
ducts. In 1982, Ohashi et al.1 first described “mucin-
producing pancreatic cancer,” defined as a dilatation
of the main pancreatic duct with filling defects on a
pancreatogram and an extrusion of mucin through
an enlarged papilla of Vater. IPMTs are currently
subdivided into three groups: benign (adenoma), bor-
derline tumors (moderate dysplasia), and malignant
(carcinoma), based on the histology of the intraductal
lesions as established by theWorld Health Organiza-
tion (WHO) classification.2 Histologically they are
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frequently recognized over a wide spectrum of the in-
traductal epithelium, including normal, hyperplasia,
dysplasia, and carcinoma in the same pancreas. The
histologic variety observed within the same pancreas
is considered to represent some unique clinical fea-
tures of this disease, such as slow growth and a less
aggressive nature with a favorable prognosis after
treatment.3–6 Furthermore, this also implies “clonal
progression” is associated with the development of
this tumor.
From adenoma to carcinoma, clonal progression

has been clearly demonstrated in colorectal tumor-
genesis.7 At each step the activation of an oncogene
or the inactivation of a tumor suppressor gene in a
cell results in a selective growth advantage and clonal
expansion of the cell.7 The histologic variety of IPMT
is similarly an excellent system in which to search
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and study the genetic alterations involved in the de-
velopment. Although there have been reports on
genetic or epigenetic events during carcinogenesis
in the various neoplasms, only a few reports have
focused on the genetic mechanism of the develop-
ment of IPMT.8–24 Previous studies have shown that
some genetic alterations are frequently seen in IPMT
in the same way as the ordinary type of ductal carci-
noma of the pancreas.25–26 We also previously re-
ported that the K-ras point mutation was frequently
detected in IPMT, and the loss of heterozygosity
(LOH) of p16 and p53 was more common in malig-
nant IPMT than in benign IPMT.27 Therefore inves-
tigation of the relationship between the morphology
of individual intraductal epithelia that were seen in
the identical pancreas and their genetic status enables
us to understand the mechanism of the development
of IPMT.
In this study we collected 210 intraductal epithe-

lium samples, ranging from normal epithelium to
invasive carcinoma tissue, from 23 IPMTs by mi-
crodissection; we then examined K-ras mutation and
the LOH of p16 and p53 to elucidate whether or not
“clonal progression” is involved in the development
of IPMTs.

MATERIAL AND METHODS
Patients

Between February 1992 and December 2000, a
total of 23 patients with IPMTs (14 men and 9
women; mean age 64.3 � 13.5 years [range 28 to 83
years]) who underwent pancreatic resections at
Teikyo University Hospital, Tokyo, were studied.

Histologic Grading

For pathologic diagnosis, 10% formalin-fixed re-
sected specimens of the whole pancreas were cut into
4 to 5 mm stepwise tissue blocks along with the main
pancreatic duct and embedded in paraffin. Then 3
µm sections were cut, deparaffinized, and stainedwith
hematoxylin and eosin. All pathologic findings were
reviewed and diagnosed according to theWHO clas-
sification.2 Because a wide spectrum of the intraductal
epithelium was seen in the same pancreas, we divided
the individual epithelium into four grades (grades 1 to
4) according to the classification of PanIN.28 Grades
1, 2, and 3 corresponded to PanIN-1, PanIN-2, and
PanIN-3, respectively, and grade 4 was determined to

be the epithelium obtained from the invasive area
(Fig.1).

Tissue Sampling and DNA Extraction

Tissue sampling was performed by microdissec-
tion. Appropriate tissue blocks were selected, and
multiple serial sections (10 µm thick) were cut, depar-
affinized, and stained with hematoxylin and eosin and
viewed with an inverted microscope. Under an op-
erating microscope, microdissection was performed
using a 26-gauge sterilized needle, taking particular
care to avoid contamination as much as possible. The
sampling specimens were digested for 16 hours at
50C in a 20 µl buffer, which contained 200 µg/ml
proteinase K, 10 mmol/L Tris-HCl (pH 8.0), 1
mmol/L EDTA, and 1% Tween 20 and inactivated
for 8 minutes at 95C. This lysate was then directly
used as a template for following the polymerase chain
reaction (PCR).

K-ras Mutation

K-rasmutation at codon 12 and 13 was detected by
a direct sequencing method as described previously.27
The PCR reaction mixture consisted of 2 µl of DNA
lysate, 10 pmol of each of the primers (sense: 5′GAC
TGAATATAAACTATTCG 3′, antisense: 5′CTC
TATTGTTGGATCATATT 3′), 1 × PCR buffer
(Takara; Ohtsu,Kyoto, Japan), 0.2mmol/L of dNTP,
2.0mmol/L ofMgCl2, and 1.25UExTaq polymerase
(Takara) in a 25 µl total volume solution. After the
initial denaturing at 95C for 5 minutes, PCR was
carried out for 40 cycles of amplification at 95C (30
seconds) for denaturing, 52C (45 seconds) for anneal-
ing, and 72C (45 seconds) for elongation, followed
by final elongation at 72C for 8 minutes. The se-
quence of K-ras point mutation at codon 12 and 13
was determined by the dideoxy chain termination
method, using the BigDye Terminator Cycle Se-
quencing FS Ready reaction kit (Applied Biosystems,
Foster City, CA) according to the manufacturer’s
instructions. The products after cycle sequencing
reaction were analyzed by using the ABI Prism 3700
DNA Analyzer (Applied Biosystems).

Loss of Heterozygosity

LOH in 9p21(p16) and 17p13(p53) was detected
using fluorescence-labeled microsatellite markers
D9S319 and D9S304 for 9p21(p16), and D17S919
and D17S786 for 17p13(p53). LOH analysis was per-
formed with the use of the ABI Prism 3700 DNA
Analyzer (Applied Biosystems) and Gene Scan soft-
ware (Applied Biosystems), as previously reported.27
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Fig. 1. Histologic grading of intraductal lesions in IPMT. A, Grade 1. Flat or papillary lesions consist
of tall columnar cells with basally located nuclei and abundant supranuclear mucin. The nuclei are small
and round to oval in shape without atypia (hematoxylin & eosin stain; ×40).These lesions are considered
hyperplasia or adenoma. B, Grade 2. Flat or papillary mucinous epithelial lesions with some nuclear
abnormalities, such as loss of polarity, nuclear crowding, enlarged nuclei, pseudostratification, and
hyperchromatism (hematoxylin & eosin stain; ×100). These lesions are considered borderline malignan-
cies.C, Grade 3. Papillary andmicropapillary lesions with true cribriforming, budding off of small clusters
of epithelial cells (hematoxylin & eosin stain; ×40). These lesions are considered severe dysplasia/
carcinoma in situ. D, Grade 4. Invasive carcinoma (hematoxylin & eosin stain; ×40).

RESULTS
Histology of Intraductal Papillary
Mucinous Tumors

Twenty-three IPMTs were diagnosed as nine car-
cinomas (6 invasive and 3 noninvasive), five border-
line tumors, and nine adenomas as listed in Table 1.
A total of 210 different epithelial lesions weremicrod-
issected from 23 pancreata (mean 9.1 lesions, range
3 to 13 lesions per pancreas) containing 42 normal
epithelia, 92 grade 1 epithelia, 31 grade 2 epithelia,
25 grade 3 epithelia, and 20 grade 4 epithelia,
respectively.

K-ras Mutation in Intraductal Papillary
Mucinous Tumors

Fifteen (65.2%) of 23 cases of IPMT had K-
ras mutation. All but one mutation were detected in

codon 12, and the remaining mutation was detected
in codon 13. The incidence of each subgroup was
seven (77.8%) of nine carcinomas, four (80%) of five
borderline tumors, and four (44.4%) of nine adeno-
mas. The distribution of K-ras mutation of 210 mi-
crodissected specimens is shown in Table 2. All 15
cases of K-ras mutation showed a single pattern of
the sequence in multiple samples obtained from the
same pancreata; multiple or heterogeneous mutations
were not seen in this study. All malignant and border-
line cases had the identical mutation in the histologi-
cally less atypical epithelia that are considered to
be the precursors. In 15 cases of K-ras mutation, the
incidence was 31 (72.1%) of 43 grade 1 epithelia, 20
(83.3%) of 24 grade 2 epithelia, 19 (100%) of 19
grade 3 epithelia, and seven (87.5%) of eight grade 4
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Table 1. Clinicopathologic data of intraductal papillary mucinous tumors

Patient Age (yr) Sex Tumor location Size of tumor (mm) WHO classification Follow-up (mo) Clinical outcome

1 51 F Head-body Diffuse Carcinoma 8 DOD
2 76 F Head 45 Carcinoma 116 A
3 63 M Head 7 Carcinoma 34 A
4 58 M Head 50 Carcinoma 27 DOD
5 35 M Head 35 Carcinoma 30 A
6 57 M Head-body Diffuse Carcinoma 52 A
7 54 M Head 36 Carcinoma 64 A
8 70 M Head 24 Carcinoma 83 A
9 74 M Body 55 Carcinoma 29 A
10 83 M Head 20 Borderline 64 A
11 68 M Head 34 Borderline 68 A
12 28 F Body 40 Borderline 32 A
13 64 F Body 30 Borderline 32 A
14 62 M Head 23 Borderline 88 A
15 77 F Head 7 Adenoma 1 DOO
16 76 M Body 12 Adenoma 50 A
17 66 M Tail 10 Adenoma 42 A
18 55 M Head 35 Adenoma 87 A
19 70 F Head 23 Adenoma 31 A
20 70 F Head 21 Adenoma 28 A
21 80 F Head 32 Adenoma 65 A
22 71 F Head 11 Adenoma 56 A
23 72 M Head 22 Adenoma 43 A

A � alive; DOD � died of disease; DOO � died of other disease.

epithelia, respectively (Table 3). None of the normal
epithelia showed K-ras mutation.

Loss of Heterozygosity in 9p21(p16)
and 17p13(p53) in Intraductal
Papillary Mucinous Tumors

Eight (38.1%) of 21 informative cases had LOH
in 9p21(p16). The incidence of each subgroup was
six (75%) of eight carcinomas, one (20%) of five bor-
derline tumors, and one (12.5%) of eight adenomas,
respectively. The distribution of LOH in 9p21(p16)
of 210 microdissected specimens is shown in Table
4. All five informative cases of invasive carcinoma had
LOH. Among eight patients with LOH in 9p21(p16),
six (Nos. 1, 2, 3, 5, 8, and 10) showed LOH in the
precursor lesions, and the incidence of each histologic
grade was 8 (80%) of 10 group 1 epithelia, 10 (83.3%)
of 12 grade 2 epithelia, 15 (88.2%) of 17 group 3
epithelia, and 14 (77.8%) of 18 group 4 epithelia (see
Table 3).
LOH in 17p13(p53) was only seen in all six cases

of invasive carcinoma. The distribution is shown in
the Table 5. Of six cases with LOH in 17p13, five
showed LOH in the precursor lesions, and the inci-
dence of each histologic grade was 0 (0%) of 7 grade
1 epithelia, five (100%) of five grade 2 epithelia, 11

(100%) of 11 grade 3 epithelia, and 20 (100%) of 20
grade 4 epithelia (see Table 3).

DISCUSSION

It has been known that some carcinomas arise from
their precursor lesions as a result of the mutational
activation of oncogenes coupled with the inactivation
of tumor suppressor genes.7 Boland et al.29 reported
that allelic losses appeared to be clonal throughout
extensively dissected adenomas and carcinomas in co-
lorectal neoplasms. The histology of IPMT is a char-
acteristic that it is frequently recognized to be a wide
spectrum of intraductal epithelium in the same pan-
creas. The histologic variety observedwithin the same
pancreas indicates to us that the “hyperplasia-dyspla-
sia-carcinoma sequence” in the development of this
tumor is just like the “adenoma-carcinoma sequence”
of colorectal neoplasms. Previously, to investigate
the carcinogenesis of IPMT, several studies on the
basis of extensive multifocal microdissection analysis
using some genetic marker, such as K-ras mutation,
allelic losses of the tumor suppressor genes, and X-
chromosome linked clonality analysis, have been
reported.15,16,18,19,21–23 However, the fixed view
concerning the mechanism of IPMT has not been
ascertained.
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Table 2. Distribution of histologic findings and K-ras mutation in 23 patients with intraductal papillary
mucinous tumors

Histologic grade K-ras mutation

Patient WHO classification Normal 1 2 3 4 Codon Sequence

1 Carcinoma 0/2 1/1 (2) 2/2 4/4 2/2 12 GAT
2 Carcinoma 0/1 1/1 3/3 (1) 2/2 12 GAT
3 Carcinoma 0/2 0/1 1/2 1/1 1/3 (1) 12 GAT
4 Carcinoma 0/5 0/3 0/5 wt wt
5 Carcinoma 0/2 0/1 0/4 (1) wt wt
6 Carcinoma 0/1 (1) 0/2 (3) 1/1 (1) 1/1 (1) 12 GAT
7 Carcinoma 0/2 3/3 3/3 3/3 12 GAT
8 Carcinoma 0/2 (1) 1/1 (1) 5/5 (3) 13 GAC
9 Carcinoma 0/3 5/5 (1) 4/4 2/2 12 GTT
10 Borderline 0/2 2/4 2/3 (2) 12 GTT
11 Borderline 0/1 6/10 2/4 12 TGT
12 Borderline 0/1 3/4 (6) 1/1 12 CGT
13 Borderline 0/1 1/1 (1) 1/1 12 TGT
14 Borderline 0/2 0/7 0/4 wt wt
15 Adenoma 0/2 0/2 (1) wt wt
16 Adenoma 0/2 2/3 12 GTT
17 Adenoma 0/2 3/3 12 GTT
18 Adenoma 0/1 3/3 (1) 12 GAT
19 Adenoma 0/1 2/3 (1) 12 GAT
20 Adenoma 0/1 0/12 wt wt
21 Adenoma 0/1 (1) 0/2 (2) wt wt
22 Adenoma 0/1 0/3 wt wt
23 Adenoma 0/1 0/2 wt wt

No. of positive samples/No. of samples examined (not detectable); wt � wild type; shaded areas indicate mutation-positive site: (group 1 �

hyperplasia-adenoma; group 2 � dysplasia; group 3� noninvasive carcinoma; group 4 � invasive carcinoma).

K-ras mutation has been frequently sighted as a
genetic marker because of the high incidence of the
mutation in IPMTs, approximately 60% to 80%.8–15
In the present study the distribution of K-ras muta-
tion showed a single mutation in all cases, and multi-
ple mutations were not seen in this study. In addition,
it showed a homogeneous clonal pattern that is the
same identical K-ras status that is seen in grade 1 and
2 epithelia that are considered as precursor lesions,
which is compatible with previous reports.15,23 How-
ever, some reports pointed out the presence of the
multiple distinct mutations of K-ras in 20% to 64%

Table 3. Incidence of genetic alterations of each epithelium in cases with genetic alterations

Histologic grade

Genetic alterations 1 2 3 4

K-ras mutation 31/43 (72.1) 20/24 (83.3) 19/19 (100) 7/8 (87.5)
LOH in 9p21(p16) 8/10 (80) 10/12 (83.3) 15/17 (88.2) 14/18 (77.8)
LOH in 17p13(p53) 0/7 (0) 5/5 (100) 11/11 (100) 20/20 (100)

No. of positive samples/No. of samples examined (%); LOH � loss of heterozygosity.

of patients with IPMTs evaluated by PCR and restric-
tion fragment length polymorphism (RFLP) analy-
sis.21,22 In our experience the use of an enzyme to
enhance the mutated allele, restriction fragment
length polymorphism, proved more difficult for ob-
taining reproducible results of the sequence of K-ras
mutation (data not shown), which is also pointed out
by Z’graggen et al.15 In the present study the PCR
following the direct sequence method was employed
to detect K-ras point mutation because this method is
considered to result in a naive genetic status in each
sample that was obtained by microdissection. Al-
though the high incidence of the mutation itself and
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Table 4. Distribution of histologic findings and loss of heterozygosity in 9p21(p16) in 23 patients with
intraductal papillary mucinous tumors

Histologic grade

Patient WHO classification Normal 1 2 3 4

1 Carcinoma 0/2 2/2 (1) 2/2 3/3 (1) 1/2
2 Carcinoma 0/1 1/1 4/4 2/2
3 Carcinoma 0/1 (1) 0/1 1/2 1/1 4/4
4 Carcinoma 0/5 0/3 5/5
5 Carcinoma 0/2 1/1 2/5
6 Carcinoma NI (2) NI (5) NI (2) NI (2)
7 Carcinoma 0/2 0/3 0/3 0/3
8 Carcinoma 0/3 1/2 6/8
9 Carcinoma 0/3 0/6 0/4 0/2
10 Borderline 0/2 4/4 5/5
11 Borderline 0/1 0/10 0/4
12 Borderline 0/1 0/10 0/1
13 Borderline 0/1 0/2 0/3
14 Borderline 0/2 0/7 0/4
15 Adenoma 0/2 2/3
16 Adenoma 0/2 0/3
17 Adenoma NI (2) NI (3)
18 Adenoma 0/1 0/4
19 Adenoma 0/1 0/4
20 Adenoma 0/1 0/12
21 Adenoma 0/2 0/4
22 Adenoma 0/1 0/3
23 Adenoma 0/1 0/2

No. of LOH samples/No. of samples (not detectable); NI � not informative; shaded area indicates LOH-positive site: group 1 � hyperplasia-
adenoma; group 2 � dysplasia; group 3 � noninvasive carcinoma; group 4 � invasive carcinoma.

the homogeneous K-ras status with or without muta-
tion in grade 1 and 2 epithelium indicate K-ras mu-
tation would be an early genetic event in the
development of IPMT, the role of this mutation
remains unclear because it has been suggested that
only a small fraction of hyperplastic lesions with mu-
tated K-ras progress to carcinoma (�1%).9,30 In our
opinion, K-ras mutation would play only a limited
role in the neoplastic transformation rather than car-
cinogenesis or malignant evolution in the develop-
ment of IPMTs, because the incidence of K-ras
mutations in grade 1 and 2 epithelia in cases of K-
ras mutation already showed rates of 72.1% and
83.3%, respectively, which is almost equivalent to the
incidence in grade 3 and 4 epithelia, 100% and 87.5%,
respectively. Also, because all carcinomas and border-
line cases did not always show K-ras mutation, the
role of K-ras mutation might differ from one tumor
to another. Nevertheless, K-ras mutation would be a
key event leading to subsequent genetic alterations,
including inactivation of the p16 and p53, in the devel-
opment of IPMTs.
The incidence of LOH in 9p21(p16) was increas-

ingly seen according to the degree of histologic ab-
normality, from 12.5% in adenomas to 75% in

carcinomas, which is compatible with other previous
reports.16,24 On the other hand, LOH in 17p13(p53)
was seen only in invasive carcinomas at 100% inci-
dence, and all cases with LOH in 17p13(p53) were
concomitantwithLOHin9p21(p16). Sakai et al.18 also
reported that no LOH in the p53 gene was detected
in adenomas and borderline tumors or IPMTs,
whereas it was frequently observed in carcinomas (3
of 5 cases), and other previous reports have shown
similar results according to immunohistochemistry
and mutation analysis.12,19 In the present study the
distribution of LOH in 9p21(p16) and 17p13(p53)
was in a homogeneous and clonal pattern, findings
that are similar to the distribution of K-rasmutation.
However, the incidence of LOH in 9p21(p16) and
17p13(p53) in precursor lesions revealed different as-
pects for both. LOH in 9p21(p16) was seen in grade
1 epithelia with a high incidence (80% in grade 1
epithelia), which is similar to the K-ras mutation re-
sults, whereas the LOHof 17p13(p53) was not present
in grade 1 epithelia but was present in grade 2 epithe-
lia with a 100% incidence. These results suggest that
LOH in 9p21(p16) is a candidate early genetic event
in the development of IPMTs, whereas LOH in
17p13(p53) should be considered a later genetic event
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Table 5. Distribution of histologic findings and loss of heterozygosity in 17p13(p53) in 23 patients with
intraductal papillary mucinous tumors

Histologic grade

Patient WHO classification Normal 1 2 3 4

1 Carcinoma 0/2 0/1 (2) 2/2 4/4 2/2
2 Carcinoma 0/1 1/1 4/4 2/2
3 Carcinoma 0/1 (1) 0/0 (1) 2/2 1/1 4/4
4 Carcinoma 0/5 0/3 5/5
5 Carcinoma 0/2 1/1 5/5
6 Carcinoma 0/2 0/3 (2) 1/1 (1) 2/2
7 Carcinoma 0/2 0/3 0/3 0/2 (1)
8 Carcinoma 0/3 0/2 0/8
9 Carcinoma 0/2 0/8 0/3 0/2
10 Borderline 0/2 0/4 0/5
11 Borderline 0/1 0/9 (1) 0/4
12 Borderline 0/1 0/10 0/1
13 Borderline 0/1 0/2 0/3
14 Borderline 0/2 0/7 0/4
15 Adenoma 0/2 0/3
16 Adenoma 0/1 (1) 0/3
17 Adenoma 0/2 0/3
18 Adenoma NI (1) NI (4)
19 Adenoma 0/1 0/4
20 Adenoma 0/1 0/12
21 Adenoma 0/2 0/4
22 Adenoma 0/1 0/1 (2)
23 Adenoma 0/1 0/2

No. of LOH samples/No. of samples (not detectable); NI � not informative; shaded area indicates LOH-positive site: group 1� hyperplasia-
adenoma; group 2� dysplasia; group 3 � noninvasive carcinoma; group 4 � invasive carcinoma.

than K-ras mutation and LOH in 9p21(p16), and
LOH in 17p13(p53) could very well be an important
genetic event in the malignant evolution of IPMTs.
This is very important in clinical applications because
if it is possible to detect LOH in 17p13(p53) in
the clinical materials, including pancreatic juice and
biopsy samples, it would yield useful prognostic infor-
mation such as diagnosis of tumor malignancy and
allow for better decision making in choosing treat-
ment procedures.

CONCLUSION

The present study of extensive multifocal micro-
dissection analysis using three genetic markers, K-
ras mutation and LOH in 9p21(p16) and 17p13(p53),
clearly demonstrated the homogeneous genetic back-
ground and clonal expansion during the development
from adenoma to carcinoma. These results are consis-
tent with the hypothesis that clonal progression re-
lates to the development of intraductal papillary
mucinous tumors of the pancreas. However, the ge-
netic background behind the actual tumor develop-
ment remains unclear and it may well differ from one
tumor to another.
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Introduction
Steven M. Strasberg, M.D., President, American Hepato-Pancreato-Biliary Association

Each year since 1994, the American Hepato-Pan-
creato-Biliary Association (AHPBA) has met in
conjunction with the American Association for the
Study of Liver Diseases (AASLD) at the Annual
Meeting of the AASLD held in November. The first
of these meetings took place in 1994 and this meet-
ing took place on November 2, 2002, in Boston,
Massachusetts.
The forum was held as a three mini-symposia.

These have now been gathered into publications that
follow. The first of these three papers deals with
protection of the liver in hepatic surgery and was
organized by Pierre Clavien of the University of
Zurich, Switzerland. This important topic is explored
in considerable detail and should be of great interest
to readers of the Journal. The second symposium
on live donor liver transplantation was lead by Myron
Schwartz of the Mount Sinai Hospital in New York
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City. The manuscript that follows is a thorough anal-
ysis of important problems in this rapidly evolving
technique. Theodore Pappas and BrianClary ofDuke
University Medical Center in North Carolina were
responsible for organizing the third section, which
focused on cholangiocarcinoma. Their paper summa-
rizes specific aspects of management of this interest-
ing and often very curable tumor.
A listing of the individual participants is beyond

the scope of this introduction. However, it is not an
overstatement to say that the authors are an interna-
tional “who’s who” of liver and biliary tract surgeons.
The conference was extremely well attended with
over three-hundred fifty individuals focused in this
area of surgery and the related area of medicine in
the audience. Readers of the Journal will find all three
manuscripts of great interest.



Hilar Cholangiocarcinoma
Bryan Clary, M.D., William Jarnigan, M.D., Henry Pitt, M.D., Gregory Gores, M.D.,
Ronald Busuttil, M.D., Theodore Pappas, M.D.

Cancer of the biliary tree, including those occurring at the major biliary bifurcation (Klatskin’s tumor),
is an uncommon malignancy. Meaningful experience with these tumors has been limited to a few centers.
Recent reports with increasing numbers of patients have allowed the construction of rational approaches to
these patients. It is clear from these reports that complete resection with negative histologic margins is
the only treatment that offers the possibility of long-term survival. Complete resection of hilar
cholangiocarcinomas remains a technically demanding procedure requiring expertise in biliary and hepatic
surgery. Patients with unresectable disease constitute a distinct majority and have traditionally been very
difficult to successfully palliate and impossible to cure. A panel of hepatobiliary surgeons experienced in
the management of hilar cholangiocarcinoma presented a symposium on issues relating to these patients
at the recent joint American Hepato-Pancreato-Biliary Association/American Association for the Study
of Liver Diseases (AHPBA-AASLD) forum in Boston, MA. The report below offers a summarization of
the main points and comments raised by this panel. These summarizations are not meant as an exhaustive
review and primarily reflect the opinions of the speakers based upon their experiences and interpretation
of the existing literature. (J GASTROINTEST SURG 2004;8:298–302) � 2004 The Society for Surgery of
the Alimentary Tract
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PREOPERATIVE IMAGING AND STAGING
OF CHOLANGIOCARCINOMA

Discussion by William Jarnagin, M.D.
The identification and proper selection of patients

with hilar cholangiocarcinoma for surgical therapy
requires an understanding of several important ana-
tomic and histologic features. Hilar cholangiocarci-
nomas represent approximately 50%–60% of
cholangiocarcinomas. Over 90% are adenocarcinoma
in histology and although most express CEA and
CA19-9, serum levels are of limited clinical value.
Submucosal spread extending from 1–2 cm beyond
the radiographic abnormality is a common feature
with implications on the site of duct transection of
curative resection. The majority of hilar cholangio-
carcinomas exhibit a nodular-sclerosing pattern with
annular thickening of the duct and longitudinal and
radial infiltration resulting in stricturing and con-
tracture of the duct. A minority of these tumors are
papillary and can reach enormous sizes, yet be
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attached to only a small portion of the wall. Given
their growth pattern, papillary tumors expand rather
than contract the duct. Despite their significant
size, these can often be resected. The intimacy of the
caudate lobe to the hilum is important to appreci-
ate. The main duct draining the caudate lobe enters
into the left hepatic duct and, as such, is commonly
involved in cholangiocarcinomas involving the left
duct. Drainage of the caudate process commonly
occurs via a small duct draining into the main right
hepatic duct. Extension of a hilar cholangiocarcinoma
into the caudate ducts is common and has impli-
cations for its removal during curative attempts at
resection. Extension beyond the primary bifurcation
to the secondary hepatic radicles is common leading
to the frequent need for concomitant hepatic resec-
tion for complete resection. Portal vein involvement
is also a common finding in patients with hilar cholan-
giocarcinoma with unilateral encasement leading to
ipsilateral atrophy.

mailto:clary001@mc.duke.edu


Vol. 8, No. 3
2004 Hilar Cholangiocarcinoma 299

As the likelihood of long-term survival is highly
associated with a margin-negative resection, the pre-
operative imaging studies should be directed toward
describing the extent of disease and those technical
details as they relate to the planned operation. Classi-
cally described contraindications to resection aside
from medical contraindications include extension
into the secondary biliary radicles, ipsilateral second-
ary biliary radicle involvement with contralateral
portal vein involvement and/or atrophy, encasement
of the main portal vein and/or common hepatic
artery, and distant metastases including nodal disease
outside the field of a portal lymphadenectomy.
Preoperative imaging studies are thus directed to

demonstrating these contraindications when possible.
Alternative diagnoses should also be sought after in
the preoperative imaging. Of 161 patients with pre-
sumed hilar cholangiocarcinoma evaluated at Memo-
rial Sloan Kettering from 1996–2000, 28 patients
ultimately had other diagnoses including gallbladder
cancer (14 patients), benign stricture (9 patients), and
metastatic disease from an alternative primary (2 pa-
tients). At Memorial Sloan Kettering, the preferred
evaluation consists of magnetic resonance cholangio-
pancreateography (MRCP) and duplex ultrasound
avoiding preoperative biliary instrumentation except
in those patients with cholangitis or in those patients
not likely to undergo an exploration in a timely fash-
ion. Preoperative instrumentation of the biliary tree
can lead to increased inflammation, biliary tree
injury, pancreatitis, tumor seeding of the tract, and
more frequent infectious complications in those pa-
tients undergoing curative resection. In institutions
where magnetic resonance cholangiopancreatogra-
phy (MRCP) is routinely performed, anatomic infor-
mation equivalent to cholangiography is possible
without instrumentation. Magnetic resonance im-
aging (MRI) is also useful in demonstrating atrophy/
vascular involvement and intraabdominal metastases.
Duplex ultrasonography is highly operator depen-
dent, but in appropriate hands is capable of comple-
menting the MRI in identifying the extent of biliary
and vascular involvement. In centers where preopera-
tive biliary drainage is routinely employed, percutane-
ous cholangiography (PTC) is excellent in defining
the extent of biliary involvement. In these centers,
computed tomography (CT) imaging readily compli-
ments the PTC in the issues of metastases and vascu-
lar/atrophy. Arteriography is rarely indicated in
assessing for possible vascular encasement given the
quality of MRI and CT in the current era.
Despite excellent preoperative imaging, approxi-

mately 10%–20% of patients will be found at explora-
tion to havemetastatic disease that prohibits a curative
resection. For this reason, laparoscopy is routinely

employed at the time of intended curative resection.
Recent data have suggested that fluorodeoxyglucose
positron emission tomography (18FDG-PET) iden-
tifies otherwise metastatic disease in half of those
patients harboring occult distant disease, but is rela-
tively insensitive in demonstrating the primary lesion.
Additionally, benign hilar strictures have been
shown to be PET-avid.
The ability to predict the presence of occult meta-

static disease on the basis of primary tumor extent and
thereby allow a selective application of laparoscopy is
well established. The American Joint Commission
on Cancer (AJCC) system, which largely relies on
histopathologic data, has limited clinical applicability
to the preoperative evaluation. The Bismuth–Cor-
lette staging system of biliary extent and, more re-
cently, a staging system proposed by Blumgart and
colleagues that incorporates biliary extent, vascular
involvement, and atrophy are able to identify a subset
of individuals at greater risk for occult metastatic
disease. According to the Blumgart staging system,
the yield of laparoscopy increases from 9% in T1
patients (tumor involving confluence, no atrophy or
vascular involvement) to 36% in patients with T2
(unilateral secondary radicle involvement with ipsi-
lateral vascular involvement or atrophy) and T3 (bi-
lateral secondary radicle involvement, main portal
vein involvement, or unilateral secondary radicle
involvement with contralateral atrophy or vascular
involvement).

