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In the year 2003, an estimated 42,000 new cases
of rectal cancer are predicted to occur in the United
States alone.1 Despite this alarming statistic, the age-
adjusted cancer death rates from cancer of the colo-
rectum have steadily declined over the past two
decades. The reason for this improvement is a direct
consequence of colorectal cancer screening, diagnos-
tic tests, surgical technique, chemoradiation, andmed-
ical support.At thebeginningof thetwentieth century,
therapy for rectal cancer involved perineal excision
or fecal diversion to palliate symptoms of bleeding
or obstruction. Miles recognized that effective treat-
ment of rectal cancer required removal not only of the
primary tumor but also of lymphatic routes of spread,
and in 1908 he revolutionized the treatment of rectal
cancer by introducing abdominoperineal resection
(APR). Subsequently, lesser operations that spare the
anal sphincter have been reintroduced with accept-
able results in selected patients. In addition, more
extensive operations that remove involved neigh-
boring structures along with locally advanced tumors
may now be done with a reasonable chance of long-
term survival and good quality of life in some patients.
During the past decade, chemotherapy and radiation
have been shown to be of benefit in both adjuvant
and neoadjuvant settings. In this article, an overview
of current management practices for rectal cancer,
with an emphasis on surgical options, is presented.

DIAGNOSIS
History and Physical Examination

Questions are asked pertaining to family history
of colorectal cancer, bleeding, change in bowel habits,
and weight loss. Masses are sought on abdominal and
digital rectal examination. If the tumor is within the
reach of the examining finger, its size, the presence
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of ulceration, and fixation to neighboring structures
are noted. The entire large bowel is evaluated by col-
onoscopy or flexible sigmoidoscopy/double-contrast
barium enema to exclude synchronous lesions. Tissue
is sent for pathologic examination. In emergency situ-
ations such as complete colonic obstruction and/or
colonic perforation, extensive diagnostic testing may
delay needed surgery. In these instances the diagnosis
of colorectal cancer may be made at operation. CT
scans are used to identify the relationship of the pri-
mary tumor to neighboring structures and to search
for metastases. For low rectal cancers, transrectal ul-
trasound imaging (TRUS) is done to determine depth
of tumor invasion and lymphatic involvement.2,3 Pa-
tients with tumors that show bowel wall penetration
or lymph node positivity may be considered for pre-
operative chemoradiation therapy. Anal sphincter
function is assessed by questions pertaining to fecal
incontinence, physical examination and, if necessary,
anal manometric evaluation.4 Appropriate stoma sites
are marked if an ostomy is a possibility.5 The impor-
tance of colorectal cancer screening in the absence
of symptoms is emphasized. Adults at average risk
should begin colorectal screening at age 50 by means
of (1) annual fecal occult blood test, (2) flexible sig-
moidoscopy every 5 years, (3) annual fecal occult
blood test plus flexible sigmoidoscopy every 5 years,
(4) double-contrast barium enema every 5 years, or
(5) colonoscopy every 10 years.6

SURGERY FOR RECTAL CANCER

The primary aim of surgery for rectal cancer is
the removal of the tumor-bearing segment and all
metastases. Complications from surgery should be
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minimal, and the functional result should be satisfac-
tory. Operations may be done with ether curative or
palliative intent (Table 1).
When the carcinoma together with regional lymph

nodes is removed en bloc, with no known tumor
remaining either locally or at distant sites, the resec-
tion is considered curative. When the tumor is re-
sected but there is carcinoma remaining locally or
at a distance, the resection is deemed palliative. A
palliative operation such as laparotomy with biopsy
or with fecal diversion alone is one in which the
primary cancer is not removed. Local excision in-
volves removal of the carcinoma without regional
lymphadenectomy.7 Inadequate resection will result
in local cancer recurrence, a devastating complication
that may produce pelvic and sciatic nerve root
pain, ureteric/intestinal/lymphovascular obstruction,
bleeding, foul necrotic discharge, fecal incontinence,
and ultimately death. In addition to survival pros-
pects, functional results must be taken into account.
Although anastomosis of the proximal colon to the
distal rectal stump is almost always preferable to co-
lostomy, the overall result will be considered poor
if the patient experiences severe incontinence after
surgery because of anal sphincter dysfunction or be-
cause the reservoir function of the rectum has been
lost.
Therapy is chosen that will optimize the chance for

cure, minimize the possibility of local recurrence, and
provide the best possible functional result. Although
several pathologic factors associated with local recur-
rence have been identified (Table 2), these are defined
after surgery. The choice of operation depends on
things that can be measured with reasonable accuracy
before surgery; these include tumor location, degree
of local penetration for low lesions, the presence or
absence of large metastases, the presence of obstruc-
tion, and anal sphincter function.

Table 1. Operations for rectal cancer

Potentially curative
Abdominoperineal resection
Anterior resection with sphincter preservation
Local procedures
Transanal excision
? Contact radiotherapy

Proctectomy with en bloc excision of involved neighboring
structures

Palliative
Diversion � resection
Cryotherapy
Fulguration

Table 2. Factors associated with increased risk
of local recurrence

Measurable preoperatively
Distal location
Invasion through the bowel wall/fixation to neighboring
structures

Lymph node positivity
Determined intraoperatively
Perforation iatrogenic

Determined postoperatively
Advanced stage
Poor differentiation
Positive distal margin of resection
Positive radial margin of resection
Perforation
Perineural invasion
Venous invasion

References 74, 75, 76, 77, 78, 79, 80.

OPERATIONS
Abdominoperineal Resection

Abdominoperineal resection, as described by
Miles, is the standard to which other procedures are
compared with regard to the cancer-specific end
points of survival and local recurrence8 (Fig. 1). The
operation accounts for the possibility of lymphatic
spread in all directions: upward accompanying the
superior rectal vessels, lateral along the middle rectal
vessels, and downward toward the inguinal nodes. It
achieves the greatest possible distal margin of resec-
tion by removing the anus in continuity with the
rectum. For rectal tumors the direction of lymphatic
spread nearly always follows the inferior mesenteric
artery to the aorta. Therefore inferior mesenteric
artery ligation near or at its origin at the aorta and
inferior mesenteric vein ligation near the lower
border of the pancreas are done to maximize lym-
phatic clearance. The bowel is divided at the junction
between the sigmoid and descending colon. The
rectum is mobilized with its mesorectum. The fascia
of Denonvillier is taken with the specimen for low
anterior tumors. The entire sphincter mechanism is
removed with a cuff of levator ani muscle, ischiorectal
fat, and perianal skin. Rectal mobilization poses spe-
cial technical problems because the rectum is encased
within the narrow confines of the pelvis. Injury may
occur to neighboring structures including the ureter,
urethra, prostate, vagina, and presacral veins. Sexual
dysfunction may occur because of injury to the uro-
genital nerves, prostate, and vagina. Men may experi-
ence impotence or retrograde ejaculation if the
nervi erigentes are disrupted. The posterior wall of
the vagina is removed in continuity with the tumor
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Fig. 1. Abdominoperineal resection for carcinoma of the
rectum. High ligations of the inferior mesenteric artery and
vein are done. The sigmoid colon, rectum, and anal sphincter
are removed.

if there is invasion of that structure. In the male,
invasion of the base of the bladder or prostate may
require pelvic exenteration for cure. Fixation of
cancer to the sacrum requires en bloc distal sacrec-
tomy for curative resection.

Less Radical Operations

The natural desire of patients to preserve the
normal route of defecation, to avoid a colostomy,
and to avoid radical surgery has driven efforts to find
operations of lesser magnitude than APR that will
not compromise the chance for cure. Such operations
are justified when the perceived risk of inadequate
resection and consequent local recurrence is low.

Anterior Resection

Rectal mobilization is identical to that done for
APR. However, distal to the tumor, the rectum is

transected and an anastomosis is created between the
descending colon and the distal rectal cuff or anus,
or the distal rectum is closed as a low rectal stump
(Fig. 2). This operation is permissible for two reasons:
(1) lymphatic drainage is upward and (2) distal intra-
mural spread is uncommon. The incidence and sig-
nificance of distal intramural tumor spread has been
examined since the 1940s. In 1943, Dukes9 examined
1500 specimens of rectal cancer removed by APR
and found distal spread in only 6.5. More recently,
in 1981, Pollett and Nicholls10 studied 334 patients
who had undergone radical restorative operations for
single rectal adenocarcinoma with respect to the
length of rectum below the tumor and survival. They
found that crude 5-year survival and cancer-specific
death rates were similar whether the distal rectal
length was 2 cm or less, 2 to 5 cm, or greater than
5 cm, suggesting that a margin of less than 2 cm

Fig. 2. Anterior resection for carcinoma of the rectum. The
sigmoid colon and rectum with their lymphovascular bed
are resected with at least a 2.5 cm margin of rectum distal to
the tumor.
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below a rectal carcinoma does not adversely affect
survival or local recurrence. In 1983,Williams et al.11

examined 50 consecutive specimens obtained from
APR specimens for rectal carcinoma 5 to 10 cm
from the anal verge for distal spread. No distal spread
was seen in 76%; 14% had distal spread for �1 cm
and only 10% had spread�1 cm. Each of the patients
with �1 cm of distal spread had a poorly differenti-
ated Dukes’ C carcinoma, and each was dying of
distant metastases within 3 years of operation. These
investigators also studied the results of anterior resec-
tion for carcinoma of the rectum a minimum of 5
years after operation to find out if patients with a
wide distal margin (�5 cm) fared better than patients
with a small margin (�5 cm). The outcome was as
good in patients with the small distal margin as in
those with the wide distal clearance. In 1995, Shir-
ouzo et al.12 examined 610 consecutive specimens of
resected rectal carcinomas.Distal spread for stage I, II,
III, and IV disease was 0%, 1.2%, 9.7%, and 38.8%,
respectively. Most patients with distal spread had a
lower survival rate and died of distant metastases
rather than local recurrence, even after curative
surgery.

Fig. 3. Total mesorectal excision (TME). The entire rectal mesentery is removed with the operative specimen.

These studies show that a distal resection margin
placed at 1 cm distance from the lower edge of the
tumor is tumor free in most patients. If the distal
spread is greater than 1 cm, a longer resection does
not necessarily improve the prognosis. At the present
time, a distal margin of resection of 2.5 cm is consid-
ered adequate distal clearance for anterior resection
with no compromise of survival or local clearance
compared to APR. This means that most tumors 6 cm
or more from the anal verge or 2 to 3 cm from the
anorectal junction are suitable for restorative resec-
tion.13,14 There is increasing evidence that surgical
technique and surgeon experience affect outcome.15

Technical Considerations

Mesorectal Excision. In 1982, Heald et al.16 de-
scribed five cases where minute foci of adenocarci-
noma were demonstrated in the mesorectum several
centimeters distal to the apparent lower edge of a
rectal cancer. They recommended that all cancers of
the mid and low rectum be excised with the entire
mesorectum and its investing fascia intact, a tech-
nique that has become known as total mesorectal
excision (TME) (Fig. 3).
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With the use of TME, local recurrence rates as
low as 3.5% have been reported.17 Therefore a strong
argument can be made for adopting TME as the
standard operation for mid and low rectal cancers.18
For low rectal cancers, the problem of inadequate
mesorectal excision is apt to occur deep in the pelvis
when the distal rectum is cleared of pararectal tissue
before division. For tumors of the upper rectum,
TME is not required. A 5 cm distal margin with
tumor-specific mesorectal excision results in a low
rate of local recurrence and good 5-year survival.19

Abdominopelvic Lymph Node Dissection

Metastases occur in nodes on the lateral pelvic side
wall associated with the iliac and obturator vessels.
Whether extended abdominopelvic lymph node
dissection confers any survival advantage was exam-
ined as early as 1960 by Deddish,20 who described
abdominopelvic dissection of lymph nodes per-
formed in conjuction with either Miles’ resection
or anterior resection of the distal sigmoid and upper
rectum. This procedure involved excision of lymph
node–bearing tissues from the para-aortic and vena
caval regions between the ureters from the duodenum
down to the levator ani muscles, including the presa-
cral, common, external and internal iliac, and obtur-
ator spaces. In a nonrandomized study, Hojo et al.21
compared the results of conventional lymphadenec-
tomy with those of wide pelvic lymphadenectomy.
Stage for stage the cumulative 5-year survival was
better among those patients who had undergone in-
ternal iliac node dissection. However, blood loss,
operative time, and complications including urine
voiding failure and sexual dysfunction weremore pro-
nounced in the group who underwent extended resec-
tion. Moreira et al.22 compared 95 patients who
underwent rectal resection with lateral lymph node
dissection with 83 who underwent rectal resection
without lateral lymph node dissection. Only 10 of the
patients (11%) had lateral lymph node involvement.
Local recurrence and overall 5-year survival rates
were 7% and 76%, respectively, in patients undergo-
ing extended lymphadenectomy and 16% and 72%,
respectively, in those who had resection alone. De-
spite the tendency toward decreased local recur-
rence and improved survival seen in these studies,
there are no randomized trials to prove or disprove
the effectiveness of abdominopelvic lymph node dis-
section. Therefore the technique has not gained
wide acceptance.

Reconstruction After Low Anterior Resection

The arterial supply to the descending colon comes
from the superior mesenteric artery via the marginal

artery. Ligation of the inferior mesenteric vein at
the lower border of the pancreas provides adequate
length for the descending colon to reach as low as
the anus. Methods of reconstruction after proctec-
tomy include anastomosis of the descending colon to
the distal rectum or anus using either a straight tube
of colon or a colonic reservoir (Fig. 4). Anastomosis
may be done immediately or after a delay following
coloanal pull-through.23a,b A temporary loop ileos-
tomy generally is created when low anastomoses are
used because the septic sequelae of anastomotic dis-
ruption, a relatively common complication of low
colorectal anastomosis, can be life-threatening. The
construction of low colorectal anastomosis has been
greatly facilitated by the introduction of circular sta-
pling devices.24 Ultralow anastomoses are created by
removal of the mucosa of the anal canal above the
dentate line and suture of the colon to the anal canal.25
Methods that employ a reservoir (colonic J-pouch/
coloplasty) have been developed to overcome the 6
to 12 months needed to lessen the symptoms of
frequency and urge incontinence seen after low colo-
rectal anastomosis or straight anastomoses.26–28 Al-
though coloanal reconstruction may be technically
feasible, it is not always the best choice. For example,
a patient with disseminated disease may not live long
enough to benefit from a coloanal anastomosis be-
cause of the time needed to achieve temporary ileos-
tomy closure and the additional time needed for
pouch accommodation. Predictably, a patient with a
weak anal sphincter will have a poor functional result.
Anorectal injury due to surgical manipulation of the
anal sphincter or pelvic irradiation to the pelvic colon
and anal sphincter also can cause defecation problems
including incontinence and urgency.29 Under these
circumstances, resection with colostomy and low
Hartmann’s pouch may be the best option30,31 (Fig. 5).

Local Therapy for Low Rectal Cancer

The optimal goal of local therapy is to cure the
patient while preserving the rectum. It is attractive
because it offers the opportunity to avoid major sur-
gery. Local treatment is justified by studies that identi-
fied a subset of cancers that have a low incidence of
lymphatic involvement. In 1966,Morson and Busey32,33
examined 2084 operative specimens and found that
for well-differentiated and fairly well-differentiated
tumors, the chance of lymphatic metastases is low
until penetration of the rectal wall has occurred. Local
therapy is only appropriate for selected patients. Be-
cause of the inaccuracy of preoperative staging, most
low rectal cancers still are best treated by anterior
resection with complete removal of the rectum and
mesorectum. Candidates for local therapy include pa-
tients who cannot withstand major curative surgery
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Fig. 4. Coloplasty. Left, Colonic J-pouch. A pouch, 5 cm in length, serves as a reservoir that improves
postoperative function. Right, A longitudinal colostomy is made in between the taenia that is closed
transversely creating a reservoir.

and those who refuse it. Techniques include local
excision,34 transanal endoscopic microsurgery,35 elec-
trocoagulation,36 and contact radiotherapy.37 Se-
lection criteria for local therapy in the treatment of
rectal cancer are presented in Table 3. From a practi-
cal standpoint, tumors suitable for local excision must
be accessible, small, and perceived to be confined to
the rectal wall. Patients under consideration for local
therapy undergo TRUS staging. TRUS accurately
predicts the depth of tumor invasion in 75% of cases
and mesorectal lymph node involvement with 83%
accuracy38 (Fig. 6). Local excision of properly selected
rectal cancers can provide long-term survival. Close
follow-up after local excision is needed so that radical

salvage surgery can be considered if recurrence is de-
tected.39,40Transanalendoscopicmicrosurgeryhas in-
creased the scope of local excision to those higher in
the rectum.41,42

ADJUVANT THERAPY

In 1990, theNational Institutes of Health Consen-
sus Conference made recommendations for adjuvant
therapy43 for patients with colon and rectal cancer;
these are presented in Table 4.44
The recommendations for rectal cancer are based

primarily on the findings of large randomized trials
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Fig. 5. Extended Hartmann’s operation for carcinoma of the rectum.

conducted by the Gastrointestinal Tumor Study
Group (GITSG)45 and the North Central Cancer
TreatmentGroup (NCCTG).46 These studies showed
that a combination of postoperative radiation therapy
and chemotherapy significantly decreases the pelvic
recurrence rate and increases the overall survival rate
compared with surgery alone in patients with stage II
and III rectal cancer. This approach has become the
standard of care for patients with cancer penetration
through the rectal wall and/or positive lymph nodes
(pT3N0–2 tumors) who are at greatest risk for local
pelvic recurrence or distant metastases. Advocates of
a purely surgical solution to low rectal carcinoma
maintain that local recurrence is due to inadequate

surgery, and radiation therapy should not be used
to make up for defective surgical technique.47 For
example, Enker et al.48 studied 246 consecutive pa-
tients with Dukes’ B (T3N0M0) and Dukes’ C
(TanyN1–2M0) primary rectal carcinomas who un-
derwent surgery according to the principle of TME.
The Kaplan-Meier 5-year survival rates for Dukes’
B and C lesions were 86.7% and 64.0%, respectively.
The pelvic recurrence rate for Dukes’ B and C rectal
carcinomas (T3N0M0 and TanyN1–2M0) was 7.3%
(18/246). Adjuvant radiation was of no statistical ben-
efit in preventing local recurrences. The authors rec-
ommend that the current role of combined-modality
adjuvant therapy should be reconsidered in patients
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Table 3. Selection criteria for local therapy
in treatment of rectal cancer

Tumor characteristics favoring local treatment
Mobile
�3 cm in diameter
Exophytic rather than ulcerated
Well to moderate differentiation (no colloid or “signet ring”
cells, vascular or lymphatic invasion)

Confined to bowel wall (by endoluminal ultrasound)
Palpable or judged to be below the peritoneal reflection

Patient characteristics favoring local treatment
Unfit for major surgical procedure
Unwilling to undergo major surgical procedure
Extensive distant metastases

who have undergone resection in accordance with
TME. In addition, McFarlane et al.49 compared 135
consecutive operations for Dukes’ B2 and Dukes’
C cancer, both anterior resection and APR performed
by TME for tumors less than 12 cm from the anal
verge. Results of TME alone were found to be sub-
stantially superior to the best reported (NCCTG)
from conventional surgery plus radiation therapy or
chemotherapy: 5% local recurrence at 5 years com-
pared with 25% and 13.5%, respectively; and 22%
overall recurrence compared with 62.7% and
41.5%, respectively. More recently Nissan et al.50
found that in patients who have cancer of the lower

Fig. 6. Transrectal ultrasound image of a low rectal cancer
showing invasion through the submucosa. The outer border of
the tumor is scalloped consistent with invasion through the
muscularis propria. The ultrasonic stage is uT3N0.

Table 4. National Institutes of Health Consensus
Conference recommendations for adjuvant therapy
for rectal cancer

No adjuvant therapy is recommended for stage I patients
Patients with stage II/III rectal cancer are at high risk for
recurrence and warrant adjuvant therapy

one third of the rectum, sharp pelvic dissection can
result in a low rate of local recurrence even without
radiation therapy. Nevertheless, evidence from ran-
domized studies shows that adjuvant therapy im-
proves the results at both the best and worst centers.51
Adjuvant therapy has been examined both preopera-
tively and postoperatively with radiotherapy and/or
chemotherapy. Randomized studies have shown that
preoperative irradiation improves local control of
rectal cancer.52 In addition, improved survival with
preoperative radiation therapy has been found in two
studies.53,54 A study comparing preoperative and post-
operative irradiation in adenocarcinoma of the
rectum concluded that preoperative short-term,
high-dose radiotherapy decreases the local recurrence
rate relative to postoperative radiotherapy.55 In a
meta-analysis of 18 trials involving 4000 patients, pre-
operative x-ray therapy significantly reduced local
recurrence by 50%.56 Studies to confirm the value
of preoperative vs. postoperative chemoradiation, as
well as studies to indicate a need for radiation therapy
after totalmesorectal excision, have not yet beendone.
Whether preoperative or postoperative radiation

therapy is better is controversial. Morbidity is higher
with postoperative radiation because of damage to
the colon, anal sphincter, and small bowel; however,
the exact stage of the tumor is known. When radia-
tion therapy is given preoperatively, the precise stage
is not known; however, the anatomy is undisturbed
by surgery and injury to normal intestine is less. Ra-
diotherapy given before operation can render oper-
able a locally extensive tumor offering a good chance
for local control.

LOCALLY ADVANCED
ADENOCARCINOMA OF THE RECTUM

Five percent of patients with rectal cancer have
locally advanced (T4) tumors with direct invasion
into other organs, such as the vagina, uterus, bladder,
prostate, or sacrum. It is important to recognize con-
tiguous involvement by other structures because ex-
enteration or partial sacral resection may be required
for surgical cure.With enbloc resection, 5-year survival
rates of 50% may be possible.57 Shirouzou et al.58
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reported 26 patients who underwent total pelvic exen-
teration for locally advanced colorectal cancer. Total
pelvic exenteration is warranted for patients with
stage II locally advanced colorectal carcinoma. The
major morbidity of wide excisional procedures in
these cases must be balanced against the possibility
of long-term cure.

FOLLOW-UP OF COLORECTAL CANCER

Follow-up after surgery for colorectal carcinoma
is individualized, taking into consideration the risk
of recurrent disease and metachronous cancer as well
as the age and general health of the patient. Most
recurrences after operations for cure of colorectal
carcinoma occur within 2 years. Common sites of
recurrence are the liver, lungs, primary tumor bed,
peritoneum, and lymph nodes. Galandiuk et al.59
studied 818 patients who had undergone curative
resection for Dukes’ B2 or C2 carcinoma of the
rectum and examined patterns of recurrence. The
median time to recurrence was 16.7 months (range 1
to 7.5 years). Local/regional recurrence was more
common for rectal cancer (52 vs. 42%). The most
common sites of recurrence were hepatic (33%), pul-
monary (22%), local or regional (21%), intra-abdom-
inal (18%), retroperitoneal (10%), and peripheral
lymph nodes (4%). Chung et al.60 found that the
groups at highest risk for local failure were those with
extension of tumor through the bowel wall. The abso-
lute 5-year survival rate for those with tumor through
the wall vs. within the wall was 40% and 79%, respec-
tively61,62; 80% to 90% of local recurrences occur
within 2 years.63 In general, patients are seen for
follow-up every 3 to 6 months for 2 years, then every
6 months for 2 years, and then yearly. Specific inquir-
ies are made concerning weight loss, change in bowel
habits, bleeding, or pain. The abdomen is examined
for tenderness, masses, or lymphadenopathy. The
perineum is examined if APR was done. A digital
rectal examination and flexible sigmoidoscopy are
done in patients who have undergone restorative sur-
gery for rectal cancer. Colonoscopy is performed at
1 year and repeated at 3- to 5-year intervals thereafter
if no abnormalities are found.Determination of carci-
noembryonic antigen levels is controversial but is
usually done. For a single elevation greater than 10
ng/dl or two persistent elevations, further studies,
such as colonoscopy and chest, abdominal, and pelvic
CT, are performed to look for recurrent disease.
MRI, radioimmunoscintigraphy, and positron emis-
sion tomography can be considered if results of other
tests are negative.64,65

MANAGEMENT OF RECURRENT
COLORECTAL CANCER

Patients in whom recurrent tumors are found may
be considered for surgery, chemotherapy, or radiation
for cure or palliation. Patients with isolated local re-
currences may be eligible for surgical resection.
Major resective surgery is not offered if the disease
is so widespread that there is no chance for cure.
Resection of recurrent colorectal cancer may result in
improved survival in selected cases.66,67 Intraoperative
irradiation is being used at some institutions for
the treatment of locally advanced and locally re-
current rectal cancer.68

RECTAL CANCER AND LAPAROSCOPY

Laparoscopic colectomy for colorectal cancer is
controversial because of uncertainty as to the effect
of laparoscopic resection on long-term survival. Ben-
efits of laparoscopic surgery include shorter hospi-
talization and earlier return of pulmonary and
gastrointestinal function.69 Early reports show no
apparent short-term oncologic disadvantages.70–73
Prospective randomized trials currently are underway
to determine the ultimate role of laparoscopic resec-
tion in the treatment of colorectal cancer.