SURGICAL RESECTION FOR HILAR
CHOLANGIOCARCINOMA

Discussion by Bryan Clary, M.D.
The goals for surgical resection include a complete

oncologic resection with preservation of a sufficient
liver remnant and, in addition, the palliative relief of
biliary obstruction. The contraindications to resec-
tion include medical comorbidities, distant meta-
static disease, and a number of regional situations
where complete resection is not possible whereas
leaving an adequate liver remnant (bilateral exten-
sive intrahepatic extension, a combination of ex-
tensive intrahepatic extension with contralateral
vascular involvement or atrophy, main portal vein
involvement).
An astute appreciation of the variants in biliary

drainage is a prerequisite in the planning of a curative
resection. Approximately two-thirds of patients
harbor a variant of normal biliary anatomy whereby
the right posterior sectoral duct enters into the left
hepatic duct. Another common variant is an early
takeoff of the posterior sectoral duct with the “bifur-
cation” occurring at the junction of the right anterior
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sectoral and main left duct. In both of these anoma-
lous situations, “bilateral secondary radicle involve-
ment” may actually be resectable. If the secondary
branching points are located very close to the bifurca-
tion, resection may still be technically feasible even
when taking into account the fact that tumor ex-
tension is typically 5–10mm beyond the radiographic
stricture. For example, involvement of an aberrant
posterior sectoral duct arising from the left hepatic
duct in conjunction with extensive disease with the
left hepatic duct while technically “bilateral secondary
radicle involvement” is often resectable as one can
come across the anterior sectoral and posterior sec-
toral pedicles independently without extending
deeply within the liver parenchyma. Given these
issues, an excellent cholangiogram is a prerequisite to
preoperative planning and tominimizing unnecessary
explorations. Although some centers have been able
to reliably identify these issues with MRCP, most
rely upon either PTC or endoscopic retrograde cho-
langiopancreatography (ERCP) for this information.
AtDukeUniversityMedical Center, PTC is routinely
employed as a means of obtaining this information (as
well as accomplishing preoperative biliary drainage).
The conduct of a curative operation involves a

series of steps and begins with a thorough exploration
of the peritoneal cavity. Laparoscopy is routinely em-
ployed as the first step although for patients without
atrophy or vascular involvement (Blumgart T1) the
yield is likely below 10%–15%. After assessing for
possible distant peritoneal, hepatic, or nodal disease
attention is then turned to the primary lesion. By
palpation a general sense of the local extent is made.
This manual assessment is not meant to supplant
the preoperative cholangiography, but a recognition
of advanced lesions that were not fully appreciated
on the preoperative MRI or CT is often possible. If
felt to be resectable on the basis of this exploration,
the common bile duct is then isolated just above the
pancreas and transected. A biopsy is then sent for
frozen section to determine the presence or absence
of tumor at this distal bile duct margin. As most
patients are not appropriate for a combined pancre-
aticoduodenectomy/liver resection, a positive margin
at this point precludes a curative operation and a
palliative approach is then undertaken (see Dr. Pitt’s
discussion). In the event that this margin is negative,
the common bile duct along with the lymphatic and
adipose tissues of the duodenal hepatic ligament are
then reflected superiorly and anteriorly, skeletonizing
the portal vein and hepatic artery. As one proceeds
in the plane superiorly along the anterior surface
of the portal vein, identification of occult vascular
involvement is sought. Ipsilateral vein involvement is
not a contraindication to curative resection even

when requiring resection of a short segment of the
main portal vein, as this can be reconstructed primar-
ily or in some instances with an interposition vein
graft. Once the dissection reaches the level of the
portal vein bifurcation, the contralateral main duct
is transected and the margin is assessed by frozen
section. In the event of a negative margin, the con-
tralateral hemiliver and caudate are prepared for re-
section. The contralateral hemiliver is completely
mobilized from the diaphragm and the small venous
tributaries extending from the caudate directly into
the inferior cava taken. The ipsilateral hepatic vein
(right or common left/middle) is then isolated outside
the liver. At this time the ipsilateral portal vein and
hepatic artery are taken with a vascular stapler or
suture ligature followed immediately thereafter by
taking the ipsilateral hepatic vein. A parenchymal
transection then ensues accomplished by a variety of
different techniques. A Roux limb is then constructed
and anastomosed to the open remaining hepatic
duct(s). In aminority of cases, resectionof the bile duct
alone with or without the caudate lobe is sufficient for
tumor clearance.
The role of preoperative stenting is controversial.

It is generally accepted that preoperative biliary in-
strumentation is associated with an increase in the
bile colonization rate and an increase in periopera-
tive infectious complications, although mortality is
not increased. Three randomized studies were con-
ducted in the 1970s and 1980s on the topic of preop-
erative stenting. These studies have limited clinical
applicability to the current era, as the morbidity rate
of the drainage procedure and other technical ad-
vances have greatly improved the surgical outcomes
of these patients. Most surgeons will agree that those
patients with renal impairment, cholangitis, or sig-
nificant pruritis (where an operation cannot be sched-
uled in a timely fashion) should undergo preoperative
drainage. Although direct comparisons of endo-
scopic vs. percutaneous drainage do not readily exist,
the standard approach at Duke University Medical
Center is for percutaneous drainage, as the quality
of the cholangiogram and drainage seem to be better
for lesions at or above the bifurcation.
The mortality and morbidity rates after curative

resection remain relatively high when compared with
liver resections performed for other indications. Even
in centers with great experience, mortality rates are
approximately 5%–10%. The main determinant of
survival across most reported series is the ability to
achieve a margin-negative resection. There is a direct
correlation in the literature between the frequency
of hepatectomy and the margin-positivity rate. In
most of these series, hepatectomy is not an inde-
pendent predictor of survival when separated from a
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margin-negative status and, as such, it is clearly the
latter which is important. Five-year and median sur-
vivals inmargin-positive patients are 0%–5% and 10–
20 months respectively whereas in margin-negative
patients these values are 30%–40% and 20–40months.
Nodal (N1) and vascular involvement are inconsis-
tent predictors in the literature and represent relative
but not absolute contraindications.

PALLIATIVE BYPASS FOR
CHOLANGIOCARCINOMA

Discussion by Henry Pitt, M.D.
The ability to predict resectability in patients with

hilar cholangiocarcinoma is less than perfect with cur-
rent imaging modalities. It is not uncommon to find
locoregional disease in the absence of distant meta-
static disease that is too extensive thus precluding
a curative resection. The median survival in these
patients in the literature is approximately 9–15
months. As a substantial proportion of these patients
live more than a few months, physicians treating
these patients must be able to offer effective palliative
strategies. Aside from the resective options, interven-
tions appropriate in these patients may include biliary
stenting (placed percutaneously, endoscopically, or
surgically) or a intrahepatic bypass (i.e., segment III).
Most surgeons favor percutaneous drainage over

endoscopic drainage for obstructions at or above the
bifurcation. In the Johns Hopkins experience, opera-
tively placed, bilateral, large silastic catheters (into
a Roux limb of jejunum) seemed to lead to survival
advantage when compared with percutaneous drains
with equivalent qualities of life. There is no evidence
either from the Johns Hopkins experience or else-
where that adjuvant radiation therapy after operative
palliation improves survival. Cholecystectomy as a
component of the surgical palliation was emphasized
given the propensity of stented patients to develop
cholecystitis.

TRANSPLANTATION IN THE
MANAGEMENT OF
CHOLANGIOCARCINOMA

Discussion by Gregory Gores, M.D., and Ronald W.
Busuttil, M.D.
Significant controversy exists over the role of

liver transplantation in the management of hepato-
biliary malignancies. These issues have become
even more important in the era of living-related liver
transplantation.
Historically, the outcome after liver transplantation

for cholangiocarcinoma has been less than optimal

with 3-year survival rates of approximately 15%–20%.
At UCLA only 25 of the last 2727 liver trans-
plantations over a 15-year period were performed for
the management of this malignancy. Done with a
backup recipient available, patients were excluded if
nodal or vascular involvement was encountered.
Eight of 25 patients arose in the setting of primary
sclerosing cholangitis (PSC). Mortality was 12% and
3-year survival was 35%. In those patients with early
stage cholangiocarcinomas arising in the setting of
PSC, the 5-year survival was 80%. Given these re-
sults, transplantation ofmost patients with cholangio-
carcinoma should, in general, be discouraged except
within the context of investigational protocols includ-
ing those patients with potential living donors.
Effective screening of patients with PSC remains

an issue. Serum CA19-9 levels have been investigated
and found to have a sensitivity and specificity of ap-
proximately 75% and 80% respectively when a level
of greater than 100 IU/mL is used. Enhancing the
accuracy of biliary brushings via digital image analysis
(DIA), which is able to detect the ploidy state of
a single cell or by fluorescent in-situ hybridization
(FISH) analysis for chromosomal abnormalities, al-
though promising, are not in widespread use. In a
prospective study of 97 consecutive patients with bili-
ary strictures, FISH and DIA increased the sensitivity
of brush cytology from 15% to 40% to 50%. 18FDG-
PET scanning has recently been reported to be approx-
imately 90% sensitive and specific in demonstrating

Fig 1. Algorithm for screening patients for cholangiocarci-
noma. DIA � digital image analysis; FISH � fluorescent in-
situ hybridization; MRI � magnetic resonance imaging;
PET � positron emission tomography.
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primary cholangiocarcinoma, yet the demonstration of
metastatic disease remains very suboptimal. Given
these considerations, the algorithm depicted in Fig
1 is used at the Mayo Clinic in the screening of
patients with PSC. Patients with proven cholangio-
carcinoma are then subjected to endoscopic ultra-
sound (EUS) for regional and distant (celiac) nodal
involvement. In a recent Mayo Clinic review, a series
of 30 patients with cholangiocarcinoma underwent
EUS with nodal biopsy, which demonstrated nodal
metastases in 17%.
Given the lack of effective treatment for patients

with locally unresectable hilar cholangiocarcinoma,
the Mayo Clinic recently embarked upon an investi-
gational protocol whereby patients without extrahe-
patic or intrahepatic metastases who were deemed
unresectable underwent neoadjuvant external beam
irradiation plus bolus flourouracil (5-FU) followed
by iridium brachytherapy and protracted infusional 5-
FU or Xeloda until orthotropic liver transplantation

(OLT). Patients without metastastic progression
were explored within 3 months of cadaveric OLT
orwithin 1week ofLDLT.At the timeof theAASLD/
AHPBA Forum, 41 patients had been enrolled of
which 32 patients underwent exploration. Eleven
of these 32 patients had occult metastatic disease pre-
cluding transplantation. Twenty patients have been
transplanted to date with a 5-year 80% survival (vs.
0% in those enrolled patients selected out due to
metastatic disease). Of the five deaths thus far, one
was related to tumor recurrence, one to sudden death,
one to another malignancy, and two as a result of
complications after LDLT. Although these findings
are encouraging, other groups to date have not re-
peated them. Transplantation of patients with cho-
langiocarcinoma undergoing neoadjuvant therapy, as
such, remains a very selective process that should be
reviewed by the regional United Network of Organ
Sharing (UNOS) boards.



Adult–Adult Living Donor Liver Transplantation
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After the first report from Denver in 1998 of a successful liver transplant in an adult using the right
lobe from a living donor, the procedure was rapidly adopted by many transplant centers as a potential
solution to the critical shortage of donor livers. By the end of 2000, when the National Institutes of Health
held aConsensus Conference onAdult–Adult LivingDonorTransplantation (AALDT), a substantial body
of literature had already developed and many of the associated technical and medical pitfalls had been
defined.Theexponential expansionof theprocedure came to adramatic halt in January2002when thedeath
of a donor occurred at Mount Sinai Hospital—the busiest AALDT center in the United States. This
led to a widespread reassessment of the risks inherent in right lobe donation. Yet, the problem that
drove the development of this controversial technique—the dire shortage of organs for transplantation—
still persists. After a 50% drop in the number of AALDT procedures performed in the United States
in 2002 compared with 2001, centers are regrouping and approaching AALDT with renewed interest,
albeitwithheightenedawarenessof the attendant risks.OnNovember2, 2002, a state-of-the-art symposium
on AALDT was held in Boston, MA, under the combined auspices of the American Hepatico-Pancreato-
Biliary Association and the American Association for the Study of Liver Diseases. This article comprises
the presentations at the symposium on three subjects of critical importance concerning AALDT. These
include advances in surgical technique, candidate selection, and hepatic regeneration; each subject is
acknowledged by an expert in the field. ( J GASTROINTEST SURG 2004;8:303–312) � 2004 The Society
for Surgery of the Alimentary Tract
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APPLICATION OF ADVANCED
HEPATOBILIARY SURGICAL
TECHNIQUES TO LIVING DONOR
TRANSPLANTATION

Discussion by Masatoshi Makuuchi, M.D
The number of adult patients undergoing living

donor liver transplantation (LDLT) has recently in-
creased.1 It may be true that this recent breakthrough
was mainly provided by the use of right liver graft.
According to the Japanese Society for LDLT,2 322
out of 671 adult patients (48%) received a right liver
graft. In Western countries3 right liver grafts are
now routinely used for adult patients. The reported
rates4–6 of survival after LDLT using right liver graft
in these countries range from 86%–88%. These rates
are equivalent to those occurring after cadaveric liver
transplantation. However, there still remains some
concern about right liver grafts regarding donor
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safety and technical controversies in middle hepatic
vein (MHV) reconstruction.

The University of Tokyo Experience

Patients
One hundred twenty patients underwent LDLT

procedures at the University of Tokyo from January
1996 to September 2002. They consisted of 60 males
and 60 females with an average age of 47 years. The
most common indication was cholestatic disease in
42, including primary biliary cirrhosis, autoimmune
hepatitis, and primary sclerosing cholangitis, fol-
lowed by hepatocellular carcinoma in 28, viral hepati-
tis and cirrhosis in 18, fulminant hepatic failure in
10, metabolic diseases in 7, and biliary atresia in 5.
The remaining 10 patients were operated on for
cryptogenic cirrhosis. Preoperative serum total bili-
rubin levels and prothrombin times were 9.9 � 7.4
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mg/dl and 1.48 � 0.43 (international normalized
ratio), respectively (mean � standard deviation). The
United Network for Organ Sharing status of the pa-
tients was 1 in 11, 2A in 21, 2B in 47, and 3 in 41.
Themodel for end-stage liver disease (MELD) score7
was 12. The average graft weight was 536 � 144 g,
which corresponded to 47 � 9% of the recipient’s
standard liver volume.8 On average, the operation
lasted 962� 238 minutes. Blood loss was 6011�
5312 g corresponding to 104 � 89 g per kg of body
weight.Thetotal transfusionaveraged8150� 4615ml.
The rates of acute rejection and vascular and biliary

complications were 30%, 6%, and 21%, respec-
tively. Six patients died during hospitalization. Three
of these deaths involved primary biliary cirrhosis in
an advanced stage and the patients died from severe
pneumonia or sepsis 26–58 days after LDLT. Two
patients died from simultaneous thrombosis of the
hepatic artery and portal vein. The other cause of
death included rejection resistant to steroid pulse
therapy. The postoperative hospital stay among the
surviving patients was 58 � 30 days.
Five patients experienced late death. Two patients

died from virus-associated hemophagocytic syn-
drome (146 days and 370 days), 1 patient died from
hepatocellular carcinoma recurrence (229 days), 1 pa-
tient died from cholestatic hepatitis C (351 days),
and another patient died from heart failure due to
amyloid polyneuropathy (441 days). The 3-year cu-
mulative survival rate was 88% (Fig. 1). No retrans-
plantation was performed.
Donors
All of the donors were related to the patients and

consisted of 53 children, 23 siblings, 17 spouses,
and 16 parents, and the 11 others were relatives.
Donor selection criteria have been described pre-
viously.9 In brief, the acceptance criteria for donors

Fig. 1. Survival curve of the patients in University of Tokyo
after living donor liver transplant (LDLT) (n � 120).

included an age between 20 and 65 years; familial
relation to the recipient to within the third degree
of consanguinity; ABO blood group compatibility;
negative serology for hepatitis B andCviruses; normal
hematology, liver, and kidney functions; and nor-
mal echocardiogram and chest x-ray. Computed to-
mography scan was used to measure graft volume.
Hepatic angiography was performed to evaluate
vessel anatomy. The donor’s own blood and plasma
were banked preoperatively. Signed informed con-
sent was obtained before surgery.
The most common procedure was left liver with

or without caudate lobe resection (n � 60) followed
by right liver resection (n � 49) and right lateral sect-
orectomy (n � 11). The average blood loss was
531 � 302 g, which was replaced by 471 � 339 ml
of the donors’ own fresh frozen plasma or whole
blood. On average, the operation lasted 568 � 168
minutes.
The most frequent complication was bile leakage

from the dissection plane of the liver or stump of
the bile duct. This occurred in 13 donors and 6
of these donors underwent reoperation for drainage.
Other morbidities included gastrostasis and pleural
effusion, which occurred in 7 donors. The average
hospital stay was 15� 6 days. All of the donors did
return to their normal daily lives.

Left Liver Graft

In the initial LDLT, only left liver grafts were
used for adult patients. Shinshu University reported
the first successful LDLT.10 The patient had primary
biliary cirrhosis. The Shinshu group devised the left
liver with caudate lobe graft.11 The caudate lobe cor-
responds to only 3%–4% of the whole liver volume.
In conjunction with a left liver graft, however, the
caudate lobe provides an 8%–12% gain in weight.
Nishizaki and colleagues12 performed left liver trans-
plantation in 33 adult patients. They reported that
all 5 patients who received grafts corresponding to
less than 30% of the patients’ standard liver volume
survived the operation. The Shinshu group13 has con-
tinued to perform left liver grafts in all adult patients
with satisfactory results. At the University of Tokyo
a left liver graft was used for good-risk patients with
a MELD score of less than 15 after 2000.14

Right Liver Graft

It is clear that a right liver graft can help alleviate
the problem of graft size disparity in adult patients.
An“extended” right liver graft, which includes the
trunk of the MHV, was devised by the Hong Kong
group.15 This method is beneficial with regard to
venous drainage of the graft because the MHV is a



Vol. 8, No. 3
2004 Donor Liver Transplantation 305

major draining vein of the right paramedian sector
and its role in the left paramedian sector is limited.
As the procedure was thought to increase the extent
of the donor operation, a right liver graft16 without the
MHV trunk is now commonly used.
However, a right liver graft without the MHV

trunk can cause severe congestion of the right par-
amedian sector (corresponding to segments V and
VIII according to Couinaud’s nomenclature for liver
segmentation). Such congestion can lead to severe
graft dysfunction and septic complications17 be-
cause hepatic venous outflow of the right paramedian
sector is drained mostly into the MHV.18 MHV
drainage into the recipient’s venous system can be
reconstructed using vein grafts. This provides a func-
tioning liver mass comparable to an extended right
liver graft.
We proposed MHV reconstruction criteria in

right liver grafts.19 Hepatic venous congestion in the
right paramedian sector was investigated intraopera-
tively after parenchyma transection. First, liver sur-
face discoloration in the right paramedian sector was
observed after 5 minutes of simultaneous clamping of
MHV tributaries and the right hepatic artery. Next,
intraoperative Doppler ultrasonography was per-
formed after declamping only the hepatic artery. If
the portal flow of the paramedian sector was hepato-
fugal, the area was confirmed to be congested. All of
the examinations for checking venous congestion can
be finished in 10 minutes by an experienced surgeon.
If the congested area is dominant and reduced

volume is estimated to be less than 40% of the recipi-
ents’ standard liver volume, we have proceeded with
bench reconstruction ofMHV tributaries. The neces-
sity of inferior right hepatic vein reconstruction
was determined using the same criteria. MHV tribu-
taries were reconstructed under these criteria in our
series (Fig 2). MHV reconstruction was performed
in 30 out of 49 grafts.20 Of these, one vein graft was
thrombosed 5 days after LDLT.

Right Lateral Sector Graft

A right lateral sector (segments VI and VII ac-
cording to Couinaud’s nomenclature for liver seg-
mentation) graft was recently devised.21 The details
of the harvesting technique are as follows. Occlusion
of the right paramedian and left branches of the portal
veins and hepatic arteries reveal the demarcation line
on the liver surface. The dissection plane is 5 mm to
the left of the right portal fissure. Liver transection
is performed using a Kelly clamp or an ultrasonic
surgical aspirator under occlusion of the right par-
amedianbranchesof theportal vein andhepatic artery.
Theright lateralbileduct is then identifiedusing intra-
operative cholangiography before liver transection.

Fig. 2. A modified right liver graft. Middle hepatic vein was
reconstructedwith cyropreserved venacava fromcadavers (CP-
IVC). MHV � middle hepatic vein; LHV � left hepatic vein;
V5, V8 � stump of middle hepatic vein tributaries.

The procedure is indicated when the right liver is
over 70% of the estimated volume of the whole donor
liver and the estimated right lateral sector volume is
greater than that of the left liver.22 Recent volumetric
analysis23 of donors revealed that 84% had a larger
right lateral sector than a left liver with caudate lobe
when the volume of the right liver is estimated to
be more than 70% of the whole. If the right lateral
sector volume corresponds to more than 40% of the
recipient’s standard liver volume, it can be implanted
also to these poor risk patients. If not, we have no
strategies in LDLT for such patients. More meticu-
lous hilum dissection is needed because the hepatic
artery, portal vein, and bile duct are dissected at the
second-order branch.Of these, most attention should
be paid to bile duct dissection.24 This option should be
limited to expert surgeons.

Liver Graft for LDLT: Left or Right?

The greatest concern in donors after right liver
donation is the risk of death. Eight deaths are now
known in the world although the exact number of
deaths may be larger because there is no worldwide
registry of donor outcomes. Three of these deaths
occurred in the Unites States and two of them oc-
curred in right liver donors.25 The safety of right
hepatectomy varies depending mainly on the volume
of the left liver. Fan and associates26 warned that
right hepatectomy imposes serious risks for the donor
when the volume of the left liver is estimated to be
less than 30% of the whole liver.
The graft type should also be determined by body

size balance between donor and recipients. If the
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donor body size is larger than that of the recipient,
left liver of the donor will provide the recipient
enough liver mass corresponding to more than 40%
of the recipient’s standard liver volume.8 Other cru-
cial points should include the fact that the minimal
graft volume for successful LDLT might vary de-
pending on the pretransplant condition and the dis-
ease of the recipient in each case. Ben-Haim and
colleagues27 commented that a small graft can be
used safely in patients without cirrhosis or in Child’s
class A cirrhotic patients. Accordingly, it is crucial to
determine whether the left liver provides enough liver
mass to patients with fulminant hepatic failure. In
Hong Kong and Japan, where organs from cadavers
are scarce, LDLT is aggressively performed for
United Network for Organ Sharing (UNOS) status
I patients. Four adult patients with fulminant hepatic
failure successfully underwent LDLT at Shinshu
University.28 Lo and associates29 reported that a graft
estimated to be 25% of the recipient’s standard liver
volume was transplanted in a patient with fulminant
hepatic failure.

Conclusions

LDLT has recently emerged as one of the thera-
peutic modalities for end-stage liver disease in adults.
Although right liver graft improved the surgical re-
sults of the patients, the procedure imposes greater
surgical risk on living donors. Left liver or right lat-
eral sector grafts should be considered as alternative
options for good-risk patients.

LIVING DONOR LIVER
TRANSPLANTATION IN ADULTS: WHEN
IS IT BETTER? WHEN IS IT WORSE?

Discussion by Charles M. Miller, M.D.
The growth of adult–adult living donor liver trans-

plantation (AALDLT) over the past 4 years has been
rapid and explosive. Once this procedure had been pi-
oneered at a few hospitals around the world, many
liver transplant centers were motivated to initiate
AALDLT to compensate for a scarcity of cadaveric
donor organs, because of local competitive concerns,
or both. In the United States, more than 40 pro-
grams have performed at least one AALDLT. Over-
all, in the United States more than 1000 of these
procedures have been performed.
The strongest advocates for AALDLT have been

the centers that find themselves in situations of severe
organ scarcity. The starkest example of this is in
Japan, where cadaveric donation is extraordinarily
rare and still in its infancy. In the United States,
however, the most rapid growth and innovation have

occurred in New York, where a long history of organ
scarcity exists. This relationship of cadaveric organ
scarcity and AALDLT growth is natural and appro-
priate given that when cadaver organs are readily
available, their use for adult transplant candidates is
still considered the procedure of choice. Therefore,
if we ask,“When is AALDLT preferred?”, the first
answer must be “When organ scarcity is resulting in
excess waiting list morbidity and mortality.”

Pediatric LDLT as a Model

Living liver donation for children was pioneered
by Christoph Broelsch at the University of Chicago
in 1989. It rapidly became widely accepted and
adopted as an important option for children in need of
liver transplantation and it has had a major impact
in reducing both waiting list mortality and the size
of the list itself. In fact, some transplant centers now
consider living donor transplants to be the procedure
of choice for pediatric patients as recipient and graft
survival in single-center studies and large cohorts has
been significantly better than that achieved with ca-
daveric organs.30 In addition to improved recipient
outcomes, donor morbidity and mortality rates are
very low, approaching the rates obtained after living
renal donation, a procedure with wide social accep-
tance. In addition, coercion is rarely a concern; the
donor is most commonly a parent who presents with
clear unconflicted motivation. There is little, if any,
risk of inadequate graft size or poor donor status so
that good initial liver function is the rule. Finally, the
major indication in pediatric transplantation is biliary
atresia. This disease does not recur in the recipient
so the donor can be assured that his or her donation
will have lasting benefit.

What Characteristics Make AALDLT
Preferable?

Learning lessons from the pediatric model, the op-
timal circumstances for AALDLT should include a
high likelihood for good recipient outcome as well
as an extremely low risk of complications or death
for the donor.31 In addition, a clear and unambiguous
motivation on the part of the donor that is well ac-
cepted not only by the recipient but also by the
entire transplant team is crucial for success. These
circumstances allow for the development of a strong
therapeutic bond among the donor, recipient, and
transplant team. Such a bond must remain intact to
assure good long-term outcomes and avoid post-hoc
recriminations should complications ensue in either
the donor or recipient.
To maximize short-term outcomes, the provision

of a graft with adequate functional mass is critical.
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Both recipient and donor factors can impact on func-
tional size.32 The optimal situation is when the recipi-
ent has good functional status and minimal portal
hypertension and the donor has a large parenchy-
mal mass and uncomplicated venous outflow. This
combination helps avoid small-for-size syndrome and
many other associated complications.
To maximize long-term outcome, the recipient’s

disease should be one with minimal chance of recur-
rence. The fact that AALDLT is an elective proce-
dure allows the transplant to be optimally timed.
This is especially helpful in diseases with unpredict-
able courses such as some cases of hepatocellular
carcinoma.

Preference According to Etiology

Primary Biliary Cirrhosis and Primary
Sclerosing Cholangitis
These two cholestatic diseases may represent the

most preferred indications for AALDLT and in this
respect are most similar to pediatric transplantation
for biliary atresia. In general, these patients have ex-
cellent physiologic reserve, minimal or moderate
portal hypertension, and excellent long-term progno-
sis with minimal risk of graft-threatening recurrent
disease.33 In addition, patients with primary biliary
cirrhosis (PBC) or primary sclerosing cholangitis
(PSC) have historically been disadvantaged by the
UNOS allocation algorithm. It remains unclear
whether the new MELD system initiated by UNOS
in early 2002 will alleviate this bias. Both of these
diseases allow for good prognostication that does not
increase the need for LDLT but does improve the
ability to prepare and schedule a transplant in a
timely fashion.
Hepatitis B
Liver transplantation for hepatitis B has undergone

a renaissance in the past decade. With better under-
standing of the need for prolonged and uninterrupted
passive immunization and the emergence of new
and effective antiviral agents, recurrence rates have
been minimized and patient and graft survival have
dramatically increased.33,34 These improvements,
combined with the fact that the course of cirrhosis in
hepatitis B is prolonged and development of portal
hypertension is gradual, gives strong support for the
preferential use of AALDLT. The other positive
factor is that these patients often harbor hepatocellu-
lar carcinoma rendering prognosis uncertain. The
negative factor in this cohort is relative lack of need.
For patients with hepatitis B, there is a pool of
extended cadaveric donors who are hepatitis B core
antibody positive (HbCAb�); these organs are used
almost exclusively for patients who are hepatitis B
surface antigen positive (HbSAg�).

Fulminant Hepatic Failure
Although the use of living donors for emergent

transplantation in children has gained wide accep-
tance, there has been far more controversy and less
experience in adults. Whereas adults with fulminant
hepatic failure have a favorable profile from the per-
spective of physiologic reserve, lack of portal hy-
pertension, and the low probability of disease
recurrence, there are many factors that make LDLT
an unnecessary or unfavorable choice.35 The UNOS
allocation system gives such strong priority to this
group of patients that the identification of a suitable
cadaveric graft and transplant can, on average, be
accomplished within 48 hours. Therefore, the need
for a living donor is minimal. Furthermore, whereas
for pediatric patients the motivation of the parents
is clear, with adult patients the emergent nature of
the situation, the uncertain relationship between
donor and recipient, and the inability of the reci-
pient to participate fully in the complex decision
makes LDLT in this situation highly coercive and
problematic.
Hepatitis C
Patients with end-stage liver disease caused by hep-

atitis C make up the single largest patient cohort in
need of liver transplantation. Because of this, many
patients of all etiologies are forced to wait for ca-
daveric livers until their optimal window for trans-
plantation has closed. In addition, hepatocellular
carcinoma can be identified in more than 25% of
candidates with hepatitis C. For these reasons, pa-
tients with hepatitis C must remain potential candi-
dates for AALDLT despite the obvious and
theoretical problems,36 including the inevitability of
disease recurrence. Preliminary reports have sug-
gested that regeneration of the partial graft makes
the liver more susceptible to graft-threatening recur-
rence.37–39 These reports, however, remain uncon-
firmed and controversial. In contrast to patients with
diseases that do not recur, the timing of transplant
in patients with hepatitis C cannot be accelerated
to take advantage of a less deteriorated physiologic
reserve. The clock for recurrence starts ticking at the
time of reperfusion.

Summary and Conclusions

LDLT for adults is an important and evolving
technique for coping with the severe shortage of ca-
daveric organs throughout the world. Regions with
the most severe shortage have spawned the programs
with the greatest interest and productivity in
AALDLT.Becauseof the inherent and specific risks to
the donor, it is imperative that the recipient’s chances
for acceptable short- and long-term outcomes be
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assured and discussed openly and freely with both
the donor and recipient. The choice of the cadaveric
or living donor option is complex and factors inherent
to the donor, the recipient, and the transplant team,
as well as the degree of risk each party is willing
to accept, must be accounted for in each case. As
technology evolves to the point at which donor risk
is no greater than that of living renal donation and
the survival of recipients is as good or better than
with cadaveric grafting, LDLT will achieve the same
preferred status in adults that it now has in children.

HEPATIC REGENERATION IN LIVING
DONOR LIVER

Discussion by Kim Olthoff, M.D.
The ability of the liver to regenerate was recog-

nized by the ancient Greeks in the myth of Prometh-
eus, who had his liver eaten each night by an eagle
as punishment for stealing fire from the gods, and each
night it regenerated only to have it devoured again
the next night. The gods can be vengeful.40 Over the
centuries much has been learned about what initiates
liver regeneration, how it is sustained, and what inhib-
its it.16,41 Today, hepatic resection is routinely and
safely accomplished for malignant and benign disease
because of the presumed ability of the liver to regain
its functional mass in a matter of days to weeks. This
assumed, yet essential, outcome has recently become
even more important with the advent of adult–adult
living donor liver transplantation (LDLT) and
recent growth in this area.3,42 By transplanting only
a portion of what the expected liver volume in adults
is, we must rely on the rapid regeneration of a hemi-
liver while it simultaneouslymaintains the basicmeta-
bolic functions required for the survival of both the
donor and recipient.

Pathways of Liver Regeneration

In the liver, normally quiescent highly differenti-
ated cells are capable of rapid proliferation after resec-
tion and tissue loss.43 Early studies in rodent models
demonstrated that after partial hepatectomy, hepato-
cytes begin to replicate within 24 hours with biliary
epithelial cells and Kupffer cells not far behind.44,45
On a molecular level, studies in the past decade have
elucidated cytokine pathways, transcriptional regu-
lation, and patterns of gene activation after partial
hepatectomy in animal models.46,47 It has become
increasingly apparent that certain cytokines and
growth factors, such as tumor necrosis factor (TNF-
α) and interleukin (IL-6), play an important role in
normal liver regeneration and recovery from
injury.48,49 These cytokines and other growth factors,

released from Kupffer cells, “prime”the hepatocytes
and initiate activation of transcription factors such
as nuclear factor (NF-κB), signal transducer and acti-
vator of transcription 3 (STAT3), and activating pro-
tein-1 (AP-1), followed by selective upregulation of
specific cell cycle genes, cyclins, and DNA replica-
tion.50,51 Mice lacking IL-6 or the TNF receptor
(TNFR) demonstrate impaired liver regeneration
characterized by liver necrosis and failure and blunted
DNA response in the hepatocytes.52,53More recently,
an inhibiting factor, suppressor of cytokine signaling 3
(SOCS3), has been described thatmay provide the key
to how the liver knows when to stop regenerating.54
These cytokine mediated pathways also appear to

play a role in the recovery from acute injury of the
liver. In a model of acute carbon tetrachloride injury,
IL-6-/- mice develop increased hepatocellular injury,
defective regeneration, and increased apoptosis.55 Sim-
ilarly, in a model of Fas-mediated apoptosis, IL-6-/-
mice develop severe apoptotic hepatitis and increased
mortality.56 In both of these models, pretreatment
with IL-6 improved survival and reduced injury.
Others have shown that IL-6 is protective after warm
ischemic injury and partial hepatectomy in rodent
models.57,58 Thus, IL-6 is a significant survival and
regenerative factor in multiple types of hepatic injury
and important for initiation of cell cycle pathways in
conditions that may require liver regeneration and
repair such as liver transplantation.

Regeneration After Transplantation

Recent clinical observations in LDLT recipients
show that a massive amount of regeneration occurs in
the first 1–2 weeks after resection for donation.59,60
However, it seems that most donors do not reach
100% of their starting volume even at 1-year follow-
up. Recipients also have rapid proliferation of liver
mass, the majority reaching a calculated standard
liver volume by 1 month.61
It is important to remember that the transplant

environment is unique in that the liver graft is simul-
taneously subjected to ischemic injury, metabolic
stress, and the host immune response. Regeneration
is required after transplantation to replace injured
cells lost to ischemic injury and immune response
and to restore volume in the setting of split livers
and LDLTs. The molecular pathways leading to re-
generation may be affected by both the inflammatory
response of ischemic injury and the host immune
response or our attempts to suppress it.

Factors Affecting the Regenerative Response

After volume loss, hepatocytes must rapidly adapt
and seek a compromise between maintenance of con-
tinued differentiated function and cellular replica-
tion to permit survival.62 Hepatocytes have to
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maintain a certain balance and shift in energy econ-
omy in response to changing demands.63 Numerous
outside influences may interfere with this balance.
Factors that have been shown to have a significant
effect on liver regeneration include ischemia, liver
mass, immunosuppression, steatosis, and age.
Animal studies have demonstrated impaired regen-

eration when massive hepatectomy is combined with
warm ischemic injury.58 Ischemic injury, both warm
and cold, is an unavoidable component of transplanta-
tion. After prolonged cold ischemia of whole liver
grafts, there is initiationof the cell cycle pathwayswith
upregulation of markers of liver regeneration.64 The
more extensive the ischemic injury, the greater the
expression and activation of cytokines, transcription
factors, and immediate early genes and the greater the
magnitude of hepatocellular replication.65 However,
the liver can only tolerate ischemic injury up to a
“point of no return,” after which the damage is too
extensive and the graft is unable to maintain func-
tional homeostasis and regenerative capabilities.66

The amount of liver mass transplanted is another
important variable in the regenerative response
after transplantation. Early experimental studies ad-
dressing regeneration after transplantation, and clini-
cal observation, demonstrate that a small-for-size
graft will adapt to its environment and achieve a
size equal to the original native liver.67 However,
transplanted grafts display delays in DNA synthesis
whencomparedwithpartial hepatectomymodels.68 In
addition, it became apparent that graft size to recipi-
ent ratio was critical in that grafts that were too small
had decreased survival.69 These findings correlated
with clinical experience in that small-for-size grafts
regenerate to an appropriate size for the recipient,
however, there was significant functional impair-
ment of grafts that were less than 50% expected
weight, demonstrated by prolonged cholestasis and
histologic changes consistent with ischemic injury.70

Liver grafts with a graft weight/standard liver volume
of less than 40% have poor graft survival and pro-
longed hyperbilirubinemia.71 Experimental models of
partial grafts with significant ischemic injury demon-
strate decreased survival.72,73

The question of the critical liver mass required for
transplantation in living donation remains a matter of
debate. Most centers have defined liver mass as graft-
to-recipient body weight (GRBW) or as a percentage
of the standard liver volume. Unfortunately, no uni-
form method of measuring or reporting graft volume
in relation to the recipient has been established.Clini-
cal experience with living donor and split grafts has
led to an accepted lower limit of 0.8% GRBW or
40% of the standard liver volume.29,71,74 Donor and

recipient characteristics may significantly influence
these minimal accepted standard volumes.
The state of the recipient is also an important

component in determining appropriate liver volume.
Patients with fulminant hepatic failure and those with
significant metabolic stress may require more liver
volume than stable patients transplanted under elec-
tive conditions.8,29 Although it has been performed
successfully, many centers are not performing LDLT
in these patients because of the uncertainty of know-
ing if a partial graft is enough volume to support the
recovery from fulminant liver failure.
Glucocorticoids, routinely used in immunosup-

pression protocols, have been shown to markedly
inhibit cell cycle progression in both partial hepatec-
tomy models and in transplant models with isch-
emic injury.75–77 Cyclosporine has been shown to
have differential effects on regeneration in a dose-
dependent fashion.78,79 Future studies involving the
effect of sirolimus on regeneration are forthcoming
and it will be interesting to see if the antiproliferative
effects of sirolimus also interfere with the hepato-
cyte regenerative response.80

Hepatic steatosis is a potential risk factor for major
hepatic resection.81, 82 Numerous animal studies have
shown marked impairment of regeneration in stea-
totic livers as well as the inability to tolerate warm
ischemic injury83, 84—findings that correlate with the
decreased survival of steatotic livers in the clinical
transplant setting.85 From clinical experience we
know that steatotic liver grafts demonstrate a higher
rate of primary nonfunction (PNF), higher transami-
nases, and poorer graft survival. There are no good
clinical data of the effect of steatosis on regeneration
in the transplant setting. Because donor steatosis af-
fects both susceptibility to ischemic injury and regen-
erative capacity, some groups have empirically
suggested increasing the necessary liver mass by 1%
standardlivervolumeforeachpercentageofsteatosis.86

There are no studies looking at steatosis in the
living donor setting, as most programs do not con-
sider donors with steatosis or high body mass index
(BMI).
Finally, age is a significant factor. Older livers do

not regenerate as quickly as younger livers and they
also demonstrate delayed regeneration after acute
injury. Rodent models have demonstrated reduced
and delayed thymidine kinase uptake in older animals
after partial hepatectomy. In the transplant setting,
older grafts have poorer long-term survival when
combined with ischemic injury. Some early statistics
out of the Scientific Registry of Transplant Recipi-
ents (SRTR) and UNOS demonstrate that the graft
survival of older living donor grafts are inferior to
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younger grafts.87 Whether this is because of a de-
creased ability to regenerate alongside the other
stresses of transplantation is yet to be shown. It must
be emphasized that age may affect the regeneration
and recovery of the living donor liver as well as the
recipient. Many groups limit the upper age limit
of the donor, although no definite age has been
specified.

Regeneration and Other Post-transplant
Processes

Although we may have learned a great deal about
the molecular pathways of regeneration in recent
years, we still know very little about how the rapid
hepatocyte replication required in living donor grafts
affects other processes. For example, it is not known
if this vigorous regenerative response in the partial
graft has significant effect upon the kinetics of viral
replication in hepatitis C virus (HCV) positive indi-
viduals. There is evidence that more rapid progres-
sion occurs in patients with increased hepatocyte
proliferation and early single center studies suggest
that recipients of living donor liver transplants have
an earlier and more severe recurrence of HCV when
compared with recipients of whole cadaveric liver
grafts.88,89 There is also preliminary data that partial
LD grafts have altered metabolism and pharmacoki-
netics with recipients requiring lower doses of tacrol-
imus in the early postoperative period than patients
receiving whole grafts.90,91 In addition, many of the
cytokines, growth factors, and other cell cycle pro-
teins that are upregulated in hepatocyte replication
are also expressed in hepatomas and are also activated
during periods of rejection. Will patients with hepa-
tocellular carcinoma transplanted with living donor
partial grafts have earlier recurrence? Do partial
grafts induce a greater or lesser alloimmune response?
We do not yet have these answers.
Only prospective comparative studies in living do-

nation vs. cadaveric transplantation will provide
enough data to answer questions related to regenera-
tion in the clinical setting. Future avenues of explo-
ration need to focus on dissecting the details of
normal human liver regeneration in living donors and
how these are altered after transplantation. Investiga-
tion should be directed into methods of enhancing
regeneration in less than perfect partial grafts and in
those with small-for-size syndrome and into methods
of understanding the interrelationship between hepa-
tocyte proliferation, viral kinetics, and the immune
response.
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Protection of the Liver During Hepatic Surgery
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Very few areas in medicine have seen as many controversies as the evaluation and treatment of patients
with liver diseases. Many novel therapies, often marketed before conclusive demonstration of their
efficacy, have been developed to enable selective destruction of liver tumors to minimize the risk of
liver failure associated with major surgery. Whether these techniques are effective and result in lesser
complications often remains speculative. Persisting challenges in selecting the optimal therapy are the
evaluation of the risk of surgery in patients with normal or diseased liver and the preparation for surgery.
A panel of hepato-biliary surgeons experienced in the management of complex cases convened at the
annual meeting of the American Hepato-Pancreato-Biliary Association in Boston, MA, to address
the rapidly evolving field of protective strategies for hepatic surgery. (J GASTROINTEST SURG 2004;8:313–
327) � 2004 The Society for Surgery of the Alimentary Tract
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EVALUATION OF THE CIRRHOTIC
AND DISEASED LIVER BEFORE
HEPATIC SURGERY

Discussion by Jean Emond, M.D.
In addition to an indisputable role in the curative

treatment of benign hepatic lesions, hepatectomy has
traditionally been regarded as the most effective way
to treatmalignant hepatic tumors. The advantages are
obvious; a complete extirpation of the disease focus
is obtained and in patients with normal hepatic tissue
complete regeneration and restoration of hepatic
mass are expected. Over the last two decades progres-
sive improvement in surgical techniques, anesthetic
management, and technology to evaluate the liver,
transect the parenchyma safely, and optimize hemos-
tasis have greatly increased the safety of the proce-
dure. However, as these advances have occurred so
has our understanding of the biology of hepatobiliary
malignancies and our ability to ablate lesions with
minimally invasive techniques.
The balance between risk and benefit for hepatec-

tomy has become more complex as the surgery has
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improved. In patients with benign liver tumors, there
has been a trend toward nonoperativemanagement of
many lesions as well as an interest in the development
of minimally invasive approaches to extirpation. Ma-
lignant tumors canoccur in patientswithnormal livers
(usually adenocarcinomas of the biliary epithelium)
or metastases and may be optimally treated with re-
section. The key paradigm is that most primary liver
cancers occur in patients with underlying liver dis-
ease, which impacts the prognosis independently of
the cancer. Preoperative assessment of the patient for
hepatectomy must, therefore, include assessment of
the general medical, oncologic, and hepatologic
status.

What Are the Goals of the Assessment?

A general health assessment is the first step in the
evaluation of the patient with a liver tumor. Factors
such as age, diabetes mellitus, or the presence of
atherosclerotic diseasemay affect the prognosis of the
patient, which a priori limits the therapeutic approach
to the tumor.1,2 The next step is the assessment of the
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underlying liver disease and liver function, which
might affect both perioperative risk as well as long-
term prognosis in the setting of cirrhosis. In addition
to affecting prognosis, the presence of cirrhosis por-
tends the development of more cancers over time,
whichmay affect the choice of therapy and even intro-
duce evaluation for a transplant into the therapeutic
algorithm. Finally, the extent and biology of the
cancer needs to be assessed because partial hepatec-
tomy is rarely helpful if there is multifocal or extrahe-
patic disease.

Ablation Menu

The therapeutic choices for the destruction of a
local hepatic lesion are numerous and should be con-
sidered in an overall strategy for the treatment of a
tumor, which is adjusted according to the patient’s
condition, liver disease, and extent of tumor. Most
appealing, direct injection of the tumor with ethand
or acetic acid3,4 or radio frequency ablation5 can be
accomplished percutaneously, often as an outpatient
procedure. These interventions require sophisticated
imaging and may not fully destroy the lesion. Trans-
arterial chemoembolization (TACE) permits selec-
tive treatment of a territory of liver and probably
offers comparable effectiveness.6 These approaches
may be used in patients with serious medical ill-
nesses who are not candidates for more definitive
therapy such as resection or transplantation. Systemic
chemotherapy has been of limited use in patients
with cirrhosis because of the low response rates of
hepatocellular carcinoma (HCC) and poor tolerance
of the agents, though, recently, well-tolerated oral
agents show some promise.7

Prognosis of Hepatectomy

Numerous authors have reported a range of out-
comes of hepatectomy reflecting the difficulty of
standardizing the reports because of varying patient
populations. Obviously, the extent of hepatectomy
ranges from the nonanatomic excision of a small
lesion to an extended anatomic hepatectomy in which
most of the parenchyma is removed. Several factors
recur in these analyses: liver function as reflected
by scoring systems such as the Child-Turcotte-Pugh
score (CTP), the extent of resection, and the skill
and experience of the surgical team with a mortality
of resection in cirrhosis ranging from 1%–40%.8–10
The presence of obstructive jaundice greatly in-

creases the risk of resection even in noncirrhotics and
jaundice, perhaps as a surrogate for liver function, has
beendetermined toportend apoor prognosis in a vari-
ety of hepatic interventions from transjugular intrahe-
patic portosystemic shunt (TIPS) to TACE.11–13

Preoperative Medical and Surgical Assessment

Our approach is sequential: the patient’s overall
condition is assessed, coexisting medical illnesses are
excluded, and the liver disease is diagnosed and
staged. Naturally, the diagnosis of underlying liver
disease is essential and the detection of viral serologic
markers and measurement of viral activity are im-
portant in patients with viral-induced liver disease in
whom the formation of a hepatocellular cancer may
be the first clinical complication. Standard liver func-
tion tests and a clinical evaluation are combined to
generate an assessment summarized by the CTP
score.14
We require that the CTP be normal or “A” to

consider open resective surgery. Good liver function
is necessary but not sufficient to predict a good result
of resection. The patient must be free of significant
portal hypertension; otherwise ascites and more omi-
nous complications are the rule postoperatively.
Portal hypertension is often asymptomatic andmay be
estimated by the platelet count, spleen size on
three-dimensional (3D) imaging, or the presence of
varices by endoscopy. These clinical evaluations may
be supplemented by liver biopsy, not of the tumor, but
of the rest of the parenchyma that is destined to
become the remnant. Quantitative measurement of
portal pressure by hepatic vein wedged pressure mea-
surements has been championed by the Barcelona
group as a reliable way to select patients who will
tolerate hepatectomy with a high predictive value.15
Apart from cirrhosis, liver function is impaired and

morbidity is increased in reversible states of liver
injury such as steatosis and cholestasis. Steatosis of
the donor liver has been widely studied as an adverse
prognostic marker in liver transplantation.16 The eti-
ologies of hepatic steatosis are multiple and it is asso-
ciated with a variety of states such as alcohol injury,
obesity, postischemic states, or toxic injury including
those from certain chemotherapeutics.17 Although
prediction is unreliable, steatosis is generally present
when the liver is subjected to oxidative stress,18 pre-
sumably increasing the risk of hepatectomy. Cho-
lestasis, whether obstructive or hepatocellular, is a
major risk factor for liver surgery and represents an
absolute contraindication to hepatectomy. Liver cell
failure manifested by cholestasis will be rapidly
lethal unless the process is reversed or liver trans-
plantation is indicated. In contrast, hepatectomy may
be performed safely in patients with obstructive jaun-
dice provided the biliary tree is drained preoperatively
until liver function returns to normal. Though clini-
cal experience is convincing, the practice of biliary
drainage before hepatectomy has not been fully stud-
ied to determine the precise mode or duration for
optimal results.
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The morphologic assessment of the liver before
resection is best accomplished with 3D imaging using
either computed tomographic (CT) ormagnetic reso-
nance (MR) scanning. Current technology permits
accurate evaluation of the lesion, its relation to vascu-
lar structures, and the parenchymal volume. In our
practice, MR-based 3D reconstructions precisely
define the vascular and biliary architecture of the
liver. This test has become the single test needed
to completely evaluate the patient anatomically for
surgery. Predictions of adequacy of the remnant
liver after hepatectomy are not completely reliable
and have been the source of great interest in donor
hepatectomy for living donor liver transplantation.19
The use of preoperative portal embolization to drive
the planned remnant toward regeneration and
make extensive resections possible is discussed exten-
sively elsewhere in this review.

Quantitative Liver Function Testing

The need for precise tests of metabolic capacity
of the liver has long interested both hepatologists
and surgeons. Standard liver chemistry tests, although
surprisingly useful, do not discriminate subtle
changes in function and may remain normal or mini-
mally altered and fail to reflect limited functional
reserve. Numerous tests have been developed that
evaluate different components of metabolism and
transformation of target substances thereby testing
components of the liver’s ability to take up, transform,
and eliminate target substances that can be measured
with transcutaneous detectors or sequential serum
testing. Test compounds are typically defined as de-
pendent upon either hepatic metabolism (aminopy-
rine, antipyrine, caffeine, erythromycin, lidocaine
derivatives [monoethylglycylxylidide (MEGX)]) or
hepatic blood flow (indocyanine green [ICG]).20,21
Despite the great variety of quantitative tests, they

have been used very little in selecting patients for
hepatectomy either because of the inconvenience of
these procedures or the lack of predictive value in
their use. Nonetheless, several investigators have
championed the use of some assays, particularly the
use of ICG clearance and reported correlation with
postoperative events. Grazi and associates reported
the use of MEGX clearance in a series of 157 patients
withHCCwho underwent liver resection with amor-
tality of 1.3%.22,23
In summary, hepatectomy is a powerful tool for the

treatmentof localizedhepatic lesions. Itsuse is optimal
if the patient is otherwise healthy, the disease is lo-
calized within the liver, and the liver is otherwise
healthy. Under optimal circumstances, in a noncir-
rhotic, extensive resection, such as a right hepatec-
tomy, can be performedwith amortality of well under

1% (the reported mortality in nearly 800 right hepa-
tectomies for donation in the United States is .02%
[unpublishedUNOSreview]).As thecomplexityof the
procedure increases and the state of the liver is altered,
the principles applied above are used to define an ac-
ceptable therapeutic strategy.Here, the role of less in-
vasive ablative choices becomes relevant as does the
possible need to replace the whole liver, either
because of underlying cirrhosis or as an oncologic in-
tervention to remove a precancerous tissue. Although
the selection of patients for resection remains clinical
in largemeasure, the introductionofquantitative func-
tion tests and the use of measurements of portal pres-
sure prestage an era of increased accuracy of selection
with the elimination of perioperative risk.

EVALUATION OF MINIMAL
FUNCTIONAL LIVER MASS IN
LIVER SURGERY

Discussion by Jean Nicolas Vauthey, M.D.
Resection remains an essential component of cura-

tive therapy for primary and metastatic liver cancer.
Advancements in perioperative care and surgical
technique have resulted in low mortality rates, but
significant morbidity persists in patients with cirrho-
sis, compromised liver, or a small liver remnant after
extended hepatic resection.24–26 Despite recognition
that the extent of resection is limited mainly by the
size and function of the residual liver after resection,
there is no consensus on what minimal volume of
residual liver is sufficient to avoid postoperative liver
failure. Figures ranging from 10%27,28 to 40%29,30 are
difficult to compare because of different methods
of measuring liver volume and variable degrees of
underlying liver disease.
CT now provides an accurate reproduciblemethod

for measuring liver volume.30,31 Total liver volume
can be determined from a formula correlating total
liver volume and body surface area (BSA).32 A stan-
dardized method for application of these parameters
to preoperative planning could improve patient selec-
tion for extended resection and potentially permit
application of preoperative therapies designed to
minimize postoperative complications after extended
hepatic resection.
The traditional technique used to estimate preop-

erative volumes focuses on the liver to be resected.
Using 3D volumetric CT reconstruction the entire
volume of liver to be resected is calculated and
the nonfunctional volume is subtracted: resected
volume � tumor volume ÷ total liver volume �
tumor volume.29 Multiple tumors, lesions beyond the
resolution of imaging, dilated bile ducts, and liver
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compromised by cholestasis, cholangitis, or vascu-
lar obstruction contribute to error using this
method.29,33 Further, the functional significance of
measured total liver volume in patients with chronic
liver disease and atrophy or hypertrophy as a result
of cirrhosis is also questionable.
Physiologic studies such as ICG dye clearance can

be used to estimate hepatic reserve before and after
liver resection. Though retention rate 15 minutes
after intravenous injection of ICG (0.5 mg/kg) corre-
lates with outcome in some series,9,34,35 this informa-
tion is best used as an adjunct to volumetry. Other
physiologic-based volumetric tests are being devel-
oped to estimate the functional hepatic mass, such
as single positron emission computed tomography
(SPECT)36 and,more recently, glycoprotein receptor
measurements using radiocolloid liver scintigraphy
with technetium-99m-galactosyl human serum albu-
min.37 These tests are impractical for surgical plan-
ning, as they provide an overall measurement of
function and do not differentiate between the liver
to be resected and the anticipated liver remnant.
An alternative method of assessing liver volume

avoids these pitfalls. Using this method, the antici-
pated remnant liver also called future liver remnant
(FLR) is measured directly by 3D CT volumetry and
the total liver volume is calculated using a formula.32
The ratio of the measured FLR volume ÷ total esti-
mated liver volume is determined using a formula
which is derived from the association between total
liver volume and BSA: total liver volume (cm3) �
� 794.41 � 1267.28 × BSA (square meters).32 Based
on this method of FLR volume calculation, a correla-
tion between FLR volume and operative outcome has
beenestablished.33Theratioof theCTmeasuredFLR
volume ÷ calculated total liver volume is defined as
the standardized FLR.
Abdalla and associates38 recently validated this

method of systematic preoperative liver volume cal-
culation using 3DCT volumetry. In 48 patients with-
out chronic liver disease undergoing extended
hepatectomy with and without preoperative portal
vein embolization, the postoperative complication
rate was significantly increased in patients with future
liver remnant volume less than 20% of the total esti-
mate liver volume. A correlation between liver
volume and outcome has also been demonstrated
using a standardized method of calculation based on
BSA by Shirabe and associates in patients with
chronic liver disease.39 In this study all deaths from
liver failure occurred in patients with FLR of less
than 300 mL/m2.
The standardized FLR measurement is useful in

patients with anticipated small liver remnants who
require extended resection because of multiple or

centrally located tumors. In these patients, in contrast
to some patients with large tumors, contralateral hy-
pertrophy is not seen. The critical threshold for safe
resection remains to be determined through further
studies and likely varies depending on presence of
underlying liver disease from cirrhosis, hepatitis, or
prior chemotherapy. Considerable variability can
occur in the lobar and segmental hepatic volumetric
distribution. Therefore, systematic measurement is
essential when extended resection is planned. Tran-
sient liver insufficiency measured by altered hepatic
synthetic function (prothrombin time) and excretory
function (bilirubin) are seen after extended resections
with a small remnant liver volume (� 25% of total
liver volume).33,39 Surrogate measures of the overall
postoperative course (hospital stay) and intensive care
unit stays seem to be increased as liver remnant
size decreases.33,40 Thus 20%–25% of the total liver
volume seems to be the minimum safe volume that
can be left after extended resection in patients with
normal underlying liver. In diseased liver (cirrhosis
or hepatitis) the safe minimal liver remnant seems to
be 40% of the total liver volume.29
Similar methods of calculation using graft to recip-

ient ratios have been used to estimate the appropriate
graft size in living related liver transplantation (graft to
recipient body weight ratio and graft to recipient
estimated total liver volume based on BSA).41 Using
these ratios, liver transplantation has been deter-
mined to be safe with graft volume ÷ total estimated
liver volume greater than 30%42–44 and graft ÷ recipi-
ent body weight greater than 0.8%.45 Because body
weight and BSA provide similar correlations with
total liver volume, the use of either BSA or body
weight as denominator is appropriate.32
Planning extended hepatic resection must be indi-

vidualized. Systematic preoperative measurement of
the FLR volume is used for prediction of post-resec-
tion liver function. Further, as the limits of extended
hepatic resection are expanded, such a standardized
measurement technique permits comparison of out-
come from patient to patient and institution to insti-
tution. In the future, systematic measurement should
also assist in determining the patients whowill require
preoperative portal vein embolization before ex-
tended hepatectomies.

ARGUMENTS FOR A SELECTIVE
APPROACH OF PREOPERATIVE PORTAL
VEIN EMBOLIZATION BEFORE MAJOR
HEPATIC RESECTION

Discussion by Jacques Belghiti, M.D.
Despite a dramatic improvement in the safety of

liver surgery, there is theoretical evidence that an
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insufficient hepatic functional reserve estimated by a
small FLR volume after major liver resection can be
considered as a risky situation.2,8,29 Portal flow, which
is the main factor for postoperative liver regeneration
after liver resection, can drift preoperatively toward
the FLR inducing parenchymal hypertrophy. There-
fore, it could be assumed that portal vein emboliza-
tion (PVE) can reduce the risk of postoperative
complications by increasing the mass of the post-
resection functional liver.46,47 However, the indica-
tions of PVE are still arbitrary regardless of the status
of the nontumorous liver parenchyma including pa-
tients with either normal or chronic liver disease and
whatever the exact quantification of sufficient mini-
mal functional hepatic volume ranging from 25%–
50% of the total liver volume is.48–53 The aim of this
paper was first to determine the incidence and impact
of a small remnant liver volume after major liver
resections in patients with normal liver and second
to define the subgroup of patients who might benefit
from PVE.

How Frequently Does a Major Hepatectomy
Result in a Small Remnant Liver Volume?

In a large study evaluating the risk of liver resec-
tion, we have confirmed that the mortality rate was
significantly higher in patients with a diseased liver
including those with chronic liver disease, cholestasis,
and steatosis.8 The analysis of 662 liver resections in
patients with a normal underlying liver illustrated
that the overall mortality rate is 0.9%. The mortality
rate of patients who underwent major resection was
only 1.5%. Factors significantly associated with an
increase in the mortality rate included an American
Society of Anesthesiology (ASA) score greater than 1
and the association of an extrahepatic procedure. To
investigate whether the volume of the remnant liver
had an impact on the postoperative course, we studied
a subgroup of 138 patients who underwent an elective
solitary major liver resection (removal of three or
more Couinaud’s segments) with an ASA score of 1.
None of these patients had a procedure aiming to
hypertrophy the future remnant liver volume. The
number of resected segments was respectively 3 in
18 patients (13% of the total number of patients), 4
in 88 patients (64%), 5 in 22 patients (16%), and 6 in
10 patients (7%). The remnant liver volume (RLV)
was expressed as ratios with the preoperative FLV
calculated by complete preoperative CT-scan volu-
metric assessments. Patients were divided into five
groups based upon their RLV/FLV ratio from less
than or equal to 30% to greater than or equal to

60%. As illustrated in Table 1, a small remnant liver,
as restrictively defined by a RLV/FLV ratio of less
than or equal to 30%, was only observed in 13
patients (9.4%), whereas 74 patients (53%) experi-
enced a RLV/FLV ratio greater than 50%. Interest-
ingly, there was not any linear correlation between
the number of resected segments and the volume
of the remaining liver. A possible explanation for
these observations is that in patients with a large
malignant tumor mass, the contralateral liver seg-
ments have undergone a progressive compensatory
hypertrophy either because this tumor mass is not
functional or because it impairs the adjacent portal
blood flow. Therefore, our results confirmed that a
major liver resection, in clinical practice, is rarely
associated with a small remnant liver.54

Impact of the Remnant Liver Volume in the
Postoperative Outcome

The analysis of postoperative liver function tests
showed that all patients experienced a decrease of
prothrombin time on postoperative day 1 without
correlation with the RLV/FLV ratio that progres-
sively normalized thereafter irrespective of remaining
liver volume. In contrast, postoperative serum biliru-
bin was significantly correlated during the first week
with the RLV/FLV ratio (data not shown). Therefore
the most accurate postoperative marker of small RLV
is serum bilirubin level.55
Sixty-four (47%) patients experienced one or more

complications including pulmonary complications in
25 patients, abdominal infection, biliary leakage, or
bilioma in 17 patients, ascites in 17 patients, liver fail-
ure in 7 patients, and postoperative hemorrhage in
6 patients. As shown in Fig. 1, the overall rate of
complications was not statistically different between
patients with a smaller or larger RLV. However, pa-
tients with RLV/FLV greater than or equal to 60%
had the tendency to present more biliary complica-
tions (18%) probably because of tumor volume and
technical difficulties. When excluding patients with
RLV/FLV ratio greater than 60% the rate of compli-
cations, such as pulmonary, biliary, and ascites, both
intensive care unit (ICU) and hospital stays seemed
to increase linearly with RLV. Importantly, the ICU
stay was twice as long and the hospital stay 60%
longer in the group with the lowest RLV/FLV ratio
(� 30%) compared with the group with a ratio of
51%–60%. Patients with RLV/FLV ratio less than
30% required more attention to their postoperative
care, which manifested as longer stays in the ICU
and longerhospital stays ingeneral thanpatientswith a
larger liver remnant (Fig. 2). Thus, there is growing
evidence that althoughmortality is low after extensive
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Table 1. Relation between the RLV/FLV ratios and the number of segments resected

RLV/FLV ratio � 30% 30%–40% 40%–50% 50%–60% � 60%
No. patients (%) 13 (9%) 23 (17%) 29 (21%) 29 (21%) 44 (32%)

No. of segments resected
6 (n � 10) 2 0 2 3 3
5 (n � 22) 3 3 7 5 4
4 (n � 88) 8 19 18 18 25
3 (n � 18) 0 1 2 3 12

FLV � future liver remnant; RLV � remnant liver volume.

hepatic resection leaving a very small remnant in pa-
tients with normal liver, there is a clear trend toward
slower recovery, greater need for critical care, and
prolonged hospitalization. These are perhaps mani-
festations of the global physiological importance of
a sufficient functioning liver in the postoperative
patient.