SUMMARY

The management of rectal cancer is multidiscipli-
nary, involving surgeons working with medical and
radiation oncologists. Surgical options include radical
resection with or without restoration of bowel conti-
nuity and a variety of local procedures. Adjuvant ther-
apy may decrease the incidence of local recurrence
in some cases. Laparoscopic resection has introduced
a new approach to major resection that can be done
following oncologic principles with encouraging early
results with regard to survival. The choice of opera-
tion depends on the experience of the surgeon and
on the individual characteristics and preferences of
the patient.
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55. Frykholm GJ, Glimelius B, Påhlman L. Preoperative or post-
operative irradiation in adenocarcinoma of the rectum: Final
treatment results of a randomized trial and an evaluation of
late secondary effects. Dis Colon Rectum 1993;36:564–572.

56. NHS Executive. Improving Outcomes in Colorectal Cancer:
The Reseach Evidence.Wetherby: Department of Health UK,
1998.

57. Divine RM, Dozois RR. Surgical management of locally
advanced adenocarcinoma of the rectum. World J Surg
1992;16:486–489.

58. Shirouzu K, Isomoto H, Kakegawa T. Total pelvic exentera-
tion for locally advanced colorectal carcinoma. Br J Surg
1996;83:32–35.

59. Galandiuk S, Wieand HS, Moertel CG, et al. Patterns of
recurrence after curative resection of carcinoma of the colon
and rectum. Surg Gynecol Obstet 1992;174:27–32.

60. Chung CK, Stryker JA, Demuth WE Jr. Patterns of failure
following surgery alone for colorectal cancer J Surg Oncol
1983;22:65–70.

61. Rich T, Gunderson II, Lew R, et al. Patterns of recurrence
of rectal cancer after potentially curative surgery. Cancer
1983;52:1317–1329.

62. Phillips RKS, Hittinger R, Blesovsky I, et al. Local recurrence
following “curative” surgery for large bowel cancer: I. The
overall picture. Br J Surg 1984;71:12–16.

63. Goligher JC, Dukes CE, Bussey HJR. Local recurrence after
sphincter-saving excisions for carcinoma of the rectum and
rectosigmoid. Br J Surg 1951;39:199–211.

64. Wolff BG, Bolton J, Baum R. Radioimmunoscintigraphy of
recurrent, metastatic, or occult colorectal cancer with techne-
tium Tc 99m 88BV59H21-2V67-66 (HumaSPECT-Tc), a
totally human monoclonal antibody: Patient management
benefit from a phase III multicenter study. Dis Colon Rectum
1998;41:953–962.

65. Flanagan FL, Dehdashti F, Ogunbiyi OA, et al. Utility of
FDG-PET for investigating unexplained plasma CEA eleva-
tion in patients with colorectal cancer. Ann Surg 1998;
227:319–323.

66. Hida J, YasutomiM, Shindoh K, et al. Second-look operation
for recurrent colorectal cancer based on carcinoembryonic
antigen and imaging techniques. Dis Colon Rectum 1996;
39:74–79.

67. Wanebo HJ, Antoniuk P, Koness RJ, et al. Pelvic resection
of recurrent rectal cancer: Technical considerations and out-
comes. Dis Colon Rectum 1999;42:1438–1448.

68. GundersonLL,NelsonH,Martenson JA, et al. Intraoperative
electron and external beam irradiation with or without 5-
fluorouracil and maximum surgical resection for previously
unirradiated, locally recurrent colorectal cancer. Dis Colon
Rectum 1996;39:1379–1395.
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Clinical Risk Score Correlates With Yield of PET
Scan in Patients With Colorectal Hepatic Metastases
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Layton F. Rikkers, M.D., Sharon M. Weber, M.D.

Although positron emission tomography (PET) detects occult metastatic disease in approximately 20%
of patients with isolated hepatic colorectal metastases, it is associated with false negative results in up to
16%. We hypothesized that patients with a poorer prognosis (as defined by clinical risk score [CRS])
would have a higher yield from PET. All patients with colorectal liver metastases who were imaged by
means of PET between 1998 and 2002 were identified from a prospective PET database. All patients
were assigned a CRS, with one point added for each of five preoperative factors (disease-free interval
�1 year, tumor size �5 cm, tumor number �1, carcinoembryonic antigen �200, and node-positive
primary lesion). A total of 85 PET scans were reviewed. In half the patients (53%), PET provided no
additional information over conventional imaging. Occult extrahepatic disease was detected or
questionable findings seen on conventional imaging were confirmed in 20% of PET scans, whereas PET
readings were inaccurate in 27%. PET findings were correlated with CRS in a subset of 63 patients
presenting with a first occurrence of hepatic colorectal metastases. Among patients with a CRS of 0,
no patient had extrahepatic disease detected by PET and 57% had false positive readings, whereas among
patients with a CRS of 1 or more, 14% were found to have additional disease that was detected only by
PET, and there were no false positive readings (P � 0.001, Fisher’s exact test). Patients with isolated
hepatic colorectal metastases and a CRS of 0 should undergo conventional imaging alone prior to
surgical exploration. (J GASTROINTEST SURG 2004;8:150–158) � 2004 The Society for Surgery of the
Alimentary Tract
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Colorectal hepatic metastases are potentially cur-
able with complete surgical resection. Although most
patients have a recurrence, a 5-year survival rate of
up to 40% is possible.1,2 Unfortunately,many patients
have a recurrence, even in the early postoperative
period, as a result of occult metastatic disease that
is present at the time of resection. In an attempt to
improve the selection of patients for hepatic resec-
tion, positron emission tomography (PET) has been
evaluated to assess for extrahepatic disease in those pa-
tients presenting for hepatic resection. Overall, vari-
ous series evaluating the use of PET in patients with
presumed isolated hepatic metastases have shown that
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approximately 20% of patients have occult extrahe-
patic disease.3,4 In addition, a recent meta-analysis
evaluating patients with recurrent colorectal cancer
demonstrated a change in management in 29% of pa-
tients because of findings on PET scans.5 Although
these results seem promising, the majority of patients
undergoing PET do not benefit from this procedure
and may in fact be mismanaged as a result of false
negative or false positive findings, which occur in up
to 16% of patients.4 Despite this, the near-routine
use of PET in patients with hepatic colorectal metas-
tases has become commonplace in many institutions.
To assess the risk of recurrence after hepatic resec-

tion for colorectal metastases, a clinical risk score has

mailto:webers@surgery.wisc.edu
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been developed that predicts prognosis.1 The clinical
risk score (CRS) is comprised of the following five
factors, all of which can be determined preopera-
tively: (1) node-positive primary lesion; (2) disease-
free interval from resection of the primary tumor to
time of metastasis of less than 12 months; (3) number
of hepatic tumors greater than 1; (4) largest hepatic
tumor greater than 5 cm; and (5) preoperative carci-
noembryonic antigen level greater than 200. Each
criterion is assigned one point and the sum represents
the CRS. The strength of the CRS is that it is pre-
dictive not only of survival1 but also of resectability.6
The clinical significance of these findings is that a
higher CRS correlates with a greater likelihood of
occult metastatic disease found either at the time
of surgery or manifesting as recurrent disease after
resection. Because of this, we hypothesized that the
CRS may also be predictive of the yield of the PET
scan. If this correlation exists, the CRSmay be helpful
in determining which patients should undergo PET
prior to surgical intervention.

METHODS
Patient Population

Patients with presumed isolated hepatic colorectal
metastases undergoing preoperative evaluation were
identified from a prospective PET database. PET
scans were obtained between November 1998 and
April 2002. Hospital records were reviewed to deter-
mine patient demographics, imaging findings, opera-
tive and perioperative data, and outcome. All patients
were assigned a CRS by adding one point for each
of the following five factors: (1) node-positive primary
lesion; (2) disease-free interval from resection of the
primary tumor to the time of metastasis of less than
12 months; (3) number of hepatic tumors greater
than 1; (4) largest hepatic tumor greater than 5 cm;
and (5) preoperative carcinoembryonic antigen level
greater than 200.

Preoperative Evaluation

Findings from conventional cross-sectional im-
aging studies (CT and MRI) and PET scans were
recorded from radiologic reports, and the results of
these tests were compared. The results of these im-
aging tests were correlated intraoperative ultrasound
(IOUS) findings and operative results. IOUShas been
used for all patients undergoing hepatic resection at
our institution since 1992 and is performed jointly
by the operating surgeon and a dedicated radiologist.

PET Technique

Patients were evaluated at the University of Wis-
consin Hospital with the use of a GE Advance PET

scanner (Milwaukee, WI). All patients were fasted for
4 hours before the examination. Imaging was initiated
45 to 60 minutes after intravenous administration of
18F-fluorodeoxyglucose, using a dose of 0.14 mCi/
kg, with a minimum dose of 10 mCi. Images were
obtained from the orbital-meatal line to midthigh.
Acquisition parameters included 6 minutes per bed
position for the emission study and 2 minutes per
bed position for the transmission images. Reconstruc-
tion of images included nonattenuation-corrected
images and attenuation-corrected images. The PET
scans were read by one of three radiologists specializ-
ing in nuclear medicine. The CT scan reports and/
or images and clinic notes were available to the radiol-
ogist reading the PET scan.

Definitions

PET findings were categorized as follows: (1) PET
results corresponded with conventional imaging; (2)
PET detected additional disease not seen on conven-
tional cross-sectional imaging; (3) PET confirmed
findings on cross-sectional images that were unable to
be definitively read as benign or malignant; (4) false
negative findings on PET scan; and (5) false positive
findings on PET scan. False positive and false nega-
tivePETfindingswereconfirmedbypathologic exam-
ination, operative findings including IOUS images,
or progression of disease on follow-up imaging.

Statistical Analysis

The efficacy of PET was analyzed using the five-
category system outlined above. The hypothesis of
independence was tested using Fisher’s exact test.
Survival was analyzed by log-rank analysis. Computa-
tions were performed using SAS software (6.12 for
Windows, SAS Institute, Cary, NC). Differences
were considered significant at P � 0.05.

RESULTS
Patient Population

A total of 85 PET scans were obtained from 73
patients with hepatic colorectal metastases. Ten pa-
tients were evaluated on two separate occasions, and
one patient was evaluated three times. The median
age was 60 years (range 39 to 83 years). There were
19 women and 54 men. The median follow-up for
surviving patients was 18.6 months.
The majority of the PET scans (78 of 85; 92%)

were obtained from patients undergoing evaluation
for potential hepatic resection. Seven scans were ob-
tained from patients who were being assessed for
placement of an hepatic artery infusion pump because
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of unresectable hepatic metastases. Two of these pa-
tients had recurrent hepatic metastases after prior
resection, and five patients were being evaluated for a
first occurrence of hepatic metastases. PET scans
were obtained to evaluate for recurrent hepatic colo-
rectal metastases after liver resection in 17 patients.

Clinical Data

At the time of presentation of the primary colo-
rectal tumor, 55 patients had colon cancer, 28 had
rectal cancer, and three had multiple tumors. At the
time of diagnosis of the primary tumor, the American
Joint Committee on Cancer stages were as follows:
I, 4%; II, 15%; III, 26%; IV, 49%, and unknown, 6%.
Chemotherapy records were reviewed to assess the

interval between the discontinuation of chemother-
apy and the date that the PET scan was obtained. At
the time the PET scans were obtained, 16% of pa-
tients (14 of 85) had received chemotherapy within
1 month, whereas 11% (9 of 85) had chemotherapy
within 1 to 3 months of PET.

Imaging Studies

Preoperative imagingbeforePETincludedabdom-
inal/pelvic contrast-enhanced CT scan (84 of 85;
98%), chest CT scan (32 of 85; 38%), and liver MRI
(11 of 85; 13%). Some of these scans were performed
at the referring institution.All patientshadapreopera-
tive x-ray examination of the chest. IOUS was per-
formed in all patients undergoing hepatic resection.

Overall PET Results

The overall findings from the 85 PET scans evalu-
ated are presented in Table 1. The sensitivity and
specificity of PET were 75% and 50%, respectively,
compared to conventional imaging, which included
any of the prior imaging findings (CT, ultrasonogra-
phy, or MRI). The positive and negative predictive
values for PET were 94% and 83%, respectively.

Table 1. Overall PET scan results in patients with
metastatic colorectal hepatic metastases

PET findings n %

Confirmed cross-sectional imaging 45 53
Detected additional disease not seen on 10 12
conventional imaging

Confirmed questionable findings on CT scan 7 8
False positive 4 5
False negative 19 22

TOTAL 85 100

The overall benefit of PET in these patients, in-
cluding both detection of additional disease not
seen on conventional imaging and confirmation of
questionable findings on CT scans, was 20%. Disease
that was not visualized by conventional imaging was
detected on PET scans in 10 patients. This included
eight patients with extrahepatic disease and two pa-
tients with liver lesions that were not seen on CT
scans. In the seven PET scans that confirmed ques-
tionable findings on cross-sectional imaging, four
patients hadPET scans consistent with benign disease
and three patients had PET scans consistent with
malignant disease. Therefore additional metastatic
disease that was either not seen on conventional
images or was difficult to definitively differentiate
between benign and malignant etiologies was
detected in a total of 13 patients. This included four
patients with retroperitoneal lymphadenopathy,
four patients with liver lesions, two patients with lung
metastases, one patient with bone metastases, one
patient with carcinomatosis, and one patient with car-
cinomatosis and bone metastases. These findings
were confirmed by biopsy in five patients, by pro-
gression of disease in four patients, and by IOUS
imaging in one patient who subsequently underwent
liver ablation. In three patients, the findings of extra-
hepatic disease were not verified by pathologic exami-
nation or progression, but the patients died of
progression of the recurrent disease seen on the initial
CT scan at 4, 4, and 13 months, respectively, after
the PET was performed.
Although 20% of PET scans were beneficial to

patient management, 27% of the scans were poten-
tially detrimental because of false positive or false
negative readings. False positive findings were seen
in the liver alone (n � 3) and in the liver and pelvis
(n � 1). All four patients underwent exploratory lapa-
rotomy; in two patients no abnormality was found
on IOUS imaging of the liver, whereas in two patients
wedge biopsies of hypoechoic lesions showed benign
pathology. The false positive pelvic lesion was due
to a pelvic abscess. No recurrent cancer was found
in this patient on follow-up colonoscopy 14 months
after the PET. All three patients with false positive
lesions in the liver alonewere followedwith CT scans,
and none had progression in the liver or at other
sites at a median follow-up of 18.5 months.
The site of disease in patients with false negative

PET scans is shown in Table 2. The average size of
false negative PET readings was 1.5 cm (range 0.5
to 4 cm). All patients with lung metastases had lesions
that were seen on CT scans of the chest, but these
lesions were negative on PET. In four patients with
peritoneal metastases and one patient with lymphade-
nopathy, the disease was discovered intraoperatively.
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Table 2. False negative PET scans in 19 patients including means of detection at time PET was obtained

Detection of disease Confirmation of
at time of PET false negative PET

Conventional Intraoperative Progression
Site of disease n imaging finding Pathology IOUS of disease

Liver 8 3 5 2 3 3
Lung 5 5 2 4
Peritoneal disease 4 4 3 1
Portal/celiac 2 1 1 1 1
lymphadenopathy

IOUS � intraoperative ultrasound.
Methods used to confirm false negative findings are as noted. IOUS, performed jointly by the surgeon and a dedicated body-imaging radiologist,
was used for evaluating lesions that were subsequently ablated intraoperatively.

One patient with lymphadenopathy had enlarged
porta hepatis nodes seen on CT scans, which were
negative on PET. Among the eight patients with liver
metastases, three were visualized by conventional im-
aging, whereas five were seen by IOUS imaging. In
the 19 patients with false negative PET readings,
lesions were confirmed by biopsy (n � 8), by IOUS
(n � 4, which demonstrated classic findings for colo-
rectal metastases in patients undergoing ablation),
and by progression of disease on serial CT scans
(n � 8).
The yield of the PET scans was analyzed according

to the interval from the last chemotherapy to the date
of the PET (�3 months vs. �3 months). There was
no correlation between a short (�3 months) interval
between chemotherapy and the yield of the PET scan.
There was no difference in the false negative rate
in patients who had recently received chemotherapy.
Among patients who had not received recent chemo-
therapy, 21% had false negative readings, whereas in
patients who had received recent chemotherapy, the
false negative reading was 24% (P � 0.5; Fisher’s
exact test).

Correlation of PET Results With Clinical
Risk Scores

A total of 63 patients presented with a first occur-
rence of hepatic colorectal metastases. The median
CRS was 2. The distribution of clinical risk scores is
displayed in Table 3. Because the CRS correlates with
resectability and prognosis in patients with resectable
hepatic metastases, but has not been evaluated in
patients with unresectable disease or recurrence of
liver metastases after resection, we chose to evaluate
the correlation between CRS and PET findings in
this subset of patients.
Overall results of PET in these 63 patients are

presented in Table 4. There was a significant associa-
tion between the CRS and the yield on the PET scan,

such that among patients with a CRS of 0, none had
extrahepatic disease detected by PET and four (57%)
of seven patients had false positive readings, whereas
among patients with a CRS of �1, 8 (14%) of 56
were found to have extrahepatic disease detected only
by PET, and there were no false positive readings
(P � 0.001, Fisher’s exact test).

Surgical Findings and Procedures

From December 1998 to April 2002, a total of 98
patients underwent exploratory operations for poten-
tial resection of colorectal hepatic metastases at
the University of Wisconsin Hospital. Fifty-two of
these patients (53%) underwent preoperative PET at
a median interval of 25 days before surgery and are
included in this report. Of these 52 patients, 75%
(39 of 52) had liver metastases that were amenable to
either surgical resection or complete tumor ablation.
Ten percent (5 of 52) did not have metastatic liver
lesions (4 false positive PET scans and one false posi-
tive CT scan), but one underwent colon resection and
in one case, a rectal abscess was drained. Therefore

Table 3. Distribution of clinical risk scores in 63
patients presenting with a first occurrence of
potentially resectable hepatic metastases

CRS n %

0 7 11
1 15 24
2 16 25
3 19 30
4 6 10
5 0 0

TOTAL 63 100

CRS � clinical risk score.
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Table 4. Correlation between PET findings and
clinical risk scores

PET findings

CRS 0 CS �1

n % n %

Confirmed cross-sectional imaging 2 29 29 52
Detected additional disease 0 8 14
not seen on conventional
imaging

Confirmed questionable findings 1 14 4 7
on CT scan

False positive 4 57 0
False negative 0 15 27

TOTAL 7 100 56 100

CRS � clinical risk score.

8 (15%) of 52 patients who underwent exploratory
operations were found to have unresectable disease;
halfof thesepatients underwentplacement ofahepatic
artery infusion pump. Surgical procedures in patients
withmetastases included liver resection (with or with-
out cryoablation) in 35 patients and cryoablation
alone in four patients. Two patients underwent wedge
resection for PET-positive lesions that were benign.

Survival and Recurrence

Among the 39 patients undergoing curative resec-
tion or ablation for a first occurrence of hepatic colo-
rectal metastases, the 2-year survival was 75%
(median survival not reached). The median recur-
rence-free survival was 24.6 months, whereas the 1-
year recurrence-free survival was 62%. A total of
11 patients (28%) had a recurrence within the first
year, and four had a recurrence within the first 6
months after surgery. Sites of disease in the 15 pa-
tients with known recurrences included the liver
(n � 7), liver and other sites (n � 4, including one
patient each with peritoneal metastases, bone metas-
tases, intra-abdominal lymphadenopathy, and intra-
thoracic adenopathy), lung (n � 3), and lung and local
recurrence in the pelvis (n � 1). All patients with
early recurrences in the first 6 months had a recur-
rence in the liver.

DISCUSSION

Conventional radiologic imaging by means of ab-
dominal and pelvic CT scanning is the most widely
utilized imaging test to evaluate liver anatomy and
assess for the presence of extrahepatic disease in pa-
tients with hepatic colorectal metastases who are un-
dergoing preoperative evaluation. Unfortunately,

even in patients with resectable disease, the recur-
rence rate is high.1,3 Clearly this is because of unde-
tected occult carcinoma that is present at the time of
liver resection, either within the liver or in extrahe-
patic sites, which was not detected on conventional
imaging. Because PET can detect hypermetabolic le-
sions in any location, the usefulness of PET in
detecting extrahepatic disease in patients undergoing
preoperative evaluation for colorectal hepatic metas-
tases has been evaluated.3–5,7 Because detection of
occult metastatic disease preoperatively can spare pa-
tients unnecessary surgery, the level of enthusiasm has
been high for evaluating PET scans in these patients.
Part of the difficulty in evaluating the yield of

PET scans in these studies is that the technology of
CT scanning has evolved markedly in recent years.
With the introduction of multidetector helical CT
within the past 5 years, the ability to achieve thin-
section contrast-enhanced images of the abdomenand
chest has been radically altered, thereby allowing a
technique of truly dynamic contrast-enhanced CT
and CT angiography. The resultant high-quality
images have allowed improved detection of both liver
and extrahepatic disease in these patients, thus poten-
tially decreasing the likelihood that PETwill improve
on the results of conventional imaging studies.
Therefore evaluating the technique used in compari-
son CT scans is important when analyzing the results
of PET studies. Because of this, results from prospec-
tive studies, such as those from Ruers et al.,7 are
preferred because all patients had the same preopera-
tive imaging evaluation.
Although the present study was retrospective and

imaging studies were obtained from different institu-
tions using a variety of equipment and techniques,
these patients represent a typical university referral
practice in which many patients present with CT
scans of sufficient quality that there is no indication
to repeat them. Although this is a potential weakness
of our study, it is also representative of common
clinical practice and thus may better reflect the actual
yield of PET scans in tertiary referral centers.
The overall results of recent series evaluating PET

in patients with resectable colorectal liver metastases
are presented in Table 5. Only larger series that have
been published since 1999 are included. As seen in
Table 5, our series had a higher rate of false negative
readings and a lower rate of detection of disease not
seen on conventional imaging compared to other
series, whereas the false positive rate of 5% falls
within the range reported by others. One strength of
the present study is its size compared to other series.
In addition, all patients with false negative or false
positive PET scans had confirmation of these findings
by means of biopsy, IOUS, or serial CT scans.
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Table 5. Summary of recent PET series evaluating patients with colorectal hepatic metastases

Detection of additional
Follow-up disease not seen on False False

Reference n (mo) Dates of study conventional imaging positive negative

Desai et al.8 (2003) 42 17.4 (mean) 11/98–8/99 14 (33%) 2 (5%) 6 (14%)
Ruers et al.7 (2002) 51 Not given 11/98–9/99 8 (16%) 1 (2%) 2 (4%)
Strasberg et al.4 (2001) 43 24 mo (median) 4/95–2/99 10 (25%) 0 7 (16%)
Topal et al.15 (2001) 91 23 mo (mean) 7/90–12/98 10 (11%) 6 (6.6%) 7 (7.7%)
Fong et al.3 (1999) 40 7 mo (median) 6/96–6/98 9 (23%) 2 (5%) 4 (10%)
Present series 85 17.7 mo (median) 11/98–4/02 10 (12%) 4 (5%) 19 (22%)
TOTAL 352 61 (17%) 15 (4%) 45 (13%)