Results of PVE Before Tight Hemi-
Hepatectomy in Patients With Normal Liver

To assess the impact of liver hypertrophy of the
future liver remnant volume induced by PVE on
the immediate postoperative complications after a
standardized major liver resection, we prospectively
compared two groups of patients with normal liver
who underwent an elective right hemi-hepatec-
tomy.56 Despite an increase of the left liver volume of
45% in the PVE group, a similar postoperative course
was observed between patients with a RLV/FLV ratio
of 31% when compared with patients having a RLV/
FLV ratio of 47% after PVE. Intraoperative blood
loss, incidence and type of postoperative complica-
tions, postoperative kinetics of liver function tests,
and the duration of in-hospital stays were remarkably

Fig. 1. Relationship between the rate of postoperative complications and the remnant liver volume in
a subgroup of patients with normal underlying liver who underwent major liver resection.

similar in patients undergoing right hepatectomy
with or without preoperative PVE. Therefore, it
seems that the significant hypertrophy of the left liver
induced by PVE before a standardized right hemi-
hepatectomy brought no measurable impact in terms
of postoperative complications.56

Indications for Inducing Hypertrophy of the
Future Liver Remnant (see Table 2)

Patients With Normal Liver. As shown pre-
viously, there are no indications for preoperative PVE
when an elective standard hepatectomy up to four
segments is planned in patients with a FLR greater
than 30%. As suggested by Vauthey and associates,
PVE is indicated when the percentage of future func-
tional remnant volume is less than or equal to 25%
or when an associated procedure is planned. How-
ever, some patients with liver metastasis and a FLR
greater than 30%might receive benefit from a preop-
erative hypertrophy of the FLR. As shown in Table
2, these situations included patients with bilobar me-
tastasis in whom a major hepatectomy is planned,
patients in whom a major hepatectomy should be
associated with gastrointestinal surgery, and patients
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Fig. 2. Duration in the intensive care unit (ICU) according to the remnant liver volume in a subgroup
of patients with normal underlying liver who underwent major liver resection.

who were recently treated by irinotecan and third-
generation platinum agents. Those new compounds
of chemotherapy can induce parenchymal injury of
the nontumorous liver including steatosis, vascular
injury, and mild fibrosis. Although the concept of
postchemotherapy liver disease is not well defined
and is unpredictable, some patients experienced de-
layed liver function recovery after major resection.
To use the benefits of diversion of portal flow to the
FLR, to avoid the risk of progression of liver
disease, and to minimize the risk and number of pro-
cedures necessary to treat patients with gastrointesti-
nal tumors with bilobar metastases, we developed
a new planned two-step totally surgical approach to
clear all primary and metastatic disease.57 In the first
step, the primary tumor and all left-sided liver metas-
tases are resected using straightforward resection
techniques. Simultaneously, right portal vein liga-
tion is performed to induce hypertrophy in the left
lobe, which has been cleared of all detectable disease.

Table 2. Indications for inducing preoperative
hypertrophy of the future liver remnant before major
hepatectomy

Patients with underlying normal liver:
● Future remnant liver volume � 30%
● Major hepatectomy associated with gastrointestinal
procedure

● Resection of bilobar tumors including a major hepatectomy
Patients with diseased liver

● Cirrhosis
● Severe fibrosis
● Jaundice
● Steatosis � 30%
● Chemotherapy

Four to 8 weeks later, after hypertrophy of the dis-
ease-free remnant liver, a second step consisting of
a right or extended right hepatectomy is planned
to completely clear the remaining right-sided liver
metastases.
Patients With Abnormal Liver. We strongly

advocate the inclusion of PVE in the management
of patients with chronic liver disease or with injured
livers (i.e., major steatosis or cholestasis) before any
major liver resection.33,48,50,58 In these patients, the
absence of hypertrophy of the nonembolized liver
after successful PVE should be considered as an indi-
cator of the absence of liver capacity to regenerate
and therefore contraindicate major liver resection.56

ARGUMENTS AGAINST A SELECTIVE
APPROACH OF PREOPERATIVE PORTAL
VEIN EMBOLIZATION BEFORE MAJOR
HEPATIC RESECTION

Discussion by Ravi S. Chari, M.D.
The overall hypothesis governing the implementa-

tion of portal vein embolization is that in cases when
the post-resectional functional liver volume is antici-
pated to be small, preoperative portal vein emboliza-
tion will result in increased volume of contralateral
liver that is associated with improved function in that
portion of the liver, resulting in improved postopera-
tive patient survival. Causality between portal vein
embolization, improved liver function, and improved
outcome, however, has yet to be established.
From a physiological standpoint, disruption of

portal vein venous flow results in increased flow to the
contralateral liver resulting in congestion.59 There is
accumulation of periodic acid-Schiff (PAS) positive
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material60 and cell swelling, neither of which is associ-
ated with increased metabolic capacity.61 Further-
more, portal vein embolization results inminimal loss
of tissue or necrosis to the ipsilateral side of portal
vein embolization. On balance, this induces a differ-
ent mechanism of cell growth compared with com-
pensatory hyperplasia of regeneration after partial
hepatectomy.62,63 When cells are examined after
portal vein embolization, there is increased ploidy
(DNA synthesis) but not necessarily an increase in
number of cells.64 As such, there is an extremely vari-
able response to portal vein embolization when per-
formed in the lab.38 This is similar to clinical
experience where the extent and time course after
portal vein embolization is unclear. The observations
to date suggest that the increase in contralateral liver
size is neither predictable nor consistent.
From a radiologic standpoint, although both con-

ventional and helical CT are equally precise in volu-
metric analyses, each has a standard error of mean
of 15%.65 In general, CT volumes can overestimate
true displacement by as much as 10%.66 This is
especially true in a hypertrophying or enlarging
liver.67 Further confounding the issue is the fact that
the presence of tumor results in inaccuracies in the
calculation of liver volume30 and that the physiology
induced by portal vein embolization can also result in
a falsely elevated liver volume.67 Additionally, day-
to-day observer variability of 6%–10% is present and
intraobserver variability of 4%–8%68 may alter or
influence assessment of liver volumes. There is no
recommended time after portal vein embolization
to measure and observe for volume changes.
Overall, because the literature is a series of case

reports, there are inconsistent inclusion criteria and
the technique has not been well standardized. It is
unclear on whom this procedure should be per-
formed. There is a wide range of estimated functional
residual volumes that range from 25%–45% of an-
other number: total liver volume, which can be mea-
sured on CT scan, measured on CT scan with the
tumor volume subtracted, or estimated based on for-
mula.69 Because of this, the indications are very poorly
standardized. The embolization compound varies
from absorbable and nonabsorbable and the interval
after embolization that repeat imaging should be per-
formed is not defined. Compounding this is the fact
that not all individuals respond to this intervention,
yet resection is still performed and these patients
seemingly do well.38 Within multiple reports, there
are patients without hypertrophic response that are
included in the group of “successes,” yet the authors
fail to establish a functional benefit from the interven-
tion. Improvement of function has been attempted to
be measured using methionine PET scanning, ICG

excretion, and lidocaine extraction in dog models.70
None of these have actually clearly demonstrated im-
proved function. The procedure related complica-
tions are low.69 A recent paper by Elias and associates
has suggested that there may be an increase in the
growth rate of tumors if the tumors are in the contra-
lateral side of the embolization.71
A causal link between portal vein embolization and

improved clinical outcome is hard to establish because
of the inclusion of59 patients who undergo resection
anddowellwithout portal vein embolizationwhen the
predicted post-resectional liver volume is less than
other patients in whom portal vein embolization is
deemed “essential” and60 patients who do not respond
to portal vein embolization and still undergo resec-
tion with comparable outcomes to those with a re-
sponse.72 These inclusion criteria variances are
compounded by the fact that there is no compara-
tive assessment of liver function in the cohorts and
the fact that all the reported series are retrospective
case reports.
Thus, it is evident that the data supporting port

vein embolization to date is limited in scope and is
biased. Because of this, it is difficult to establish
a benefit for this intervention. There is, however, a
defined albeit low complication rate; thus, it would
seem that the established role of preoperative portal
vein embolization is somewhat limited and it should
be confined to a prospective trial where comparable
groups of patients are treated with standard methods
of embolization and liver volume measurements
and the intervention correlated with predefined
outcomes.

PROTECTIVE STRATEGIES DURING
LIVER INJURY

Pierre-Alain Clavien, M.D.
Few areas in medicine have enjoyed similar success

to liver transplantation. As a result the imbalance
between organs available for transplantation and
the number of patients awaiting an organ has grown
dramatically over the past decade triggering an inter-
est to maximize and optimize the use of potential
organs. For example, marginal organs (i.e., organs
not used previously or expected to be associated with
increased risk of malfunction) and partial liver trans-
plantation such as living-related and split liver
transplantations are increasingly used in most trans-
plant centers.73,74 A common issue inherent to all
strategies is the need to preserve the graft from the
time of harvesting until implantation.75 From cooling
of the graft, initiated in the 1950s, and the introduc-
tion of the University of Wisconsin (UW) solution
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for cold preservation in the mid-1980s,76 many exper-
imental studies have suggested novel protective strat-
egies although very few have yet reached clinical
practice. Similarly, the volume of liver surgery as
part of the transplant process (e.g., living-related liver
transplantation) or for resection of tumors has dra-
matically increased over the past years worldwide77
and strategies to minimize the negative effects of
ischemia are now in the forefront of clinical and ex-
perimental studies related to liver resection.
The liver can be subjected to three forms of isch-

emia, namely cold (or hypothermic), warm (or nor-
mothermic), and rewarming.75 Cold ischemia occurs
almost exclusively in the transplant setting where it
is intentionally applied to reduce the metabolic activ-
ity of the graft while the organ awaits implantation.
Warm ischemia occurs in a variety of situations
including transplantation, trauma, shock, and liver
surgery where hepatic inflow occlusion (Pringle ma-
neuver) or inflow and outflow (total vascular exclu-
sion) are induced to minimize blood loss while
dividing the liver parenchyma. Rewarming ischemia
typically occurs duringmanipulation of the graft (e.g.,
ex situ split liver preparation) or during the period
of implantation of the graft when the cold liver is
subjected to room or body temperature while per-
forming the vascular reconstruction.Of note, injury to
the liver cells after any type of ischemia is mainly
detected after reperfusion when oxygen supply and
blood elements are restored.Morphological studies in
various animal models have shown major differences
in the pattern of cold and warm injury. In the 1980s, it
was demonstrated that cold ischemia specifically
causes injury to the sinusoidal endothelial cell
(SEC),78–80 a finding supported by many subsequent
studies.81–84 Despite structural changes79,81,85 most
SECs remain alive during the period of ischemia,75
but rapidly die upon reperfusion. The morphological
changes typically identified in the endothelial cells
result from active processes involving the cytoskele-
ton and extracellular matrix.86,87 Adhesion of platelets
to the sinusoid lining induces sinusoid endothelial
cell apoptosis upon reperfusion of the cold ischemic
liver.88 Models using the isolated perfused rat liver
revealed that leukocytes and platelets synergistically
exacerbate SEC injury by induction of apoptosis and
that Kupffer cells are involved in the mechanism of
injury mediated by these cells.89
In contrast to cold ischemia, warm (normothermic)

ischemia is poorly tolerated and rapidly leads to the
death of hepatocytes.90,91 This severe injury of the
hepatocytes is probably preceded by massive death
of endothelial cells.92 The role of Kupffer cells,
the resident hepatic macrophages, and adherent
leukocytes and platelets remains an area of active

investigation. Upon reperfusion, Kupffer cells are ac-
tivated.93,94 This is evidenced by structural changes,93

formation of oxygen free radicals,95,96 increased
phagocytosis and release of lysosomal enzymes,93

and various cytokines including tumor necrosis factor
α (TNF-α).97,98 Further binding of these cytokines
to their respective receptor or release of oxygen free
radicals during early stages of reperfusion initiates
the complex apoptotic machinery leading to the death
of hepatocytes.98 Leukocyte recruitment into sinu-
soids during the early phase of reperfusion ismediated
through activation of the complement cascade. Com-
plement components can directly cause cell injury by
assemblage and deposition on membranes.99

The impact of rewarming on the structural integ-
rity of the liver and the mechanism of this type of
injury is poorly understood. It probably reflects a
combination of cold and warm injury. Many protec-
tive strategies have been proposed that can be divided
into three different categories: (1) surgical interven-
tions, (2) the use of pharmacological agents, and (3)
gene therapy. Strategies aiming at a preemptive in-
duction of tolerance against ischemic injury can be
covered by the concept of preconditioning and strat-
egies aiming directly at interfering with the pathways
of injury either by inhibiting deleterious molecules or
enhancing protective pathways can be covered by the
term direct protection.
Two powerful surgical strategies are in clinical use:

ischemic preconditioning and intermittent clamping.
Other protocols that have demonstrated protection
in animal models include preconditioning by hy-
perthermia100–105 and application of a portosystemic
shunt during the hepatic inflow occlusion,106 but
these approaches never made the transition into clini-
cal practice outside of case reports.
Ischemic preconditioning consists of a brief period

of ischemia followed by a short interval of reperfusion
before the actual operative procedure with a pro-
longed ischemic stress.107 During the operation, he-
patic inflow is occluded by placing a vascular clamp
or a loop around the portal triad rendering the whole
organ ischemic. After an ischemic interval of 10–
15 minutes, the clamp is removed and the liver is
reperfused for 10–15 minutes before the prolonged
ischemic insult. Our current understanding of the
underlying biological principle is that cells primed
by various kinds of subinjurious stress trigger defense
mechanisms against subsequent lethal injury of the
same or different type.108

The first attempts to minimize ischemic injury
were undertaken by interrupting long ischemic peri-
ods with multiple short intervals of reperfusion (“in-
termittent clamping”).109 Although the protective
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mechanisms of this concept still remain elusive, inter-
mittent clamping is currently used in practice bymany
centers. It is assumed that the protective mechanisms
are similar to those described in ischemic precondi-
tioning, mainly by reduction of apoptosis.110 In a
prospective randomized study Belghiti and associates
demonstrated that cycles of short intervals of ischemia
(15 minutes) and reperfusion (5 minutes) provide
a high degree of protection in patients undergoing
major liver resection.111
A number of animal studies indicate that the liver

can be preconditioned by temporary exposure of the
organ or the whole body to hyperthermia.101–105,112
The heat stress response is associated with the induc-
tion of an intracellular stress protein named heat
shock proteins (Hsp). They belong to a class of pro-
teins called chaperones that are involved in protein
folding during synthesis and represent cellular mech-
anisms of protection from protein degradation.
Extracorporeal machine perfusion systems have

been proposed as a tool to provide superior tissue
preservation and viable nonheart beating donor
organs. The aim of such systems is to stop the process
of biodegradation.113,114 By continuously providing
the graft with essential substrates (e.g., glucose, amino
acids, nucleotides, oxygen) combinedwith permanent
disposal of toxic metabolites,115 it is expected that
organ viability can be better maintained.
A large number of pharmacological agents were

shown to confer protection against ischemic injury
in the liver. They either block the injurious pathways
directly or they subject the liver to preconditioning,
that is, they induce a low level of stress to the liver
cells, which initiates cellular defense mechanisms
against a subsequent stronger insult. Pharmacological
strategies target various pathways: antioxidants, in-
hibitors of intracellular proteases, adenosine agonists
and nitric oxide donors, prostaglandins, matrix metal-
loprotease inhibitors, and inhibitors of TNF-α action
have been used with some success. In many cases
the mechanism of action is not understood and the
specificity of the pharmacological agent is too broad,
bearing the danger of systemic side effects.
An example of such a potential pathway is the

reactive oxygen species released by activated Kupffer
cells after ischemia.116,117 In hepatocytes, proin-
flammatory cytokines can induce the formation of
reactive oxygen species, for example, TNF-α, in-
terleukin-1, or interferon-γ.118 Moreover, ischemic
cell damage can lead to an intracellular oxidant stress
during reoxygenation.119 Because of the central role
of oxidative stress in the setting of ischemia reperfu-
sion, a large number of studies attempted to identify
methods to either prevent or neutralize oxidative
stress. It has been furthermore demonstrated that

strategies aiming at overexpressing antioxidant pro-
teins (e.g., superoxide dismutase120–122) may confer
protection against extended ischemic injury.
A second example of such a pharmacological target

are protease inhibitors and antiapoptotic agents. In a
rat model of warm ischemia, Cursio and associates
demonstrated maximal caspase activation 3 hours
after reperfusion, which preceded morphologic indi-
cators of apoptosis.123 Pretreatment of the animals
with the caspase inhibitor Z-Asp-2,6-dichlorobenzoyl-
oxymethylketone (Z-Asp-cmk) 2 minutes before
ischemia efficiently protected rats from lethal liver
injury that normally occurred 24–48 hours after
surgery.123,124 Other proteases such as calpain have
been reported as mediators of preservation-reperfu-
sion injury through modulation of apoptosis125 and
necrosis.126 The protective effects of calpain inhibi-
tion has been reported in cold and warm ischemic
injury.91,127–129
Finally, attempts have been made to provide pro-

tection using gene therapy approaches. Genes that
have been focused on are mainly targeting enzymes
involved in the removal of reactive oxygen species, for
example, heme oxygenase I130,131 and superoxide dis-
mutase120 (SOD) by adenoviral gene therapy. Using
a model of partial hepatic ischemia and reperfusion
injuries, a beneficial effect of the treatment with SOD
was demonstrated. Subsequent studies by others
showed that the introduction of genes coding for
cytosolic as well as mitochondrial SOD were success-
fully reducing warm ischemia reperfusion injury.122
Other gene targets, that is, antiapoptotic proteins such
as B-cell lymphocytic-leukemia proto-oncogene-2
binding athanogene-1 (Bcl-2 Bag-1), have been suc-
cessfully used in animal models. Thus, experimental
approaches are demonstrating promising new strate-
gies that will have to be carefully evaluated and await
clinical trials.

NEW “BLOODLESS” TECHNIQUES OF
LIVER TRANSECTION/AVOIDING
INFLOW OCCLUSION: TWO NEW
DEVICES FOR TRANSECTION OF
THE LIVER

Steven M. Strasberg, M.D.
Most blood loss during liver resection occurs

during parenchymal transection. Three strategies
have evolved to limit blood loss during transection:
(1) temporary occlusion of hepatic blood inflow with
or without occlusion of outflow vessels, (2) reduction
of pressure in hepatic veins, and (3) prevention of
blood loss along the plane of resection. The tech-
niques for limiting blood flow into or out of the liver,
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as well as those to lower hepatic pressure, have been
standard techniques in liver resection for a number
of years. Methods to reduce blood loss while going
through the liver include vessel isolation by the classi-
cal finger fracture technique, isolation by dissection
with surgical instruments, and, more recently, the
ultrasonic dissector. Once vessels are isolated, occlu-
sion has been achieved with ligatures, clips, or
cautery, either monopolar or bipolar. Additional
methods to limit blood loss during resection are the
use of deep sutures along the line of resection, liver
clamps, andmanual compression. The harmonic scal-
pel can seal blood vessels within the liver, but current
models are limitedby the size of blood vessels that they
can occlude. Therefore, its use is generally limited
to the first centimeter or two of hepatic paren-
chyma. All of the preceding techniques have usually
been used in conjunction with intermittent inflow
occlusion.
Recently, two devices have been introduced that

have the potential for transection of the liver with-
out inflow occlusion. These include a computer-
controlled bipolar vessel device marketed as LigaSure
by Valleylab, Inc. (Valleylab, Inc., Boulder, CO) and
a saline-linked radio frequency (RF) ablation device
marketed as the 3.0 dissector-sealer by TissueLink
Medical, Inc. (TissueLinkMedical, Inc., Dover,NH).
To understand why these devices are capable of im-
proved control by cautery, it is necessary to under-
stand why cautery fails to normally be an efficient
method for going through the liver.
The purpose of medical electrocautery is to cause

heating that itself is produced by to-and-fro
movement of charged molecules in an alternating
current circuit. If current is dampened by any means,
then heating is reduced. The problem with standard
electrocautery is that it creates very superficial coagu-
lation secondary to rapid dampening of the current
for the following reasons. Medical electrical genera-
tors are constructed to increase voltage to maintain
current as resistance rises. However, for reasons of
safety, there is a maximum allowed voltage. There-
fore, if resistance rises too high, voltage will attain
a maximum and current will decrease resulting in
ineffective heating. Most tissues, including the liver,
have low tissue resistance (impedance). If the tissue
becomes carbonized, then impedance will rise to a
very high level. Only a very thin layer of char is
needed to stop electrical current and then there will
be no electrical heating.Unfortunately, the older cau-
tery devices rapidly cause surface charring that limits
the depth of coagulation. This is immediately visi-
ble to any surgeon who has used standard electrocau-
tery on the surface of the liver. The firm black char

may be effective in causing coagulation and the cessa-
tion of superficial bleeding, but the depth of coagu-
lation is only a few millimeters and the price that is
paid for doing this is that current is stopped.
The computer-controlled bipolar vessel-sealing

device LigaSure provides currents in bursts. It does
so as a result of being able to sense rising impedance.
As a result, the temperatures that would reduce cur-
rent before the tissue was “cooked through” do not
occur and there is complete coagulation of the tissue
between the blades of the clamp.The saline-linkedRF
ablator is unipolar equipment. It prevents unwanted
high temperatures and charring by maintaining the
contact point cool by the infusion of saline. As a
result, there is a much greater depth of coagulation
possible than with standard cautery.
We have recently published our experience with

the bipolar vessels sealing device for parenchymal
transection during liver surgery.132 The first portion
of our experience consisted of developing a method of
dividing the liver with this equipment without having
adhesion of coagulated liver to the clamp. The
method basically consists of creating an opening in
the liver with a bluntly tapering clamp. The opening
so created acts as a tunnel for one blade of the bipolar
clamp to be inserted into the liver. The liver is then
crushed and power is applied to the crushed tissue
that is subsequently cut after removing the clamp.132
Our experience with the equipment in the study

cited consisted of 27 patients who had a variety of
diagnoses. The most common diagnosis consisting
of 50% of the patients was metastatic colorectal
cancer. Approximately one-half of the resections were
major liver resections and a few were enucleations.
Inflow occlusion was used only if bleeding became a
problem. Our experience showed that the instrument
seals vessels and bile ducts effectively in normal pa-
renchyma and that when bleeding occurred, it was
because of mechanical injury during dissection rather
than failure of vessel sealing. Vascular inflow occlu-
sionwasused inonly9%of thepatients and themedian
blood loss in the study was 500 ml. The amount of
blood loss and the percent amount of blood transfused
compare favorably to other modern series in which
inflow occlusion was routine. The device was much
less effective on pathological vessels, such as those
around cysts, which were to be enucleated.
We have also had considerable experience using

the saline-linked cautery device (3.0 dissector sealer).
We have studied this device in animals and found
that with inflow occlusion it is capable of causing a
depth of ablation of greater than 20 mm. Without
inflow occlusion the depth of ablation is approxi-
mately 15 mm. The time to create a 15 mm depth of
ablation is approximately 7 or 8 minutes. Therefore,
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using this device one can “precoagulate” along the
planeof resection to adepthof over 1 cm.Thedevice is
used by coagulating over a linear section of liver to
be divided and then coming through the liver with
blunt or sharp dissection to the depth of coagulation.
The device itself may be used for separating the liver
or a sucker or scissors may also be used. Vessels
greater than 2 or 3 mm are generally clipped or tied
before division. The advantage of the device is that
it allows clear isolation of all vascular structures with-
out bleeding. We have now used this device in more
than 30 liver resections. Inflow occlusion is distinctly
rare and is related to bleeding caused by providing
insufficient time to transect the liver. Procedural
blood loss has also been low and unrelated to transec-
tion of the liver. The current transection time for a
major liver resection using this device is between 60
and 90 minutes in our hands and is somewhat slower
than the bipolar clamp technique.
It is essential to be aware of the depth of burn and

the position of normal structures with this device.
Normal structures can be damaged with the saline-
linked cautery device just as they can with other forms
of RF ablation. Most susceptible to this type of injury
are bile ducts. Blood vessels are generally protected
by the cooling “heat sink” effect of high blood flow
in the vessels. However, veins and arteries can be
injured with this device and it is inadvisable to iso-
late veins and arteries that are subsequently to be
used in a vascular anastomosis, for example, donor
liver veins from segment VIII and segment V that
are to be used for anastomosis in the living related
donor operation. The device also has the potential
for surface ablation of tumors.
In comparing the two devices for hepatic transec-

tion, we have made the following observations. The
bipolar clamp is somewhat faster than the saline-
linked device but the saline-linked device can proba-
bly be used with a lower rate of inflow occlusion
and transfusion. The bipolar clamp is not a cancer
treatment device but the saline-linked device can be
used for ablation of the cut surface of the liver so
that it has the capacity to extend resection margins.
Both devices will probably find an important place
in intraabdominal surgery. The saline-linked cautery
device will probably have a particularly important
role in hepatic surgery.
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Preoperative Lower Esophageal Sphincter Pressure
Affects Outcome of Laparoscopic Esophageal
Myotomy for Achalasia
Mustafa A. Arain, M.D., Jeffrey H. Peters, M.D., Anan P. Tamhankar, M.D.,
Giuseppe Portale, M.D., Gideon Almogy, M.D., Steven R. DeMeester, M.D.,
Peter F. Crookes, M.D., Jeffrey A. Hagen, M.D., Cedric G. Bremner, M.D.,
Tom R. DeMeester, M.D.

The primary aim of this study was to identify factors that influence outcome of the surgical treatment
of achalasia. A secondary aim was to compare outcomes after laparoscopic Heller myotomy and partial
fundoplication using either a Dor or Toupet hemifundoplication. Between 1994 and 2002, a total of 78
patients underwent laparoscopic Heller myotomy and partial fundoplication. Preoperative investigations
included esophageal manometry, a videoesophogram, and upper gastrointestinal endoscopy with biopsy.
In 64 patients (35 males and 29 females), telephone contact was possible at a median 24 months (IQR
14-34). A Dor fundoplication was performed in 41 patients and a Toupet fundoplication in 23. Symptoms
were assessedprior to surgery andat follow-upbyan independentphysicianusing standardizeddefinitions to
grade the severity of dysphagia, regurgitation, and chest pain. To assess outcome, dysphagia was
categorized as persistent or resolved. Persistent was defined as dysphagia that occurred on a weekly or
daily basis. Resolved was defined as dysphagia that occurred occasionally or not at all. At follow-up,
patients were asked to make a personal evaluation of their outcome as to whether (1) their swallowing
was improved by the procedure, (2) they were satisfied with the outcome, and (3) they would undergo
surgery again under the same circumstances. There was a significant improvement in dysphagia and
regurgitation scores after surgery (P � 0.05). The scores for chest pain/heartburn remained unchanged. By
physician assessment, dysphagia was resolved in 49 patients (77%) and persisted in 15 (33%). By patient
assessment, 62 patients (97%) reported an improvement in the symptom of dysphagia, and 60 (94%)
stated that they were satisfied with their improvement and would undergo surgery if they had to make the
choice again.Onunivariate analysis, patientswhohad resolutionof theirdysphagia hada significantly higher
resting lower esophageal sphincter (LES) pressureprior tomyotomy (P � 0.01) andonmultivariate analysis
only a high resting LES pressure prior to surgery was a predictor of resolution of dysphagia (P � 0.015).
Outcome comparison of patients with Dor and Toupet fundoplications showed no significant differences
in physician assessment of postoperative symptom scores and resolution of dysphagia, patient assessment
of outcome, or postoperative use of proton pump inhibitors. Ninety-four percent of patients are satisfied
with their surgical myotomy for achalasia. By physician assessment dysphagia was resolved in 77% of pa-
tients.A highLES restingpressure before surgery predicted resolutionof dysphagia. (J GASTROINTEST SURG
2004;8:328–334) � 2004 The Society for Surgery of the Alimentary Tract
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The long-term success and safety of laparoscopic
myotomy have shifted the balance in favor of surgery
as the primary therapeutic option for patients with
achalasia.1 Historical concerns about the morbidity
associated with open surgical techniques have essen-
tially disappeared and the morbidity and mortality of
both surgical and nonsurgical options are now nearly
identical.2 These changes have focused clinical inves-
tigations on improvements in surgical technique and
the identification of factors that affect outcome after
a myotomy such as (1) prior nonoperative treatment,
(2) the degree of dilation and anatomic distortion of
the esophageal body, (3) the magnitude of the resting
and residual pressures of the lower esophageal sphinc-
ter (LES) prior to myotomy, and (4) the addition of
and type of antireflux procedure added as an adjunct
to myotomy.3–12
The primary aim of this study was to identify

factors that influence outcome of the surgical treat-
ment of achalasia. A secondary aim was to compare
outcomes after laparoscopic Heller myotomy and
partial fundoplication using either a Dor or Toupet
hemifundoplication.

PATIENTS AND METHODS
Study Population

The study population consisted of 78 consecutive
patients with achalasia who underwent a laparoscopic
myotomy and partial fundoplication between July
1994 and May 2002. Follow-up was complete in 64
patients (84%) at a median of 24 months. There were
35 males and 29 females whose median age was 50
years (range 13 to 78 years).
Symptomatic and physiologic characteristics of the

study population are summarized in Tables 1 and 2,
respectively. At the time of the initial presentation,

Table 1. Clinical characteristics of the study
population (n � 64)

Clinical characteristics No. of patients %

Symptoms
Dysphagia 64 100
Regurgitation 63 98
Chest pain 39 66
Weight loss 31 48

Previous therapy
PPI use 31 48
Pneumatic dilation 10 15.6
Botox 8 12.5
Botox and pneumatic dilation 4 6.3

PPI � Proton pump inhibitor.

Table 2. Clinical studies prior to surgery

No. of
Study patients Median � IQR %

Manometry
(n � 59)
LES pressure — 33.6 (range 24.7–41.2) —
(mm Hg)
No previous 42 34.1 (range 25.4–40.0) —
treatment

Dilation 17 33.2 (range 23.6–41.2) —
or Botox

LES overall — 3.1 (range 2.6–3.6) —
length (cm)

LES abdominal — 2.0 (range 1.4–2.4) —
length (cm)

24-hour pH
(n � 10)
Increased acid 0 — 0
exposure

Endoscopy
(n � 64)
Erosive 15 — 25
esophagitis

Barrett’s 2 — 3.1
epithelium

Intestinal 3 — 4.7
metaplasia
on biopsy

Barium swallow
(n � 64)
Hiatal hernia 6 — 9
Epiphrenic 1 — 1.5
diverticulum

achalasia had been diagnosed or was suspected in 52
(81%)of the 64 patients. A delay in diagnosis wasmost
commonly caused by attributing the symptoms to
gastroesophageal reflux disease.
Prior to the correct diagnosis of achalasia, proton

pump inhibitors were prescribed in 31 (48%) of 64
of patients, a cholecystectomy was performed in one,
and surgery for suspected sleep apnea was performed
in another.

Preoperative Investigations

Preoperative investigations included esophageal
manometry, a videoesophogram, and upper gastroin-
testinal endoscopy with biopsy in all patients.
Twenty-four-hour esophageal pH monitoring was
performed selectively.
Standard esophageal motility studies were per-

formed after an overnight fast using a nine-hole cath-
eter and a water perfusion technique as previously
described.13 LES resting pressure was measured at
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the respiratory inversion point and the resting pres-
sure, overall length, and abdominal length were
calculated from the mean of five recordings. LES
relaxation was measured using four channels placed
within the LES at the same level.14 A total of five wet
swallows were analyzed and the residual pressure in
the LES channels was recoded at the onset of the
esophageal contraction wave in the esophageal chan-
nel 5 cm proximal to the LES channels. The mean re-
sidual pressure for each channel was calculated. LESr
relaxation was considered to be complete if the mean
residual pressure in all four channels fell to less
than the 7.5 mm Hg (ninety-fifth percentile of
normal), incomplete if the residual pressure remained
above 7.5mmHg in one ormore channels, and absent
if there was no change in residual pressures. Mano-
metric LES parameters could not be obtained in five
patients because of difficulty in passage of the catheter
or patient intolerance. Esophageal body motility was
assessed by placing the first port 1 cm below the
cricopharyngeus with the remaining four ports trail-
ing at 5 cm intervals.15 A total of 10 wet swallows
of 5 ml of distilled water with a 20-second interval
between each swallow were analyzed. Achalasia was
diagnosed by the presence of incomplete relaxation
of the LES and aperistalsis of the esophageal body.
A hypertensive LES and pressurization of the esopha-
geal body when present were recorded but were not
required for the diagnosis. Vigorous achalasia, that is,
the presence of nonperistaltic esophageal contrac-
tions greater than 38 mm Hg, was also recorded.
Esophageal pH monitoring was performed using

a standard electrode (Medtronic Functional Diagnos-
tics, Minneapolis, MN) placed 5 cm above the upper
border of the manometrically defined LES. Patients
with an esophageal pH �4 for more than 4.4% of
the recording time were classified as having abnormal
esophageal acid exposure.16 The pattern of the pH
tracing was analyzed to differentiate true gastro-
esophageal reflux from pH changes secondary to fer-
mentation of ingested food within the esophageal
body.17
A barium videoesophogram was obtained to assess

the vertical axis of the esophagus, the degree of dilata-
tion of the esophageal lumen, and the presence of
a “bird-beak” deformity at the gastroesophageal
junction.
Upper gastrointestinal endoscopy with biopsies

was performed prior to surgery to exclude pseudoa-
chalasia and to obtain histologic evidence of esophagi-
tis and Barrett’s esophagus.

Operative Technique

A surgical myotomy was performed laparoscopi-
cally in all patients. Briefly, the procedure began by

mobilization of the fundus off the left lateral crus and
dividing the proximal short gastric vessels. The fat
pad was removed form the gastroesophageal junction
exposing the distal esophagus and cardia. An 8 to 10
cm myotomy of the esophageal body was performed
and extended 1 to 2 cm onto the stomach.18 The
myotomy was accompanied by an antireflux pro-
cedure in all patients. A Toupet fundoplication was
fashioned in 23 patients and a Dor fundoplication
in 41.19,20

Measurement of Outcome

Symptoms were assessed prior to surgery and at
follow-up by an independent physician other than the
operating Treatment surgeon by using standardized
definitions to grade the severity of dysphagia, regurgi-
tation, and chest pain (Table 3). Patients’ assessment
of the outcome of their surgery was done at the
last follow-up evaluation.
An emphasis was placed on the symptom of dys-

phagia and was categorized as follows: none, when no
dysphagia symptoms were present; occasional when
dysphagia symptoms occurred less than once amonth;
weekly, when dysphagia symptoms occurred more
than once a month but not on a daily basis; and daily
when dysphagia symptoms occurred on a daily basis.
To assess outcome, dysphagia was categorized as per-
sistent or resolved. Persistent was defined as dysphagia
that occurred on a weekly or daily basis. Resolved
was defined as dysphagia that occurred occasionally
or not at all.
The etiology of the symptoms of chest pain and

heartburn in patients with achalasia is an enigma.17,21

Table 3. Scoring system

Chest pain/
Score Dysphagia Regurgitation heartburn

0 None None None
1 Monthly Monthly Not requiring

regular PPI
medication

2 Weekly Weekly Requiring
regular PPI
medication

3 Daily Daily Disabling
4 Food impaction, Aspiration, —

self-induced pneumonia,
regurgitation, having to
inability to sleep
maintain weight, upright
requiring TPN

PPI � proton pump inhibitor; TPN � total parenteral nutrition.
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The correlation between esophageal body contrac-
tions with chest pain and the correlation of heartburn
to distal esophageal acid exposure are poor. Further,
it has been suggested that in patients with achalasia,
chest pain may be misinterpreted as heartburn.21 For
these reasons we made no distinction between the
symptoms of heartburn and chest pain. To quantify
the symptoms of chest pain/heartburn, patients were
graded according to the effect and frequency of
proton pump inhibitor medications (see Table 3).
Patient assessment was done by asking each patient

to make a personal evaluation of his or her outcome
as to whether (1) their swallowing was improved by
the procedure, (2) they were satisfied with the out-
come, and (3) they would undergo surgery again
under the same circumstances.

Statistical Analysis

Fisher’s exact test was used to compare proportions
between individual groups, the Wilcoxon matched-
pairs test was used to compare paired observations,
and the Mann-Whitney U test was used to compare
continuous data between individual groups.Multivar-
iate analysis was used to identify indepent predictors
for resolution of dysphagia. P � 0 .05 was accepted
as significant. The software packages GraphPad
Prism version 3.02 (GraphPad Software, Inc., San
Diego, CA) and SPSS 10.0.1 standard version for
Windows (SPSS Inc., Chicago, IL) were used for sta-
tistical analyses.

RESULTS
Effect of Myotomy on Preoperative Symptoms

Symptomatic assessment of myotomy was made at
a median of 24 months after surgery (range 6 to
99.8months). By physician assessment, dysphagia was
resolved in 49 patients (77%) and persisted in 15
(33%) (Table 4). Of the 15 who had persistent dys-
phagia, six had it once per week and nine had it daily.
Overall, the median dysphagia score decreased from

Table 4. Physician assessment of dysphagia after
surgery (n � 64)

Dysphagia No. of patients %

Resolved 49 77
None 21 33
Occasional 28 44

Persistent 15 23
Weekly 6 9
Daily 9 14

3 to 1 (P � 0.05) after surgery. By patient assessment,
62 patients (97%) reported an improvement in the
symptom of dysphagia, and 60 (94%) stated that they
were satisfied with their improvement and would un-
dergo surgery if they had to make the choice again.
The most marked improvement occurred for the

symptom of regurgitation. The number of patients
who complained of regurgitation decreased from 63
to 15 after surgery (74% improvement). Of the 15
who had postoperative regurgitation, all but one had
regurgitation less than once per month. Overall, the
median regurgitation score decreased from 3.5 to 0
(P � 0.05) after surgery.
The symptom of chest pain/heartburn showed the

least improvement. The number of patients with
chest pain/heartburn decreased from 45 to 37 after
surgery (18% improvement). Of the 37 who had chest
pain/heartburn, 11 took regularly took proton pump
inhibitors and 3 of these 11 had symptoms despite
the medication. Twenty-four-hour esophageal pH
monitoring was performed in two of these three pa-
tients, and acid exposure time was normal for both.
Four other patients were suspected of having acid-
induced chest pain/heartburn and also underwent
24-hour esophageal pH monitoring. It was positive
in only one of the four. Overall, the median chest
pain/heartburn score of 1 prior to surgery remained
unchanged after surgery.

Factors Associated With Persistent Dysphagia

The characteristics prior to surgery of patients
whose dysphagia resolved or persisted after myotomy
are compared in Table 5. On univariate analysis, pa-
tients who had resolution of their dysphagia had
a significantly higher LES resting pressure prior to
myotomy (P � 0.01) (Fig. 1). Onmultivariate analysis
of the characteristics in Table 5, only a high resting
LES pressure prior to surgery was a predictor of
resolution of dysphagia (P � 0.015). The relationship
of resolved or persistent dysphagia to 10 mm Hg
increments in LES resting pressure is shown in Fig. 2.

Comparison of Outcome to the Type of
Fundoplication

Themedian follow-up for theToupet andDor fun-
doplication was 39.4 and 16.0 months, respectively
(P � 0.05).Outcome comparisons at this time interval
showed no significant differences in physician assess-
ment of postoperative symptom scores and resolution
ofdysphagia,postoperativeuseofprotonpumpinhibi-
tors, or patient assessment of outcome (Table 6).

DISCUSSION

Recently published studies in achalasia patients
treatedwith laparoscopicHellermyotomyhave shown
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Table 5. Comparison of patients with resolution or
persistence of dysphagia

Resolved Persistent
Characteristics (n � 49) (n � 15) Difference

Age (yr) 46.7 50.4 NS
Males/females 25/24 10/5 NS
BMI (kg/m2) 23.7 25.4 NS
Duration of 61.8 123 NS
symptoms (mo)

Botox/dilation 17 5 NS
LES
Resting pressure 35.9* 24.5† P � 0.01
(mm Hg)

Overall length (cm) 3.3* 2.7† NS
Abdominal 2.0* 1.9† NS
length (cm)

Hiatal hernia 4 2 NS
Dor/Toupet 31/18 10/5 NS
fundoplication

Duration of 25 28.4 NS
follow-up (mo)

BMI � body mass index; NS � not significant.
*Number of patients � 46.
†Number of patients � 12.

an 85% to 95% relief in dysphagia.22–26 These studies
often rely on the patient’s own assessment of his or her
symptoms. Using similar criteria 96% of our patients
have reported relief of their dysphagia. There are
two problems with this approach. First, patients with
achalasia often modify their diet to avoid the symp-
tom of dysphagia. Second, persistent outflow resis-
tance of the esophagus coupled with esophageal
dilatation results in the equivalent of a functional for-
estomach allowing the patient to comfortably ingest

Fig. 1. Comparison of lower esophageal sphincter (LES) rest-
ing pressure prior to surgery in patients with resolution or
persistence of dysphagia after surgery (P � 0.05).

Fig. 2.Relationship of 10mmHg increments in lower esopha-
geal sphincter (LES) resting pressure prior to surgery to resolu-
tion or persistence of dysphagia. Chi-square test for trend
P � 0.01. * � Ninety-fifth percentile of LES resting pressure
in 50 healthy volunteers studied at our institution.

an increased volume of food. Both factorsmay overes-
timate the therapeutic effectiveness of the myotomy.
A more critical analysis of the results of therapy

requires an objective measurement of esophageal

Table 6. Comparison of outcome with Dor and
Toupet fundoplication

Assessment after Dor Toupet
surgery (n � 41) (n � 23) Difference

Median 16 39.4 P � 0.05
follow-up (mo)

Dysphagia*
Resolved 31 (76%) 20 (78%) NS
Persistent 10 (24%) 5 (22%) NS

Frequency of
dysphagia*

None 13 (32%) 8 (35%) NS
Occasional 18 (44%) 10 (43%) NS
Weekly 4 (10%) 2 (9%) NS
Daily 6 (14%) 3 (13%) NS

Median symptom
score*

Dysphagia 1 1 NS
Regurgitation 0 0 NS
Chest pain/ 1 1 NS
heartburn

PPI use 6 (14%) 5 (22%) NS
Patient assessment
Swallowing 40 (97%) 22 (96%) NS
improved

Satisfied with 38 (93%) 22 (96%) NS
swallowing

Would have 38 (93%) 22 (96%) NS
surgery again

PPI � proton pump inhibitor.
*Physician assessment.
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emptying such as a timed barium esophagram. Our
own experience and that of others is that patients
who are satisfied with their outcome are reluctant
to have even simple studies done, and the cost of
performing the studies has become problematic. We
had an independent physician grade the symptom of
dysphagia and regurgitation in order to evaluate the
patients more objectively. Standardized definitions
were used based on the frequency with which these
symptoms occurred. We found that 77% of patients
(49 of 64) had resolution of their dysphagia. This
degree of resolution is lower than other published
results for myotomy but in our minds more realistic.
The primary aim of our study was to identify fac-

tors that influence the outcome of surgery in patients
with achalasia. We found that patients who had a
good outcome had a high LES resting pressure before
surgery (see Fig. 1). Further there was a trend show-
ing that the higher the resting LES pressure was
before surgery, the better the outcome of a myotomy
(see Fig. 2). An important observation was that pa-
tients with a LES resting pressure greater than 36
mm Hg before surgery all had resolution of their
dysphagia. Multivariate analysis of major factors in-
fluencing the results of myotomy showed that LES
resting pressure before surgery was statistically the
only predictor of outcome, emphasizing that sphinc-
ter pressure is a key component in the disease. The
concept of using resting LES pressure as a predictor
of outcome adds to the established convenience,
safety, and therapeutic benefit of laparoscopic Heller
myotomy. Providing a dependable predictor of treat-
ment outcome will encourage continuation of the
trend for patients with achalasia to pursue surgical
therapy. In fact, most physicians would agree that
laparoscopic Heller myotomy should now be consid-
ered the therapy of choice for achalasia.
The need to add an antireflux procedure to amyot-

omy has been controversial.10,27–29 Opponents argue
that the addition of a fundoplication to a myotomy
adds outflow resistance to an already compromised
esophageal body and is counterproductive. They state
that with meticulous dissection an adequate myotomy
can be achieved without disruption of the natural
antireflux mechanisms of the gastroesophageal junc-
tion. Proponents argue that disruption of the normal
reflux mechanisms during surgery and extension of
the myotomy on to the gastric cardia increase the
risk of gastroesophageal reflux after surgery. They
state that an antireflux procedure is essential in order
to protect against long-term complications associated
with gastroesophageal reflux. Because we agree with
the latter, our second aim was to determine whether
there was difference in the degree of fundoplication

by comparing the outcomes of two commonly per-
formed antireflux procedures: the 180-degree Dor
fundoplication and the 270-degree Toupet partial
fundoplication. There was no difference between the
procedures with regard to the relief of dysphagia,
regurgitation, or chest pain/heartburn. Furthermore,
the need for proton pump inhibitor therapy after
surgery was similar in both. We recognize how-
ever, that the number of patients in each group was
small creating the possibility of a type II error (i.e,.
too small of a sample size to detect a small difference in
outcome). A large multicenter prospective random-
ized study to address this question is currently under-
way. Donahue et al.30 reported similar results in a
series of 48 patients (25 Toupet, 23 Dor). In contrast,
Raiser et al.31 compared outcomes in 10 patients with
Dor fundoplication to outcomes in 29 with Toupet
fundoplication and found that the latter group had
less dysphagia and heartburn after surgery; however,
the difference lost statistical significance in long-term
follow-up. Proponents of the Toupet fundoplication
propose that the procedure has the advantage of
holding the cut edges of the myotomized muscle
open. Opponents argue that a posterior partial fun-
doplication may actually cause dysphagia by anterior
angulationof the esophagus.32 Surgeonswho favor the
Dor partial fundoplication state that it is much easier
to perform, requires minimal mobilization of the
distal esophagus and stomach, and places a fundic
patch over the myotomy site to protect the mucosa
and prevent rehealing of the myotomy. Opponents
state that the size of the fundoplication is insufficient
to protect against reflux. We have shown that there
is no difference in outcomes between the two types
of fundoplications with regard to the relief dysphagia
or the use of proton pump inhibitors. This, plus the
ease and limited dissection necessary to perform
the Dor partial fundoplication, makes it the antireflux
procedure of choice to be used with a myotomy in
the treatment of achalasia. The Toupet procedure
should be reserved for situations where there has been
extensive dissection of the hiatus during the repair of
an associated hiatal hernia or excision of an associate
epiphrenic diverticulum.

CONCLUSION

Ninety-four percent of patients were satisfied with
their surgical myotomies for achalasia. By physician
assessment dysphagia was resolved in 77% of patients.
A high LES resting pressure prior to surgery pre-
dicted resolution of dysphagia. The type of partial
fundoplication, Dor or Toupet, did not significantly
change outcome after surgery.
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Effects of Manometrically Discovered Nonspecific
Motility Disorders of the Esophagus on the
Outcomes of Antireflux Surgery
Vic Velanovich, M.D., Arvind Mahatme, M.D.

Nonspecific motility disorders (NMDs) of the esophagus are common manometric findings in patients
evaluated for gastroesophageal reflux disease (GERD). However, it is unclear how these disorders affect
the outcomes of antireflux surgery. The purpose of this study was to assess symptomatic outcomes of
patients with and without NMDs undergoing surgical treatment for GERD. A prospectively gathered
database of all patients undergoing antireflux surgery was retrospectively reviewed for preoperative
symptoms, symptom severity using the GERD-HRQL (best score 0, worst score 50), esophageal
manometrymeasurements, presence ofNMD, type of operation, any transient or permanent postoperative
dysphagia, severity of postoperative dysphagia (best score 0, worst score 5), and postoperative symptom
severity. A total of 239 patients were studied; 24% had a NMD identified by preoperative esophageal
manometry, and 17% of this �NMD group had preoperative dysphagia or atypical chest/epigastric pain
compared to 28% of those without a NMD (�NMD group) (P � NS). Preoperative symptom scores
were �NMD 33 vs. �NMD 27 (P � 0.01). Postoperative symptom scores were �NMD 5 vs. �NMD
3 (P � NS). There were no differences in preoperative or postoperative dysphagia scores. Transient
postoperative dysphagia was 15.8% in the �NMD group vs. 16.4% in the �NMD group (P � NS).
Postoperative dilation was 0% in the �NMD group vs. 2% in the �NMD group (P � NS).
Manometrically discovered NMDs do not appear to affect preoperative symptoms or symptomatic
outcomes of patients surgically treated for GERD. These findings my reflect the severity of GERD and
may improve with antireflux surgery. (J GASTROINTEST SURG 2004;8:335–341) � 2004 The Society for
Surgery of the Alimentary Tract

KEY WORDS: Esophageal motility disorders, gastroesophageal reflux disease, antireflux surgery, Nissen
fundoplication

Esophageal manometry is a frequently used diag-
nostic tool in the evaluation of patients with symp-
toms from a presumed esophageal source. Indications
for its use include dysphagia, gastroesophageal reflux,
noncardiac chest pain, exclusion of generalized gas-
trointestinal disease (e.g., scleroderma or chronic id-
iopathic pseudoobstruction), and exclusion of an
esophageal etiology for anorexia nervosa.1 This has
led to the characterization of a number of disorders of
esophageal motility. These abnormalities of esopha-
geal motility have been categorized into four basic
groups as follows: (1) inadequate lower esophageal
sphincter (LES) relaxation (e.g., achalasia); (2) unco-
ordinated contraction (e.g., diffuse esophageal spasm);
(3) hypercontraction (e.g., nutcracker esophagus);
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and (4) hypocontraction (e.g., ineffective esophageal
motility).2,3 However, motility abnormalities are iden-
tified by esophageal manometry, which does not fit
nicely into any one of these categories. These have
been called nonspecific esophageal motility disorders.2,4
Esophageal motility disorders can be associated

with a variety of symptoms and may be primary or
secondary phenomena. Gastroesophageal reflux dis-
ease (GERD) and esophageal motility disorders can
potentiate each other. Prolonged GERD has been
shown to cause a deterioration of esophageal motor
function.5,6 Patients with ineffective esophageal mo-
tility seem to have worse GERD as a result of poor
esophageal clearance.7 In addition, motility disorders
are foundmore frequently in patients with noncardiac
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chest pain and nonobstructive dysphagia.2–4,8 Al-
though the effects of ineffective esophageal motility
and poor esophageal peristalsis on the outcomes of
antireflux surgery have been studied,7,9 whether these
unnamed nonspecific motility disorders (NMDs) af-
fect postoperative symptoms is less clear. The hy-
pothesis of this study is that minor motor disorders of
the esophagus do not affect the symptomatic results
of antireflux surgery.

MATERIAL AND METHODS
Patients

A database is maintained by the senior author
(V.V.) on all patients who undergo any type of antire-
flux surgery. This database contains information on
patient’s age, sex, symptoms and their severity (as
measured by the GERD-HRQL10), preoperative
physiologic testing (esophageal manometry, 24-hour
esophageal pH monitoring, esophagography, endos-
copy, and gastric emptying scintigraphy), operation
performed, complications, and symptomatic out-
come. Histologic analysis of biopsy specimens is
not kept in the database. The database was retrospec-
tively reviewed for all patients who have had an antire-
flux procedure, excluding those who underwent
surgery for a paraesophageal hernia but including
redo operations. Data collected included preoperative
symptoms, symptom severity (defined by the GERD-
HRQL scores), esophageal manometry results (i.e.,
LES pressure, esophageal body peristaltic ampli-
tude, presence of minor motor disorders), type of
operation performed, any transient or permanent
postoperative dysphagia, and postoperative symptom
severity. The database was reviewed for patients un-
dergoing antireflux surgery from July 1996 toDecem-
ber 2001, inclusive.
The GERD-HRQL instrument is a 10-item

Likert-type questionnaire that has been previously
described.10 Each question is scored by the patient
from 0 to 5 based on anchors for each score (e.g., 0
is asymptomatic, 5 is incapacitating—unable to do
daily activities). The total GERD-HRQL score is
the sum of the scores for each of the 10 questions;
therefore, the best possible score is 0 (asymptomatic
in all 10 items) and the worst possible score is 50
(incapacitating—unable to do daily activities in all
10 items). One particular question (No. 7) asks, “Do
you have difficulty swallowing?” This is the dysphagia
question, and this will be analyzed separately.

Esophageal Manometry

All esophageal manometry studies were performed
in the Henry Ford Hospital Gastroenterology Labo-
ratory by trained gastroenterologic nurses and read

by staff gastroenterologists (see acknowledgments).
Equipment used was the Polygraf 98Manometry pro-
gram, Mui Scientific Manometric pump, and Med-
tronic Zinetics Quad lumen 5 cm staggered water
perfusion catheter (Medtronic, Minneapolis, MN).
The patient is given nothing by mouth for 6 hours

and has not taken muscle relaxants for 24 hours prior
to the test. The catheter is placed 70 cm into the
stomach. The patient is placed in a supine position
or the head of the bed may be slightly elevated. The
manometric pump is turned on to begin the water
infusion. Tracings are begun and the catheter is
zeroed in the stomach. The catheter is withdrawn
in 1 cm increments using the “slow pull-through”
method, and the patient is asked to take a deep breath
in and out to check the tracings. As the proximal
lumen approaches the LES, a rise in pressure is noted.
The patient is given a 5 cc sip of water and asked to
swallow. As the patient swallows, a tracing is re-
corded. The catheter is then withdrawn another 1 cm,
and if the pressure is maintained, another swallow is
recorded. This is repeated until the lumen is out of
the LES. In the LES, at least two tracings of the
maximum pressure and two swallows are recorded.
The catheter is then withdrawn in the same manner,
and in 5 cm the LES pressure will again be apparent
as the catheter has 5 cm spacings between the lumens.
The maximum LES pressure tracings and wet swal-
lows are recorded for the four lumens. When the
distal lumen exists, the LES and the pressure drops,
and the catheter is withdrawn 3 cm into the body of
the esophagus. The LES length is not measured.
With the catheter in the body of the esophagus,

it will be apparent that the distal lumen is no longer
in the LES. Therefore peristaltic amplitudes are mea-
sured in the distal esophagus. A series of 10 wet swal-
lows are performed in the stationary site. There is a
20-second delay between the swallows. The upper
esophageal sphincter is measured after the catheter is
pulled back and an increase in pressure is noted. The
patient is then asked to perform two dry swallows,
and the maximum pressure for the upper esophageal
sphincter is recorded.
The manometric records of all patients with

NMDs were reviewed to confirm abnormal findings.

Definition of Nonspecific Motility Disorders

NMDs for the purposes of this study are defined as
abnormal contractions of the esophagus identified by
manometry, which are otherwise unnamed.2–4 Spe-
cifically, all named esophagealmotility disorders (e.g.,
achalasia, nutcracker esophagus, hypertensive LES,
and diffuse esophageal spasm) were excluded. In addi-
tion, hypocontractile esophageal peristalsis (i.e.,
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esophageal body peristaltic amplitudes of �50 mm
Hg) and specifically ineffective esophageal motility11
(defined as the sum total of low-amplitude peristaltic
contractions [�30 mm Hg] and nontransmitted con-
tractions�30% of the total number of wet swallows)
without abnormal contractions were excluded from
this definition. The contractions presented in Table
1 are all the abnormal contractions we are identifying
as NMDs. In defining NMDs in this manner we
are aiming to study the manometric findings that
seem not to have clear clinical significance.

Operations

All operations were performed by or under the
direct supervision of the senior author (V.V.). The
operation of choice was a laparoscopic Nissen fun-
doplication. Initially patients with hypocontractile
esophageal peristalsis were treated with a partial fun-
doplication (i.e., a Toupet fundoplication), but with
the publication of studies demonstrating a high rate
of recurrent reflux with this operation,12 all patients
are now offered a Nissen fundoplication. Some pa-
tients were offered an open (through a midline lap-
arotomy) Nissen or Toupet fundoplication based on
prior abdominal surgery, whereas others requested
the open operations. Patients with foreshortened
esophagi were offered Collis-Nissen fundoplications,
all of which were done through a midline laparotomy.
All redo operations were done as open procedures.
Follow-up was with the senior author (V.V.) rou-

tinely for 6 weeks or longer if the situation warranted.
For the purposes of this study, patients were con-
tacted by telephone to assess symptoms. The
median follow-up in this studywas 30months (range 2
to 72 months).

Table 1. Nonspecific motility disorders identified
by esophageal manometry in 57 patients

Number % of
Minor motor disorder identified* patients†

Spontaneous contractions 16 28%
Simultaneous contractions 12 21%
Nonpropagating contractions 15 26%
Double-peaked contractions 12 21%
Wide-body contractions 7 12%
Repetitive/secondary contractions 5 9%
“Abnormal”/nonspecified contractions 7 12%

*Total number of abnormal contractions larger than number of pa-
tients because many patients had more than one abnormality noted
on esophageal manometry.
†Percentage greater than 100% because many patients had more than
one abnormality noted on esophageal manometry.

Statistical Analysis

Nominal data were analyzed by means of Fisher’s
exact test. Continuous data were first analyzed using
the Wilk-Shapario test. The data for the GERD-
HRQL scores were found not to follow a gaussian
distribution. Therefore these data are presented as
medians with ranges and were analyzed nonparamet-
rically using the Mann-Whitney U test. The data for
the esophagealmanometrymeasurements were found
to follow a gaussian distribution. These data are pre-
sented as means � standard deviations and analyzed
using Students’ t test. A value of P � 0.05 was con-
sidered significant.

RESULTS
Demographics

A total of 239 patients were included in this study.
One hundred eighty-two did not have nonspecific
motility disorders of the esophagus (�NMD),
whereas 57 did (�NMD). In the�NMDgroup, 57%
were male, with an average age of 45� 13 years; 131
(72%) underwent laparoscopic Nissen fundoplic-
ations, 24 (13%) had openNissen fundoplications, 13
(7%) had laparoscopic Toupet fundoplications, seven
(4%) had open Toupet fundoplications, four (2%)
hadCollis-Nissenfundoplications, and three (2%)had
redo Nissen fundoplications. In the �NMD group,
61%were male, with an average age of 50 � 14 years;
48 (84%) underwent laparoscopic Nissen fundoplic-
ations, seven (12%) had open Nissen procedures, and
two (4%) had laparoscopic Toupet fundoplications.
Twenty-six percent of patients undergoing a Nissen
fundoplication had an NMD compared to 14% of
patients undergoing a Toupet fundoplication. Table
1 shows the type and number of NMDs identified.
All of these were contractions that were either not
part of the propagating peristaltic wave or otherwise
not of normal morphology.