Clearly, themeans bywhich PETfindings are verified
is important in evaluating false positive and negative
readings. It is particularly important to define the
follow-up period for patients with false positive find-
ings in order to determine their true incidence. The
actual incidence of false positive readings is significant
because patients with positive PET scans may not be
offered the option of definitive surgery and thus may
miss an opportunity for curative resection. Unfortu-
nately, several previous series did not define the
means by which PET-positive lesions were proved to
be carcinoma4,7,8 or the length of follow-up.3,7,9,10
One possible explanation for the high rate of false

negative readings in our study is the inclusion of
patients with unresectable liver metastases who were
undergoing evaluation for hepatic arterial chemo-
therapy. Alternatively, because these patients have a
high risk of occult extrahepatic disease, PET may
result in greater detection of extrahepatic disease.
Because extrahepatic disease is a contraindication to
hepatic artery infusional chemotherapy, PET may
spare patients an unnecessary laparotomy and thus
we included these patients in this study. Only seven
patients were included who had unresectable disease
on conventional imaging, and were being evaluated
for hepatic artery pump placement. Among these pa-
tients the PET scan added no information over con-
ventional imaging in five of them and demonstrated
false negative findings in two. Clearly these few pa-
tients did not unnecessarily weight the study toward
a greater number of false negative readings anddid not
improve the yield of PET scans by finding additional
disease that was not seen on conventional imaging.
Although the number of patients was small, there
was no correlation with the yield of PET scans in
patients with unresectable disease compared to those
with resectable disease (P � 0.6, chi square analysis).
One prior study in which PET results are question-

able because of a low rate of resectability is that of
Desai et al.8 This study reported that 33% of patients
had additional disease detected on PET scans that
was not visualized by conventional imaging. This is

the highest rate of any contemporary study. One
possible explanation is that this may be due to inad-
equate conventional imaging. One additional prob-
lem in interpreting the results of this study is that the
number of patients with colorectal hepatic metastases
who underwent operative exploration was only 7
(28%) of 25, and only two (29%) of seven were resect-
able at the time of surgery. This is clearly not in
keeping with our own findings and those of other
recent series in which the resectability rate was as high
as 80%.11 Thus this may be a reflection of nihilism
regarding the possibility of curative resection in these
patients. Because of this, it is difficult to generalize
these results to other studies with more widely ac-
cepted resectability rates.
In evaluating false negative findings on PET scans,

one concern is that the true incidence of false negative
readings may be underestimated. This is because pa-
tients who present with early recurrences after resec-
tion, clearly the result of missed disease on PET
scans, arenot categorized as falsenegative. In the study
by Fong et al.,3 at a short median follow-up of 7
months, 40% of patients had a recurrence after liver
resection, whereas other series have reported re-
currences as early as 3 months after resection.4 In
the present series, 4 (10%) of 39 resected patients
had a recurrence less than 6 months after surgical
resection. Clearly these early recurrences represent
disease that was present at the time of resection but
was not detected on PET. Unfortunately, recurrence
is often not analyzed as a factor in evaluating results of
PET.7–10 It is clear that PET fails to detect clinically
relevant extrahepatic disease that is not reported as
a true false negative. Although a fraction of these
findings are likely due to disease that is below the level
of detection by PET, at least some of these early
recurrences are due to true false negative findings on
PET. Thus the rate of false negative findings is likely
higher than reported.
The varying results among studies evaluating PET

results suggest that institutional differences exist in
the methods used to obtain and interpret PET scans.
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This demonstrates the reason why single-institution
studies are important in evaluating new technology.
More important, this emphasizes the fact that sur-
geons should use the imaging evaluation that is most
accurate at their institutions.
Partof thedifficulty in interpretingPETscans is the

near-complete absence of anatomic landmarks, which
clearly limits the radiologist’s ability to accurately lo-
calize glucose-avid lesions. One way to overcome this
problem and decrease inaccurate readings on PET
scans is through the use of combined PET-CT tech-
nology. The technology of PET-CT includes images
that are acquired at the same time; the resultant
images are then coregistered and analyzed together as
fused images.12,13 Recent PET-CT models include
both a multidetector helical CT scanner and a clinical
PET scanner, both of which include hardware-fused
images. Results of series that used this technology in
patients with lung or head and neck tumors have
showna reduction in both false negative and false posi-
tive readings.12,13 This is likely due to the increased
ability to assign physiologic or malignant character to
hypermetabolic lesionswhen the precise anatomic site
is identified. Therefore this recent technology may
serve as one means of improving the ability of PET
scans to accurately localize and characterizemetabolic
lesions, thus improving overall accuracy.
The CRS is a valuable tool for evaluating patients

with hepatic colorectal metastases, primarily because
all of the factors that determine the CRS are known
preoperatively. Because all patients with hepatic colo-
rectal metastases are by definition stage IV, the CRS
offers a more refined way to assess prognosis. Because
the CRS has been shown to correlate with the pres-
ence of occult extrahepatic disease, either at the time
of surgery6 or manifesting as recurrence,1 we hypoth-
esized that theCRSshould alsocorrelatewith theyield
of the PET scan, and thus may help improve patient
selection for those undergoing PET.
Because the CRS has not been correlated with out-

come in patients presenting with recurrent colorectal
metastases14 orwith unresectable disease, we analyzed
onlythosepatientspresentingwithafirstoccurrenceof
hepatic colorectal metastases. The yield of PET scans
in patients with a CRS of 0 was significantly different
from the yield in patients with a CRS of 1 or greater.
Among patients with a CRS of 0, none had additional
disease detected on PET that was not seen on conven-
tional imaging, and four patients had false positive
findings. The fact that PET did not detect additional
metastatic disease in any patient with a CRS of 0 is
expected, because patients with a low CRS have mini-
mal risk of occult metastatic disease. Because of this
we recommend conventional imaging only in patients
with a CRS of 0. Although these findings need to be

verified in largerseries, the implication is that theuseof
the CRS to improve patient selection for preoperative
PETmay improve the overall yield.
An interesting phenomenon was the large number

of false positive findings in the CRS 0 group, particu-
larly when no patient with a CRS of 1 or greater had
false positive readings. There was a highly significant
difference in the rate of false positive findings be-
tween these two groups (P � 0.0001, chi-square anal-
ysis), but the reason for this difference is unclear.
Because the correlation of CRS with PET findings
has not been evaluated in other series, it is impossible
to know how our results compare with those from
other institutions. There is no obvious reason why
patients with a low CRS would have an increased risk
of false positive lesions in the liver. However, the
finding of a high false positive rate in the group with
a CRS of 0 may be less important than the fact that
there were no findings of additional disease detected
on PET in these patients. Because of this we believe
that patients with a CRS of 0 should not undergo
PET, both because PET adds no useful data and
because it may yield false positive readings that may
result in unnecessary laparotomy. Larger studies eval-
uating the correlation of the CRS with PET findings
may further distinguish which patients with a CRS
of 1 or higher should be evaluated by means of PET.

CONCLUSION

Although PET holds promise for detection of
occult extrahepatic disease in patients with colorectal
hepatic metastases, false positive and false negative
results affect its overall utility. Patients at low risk
of metastatic disease (CRS � 0) should not undergo
PET before surgical exploration because these pa-
tients have a low rate of detection of extrahepatic
disease and a high rate of false positive findings.
Larger prospective studies evaluating both the yield
of PET and its cost-effectiveness are essential before
we can routinely recommend its use in all patients
with isolated hepatic colorectal metastases.

We thank Alejandro Munoz-del-Rio, Ph.D., for performing all
statistical analyses.
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CRSis0—don’tget aPETanddon’t spend themoney,
which might be very useful.
Dr. Schüssler-Fiorenza: That is correct.
Dr. J. Eagon (St. Louis, MO): What percentage

of the patients had received chemotherapy before un-
dergoing PET, and did that affect the false negative
or false positive readings?
Dr. Schüssler-Fiorenza: Of the 85 patients, 14 of

them had received chemotherapy within 1 month; an
additional ninehadundergone chemotherapywithin3
months. When we evaluated this, we were not able
to demonstrate any statistical significance in the yield
of PET according to whether the patient had recently
received chemotherapy. Again, the number of pa-
tients receiving chemotherapy may not have been
sufficient to show statistical significance.
Dr. C. Schmidt (Indianapolis, IN): I am intrigued

by the false negative rate, which seems high. There
are some recent studies that are prospective in
nature looking at PET scans. Dr. Yuman Fong has
written on this subject.
I am curious as to what technology was used? The

technology is changing very rapidly, and older PET
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scans used a SPECT-type technology, whereas newer
CT-PET scans have resolution in the 1 cm or even
sub-1 cm range; I wonder if you could comment
on the potential effect of that on your false nega-
tive rate?
Dr. Schüssler-Fiorenza: We used a GE Advance

PET scanner. I cannot comment on whether all pa-
tients received one of the newer techniques or not,
especially since our accrual began in 1998. It is true
that our rate of false negative readings was somewhat
higher than in other studies; this may either reflect the

PET scanner used or it may illustrate the fact that
PET scanning is a user-dependent technology.
One of the newer developments that we are inter-

ested in evaluating is the PET-CT scan, which we
think may help improve accuracy in staging patients
with metastatic colorectal cancer by providing greatly
improved anatomic correlation, compared to current
PET scans. As this technology becomes more devel-
oped, we will need to evaluate how this can help us to
better select patients who are candidates for surgical
resection of colorectal liver metastases.



Extensive Preoperative Testing Is Not Necessary in
Morbidly Obese Patients Undergoing Gastric Bypass
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Morbidly obese patients are considered at high risk for perioperative complications and often undergo
extensive testing for preoperative clearance. We analyzed prospectively collected data from 193 patients
undergoing weight loss surgery between November 2000 and November 2002. Preoperative chest x-ray
examination, pulmonary function tests, noninvasive cardiac testing, and blood work were performed
routinely. Preoperative testing identified abnormalities on eight chest x-ray films (4%) and 29
electrocardiograms (15%), none of which required preoperative intervention. Spirometry was abnormal
in 41 patients (21%); logistic regression identified preexisting asthma as predictive of obstructive
physiology (odds ratio [OR] 3.3; 95% confidence interval [CI] 1.2 to 8.9), and body mass index
as predictive of restrictive physiology (OR 1.1; 95% CI 1.01 to 1.2). Arterial blood gases identified only
one case of severe hypoxemia requiring intervention. Mild hypoxemia was associated with increasing age
(OR 14.5; 95% CI 1.8 to 114). Echocardiography demonstrated four abnormalities (2%); previous history
of cardiac disease was the only risk factor (OR 14.5; 95% CI 1.8 to 114). Complete blood count did not
identify 84% and 50%of the patients with iron (n � 31) and vitamin B12 (n � 12) deficiencies, respectively.
Age, body mass index, and history of asthma were associated with abnormal pulmonary function tests
and previous cardiac disease with abnormal cardiac testing. These tests are not mandatory as a routine
preoperative evaluation and can be used selectively on the basis of medical history. (J GASTROINTEST

SURG 2004;8:159–165) � 2004 The Society for Surgery of the Alimentary Tract
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The prevalence of obesity in the United States has
been steadily increasing; it is currently estimated that
more than 60% of the population is overweight and
more than 30% is obese.1 The number of surgical
weight loss procedures performed has mirrored the
increasing prevalence of obesity, and it is estimated
that 100,000 procedures will be performed in 2003.2
Obesity is a risk factor for the development of several
chronic disease states including diabetes,3–6 heart dis-
ease,3,7,8 hypertension,3,5,9 sleep apnea,10–12 and other
respiratory problems.11,12 Although the mechanisms
that lead to the development of thesemedical morbid-
ities have not been completely clarified, they may be
due in part to changes in cytokines, hormones, and
elevated cardiorespiratory demands. Morbidly obese
patients are often feared to be high-risk patients, even
when medical comorbidity is not clearly apparent.
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The necessary extent of preoperative testing has
not been defined.

MATERIAL AND METHODS

Analysis was performed on data that had been
prospectively collected from patients being evaluated
for weight loss surgery between November 2000
and November 2002. During this time, all patients
underwent routine comprehensive preoperative eval-
uation. Blood work included a comprehensive meta-
bolic profile, complete blood count, coagulation
studies, thyroid function tests, and anemia studies.
Chest x-ray abnormalities were identified from radiol-
ogy reports. Noninvasive cardiac testing included an
electrocardiogram (ECG) and stress echocardiogram.
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An abnormal ECG was defined as bundle branch
block, nonsinus rhythm,ST-segment abnormality, T-
wave abnormality, or left ventricular hypertrophy.
Dobutamine stress echocardiography (DSE) abnor-
malities were defined as evidence of valvular dysfunc-
tion or wall motion abnormalities at maximum heart
rate. Few patients underwent exercise stress testing
(n � 4) or nuclear myocardial scintigraphy (n � 7)
(when DSE was unsuccessful). Cardiac catheteriza-
tion was performed as indicated on the basis of
noninvasive cardiac test abnormalities. Pulmonary
function test abnormalities were divided into restric-
tive and obstructive physiology, or combined defects.
Arterial blood gas values were used to identify individ-
uals with hypoxemia, significant hypercapnia (pCO2
�47), or significant acid-base imbalance.
Statistical analysis was performed using multivari-

ate logistic regression to identify predictors of abnor-
mal test results.

RESULTS

A total of 193 patients were included in the analy-
sis. Baseline characteristics are presented in Table 1.
Mean age was 42 years ( � 10 years), and 170 patients
(88%) were female. Mean body mass index (BMI)
was 50 kg/m2 ( � 8 kg/m2). At least one medical com-
orbidity was present in 139 patients (72%). Of the
28 patients with preexisting pulmonary disease (ex-
cluding obstructive sleep apnea), the majority (86%)
reported a history of asthma.

Blood Work

Complete blood count identified 11 cases of mild
anemia; five were associated with iron deficiency

Table 1. Study population characteristics

Patient characteristics

Age (mean � SD) 42 yr (�10)
Sex
Male 23 (12%)
Female 170 (88%)

Weight (mean � SD) 303 pounds (�52)
BMI (mean � SD) 50 kg/m2 (�8)
Current smoker 41 (21%)
Medical comorbidities
Hypertension 103 (53%)
Diabetes mellitus 53 (27%)
Dyslipidemia 26 (13%)
Heart disease 13 (7%)
Obstructive sleep apnea 60 (31%)
Other pulmonary disease 28 (15%)

and one with vitamin B12 deficiency. Conversely, iron
studies identified deficiencies in 31 patients (16%),
but only five (16%) had an associated abnormal com-
plete blood count demonstrating anemia. Virtually
all of the patients with iron deficiency were women
(97%). Vitamin B12 deficiency was noted in 12 pa-
tients (6%), all women, with only one having
anemia identified on complete blood count. All pa-
tients with deficiencies were treated preoperatively.
Coagulation studies identified an elevated interna-
tional normalized ratio in only one patient who was
being treated with warfarin.
Few anomalies were identified on comprehensive

metabolic profile; three patients had mild hypoka-
lemia, two had moderately high liver enzyme levels
(steatosis on liver biopsy), and one hadmildly elevated
creatinine (known mild renal failure). Hypoalbumi-
nemia was noted in 25%, although it was severe (�3.0
mg/dl) in only one patient who was given protein
supplements preoperatively. Thyroid function tests
were abnormal with high thyroid-stimulating hor-
mone levels in six individuals (3%); four of them had
known hypothyroidism and two had normal values
on repeat testing.

Pulmonary Tests

Chest x-ray examination identified eight minor ab-
normalities, including mild cardiomegaly in three,
granuloma three, and a small unchanged lesion in
two. None of these findings elicited any further
workup preoperatively.
Results of pulmonary function tests were abnormal

in 41 patients (21%). Obstructive physiology was
identified in 22 (54%); the majority were classified
as mild airflow obstruction (n � 20), with one each
being classified as moderate and severe airflow obstruc-
tion. These patients were treated with bronchodila-
tors as indicated by the bronchodilator response on
measured flow rates. Logistic regression identified
preexisting asthma as the only predictor of obstructive
physiology with an odds ratio (OR) of 3.3 (95% con-
fidence interval [CI] of 1.2 to 8.9). Restrictive physiol-
ogy was identified in 17 patients (41%), all with mild
restrictive impairment. Univariate logistic regression
identified age, sex, BMI, and obstructive sleep apnea
as predictors of restrictive physiology.However, mul-
tivariate logistic regression, when adjusted for the
preceding covariates, identified only BMI as a statisti-
cally significant predictor (OR 1.1; 95% CI 1.01 to
1.2). This can be interpreted as a 10-point increase
in BMI (e.g., 45 to 55) being associated with a 2.1-
fold increase in the risk of restrictive lung disease
as identified on pulmonary function testing. Two
patients had combined obstructive and restrictive
physiology.
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Arterial blood gas measurements identified hypo-
xemia in 36 patients (17%), of which only one patient
was identified as having severe hypoxemia. This pa-
tient was a 61-year-old woman with a BMI of 60 who
was then given preoperative home oxygen therapy.
Univariate logistic regression identified age and sex
as predictors of hypoxemia. Multivariate logistic re-
gression,whenadjusted forBMI, sex,obstructive sleep
apnea, and previous history of pulmonary disease, still
yielded significant parameter estimates for age (OR
1.05; 95% CI 1.01 to 1.09). Severe abnormalities in
both pulmonary function tests and/or arterial blood
gases prompted planned postoperative admission to
the intensive care unit for observation.

Noninvasive Cardiac Testing

Abnormal ECGs were identified in 29 patients
(15%). All anomalies were minor and did not prompt
any further intervention. DSE, or other stress tests
in a few patients, identified four patients with abnor-
malities. All of them subsequently underwent cardiol-
ogy assessment. Two of the patients had a history of
cardiac disease and one had a history of stroke. These
three patients had low ejection fractions on DSE and
were cleared for surgery. One patient, without any
history of cardiac or vascular abnormalities, had DSE
evidence of inducible ischemia. She then underwent
cardiac catheterization, the results of which were
normal, and was subsequently also cleared for sur-
gery. Logistic regression identified a history of heart
disease as the only risk factor for an abnormal DSE
(OR 14.5; 95% CI 1.8 to 114). Among patients with
a history of heart disease, two (15%) had an abnormal
DSE. If the algorithm proposed by the American
College of Cardiology/American Heart Association12
is applied to this study population, 94% of the pa-
tients would not have undergone DSE prior to sur-
gery. Among the 12 patients who would have needed
DSE, three (25%) had abnormal findings. The only
patient who had evidence of inducible ischemia, and
would not have required DSE according to the algo-
rithm, was the same patient who then underwent
cardiac catheterization with normal results.

DISCUSSION

Studies looking at the relationship between obesity
and perioperative complications in patients undergo-
ing laparoscopic surgery have reported no increase in
risk.13–18These studieshave reportedon small samples
and do not describe what preoperative tests, if any,
were performed. Surgeons are increasingly per-
forming more elective procedures on obese patients,

but frequently only after extensive preoperative eval-
uation. Extensive testing of all patients was once rou-
tine. This practice has been questioned over the past
20 years, and guidelines have been proposed based on
the available evidence that is of benefit for the patient.
Routine preoperative chest x-ray examinations

have a low yield in patients who are healthy, female,
60 years of age or less, and free of respiratory dis-
ease.19 The frequency with which routine preopera-
tive chest x-ray films are influencing management has
been reported to be as low as 0.1 % according to a
meta-analysis.20 As a result of these findings, some
recommend preoperative chest x-ray examinations
only for patients over 50 years of age, with preexisting
cardiac or pulmonary disease, or on the basis of
physical findings.21 We noted abnormalities in 4%,
with none requiring any further investigation.
A preoperative ECG is recommended formen over

40 years of age, women over 50, or individuals with
cardiac risk factors.21,22 Because morbid obesity is a
risk factor for heart disease, it is reasonable that all
of these patients undergo routine preoperative ECG.
None of the abnormal ECGs in our study popula-
tion (15%) elicited any further investigations. This
is somewhat misleading because by the time the ECG
was reviewed results from DSE were also usually
available, and thus obviated any further decision-
making based on abnormal ECGs.
The relationship between obesity and heart disease

is likely via various pathways. Obesity-related hyper-
tension, diabetes mellitus, and dyslipidemia are all
risk factors for coronary artery disease. In addition,
obesity is an independent risk factor for coronary
artery disease.Obesityhas also been associatedwith an
increased risk of heart failure.8 This may develop as
a complication of hypertension and diabetes melli-
tus either directly or via their causation of coronary
artery disease and myocardial infarction. In addition,
heart failure may also be the end result of obstructive
sleep apnea leading to pulmonary hypertension and
right ventricular failure.
DSE has been beneficial in patients with vascular

disease as a noninvasive cardiac test, because these
individuals are often unable to attain their maximum
heart rate during exercise stress testing because of
claudication. Similarly, obese patients also are often
limited in their ability to exercise, and DSE is the
most cost-effective stress test in this situation. DSE
has a high negative predictive value but low positive
predictive value for the outcome of postoperative
cardiac complications in patients undergoing major
noncardiac vascular procedures.23,24 Because the post-
operative incidence of cardiac events is lower in pa-
tients undergoing bariatric surgery, when compared
to vascular surgery, we can surmise that the positive
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predictive value ofDSE in this population will be even
lower. In a non–cardiac surgery population, even
when American College of Cardiology/American
Heart Association guidelines are followed for select-
ing patients to undergo DSE, only 4 of 85 demon-
strated evidence of inducible ischemia, and only in one
of those patients was the preoperative coronary angio-
gram abnormal, necessitating preoperative revascu-
larization.25 Given the low positive predictive value
and specificity of DSE, a number of patients with
false positive test results will then undergo invasive
testing, with the concomitant risks.
Physiologic changes in lung function in obesity

are attributed to decreases in lung compliance from
the weight of the abdomen and chest wall, as well as
increased airway resistance, possibly from small
airway narrowing.26 Abnormalities noted on spirome-
try can vary from an isolated decrease in expiratory
reserve volume to decreases in total lung capacity,
forced expiratory volume in 1 second (FEV1), maxi-
mum voluntary ventilation, and functional residual
capacity.12 Both obesity and obstructive sleep apnea
are risk factors for the development of postoperative
pulmonary complications.27 An association between
preoperative spirometry and postoperative complica-
tions has not been demonstrated in patients undergo-
ing abdominal surgery27 or inmorbidly obese patients
undergoing gastric bypass.28 Analysis of arterial blood
gases often reveals an increased alveolar-arterial oxy-
gen gradient, hypoxemia, or hypercarbia in obese in-
dividuals. Preoperative pulmonary risk assessment is
not improved by routinely analyzing arterial blood
gases.27 Our analysis showed an association between a
history of asthma andobstructive physiology, between
BMI and restrictive physiology, and between age and
hypoxemia. All of these relationships seem logical.
Although spirometry and arterial blood gases incur
little risk to the patient, patient discomfort and cost
(∼$750 at our institution) need to be considered be-
cause nomoderate or severe abnormalities were noted
in patients without a history of pulmonary disease,
or at the upper spectrum of BMI and age.
Routine preoperative blood work consisting of

electrolyte, renal function, complete blood count, and
coagulation studies has been repeatedly shown to have
a low incidence of abnormal results (0.3% to 6.5%,
pooled results from various studies) with an even
lower proportion of these results leading to an alter-
ation in patientmanagement (0% to 2.6%).21Our rate
of detected abnormalities falls within the above-men-
tioned range, although it does seem reasonable to
continue to routinely gather information on elec-
trolyte levels, renal function, and complete blood
counts becausemany of our patients are taking diuret-
ics or other medications, and the operative procedure

can infrequently be associated with significant post-
operative bleeding. Coagulation studies, however, are
likely not indicated unless a history of bleeding tend-
encies is elicited from the patient.
Vitamin B12 or iron deficiency was noted in 22%

of our study population. After gastric bypass, defi-
ciencies of iron (33% to 49%) and vitamin B12 (37%
to 70%) are relatively common.29–31 It therefore
seems prudent to detect any deficiencies preopera-
tively and institute supplementation before proceed-
ing with a procedure that is likely to worsen this.
The association between obesity and hypothyroid-

ism has been demonstrated,32 as has the benefit of
small doses of thyroid hormone supplementation on
dyslipidemia in obesity.33 Given that L-thyroxin is
the fifthmost commonly prescribedmedication in the
United States,34 it can be appreciated that screening
for hypothyroidism and subclinical hypothyroidism
is widespread among primary care providers. This
can be proposed as an explanation for the low yield
in thyroid function test abnormalities identified in
patients arriving for preoperative screening.
Preoperative screening tests may have such a low

rate of identifying latent medical problems because
most of these obese patients have had significantmed-
ical supervision prior to surgical referral. After a
report demonstrating low rates of physician reporting
and intervention in obesity,35 the importance of
screening and identifying comorbid conditions in
obese patients has been emphasized in the primary
care setting.36–43 Patients are mainly referred to us
by primary care physicians, although some are re-
ferred by medical specialists. The extensiveness of
prescreening in our patient population is unknown.
However, because all of these patients have under-
gone physician-supervised diets before being referred
for surgery, it can be assumed that basic blood tests,
including electrolytes, renal function, complete blood
count, and thyroid function tests, have probably been
previously performed. Other screening tests were
probably uncommonly performed. The only excep-
tion to this may be pulmonary function tests because
31% of patients referred had already been diagnosed
with sleep apnea based on sleep studies.
When deciding which investigations should be

performed routinely, we need to consider the cost-
effectiveness and thepossiblebenefit for thepatient. In
particular, tests should not be done if they are not
going to alter management, or if they are associated
with a low positive predictive value, which can lead to
further tests, some of whichmay be invasive and associ-
ated with risks. Blood tests are relatively inexpensive;
however, there are always 5% of individuals who will
fall at the extremes of the bell curve and outside prede-
termined “normal values.” When numerous low-yield
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tests are performed, the risk of obtaining a false positive
result is compounded, again leading to further unnec-
essary testing.
In summary, we found that abnormal cardiac test

resultswereassociatedwithahistoryof cardiacdisease;
abnormal pulmonary function was associated with
BMI and asthma history for spirometry and age for
arterial blood gases. Iron and B12 deficiency were not
reliably predicted from routine complete blood
count determinations of anemia. Thyroid function
tests,coagulationstudies,andchestx-rayexaminations
have a lowyield, with no change inmanagement based
on abnormal test results.Wepropose that routine pre-
operative investigations in obese patients should in-
clude complete blood count, electrolytes, ECG, and
anemia studies. Further investigations, including co-
agulation studies, chest x-ray examination, cardiac
stress tests, and pulmonary function tests, should be
selectively performed on the basis of patient history
of bleeding tendencies, cardiopulmonary disease, or
evidence-based pathways already in place in institu-
tions guiding the ordering of preoperative tests.
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The finding of unsuspected anemias is important
and has been our experience as well. However, in view
of the fact that most of the patients are women in their
reproductive years makes iron deficiency a given in a
certain percentage of the population. Because gastric
bypass is known to potentially cause deficiencies in
iron and B12 absorption, it is appropriate to establish
a preoperative baseline level of these parameters, and
preoperatively treat deficiencies.
The authors have not addressed other areas where

preoperative testing may also be clinically indicated,
if not routine. We screen all of our patients for gall-
stones with preoperative ultrasonography, and we
base our postoperative therapeutic strategies for po-
tential gallstone formation on this information. We
also perform routine preoperative endoscopy in pa-
tients with symptoms of GERD who are taking non-
steroidal anti-inflammatory drugs, or have a history
of ulcer disease or gastritis or upper gastrointestinal
bleeding. There are increasing data to suggest that we
should test more for sleep apnea in this patient
population. It is also unclear what role preoperative
testing plays with regard to bone density or osteopo-
rosis, given the concern for potential calcium malab-
sorption and osteoporosis after gastric bypass, the
true incidence of which is still unknown. Results of
such preoperative tests should also be scrutinized in
future studies just as the Emory group has done for
cardiac and pulmonary function testing.
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Discussion