Preoperative Comparisons

Seventeen percent of patients in the�NMDgroup
had preoperative dysphagia and/or chest pain com-
pared to 28% of the �NMD group, although this
difference was not statistically significant. When ana-
lyzed by type of operation, in the�NMDgroup 29%
of theNissen patients and 28%of theToupet patients
had preoperative dysphagia/chest pain, whereas in
the �NMD group 17% of the Nissen patients had
preoperative dysphagia/chest pain. Because there
were only two �NMD patients who underwent
Toupet fundoplication, meaningful analysis could
not be done in this group.
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The median total GERD-HRQL preoperative
score for the �NMD group was 33 (range 24) com-
pared to 27 (range 32) for the –NMD group (P �
0.01). This implies that overall, the �NMD group
had more severe symptoms. Fig. 1 shows the groups
when analyzed by type of operation. There was no
difference between operation groups for the�NMD
patients. Once again, the�NMD/Toupet group was
too small to provide meaningful analysis. However,
both groups had similar dysphagia scores: �NMD 2
(range 4) vs. �NMD 2 (range 5), (P � NS).
Fig. 2 compares the esophageal manometry mea-

surements for each group. Both groups had similar
LES pressures (�NMD 10.5 � 4.8 mm Hg vs.
�NMD10.6 � 5.5mmHg,P � NS).All patients had
greater than 80% relaxation of the LES. However,
�NMD patients had an average lower esophageal
body peristaltic amplitude (�NMD 51.3 � 20.8 mm
Hg vs. �NMD 68.4 � 28.3, P � 0.0001). The aver-
age preoperative DeMeester scores as determined
by 24-hour esophageal pH monitoring were similar
(�NMD 55.8 � 30.6 vs. �NMD 56.1 � 40.4,
P � NS).

Postoperative Comparisons

Fig. 3 presents postoperative symptom severity.
For both the �NMD and �NMD groups there was

Fig. 1.Median preoperative total GERD-HRQL scores for patients with and without NMDs, P � 0.01.
Gray bars indicate patients who ultimately underwent Nissen fundoplications; black bars indicate patients
who underwent Toupet fundoplications. Because there were only two patients in the �NMD/Toupet
group, they were excluded. NMD � non specific motor disorders; GERD � gastroesophageal reflux
disease; HRQL � quality of life scale.

a statistically significant improvement in total and
dysphagia-specific GERD-HRQL median scores.
For the �NMD group the improvement was from
33 (range 24) to 5 (range 20) (P � 0.0001). For the
�NMD group the improvement was from 27
(range 32) to 3 (range 32), P � 0.0001. There was
no statistically significant difference between these
groups with respect to postoperative total GERD-
HRQL score. Similarly, both groups had statistically
significant improvement in dysphagia scores. For the
�NMDgroup the improvement was from 2 (range 4)
to 0.5 (range 4) (P � 0.03), whereas for the �NMD
group, the improvement was from 2 (range 5) to
0 (range 5) (P � 0.0001). There was no statistically
significant difference between the groups with respect
to postoperative dysphagia scores. Postoperatively
6.6% of �NMD patients complained of persistent
or recurrent heartburn, whereas 8.8% of �NMD
patients had heartburn (P � NS).
Transient dysphagia occurred in 16.4% of

�NMD patients compared to 15.8% of �NMD pa-
tients (P � NS). Three �NMD patients (2%) ulti-
mately required esophageal dilation to relieve their
dysphagia as compared to none of the �NMD pa-
tients (P � NS).
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Fig. 2. Comparison of average lower esophageal sphincter (LES) pressures (mm Hg) and esophageal
body peristaltic amplitudes for patients with and without NMDs. LES, P � NS; peristalsis, P � 0.0001.
NMD � non specific motor disorders.

DISCUSSION

Esophageal motility disorders can be either pri-
mary or secondary phenomena.2–4 There are well-
characterized primary esophageal motility disorders,
such as achalasia, whereas secondary esophageal
dysmotility may be caused by GERD. It is also known
that patients with noncardiac chest pain and nonob-
structive dysphagia also have a higher incidence of
motor abnormalities found by esophageal manome-
try.2–4 However, it is unclear whether this represents
autonomic dysfunction,13 hyperalgesia, or primary
muscular dysfunction.14,15 Nonspecific motility
disorders are particular vexing, because they are more
common than the named motility disorders and
proven treatments are lacking.16
Motility disorders are common in patients with

GERD. In our series, 24% of patients had NMD. It
appears that motility disorders are both caused by and
potentiate the symptoms of GERD.5–7 Initially, it
was thought that hypocontractile esophageal body
peristalsis would affect antireflux surgery; and, there-
fore, partial fundoplications, such as a Toupet
fundoplication, were recommended over a total fun-
doplication, such asNissen fundoplication.17–19 How-
ever, other reports have concluded that esophageal
dysmotility does not affect the results of a Nissen
fundoplication.20–22 In fact, antireflux surgery has

been shown to improve esophageal motility.23 There-
fore, it seems that lower pressure amplitudes of
esophageal body peristalsis do not affect symptomatic
outcomes of antireflux surgery.
Nevertheless, as it is known that patients with non-

cardiac chest pain and nonobstructive dysphagia have
a higher incidence of esophageal motor disorders, it
is reasonable to hypothesize that patients with these
disorders will have more postoperative symptoms.
However, in our series, patients without NMD had
a higher rate of preoperative dysphagia and chest pain
compared to those with NMD (see Fig. 1). Yet,
when measuring symptom severity using the GERD-
HRQL, the �NMD group had statistically signifi-
cantly worse median scores (see Fig. 2), implying that
these patients weremore symptomatic overall. On the
other hand, dysphagia scores were similar. We would
like to emphasize that patients with hypocontractile
esophageal peristalsis or ineffective esophageal motil-
ity without abnormal contractions were not included
in our group of patients with NMD. In fact, the
�NMD group of patients had a lower average esoph-
ageal body peristaltic amplitude compared to the
�NMD group (see Fig. 3), implying that a higher
proportion of these patients had poor esophageal
peristalsis. Nevertheless, this did not translate into a
higher rate of postoperative dysphagia, nor worse
postoperative symptom scores.
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Fig. 3. Comparison of median postoperative total GERD-HRQL scores and median dysphagia scores
(question No. 7) for patients with and without NMDs, P � NS, both comparisons. NMD � non specific
motor disorders; GERD � gastroesophageal reflux disease; HRQL � quality of life scale.

Why would NMDs not affect symptomatic out-
comes of antireflux surgery? First, NMDs may not be
disorders at all, but rather random occurrences that
happen more frequently in normal individuals than
suggested in the literature pertaining to esophageal
manometry. Approximately 5%of “normal” individu-
als will have nonpropulsive, simultaneous contrac-
tions with wet swallows by manometry.24 Esophageal
manometry measures esophageal motility as a “snap-
shot,” that is, a one-time event, on a particular day
and time. Perhaps if esophageal manometry were
donemore frequently on the same individual, more of
these “abnormal contractions” would be identified.
Second, physiologic measurements may not correlate
to patient-perceived symptoms. We have previously
shown that symptom severity forGERD is not related
to esophageal manometry and 24-hour pH monitor-
ing, but it does seem to be related to the endoscopi-
cally determined grade of esophagitis.25 Third,
postoperative dysphagia may also be due to issues not
related to esophageal physiology, such as personality
issues and maladaptive eating patterns.26,27 There-
fore, in this milieu, it may not be possible to iso-
late one cause of dysphagia, or, for that matter, other
postoperative symptoms.

CONCLUSION

NMDs of the esophagus are common in patients
seen for surgical treatment of GERD. These find-
ings do not appear to result in a higher incidence of
preoperative symptoms generally considered refer-
able toNMDs (specifically, noncardiac chest pain and
nonobstructive dysphagia). These disorders do not
appear to affect symptomatic outcomes of antireflux
surgery. In fact, median dysphagia symptom scores
improved for both groups of patients, implying that
this symptom is improved with correction of the
GERD. No tailoring of surgical treatment is
required.

We thank Drs. Martin Zonca, M.D., Tamir Ben-Menachem,
M.D., Ronald Fogel, M.D., and William Webb, M.D., who read
the esophageal manometries, the results of which were analyzed in
this study.
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Lymphoepithelial Cysts of the Pancreas: Case Report
and Review of the Literature
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The aim of this report was to describe the clinical and pathologic features of lymphoepithelial cysts of
the pancreas, establish the differential diagnosis of other pancreatic cysts, and review the literature. A
53-year-old man was incidentally diagnosed with a pancreatic lesion after an abdominal CT scan. This
study showed a solid mass in the tail of the pancreas not enhanced by helical CT. Endoscopic ultrasound
examination revealed a low-density tissue mass on the surface of the pancreas, less echogenic than the
surrounding parenchyma. Distal pancreatectomy and splenectomy were performed with a suspected
diagnosis of mucinous cystic tumor. The patient has had an uneventful postoperative period, and the
pathologic finding was a lymphoepithelial cyst of the pancreas. Lymphoepithelial cyst of the pancreas is
an unusual and benign entity that must be taken into consideration when evaluating a cystic lesion of
the pancreas because a different therapeutic approach may be required. (J GASTROINTEST SURG 2004;8:
342–345) � 2004 The Society for Surgery of the Alimentary Tract

KEY WORDS: Pancreas, lymphoepithelial cyst, pancreatic cyst

Pancreatic cysts are divided into two main catego-
ries: true pancreatic cysts and pseudopancreatic cysts.
The latter, without an epithelial lining, represent
75% of all pancreatic lesions, and the remaining 25%
are true pancreatic cysts. These in turn can be classi-
fied into neoplastic, congenital, parasitic, and per-
ipancreatic cysts.1 Neoplasms are themost commonly
found true cysts, representing 10% to 15% of the
total.
Lymphoepithelial cysts of the pancreas constitute

a rare and benign entity. They were first described
in 1985 byLuchtrath and Schriefers.2 In 1987Truong
et al.3 reported a second case, which they named
“lymphoepithelial cyst of the pancreas.” Only 64
cases have been reported in the English language
literature.4 Because lymphoepithelial cyst (LEC) is
an uncommon lesion, which has various imaging pre-
sentations, a differential diagnosis may be difficult.
The main objective of this report is to describe a
recent case and review the existing bibliography on
the topic.
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CASE REPORT

A 53-year-old male patient was found to have a
lesion in the tail of the pancreas after undergoing an
abdominal computed tomography (CT) scan. The
patient reported sporadic abdominal pain in the right
upper quadrant apparently associated with eating
fatty foods. Abdominal ultrasound imaging was per-
formed revealing gallbladder adenomyosis and multi-
ple lithiasis. The patient also had a history of smoking
and had received medical treatment for chronic pul-
monary obstructive disease.
An enhanced abdominal CT scan with oral and

intravenous contrast disclosed a 4 × 2.5 cm mass with
a soft tissue component in the tail of the pancreas,
located anterior to the pancreatic parenchyma (Fig. 1).
Endoscopic ultrasonography performed with a radial
system (OlympusGFUM20; Olympus America, Inc.,
Melville, NY) showed a 35 × 50mm ovoid image with
a smooth lining protruding from the gland, with an
isohypoechoic structure and finely granular tissue
(Fig. 2).
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Fig. 1. Helical CT scan showing a 4 × 2.5 cm mass with a
soft tissue component in the tail of the pancreas (arrow) without
enhancement after intravenous contrast injection.

The patient underwent a cholecystectomy with
transcystic cholangiography. There were no abnor-
malities in the bile duct or in the Wirsung duct.
Because of the cystic lesion in the tail of the pancreas,
distal pancreatectomy and splenectomy were per-
formed with a tentative diagnosis of mucinous cystic

Fig. 2. Endoscopic ultrasound imaging defined a 35 × 50 mm
ovoid image with an isohypoechoic structure (arrows) protrud-
ing from the tail of the pancreas.

tumor. Pathologic examination revealed a mass mea-
suring 4 cm in diameter located in the tail of the
pancreas. The cyst was lined by a thin wall, had a
rough whitish inner surface, and was filled with se-
baceous-looking gray material. Microscopy evi-
denced a cyst wall lined by squamous epithelium and
surrounded by abundant mature lymphoid tissue with
follicles and germinal centers. These findings were
diagnostic of a benign LEC of the pancreas (Fig. 3).
Pathologic findings in the gallbladder confirmed ad-
enomyosis and chronic cholecystitis. After the cyst
was removed, the postoperative course was un-
eventful. The patient was released after 4 days and
remained asymptomatic.

DISCUSSION

Although it was originally believed that LECs oc-
curred predominantly in middle-aged men (mean age
54 years; range 26 to 82 years), several cases have been
reported in women, for a male:female rate of 4 to
1.4,5 Eighty percent of the reported cases are in adults
over the age of 40. In 50%ofpatients thefindingswere
incidental.1 The remaining 50% were evidenced by
abdominal pain, nausea, vomiting, diarrhea,1 and less
frequent symptoms such as fever, weight loss, and
fatigue.6
LECs may be located in any area of the pancreas

and are characterized by a superficial lesion sur-
rounded partially by normal pancreatic tissue.7 LECs
of the pancreasmay bemultilocular (60%) or unilocu-
lar (40%)7; they are frequently lined by a well-defined
wall and are filled with a “cheesy” yellowish viscous

Fig. 3.Microscopic evidence of a cyst wall linedwith squamous
epithelium and surrounded by abundant mature lymphoid
tissue with follicles and germinal centers confirming the diag-
nosis of lymphoepithelial cyst of the pancreas.
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material.6 The size of these lesions varies from 1.2
to 17 cm (mean 4. 6 cm).4
Among their histologic features, LECs present a

wall lined by stratified keratinized squamous epithe-
lium completely surrounded by lymphoid tissue, gen-
erally presenting germinal centers.7,8 The cysts are
filled with a dense material, composed mainly of
debris, keratin, and cholesterol crystals.9 The deepest
portion of the cyst in contact with pancreatic tissue
is separated by a fibrous lining.6 The adjacent paren-
chyma is normal, and in instances of a ruptured cyst,
there is evidence of an intense desmoplastic reaction
in the surrounding tissues.6
The pathogenesis of LECs of the pancreas is un-

certain. Several hypothesis have been formulated:

1. Squamous metaplasia of an obstructed and di-
lated pancreatic duct. This theory does not ex-
plain the presence of the lymphoid tissue
characteristic in this lesion.6,7

2. Because of the similarity between LECs of the
pancreas and brachial cysts observed in lateral
areas of the neck, these lesions would derive
from remnants of a brachial cleft misplaced in
the pancreas during embryogenesis. However,
such a brachial remnant has never been effec-
tively demonstrated to contain pancreatic
parenchyma.6,7

3. LECs might originate in an intrapancreatic ac-
cessory spleen. This theory explains the pres-
ence of lymphoid tissue. However, it does not
account for the existence of stratified epithe-
lium covering the cyst.6

4. Despite the fact that LECs of the parotid gland
are frequently related to Epstein-Barr virus, re-
search in our patient using in situ hybridization
techniques has not revealed Epstein-Barr virus
in LECs of the pancreas, as confirmed by
other investigators.10

5. One hypothesis speculated that these lesions
may by driven by lymphoid cells with an affinity
for ductal epithelia and the capacity to induce
their growth by the factors they mediate (Rosai
J, personal communication, May 1995). The
type of the lining epithelium then may be a
factor of antigens present in different types of
ductal tissue to which these lymphocytes are
attracted.7

6. The most widely accepted theory states that
LECs of the pancreas might develop from ec-
topic pancreatic tissue included in a peripan-
creatic lymph node.6,7 This hypothesis might
explain the extrinsic localization of the lesion
and the fact that the cysts are covered with
pancreatic tissue only in their deepest area. An-
other fact that supports this hypothesis is the

reported finding of pancreatic tissue in lymph
nodes.11

The preoperative diagnosis is difficult because very
little is known about this uncommon lesion. Some-
times it is difficult to make a differential diagnosis
between these pancreatic lesions and more frequent
ones such as mucinous cysts or other neoplasms.
The clinical and pathologic features of each entity
provide sufficient information to differentiate squa-
mous-lined cysts of the pancreas.7
Ultrasonography has proved effective to assess

these lesions. However, it may be misleading because
they are occasionally diagnosed as solid, or solid
cystic.3,12,13 In the case reported here, endoscopic
ultrasonography revealed a solid-apppearing lesion.
This image, slightly hypoechogenic with respect to
the rest of the pancreatic parenchyma, appeared to be
partially protruding from a lobulated gland. The
dense semisolid cyst, filled with debris and keratinous
material, would explain the solid feature observed by
endoscopic ultrasound imaging in our patient and in
several other cases in the literature.
The CT findings vary from those of typical uniloc-

ular or multilocular cystic lesions with a low Houns-
field unit (HU) cystic content13,14 to an isodense
mass.12 Koga et al.13 have described two lesions, a
cystic mass with solid components and a CT low-
attenuation solid-looking hypoechoic mass with an
enhancing rim. CT findings in our patient revealed
a nonenhanced low-density tissue mass.
Magnetic resonance imaging (MRI) on the basis

of the lipid cystic component perceived a lesion with
a high signal in T1 and a low signal in T2, being the
keratin content of the cyst, a recognized characteristic
feature LECs of the pancreas.15 Therefore MRI
should be helpful in making a correct diagnosis, espe-
cially when a fat-suppressed T1-weighted image is
used.
Fine-needle aspiration (FNA) biopsy has been pro-

posed for biochemical and cytologic studies in the
differential diagnosis of LEC .9,16,17,18 The published
articles dealing with biochemical studies of FNA
biopsy material obtained from LECs of the pancreas
have shown a high level of tumormarkers (carcinoem-
bryonic antigen, CA 19-9) in the range of malignant
lesion, as well as variable levels of amylase. Therefore
biochemical study of such lesions might lead to an
incorrect diagnosis if not followed by further exami-
nations.9,14,19 The cytology of FNA biopsy based on
the presence of squamous cells, keratinous debris, and
lymphoid tissue provides certainty in diagnosing a
LEC. We believe that FNA presents several limi-
tations in the differential diagnosis of LEC, and its
use should be considered separately in each individual
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patient. If a neoplastic lesion is suspected after CT
scan and endoscopic ultrasound imaging, we feel that
a tranparietal FNA biopsy should not be performed
because the risk of tumoral dissemination has been
clearly assessed in the literature; in addition, there is
a lack of appropriate equipment to perform a reliable
endoscopic ultrasound-guided FNA to minimize that
potential risk. We rely on MRI and endoscopic ultra-
sound–guided FNA as the most suitable studies to
reach a diagnosis.
Several types of surgical treatments have been used

in patients with LECs; these range from simple exci-
sion of the lesion to more radical procedures such
as distal pancreatectomy with or without splenec-
tomy6,20,21 or cephalic pancreatoduodenectomy.13,22
The latter might be useful when the diagnosis is not
definite or when the lesion is firmly adhered to the
pancreas by fibrous tissue.6 In asymptomatic patients
with a high surgical risk and an FNA biopsy sug-
gesting LEC, some authors recommend observation
of the lesion.23

CONCLUSION

In light of the recent findings, we strongly believe
that the differential diagnosis of this entity is of
the utmost importance and should be given serious
consideration. Preoperative diagnosis of this benign
lesion would eliminate unnecessary radical surgical
treatments such as pancreaticoduodenectomy or
distal pancreatectomy with splenectomy.
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The Role and Interactions of Nitric Oxide (NO),
Carbon Monoxide (CO), and Prostanoids in the
Pathogenesis of Postoperative Ileus in Rats1

R.P. Korolkiewicz, M.D., Ph.D., J. Sein-Anand, M.D., Ph.D., J. Ruczyński, M.Sc., P. Rekowski,
Ph.D., L. Bieniaszewski, M.D., Ph.D., Z. Chodorowski, M.D., Ph.D., J. Petrusewicz, Ph.D.,
M. Ujda, M.D., J. Dąbkowski, M.D., M. Bitel, M.D., S. Kato, Ph.D., K. Takeuchi, Ph.D.

The effects of heme oxygenase (HO) inhibitors, zinc-protoporphyrin-IX (ZnPP-IX), and tin
protoporphyrin-IX (SnPP-IX) and their interactions with L-arginine/nitric oxide synthase (NOS) and
cyclooxygenase (COX) pathways were investigated in postoperative ileus in rats. Intestinal transit was
measured as Evans blue migration after skin incision, laparotomy or laparotomy plus gut evisceration
and handling. Laparotomy and small intestinal manipulations increased blood plasma nitrites/nitrates
level 1.88-fold. Nω-nitro-L-arginine methyl ester, indomethacin, a selective COX-1 blocker (resveratrol)
and COX-2 antagonists (nimesulide, DuP-697, NS-398) reversed the additional inhibitory effects of
gut manipulation subsequent to laparotomy. In contrast, N-(3-(aminomethyl)benzyl)acetamidine or S-
methylisothiourea, highly selective inducible NOS blockers, remained ineffective. ZnPP-IX and SnPP-
IX overturned the effects of laparotomy on dye propulsion, but were only partially effective after
laparotomy and gut handling attenuating the additional inhibitory influences of gut manipulation, the
intestinal transit reaching 89.21%, 92.87%, 53.46%, and 48.56% of respective controls transit. Salutary
effects of L-NAME, ZnPP-IX, and SnPP-IX were dose-dependent, L-arginine or hemin (HO substrate)
sensitive. Administration of indomethacin and resveratrol subsequent to SnPP-IX reversed the inhibitory
effects of laparotomy and manipulation, amounting to 93.91% and 87.43% of controls. On the other
hand, L-NAME injected after SnPP-IX abolished the salutary effects of the latter, study dye migration
reached 25.18% of control rat. Therefore we demonstrated that nitric oxide, carbon monoxide, and
prostanoids play a role in the pathogenesis of postoperative ileus albeit in different mechanisms.
Laparotomy stimulated HO activity, whereas gut manipulation led to an excessive constitutive NOS
stimulation accompanied by augmented prostanoid synthesis by COX-1. Unaffected synthesis of either
NO or CO enables a return of gastrointestinal transit during postoperative period, whereas a
pharmacological blockade of two complementary metabolic pathways provides a most effective measure
against postoperative ileus development. (J GASTROINTEST SURG 2004;8:346–357) � 2004 The Society
for Surgery of the Alimentary Tract

KEY WORDS: Ileus, rats, carbon monoxide, nitric oxde, prostanoids

INTRODUCTION

Intra- and extra-abdominal surgery attenuates
aboral propulsive gut movements resulting in postop-
erative ileus (PI).1 Primary importance in the patho-
genesis of PI has been ascribed to neural reflexes,
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the afferent stimuli conducted by capsaicin-sensitive
unmyelinated fibers, and the efferent limb of the
reflex arc comprised of adrenergic and nitrergic neu-
romuscular activity.2–3 Consequently, thoracic epi-
dural anaesthesia improved PI treatment in humans,

mailto:rokor@amedec.amg.gda.pl
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whereas NOS inhibition reversed the small bowel
transit blockade in rodents.3–4
VIP, NO, and CO inhibit intestinal propulsion,

whereas the effect of prostaglandins on gut motility
depend on their profile, prostanoid receptor profile,
and other mediators acting at target sites.5–8
Gastrointestinal (GI) tract contains two enzyme

systems linked to guanylate cyclase stimulation: NOS
and HO.9–10 Much parallelism exists between CO
and NO and PGs generating systems, as for example
multiple isoforms of those three enzymes occur, in-
cluding constitutive forms: COX-1, cNOS, HO-2,
HO-3 and their inducible counterparts: COX-2,
iNOS, and HO-1.9–13 cNOS, HO-2, and COX-1
are widely expressed and contribute toward tissue
homeostasis,9–10 whereas COX-2, iNOS, and HO-1
are inducible enzymes, their activity being triggered
by bacterial lipopolysaccharide, interleukin-1β, and
tumor necrosis factor-α.9–10,12
COX-1 and COX-2 products affect NOS expres-

sion and iNOS regulates COX-2 activity and ex-
pression.14 Similarly, the exogenously supplied or
iNOS-derived NO reciprocally influence HO-1 ex-
pression in mesangial cells.15 Based on the pharmaco-
logical activity and colocalization of HO-2 with
neuronal NOS in rabbit, opossum, and human GI
tracts, speculations weremade concerning the regula-
tion of NOS pathway by HO.16–17 The involvement
of PGs in the development of PI is well known18
and this observation has been extended by providing
evidence that laparotomy stimulated COX-2 activity,
whereas additional surgical gut manipulation led to
an excessive PGs synthesis by COX-1.19 Based on
our previously published results and taking into
consideration the findings of Moore et al., that low
concentrations of inhaled CO attenuated PI in mice
by interacting with inflammatory cascade elements,20
new experiments were designed to prove a hypothe-
sis that a modulation of endogenous CO production
by HO inhibitors influences PI development. More-
over, based on the analogies between CO, NO, and
PG generating systems and the preventive effects of
COX blockers and NOS inhibitors, we aimed to con-
firm the dose-dependence nature of the salutary ef-
fects of the latter and further examine NO, CO, and
PG interactions.3,19,21–22

MATERIAL AND METHODS
Surgical Protocol

Experimental procedures were approved by the
Bioethics Committee of the Medical University of
Gdańsk, Poland. Male albino Wistar rats (180-250 g)
were fasted for 48 hours maintaining a free access

to tap water. Animals were randomly divided into
3 groups before undergoing abdominal surgery under
diethyl ether anaesthesia as described in details
elsewhere.19 Briefly, rats underwent skin incision, lap-
arotomy, or laparotomy and subsequent gut eviscera-
tion followed by mechanical stimulation of caecum
and small intestine. After the operation, the rats re-
covered for 1 h.23 Subsequently, all animals received
0.15 ml of Evans blue via an orogastric tube and 30
minutes later animals were sacrificed by cardiotomy
under anaesthesia. The small intestines were excised
and gently, in order to avoid tissue stretching, laid on
the corkboard for measurements, which consisted of
establishing the most distal point of dye migration
from the pylorus. Measurements were performed by
a blinded observer unaware of the treatment the ani-
mals were receiving.

Experimental Design

The experimental protocol and the dosage of ex-
perimental compounds is depicted in detail in Fig. 1.
Subsequent to a pilot series of experiments involving
conscious (untreated) rats and ether-anaesthetized
animals, intestinal Evans blue migration was mea-
sured after skin incision, laparotomy, or laparotomy
and gut manipulation.

NOS and HO Inhibitors

The effects of intravenously (i.v.) injected Nω-
nitro-L-arginine methyl ester (L-NAME), zinc-pro-
toporphyrin IX (ZnPP-IX), tin-protoporphrin-IX
(SnPP-IX), subcutaneously (s.c.) administered N-(3-
(aminomethyl)benzyl)acetamidine (1400W) or S-
methylisothiourea (SMT), and intraperitoneally (i.p.)
injected L-arginine or hemin were investigated after
various types of surgical intervention. Respective con-
trols in each experimental group received an equal
volume of saline (0.9% NaCl) instead of the study
drug. In the third series of experiments NO produc-
tion was measured indirectly as stable NO metabo-
lites: NOx (nitrites and nitrates) in blood plasma of
control (untreated) or rats injected with L-NAME,
1400W, or SMT after skin incision, laparotomy, or
laparotomy and gut manipulation.24 Blood samples
for NOx level measurements were collected under
light ether anesthesia immediately before sacrifice.
Finally we investigated the results of combination

therapy with NOS, HO, and COX inhibitors em-
ploying their most effective doses.19 The animals
were divided in two groups. The first group served
as a control and received 0.9% NaCl instead of study
drugs before and after skin incision or laparotomyplus
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Fig. 1. The effects of NOS, HO, or COX inhibitors administered separately or in combination were
tested on the intestinal transit of Evans blue, after surgical intervention in rats subjected to different
nociceptive stimuli: skin incision (SI), laparotomy (LAP), or laparotomy followed by gut handling
(L � M). L-NAME (1-30 mg/kg, 0. 5 h before operation), ZnPPP-IX (10-100 µM/kg, 2 h before
operation), SnPP-IX (10-50 µM/kg, 2 h before surgery) were injected intravenously. Contrastingly
1400W, SMT (10 mg/kg) were given subcutaneously, whereas L-arginine (600 mg/kg, 2 h before
operation) or hemin (50 µM/kg, 24 h before surgery), were administered intraperitoneally.

gut manipulation. Rats in the second group were in-
jected with the highest effective dose of SnPP-IX (50
µM/kg, 1.5 hours before surgery) and were divided
into two subgroups. In the first subgroup rats were
injected with indomethacin (30 mg/kg, s.c.), resvera-
trol, nimesulide, DuP-697, NS-398 (10 mg/kg, s.c.)
1 hour before surgical intervention consisting of skin
incision or laparotomy plus gut handling. Animals
in the second subgroup received i.v. L-NAME (30
mg/kg), 30 minutes before an operation.

Experimental Drugs

L-NAME hydrochloride, SMT hemisulfate, L-ar-
ginine hydrochloride, and resveratrol were dissolved
in saline. Indomethacin, nimesulide, NS-398, and
DuP-697 were dissolved in a small volume of 70%
ethanol and the solution was made up to the desired
concentration with saline. ZnPP-IX and SnPP-IX
and hemin were freshly dissolved in 0.1 ml of 0.5 M
NaOH, adjusted to pH 7.4 with 0.1 M HCl and
diluted to required volume with saline; the solutions
were kept in the dark to prevent photodegradation.
Evans blue solution was prepared by dissolving 100
mg of the pigment in 2 ml of saline. L-NAME, L-
arginine, NS-398, NADPH, and indomethacin were
purchased from RBI (Natick, MA). SMT, resveratrol,
nimesulide, FAD, hemin, ZnPP-IX, and Evans blue
were obtained fromSigma-Aldrich Sp. z o.o. (Poznań,
Poland). 1400W was purchased from Biochemi-
cals.net, a division of A. G. Scientific, Inc. (SanDiego,
CA). SnPP-IXwas obtained fromPorphyrin Products
(Logan, UT). Saline and diethyl ether were bought
from Fresenius Kabi (Kutno, Poland) and Lachemia

(Neratovice, Czech Republic), respectively. Other re-
agents were obtained from P.P.H. Polskie Odczyn-
niki Chemiczne (Gliwice, Poland).

Statistical Analysis of the Acquired Data

No significant differences in small intestine length
were discovered between animals in different experi-
mental groups and hence the distance covered by
Evans blue was expressed in cm and the results were
presented in the text as a mean value � standard error
of the mean (SEM) for the number of rats mentioned
in each group. Results were compared using one-way
analysis of variance (ANOVA) plus Bonferroni post-
ANOVA test. Two-tailed p values of less than 0.05
were taken to indicate significant difference.

RESULTS
The Effects of Ether Anesthesia and Surgical
Intervention Upon the Intestinal Transit

Evans blue migrated over a distance of 57.0 � 5.74
cm out of a total length of 115 � 2.10 cm of the small
intestine in the untretated conscious rats (n � 6).
Ether anesthesia and skin incision have not influ-
enced the intestinal transit of Evans blue reaching
56.88 � 2.94 cm of 115 � 3.83 cm and 62.67 � 3.00
cm of 112 � 3.08 cm, respectively (n � 8 and 6).
Contrastingly, both laparotomy and laparotomy fol-
lowed by gut manipulation have significantly reduced
intestinal motility, the dye migrating 23.75 � 1.40
cm out of 106 � 3.67 cm in the former group (n � 8)
and11.28 � 1.85 cmoutof 118 � 2.10 cm in the latter
group (n � 9). The length of small intestine between



Vol. 8, No. 3
2004 Nitric oxide, carbon monoxide, and prostanoids in ileus 349

all experimental groups was not statistically different
in all experiments (Fig. 2).

The Effects of L-NAME or L-arginine
on the Intestinal Transit After Different Types
of Surgical Intervention

L-NAME reversed the additional inhibitory ef-
fects of gut handling after laparotomy on gastrointes-
tinal transit in a dose-dependent manner and thus
Evans blue migrated over a distance of 10.64 � 1.29
cm out of the total 96.71 � 14.40 cm length of the
small intestine in controls (n � 7), whereas it covered
18.17� 1.67 cm out of 113 � 2.46 cm, 24.17 � 1.30
cm out of 107 � 3.71 cm and 31.0 � 1.73 cm out of
114 � 3.08 cm in rats treated with 3 (n � 6), 10
(n � 6), and 30 mg/kg (n � 8) of L-NAME, respec-
tively (Fig. 3). L-arginine notably overturned the
action of the most effective L-NAME dose in experi-
mental animals (n � 6), the dye transit returning to
11.33� 1.52 cm out of 105 � 5.07 cm, a value not

Fig. 2. Small intestinal Evans blue transit in rats: untreated (UN), undergoing ether anesthesia (ET),
skin incision (SI), laparotomy (LAP), and laparotomy followed by gut manipulation (L � M). Results
are shown as cm migration of the dye and are presented as a mean result � SEM of a number of
experiments performed in different animals (n � 6-9). Statistical significance was calculated using one-
way ANOVA followed by Bonferroni post-ANOVA test: aUN, ET, SI vs. LAP or L � M (p� 0.001);
bLAP vs. L � M (p � 0.05).

different from controls. The length of the small intes-
tine was not different between any of the treatment
groups.
L-NAME, 1400W, SMT, and L-arginine have not

demonstrated any marked influence on the intestinal
transportation of Evans blue after skin incision or
laparotomy. L-NAME significantly reversed the ad-
ditional inhibitory effects of gut manipulation follow-
ing laparotomy increasing the dye forward motion
from 11.07 � 1.77 cm in control animals (n � 7) to
32.50� 1.95 cm in L-NAME treated rats (n � 6).
Contrastingly, 1400W (n � 5) and SMT (n � 6) re-
mained ineffective,Evansbluecovering thedistanceof
11.60� 2.29 cm and 11.33 � 0.88 cm. On the other
hand L-arginine augmented the degree of peristaltic
inhibition so that the distance covered by Evans blue
equaled 4.88 � 0.85 cm in this particular group
(n � 7). The length of the small intestine was not
differentbetween anyof the experimental groups (data
not shown), whereas the marked differences between
the transit after skin incision and that after laparot-
omy with or without mechanical gut stimulation were
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Fig. 3. The effects of increasing L-NAME doses on the small intestinal transit of Evans blue following
laparotomy and gut manipulation. Results are shown as cm migration of Evans blue and are presented
as a mean result � SEM of experiments performed in different animals (n � 6-7). Statistical significance
was calculated using one-way ANOVA followed by Bonferroni post-ANOVA test: auntreated rats (con-
trols) vs. animals pretreated with L-NAME (3 mg/kg, p � 0.05), 10 mg/kg and 30 mg/kg (p� 0.001);
banimals pretreated with L-NAME (30 mg/kg) vs. L-NAME (30 mg/kg) � L-arginine (L-arg, 600 mg/
kg, p � 0.001).

notable in the three experimental groups. Much
alike, the differences between propulsion after lapa-
rotomy and that following laparotomy and gutmanip-
ulation remained significantly different in particular
treatment groups (Fig. 4).
Laparatomy with a subsequent handling of small

intestine evoked a significant enhancement of blood
plasma NOx levels, which amounted to 73.27 � 5.17
µM/l (n � 8) in comparison to untreated animals
45.27 � 5.69 µM/l (n � 5), skin incision 38.91 ±
3.68 µM/l (n � 8), or laparotomy 27.44 � 6.76 µM/l
(n � 7). The increased NO synthesis has been mark-
edly reduced by L-NAME, reaching 36.78 � 4.03
µM/l (n � 8), but not by 1400W (n � 7) or SMT
(n � 6). In the former case NOx concentrations
equaled 84.43 � 4.61 µM/l, whereas in the latter it
reached 80.41 � 6.46 µM/l (Fig. 5).

ZnPP-IX and SnPP-IX exerted no discernible
effect on GI transit of Evans blue of rats undergoing
skin incision in comparison to untreated animals. The
dye passage was equal to 60.0 � 4.18 cm or 62.20 ±
2.06 cm in the former (n � 5) and 62.40 � 1.75 cm
or 58.33 � 3.97 cm in the latter groups (n � 5 or 6).
Contrastingly, both agents totally attenuated the in-
hibitory influences of laparotomy on the GI tran-
sit in a dose-dependent manner and thus the values
of Evans blue propulsion amounting to 21.44 ±
1.10 cm or 24.29 � 1.76 cm in untreated laparo-
tomized animals (n � 8 or 7), 20.20 � 1.46 cm or
33.171.72 cm, 30.60 � 2.34 or 42.83 � 2.43 cm and
55.67 � 3.54 cm or 54.17 � 3.00 cm in rats in-
jected correspondingly with 10 (n � 5 or 6), 30 (n � 5
or 6) and 100 or 50 µg/kg (n � 6) of ZnPP-IX or
SNPP-IX, correspondingly. Similarly ZnPP-IX and
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Fig. 4. The effects of L-NAME (30 mg/kg), SMT or 1400W (10 mg/kg) and L-arginine (L-arg, 600
mg/kg) on the small intestinal transit of Evans blue following skin incison (SI), laparotomy (LAP) or
laparotomy followed by gut manipulation (L � M). Results are shown as cm migration of Evans blue
and are presented as a mean result � SEM of experiments performed on different animals (n � 5-7).
Statistical significance was calculated using one-way ANOVA followed by Bonferroni test: arats pretreated
with L-NAME before L � M vs. untreated rats undergoing the same type of operation (C) or rats
injected with 1400W, SMT and L-arg (p � 0.001). brats receiving L-arg prior to L � M vs. respective
controls undergoing the same type of operation (C) (p � 0.01).

SnPP-IX significantly attenuated the additional in-
hibitory effects of gut manipulation after laparotomy
in a dose-dependent manner. Therefore Evans blue
moved 9.71 � 1.02 cmor 12.14 � 1.65 cm in controls
(n � 7) and 14.40 � 0.51 cm or 14.40 � 1.12 cm,
19.86� 1.07 cm or 21.67 � 1.17 cm and
33.36� 1.27 cm or 28.33 � 1.31 cm in rats in-
jected with 10 (n � 5), 30 (n � 14 or 6) and 100
(n � 11) or 50 µg/kg (n � 6) of ZnPP-IX or SnPP-
IX, respectively (Figs. 6 and 7). Hemin remained
without any notable effect on the intestinal transit of
Evans blue in rats undergoing skin incision (n � 5),
so that the dye passage equalled 51.60 � 2.91 cm.

However, the HO substrate attenuated the salutary
effects of ZnPP-IX (n � 5 or 6) and SnPP-IX (n � 6
or 7), both after laparotomy and after laparotomy
followed by gut handling. Thus in the former group
Evans blue transit amounted to 13.20 � 1.46 cm and
11.80� 2.58cm, whereas in the latter group the dye
translocation was 25.17 � 1.51 cm and 11.57 � 1.25
cm. These results were not different from the respec-
tive controls (Figs. 6 and 7).Moreover hemin severely
potentiated the degree of intestinal transit inhibition
evoked by laparotomy and gut manipulation subse-
quent to laparotomy (n � 6) and therefore Evans
blue motility amounted to 10.50 � 1.08 cm and
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Fig. 5.Nitrite and nitrate (NOx) blood plasma concentration (µM/l) in untreated rats (UN) and animals
undergoing skin incision (SI), laparotomy (LAP), or laparotomy and subsequent gutmanipulation (L � M)
or rats pretreated with L-NAME (30 mg/kg), SMT, or 1400W (10 mg/kg). NOx levels were estimated
using the method described by Green et al. [24]. Each blood sample was collected from a separate animal
and each column represents a mean value of NOx concentration � SEM from several measurements
(n � 7-8). C-stands for controls. Statistical significance was calculated using one-way ANOVA followed
by Bonferroni test: aL � M(C) vs. UN (p� 0.05) or SI (p � 0.01) or LAP (p � 0.001); bL � M � NAME
vs. L � M(C) or L � M � 1400 W or L � M � SMT (p� 0.001).

3.83 � 0.87 cm in those groups (Fig. 7). Additionally,
the length of the small intestine was not different
between any of the experimental groups (data not
shown), whereas the marked differences between the
transit after skin incision and that after laparotomy
with or without mechanical gut stimulation remained
significant in all experimental groups. Much alike,
the differences between propulsion after laparotomy
and that following laparotomy and gut manipulation
remained significantly different in the treatment
groups.

Interactions Between NO, CO, and Prostanoids

As anticipated the administration of indomethacin,
resveratrol, nimesulide (n � 5), DuP-697, NS-398

(n � 6), or L-NAME (n � 5) subsequent to SnPP-
IX exhibited no marked effect on the intestinal transit
after skin incision (data not shown). Indomethacin
(n � 7), nimesulide (n � 6), resveratrol (n � 5), NS-
398 (n � 5), and DuP-697 (n � 6) attenuated the
additional inhibitory effects of gut manipulation
following laparotomy. The distance covered by the
migrating dye equaled: 40.86 � 2.70 cm (n � 7),
33.50 � 1.28 cm (n � 6), 25.0 � 1.58 cm, 28.60 ±
2.32 cm (n � 5), or 27.50 � 1.06 cm (n � 6) in com-
parison to untreated animals 11.67 � 0.89 (n � 6).
Furthermore the pretreatment with SnPP-IX strik-
ingly potentiated the salutary effects of indomethacin
(n � 6) and resveratrol (n � 7), but not those of
nimesulide (n � 5), NS-398, and DuP-697 (n � 5),
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Fig. 6. The effects of ZnPP-IX on the small intestinal transit of Evans blue following skin incision (SI),
laparotomy (LAP), or laparotomy and gut manipulation (L� M). Results are shown as cm migration of
Evans blue and are presented as a mean result � SEM of several experiments performed in different
animals (n � 5-14). Statistical significance was calculated using one-way ANOVA followed by Bonferroni
test: apretreatment with ZnPP-IX (30 µM/kg) vs. respective controls undergong laparotomy (p � 0.05);
bpretreatment with ZnPP-IX (100 µM/kg) vs. controls with the same type of operation (p � 0.001); cpre-
treatment with ZnPP-IX (30 µM/kg) vs. controls with the same type of operation (p� 0.01); dpretreat-
ment with hemin (50 µM/kg) prior to ZnPP-IX (50 µM/kg) vs. pretreatment with Zn PP-IX only (50
µM/kg, p � 0.001).

completely reversing the inhibition of the intestinal
transit evoked by laparotomy and gut manipulation
so that results were not statistically different from
those obtained after skin incision. Therefore the
movement of Evans blue in the small intestine
amounted to: 55.50 � 3.55 cm (n � 6), 51.67 � 2.14
cm (n � 5), 37.60 � 3.26 cm (n � 5), 32.0 � 2.39 cm,
and 33.80� 1.85 cm (n � 5). These observations
remain in contrast to the effects SnPP-IX alone, the
dye migrating over the route of 28.33 � 2.35 cm
(n � 6). Noticeably L-NAME eliminated the bene-
ficial effects of SnPP-IX on the reversal of gutmotility
inhibition evoked by laparotomy and intestinal ma-
nipulation, 14.88 � 2.29 cm (n � 7) (Fig. 8).

DISCUSSION

We have demonstrated that apart from NO and
prostanoids, the endogenously produced CO is an
important factor in the pathogenesis of PI in rats and
that HO blockade influences gut motility inhibition
evoked by laparotomy and laprotomy plus intestinal
handling in a different way.
This study has confirmed thatmechanical gut stim-

ulation triggers enhanced NO synthesis by cNOS, as
highly selective iNOS blockers; 1400W and SMT,
remained ineffective in doses inhibiting iNOS activity
in vivo.26–27 Moreover, a period of roughly 1.5 hours
is too short to significantly increase iNOS expres-
sion in GI smooth muscle cells, as proved by Kalff



Journal of
Gastrointestinal Surgery354 Korolkiewicz et al.

Fig. 7. The effects of SnPP-IX on the small intestinal transit of Evans blue following skin incision (SI),
laparotomy (LAP), or laparotomy and gut manipulation (L� M). Results are shown as cm migration
of Evans blue and are presented as a mean result � SEM of several experiments performed in different
animals (n � 5-7). Statistical significance was calculated using one-way ANOVA followed by Bonferroni
test: apretreatment with SnPP-IX (30 or 50 µM/kg) vs. untreated control rats undergoing laparotomy
(p � 0.001); bpretreatment with hemin (50 µM/kg) vs. untreated control rats undergoing laparotomy
(p � 0.001); cpretreatment with hemin (50 µM/kg) prior to SnPP-IX (50 µM/kg) vs. pretreatment with
Sn PP-IX (50 µM/kg) only (p � 0.001); dpretreatment with SnPP-IX (30 µM/kg) vs. untreated control
rats undergoing laparotomy and gut manipulation (p � 0.05); epretreatment with SnPP-IX (50 µM/kg)
vs. untreated control rats undergoing laparotomy and gut manipulation (p � 0.001); fpretreatment with
hemin (50 µM/kg) vs. untreated control rats undergoing laparotomy and gut manipulation (p � 0.001);
gpretreatment with hemin (50 µM/kg) prior to SnPP-IX (50 µM/kg) vs. pretreatment with Sn PP-IX
(50 µM/kg) only (p � 0.001).

et al.21 Although the harmful effects ofNO are usually
associated with copious amounts of the molecule pro-
duced by iNOS, it is diffcult to precisely estimate
the actual amount ofNOgenerated by smoothmuscle
cells of the small intestine as NO is being rapidly
converted to NOx products or other metabolites,

which are transferred to the circulation. Enhanced
NO synthesis, evidenced by elevated urinary nitrate
secretion, has been observed after laparotomy or
extra-abdominal surgical procedures in humans.25
SnPP-IX and ZnPP-IX reversed, in a dose-depen-

dent manner, the inhibition of intestinal transit
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Fig. 8. The effects of combined treatment with NOS, HO, and COX inhibitors on the small intestinal
transit of Evans blue following skin incision (SI), or laparotomy and gut manipulation (L � M). Results
are shown as cm migration of Evans blue and are presented as a mean result � SEM of several
experiments performed in different animals (n � 5-7). Statistical significance was calculated using one-
way ANOVA followed by Bonferroni test: aSI vs L � M (p� 0.001); bpretreatment with SnPP-IX (50
µM/kg), DuP-697 or NS-398 (10 mg/kg) vs. controls undergoing the same type of operation (p � 0.01);
cpretreatment with indomethacin (IND 30 mg/kg), nimesulide (10 mg/kg) vs. controls undergoing the
same type of operation (p � 0.001); dpretreatment with resveratrol (10 mg/kg) vs. controls undergo-
ing the same type of operation (p � 0.05); erat pretreated with combination of SnPP-IX plus IND (50
µg/kg � 30 mg/kg) vs. animals undergoing the same type of operation preoperatively injected with
SnPP-IX (p � 0.001) or indomethacin only (p� 0.01); fpretreatment with combination of SnPP-IX and
resveratrol vs. animals undergoing the same type of operation, preoperatively injected with SnPP-IX
or resveratrol only (p � 0.001); gpretreatment with combination of SnPP-IX and L-NAME (30 mg/kg)
vs. animals undergoing the same type of operation, preoperatively injected with SnPP-IX only (p� 0.05).

evoked by laparotomy and attenuated the addi-
tional blockade of intestinal motility induced by
mechanical gut stimulation. Even though the use
of metalloporphrins to examine the physiological
role of HO has been criticized,28 Appleton et al.29
have demonstrated that low concentrations of some

metalloporphyrins selectively blockHO. Besides, two
arguments favor the hypothesis that the beneficial
effects of metalloporphyrins in PI may at least be
partly related to HO blockade. Firstly, ZnPP-IX and
SnPP-IX were used in doses depressing HO activity
and CO synthesis in rat.30 Secondly, L-NAME was
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unable to affect the intestinal transit after laparot-
omy3,18–19 and the pharmacological activities of
SnPP-IX and ZnPP-IX were hemin-sensitive, which
by itself aggravated the degree of intestinal transit
inhibition induced by laparotomy or laparotomy plus
gut manipulation. Thus our results imply that lapa-
rotomy triggers enhanced CO synthesis and the anti-
peristaltic effects of CO could probably result from
direct myorelaxant effects of CO. What is more,
enhanced endogenous CO production has been
demonstrated after lumbar surgery or laparoscopic
cholecystectomy.5,16,31–33 Based on the temporal pro-
file of HO expression in GI tract, one can speculate
that HO-2 appears to play a role of a likely candidate
in the amplified CO synthesis following surgical
intervention, contrasting with an increase of HO-1
expression in intestinal muscualris 3 hours and a peak
6 hours following intestinal manipulation.20
The combination of SnPP-IX and indomethacin or

resveratrol completely reversed the inhibitory action
of gut manipulation following laparotomy on the
intestinal transit of the study dye, so that the results
were not notably different from controls. On the
other hand the results of the administration of nimes-
ulide, DuP-697, and NS-398 subsequent to SnPP-
IX were not any better than the pretreatment with a
single agent, suggesting that the differential effects
of COX inhibitors may at least partially correlate to
a different selectivity toward COX isoforms.
L-NAME counteracted the beneficial effect of

SnPP-IX on gut motility after laparotomy followed
by intestinal evisceration and surgical handling. As the
combined treatment remained without any marked
effect on theGI transit ofEvans blue after skin incision
and taking into account that L-NAME showed no
noticeable action on gut motility after laparotomy,
it seems that the synthesis of either NO or CO must
remain unaffected to enable a partial return of GI
transit postoperatively. Summarizing the results dis-
cussed above, the endogenous NO, CO, and prostan-
oids do not affect small bowel propulsive motility
under normal circumstances, a contradictory hypoth-
esis to results published by some groups,5,8,32,34 but
staying in partial agreement with De Winter et al.3
and Pairet and Ruckebush.35
The determiantion of the exact source of the re-

leased NO, CO, and PG cannot be determined based
on our experiments alone, as different cell types
could synthesize and release those mediators under
a plethora of physiological and pathological condi-
tions.9–15 However, the putative explation of the
beneficial activities of COX and HO inhibitors
could have resulted from a direct or indirect interac-
tion of COX blockers with NOS, enteric nervous
system14,36–37 or their analgesic action, preventing the

activation of inhibitory spinal reflexes.38–39 In order
to study those interactions and pinpoint more pre-
cisely the exact action locus, the direct measurements
of prostanoid and their metabolite concentrations in
tissues are in progress at the moment.
Putting the acquired data in clinical context, one

must realize that although the currently used model
is relatively simple and well established,3,18–19 it pos-
sesses some drawbacks. For example, the effective
duration of PI in humans may primarily depend on
the return of colonic motility return40 and this model
provides a mixture of gastric emptying and small in-
testinal propulsion (a relation of both to each other
is not definable) but contributes to PI pathogenesis. In
contrast to the salutary effects of low concentrations
of inhaled CO,20 we have demonstrated that the en-
hanced synthesis of endogenous CO may be detri-
mental. These differences seem to be at least partially
dependent on the temporal frame of the experiment
and the model of the disease used.
Summarizing, laparotomy stimulates HO and

COX-2 activities, whereas additional gut handling
leads to NO release accompanied by COX-1 regu-
lated prostanoid synthesis.19 The combination of in-
domethacin or resveratrol with SnPP-IX turned out
most effective in the reversal of intestinal propulsion
subsequent to laparotomy, implying that the pharma-
cological blockade of two different but comple-
mentary metabolic pathways provided an effective
measure against PI development. On the other hand,
the observation that administration of L-NAME
counteracted the beneficial effect of HO blockers
indicates that at least synthesis of either NO or CO
must remain unaffected to enable a partial return of
GI transit during the postoperative period.

The authors are indebted to Dr. Zdzislaw Konstański without whose
invaluable technical expertise and patience the development and
application of the current experimental model would not have
been possible.
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Successful Perioperative Management of Factor X
Deficiency Associated With Primary Amyloidosis
Kazuaki Takabe, M.D., Ph.D., Peter R. Holman, M.D., Kenneth D. Herbst, M.D.,
Catherine A. Glass, R.N., Michael Bouvet, M.D.

Acquired bleeding abnormalities are common in patients with primary amyloid light-chain amyloidosis.
Factor X deficiency is the most common coagulopathy associated with life-threatening hemorrhagic
complications when surgery is indicated. Fresh-frozen plasma (FFP) or prothrombin complex concentrates
(PCCs) are the most frequently used blood products in this disease; however, FFP is often ineffective
in controlling bleeding and PCCs have a significant risk of thrombosis when used intraoperatively. This
report describes a patient with primary amyloidosis and factor X deficiency who underwent hemicolectomy
with preoperative and intraoperative administration of recombinant human factor VIIa and postoperative
administration of Bebulin (a PCC that contains the highest concentration of factor X). The management
was successful with no signs of bleeding postoperatively. To our knowledge, few reports of successful
perioperative management of factor X deficiency have been published to date. This is the first case report
using recombinant human factor VIIa and Bebulin in the perioperative management of factor X deficiency
associatedwith primary amyloidosis. Recombinant human factor VIIa and Bebulinmay allow for successful
perioperative management of bleeding disorders in patients with primary amyloidosis. ( J GASTROINTEST

SURG 2004;8:358–362) � 2004 The Society for Surgery of the Alimentary Tract
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The prognosis for primary amyloidosis, an intrac-
table and incurable metabolic disease, has recently
been improved as a result of new clinical data and
treatments.1–3 However, abnormal bleeding is fre-
quently observed in the management of patients with
primary amyloid light-chain amyloidosis,2 and severe
life-threatening bleeding can occur.4–6 Acquired
deficiency of factor X (Stuart factor) is the most
common coagulation factor deficiency that has been
identified and is reported to occur in 8.7% to 14%
of patients with primary amyloid light-chain amy-
loidosis1,2 because of the adsorption of factor X to
amyloid fibrils exposed to circulating blood.7 Re-
placement therapy using either fresh-frozen plasma
(FFP) or prothrombin complex concentrates (PCCs)
is typically used. However, FFP is often ineffective
because of the rapid removal of factor X from the cir-
culation,8 and PCCs have significant risk of thrombo-
embolic complications.9–13 Recently, recombinant
human factor VIIa (rhF-VIIa) was reported to be
effective in controlling the bleeding of factor X defi-
ciency.14We report herein the first case in the English
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literature of acquired factor X deficiency that was
managed successfully during right hemicolectomy
using rhF-VIIa and Bebulin without any periopera-
tive bleeding episodes.

CASE REPORT

A 52-year-old man was in excellent health until
he experienced persistent and heavy bleeding after a
tooth extraction. Three months later, he was evalu-
ated for bruising of the legs, fatigue, and anemia.
Urinalysis demonstrated the presence of kappa light
chains. Bone marrow evaluation demonstrated 60%
hypercellularity with 11% well-differentiated plasma
cells, and Congo red stain was positive for focal amy-
loid deposition. Flow cytometry demonstrated kappa
light-chain restriction. Results of cytogenetic studies
were normal. MRI of the abdomen and pelvis demon-
strated hepatosplenomegaly, with the liver measuring
24 cm and the spleen measuring 12 cm and hemato-
mas of the bilateral paraspinousmusculature and right
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buttock. Results of coagulation studies are shown in
Fig. 1, which demonstrated a significant decrease of
factorXat 25%.Thepatientwas diagnosedwith factor
X deficiency associated with primary amyloid light-
chain amyloidosis. The patient received five monthly
cycles of chemotherapy with melphalan and predni-
sone. The patient tolerated the chemotherapy well,
but the bone marrow biopsy remained unchanged
with stable amyloid deposition.
The patient then underwent colonoscopic evalua-

tion for fecal occult blood and was subsequently diag-
nosed with a large villous adenoma in the right colon.
A severe coagulopathy persisted (see Fig. 1). The beta
2 microglobulin was elevated at 3.19 (normal range
0.8 to 3.0 mg/L), and abdominal fat aspiration was
positive for amyloid deposition. Cardiology evalua-
tion demonstrated concentric left ventricular thick-
ening together with right ventricular thickening, but
the ejection fractionwas normal. The interventricular
septal wall thickness was 17 mm (normal range 7 to
11 mm) and had remained stable from a prior study 6
months earlier. Results of pulmonary function testing
were normal, and a skeletal survey showed no lytic
lesions. These results suggested that the patient was
a reasonable candidate for high-dose chemotherapy
and stem cell transplantation to palliate his am-
yloidosis; however, the large colon polyp required
removal for diagnostic purposes prior to transplant.
Subsequently the patient underwent a colonoscopy
in an attempt to remove the polyp. In preparation
for the possible polypectomy, the patient was given 4

Fig. 1. Preoperative changes in coagulation parameters. The
patient demonstrated worsening of coagulopathy preopera-
tively. Closed circles � factor X; closed squares � prothrom-
bin time (PT); open squares � international normalized ration
(INR), and closed triangles � partial thromboplastin time
(PTT).

units of FFP, 10 units of cryoprecipitate, andDDAVP
(Desmopressin; 1-desamino-8-d-arginine); however,
this treatment failed to correct the prothrombin time.
A therapeutic colonoscope was used, which demon-
strated a very large sessile right colon polyp measur-
ing 3 to 4 cm with a very broad base without a thin
stalk. Active oozing from the edges was also observed.
A jumbo (30 mm) snare was not able to pass over the
top of the polyp because of the large size. At this
point it was decided that the polyp was best removed
surgically because of both the risk of perforation
and the risk of either immediate or delayed bleeding.
Preoperatively the patient was coagulopathic with

factor X of 18%. First, Bebulin, a plasma-derived
PCC that contains relatively greater ratios of factor
X than the other available PCCs, was given at a dosage
of 60 units/kg intravenously to evaluate its effect on
prothrombin time/international normalized ratio
(Fig. 2, A). Although Bebulin successfully corrected
the plasma factor X level, we were not able to use it
intraoperatively because it is known to have procoag-
ulant potential and may cause disseminated intravas-
cular coagulation. Therefore rhF-VIIa (Novoseven),
at a dosage of 90 µg/kg, was given intravenously over
5 minutes at 9 hours prior to surgery (Fig. 2, B) and
a right hemicolectomy was performed. RhF-VIIa, 90
µg/kg, was given again immediately before surgery
was begun and every 2 hours for the next 20 hours
because of the very short half-life of factor VIIa
(Fig. 3). During the operation, massive hepatomegaly
overlying the spleen and stomach was observed. Ini-
tially, a splenectomy combined with hemicolectomy
was planned to help improve the factor X–related
coagulopathy14 for the treatment of amyloidosis.
However, intraoperatively it was thought that the
risks of splenectomy would outweigh the benefits.
The rhF-VIIa was followed by the administration of
Bebulin at a dosage of 100 units/kg intravenously
every 12 hours for 3 days and then daily for 2 days.
Estimated blood loss from surgery was 200 ml. The
hematocritwasmaintainedbetween26.9%and31.9%
throughout the hospital course and was improved
from 24.3% preoperatively with 4 units of packed
red blood cells transfused only once before surgery.
Pathologic diagnosis of the resected specimen was
villoglandular adenomameasuring 2.9 × 2.6 × 2.5 cm.
The patient’s postoperative course was free of any
complications, and he was discharged on postopera-
tive day 8, without any complaints or signs of
bleeding.