Dr. B. Bass (Baltimore, MD): Let me just do a
quick survey here. Who routinely performs dobuta-
mine stress tests in their patients?
Dr. Bass:Not too many, I see. Are you suggesting

that we should do anemia studies?
Dr. A. Ramaswamy: I do believe that anemia stud-

ies are indicated. They are inexpensive. We are iden-
tifying about 30% of patients who have deficiencies,
and we are performing amalabsorptive operative pro-
cedure, which we know can be associated with B12
and iron deficiencies postoperatively. Identifying
these deficiencies and supplementing them preopera-
tively is reasonable.
Dr. Bass: What is your B12 regimen?
Dr. Ramaswamy:Most patients are givenmonthly

subcutaneous injections, with a minority taking intra-
nasal supplementation.
Dr. M. Murr (Tampa, FL): The most common

undiagnosed entity in bariatric patients is obstructive
sleep apnea. I found that 40%of all who come through
the office for bariatric surgery have moderate-to-
severe sleep apnea, and I wonder if you have instituted
a policy of performing sleep studies? You alluded to
blood gases and pulmonary function tests, but you
did not mention anything about sleep studies.
Dr. Ramaswamy: We have not been doing sleep

studies routinely in these patients. Approximately
30% of our patients have been diagnosed with sleep
apnea based on screening by a primary care physician
prior to consultation with us. Undiagnosed patients
are sent for sleep studies based only on symptoms.
Dr. Murr: Can I follow on Dr. Bass’ question

regarding the dobutamine stress test? I may have
missed it, but you indicated that you perform this
test on everyone who comes in. What were the inter-
ventions that you did based on abnormal results of
these studies?
Dr. Ramaswamy: One patient had evidence of

inducible ischemia. This patient, who had no cardiac
risk factors except for obesity, then underwent car-
diac catheterization, the results of which were normal.
There were three other patients who had abnormalit-
ies. They all had a history of either cardiac disease
or stroke, and based on the cardiology consultation,
no further interventions were done. They were medi-
cally optimized and brought to surgery.
Dr. S. Bowers (San Antonio, TX): I think that the

denominator in your study is a little bit biased by
selection in that all of your patients actually met the
criteria and went on to have surgery. I wonder if

you could tell us how many patients had to have their
surgery cancelled because of cardiacmorbidity, severe
sleep apnea, or uncontrolled pulmonary disease?
Dr. Ramaswamy: Our study group included all

patients undergoing evaluation for weight loss sur-
gery, not just those who proceeded with surgery. Ac-
tually, not all of these patients had gone on to surgery
at the time of analysis. Some patients were still going
through the process of being evaluated. We were
looking at how many tests were abnormal and what
intervention then proceeded from there. So I do
not actually know how many went on to surgery
except for those specific patients. I mentioned who
had abnormal dobutamine stress echocardiograms or
pulmonary function tests, where the individuals were
medically optimized prior to surgery.
Dr. M. Patti (San Francisco, CA): I enjoyed your

presentation and I agree with most of what you say,
but followingupon thequestion thatwas askedbefore,
what are your exclusion criteria? When do you tell
a patient, I’m sorry, you have reached a point where
we cannot operate? And specifically in patients who
have sleep apnea and require a sleep apnea machine,
do you assess preoperatively pulmonary artery pres-
sures, and if you do, what is considered a pulmonary
artery pressure where the anesthesiologist will not put
those patients to sleep? When you assess pulmonary
function tests, what FEV1 do you consider a cutoff?
Dr. Ramaswamy: We have not had any specific

FEV1 as a cutoff. Severe abnormalities in pulmonary
function havemostly prompted planned perioperative
admission to the intensive care unit. All patients with
diagnosed obstructive sleep apnea bring in their nasal
CPAP machines, and continue with this treatment in
the immediate postoperative period.
We are not routinely assessing preoperative pul-

monary artery pressures in patients who are being
treated for sleep apnea. Need for invasive monitor-
ing is left up to the anesthesiologist, but we have not
had any anesthesiologists decide not to proceed with
the operation.
In terms of who we are refusing right now, we

have instituted our policy based on some of our previ-
ous work, which suggested that patients with a BMI
over 55 were at risk for increased perioperative com-
plications. These patients are streamlined to medical
weight loss until the desired BMI is reached, follow-
ing which they are offered surgery. This cutoff was
instituted recently, so there were individuals with a
BMI above 55 who were included in this study popu-
lation.
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Liver injury is a manifestation of the systemic in-
flammatory response during acute pancreatitis and
is an important clinical prognostic indicator in that
setting. The morbidity and mortality associated with
severe acute pancreatitis is largely attributable to an
exacerbation of the systemic inflammatory response
and the subsequent distant organ dysfunction.1

We have demonstrated that pancreatic elastase
plays a major role in extrapancreatic, organ-specific
cytokine production suggesting that it may be the
link between localized inflammation of the pancreas
and the systemic manifestations of pancreatitis along
with distant organ injury.2–4 In addition, work from
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our laboratory has demonstrated that pancreatitis-
associated liver injury is mediated by tumor necrosis
factor (TNF) that is produced within tissue resident
macrophages.2,3 In that regard, the liver is a unique
organ because Kupffer cells are the largest population
of fixed tissue macrophages, which have been shown
to have a distinct role in sepsis and hemorrhage.5,6
However, the severe degree of liver parenchymal
injury could not be solely attributed to TNF-medi-
ated apoptosis or cell death. Therefore we explored
whether other macrophage-derived cytokines play a
role in pancreatitis-associated liver injury.
Fas is a cell surface protein belonging to the TNF

receptor family, whereas Fas ligand (FasL) is a
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member of the TNF family. FasL is mainly produced
by activated lymphocytes such as T cells and natural
killer (NK) cells; it works as an effector of these
cytotoxic cells to remove cells infected by virus or
cancer cells. Although Fas-induced apoptosis is re-
ported to promote parenchymal cell damage in liver
disease, acute renal failure, glomerular injury, and
thyroiditis, there is paucity of information regarding
FasL expression in Kupffer cells during acute pancre-
atitis.7 Furthermore, the effects of FasL on hepato-
cytes during acute pancreatitis have not been
characterized. The current study was undertaken to
determine the role of FasL in hepatocyte injury in
an established in vitro model.

METHODS

Animals were cared for in accordance with the
guidelines from the Department of Laboratory
Animal Medicine at the University of South Florida,
a facility accredited by the American Association for
Accreditation of Laboratory Animal Care.

Hepatocyte Tissue Cultures

Hepatocytes were isolated from male Sprague-
Dawley rats (300 to 350 g) by digestion with collagen-
ase as described previously.8,9 Livers were perfused
in situ through the portal vein until cleared of
blood with 10 mmol/L HEPES-buffered saline solu-
tion (0.15 mol/L NaCl, 0.42 g/L KCl, 0.99 g/L
glucose, 2.1g/L NaCO3, and 0.19 g/L EDTA) and
then perfused for 4 to 7 minutes with modified
HEPES-buffered saline (no EDTA, 3.5 mmol/L
CaCl2, 1% bovine serum albumin (BSA), and 0.025%
collagenase). The liver parenchyma was then dis-
persed manually, filtered through a 200 µm then
through a 70 µm pore mesh (CellMicroSieve; BioDe-
sign Inc. of New York, Carmel, NY) and centrifuged
twice for 3minutes at 50 g to remove nonparenchymal
cells. Hepatocytes were plated at a density of approxi-
mately 1.0 × 106 in 12-well primary tissue culture
plates (Becton Dickinson Labware, Franklin Lakes,
NJ) with Dulbecco’s modified eagle medium
(DMEM; Atlanta Biologics, Atlanta, GA), supple-
mented with 200 mmol/L of L-glutamine (Sigma, St.
Louis,MO), penicillin (100U/ml), streptomycin (100
µg/ml), and 10% fetal bovine serum. Hepatocytes
were then kept at 37C in humidified air with 5%
CO2. The medium was replaced, and nonadherent
cells were removed in preparation for treatment.

Kupffer Cell Tissue Cultures

Freshly isolated rat Kupffer cells were provided by
Dr. Hide Tsukamoto at the Non-Parenchymal Liver

Cell Isolation Core in the USC Research Center
for Liver Disease and USC-UCLA Research
Center for Alcoholic Liver and Pancreatic Diseases.
Briefly, the cells were isolated from male Sprague-
Dawley rats (350 to 450 g) by in situ sequential
digestion of the liver with pronase and collagenase,
low-speed centrifugation to separate parenchymal
and nonparenchymal cells, and subsequent separation
of a Kupffer cell–enriched fraction by discontinuous
arabinogalactin gradient centrifugation.10 Kupffer
cells were incubated in DMEM (Atlanta Biolo-
gics) supplemented with 200 mmol/L-glutamine
(Sigma), penicillin (100U/ml), streptomycin (100 µg/
ml), and 10% fetal bovine serum. Cells were kept for
24 hours at 37C in humidified air with 5% CO2
before any treatment, and nonadherent cells were
discarded. Kupffer cell viability was assessed by exclu-
sion of trypan blue.

Kupffer Cell Fas Ligand Production

Kupffer cells (purity �98%) were seeded in 24-
well plates (5 × 105 cells/well), The supernatant was
collected from each well 2 hours after treatment with
elastase (1 U/ml; Sigma) and stored in �80C. FasL
protein was determined by using a commercially
available human enzyme-linked immunosorbent
assay (ELISA; Alexis Biochemical, SanDiego, CA). In
other experiments, 7 × 107 Kupffer cells were treated
with elastase (1 U/ml), and FasL was measured in
cell lysates by Western inmmuoblotting. We have
validated this dose of elastase in multiple previous
experiments as the optimal dose to stimulate vari-
ous kinds of macrophages without inducing cell
injury.2–4

Kupffer Cell Fas Ligand Gene Expression
(RT-PCR)

Kupffer cells (2 × 107) were seeded in 100 mm tis-
sue culture dishes and were treated with elastase (1
U/L) for 1 hour. FasL mRNA was measured by semi-
quantitative differential reverse transcription–poly-
merase chain reaction (RT-PCR). Briefly, the total
Kupffer cell RNA was isolated by guanidium thiocya-
nate/acid phenol extraction and primed using oli-
go(dT) (Gibco, Gaithersburg, MD) and subsequently
reversed transcribed with reverse transcriptase (Su-
perscript II; Gibco). The cDNA products were coam-
plified in the presence of rat-specific FasL and
BMG primers for 20 to 25 cycles of PCR in a UNO-
Thermoblock (Biometra, Tampa, FL). The sequence
for the FasL primer7 was sense 5′ATGGAACTGCT
TTGATCTCTGG3′ and antisense 5′AGATTCC
TCAAAATTGATCAGAG3′ (Gibco BRL Products;
Grand Island, NY). The BMG primer sequence
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was sense 5′CTCCCCAAATTCAAGTGTACTCT
CG3′ and antisense 5′GAGTGACGTGTTTAACT
CTGCAAGC3′ (Ransom Hill Biosciences, Ramona,
CA). All primers are known to span at least one intron.
The reaction products were separated with electro-
phoresis in 2.5% metaphor gel agarose containing
ethidium bromide and photographed digitally under
ultraviolet light with the UV Gel Documentation
System (UVP, Upland, CA). Band intensity of each
sample was determined using GDS image analysis
software (UVP), and individual Fas/BMG cDNA
ratios were calculated for analysis.

In Vitro Kupffer Cell Medium–Induced
Hepatocyte Injury

Freshly isolated rat hepatocytes (2 × 106) were
seeded in 24-well Falcon cell culture plates. Twenty-
four hours later, the culture medium was carefully re-
placed with pooled supernatant from elastase-treated
Kupffer cells. Hepatocyte culture medium was har-
vested at 2, 4, 6, and 8 hours, respectively, and then
assayed for aspartate aminotransferase (AST) and lac-
tate dehydrogenase (LDH) as a measure of hepato-
cyte injury by means of a Kodak Ektachen 700
automated analyzer (Kodak, Rochester, NY).

Cocultures of Kupffer Cells and Hepatocytes

Kupffer cells (5 × 105/well) and hepatocytes
(1.0 × 106/well) were seeded in Falcon cell culture
inserts and the 12-well companion plates (Becton
Dickinson Labware, Franklin Lakes, NJ), respec-
tively. The cell culture inserts have incorporated
polyethylene terephthalate trac-etched membranes
with a pore size of 0.4µ that prevents cell migration
but allows bilateral access to nutrients, cytokines, hor-
mones, and other media contents. Cocultures were
treated with pancreatic elastase (1 U/ml) for 2, 4, and
6 hours. Empty cell culture inserts were used in the
control group. The supernatant was collected at dif-
ferent time points and stored at �80C. Liver paren-
chymal enzymes (AST, LDH) were determined as a
measure of Kupffer cell–induced hepatocyte injury.

Hepatocyte Viability

MTT Assay. Hepatocytes (2 × 104/well) were seed-
ed in 96-well plates with DMEM in a total volume
of 100 µl. Cells were allowed to rest overnight and
were then treated with increasing doses of FasL (5
ng to 2.0 µg/ml; Alexis Biochemicals, San Diego, CA)
or pooled supernatant from elastase-treated Kupffer
cell cultures. Hepatocyte viability was determined
using a nonradioactive proliferation assay (Promega

Corp., Madison, WI). Briefly, a dye solution con-
taining 3-[4,5-dimethylthiazol-2-yl]-2,3-diphenylte-
trazolium bromide (MTT) was added to each well,
and incubated at 37C for 2 hours. The absorbance was
determined at 570 nm using a plate reader (Dynatech
Laboratories, Inc., Chantilly, VA). The number of
viable cells was calculated from a standard curve.

Hepatocyte Apoptosis

Flow Cytometry. Hepatocytes (5 × 105/well) were
seeded in six-well plates and treated with FasL (5 ng/
ml) with or without FasL antibody Fas:Fc (1 µg/ml;
Alexis Biochemicals). FasL enhancer (1 µg/ml) was
added to augment the activity of FasL as per the
manufacturer’s recommendations (Alexis Biochemi-
cals). Hepatocytes were washed with ice cold phos-
phate-buffered saline solution (pH 7.6) twice and
suspended in staining buffer (Clontech, Palo Alto,
CA) before labeling with Annexin-V–FITC (5 µL,
Clontech) and 7-amino–actinomycin D (7-AAD;10
µL, PharMingen International, San Diego, CA) fol-
lowing the manufacturer’s protocol. Peak emission
of 7-AAD is approximately 685 nm; hepatocyte
apoptosis was measured by multiparameter flow cy-
tometry utilizing an FL3 photomultiplier tube with
a 670 nm long-pass filter.

Activation of Hepatocyte p38–Mitogen-
Activated Protein Kinase and Caspase-3

Hepatocytes (107cells/60 mm dish) were incubated
with FasL (10 ng/ml) and either with or without
Fas:Fc (1 µg/ml) or with pooled supernatant from
elastase-treatedKupffer cell cultures. Phosphorylated
p38–mitogen-activated protein kinase (p38-MAPK)
and caspase-3 activity were determined by immu-
noblotting. Protein extracts from hepatocytes were
separated by sodium dodecylsulfate–polyacrylamide
gel electrophoresis and electrotransferred to a
nitrocellulose membrane. Nonspecific binding was
blocked with 5% of bovine serum albumin (Sigma)
for 2 hours at room temperature. The membrane was
then immunoblotted overnight at 4C with 1:3000
dilutions of rabbit polyclonal phosphospecific p38-
MAPK (Cell Signaling Technology) or caspase-3 an-
tibodies (PharMingen International). Subsequently,
the membrane was washed and incubated with horse-
radish peroxidase–conjugated antirabbit antibody
for 2 hours at room temperature. The immunoblot
was washed, and the bands were detected with an
enhanced chemiluminescence kit (LumiGlo; New
England Biolabs, Beverly, MA). Phosphorylated p38-
MAPK, caspase-3, and its cleavage subunit were
quantified by densitometry (UVP gel documentation
system; UVP, Upland, CA).
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Statistical Analysis

Experiments were repeated in triplicate (except
gels) and averaged. Data are mean � standard error
of the mean (SEM). Student’s t test was used. Signifi-
cance was set at P � 0.05.

RESULTS
Kupffer Cell Medium–Induced Hepatocyte
Injury

Elastase-treated Kupffer cell medium induced re-
lease of parenchymal enzymes from tissue cultures of
rat hepatocytes as compared to control specimens;
AST: 407 � 4 vs. 42 � 1 U/L (Fig. 1, A; P � 0.001 2
hours vs. control); and LDH: 310 � 13 vs. 252 � 10
U/L (Fig. 1, B; P � 0.001, 2 hours vs. control). In
Chang cell line-13 cells, elastase-treated Kupffer cell
medium reduced the number of viable cells from
11,000� 300 cells to 6000 � 233 cells (P � 0.001;
MTT assay).

Cocultures of Hepatocytes and Kupffer Cells

Similarly, elastase induced a time-dependent and
significant increase in AST and LDH in cocultures
of hepatocytes and Kupffer cells as compared to
monocultures of hepatocytes; AST: 676 � 15 vs.
466 � 48U/L (Fig. 2; P � 0.04, 2 hours vs. control);
LDH: 1778 � 31 vs. 1263 � 5U/L; (P � 0.001, 2
hours vs. control).

Elastase-Induced Fas Ligand Production and
Gene Expression From Kupffer Cells

Elastase increased FasL production from Kupffer
cells as compared to control values; FasL: 0.29 � 0.01
ng/ml vs. 0.21 � 0.01 ng/ml (Fig. 3, A, P � 0.03; 4
hours elastase vs. control ELISA, and elastase/control
� 3× by immunoblot densitometry). In addition,
elastase induced significant upregulation of FasL
mRNA as compared to control values; FasL/BMG:
0.23 � 0.03 vs. 0.11 � 0.003 (Fig. 3, B; P � 0.04;
elastase vs. control).

FasL-Induced Hepatocyte Death

FasL significantly reduced hepatocyte viability in
tissue cultures to a similar extent in doses ranging
from 5 ng/ml to 2 µg/ml. Viability was reduced to
54� 4%, 62� 2%, 58� 3%, and 50 � 7% of base-
line by 5, 25, 50, and 100 ng/ml of FasL, respectively,
as determined by MTT assay (Fig. 4; P � 0.02; FasL:
5ng/ml and 100 ng/ml).

FasL-Induced Hepatocyte Apoptosis

Similarly FasL induced a significant increase in
hepatocyte apoptosis. Dual-labeled cells with An-
nexin-V and 7-AAD were significantly increased 4
hours after treatment with FasL (5 ng/ml) as com-
pared to control (38 � 1 vs. 30 � 1%, P � 0.036,
FasL vs. control, Fig. 5). FasL antibody (Fas:Fc) sig-
nificantly attenuated the increase in FasL-induced
apoptosis and reduced the number of dually labeled
cells to control levels (29 � 1 vs. 38 � 1%, P � 0.02,
Fas:Fc vs. FasL, Fig. 5).

Activation of Caspase-3 and Phosphorylation
of p38-MAPK in Hepatocytes

FasL increased phosphorylated p38-MAPK and
cleavage of caspase-3 (Fig. 6). Fas:Fc attenuated the
FasL-induced activation of p38-MAPK and cleav-
age of caspase-3 (see Fig. 6).

DISCUSSION

The mortality and morbidity of acute pancreatitis
is largely attributed to its systemic manifestations and
the subsequent distant organ injury.1 We previously
demonstrated that pancreatic enzymes, which may
gain access to the systemic circulation as a result of
inflammatory changes in the pancreas, induce pro-
duction of proinflammatory cytokines within distant
organs such as the lungs and liver.1–4 Work from
our own laboratory has demonstrated that resident
macrophages within the lungs or liver produce large
amounts of TNF in response to stimulation with
pancreatic enzymes, namely, elastase.1–4
The prognostic importance of liver injury is sup-

ported by its incorporation into clinical scoring sys-
tems that predict the severity of acutepancreatitis such
as Ranson’s criteria and APACHE-II. In addition,
the liver houses the largest population of resident
macrophages (i.e., Kupffer cells). Kupffer cell–de-
rived cytokines and TNF induce morphologic and
biochemical liver injury indistinguishable from that
of acute pancreatitis, yet blocking TNF did not abol-
ish liver injury.2–4,11
We investigated the possibility that FasL is pro-

duced by Kupffer cells because of the pivotal role
that FasL plays in the pathogenesis of various diseases
and cellular apoptosis.7,12 Although FasL is ubiqui-
tously produced by lymphocytes, we sought to de-
termine whether FasL could be produced within
Kupffer cells by pancreatic elastase. Indeed, elastase
upregulated the gene expression of FasL withinKupf-
fer cells. Because there are no commercially available
ELISA kits for rodent FasL, we used a human FasL
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Fig. 1. A, Treatment of tissue cultures of hepatocytes with supernatant of elastase-treated Kupffer
cells significantly increasedAST(*P�0.001 vs. control, all timepoints).B,Treatmentof tissue cultures
of hepatocytes with supernatant of elastase-treated Kupffer cells significantly increased LDH (*P
� 0.001 vs. control, all time points).

kit, which may explain why there is only a small
increment of FasL production after treatment with
elastase and relatively high levels of FasL in untreated
cells. However, we confirmed the production of FasL

within Kupffer cells by immunoblotting, which uti-
lizes a polyclonal antibody with reactivity to rat FasL
(see Fig. 3, A), and by upregulation of FasL-mRNA
by RT-PCR (see Fig. 3, B).
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Fig. 2. Treatment of cocultures of hepatocytes and Kupffer cells with elastase (1 U/L) significantly
increased levels of AST in the supernatant at 2, 4, and 6 hours (*P � 0.04; **P � 0.001).

Elastase-treated Kupffer cell medium induced a
significant increase in the levels of AST and LDH,
a marker of hepatocyte injury. We previously de-
monstrated that elastase does not directly induce
hepatocyte injury; therefore these data suggest that
Kupffer cell–derived mediators, including FasL,
induce direct hepatocyte injury.2,8
Elastase-treated Kupffer cell medium contains

FasL, as reported herein, as well as other cytok-
ines, specifically TNF, as per our previous work.2,3
Because it would not be practical or feasible to isolate
and investigate all of the cytokine and byproducts
that are present in elastase-treated Kupffer cell
medium, we chose to evaluate FasL because of its
well-defined role in hepatocyte apoptosis. Therefore
and subsequent to demonstrating that FasL is pro-
duced by Kupffer cell, we undertook in vitro experi-
ments that used FasL and its antibody, thereby
avoiding the myriad confounding factors associated
with the use of elastase-treated Kupffer cell medium.
In our model, FasL reduced hepatocyte viability and
significantly increased the number of apoptotic hepa-
tocytes. Moreover, antibody to FasL, Fas:Fc, attenu-
ated the FasL-induced apoptosis.
These findings are consistent with published litera-

ture regarding the pivotal role of FasL in hepatocyte

apoptosis.12 The source of FasL production is the
Kupffer cell; our isolates contain more than 98%
Kupffer cells, which makes the relative contribution
of other potential sources of FasL such as lympho-
cytes and endothelial cells, miniscule.7 The liver
contains very small amounts of lymphocytes; any
lymphocytes that would have contaminated hepato-
cytes or Kupffer cell cultures would have been re-
moved while discarding all nonadherent cells prior
to treatment, because lymphocytes adhere poorly to
culture plates.
Further evidence that FasL plays a role in hepato-

cyte injury is supported by our observations with the
use of an antibody to FasL (Fas:Fc), which inhibits
the activity of mouse and human soluble FasL, and
prevents FasL-induced cell lysis and death. Fas:Fc
attenuated the FasL-induced apoptosis as well as the
upregulation of p38-MAPK and caspase-3 in our
model.
TheTNFreceptor family includes TNFR1 (recep-

tor forTNF)andFas (receptor forFasL).Activationof
Fas by FasL recruits FADD (Fas-associated protein
with death domain) and unmasks its DED (death
effector domain), which activates the caspase cascade
leading to cell death.13,14 Our experiments demon-
strate that FasL mediates activation and cleavage of
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Fig. 3. A, Treatment of tissue cultures of Kupffer cells with elastase significantly increased levels
of FasL in the supernatant (*P = 0.03) by ELISA, and in cell lysates by immunoblotting (gel: elastase/
control � 3×). B, Elastase increased expression of FasL-mRNA in tissue cultures of Kupffer cells
(*P = 0.04, Fas vs. control). BMG � beta 2-macroglobulin.

caspase-3 in hepatocytes, which precedes disruption
of mitochondrial membrane integrity and eventual
cell death. The significance of phosphorylation of
p38-MAPK, which is an upstream regulator of cytok-
ine production, is not clear in this model and warrants
further investigation.
Other macrophage-derived cytokines can result in

liver injury as demonstrated by our data from cocul-
tures of hepatocytes and Kupffer cells. Although we
have demonstrated that TNF reduces hepatocyte
viability, we continued to question the validity of that
conclusion.2,8 Because actinomycin D is needed for

TNF-mediated apoptosis, which makes our previous
findings clinically irrelevant, we chose to study the
role of FasL because of its well-defined role in hepato-
cyte apoptosis. More important, the concept that
macrophage-derived cytokines induce liver injury is
worth noting and is consistent with our previous
findings2,3 and those of other investigators.5,15 These
data suggest that pancreatitis-associated liver injury
ismediated by tissue residentmacrophages and cytok-
ines that originate within the liver itself. Further
investigation of the complex interaction of Kupffer
cells and hepatocytes is warranted and may have im-
portant therapeutic implications.
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Fig. 4. FasL significantly reduced the viability of hepatocytes independent of its dose as measured
by MTT assay (*P � 0.02 vs. control).

We acknowledge some weaknesses in our study;
the reported levels of FasL from Kupffer cells are
low, but we are satisfied with the reproducibility of
detecting FasL protein by immunoblots and its
mRNA by RT-PCR and the clear effect of FasL on

Fig. 5. FasL (5 ng/ml) with FasL enhancer significantly increased the percentage of dual labeled hepato-
cytes with Annexin-V/7AAD as compared to control (*P � 0.03 FasL � FasL enhancer vs. FasL en-
hancer). Fas:Fc significantly attenuated the FasL-induced increase in dual-labeled cells (**P � 0.02,
Fas:Fc vs. FasL � FasL enhancer).

hepatocyte viability and apoptosis. The difference
in the proportional increase in AST/LDH is difficult
to explain but control cells exhibit the same trend;
perhaps some of the variation could be explained by
dedifferentiation of hepatocytes kept in culture for
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Fig. 6. Fas:Fc attenuated the FasL-induced phosphorylation
of p38-MAPK and the cleavage of caspase-3 in tissue cultures
of hepatocytes.

24 hours. Nevertheless, we consider the increase in
AST/LDH a maker of hepatocyte injury and not
an end point by itself. These data should be evaluated
in view of the subsequent experiments that demon-
strated hepatocyte apoptosis.

CONCLUSION

Kupffer cell–derived FasL gene expression is
upregulated by pancreatic elastase. FasL induces he-
patocyte injury and apoptosis in addition to activating
p38-MAPK and caspase-3. Kupffer cell–hepatocyte
interactions are important in the pathogenesis of
liver injury.

We thank the NIAAA-supported Non-Parenchymal Liver Cell
Core (R24 AA12885) for providing isolation and culture of Kupf-
fer cells.
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Dendritic Cells Pulsed With Pancreatic Cancer
Total Tumor RNA Generate Specific
Antipancreatic Cancer T Cells
Matthew F. Kalady, M.D., Mark W. Onaitis, M.D., Sirisha Emani, B.S.,
Zeinab Abdul-Wahab, M.D., Ph.D., Scott K. Pruitt, M.D., Ph.D., Douglas S. Tyler, M.D.

RNA-based dendritic cell immunotherapy with the use of total tumor RNA provides the potential to
generate a polyclonal immune response to multiple known and unknown tumor antigens without HLA
restriction. Our study evaluated this approach as potential immunotherapy for patients with pancreatic
cancer. Dendritic cells were generated using adherent monocytes isolated from peripheral blood of
patients with pancreatic cancer and evaluated phenotypically by flow cytometry to determine whether
dendritic cells couldbegenerated fromthebloodofpatientswithpancreatic cancer. Immaturedendritic cells
were transfected with mRNA encoding full-length carcinoembryonic antigen (CEA) or pancreatic cancer
total tumor messenger RNA, and then matured. Matured dendritic cell phenotypes were also analyzed
by flow cytometry. Transfected, matured dendritic cells were used to stimulate autologous T cells, and the
resultant antigen-specific effector T cells were analyzed by interferon-γ Elispot assay. Immature dendritic
cells with characteristic phenotypic markers CD40, CD80, and CD86 were successfully isolated from
the blood of patients with pancreatic cancer. Incubation with maturation agents increased expression of
CD80 and CD83, demonstrating the induction of a mature antigen-presenting phenotype. Dendritic
cells transfected with a pancreatic cancer–associated antigen (CEA) generated antigen-specific T cells
(P � 0.05). Dendritic cells transfected with autologous total tumor pancreatic cancer RNA generated T
cells that specifically recognized HLA-matched pancreatic cancer cell lines (P � 0.05 compared to control
cell lines). Dendritic cells from patients with pancreatic cancer maintain the ability to translate and
process transfected RNA and serve as mature antigen-presenting cells. These RNA-transfected dendritic
cells from pancreatic cancer patients successfully generate specific T cells against the pancreatic cancer–
associated antigen CEA as well as T cells that specifically recognize pancreatic cancer cells. These data
suggest that total tumor RNA–pulsed dendritic cells may have potential as an adjuvant immunotherapy
for patients with pancreatic cancer. (J GASTROINTEST SURG 2004;8:175–182) � 2004 The Society for
Surgery of the Alimentary Tract

KEY WORDS: Dendritic cells, pancreatic cancer, total tumor RNA, immunotherapy, carcinoembryonic
antigen

Pancreatic cancer is the fifth leading cause of
cancer-related death in the United States.1 Complete
surgical resection remains the cornerstone of care,
with adjuvant chemotherapy providing marginal sur-
vival benefit.2 Despite best surgical and medical ef-
forts, overall prognosis is poor and less than 5%
of patients are alive 5 years after diagnosis.1,3 Given
such dismal results, novel therapeutic options for pa-
tients with pancreatic cancer are desperately needed.
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Recent advances in the basic understanding of im-
munology and tumor biology have sparked renewed
interest in active immunotherapy as a treatment for
various cancers including pancreatic adenocarci-
noma.4,5 One approach to developing immunotherapy
strategies is the use of professional antigen-
presenting cells such as dendritic cells, loaded with
tumor antigens, as a vaccine to stimulate an antitumor
immune response. Animal models in which dendritic
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cells pulsed with peptide tumor antigens were used
have demonstrated generation of cytotoxic T-cell re-
sponses protective against implanted tumors.6,7 Fur-
thermore, antigen-specific T-cell responses have
been generated against the tumor-associated antigen
carcinoembryonic antigen (CEA) in vitro using
human dendritic cells pulsed with CEA peptide or
transfected with mRNA-encoding CEA.8,9 In addi-
tion, dendritic cells pulsed with CEA mRNA have
been shown to be a feasible immunotherapy strategy
in vivo for patients after resection of pancreatic
cancer.10

Our laboratory has focused on the use of RNA-
transfected dendritic cells as an immunologic stimu-
lant. Unlike peptide-based vaccines, mRNA vaccines
are not limited to specific HLA haplotypes. Autolo-
gous dendritic cells present tumor antigen within the
context of their ownHLA type and would thus expand
the patient populations that would be eligible to re-
ceive treatment. Furthermore, an RNA-based ap-
proach is not limited to known tumor antigens. The
ability to generate total tumor mRNAs from patho-
logic specimens, as opposed to defined established
tumor antigen mRNA, expands the range of poten-
tial unknown antigens that might elicit more of a
polyclonal immune response. Thus the entire tumor
antigenic repertoire, both known and unknown, is
potentially represented and presented on the den-
dritic cell surface. This is particularly important in a
disease suchaspancreatic cancer inwhich thereare few
known tumor-associated antigens that could serve as
immunologic targets. Last, total tumor mRNA can
be isolated and amplified from only a few cancerous
cells or from image-guided biopsy material. Thus
this RNA-based approach is not usually limited by
size or surgical accessibility of the tumor.
Despite the theoretical potential of this approach

and the technical ability to use total tumor RNA,
it must first be determined whether the biology of
patients with pancreatic cancer allows for an appro-
priate immune response. Cancer has been known
to have systemic immunosuppressive effects. The
mechanism of these effects is unknown, but questions
have been raised as to whether dendritic cells from
patientswithpancreatic cancer functionnormally.10–12

To appropriately evaluate the feasibility of a dendritic
cell–based immunotherapy in patients with pancre-
atic cancer, it must be determined whether functional
dendritic cells can be generated from the periph-
eral blood of these patients. In other words, dendritic
cells from these patients with pancreatic cancer must
be able to take up, process, and present antigen to
naive T cells in order to be considered as a potential
form of immunotherapy.

Thus the first goal of this study was to evaluate
the phenotypic and functional abilities of dendritic
cells derived from patients with pancreatic adenocar-
cinoma. Second, we incorporated an approach using
autologous pancreatic cancer total tumor RNA to
generate an antipancreatic cancer T-cell response
to determine the feasibility of adjuvant RNA-based
immunotherapy in patients with pancreatic cancer.

METHODS
Pancreatic Cancer Patients
and Healthy Volunteers

After informed consent to participate in a protocol
approved by the Duke University Institutional review
board was obtained, 13 patients with pathologically
proved pancreatic adenocarcinoma donated tumor
tissue and/or blood. As part of another research pro-
tocol, most of these patients had undergone neoadju-
vant chemotherapy consisting of continuous infusion
of 5-fluorouracil with concurrent external beam ra-
diotherapy over 5 weeks to 4500 cGy. Ten healthy
volunteers underwent phlebotomy or leukapheresis
for generation of dendritic cells as a control popula-
tion. Samples were not pooled, and each patient or
volunteer sample was treated individually for ex-
periments.

Generation of Dendritic Cells

Healthy volunteers or patients with pancreatic
cancer underwent peripheral phlebotomy or leukaph-
eresis. Peripheral blood mononuclear cells (PBMCs)
were isolated by Ficoll-Hypaque (Amersham Phar-
macia Biotech, Piscataway, NJ) density gradient sepa-
ration. Cells were either used immediately or
cryopreserved in autologous serum containing 10%
dimethyl sulfoxide (Sigma, St. Louis, MO).
PMBCs were cultured in serum-free X-vivo 15

media (BioWhittaker,Walkerville, MD) in a 150 cm2
polystyrene flask at 37C and 5% CO2. After 2 hours,
nonadherent cells were removed by gentle washing
with phosphate-buffered saline solution. Adherent
cells were replenished with 30 ml X-vivo 15 media
containing800U/mlgranulocytemacrophage-colony
stimulating factor (GM-CSF; Immunex, Seattle,WA)
and 500 U/ml interleukin-4 (IL-4; R & D Systems,
Minneapolis, MN) and incubated for 7 days at 37C
in 5% CO2.

Total Tumor RNA Isolation and In Vitro
Transcribed mRNA

Pancreatic cancer specimens were obtained at the
time of surgery and were stored in RNAlate (Ambion,
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Austin, TX) at 4C until processing. Total cellular
RNA from pancreatic tissues was extracted and iso-
lated using the Qiagen RNAeasy kit (Qiagen, Valen-
cia, CA). All RNA extraction was carried out in a
designated hood with Rnase-free labware. Purified
RNA was quantified by spectrophotometry (Beck-
mann Instruments, Fullerton, CA). Samples were
stored at �80C until used.
mRNA for carcinoembryonic antigen (CEA), in-

fluenza peptide M1, melanoma-associated antigen
Mart-1/Melan A, and green fluorescent protein
(GFP) was isolated according to methods pre-
viously described.13

Dendritic Cell Transfection

After 7 days in culture, dendritic cells were har-
vested and suspended in serum-free media at a con-
centration of 5 × 107 cells/ml. One hundred
microliters of cells were placed in a 2 mm cuvette
with 20 µg of mRNA. The cuvette was then placed
in the electroporator (Electro Square Porator ECM
830; BTX), and a 300 V current was delivered for 500
µs. The transfected cells were immediately removed
from the cuvette and placed in serum-free media
containing 800 U/ml GM-CSF and 500 U/ml IL-4
in six-well plates. A subset of dendritic cells were left
untreated and were analyzed by flow cytometry. For
the remaining dendritic cells, a maturation cocktail
consisting of tumor necrosis factor-α (5 ng/ml), re-
combinant human (rh) IL-1-β (5 ng/ml), rhIL-6 (150
ng/ml), and prostaglandin E2 (1 µg/ml) was added,
and the dendritic cells were cultured for 24 hours.
Phenotypic changes in expression of several cell sur-
face molecules were analyzed by flow cytometry for
both untreated and treated dendritic cells.

Flow Cytometry

Dendritic cells (2 × 105 cells) were washed and re-
suspended in phosphate-buffered saline solution con-
taining 0.02% sodium azide and 1% bovine serum
albumin, and incubated with various fluorochrome-
conjugated monoclonal antibodies at 4C for 20 minutes
in the dark. Immunoglobulin G2a subclass antibod-
ies conjugated with phytoerythrin and specific against
CD3, CD14, CD56, major histocompatibility com-
plex (MHC) class I (Caltag, Burlingame, CA), MHC
class II (Sigma), as well as an isotype control, were
used. Immunoglobulin G1 subclass antibodies conju-
gated with fluorescein isothyocyanate and specific
against CD40, CD58, CD80, CD83, (Pharmingen
BectonDickson, San Jose, CA), CD 54 (Immunotech,
Beckman Coulter), and CD 86 (Caltag, Burlingame,
CA), as well as an isotype control, were also used.
The cells were washed twice in phosphate-buffered

saline solution containing 0.02% sodium azide and
1% bovine serum albumin, and fixed in phosphate-
buffered saline solution containing 1% formal-
dehyde. Standard two-color fluorescence-activated
cell sorting (FACS) was performed using an FACS
caliber cytometer (Pharmingen Becton Dickson).
Data analysis was performed using CellQuest soft-
ware (Pharmingen Becton Dickson). Live cells were
gated according to forward and side light scatter.

T-Cell Cultures

PBMCs obtained from leukapheresis were used
as a source of naive T cells. These cells were sus-
pended in RPMI containing 10% fetal calf serum,
25 mmol/L HEPES, L-glutamine, and antibiotics.
Dendritic cells were harvested 24 hours after transfec-
tion and treated with maturation cocktail and plated
at a ratio of 1:10 with the effector T cells (2 × 105
dendritic cells:2 × 106 effectors) in a total volume of
2 ml in 24-well tissue culture plates and cultured for
7 days at 37C and 5%CO2.After 7 days, the effectorT
cells were harvested, washed, counted, and restimu-
lated with newly transfected and matured dendritic
cells. The effector cells were serially stimulated a total
of four times. Five days after the fourth stimulation,
the effector cells were evaluated by interferon (IFN)-
γ release Elispot assay.
TIL 1235 is a CD8� T-cell clone that recognizes

the immunodominant HLA-A2–restricted Mart-1/
Melan-A epitope ELAGIGILTV. It was generously
supplied by Tim Clay at Duke University Medical
Center and cultured in AIMVmedia containing 6000
IU/ml IL-2 (NCI Biological Resources Branch, Fred-
erick, MD) and supplemented with 10% human anti-
body serum (Valley Biomedical, Inc., Winchester,
VA). It was maintained at 37C in a humidified atmo-
sphere containing 5% CO2 and used as an effector
population in dendritic cell coculture experiments
(Elispot assay).

IFN-g Release Elispot Assay

IFN-γ release Elispot assay was performed as pre-
viously described.13 Each assay sample was tested
in triplicate. Spots were imaged and counted by an
ImmunoSpot Series 1 analyzer system (Cellular
Technology, Ltd., Cleveland, OH). Statistical analy-
sis was performed using Student’s t test at a 5% sig-
nificance level.

RESULTS
Dendritic Cell Phenotype and Maturation

Cells isolated from both healthy volunteers and
patients with pancreatic cancerwere evaluated by flow
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cytometry for expression of particular cell surface
markers that define dentritic cell phenotype. Cell sur-
face marker profiles were consistent with dendritic
cells and were similar for both groups. Dendritic cells
from both groups expressed CD40, CD80, CD83,
CD86, and MHC class I and II molecules as shown
in Fig. 1. These cell populations were negative for
CD14 (B cells) and CD56 (natural killer cells).
In addition, dendritic cells from pancreatic cancer

patients were capable of further differentiation into
mature dendritic cells after stimulation with matura-
tion agents. After maturation, there was an increase
in the expression of these markers as indicated in Fig.
1. Mature dendritic cells exhibit a phenotypic and
functional change toward antigen presentation.
CD83 is a known dendritic cell maturation marker.
Antigenic peptides are expressed at the cell surface
in the context of MHC class I or class II molecules,
which are upregulated in mature dendritic cells. Simi-
larly, CD40, CD80, and CD86 are important co-
stimulatory molecules essential for generation of the
immune response and are also increased appropriately
in mature dendritic cells from patients with pancre-
atic cancer.
There were no significant differences in the

number of dendritic cells generated, dendritic cell
phenotypic profiles, or the ability to differentiate
into mature dendritic cells for patients with pancre-
atic adenocarcinoma compared to those of healthy
volunteers.

Fig. 1. Dendritic cell profiles of cell surface markers as measured by flow cytometry. Monoclonal
antibodies specific for CD40, CD80, CD83, and CD86 were labeled with FITC and MHC. Class I
molecules were labeled with PE. The thin line in each histogram represents the profile of dendritic cells
derived from peripheral blood mononuclear cells. The thicker lines represent further differentiation and
phenotypic changes following stimulation with maturation agents. The profiles and differentiation were
similar for both healthy volunteers (A) and patients with pancreatic cancer (B).

Functional Antigen-Presention

The T-cell clone TIL 1235 specifically recognizes
the melanoma-associated antigen Mart-1/Melan A.
We therefore transfected Mart-1 RNA into dendritic
cells from pancreatic cancer patients. Thus functional
dendritic cells would be capable of mRNA processing
and place peptide antigen on the cell surface for pre-
sentation to T cells. Activation of theMart-1–specific
T-cell clone by dendritic cells expressing Mart anti-
gen results in the release of IFN-γ, which is captured
as a spot in the Elispot assay. Fig. 2 demonstrates
the successful processing and presentation of Mart-
1/Melan A antigen by dendritic cells from pancreatic
cancer patients with specific activation of the T-cell
clone (P � 0.01).

Generation of Antigen-Specific Effector
T Cells

Dendritic cells from patients with pancreatic
cancer were transfected with mRNA for the pancre-
atic cancer–associated antigen, CEA, and used to
stimulate naive autologous T cells. T-cell cultures
were tested for antigen-specific recognition by IFN-γ
release Elispot assay. Stimulator targets in the Elispot
assay were dendritic cells pulsed with CEA mRNA
or pulsed without antigen as a control specimen. Al-
though there was a high background of activity
against dendritic cell stimulators alone, specific T-
cell activation by CEA antigen was nearly twice that
of controls (Fig. 3; P � 0.05). These data demonstrate
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Fig. 2. Interferon-γ release Elispot assay measuring activation
of Mart-1/Melan A T-cell clone TIL1235 by dendritic cells
from pancreatic cancer patients transfected with mRNA for
Mart-1/Melan A (DC/Mart). Control stimulators in this assay
were dendritic cells transfected with mRNA for green fluores-
cent protein (DC/GFP).

that dendritic cells from patients with pancreatic
cancer are capable of translating RNA into anti-
genic protein with resultant antigen processing and
presentation on the cell surface. These dendritic cells
are then functionally able to generate antigen-specific
response from naive T cells.

Dendritic Cells Pulsed With Pancreatic
Cancer Total Tumor RNA

Human pancreatic tumor specimen was obtained
and total tumor RNA was isolated, then transfected

Fig. 3. Interferon-γ release Elispot assay measuring T-cell specificity against carcinoembryonic antigen
(CEA). Naive T cells stimulated by autologous dendritic cells (DC) pulsed with CEA RNA specifically
recognize CEA presented by dendritic cells (DC/CEA), causing interferon-γ release in the Elispot
assay. Control stimulator used for the Elispot assay was dendritic cells pulsed without antigen (DC/0).
P � 0.05.

into autologous dendritic cells. The transfected den-
dritic cells were matured, then used as stimulators
in culture with autologous naive T cells. After four
stimulations, the resultant T cells were isolated and
tested in an IFN-γ release Elispot assay. The stimula-
tors in the assay were HLA-matched pancreatic
cancer lines as well as control cell line K562.
Dendritic cells from pancreatic cancer patients

transfected with autologous pancreatic adenocarci-
noma total tumor were able to generate T cells that
specifically recognize pancreatic cancer cell lines (Fig.
4). The data represented here are from samples run
in triplicate from one patient with pancreatic cancer
and repeated in a separate experiment. The in vitro–
generated T cells were tested against two separate
pancreatic cancer cell lines. TheHs766T cell line was
derived from human primary pancreatic adenocarci-
noma, whereas the CFPAC-1 line was derived from
a pancreatic adenocarcinoma metastatic liver lesion.
Generated T cells recognized and were activated by
both cell lines with significant specificity compared
to control values (P � 0.05).

DISCUSSION

This study demonstrates that dendritic cells from
patients with pancreatic cancer retain normal immu-
nologic function.Despite concern about immunosup-
pression and decreased immune function, we were
able to isolate similar numbers of dendritic cells with
the same phenotype as those from healthy volunteers.
In addition, the dendritic cells were capable of further
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Fig. 4. Interferon-γ release Elispot assay measuring ability of generated T cells to recognize pancreatic
cancer cell lines. Naive T cells stimulated by autologous dendritic cells pulsed with autologous
pancreatic tumor specifically recognize pancreatic adenocarcinoma cell lines CFPAC-1 and Hs766T.
Control cell line stimulator in the Elispot assay was the leukemia cell line K562. P � 0.05 for generated
T-cell recognition of pancreatic cancer cell lines vs. control cells.

differentiation into mature dendritic cells that are
capable of antigen processing and presentation.
Piemonti et al.12 have reported a similar experience.
A unique aspect of our pancreatic cancer patient

population in this study is the high incidence of neo-
adjuvant chemoradiation therapy. Nearly all patients
underwent preoperative treatment prior to acquisi-
tion of blood or tissue samples. Thus one might
expect decreased immunologic function. However,
dendritic cells seem to maintain their function in the
setting of both cancer and chemotherapy, as shown
by effective antigen presentation and generation of
CEA-specific and pancreatic cancer–specific effector
T cells. In fact, recent work suggests that 5-fluoro-
uracil actually enhances CEA expression and in-
creases susceptibility to tumor lysis by cytotoxicTcells
in colon and breast cancer.14 This is particularly
relevant because chemotherapy remains the main-
stay of adjuvant therapy after surgical resection. Thus
immunotherapy used as an additional adjuvant might
be a clinically feasible option.
Host antigen-presenting cells are the key elements

responsible for the in vivo priming of CD4� and

CD8� T-cell responses leading to a systemic antitu-
mor response.15 The scarcity of dendritic cells within
the local tumor environment in patients with pancre-
atic cancer11 may be one explanation for the proposed
decreased immune function in pancreatic cancer pa-
tients. Our group has previously demonstrated that
patients with pancreatic cancer can generate appro-
priate numbers of dendritic cells to undergo success-
ful RNA-based dendritic cell vaccination after
neoadjuvant chemoradiation and tumor resection.10
In vitro isolation andmanipulation of dendritic cells to
express tumor antigen, as described in the present
study, may provide a means to circumvent the prob-
lem of decreased dendritic cells in the local environ-
ment. Thus this technique has potentially large
implications for individual patient responses.
We have taken human dendritic cells from patients

with cancer and pulsed them with autologous pancre-
atic adenocarcinoma total tumor mRNA and success-
fully generated T cells specific against pancreatic
cancer in vitro. The paucity of well-characterized
pancreatic cancer–specific tumor antigens underscores
the necessity and advantages of a total tumor mRNA
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approach. Theoretically, the broadest and strongest
immune response will be generated through inclusion
of all defined and undefined tumor antigens. Alloge-
nic tumor lysate–based vaccines provide a similar ap-
proach5 but may never have the full complement of
antigens because of the heterogeneity of each tumor.
Another disadvantage of tumor cell vaccines is the
difficulty in establishing generic pancreatic cancer
cell lines because of the low cellularity in relation to
fibroblasts and noncancerous stromal cells.16 By using
autologous tumor, mRNA is directly isolated and cell
lines need not be established. Given that this ap-
proach would be utilized in the setting of adjuvant
therapy following surgery, tissue would always be
available. Only small amounts of tissue are required
to isolate RNA, which can be amplified by reverse
transcriptase–polymerase chain reaction.
In summary, pancreatic cancer remains a fatal dis-

ease without effective treatment options for locally
advanced or metastatic disease. No single treatment
has been successful in improving survival outcomes,
and immunotherapy has a potential adjuvant role in
surgery and chemoradiation. This work provides pre-
clinical evidence that further investigation into total
tumorRNA–based pancreatic cancer immunotherapy
is warranted.
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HLA-matched pancreatic cell lines. Immunotherapy
generally has been an ineffective strategy in gastroin-
testinal tract malignancy, although efficacy has been
shown in patients with melanoma and renal cell carci-
noma. Dendritic cells are important antigen-
presenting cells and are central to the induction of
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antigen-specific T-cell responses. Because of this, de-
ndritic cells have become the focus of laboratory inves-
tigations in recent years as potential vehicles for active
specific immunization against cancer. Although labo-
ratory effects have been observed, the limited clinical

Discussion

Dr. J.Moser (Pittsburgh, PA): Have you been able
to identify any new pancreas cancer–specific sequences
using total tumor-derived RNA that might be useful
for all patients with pancreatic cancer, rather than
having to extract RNA from one patient’s tumor,
transfect dendritic cells, and then reinfuse them in a
patient-specific manner?
Dr. M. Kalady: That is a good point. The identi-

fication of new cancer antigens using this RNA-based
technique is definitely something of interest. When
we isolate total tumor RNA, we do not actually ana-
lyze the RNA and go back to see what those sequences
were. We do not test them in any way. We simply
use the total RNA from that patient’s tumor. So, no,

applications of dendritic cells as immunostimulants
have to date been disappointing. It remains to be
seen whether this strategy will produce substantial
clinical benefit.

we have not actually searched for or identified any
new antigens.
Dr. M. Dauer (Munich, Germany): Were the cell

lines that you used for the Elispot assay, when you
used the total RNA, from the patient or allogeneic
cell lines?
Dr. Kalady:We used allogeneic pancreatic cancer

cell lines.
Dr. Dauer: Have you used any cytotoxicity assays

to prove that the T cells are really functioning with
respect to tumor cell lysis?
Dr. Kalady:We have not done that for this partic-

ular set of experiments. We have used chromium 51
in other experiments but not yet in this study.
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The aim of this study was to evaluate contemporary outcomes associated with the management of
gallbladder cancer. The medical records of 48 consecutive patients with gallbladder cancer treated at
our institution from January 1981 through November 2001 were reviewed. Survival was analyzed using
the Kaplan-Meier method (mean follow-up period 24 months) and the log-rank test. Prognostic factors
were analyzed using Cox regression. Mean patient age was 68 years. Sixty percent of patients were female.
Thirty-nine patients (81%) underwent laparotomy or laparoscopy. Eighteen patients (38%) underwent
complete resection (10 simple cholecystectomies and 8 radical cholecystectomies). There were no
procedure-related deaths. The overall 5-year survival rate was 13%. Patients who underwent complete
resection had a higher 5-year survival rate (31%) than patients who underwent palliative surgery or no
surgery (0%; P � 0.05). For patients who underwent radical cholecystectomy, the 5-year survival rate
was 60%. For the 18 patients who underwent curative resection, positive lymph node metastasis and
patient age over 65 were factors predictive of significantly worse survival. Overall survival rates for patients
with gallbladder cancer remain poor. Although radical surgery can be performed safely, it is associated with
long-term survival only in a highly select subset of patients with gallbladder cancer. ( J GASTROINTEST
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Gallbladder cancer represents 1% of all cancers
and is the most common among the estimated 6800
cases of biliary tract cancer diagnosed in the United
States each year.1 Patients with gallbladder cancer
usually have advanced disease at the time of diagnosis.
As a result, curative resection is rarely possible, and
long-term survival is unusual. Indeed, reported over-
all 5-year survival rates for cohorts of patients diag-
nosed with gallbladder cancer only range from 5%
to 12%.2–4 Because of the low incidence of these
cancers and the low frequency with which they are
resected, information with respect to prognostic fac-
tors is limited. Therefore we analyzed the treatment-
associated outcomes for 48 consecutive patients with
gallbladder cancer managed at our institution. Our
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goal was to identify specific prognostic factors pre-
dictive of survival.