DISCUSSION

Primary amyloidosis is a serious systemic disease
with an incidence of 8 patients per 1 million persons
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Fig. 2. Preoperative effects of Bebulin (A) and rhF-VIIa (B) on coagulation parameters. Time course
of factor X (closed circles), prothrombin time (PT) (closed squares), international normalized ratio (INR)
(open squares), and partial thromboplastin time (PTT) (closed triangles) after infusion of Bebulin, 60 U/kg
(A) and rhF-VIIa, 90 µg/kg (B).

per year.15 Median survival of untreated patients is 13
months from the time of diagnosis.16 Recently, how-
ever, with the introduction of chemotherapy with
stem cell transplantation, life expectancy appears to
have improved dramatically with a 4-year survival rate
of 60% in carefully selected patients.3 Abnormal
bleeding is frequently observed in patients with pri-
mary amyloid light-chain amyloidosis,2 and severe
life-threatening bleeding can occur.4–6 In addition,
some cases require surgical intervention for gastro-
intestinal bleeding,17–19 and providing adequate he-
mostasis for surgical procedures can be challenging.20
It has been previously reported that less than 5%
of primary amyloidosis is associated with factor X
deficiency,15 but recent larger series of 368 and 337
patients demonstrated that the incidence is higher
(8.7 %1 and 14 %,2 respectively).
Factor X is an indispensable coagulation factor,

important in both the intrinsic and extrinsic coagula-
tion pathways where they merge into the common
pathway with the activation of factor X. In its acti-
vated form, factor X converts prothrombin to throm-
bin. Thrombin then cleaves fibrinogen to fibrin,
allowing clots formation to occur. It is believed that
acquired factor X deficiency in amyloidosis is caused
by adsorption of factor X to amyloid fibrils exposed to
circulating blood.7 This is based on the observation
that factor X is cleared rapidly from the circulation
with immobilization of the protein in the vascula-
ture.8 Therefore replacement therapy of factor X
often cannot meet the demand, and splenectomy to
remove the reservoir of amyloid fibrils has been re-
ported to improve the coagulation abnormality.21 To-
gether with the fact that splenectomy may be an

effective management strategy for patients with amy-
loidosis-associated factor X deficiency, along with the
prolonged life expectancy due to improved treatment
modalities, the likelihood that such patients will re-
quire surgical intervention appears to be increasing.
To our knowledge, perioperative management of

factor X deficiency associated with amyloidosis has
rarely been described. FFP and PCCs are most com-
monly used as replacement therapy because no puri-
fied factor X concentrate is available.22,23 However,
administration of FFP only rarely improves clinical
bleeding24,25 or factor X levels.26 The biologic half-
life of exogenous factor X is 20 to 40 hours, so al-
though administration of PCC was reported to
improve clinical bleeding only poorly and tran-
siently,4 an adequate factor X level can be built up
with repeated infusions. Intermediate-purity factor
IX PCCs, such as Bebulin, contain significant
amounts of factor X. However, use of PCCs in bleed-
ing as a result of factor X deficiency involves a signifi-
cant risk of thromboembolic complications such as
disseminated intravascular coagulation and myo-
cardial infarction,9–13 which is probably related to
the presence of activated coagulation factors.22
Therefore we believe that using PCCs to obtain high
levels of factor X intraoperatively poses too great
a risk.
Recently use of rhF-VIIa was reported to be effec-

tive in treating congenital factor X deficiency.14,27
The mechanism of factor VIIa treatment is very com-
plex and unclear. It has been postulated that rhF-
VIIa binds to tissue factor exposed on activated cells,
and the tissue factor VIIa complex activates factor X
and factor Xa greatly enhances thrombin generation
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Fig. 3. Perioperative regimen and changes in coagulation parameters. Perioperative time course of factor
X (closed circles), prothrombin time (PT) (open squares), and partial thromboplastin time (PTT) (open
diamonds) during perioperative regimen of rhF-VIIa and Bebulin.

on the platelet surface.27 In addition, high concentra-
tions of factor VIIa may bind to activated platelets
and enhance local thrombin formation.28 Our patient
was treated with 4 units of FFP, 10 units of cryopre-
cipitate, andDDAVP prior to polypectomy, with fail-
ure to correct the prothrombin time. On the other
hand, rhF-VIIa followed by Bebulin treatment dem-
onstrated the correction of both prothrombin time
and factor X level (see Fig. 2). It is known that rhF-
VIIa can activate coagulation factor X when combined
with tissue factor.14 Bebulin is an intermediate-purity
factor IX PCC that contains more factor X than
any other available PCCs.Therefore it was clear in our
patient that rhF-VIIa/Bebulin treatment was supe-
rior in terms of correcting coagulopathy compared
with FFP/cryoprecipitate/DDAVP treatment.
As a definitive treatment for amyloidosis, chemo-

therapy and autologous stem cell transplantation can
improve life expectancy in selected patients. How-
ever, gastrointestinal bleeding does occur, even with
stem cell transplantation.29 Therefore we believe that
our experience will provide very useful information,
even in the era of stem cell transplantation. It is
obvious that drawing conclusions from a single case
is always tenuous, and experience with this man-
agement in additional patients is clearly needed to

confirm its benefits. However, we believe that rhF-
VIIa/Bebulin treatment was useful in our patient,
and we suggest that it be considered as one option
for perioperative management of factor X defi-
ciency in patients with primary amyloid light-chain
amyloidosis.
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Treatment of Gallstone and Gallbladder Disease

Introduction

Gallstone disease represents a national health care
problem, resulting in more than 600,000 cholecystec-
tomies per year. The majority of these operations are
for symptomatic gallstone disease. Nearly 90% of
cholecystectomies are performed laparoscopically.
Alternative forms of treatment are palliative rather
than curative.

Symptoms and Diagnosis

Most patients with gallstones do not have symp-
toms. Natural history studies show that patients with
asymptomatic gallstones incidentally discovered will
develop symptoms at a rate of approximately 1.5%
to2.0%ofpatients per year.Typical biliarypaindue to
gallstones is a temporary (ranging from 30 minutes
to 24 hours) epigastric or right upper abdominal pain
after meals. The pain may at times radiate to the
right flank, back, or shoulder. In some patients, the
symptoms are mild and consist of vague indigestion
or dyspepsia. The diagnosis of gallstones is usually
established by ultrasonography. Ultrasound findings
of a thickened gallbladder wall and fluid around the
gallbladder suggest the presence of acute cholecysti-
tis. Radionuclide scanning is not a useful test for the
diagnosis of gallstones, but it is useful in diagnosing
acute cholecystitis.

Treatment

A surgeon should see the patient within a fewweeks
of an attack if the acute episode has resolved or symp-
toms are mild. Patients with significant right upper
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quadrant tenderness, fever, or elevated white blood
cell count should see a surgeon the same day. The
presence of gallstones without abdominal symptoms
is not an indication for cholecystectomy unless there
is a predisposition for malignancy—that is, the gall-
bladder wall is calcified or there is a family history
of gallbladder cancer. Once a patient with gallstones
becomes symptomatic, elective cholecystectomy is
indicated. The primary indication for urgent chole-
cystectomy is acute cholecystitis. Gallstone pancreati-
tis, choledocholithiasis (common duct stones), and
cholangitis require surgical consultation. Patients
with recurrent symptoms typical of biliary pain, but
without gallstones on ultrasound imaging, should be
referred for surgical consultation.
Cholecystectomy may be performed by laparos-

copic techniques or by laparotomy.The advantages of
the laparoscopic approach are less pain, shorter hospi-
tal stay, faster return to normal activity, and less ab-
dominal scarring. Alternative nonstandard forms of
treatment include dissolution of gallstones with oral
agents, extracorporeal shock wave lithotripsy, and in-
stilling solvents directly into the gallbladder. Oral
dissolution therapy has limited efficacy and is costly.
Shock wave lithotripsy and contact dissolution are
not approved by the FDA for definitive treatment
of gallstones.

Risks

The risks are low in patients undergoing elective
cholecystectomy and include the following: injury to
the bile ducts, retained stones in the bile ducts, or
injury to surrounding organs. The bile duct injury
rate is approximately 0.5% of operated patients for
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laparoscopic cholecystectomy. The presence of ana-
tomic variations and inflammation contribute to an
increased risk of complications including bile duct
injury. The mortality rate in a good-risk patient un-
dergoing elective operation is less than 0.1%. Opera-
tive risks usually arise from comorbid conditions such
as cardiac or pulmonary disease.

Conversion of Laparoscopic Cholecystectomy
to an Open Procedure

A laparoscopic approach is feasible in most pa-
tients. Conversion to an open procedure may be re-
quired because of the presence of adhesions, difficulty
in delineating the anatomy, or a suspected complica-
tion. Conversion is more often necessary in elderly
patients and those with prior upper abdominal op-
erations, a thickened gallbladder wall, or acute cho-
lecystitis. The incidence of conversion to an open
procedure is approximately 5%, depending on the
patient population.

Expected Outcomes

The majority of good-risk patients undergoing
elective laparoscopic cholecystectomy can usually be
discharged from the hospital the same or the next
day. High-risk patients and those undergoing emer-
gency operations may require longer hospital stays.
When open cholecystectomy is performed, patients
are usually discharged after two or three nights in the
hospital.Hospitalizationmaybeprolonged inpatients
requiring placement of abdominal drains, exploration
of the bile duct, or those with complicated biliary
tract disease. Nearly 95% of patients experience relief
of biliary pain after cholecystectomy. The remaining
5% may have a cause of pain other than gallstones.
Patients with dyspepsia or diarrhea before surgery
may find that these symptoms persist after operation.

Treatment of Common Duct Stones

Common duct stonesmay be removed either endo-
scopically or surgically. The endoscopic approach

may be indicated for patients with cholangitis, ob-
structive jaundice, and in selected patients with gall-
stone pancreatitis. Endoscopic clearance of common
duct stones is an effective treatment but may be com-
plicated by pancreatitis, bleeding, or perforation in
up to 5% of cases. Surgical removal of common duct
stones can be performed by means of open or laparo-
scopic techniques with appropriate equipment and
surgical expertise. Open cholecystectomy with com-
mon bile duct exploration is a safe and effective treat-
ment, especially in acutely ill patients. Because
most common duct stones arise from the gallbladder,
cholecystectomy is also indicated unless the patient
is a poor operative risk.

Costs

Cholecystectomy is cost-effective compared to al-
ternative treatments. It definitively treats the disease
and reliably alleviates the symptoms.

Qualifications for Performing Surgery
on the Gallbladder

At a minimum, surgeons who are certified or eligi-
ble for certification by the American Board of Sur-
gery, the Royal College of Physicians and Surgeons
of Canada, or their equivalent should perform laparo-
scopic and open cholecystectomy. In addition to the
standard residency training, qualifications should
be based on training, experience, and outcomes.
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Introduction

Groin hernias include inguinal and femoral her-
nias. Repair of groin hernias is one of the most com-
monly performed outpatient surgical procedures.
They are most commonly seen in men. Although
these hernias afflict persons of all ages, this guideline
will consider only the adult patient.
A groin hernia is not a “rupture,” per se, but rather

a groin bulge or mass that develops as a result of
weakened layers of the abdominal wall and protrusion
of intra-abdominal contents through a defect in the
wall. Direct inguinal hernias develop when the pos-
terior portion of the inguinal canal attenuates,
allowing the nearby contents of the abdominal cavity
to protrude, whereas an indirect inguinal hernia
occurs along the spermatic cord or round ligament
in the inguinal canal. A femoral hernia passes behind
the area of a direct hernia and follows the femoral
vessels. These hernias are uncommon and occur
mostly in women.

Symptoms and Diagnosis

Patients with inguinal hernias typically present
with vague groin pain. However, inguinal hernias
may be asymptomatic, discovered incidentally during
physical examination, or present as a bulge discovered
by the patient. Because most hernias should be re-
paired, the patient should be referred to a surgeon
for evaluation and possible operative treatment. So-
phisticated tests are not required because the diag-
nosis can usually be made on physical examination,
which is best performed with the patient standing and
straining against a held breath (Valsalva maneuver).
Ultrasound and diagnostic x-rays also are not usu-
ally necessary.

� 2004 The Society for Surgery of the Alimentary Tract 1091-255X/04/$—see front matter
Published by Elsevier Inc. doi:10.1016/j.gassur.2003.11.026 365

More difficult to diagnose is the occasional patient
with groin pain but no history of groin bulge and
without physical findings of a hernia by the primary
physician or surgeon. Such a patient may not have a
hernia but rather a groin muscle strain. In contrast,
if a hernia is not found on physical examination,
but the patient describes a groin bulge, a hernia is
likely present. Femoral hernias often present as pain
below the groin crease, rather than a bulge, and
are particularly difficult to diagnose in elderly or obese
patients with sudden groin pain but no physical find-
ings of groin hernia of any type.
Themajority of groin hernias are readily reducible,

have minimal or no tenderness, and can be electively
referred to a surgeon within a period of weeks. How-
ever, if the hernia is tender and not reducible, the
patient should be referred immediately because the
patient may have strangulated bowel or other viscera
trapped in the hernia. Aggressive attempts to reduce
a groin hernia with sedation, ice packs, or sustained
weight or pressure should not be pursued. Symptoms
such as nausea and vomiting suggest bowel obstruc-
tion, whichmandates immediate referral to a surgeon.

Treatment

Because patients with groin hernias are usually
offered and receive elective repair, the incidence of
emergent incarcerated (nonreducible) hernias is rela-
tively low. Urgent repair is required for a sudden,
nonreducible hernia or a chronically incarcerated
hernia that becomes acutely painful or tender, as this
indicates impending strangulation. Although severe
morbidity and mortality can be avoided by prompt
diagnosis and operation, this clinical emergency
causes the death of more than 2000 patients per year
in North America.
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Most inguinal hernias that should be repaired are
symptomatic or are enlarging over time. Hernia belts
should be discouraged and should be limited to pa-
tients who are not candidates for elective operation.
Their use can lead to a more difficult repair and a
higher risk of complications or recurrence. Femoral
hernias should almost always be repaired because of
the high incidence of bowel strangulation. Patients
with groin hernias should undergo surgical evaluation
within a month after detection. Urgent repair is re-
quired for all painful, nonreducible hernias, whereas
asymptomatic hernias can be repaired electively. El-
derly patients with minor comorbid conditions will
easily tolerate an outpatient elective hernia repair,
thus avoiding emergent repair of an incarcerated
hernia. The timing of repair is determined by the
symptoms.
The objective of any inguinal or femoral hernia

operation is to repair the defect in the abdominal
wall. The three basic approaches are as follows: (1)
open repair (the traditional repair, which uses the
patient’s own tissues); (2) open, tension-free repair
(in which mesh is used to bridge or cover the defect);
and (3) laparoscopic repair, a tension-free repair that
also uses mesh. Open techniques of hernia repair
can be performed under local, regional, or general
anesthesia, whereas laparoscopic hernia repair re-
quires general anesthesia.
Because of the presently higher cost and complex-

ity of laparoscopic repair, open repair is more fre-
quently performed.

Risks

The risk of infection or a significant hematoma
after operation is approximately 1%. Hernias recur in
5% to 10% of patients and these recurrences require
another repair.

Expected Outcomes

Short-term outcome studies suggest that a quick
return to normal activities can be achieved after both
open and laparoscopic hernia repair. Usual daily ac-
tivities can be resumedwithin a few days after surgery,
depending on the patient’s comfort level. Oral pain
medications are needed for only a few days.

Qualifications for Performing Inguinal and
Femoral Hernia Repairs

Surgeons who are certified or eligible for certifica-
tion by the American Board of Surgery, the Royal
College of Physicians and Surgeons of Canada, or
their equivalent should perform both elective and
emergent inguinal hernia repair. These surgeons have
successfully completed at least 5 years of surgical
training after medical school graduation and are
qualified to perform open inguinal hernia repair, with
and without tension-free techniques. Advanced lapa-
roscopic training is required for laparoscopic groin
hernia repair. The qualifications of the surgeon
should be based on training (education), experience,
and outcomes.
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procedures on the alimentary tract or related organs. They are based on a critical review of the literature
and expert opinion. Together these sources of information result in a consensus that is recorded in
the form of these Guidelines. The consensus addresses the range of acceptable clinical practice and should
not be construed as a standard of care. These Guidelines will require periodic revision to ensure that
clinicians utilize procedures appropriately, but the reader must realize that clinical judgment may justify
a course of action outside of the recommendations contained herein. If you would like to ask a medical
question, please use the SSAT Directory to find an SSAT physician in your area. (J GASTROINTEST SURG
2004;8:367–368) � 2004 The Society for Surgery of the Alimentary Tract

Introduction

Esophageal achalasia is a primary esophageal mo-
tility disorder of unknown etiology. It is characterized
by absence of esophageal peristalsis and increased or
normal resting pressure of the lower esophageal
sphincter (LES), which fails to relax completely in
response to swallowing.

Clinical Presentation

Dysphagia is the most common symptom and is
experienced by virtually all patients. Regurgitation
is the second most common symptom and is present
in approximately 60% of patients. It occurs more
often in the supine position and exposes the patients
to the risk of aspiration of undigested food. Chest
pain occurs in approximately 40% of patients and is
usually experienced at the time of a meal. Heartburn
occurs in approximately 40% of patients. In untreated
patients, this symptom is usually due to stasis and
fermentation of food in the esophagus or esophageal
distention.

Diagnosis

In addition to careful symptomatic evaluation, a
number of tests should be routinely performed.
Barium swallow usually shows narrowing at the level
of the gastroesophageal junction and various degrees
of esophageal dilatation. Endoscopy with biopsy, if
indicated, is important to rule out the presence of a
peptic stricture or cancer and gastroduodenal pathol-
ogy. Esophageal manometry is the key test for estab-
lishing the diagnosis. The classicmanometric findings
are absence of esophageal peristalsis and a hyperten-
sive or normotensive LES, which fails to relax com-
pletely in response to swallowing.
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Prolonged pHmonitoringmay be helpful preoper-
atively in patients who have previously failed treat-
ment with pneumatic dilatation, botulinum toxin
(Botox), or surgical myotomy, for whom a myotomy
is planned. Demonstration of reflux clearly indicates
the need for a gastric fundoplication in addition to
the myotomy.
In patients over the age of 60 years, with recent

onset of dysphagia and excessive weight loss, second-
ary or pseudoachalasia should be ruled out. Because
cancer of the gastroesophageal junction is the most
common cause of pseudoachalasia, endoscopic ultra-
sound imaging or a CT scan of the gastroesophageal
junction can help to establish the diagnosis.

Treatment

Treatment is palliative, and it is directed toward
elimination of the outflow resistance at the level of
the gastroesophageal junction. Several treatment mo-
dalities are available to achieve this goal.
Pneumatic dilatation has a success rate between

70% and 80%. Gastroesophageal reflux occurs after
dilatation in 25% to 35% of patients. Up to 5% of
patients may sustain a perforation at the time of a
dilatation. These patients may require open surgery
to close the perforation and perform a myotomy.
Intrasphincteric injection of botulinum toxin re-

sults in initial relief of symptoms in approximately
60% of patients, but this is transitory and symptoms
will return in the majority of patients within a year.
Subsequent injections are less effective and the bene-
fit is of briefer duration. In addition, this treatment
may cause an inflammatory reaction at the level of
the gastroesophageal junction, which obliterates the
anatomic planes. Consequently a subsequent myot-
omy is more difficult, is followed by a mucosal perfo-
ration more frequently, and the relief of dysphagia
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is less predictable. Because of these shortcomings,
botulinum toxin should be reserved for elderly or
high-risk patients who are poor candidates for dilata-
tion or surgery.
Traditionally, pneumatic dilatation has been the

first line of treatment for esophageal achalasia,
whereas surgery was reserved for patients who had
persistent dysphagia after multiple dilatations or who
had suffered a perforation during dilatation.
Today, minimally invasive surgery has completely

changed this treatment algorithm, and a laparoscopic
Heller myotomy and partial fundoplication are pre-
ferred by most gastroenterologists and surgeons as
the primary treatment modality. Critical details of
the operation include a 7 cm myotomy of the lower
esophagus, extending 2 cm onto the gastric wall. Be-
cause of the lack of esophageal peristalsis, a partial
(Dor or Toupet) rather than a total fundoplication is
frequently added to prevent reflux. Patients are usually
able to eat on the morning of the first postoperative
day, and can be discharged home after one or two days.
The need for esophagectomy for achalasia is un-

common, even in the presence of a dilated esophagus,
and should be reserved for failures after myotomy.
All patients undergoing treatment for achalasia

should be followed by surveillance endoscopy, be-
cause they are at increased risk for development of
both squamous carcinoma and adenocarcinoma.

Risk

Aspiration of retained food in the esophagus at the
time of induction of anesthesia and perforation of
the esophageal mucosa are the most common opera-
tive complications. Persistent or recurrent dys-
phagia occurs in 5% to 10% of patients. A complete
workup is necessary to evaluate the cause of the dys-
phagia in these patients. Either pneumatic dilatation
or a second operation can often correct the problem.
Up to 15% of patients may experience gastroesopha-
geal reflux after myotomy, as measured by 24-hour
pH monitoring. In patients undergoing elective my-
otomy, the mortality rate is less than 1%.

Expected Outcomes

Approximately 90% of patients have long-term
relief of dysphagia after a myotomy, with a low inci-
dence of symptomatic acid reflux. Patients should
undergo 24-hour pH testing routinely after surgery,
as reflux is often asymptomatic. The patient should
be treated with proton pump inhibitors if acid reflux
is present.

Qualifications for Performing Operations
for Achalasia

At a minimum, surgeons who are certified or eligi-
ble for certification by the American Board of Sur-
gery, the Royal College of Physicians and Surgeons
of Canada, or their equivalent should perform opera-
tions for achalasia. These surgeons have successfully
completed at least 5 years of surgical training after
medical school graduation and are qualified to
perform Heller myotomy and fundoplication proce-
dures. The level of training in advanced laparoscopic
techniques necessary to conduct minimally invasive
surgery of the esophagus is important to assess.
The qualifications of a surgeon performing any oper-
ative procedure should be based on training, experi-
ence, and outcomes.
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Surgical Repair of Incisional Hernias

These Guidelines have been written by the Patient Care Committee of The Society for Surgery of the
Alimentary Tract (SSAT). Their goal is to guide physicians to the appropriate utilization of surgical
procedures on the alimentary tract or related organs. They are based on a critical review of the literature
and expert opinion. Together these sources of information result in a consensus that is recorded in
the form of these Guidelines. The consensus addresses the range of acceptable clinical practice and should
not be construed as a standard of care. These Guidelines will require periodic revision to ensure that
clinicians utilize procedures appropriately, but the reader must realize that clinical judgment may justify
a course of action outside of the recommendations contained herein. If you would like to ask a medical
question, please use the SSAT Directory to find an SSAT physician in your area. (J GASTROINTEST SURG
2004;8:369–370) � 2004 The Society for Surgery of the Alimentary Tract

Introduction

Surgery in the abdomen requires creation and sub-
sequent closure of an abdominal incision that is never
as strong as the original abdominal wall. Weakening
of surgical closures over time may result in the devel-
opment of an incisional hernia, which is estimated to
occur in 3% to 13% of primary abdominal incisions.
Recurrence rates after incisional hernia repair are
markedly higher and are estimated to range from 25%
to 50%. Factors that contribute to the development of
incisional hernias include wound infections, obesity,
diabetes, and smoking. Reasons for repairing inci-
sional hernias are as follows: (1) to relieve symptoms;
(2) to prevent gradual enlargement over time; and (3)
to avoid incarceration and strangulation of bowel.

Symptoms and Diagnosis

Incisional hernias can present in a variety of differ-
ent ways, but the most frequent complaint is pain.
The pain is usually located over the hernia and is
greatest at the fascial margins. It is usually dull in
nature and typically does not radiate. Straining ma-
neuvers may exacerbate pain or demonstrate a pre-
viously unnoticed defect. Patients may describe
changes in bowel habits that can result from incarcer-
ation of abdominal viscera. The presence of an irre-
ducible hernia should prompt surgical referral. Sharp
pain or peritoneal signs suggest the possible diagno-
sis of strangulation; urgent surgical referral is then
necessary.
The diagnosis is made by physical examination.

Findings may include a visible bulge or palpable fas-
cial edges. The size and number of fascial defects are
often difficult to determine preoperatively. Usually
the clinical examination represents the “tip of the
iceberg”; additional fascial defects not appreciated
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preoperatively are often identified at operation. A
palpable mass in a suspected incisional hernia should
not be aspirated because this mass may contain bowel.

Treatment

There are many ways to surgically repair incisional
hernias. Smaller incisional hernias (�3 cm.) can be
repaired with primary tissue approximation with su-
tures. Repair of larger defects generally requires the
use of prostheticmaterials, which allows for a tension-
free repair. Laparoscopic techniques may be used for
repair of incisional hernias in selected patients. Poten-
tial benefits of the laparoscopic approach include
good visualization of all fascial defects and smaller
incisions with less pain and quicker recovery.

Risks

The risks of incisional hernia repair include
“seroma,” wound infection, injury to intra-abdominal
structures, and recurrent hernia. Major complica-
tions such as a mesh infection or enterocutaneous
fistula may result in prolonged morbidity and
require reoperation.

Expected Outcomes

Successful repair can be expected in the majority
of cases. The risk of recurrence increases markedly in
patients who have had previous failed repairs, in pa-
tients with very large hernias, and in cases where
one or more margins of the hernia defect is bone or
cartilage. There are no studies yet published that
provide good evidence comparing laparoscopic and
open repairs.
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After surgery, patients are instructed to limit activ-
ity for varying lengths of time according to surgeon
preference. Limitations on lifting and straining are
generally recommended for several weeks after sur-
gery. Limitations on activity after the laparoscopic
approach are generally of shorter duration than fol-
lowing traditional open repairs.

Qualifications for Performing Incisional
Hernia Repairs

Surgeons who are certified or eligible for certifica-
tion by the American Board of Surgery, the Royal
College of Physicians and Surgeons of Canada, or
their equivalent should perform both elective and
emergent incisional hernia repair. These surgeons
have completed at least 5 years of surgical training
after medical school graduation and are qualified to
perform open incisional hernia repair with and with-
out tension-free techniques. The level of training in
advanced laparoscopic techniques necessary to

conduct minimally invasive incisional herniorrhaphy
has not been formally determined, but surgeons with
advanced laparoscopic experience are qualified to per-
form this procedure.

SUGGESTED READINGS
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Letters to the Editors

DiO-Labeled CC531s Colon Carcinoma Cells
Traverse the Hepatic Sinusoidal Endothelium
via the Fas/FasL Pathway

To the Editor:

We have read with great interest the article by
Haier et al.1 in the May-June 2003 JOURNALOF GAS-
TROINTESTINAL SURGERY issue, titled: “An Intravital
Model to Monitor Steps of Metastatic Tumor Cell
AdhesionWithin the Hepatic Microcirculation.” Re-
cently, our group discussed a similar method to
trace labeled CC531s cells.2 Haier et al. used Calcein
AM, whereas in our study DiO, a stable lipophilic
fluorescent probe, was used. This DiO-labeling
method was applied in combination with confocal
laser scanning microscopy (CLSM) after perfusion
fixation of the liver. In this way, labeled tumor cells
could be traced over a depth of more than 100 µm.2
This method has been reviewed in Biophotonics Inter-
national.3 Furthermore, in order to visualize liver
macrophages, latex beads were injected into the
penile vein prior to perfusion-fixation. This enabled
us to visualize early interactions of Kupffer cells (KC)
and CC531s tumor cells. Our observations clearly
demonstrate phagocytosis of CC531s by KC. After
1 hour of circulation of the CC531s, the KC form
protrusions around the CC531s. After 8 hours the
CC531s are inside the cell, resulting in double-la-
beled KCwith TRITC-latex beads andDiO-CC531s
remnants.2 The cells, however, were still present in
the sinusoids. Haier et al., in contrast, visualized that
the majority of the adherent colon carcinoma cells
were found outside the sinusoids. Also Mook et
al.4 recently discussed a comparable model using
eGFP-labeled CC531s cells in combination with in-
travital microscopy. However, Mook et al.3 did not
observe adherence of the CC531s to the endothelium.
In contrast, based on their observations, they postu-
late that CC531s become trapped in the sinusoids
and proliferate from there on.
Based on the observations by Haier et al.,1 it is

unclear how the CC531s cells pass the hepatic si-
nusoidal endothelial lining. In the August 2003 issue
of Liver International, we showed that when Fas on
liver sinusoidal endothelial cells (LSECs) binds to
its ligand on CC531s cells, apoptosis is induced.5 By
this means a gateway is made through the endothelial
lining and CC531s can pass through to the liver pa-
renchyma. In our study CC531s cells induced
apoptosis in LSECs in vitro after 18 hours; however,
after 3 hours no apoptosis could be measured. When
a CC531s cell is trapped in the liver sinusoid, the
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Fig. 1. Scanning electron microscopic image of a hepatic Si-
nusoid (S) with a CC531s cell (CC). Note the hepatocytes
(HC), which border the sinusoid (S); CC531s cell is arrested
in the sinusoid 18 hours after injection. The endothelial lining
shows severe damage in the form of Gaps (G). Scale bar� 1 µm.

sinusoidal lining is disrupted as visualized with scan-
ning electron microscopy at 18 hours (Fig. 1.). Inter-
estingly, Haier et al.1 visualized extravasation of the
CC531s after 30 minutes.
Therefore, we postulate that CC531s cells open

the endothelial lining by inducing apoptosis in the
LSECs. The access to the parenchyma is free.
Once the colon cancer cells are inside the paren-
chyma, they can not be accessed by the local immune
system, hepatic natural killer cells and Kupffer cells.

Katrien Vekemans, Filip Braet,* and Eddie Wisse
Laboratory for Cell Biology and Histology
Free University Brussels (VUB)
Brussels-Jette, Belgium

*Current address: Flanders Institute for Biotechnology (VIB)
Department for Molecular Biomedical Research
Molecular Cell Biology Unit
Ghent University (UGent)
Ghent, Belgium
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Reply

Based on their results, Vekemans et al. postulate
that successful tumor cell adhesion within the liver
sinusoids can induce endothelial cell apoptosis with
subsequent exposure of the underlying parenchyma—
a process that starts later than 3 hours but was visual-
ized after 18 hours. They report that the Fas-ligand
binding appears to be responsible for the ability of
colon carcinoma cells to invade the liver parenchyma
mediated by the resulting gaps within the endothelial
cell lining. Once the tumor cells reached the liver
parenchyma, they were no longer accessible for
immune responses. Their figure provides evidence
from electron microscopy that (1) the endothelial
lining of the liver sinusoids has gaps in the direct
neighborhood of the adherent tumor cells, and (2) a
remaining vessel lumen surrounds the adherent
tumor cell.
In their comments, Vekemans et al. discuss poten-

tial controversies between the time course of endo-
thelial cell apoptosis in their experiments and the
tumor cell migration into the liver parenchyma found
in our study. However, under physiologic conditions
the endothelial layer within liver sinusoids is incom-
plete and contains gaps leaving extracellular matrix
proteins, such as fibronectin and vitronectin, directly
accessible for circulating cells in the space of, Disse.
Therefore, circulating tumor cells can use integrins
and selectins to specifically bind to microvascular
structures within the hepatic sinusoids (Haier et al.,
unpublished results). Furthermore, although induc-
tion of endothelial cell apoptosis may enhance the
ability of adherent tumor cells tomigrate into the liver
parenchyma, the resulting damage within the endo-
thelial layer appears not to be a prerequisite for the
extravasation.

Using a similar technique to the one used in our
study, Mook et al.1 did not observe specific cell adhe-
sion but noted size-restricted cell entrapment within
the sinusoids. This group, however, injected very high
numbers of cells (5 × 106 in 0.5 ml) directly into
the portal vein. In our study we found that this
procedure results in severe disturbances of the hepatic
microcirculation with subsequent occlusion of sinu-
soids with cell clusters. In our opinion, these findings
do not reflect the physiologic conditions during me-
tastasis formation. Therefore we used injection of
lower numbers of tumor cells (1 × 106 in 1 ml) into
the systemic circulation. As described in our report,
we compared this approach with other routes of cell
application and found that cellular adhesive interac-
tions were independent whether the cells were in-
jected intracardially (left or right heart) or into the
portal vein. Furthermore, circulating tumor cells that
were able to pass the liver microcirculation were still
observed 30 minutes after injection; during this time
the cells had to pass different capillary beds several
times without mechanical cell arrest.
In summary, the data provided by Vekeman et al.

are not in contrast to the early extravasation of colon
carcinoma cells in our study. The induction of the
Fas/FasL-mediated endothelial cell apoptosis may
improve the accessibility of extracellular matrix pro-
teins for the tumor cells resulting in enhanced migra-
tion into the parenchyma at later time points, as
described by Koop et al.2

Dr. Jorg Haier
Head, Molecular Biology Laboratory
Department of General Surgery
Muenster University Hospital
Muenster, Germany
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