MATERIAL AND METHODS

Themedical records of all patients with gallbladder
cancer admitted to the inpatient unit of Brigham and
Women’s Hospital during the period spanning Janu-
ary 1981 through November 2001 were analyzed.
Patients were identified using the International Clas-
sification of Disease-9 (ICD-9) code for gallbladder
cancer (code 156.0) and the computer-assisted hospi-
talization analysis for the study of efficacy (CHASE)
management system.
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Parameters obtained from the medical records in-
cluded demographic data (patient age and sex), signs
and symptoms present at the time of diagnosis, the
preoperative diagnosis, the operation performed and
whether it was curative (complete resection with no
gross residual cancer present at the completion of
surgery) or palliative (gross residual cancer present at
the completion of surgery), and pathologic findings.
Pathologic parameters analyzed were histologic dif-
ferentiation, depth of tumor invasion (T), regional
lymphnode status (N),margin status, andoverall stage
according to the American Joint Committee on
Cancer (AJCC) staging system.5
Patient survival data were obtained from the

United States Social Security Administration Death
Master File. Survival duration was calculated from
the time of operation, or time of diagnosis for patients
who did not undergo any surgery, through the time of
death. The survival curves for selected patient groups
were determined using the method of Kaplan and
Meier.6 Survival durations for these groups were de-
rived from the corresponding Kaplan-Meier curves
and compared using the log-rank test. Potential prog-
nostic factors were evaluated using Cox univariate
and multivariate analyses.7

RESULTS
Patients

During the study period, 48 patients with gallblad-
der cancer were admitted to our hospital. Themedian
age of this patient cohort was 66 years (range 37 to
96 years). Twenty-nine patients (60%) were female.

Presenting Symptoms and Signs

The frequencies with which symptoms and signs
were present at the time of diagnosis in study pa-
tients are summarized in Table 1. Sixty-seven percent
of patients presented with right upper quadrant ab-
dominal pain, 27% had jaundice, 19% had weight
loss, and 13% had fever. One patient had ascites.

Diagnostic and Therapeutic Procedures

Nine patients (19%) underwent endoscopic or per-
cutaneous tumor biopsy but no operative intervention

Table 1. Symptoms and signs at presentation

Symptoms and signs No. of patients

Abdominal pain 32 (67%)
Jaundice 13 (27%)
Weight loss 9 (19%)
Fever 6 (13%)
Acute abdomen 3 (6%)

Table 2. Diagnostic and therapeutic procedures

Therapeutic procedure No. of patients

None 9 (19%)
Curative 18 (38%)
Simple cholecystectomy 10 (21%)
Radical cholecystectomy 8 (17%)

Noncurative 21 (44%)
Laparotomy/laparoscopy with biopsy 3 (6%)
Biliary bypass, or drainage 10 (21%)
Simple cholecystectomy 8 (17%)

because of the presence of metastases or locally ad-
vanced disease precluding surgical resection, as de-
tected on imaging studies.
Thirty-nine patients (81%) underwent laparotomy

or laparoscopy (Table 2); among these patients the
preoperative diagnosis was gallbladder mass in 44%,
cholelithiasis in 28%, and acute cholecystitis in
28%. Eighteen patients underwent complete resec-
tion (10 underwent simple cholecystectomy and 8
underwent radical cholecystectomy including re-
gional lymph node dissection and wedge resection of
the gallbladder fossa of the liver). Of the patients who
underwent complete resection, 11 patients (61%) un-
derwent surgery with the preoperative diagnosis of
cholecystitis or cholelithiasis. Seven of these patients
were diagnosed with gallbladder cancer intraopera-
tively on the basis of operative findings; four were
diagnosed postoperatively on the basis of pathologic
findings (T1 through T3 tumors were found in their
specimens). The remaining 21 patients underwent
nontherapeutic or palliative procedures (3 under-
went intraoperative tumor biopsy alone, 10 un-
derwent biliary-enteric bypass, and 8 underwent
simple cholecystectomy). There were no procedure-
related deaths among study patients.

Stage and Pathologic Findings

The stage distribution among study patients is
shown in Table 3. Sixty-nine percent of patients were
found to have stage IV disease at the time of diagnosis.

Table 3. Overall stage

Stage No. of patients

1 4 (8)
2 7 (15)
3 4 (8)
4 33 (69)
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Table 4. Pathologic parameters of tumors from
patients who underwent curative resection

Pathologic parameters No. of patients; total n � 18

Tumor
1 4 (22%)
2 9 (50%)
3 3 (17%)
4 2 (11%)

Node
0 4 (22%)*
1 5 (28%)*
N/A 9 (50%)

Grade (differentiation)
Well 4 (22%)
Moderate 8 (44%)
Poor 6 (33%)

Positive margin 4 (22%)

*Including specimens obtained from simple cholecystectomy without
formal lymph node dissection.

The pathologic findings for patients who underwent
curative operations are summarized in Table 4.
All tumors were adenocarcinomas except for one ad-
enosquamous carcinoma. Forty-four percent were
moderately differentiated, and 33% were poorly dif-
ferentiated. In four cases (22%), microscopic residual
cancer at the resection margins was detected. Fifty

Fig. 1. Kaplan-Meier estimates of overall survival for the entire cohort of patients with gallbladder
cancer. The estimated median survival was 8.0 months, and 5-year survival was 13%.

percent were T2 tumors, and 50% of specimens con-
tained identifiable lymph nodes (55% of these speci-
mens were positive for lymph node metastasis). The
probability of lymph node metastasis being detected
was greater with higher T stage: 33% for T2 tumors,
75% for T3 tumors, and 100% for T4 tumors.

Survival and Prognostic Factors

Mean follow-up period was 28 months. Overall 1-
year and 5-year survival rates for our entire patient
cohort were 40% and 13%, respectively (Fig. 1). Pa-
tients who underwent complete resection had higher
1-year and 5-year survival rates (73% and 31%, re-
spectively) than patients who underwent palliative
surgery or no surgery (12% and 0%, respectively;
P � 0.05; Fig. 2).
Patients with T1/T2 tumors had better survival

rates than those with T3/T4 tumors (92% vs. 50%
at 1-year, 46% vs. 0% at 5-years; P � 0.05) (Fig. 3).
The presence of lymph node metastases and high
tumor grade (poor differentiation) were adverse prog-
nostic factors among these patients (0% vs. 75% 2-
year survival rates for patients with positive lymph
nodes vs. negative lymph nodes, respectively;
P � 0.05 and 27% vs. 74% 2-year survival rates for
patients with poorly differentiated tumors vs. well to
moderately differentiated tumors, respectively;
P � 0.05) (Fig. 4). For patients who had undergone
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Fig. 2. Kaplan-Meier estimates of overall survival for patients who underwent curative resection and
those who did not undergo such resection. Five-year survival rates for these patient groups were 31%
and 0%, respectively (P � 0.05 by log-rank test).

simple cholecystectomy, 1- and 5-year survival rates
were 60% and 20%, respectively. For patients who
had undergone radical cholecystectomy, 1- and 5-
year survival rates were 100% and 60%, respectively
(Fig. 5). The distributions of the overall stages among
patients who underwent simple cholecystectomy or
radical cholecystectomy were similar (50% stage I
or II and 50% stage III or IV in both groups); the
difference in overall survival between patients in
these groups did not reach statistical significance
(P � 0.27, log-rank test).
Of the 30 patients who did not undergo curative

surgery, 37% underwent biopsy alone, 27% had a
simple cholecystectomy, and 33%had a biliary bypass
or drainage. Median durations of survival for these
groups were 5.6, 8.0, and 5.6 months, respectively.
We analyzed potential prognostic factors pre-

dictive of survival in the 18 patients who underwent
curative resection using Cox regression. The factors
included in this analysis were patient age and sex,
pain, jaundice, or weight loss at the time of diagnosis,
and pathologic factors, including margin involve-
ment, depth of tumor invasion (T stage), lymph

node involvement (N stage), tumor grade (differentia-
tion), the presence of distantmetastasis (M), and over-
all stage. Univariate analysis showed that patient age
over 65, preoperative jaundice, T stage higher than
3, lymph node metastasis, poor differentiation, and
overall stage higher than III were associated with
significantly worse survival. On multivariate analysis,
patient age over 65 and lymph node metastasis were
associated with significantly worse survival. The
prognostic factors analyzed,P values, and relative risks
onCox regression analysis are summarized inTable 5.

DISCUSSION

Gallbladder cancer is uncommon but not rare.
Indeed, gallbladder cancer is the fifth most common
gastrointestinal cancer and the most common biliary
tract cancer.1 In our institution’s 20-year experience
with this cancer, 38%of patients were able to undergo
complete resection, and those who underwent com-
plete resection achieved a 31% 5-year survival rate.
In previously reported series of patients with gall-

bladder cancer, the resectability rates have ranged



Vol. 8, No. 2
2004 Surgical Treatment of Gallbladder Cancer 187

Fig. 3. Kaplan-Meier estimates of overall survival for patients with T1/2 tumors and those with T3/4
tumors. Five-year survival rates for these patient groups were 46% and 0%, respectively (P � 0.05 by
log-rank test).

from 17% to 47%, and the 5-year survival rates for
patients having undergone complete resection have
ranged from 18% to 58%8–15 (Table 6). Consistent
with our results, the factor most consistently reported
to be associated with prognosis has been N stage.
In the series reported by Benoist et al.,9 no patient
with lymph node metastases survived 1 or more years.
Similarly, in the series reported by Bartlett et al.,8 no
patients with T2 (or greater) tumors with lymph node
metastases survived 2 or more years. In our series,
no patient with positive lymph nodes survived for
more than 2 years.
Available data on which to base therapeutic recom-

mendations are limited to those derived from retro-
spective analyses. Is radical surgery a better treatment
for the gallbladder cancer? For T1 cancers, proce-
dures of magnitude greater than simple cholecystec-
tomy appear unlikely to be associated with improved
survival. In our study, none of the patients with T1
tumors had lymph node metastasis detected. In the
study reported by Wakai et al.,16 143 lymph nodes
from 12 patients with T1 gallbladder cancer treated
with radical resection were examined. None of these

lymph nodes contained metastatic cancer. These in-
vestigators also reported that survival of patients with
T1 tumors who underwent simple cholecystectomy
was similar to that of patients with T1 tumors who
underwent radical resection.16
Available data suggest that radical cholecystectomy

may have its greatest utility in the treatment of T2
tumors.The incidence of lymph nodemetastasis asso-
ciated with T2 tumors was 33% in our study and has
been reported to range from 28% to 63%.8,10,11,13,17
In the study reported by Chijiwa et al.,18 radical
resection of T2 tumors was associated with a 59%
5-year survival rate, whereas simple cholecystec-
tomy was associated with only a 17% 5-year survival
rate. Similarly, Fong et al.10 reported better sur-
vival for patients with T2 tumors who underwent
radical resection than those who underwent simple
cholecystectomy.
Much controversy with respect to the value of radi-

cal cholecystectomy in the treatment of T3 and T4
tumors exists. Five-year survival rates among patients
with T3 or T4 tumors have been reported to range
from 0% to 36%.8,10,11,19 In our series, no patients
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Fig. 4. A, Kaplan-Meier estimates of overall survival for patients with positive lymph node metastasis
and those with negative nodes. Two-year survival rates for these patient groups were 75% and 0%,
respectively (P� 0.05 by log-rank test). B, Kaplan-Meier estimates of overall survival for patients with
grade 1/2 tumors and those with grade 3 tumors. Two-year survival rates of these patient groups were
74% and 27%, respectively (P � 0.05 by log-rank test).
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Fig. 5. Kaplan-Meier estimates of overall survival for patients who underwent simple cholecystectomy
(choley) and those who underwent radical cholecystectomy. Five-year survival rates for these patient
groups were 60% and 20%, respectively (P � 0.05 by log-rank test).

with T3 or T4 tumors survived for 5 years. In a
series of 41 patients who had undergone radical resec-
tion for gallbladder cancer reported by Shimada et
al.,20 81.3% of patients with T3 or T4 tumors had

Table 5. P values and relative risk for Cox regression
analysis of potential prognostic factors predicting
survival after curative resection

Univariate Multivariate Relative
Prognostic factors analysis analysis risk

Age �65 yr 0.008 0.02 6.9
Male Sex 0.06
Pain at presentation 0.22
Jaundice at 0.08
presentation

Weight loss at 0.24
presentation

Positive margin 0.71
T (higher than 3) 0.04 0.35 2.1
N1 0.009 0.039 13.8
Poor differentiation 0.04 0.9 0.92
M1 0.5
Stage higher than 3 0.03 0.42 0.54

lymph node metastasis; yet 84% of these patients
had N2 or para-aortic lymph node involvement.
None of these patients survived for 5 years. Some
studies do suggest improved survival with radical
resection among patients with T3/4 tumors,
however.10,14,21
Because of the low incidence of gallbladder cancer,

information on the relative efficacy of operations
for this disease has been limited to that derived from
single-institution case series. Resolution of the ex-
isting controversies will require multi-institutional
collaborative efforts. However, improvements in out-
comes for patients with advanced gallbladder cancers
with modifications of surgical technique alone are
likely to be only incremental. For these patients, im-
proved understanding of the mechanisms driving
gallbladder cancer initiation and progression based
on fundamental investigations will be required.

CONCLUSION

The overall survival for patients with gallbladder
cancer remains poor. Although radical surgery is safe,
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Table 6. Recently reported series of gallbladder cancer and predictive indicators documented

5 yr survival after
Reference Year N Resectability (%) curative resection Identified prognostic factor

Bartlett et al.8 1996 149 15.4 58 T, N*, M, H, B, stage
Ruckert et al.14 1996 81 22 N, stage
Benoist et al.9 1998 86 100 26 N, stage
North et al.12 1998 162 22 57 Margin, stage
Muratore et al.11 2000 70 47 27.4 T*, N, stage*
Fong et al.10 2000 248 25 38 T, N, stage
Schauer et al.15 2001 127 35.5 20 T, N, M*, resectability*, G, stage*
Puhalla et al.13 2002 267 17 18.2 T, N, grade*, margin*, stage
Present series 48 38 38 Patient age*, T, N*, G, stage

*Significant in multivariate analysis.

it is associated with long-term survival only in a highly
select subset of patients with gallbladder cancer.
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Management of Complex Biliary Tract Calculi With
a Holmium Laser
Peter Shamamian, M.D., Michael Grasso, M.D.

The difficulty in managing complex biliary tract calculi is exemplified in patients with primary intrahepatic
calculi. Standard surgical and endoscopic approaches often fail to clear calculi in these patients who have
recurrent episodes of cholangitis. The success of the holmium laser for urologic calculi led us to adapt
treatment strategies for primary and secondary biliary tract calculi where standard treatments had been
unsuccessful. Our goals were to remove all calculi, prevent recurrent sepsis, and preserve hepatic
parenchyma. Thirty-six patients with complex biliary calculi were treated. After sepsis was controlled
and the extent of calculi was evaluated, appropriate access to and drainage of the biliary tract was
achieved. Holmium laser lithotripsy was performed under video guidance using flexible
choledochoscopes and a 200 µ laser fiber generating 0.6 to 1.0 joules at frequencies of 6 to 10 Hz.
Lithotripsy procedures were repeated until cholangiography and cholangioscopy confirmed the clearance
of calculi. Twenty-two patients of Asian descent with primary intrahepatic calculi and 14 patients
with secondary intrahepatic calculi were treated. Access to the biliary tract could be accomplished through
percutaneous catheter tracts, T-tube tracts, or the cystic duct during laparoscopic cholecystectomy. Biliary
drainage was by biliary enteric anastomosis or endoscopic sphincterotomy. Complete stone clearance
required an average of 3.9 procedures (range 1 to 15) for patients with primary intrahepatic calculi and
2.6 procedures (range 1 to 10) for patients with secondary intrahepatic calculi regardless of stone
composition. No patient required hepatic resection and no complications or deaths were attributed to
the holmium laser. Clearance of calculi can reliably and safely be achieved with a holmium laser regardless
of stone composition or location while preserving hepatic parenchyma and preventing recurrent sepsis.
( J GASTROINTEST SURG 2004;8:191–199) � 2004 The Society for Surgery of the Alimentary Tract

KEY WORDS: Bile duct, hepatolithiasis, cholangiohepatitis, bile duct calculi, cholangitis, laser lithotripsy

The management of complex intrahepatic and ex-
trahepatic biliary lithiasis is fraught with complica-
tions and treatment failures.1–3 The etiology of
biliary tract calculi differs in Asia and theWest.4 The
majority of biliary calculi in Asia result from infec-
tious or parasitic disease arising in the biliary ducts.
This disease process has been referred to as hepatoli-
thiasis, cholangiohepatitis, or recurrent pyogenic
cholangitis; we prefer the term primary intrahe-
patic calculi. In contrast, biliary tract calculi in the
West develop as a secondary result of calculi originat-
ing in the gallbladder or primary stones resulting
frombenign strictures, sclerosing cholangitis, choled-
ochal cysts, or malignant biliary tumors.1 Regardless

Presented at the Fourth Americas Hepato-Pancreato-Biliary Association Congress, Miami Beach, Florida, February 27–March 2, 2003.
From the Department of Surgery, New York University School of Medicine (P.S.), New York, New York; Department of Surgery, Bellevue
Hospital Center (P.S.), New York, New York; Department of Surgery, the Veterans Administration New York Harbor Healthcare System
(P.S.), New York, New York; Department of Urology, Saint Vincent’s Medical Center (M.G.), New York, New York; and the Department
of Urology, New York Medical College (M.G.), New York, New York.
Reprint requests: Peter Shamamian, M.D., Department of Surgery, New York University School of Medicine, 550 First Avenue, Suite 6B,
New York, NY 10016. e-mail: peter.shamamian@med.nyu.edu

� 2004 The Society for Surgery of the Alimentary Tract 1091-255X/04/$—see front matter
Published by Elsevier Inc. doi:10.1016/j.gassur.2003.10.007 191

of the origination of the calculi, the net result is biliary
obstruction and cholangitis.
Advances in laparoscopic and endoscopic tech-

niques allow for safe expeditious removal of calculi
confined to the gallbladder and common bile duct in
most patients.5 However, when these methods have
been exhausted, standard surgical approaches such as
common bile duct exploration, biliary enteric by-
pass, and hepatic resection may be indicated but
carry increased morbidity.6 Failure to clear calculi
from the entire biliary tree results in recurrent ep-
isodes of cholangitis and ultimately liver failure. Sev-
eral investigators have advocated hepatic resection
for patients with primary intrahepatic calculi. In some

mailto:peter.shamamian@med.nyu.edu
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patients, where the bulk of the stone burden involves
the liver to left of the umbilical fissure (segments II
and III), resection can be accomplished with minimal
morbidity.However, when calculi are found through-
out the biliary tree, hepatic resection is no longer
an option.7,8
The goal of managing patients with complex bili-

ary lithiasis is to remove obstructing calculi, maintain
free flow of bile, preserve hepatic parenchyma, and
provide access to the biliary tree for treatment of
recurrent calculi. The methods for meeting these
goals have evolved through combining skills from
surgical, endoscopic, and radiologic specialties.1,5,9
The striking success of the holmium laser for complex
urinary calculi prompted us to investigate its use as a
lithotrite for biliary tract calculi.10 Our initial focus
was to apply the existing technologies of holmium
laser lithotripsy to patients with primary intrahepatic
calculi located throughout the biliary tree with no
adequate treatment options. After the successful treat-
ment of patients with primary intrahepatic calculi, we
then used the same techniques for clearing calculi in
patients who presented with secondary biliary calculi
where treatment by standard methods had failed. We
present our experience in managing these difficult
clinical challenges.

METHODS
Patient Characteristics

From April 1996 through February 2003,
treatment of 36 patients with complex biliary tract
calculi at the New York University Medical Center
and Bellevue Hospital Medical Center included use of
the holmium laser. Diagnostic evaluation included CT
scanning, ultrasonography, magnetic resonance im-
aging with cholangiography, percutaneous cholangi-
ography, and endoscopic cholangiography where
indicated. Patients received antibiotics and ursodeoxy-
cholic acid at the discretion of the treating physician.
Demographic data are presented in Tables 1 and 2.
There were 23 women and 13 men ranging in age
from 28 to 88 years. Patients were classified into two
groups: primary intrahepatic calculi (n� 22) and sec-
ondary intrahepatic calculi (n � 14).
Patients considered as having primary intrahepatic

calculi presented with a history and symptoms that
have been referred to as hepatolithiasis, cholangio-
hepatitis, or recurrent pyogenic cholangitis. All 22
patients presenting with primary intrahepatic calculi
(patients P1 to P22; see Table 1) immigrated to the
United States from either mainland China or Hong
Kong, and the gallbladder was secondarily involved
in the disease process.

Fourteen patients were assigned to the group des-
ignated the secondary intrahepatic calculi group (pa-
tients S1 to S14; see Table 2). Because none of these
patients were of Asian descent, it was initially assumed
that calculi found in the bile duct originated in the
gallbladder. Ten patients had a history or evidence of
gallbladder calculi. In the remaining four patients,
calculi were a result of disease processes originating
within the bile ducts. Two patients had a diagnosis
of sclerosing cholangitis (S7 and S10), one patient
had a history of congenital bile duct atresia (S11),
and one patient developed intrahepatic calculi after
liver transplantation, complicated by hepatic artery
occlusion (S4; see Table 2). Although these patients
could be considered to have primary intrahepatic cal-
culi, they did not have the endemic form of the disease
and were therefore grouped separately. Patients in
this report were referred for management, and the
holmium laser was employed after standard tech-
niques had failed to clear bile duct calculi.

Technique of Laser Lithotripsy

Before laser lithotripsy could be performed, pa-
tients required access to the biliary tract and establish-
ment of adequate biliary tract drainage. The method
of access—percutaneous transhepatic catheter or T
tube—was determined at the time of patient presenta-
tion according to previous treatment. In patients who
presentedwith cholangitis or who had previous chole-
cystectomy, the percutaneous transhepatic catheter
was used, whereas those requiring elective cholecys-
tecomy had a T tube placed at the time of surgery.
Biliary tract drainage was either by choledocho-

enterostomy or endoscopic sphincterotomy. Patients
presenting with previous choledochoenterostomy or
endoscopic sphincterotomy were considered to have
adequate drainage. Endoscopic sphincterotomy was
performed in patients who had previously undergone
cholecystectomy. Our preference was to perform a
Roux-en-Y-hepaticojejunostomy with subfascial place-
ment of the Roux limb for future access in patients
who required open surgery for cholecystectomy. In
two patients (S2 and S8; see Table 2) the common bile
duct was accessed via cystic ductotomy during laparos-
copic cholecystectomy; biliary drainage was previously
established in these patients by endoscopic sphinctero-
tomy. Percutaneous access was not possible in patient
P4 (see Table 1) because of large intrahepatic cysts.
This patient was managed by converting a choledol-
choduodenostomy to a Roux-en-Y hepaticojejunos-
tomywith aT tube. Access to the bile duct was through
the T-tube tract. When the patient developed recur-
rent calculi, the biliary tree was accessed though the
blind end of the Roux limb,which hadbeen placed sub-
facially.
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For patients undergoing cholecystectomy or bili-
ary surgery, laser lithotripsy was performed at the
time of surgery through a standard bile ductotomy.
Percutaneous access tracts were allowed to mature
for 4 to 6 weeks prior to laser lithotripsy procedures.
In order to prevent the laser fiber from inadvertently
contacting the bile duct during laser lithotripsy, pa-
tients required general endotracheal anesthesia to
prevent sudden movements and controlled ventila-
tion with low tidal volumes to limit diaphragmatic
excursion. Intraoperative cholangiography was per-
formed through existing catheters, which were subse-
quently removed over guidewires. We preferred to
use a 7.5 F outside diameter endoscope (Karl Storz
Endoscopy, Tuttlingen, Germany) with a 3.6 F work-
ing channel, which was inserted through the estab-
lished tract under video guidance to access the biliary
tree. Continuous warm (33 to 37C) 0.9% saline irri-
gation through the working channel of the choledo-
choscope was used to distend the biliary ducts,
remove debris, and provide a medium to transfer laser
energy. The laser energy was generated from a 60-
watt solid-state holmium:YAG unit (Boston Scien-
tific, Natick, MA). The laser fiber was introduced
through theworking channel of the choledochoscope.
Our preference is to use a 200 mm fiber to allow
maximal deflection of the choledochoscope. As calculi
were encountered, they were fragmented with a laser
frequency of 6 to 10 Hz and energy of 0.5 to 1.0
joules. During the course of cholangioscopy when
strictures were encountered, we found that the laser
could divide strictures and thus allow us to gain access
to the obstructed segment of the liver and remove the
calculi. Procedures were limited to 2 to 3 hours’
duration to prevent hypothermia and abdominal
distention from the irrigation solution. Laser litho-
tripsy was repeated as often as necessary until the
biliary tree was free of calculi and obstructing
strictures.

RESULTS
Presenting Symptoms

For the patients in the primary intrahepatic calculi
group (see Table 1), presenting symptoms included
pain and fever without cholangitis (anicteric) in nine
patients, cholangitis in seven patients, and isolated
right upper quadrant pain in six patients. None of
these patients presented with pancreatitis, and jaun-
dice was always accompanied by additional symp-
toms. Presenting symptoms for the group with
secondary intrahepatic calculi included cholangitis
(n � 9), pain and fever (n � 2), jaundice (n � 1), pain
(n � 1), or pancreatitis (n � 1).

Procedures Performed Before Laser Lithotripsy

Six of the 22 patients with primary intrahepatic
calculi were not previously treated for biliary tract
disease before referral to our center (see Table 2).
The remaining 16 patients received a variety of treat-
ments in an attempt to rid them of calculi. Four
patients had previously undergone cholecystectomy
alone. Ten had cholecystectomy with a drainage pro-
cedure (choledochoduodenostomy in 4, endoscopic
sphincterotomy in 2, and hepaticojejunostomy in 4).
Two patients had a combined procedure consisting
of cholecystectomy, left hepatic resection, and a
drainage procedure (endoscopic sphincterotomy in 1
and choledochoduodenostomy in 1).
Twelve of the 14 patients with secondary intrahe-

patic calculi underwent cholecystectomy prior to
referral, 11 by open technique and one laparoscopi-
cally. Two patients had no previous biliary tract pro-
cedures and underwent laparoscopic cholecystectomy
at the time of laser lithotripsy for biliary tract calculi.
In four patients, removal of calculi had been at-
tempted by open common bile duct exploration and
endoscopic retrograde cholangiopancreatography
(ERCP). Six patients had previously undergone
ERCP that did not completely remove bile duct cal-
culi. One patient refused ERCP because after a previ-
ous ERCP he had had an episode of life-threatening
pancreatitis that required operative necrosectomy.
Patient S5 underwent orthotopic liver transplantation
with primary bile duct anastomosis that was compli-
cated by hepatic artery thrombosis. Although the
transplant survived, there was sloughing of the biliary
mucosa and subsequent calculi formation that could
not be cleared by ERCP. Three patients had previous
hepaticojejunostomy, two after extrahepatic bile duct
resection for sclerosing cholangitis. Patient S11 had
a hepaticojejunostomy created to treat a congenital
biliary stricture shortly after birth.

Access for Laser Lithotripsy

In order to perform laser lithotripsy, there must
be adequate access to the biliary tree so that a 7 to
10 F choledochoscope can be passed with ease. Access
to the biliary tree in patients with primary intrahe-
patic calculi was via surgically placed T tubes in
10 patients, percutaneous transhepatic catheters in
nine patients, and a combination in three patients. For
patients with secondary intrahepatic calculi, access to
the biliary tree was by means of surgically placed
T tubes in four patients, percutaneous transhepatic
catheter in nine, and a combination in one.

Drainage for Laser Lithotripsy

Biliary tract drainage must be sufficient for small
stone fragments to pass unimpeded and must also be
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able to provide adequate biliary flow such that stasis
does not develop and contribute to calculi formation
in the future. Biliary drainage in patients with primary
intrahepatic calculi was by biliary-enteric anastomo-
sis in 18 patients (choledochoduodenostomy in 3 and
hepaticojejunostomy in 15), or endoscopic sphinc-
terotomy in four patients. Not surprisingly, the ma-
jority of patients with secondary intrahepatic bile duct
calculi had endoscopic sphincterotomy (n � 11) as
drainage procedures and only three had biliary enteric
anastomosis (hepaticojejunostomy).

Outcome

Laser Performance. Samples of calculi from both
groups of patients were retrieved and subjected to
mineral analysis. The retrieved fragments contained
mixed combinations of cholesterol, calcium biliru-
binate, and mixed bile pigments. The holmium laser
was able to fragment stones irrespective of the
composition.
Elimination of Intrahepatic Calculi by Holmium

Laser Lithotripsy. Bile ducts were considered cleared
if no calculi could be identified by cholangiography
(Fig. 1) or cholangioscopy, and transcutaneous cathe-
ters could be removed without the development of
infections complications. Clearance of calculi was
achieved in patients with primary intrahepatic calculi,
requiring an average of 3.9 treatments per patient
(range 1 to 15). Secondary intrahepatic calculi re-
quired an average of 2.6 treatments per patient
(range 1 to 10) for clearance of calculi. Clearly the
majority of these patients required one treatment for
calculi located in the common bile duct.
Complications. The most common complication

was brief, self-limiting febrile episodes after treat-
ments. Procedure-related complications included he-
patic subcapsular hematoma (due to a guidewire in
patient P1), infected hepatic cyst (patient P4), supra-
ventricular tachycardia (3), and post-procedure pneu-
monia (patient S12). No patients in either group
developed septic shock despite the presence of bac-
tobilia. No complications or deaths were a direct
result of using the holmium laser. Inadvertent firing
of the laser in direct contact with the bile duct mucosa
did not cause irreversible injury that could be identi-
fied on subsequent cholangioscopy. This observation
led us to use the laser to divide strictures under direct
vision with good success.
Follow-Up. The follow-up data in Table 1 include

the length of time (based on follow-up visit or
phone contact) the patient was know to be symptom
free (range 6 to 78 months). It is difficult to ascertain
for sure how the patients in the groups with primary
intrahepatic calculi fared in the long term because

some patients left the New York metropolitan area
shortly after their treatments. Two patients returned
with recurrent intrahepatic calculi, which were suc-
cessfully treated by means of a percutaneous transhe-
patic catheter for access (patient P8) or by accessing
the blind end of the Roux limb (patient P4). Three
patients died, one from progressive liver failure (pa-
tient P3) and two from cholangiocarcinoma (patients
P10 and P11).
More complete follow-up information is available

for patients with secondary intrahepatic calculi (see
Table 2). One patient (S5) died of progressive hepatic
failure; this patient was unable to undergo retrans-
plantation because of hepatic artery thrombosis and
recurrent calculi 22 months after treatment. Patients
S7 and S10 have been diagnosed with sclerosing cho-
langitis. As the disease progresses, new strictures form
leading to stasis and recurrent stone formation, which
can be successfully retreated to minimize their
symptoms.

DISCUSSION

Facedwith the challenge ofmanaging patients with
complex biliary calculi, we adapted the techniques of
biliary endoscopy and holmium laser lithotripsy, and
have demonstrated that the holmium laser is a safe
and effectivemethod to clear biliary tract calculi. This
is true regardless of the location or composition of
the calculi. When planning treatment for patients
with complex biliary calculi, careful evaluation must
be made of stone location, biliary anatomy, and previ-
ous biliary tract procedures performed on the patient.
Successful outcome can be assured if there is adequate
access to the biliary tree for complete evaluation and
treatment. Sufficient enteric drainage of the bile ducts
will allow stone fragments to enter the gastrointesti-
nal tract during lithotripsy procedures, and prevent
future stasis and recurrent calculi formation after
stone clearance.
Persistent or recurrent stones from inadequately

treated primary intrahepatic calculi can cause recur-
rent cholangitis and can eventually lead to hepatic
failure and death.2,6 Standard therapy includes endo-
scopic, percutaneous, and surgical approaches. ERCP
provides access to the common bile duct for diag-
noses. When combined with endoscopic sphinc-
terotomy (ES), ERCP allows for drainage of the
common bile duct and in skilled hands can be used
for extraction of intrahepatic calculi.11 Although
ERCP/ES can provide access to the common bile
duct, strictures and stones beyond the secondary
biliary radicals may be out of reach. Percutaneous
transhepatic cholangiography can be used for the
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Fig. 1. A, Radiologic studies of patient P2 who had a previous cholecystectomy, choledochoduodenos-
tomy, and left hepatic resection (segments II and III) and presented with recurrent right upper quadrant
pain and fever. Pretreatment percutaneous cholangiogram demonstrates calculi in the right hepatic ducts
(arrow), accessed by a percutaneous catheter. After treatment with Holmium laser lithotripsy, all calculi
are fragmented and cleared from the biliary tree. B, Patient S1 was referred for treatment following
failed attempts to clear calculi by ERCP and open common bile duct exploration. After Holmium laser
lithotripsy through the T-tube tract, all calculi were cleared. C, A common scenario is a single common
bile duct stone after cholecystectomy, as demonstrated by percutaneous cholangiography in patient
S9 (arrow). After a failed attempt to clear the calculi with ERCP and endoscopic sphincterotomy, a
choledochoscope was passed through the percutaneous transhepatic catheter tract, and the Holmium
laser was used to fragment the stone. A completion cholangiogram demonstrates free flow of contrast
medium into the duodenum without filling defects.

diagnosis of primary intrahepatic calculi and may
be used for dilation of strictures and extraction of
intrahepatic calculi.1,12 Surgical therapy includes bili-
ary enteric bypass and hepatic resection.3,8,13 From
our experience it is apparent that standard modalities
are not sufficient for clearing intrahepatic calculi in all
patients. Holmium laser lithotripsy does not replace
any of these modalities but complements them. In
fact, holmium laser lithotripsy relies on these tradi-
tional modalities for diagnosis of biliary calculi, local-
ization of stones, and stricture, providing access for
lithotripsy and drainage of the biliary tree. The best

results are achieved when these modalities are used
in a multidisciplinary approach that leads to complete
clearance of stones, elimination of strictures, ad-
equate drainage of the biliary system, and preserva-
tion of hepatic parenchyma.1
The inadequacy of standard techniques of stone

removal through ERCP, percutaneous transhepatic
cholangiography, and surgery has been previously re-
ported, and several methods of lithotripsy have been
applied to this disease in order to eliminate intrahe-
patic calculi.14–16 A major advantage of the holmium
laser is that it is capable of delivering sufficient energy



Journal of
Gastrointestinal Surgery198 Shamamian and Grasso

to fragment biliary stones, regardless of composition,
through probes that are flexible and small in caliber
(200 µ). The small fiber diameter does not impede
deflection of the biliary endoscope while it is being
manipulated through the biliary tree.10
This is the largest and most comprehensive report

on the use of the holmium laser to treat biliary calculi.
Several types of laser lithotripters (e.g., YAG, couma-
rin dye) have been applied to primary intrahepatic
calculi.8,16 The disadvantages of these energy sources
for laser lithotripsy are that energy delivered is deter-
mined by fiber diameter and lithotripsy must be
performed under direct vision to prevent inadvertent
injury to the bile ducts. The therapeutic approach we
report here overcomes these disadvantages of laser
lithotripsy by combining advances in biliary endos-
copy with a holmium laser. The safety and efficacy
of holmium laser lithotripsy in the treatment of
urinary tract calculi has been clearly demonstrated.10
The holmium laser is a thermal laser that provides
pulsatile delivery of high energy.17 Themechanism of
stone fragmentation is by superheating surrounding
water and creating a vaporization bubble. The ther-
mal effect is localized to an area within 3 mm of
the probe and is minimized by continuous irrigation.
Sufficient energy to fragment biliary calculi can be
delivered through 200 and 365 µ fibers that are easily
accommodated in the working channels of 7.5, 10,
or 15 F flexible endoscopes.
The importanceof planning access anddrainage for

holmium laser lithotripsy cannot be overemphasized.
In general, access to the biliary tract for laser litho-
tripsy can be achieved through either a T-tube tract,
right or left percutaneous transhepatic cholangiogra-
phy catheters, or the blind end of a Roux limb. The
common bile duct can be reached from any of
these approaches. When accessing the intrahepatic
ducts through a percutaneous transhepatic cholangi-
ography tract, it is technically easiest to approach
them from the contralateral side. For example, a
right-sided PTC access is best to approach the left
hepatic ducts. Bilateral intrahepatic calculi would re-
quire bilateral percutaneous transhepatic cholangiog-
raphy (PTC), or access to the common bile duct by
a T tube or Roux limb. The catheter used for access
should be 10 to 12 F, which allows formation of a
tract large enough for manipulation without causing
undue discomfort for the patient. Catheters used for
access should be left in place for 4 to 6 weeks to allow a
tract to mature. Without sufficient time to mature,
excess bleeding can result from manipulation of the
tract, or the tract can rapidly contract making inser-
tion of the biliary endoscope difficult.
The most appropriate form of biliary drainage,

biliary-enteric bypass or endoscopic sphincterotomy,

remains controversial.13 A larger diameter drainage
site can be achieved by biliary enteric anastomosis,
and we believe that a Roux-en-Y hepaticojejunostomy
has less potential morbidity and more options for
reaccess than choledochoduodenostomy. We have
also found that because of inflammation in the porta
hepatis, it is often difficult to isolate the bile duct
from surrounding vascular structures. Therefore we
recommend a side-to-side biliary-enteric anastomosis
because it is not necessary to divide the bile duct
when constructing the anastomosis. Endoscopic
sphincterotomy provides a sufficient channel to allow
drainage in patients with primary or secondary intra-
hepatic calculi. We were initially skeptical that endo-
scopic sphincterotomy as a drainage procedure for
patients with primary intrahepatic calculi would be
sufficient, but our experience demonstrated that
the fragments created by the holmium laser are small
enough to pass. Most patients with secondary bile
duct calculi have stones confined to the common
bile duct, and prior to referral many of these patients
have had endoscopic sphincterotomy in an attempt
to clear bile duct stones. This scenario is likely to
increase in frequency as the reliance on endoscopic
techniques for removal of residual calculi after laparo-
scopic cholecystectomy increases. Patients in whom
this approach is unsuccessful can be referred for laser
lithotripsy that would require a right-sided PTC
catheter followed by lithotripsy, thus maintaining the
goal of providing a minimally invasive approach.
The holmium laser can also be used for clearing
stones during laparoscopic common bile duct explo-
ration through the cystic duct. Finally, we recently
used the holmium laser as a lithotrite through a
“daughter scope” passed into the common bile duct
during ERCP for common bile duct stones. This
approach provided adequate access to the hepatic duct
bifurcation. Access to the secondary ducts using this
strategy would depend on the anatomy of each indi-
vidual patient.
Although many clinicians experienced in the man-

agement of primary intrahepatic calculi advocate liver
resection, we believe that the use of holmium laser li-
thotripsy will significantly reduce or eliminate the
need for resection in these patients.17,18 All patients
with primary intrahepatic calculi in this series had
evidence of stones and/or strictures in both the right
and left hepatic ducts, either by imaging, by direct
biliary endoscopy, or by history of previous hepatic
resection (see Fig. 1). Therefore hepatic resection
would not have benefited any of these patients. Resec-
tion should be reserved for those patients with abscess
and atrophy after repeated episodes of cholangitis,
when resection would not compromise functional he-
patic parenchyma.
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Laser lithotripsy with a holmium laser can be safely
performed in patients with complex biliary calculi
using a multidisciplinary approach of surgery, ERCP,
and PTC. Patients could be treated with minimal
morbidity and complications regardless of stone loca-
tion or composition. We found that with the use
of these techniques the need for open bile duct
exploration and hepatic resection can be eliminated.

We thank the nursing staff of the Bellevue and Tisch Hospital
operating rooms for their dedication and assistance.
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Treatment of Patients With Unresectable Primary
Hepatic Malignancies Using Hyperthermic Isolated
Hepatic Perfusion
Elizabeth D. Feldman, M.D., Peter C. Wu, M.D., Tatiana Beresneva, M.D., Cynthia Helsabeck,
R.N., Montessa Rodriguez, R.N., David L. Bartlett, M.D., Steven K. Libutti, M.D., James F.
Pingpank, M.D., H. Richard Alexander, M.D.

Primary hepatocellular carcinoma is one of the most common malignancies worldwide. Isolated hepatic
perfusion (IHP) is a regional treatment technique that isolates the organ to allow delivery of high-dose
chemotherapy, biological agents, and hyperthermia directly to unresectable cancers confined to the liver.
This study presents our experience using IHPwithmelphalanwith or without tumor necrosis factor (TNF)
to treat patients with hepatocellular carcinoma or adenocarcinoma of hepatobiliary origin. Nine patients
withunresectableprimaryhepaticmalignanciesunderwent a60-minute IHPwith1.5mg/kgmelphalanwith
or without 1.0 mg TNF. Four patients failed one or more previous treatment regimens, and the mean
hepatic replacement by tumor was 41% (range 10% to 75%). Patients were monitored for response,
toxicity, time to recurrence, and survival. Six (67%) of nine patients experienced greater than 50%
regression of tumor by objective radiographic imaging and an additional patient had a 45% reduction
in tumor burden. Mean time to progression was 7.7 months for those who responded to treatment.
Patients who had a response to therapy had an average overall survival of 16.3 months. IHP can be
performed safely and has significant antitumor activity in patients with unresectable primary hepatic
malignancies. Hepatic progession continues to be the dominant factor influencing survival in this
group of patients. ( J GASTROINTEST SURG 2004;8:200–207) � 2004 The Society for Surgery of the
Alimentary Tract

KEY WORDS: Regional perfusion, hyperthermia, liver neoplasms

Primary hepatocellular carcinoma (HCC) is one
of the most common malignancies worldwide. Al-
though it is more common in Asia and Africa, its
incidence is rising in Western countries.1 Most com-
monly, it develops in the setting of chronic in-
flammatory liver disorders such as chronic hepatitis B
or C. The stage of disease at the time of diagnosis
dictates the type of treatment offered. With early
diagnosis, curative surgical resection is possible.More
commonly, however, individuals are diagnosed at an
advanced, incurable stage.
Surgical resection is considered the treatment of

choice for early-stage HCC in both cirrhotic and
noncirrhotic patients. Although the overall 5-year
survival rate approaches 50%,2 only 9% to 27% of
patients are suitable for resection at the time of diag-
nosis because of advanced tumor stage, tumor loca-
tion, multifocality, or poor hepatic reserve.3 Liver
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transplantation is considered an alternative treatment
for patients with HCC; however, the limited avail-
ability of donor organs restricts this option to a select
group of patients.4
Systemic chemotherapy has not yielded promising

results for unresectableHCC.The objective response
rate for most single agents is less than 10%.5 A recent
study reviewing combination therapies has produced
objective response rates of only 26% with median
survivals of 8.9 months and no apparent improvement
in overall survival.6 In addition, toxicities have been
considerable including myelosuppression and death
secondary to neutropenic sepsis. A follow-up study
demonstrated an overall response rate of 16.8%,
which is considerably lower than those previously
reported.7
Multiple locoregional therapies have been pro-

posed for the treatment of primary liver cancers.
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Transarterial chemoembolization (TACE) is a re-
gional therapy widely used despite conflicting clinical
data with respect to survival. Although Lo et al.8
demonstrated a significant survival benefit of TACE
over symptomatic treatment, two randomized trials
from France demonstrated no survival benefit over
palliation alone.9,10 A meta-analysis of multiple ran-
domized controlled trials did report an overall sur-
vival benefit for TACE, but the magnitude of the
benefit was modest.11 A recent study demonstrated a
survival benefit for patients treated with percutaneous
intratumor ethanol injection with small lesions and
good hepatic reserve.12 However, it requires multiple
treatments and is limited in its applicability to patients
with superficial lesions, less than 30% neoplastic
volume, or limited disease. Radiofrequency ablation
has been explored for the treatment of small unresect-
able tumors, but follow-up data are not mature.13
The concept of hyperthermic isolated hepatic per-

fusion (IHP) was introduced more than 40 years ago
as an alternativemeans to achieve high concentrations
of cytotoxic anticancer drugs or biological agents in
the liver for patients with unresectable metastases
confined to the organ.14 In recent years it has been
demonstrated that IHP using melphalan alone or
in combination with tumor necrosis factor (TNF) is
technically feasible and can result in regression of
hepatic metastases in patients with colorectal carci-
noma or ocular melanoma.15–18 In this paper we pres-
ent our initial clinical experience with IHP using
melphalan alone or with TNF in patients with pri-
mary hepatic malignancies.

MATERIAL AND METHODS
Patient Selection

BetweenNovember 1995 and June 1999, 9 patients
were enrolled in two related clinical protocols ap-
proved by the institutional review board and, when
TNF was used, the Cancer Therapy Evaluation Pro-
gram of the National Cancer Institute. All patients
had measurable, biopsy-proven unresectable primary
malignancies confined to the liver. Preoperatively, all
patients underwent multiple staging studies including
CT scan of the chest, abdomen, and pelvis to evaluate
for extrahepatic disease, MRI of the liver and, as
clinically indicated, MRI of the brain and bone scan.
Additionally, all patients had celiac and superior mes-
enteric arteriography performed to assess vascular
anatomy.
Eligibility criteria were defined as EasternCooper-

ative Oncology Group performance status of 0 or 1,
serum bilirubin level less than 2 mg/dl, platelet count
greater than 150,000/ml, serum creatinine �1.5 mg/

dl, and normal coagulation profile including pro-
thrombin time and partial thromboplastin time
assays. Patients with biopsy-proven cirrhosis with evi-
dence of significant portal hypertension by history,
endoscopy, or radiologic studies were excluded. Pa-
tients over the age of 65 or with risk factors for
coronary disease had a complete cardiac evaluation
prior to therapy. All patients gave informed consent
prior to participation in these trials.

Isolated Hepatic Perfusion

The technique of IHP has been previously re-
ported.19 Briefly, the abdomen is entered via laparot-
omy incision and inspected for the presence of
extrahepatic disease. The liver is extensively mobi-
lized. The right lobe is retracted anteriorly and me-
dially, and the inferior vena cava is completely
dissected free from the retroperitoneum from the
level of the renal veins to the diaphragm. All minor
branches of the inferior vena cava are ligated and
divided to eliminate potential sources of perfusate
leakage during the procedure. The structures of
the porta hepatis are skeletonized and a cholecystec-
tomy is performed. All lymph node–bearing tissue
around the porta hepatis is removed. The portal
vein and common bile duct are mobilized from the
head of the pancreas to the inferior border of the liver.
A 2-cm segment of the gastroduodenal artery is
dissected and serves as the arterial cannulation site.
Saphenous and left axillary venous cutdowns are
performed.
After systemic anticoagulation, cannula are in-

serted into the inferior vena cava via the saphenous
vein and into the axillary vein, and connected to
a venovenous bypass circuit. The suprarenal inferior
vena cava is occluded, and venous cannula are inserted
into the retrohepatic inferior vena cava and distal
portal vein. The portal venous flow is shunted to
the axillary vein via venovenous bypass. An arterial
cannula is placed in the gastroduodenal artery and
connected to the arterial inflow of the perfusion
circuit. The retrohepatic inferior vena cava cannula
is connected to the venous outflow tract to complete
the circuit. The common hepatic artery is occluded.
Finally, the suprahepatic inferior vena cava is cross-
clamped just below the diaphragm, and IHP is
initiated.
The liver is perfused for 60 minutes at 39.5 to

40.0C with flow rates ranging from 600 to 1200 ml/
min using a centrifugal pump (Biomedicus, Eden
Prairie, MN) to maintain line pressures less than 200
mmHg and a stable reservoir volume.Melphalan, 1.5
mg/kg (Burroughs-Glaxo, Research Triangle Park,
NC), with or without 1.0 mg TNF (Knoll Pharma-
ceuticals, Whippany, NY), is administered into the
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perfusate once stable perfusion parameters are ob-
tained. Perfusate temperature is controlled with a
Hemotherm cooler-heater (Cincinnati SubZero
Products, Cincinnati, OH), and hepatic temperatures
are monitored with temperature probes. For pa-
tients treated with TNF, perfusate leakage into the
systemic circulation is continuously monitored and
quantitated using 131I-labeled human serum albumin
in patients who receive TNF as previously de-
scribed.20 At the conclusion of the perfusion, the liver
is flushed with 1500 ml of crystalloid followed by
1500 ml of colloid, and the proximal portal vein is
flushed with 1 L of normal saline solution. After dec-
annulation and repair of the venotomies, normal phys-
iologic blood flow is returned to the liver. Patients are
monitored in the intensive care unit for at least 48
hours postoperatively.

Toxicity

Systemic and regional toxicities are graded ac-
cording to the National Cancer Institute Common
Toxicity Criteria (version 2.0). Systemic toxicity is
defined as all toxicity that is not reversed within 24
hours of the operative procedure. Regional (hepatic)
toxicities are graded as elevations in hepatic transami-
nases that persist for more than 7 days from the
procedure.

Response

All patients were followed with physical examina-
tion, laboratory tests, CT scans of the chest, abdo-
men, and pelvis, and MRI of the liver every 3 months
for the first year, every 4 months for the second year,
and every 6 months thereafter until disease progres-
sion. A complete response is defined as complete
disappearance of all radiographically established tu-
mors without evidence of new lesions for a period of
30 days after therapy. A partial response is defined
as �50% reduction in the sum of the product of the
perpendicular diameters of all measurable lesions in
the liver for at least 30 days without progression of
any single lesion or development of new hepatic le-
sions. Each patient was followed until he or she dem-
onstrated progression of hepatic disease or systemic
failure.

Statistics

All data are presented as mean � standard devia-
tion or median followed by range.

RESULTS

Patient demographics are outlined in Table 1. The
mean age was 54 years (range 32 to 72 years). Five of
9 patients (3 women and 2 men) had a pathologic
diagnosis of HCC, whereas the remaining 4 patients
(1 woman and 3 men) had primary intrahepatic cho-
langiocarcinoma or adenocarcinoma of unknown
origin but was presumed to arise from hepatobiliary
elements. Each of the 4 patients bearing the latter
diagnosis had undergone extensive evaluation includ-
ing both upper and lower endoscopy to eliminate the
possibility of an extrahepatic primary lesion. Four
patients had previous therapy including either che-
motherapy or chemoembolization prior to enroll-
ment in this trial. The remaining 5 patients had no
treatment prior to IHP.
Tumor burden was variable among the 9 patients.

The average number of metastatic lesions in the liver
was 13 and ranged from 1 to more than 100 lesions.
The lesions ranged in size in terms of greatest di-
ameter from 5 to 16 cm with a mean of 10 cm. The
percentage of hepatic replacement by tumor ranged
from 10% to 75% with a mean value of 41%.
The perfusion data, operative parameters, and re-

covery data are reviewed in Table 2. Perfusion flow
rates ranged from 750 to 900 ml/min. Three of 9
patients received 1.0 mg TNF, and all 9 patients
received melphalan, 1.5 mg/kg based on ideal body
weight. All patients were treated with a central liver
temperature of greater than 39ºC. The remainder of
the perfusion data are listed in Table 2. The mean

Table 1. Patient and disease parameters: Primary
hepatic malignancies

No. of patients 9
Age (yr) 54 (range 32–72)
Female:Male 3:6
Diagnosis
Hepatocellular carcinoma 5
Cholangiocarcinoma 4

Prior chemotherapy 4 (45%)
Prior surgery 0
Time between diagnosis and 1–44 mo

intrahepatic perfusion
Median 5 mo
Mean 10 mo

Mean no. of hepatic lesions 13 (range 1–100�)
Mean diameter of largest lesion (cm) 10 (range 5–16)
Percentage hepatic replacement

by tumor
�25% 2
25–50% 5
�50% 2
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Table 2. Perfusion and operative data

Melphalan dose (mg) 101 (range 84–117)
No. of patients receiving TNF 3
Perfusion flow rate (ml/min) 814 (range 750–900)
Perfusion pressure (mm Hg) 162 (range 127–194)
Bypass flow rate (ml/min) 2011 (range 1500–2500)
Central liver temperature (ºC) 39.9 (range 39.3–41.8)
Estimated blood loss (L) 2.4 (range 1.2–4.5)
Operative time (hr) 8.7 (range 7–10)
ICU stay (days) 4 (range 3–6)
Hospital stay (days) 12.0 (range 7–17)

All values are given as mean with ranges in parentheses.

operative time of 8.5 to 9 hours reflects the consider-
able time necessary to prepare the liver for perfusion
and did not vary despite increased experience with
the procedure. The average estimated blood loss was
2400 ml but ranged from 1200 to 4500 ml. All 9
patients remained in the intensive care unit between
3 and 6 days with a mean of 4.3 days. Total length
of hospital stay ranged from 7 to 17 days.
Toxicity data are presented in Table 3. There were

no operative or treatment-related deaths. The major-
ity of patients experienced grade II fever and weight
gain. Six of the 9 patients experienced a grade IV
hyperbilirubinemia, all levels peaking between days
1 and 7, with a mean of 3.6 days, and returning to
the normal range by their first clinic visit at 6 weeks.
Five patients developed grade IV hepatic transami-
nase levels, which returned to the normal range
within 7 days.
Treatment response was determined by comparing

follow-up MRI scans of the liver to pretreatment
studies. As demonstrated in Table 4, six (67%) of the
nine patients experienced a partial response ranging
from 53% to 91% tumor reduction. One additional
patient had a minor response with a 45% decrease
in tumor burden. All patients experienced hepatic

Table 3. Treatment-related toxicities

Toxicity Grade 1–2 % Grade 3–4 %

Systemic
Fever 9 100 — —
Hypotension 2 22 — —
Weight gain 8 89 1 11
Thrombocytopenia 7 78 1 11
Neutropenia 1 11 — —
PT/PTT 8 89 — —

Hepatic
Bilirubin 2 22 6 67
Transaminases 4 44 5 56
Alkaline phosphatase 7 78 — —

PT/PTT � prothrombin time/partial thromboplostin time.

Table 4. Primary hepatic malignancies: Results
of isolated hepatic perfusion

Complete response 0
Partial response 6 (67%)
Duration (mo) 7.7 (range 3–13)

Site of first recurrence
Hepatic 6 (67%)
Systemic 1 (11%)
Both 2 (22%)

Overall survival (mo)
Mean 15
Range 6–29
1-year survival 22%

disease progression with the exception of one patient
in whom tumor first metastasized to lung. In 6

Fig. 1. Pre- and post-treatment contrast-enhanced CT scans
from a patient with unresectable HCC. The patient received
a 60-minute IHP. The patient achieved a partial response to
therapy for approximately 10 months with initial recurrence
in lung and liver. Top panel demonstrates the appearance of
representative lesion before treatment. Bottom panel represents
a comparable tumor 5 months after treatment. Arrows delin-
eate the extent of the tumor in the top panel; arrowheads depict
it in the bottom panel.
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patients, tumor in the liver was the sole site of disease
at death. In 2 of the 3 remaining patients, hepatic
progression was concurrent with pulmonary metasta-
ses. For patients who had a partial response to IHP,
the mean time to any site of disease progression was
7.7 months. Mean overall survival time was 16.3
months with a range of 6.4 to 23.5months for patients
who responded initially. Two patients were lost to
follow-up, as they left the United States after their
disease progressed. The two patients who did not
respond died of tumor progression at 9.4 and 29.1
months, respectively, after perfusion. Figs. 1 and 2
demonstrate the radiographic appearance of 2 pa-
tients who responded to IHP. Fig. 3 shows hepatic
progression–free and overall survival curves of all
evaluable patients until the time of their last
follow-up.

DISCUSSION

As the incidence of HCC rises, the development
of novel treatment strategies such as IHP are clearly
warranted.21 Many regional treatment strategies that
deliver anticancer agents directly to the liver in con-
centrationsmuch greater than those tolerated system-
ically are under clinical evaluation.22 The technique
of IHP was developed in the late 1950s and was first
reported in humans in 1961 by Ausman.14 The tech-
nique of IHP has clearly evolved over the past 30

Fig. 2. Pre- and post-treatment T1-weighted MRI from a patient with unresectable HCC. The patient
received a 60-minute IHP. This patient achieved a partial response to therapy for 8 1/2 months. Top
three panels are images at different levels of the liver before treatment. Bottom three panels demonstrate
comparable areas of the liver 7 months after treatment. Note the decrease in the overall size of the liver
after treatment as well as the measurable lesions.

years. The technique used in this study has been
previously described, and the efficacy associated with
this treatment in patientswithmetastatic disease to the
liver from ocular melanoma and colorectal carcinoma
has been reported.15–18
The initial phase I trial conducted by the Surgery

Branch at the National Cancer Institute used TNF
and low-dose interferon-gamma in the perfusate.23
Subsequently, multiple additional trials have been de-
signed to determine the maximum tolerated dose of
TNF with and without melphalan.19,24,25 Response
rates as high as 77%have been reportedwith the use of
both agents.16 The available data suggest thatmelpha-
lan alone has comparable initial antitumor activity
to TNF plus melphalan in patients with colorectal
cancer or ocular melanoma, but the most durable
responses to IHP have been associated with the use of
TNF.19 TNF is no longer available in the United
States for IHP trials.
This paper presents the data from our experience

with IHP and primary hepatic malignancies. The pa-
tients represented in this study had very advanced
hepatic disease, as demonstrated by the large diameter
and number of metastatic lesions as well as the mean
percent hepatic replacement of 41%. In addition, 4
of 9 patients were refractory to other therapies before
IHP. Despite this, 6 of 9 patients experienced a radio-
graphic partial response to treatment, and one addi-
tional patient had a 45% reduction in tumor burden.
Clearly there was clinically significant regression of
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Fig. 3. Kaplan-Meier survival curves for overall survival and hepatic progression–free survival after
treatment with melphalan with or without TNF. Two patients were censored from the overall survival
curve because of loss to follow-up. All 9 patients were included in the hepatic progression–free survival
curve. Median hepatic progression–free survival is 8 months, and median overall survival is 13 months.

tumor after a 60-minute perfusion with melphalan
with or without TNF.
The hepatic toxicities (hyperbilirubinemia and

transaminitis) experienced by the majority of patients
were self-limited and completely reversible typically
within 7 days. These did not prolong hospitalization
or result in significant clinical morbidity.

IHP is under clinical investigation at a limited
number of institutions worldwide, but has not
gained widespread clinical application because of its
technical complexity and potential morbidity.26,27
With respect to possible toxicity associated with the
treatment, the use of a standardized operative tech-
nique results in consistent and complete vascular
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isolation of the liver.28,29 The advantage of complete
separation of hepatic and systemic vasculature is that
it allows for higher doses of therapeutic agents. In
fact, the limitation to dose escalation of melphalan
in IHP relates to the intolerance of normal hepatic
parenchyma to higher concentrations of the drug.
In addition, IHP uses hyperthermia, which has known
synergistic tumoricidal effects with chemotherapy30,31
and biological agents, such as TNF, in experimental
models.32 Various centers have gained experience
with isolated limb perfusion using TNF and melpha-
lan for unresectable sarcomaor in transitmelanomaof
an extremity demonstrating a complete obliteration
of tumor neovasculature within days of treatment.33,34
The efficacy of TNF with melphalan administered
via isolated limb perfusion vs. the use of melphalan
alone for achieving regression of advanced or bulky
lesions has not been established in prospective ran-
domized trials.
The major limitation of IHP is that, by virtue of its

regional nature, no microscopic metastatic systemic
disease is treated, so patients are at risk for developing
lesions at distant sites. It is controversial whether
regional control will influence overall survival despite
the fact that the primary tumor is hepatic in origin.
Systemic failure may prevent regional therapy from
ever having a significant impact on overall survival.
However, in patients with extensive hepatic replace-
ment and no radiographic evidence of disease out-
side the liver, it seems reasonable that a treatment
resulting in substantial reduction in tumor burden in
the liver may prolong survival. Indeed, in 8 of 9
patients hepatic tumor burden was an important
(n � 2), if not the only (n � 6), site of disease at death.
Therefore further study of the use of IHP in patients
with primary hepatic malignancies is warranted.

CONCLUSION

We demonstrated that IHP with melphalan, with
or without TNF, can be performed safely in patients
with unresectable advanced lesions of hepatocellular
or hepatobiliary origin and may result in meaningful
regression of tumor burden.

We acknowledge the critical contributions of Carol Pentol, perfusion-
ist, and Romi Sawhney for her assistance with the preparation of
this manuscript.
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Liver transplantation for the treatment of metastatic neuroendocrine tumors (NETs) is radical. Although
cure is not impossible, it is improbable. The reported experience with transplantation for NETs is limited
to less than 150 cases with widely varying results and few 5-year disease-free survivors. We reviewed our
experience with transplantation for patients with NETs. Fourteen symptomatic patients with unresectable
NET liver metastases who had failed medical management were listed for transplantation. Two patients
listed for transplantation underwent prior right lobectomies. Three patients were listed but did not
undergo transplantation: one was lost to follow-up, one died 14 months after listing, and one remains
waiting over 4 years. Eleven patients underwent liver transplantation, three with living donor grafts. There
were four men (36.4%) and seven women (63.6%) who had a mean age of 51.2 � 6.3 years. Three patients
had distal pancreatectomies and one patient had a Whipple procedure at the time of transplantation.
There were six nonfunctioning tumors (54.6%), three carcinoid tumors (27.3%), and two (18.2%)
Vipomas. In one patient, with fulminant hepatic failure, the NET was an incidental finding in the explant.
The 1- and 5-year survival among transplanted patients is 73% and 36%, respectively, with a mean
follow-up of 34 � 40 months (range 0 to 119 months). Of the three patients surviving more than 5 years,
only one was disease free. In carefully selected patients with metastatic NETs, liver transplantation may
be an appropriate option. ( J GASTROINTEST SURG 2004;8:208–212) � 2004 The Society for Surgery of
the Alimentary Tract
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Neuroendocrine tumors (NETs) are a diverse
group of rare tumors with varying biology and natural
history. NET liver metastases often progress slowly
but may cause significant symptoms as a result of
size and/or hormone production. Confirmation of
the indolent nature of this tumor is the historical
data that suggest a 30% overall 5-year survival and
a median survival of 3 to 4 years for metastatic liver
disease without treatment.1–3
Treatments for metastatic liver NETs include

pharmacologic therapy (e.g., somatostatin analogues,
H2 blockers, proton pump inhibitors), ablation ther-
apy (e.g., cryoablation, ethanol injection, radiofre-
quency ablation), embolization (with and without
chemotherapy), surgical resection (anatomic and non-
anatomic including enucleation), and, in rare cases,
transplantation. Liver transplantation for meta-
static disease is, at best, controversial and in most
cases even contraindicated. Historically, results of
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transplantation for metastatic malignancies have been
extremely poor.4,5 Previously we reported on our
treatment strategies for patients with metastatic neu-
roendocrine tumors. That report included three pa-
tients who underwent liver transplantation and are
also included in this series.6 In this article we review
our experience with liver transplantation in patients
with metastatic NETs.

PATIENTS AND METHODS

We reviewed our electronic database at Mount
Sinai Hospital to identify all patients with NET liver
metastases referred for surgical evaluation between
January 1992 and December 2002. Surgical resec-
tion was recommended whenever technically and
medically possible. When tumors were unresectable
or patients were poor surgical candidates, medical

mailto:sflorman@tulane.edu
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therapy was optimized. Patients were listed for
transplantation if they had unresectable tumors, had
failed medical therapy, and had persistent, uncontrol-
lable symptoms from tumor bulk and/or hormone
production.
Standard immunosuppression consisting of cyclo-

sporine or tacrolimus and corticosteroids was used,
except in one case where an identical twin was the
living donor; this case wasmanaged without immuno-
suppression.
Results are reported as mean� standard deviation.

RESULTS

Between January 1992 and December 2002, a total
of 1662 patients underwent liver transplantation, and
43 patients with NET liver metastases were evalu-
ated. Fifteen (35%) were candidates only for pharma-
cologic therapy. Sixteen (37%) underwent hepatic
resection. Seven underwent nonanatomic resection;
the others underwent left lateral segmentectomy
(n � 2), left lobectomy (n � 2), right lobectomy
(n � 2), or right trisegmentectomy (n � 3). Two of
these patients subsequently received liver transplants.
At a mean follow-up of 41 months after resection,
there have been three deaths.
Fourteen patients (33%) were listed for transplant,

including the two who underwent prior resection.
Three of the listed patients never underwent trans-
plantation. One died 14 months after being listed,
another was lost to follow-up, and the third remains
listed more than 4 years later. Eleven patients under-
went transplantation (Table 1) (4males and 7 females;
mean age, 51.2 � 6.3 years). Overall, NET liver me-
tastases accounted for 0.7% of all transplants per-
formed at our institution.

Table 1. Mount Sinai experience with transplantation for patients with metastatic neuroendocrine tumors

Age Tumor First-degree Disease Survival
Patient (yr) Sex type resection Alive free (mo) Comments

1 40 F N/F Distal pancreas* N N 79
2 52 M VIP Distal pancreas Y Y 123 Prior hepatectomy
3 56 M N/F Distal pancreas* N N 41
4 51 M N/F Distal pancreas* N N 76
5 56 F N/F Whipple* N N 0 Pulmonary embolus on postop day 4
6 57 F Carcinoid Appendix N N 0 Intraoperative death
7 24 F N/F Distal pancreas* N N 16 Living donor
8 56 F N/F Not identified N N 19 NET unrecognized before transplant
9 59 M VIP Distal pancreas N N 0 Prior hepatectomy; intraoperative death
10 56 F Carcinoid Ileum Y N 13 Living donor
11 56 F Carcinoid Rectum Y N 11 Living donor

N/F � nonfunctioning; VIP � vasoactive intestinal peptide.
*Performed at the time of transplant.

Five of the transplant recipients had previously
undergone surgery for control of locoregional tumors
(distal pancreatectomy, n � 1; right lobectomy and
distal pancreatectomy, n � 1; right lobectomy and
pancreaticoduodenectomy, n� 1; small bowel resec-
tion, n � 1; and left hemicolectomy, n � 1). Four
other patients underwent distal pancreatectomy
(n � 3) or pancreaticoduodenectomy (n � 1) at the
time of transplantation. In two of these patients, un-
known primary lesions were identified intraopera-
tively within the tail of the pancreas.
Among seven patients in whom the indication for

transplantationwas related to bulky tumordisease, the
mean explant size was 4540 g (range 3100 to 6400
g), with a mean of 85% liver replacement by tumor
(range, 50% to 95%). This includes a 65-year-old
woman who presented with fulminant hepatic failure
originally presumed to be cryptogenic. With the ex-
plant available for analysis, it became clear that the
patient’s CT scan had been of extremely poor quality.
In fact, the liver was nearly completely replaced
by NET.
Pathologic evaluation and immunohistochemical

staining showed the NETs to be non–hormone pro-
ducing lesions in six patients (55%), carcinoid tumors
in three patients (27%), and Vipomas in two (18%).
The mean follow-up was 34 � 40 months (range

0 to 119 months). Eight patients (73%) have died,
including two who died intraoperatively. One had
undergone prior right lobectomy and, because of
technical difficulties, died as a result of uncontrolled
bleeding. The other patient died as a result of refrac-
tory coagulopathy. A third patient died on postopera-
tive day 4 from a suspected pulmonary embolism.The
five other deaths were due to complications related to
recurrent disease at 16, 19, 41, 76, and 79 months
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Table 2. Published single-center experiences with transplantation for metastatic neuroendocrine tumors

No. of Median 1-yr survival 5-yr survival Actual 5-yr
Reference Year patients follow-up (mo) (%) (%) disease-free survivors

Mount Sinai 2003 11 30 73 36 1
Olausson et al.7 2002 9 22 89 — 0
Rosenau et al.8 2002 19 38 89 80 3
Ringe et al.10 2001 5 22 80 — 0
Coppa et al.11 2001 9 39 100 70 —
Pascher et al.12 2000 4 42 100 50 1
Frilling et al.13 1998 4 54 50 50 0
Dousset et al.14 1996 9 29 33 33 0
Anthuber et al.15 1996 4 11 25 0 0
Alessiani et al.9 1995 14 — — — —
Routley et al.16 1995 11 — 82 57 —
Arnold et al.17 1989 4 30 50 — 0
Makowka et al.18 1989 5 32 60 — 0

after transplantation. Overall patient survival at 1 and
5 years is 73% and 36%, respectively.
Of the three patients who have survived more than

5 years, only one (who has survived for 123 months)
remains disease free. Interestingly, this patient under-
went prior right lobectomy and required retrans-
plantation on postoperative day 3 because of primary
nonfunction. For the three recipients of live donor
grafts, the 1- and 2-year survival rates are 100% and
67%, respectively.

DISCUSSION

Liver transplantation for the treatment of meta-
staticNETs is radical. Cure, although not impossible,
is improbable. Certain patients with surgically un-
resectable tumors and uncontrollable symptoms, in
whom all other therapies have been unsuccessful, may
benefit from transplantation for palliation. Long-
term disease-free survival, however, is rare. The pub-
lished experience with transplantation for metastatic
NETs is limited to less than 150 cases.7–20 Critical
analysis of the published single-center series, which
include roughly 100 cases, is remarkable for the very
low number of actual 5-year disease-free survivors7–18
(Table 2). Multicenter series report 1- and 5-year
survival rates after transplantation ranging from 58%
to 68% and 36% to 47%, respectively.19,20 Although
most series report 5-year survival rates, none has
a median follow-up of 5 years. Collectively there are
very few reports of 5-year disease-free survivors, con-
firming the impression that cure by transplantation is
rare (see Table 2).7–18
In our experience with transplantation for this un-

usual and controversial indication, we have learned

many lessons regarding patient selection that are crit-
ical for success. Excellent imaging studies are an im-
portant component of tumor evaluation for resection.
Octreotide scanning is very sensitive for detecting
these tumors. Many patients withNET liver metasta-
ses have extrahepatic nodal involvement. We have
not considered this a contraindication to resection or
transplantation for the same reason that we con-
sider transplantation to be a viable option—namely,
the indolent nature of these tumors. Scans should be
reviewed with a bias for possible resection. Particu-
larly in patients with symptoms related to hormone
production, creative liver resection employing the
technique of tumor enucleation without regard for
the classically desired 1 cm tumor-free margin may
offer long-term benefit.1,21

In patients with NET liver metastases, the primary
tumor may be discovered before, at the time of, or
after the recognition of liver involvement; in a small
minority of patients, it may not be recognized at
all. Certainly the liver is a “fertile field” for these
tumors, and the observation that livermetastases typi-
cally grow faster and larger than their primary pro-
genitors is supported by experimental evidence.22,23
The adequacy of primary tumor control should be

assessed. Ideally the primary tumor will have been
identified and resected in potential transplant candi-
dates. Often, as was the case in several of our patients,
additional procedures are necessary at the time of
transplantation. Patients with biologically less aggres-
sive tumors (i.e., more indolent) probably have a
better chance for long-term survival. A recent studyby
Rosenau et al.8 suggests that survival is diminished in
patients with tumor immunohistochemistry dem-
onstrating rapid proliferation, as evidenced by a high
proportion of cells staining positive for Ki 67, or



Vol. 8, No. 2
2004 Liver Transplantation for Endocrine Tumors 211

increased metastatic potential, as evidenced by regu-
lar staining for the adhesion molecule E-cadherin.
Tumor differentiation and hormone production
can also be evaluated. Even non–hormone producing
NETs will often express a variety of measurable sub-
stances (e.g., chromogranin A, pancreostatin) that can
be useful as prognostic markers, particularly after re-
section or transplantation.24

Finally, the patient’s physiologic status should be
adequately evaluated. Careful assessment of cardiac,
pulmonary, and renal function is part of every trans-
plant evaluation.
Overall, it is probably the generally indolent nature

of NETs rather than the benefit of any particular
therapy that explains the relatively long survival of
patients with liver metastases, as compared to those
with metastases from other sources. Nevertheless,
most patients with this disease eventually develop
significant symptoms and die as a result. Bearing in
mind that cure by any means is ultimately unlikely,
it seems reasonable to withhold the most radical
treatment (i.e., liver transplantation) until it is clear
that treatment options less likely to result in serious
complications or death have been exhausted. The
number of patients transplanted with living donor
grafts in this series is too small to comment on any
potential survival benefit for these patients. Living
donors may, however, provide a realistic chance of
transplantation for these patients, who currently re-
ceive no prioritization in the Model for End-Stage
Liver Disease (MELD) allocation system,25 and
allows for optimal timing and medical management.
Admittedly there are legitimate ethical concerns
about live donor transplantation in general and for
patients with metastatic disease in particular.

CONCLUSION

The role of liver transplantation in the treatment
of patients with NET metastases may be defined as
follows: For patients who are physiologically capable
of withstanding the transplant process, who have
slowly progressive disease, who have extensive liver
involvement that, despite medical and/or invasive in-
terventions, puts their life or well-being in imminent
danger, and who have no extrahepatic disease posing
such a threat, a liver transplant may provide a number
of years of good-quality life when no other options
remain.

We thank Nancy Ehrlich Lapid for editorial assistance in the prepa-
ration of this manuscript.
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Laparoscopic Right Hepatectomy:
Surgical Technique
Nicholas O’Rourke, F.R.A.C.S., George Fielding, F.R.C.S., F.R.A.C.S.

The objective of this study was to demonstrate the safety of laparoscopic right hepatectomy for benign
ormalignant disease.Many reports document the success ofminor or segmental liver resections performed
laparoscopically. Major hepatic resection has rarely been reported. This report documents our experience
with 12 laparoscopic right hepatectomies. Ten patients had suspected malignancy, but all had lesions well
clear of the midplane of the liver. The surgery followed three distinct phases: (1) Portal dissection during
which diathermy and harmonic shears are used, clips are applied to the right hepatic duct and right
hepatic artery, and a vascular stapler is used to divide the right portal vein; (2) dissection of the vena
cava, which is usually done by tunneling below the liver using harmonic shears, clips, and a linear stapler
to divide the right hepatic vein; and (3) parenchymal division during which harmonic shears and multiple
firings of linear staplers are used to divide the liver substance. In five patients the procedure was completed
totally laparoscopically, five patients had a laparoscopic-assisted procedure, and two patients had to be
converted to formal open hepatectomy. Four patients required blood transfusion. There were no deaths
and two cases of major morbidity—bile leakage in one and wound dehiscence in one. The average
hospital stay was 8 days, but for those whose operations were completed totally laparoscopically, 4 days
was the average. Two of the nine patients with documented cancer have since died—one with widespread
intrahepatic hepatocellular carcinoma and another with widespread metastatic melanoma after resection
of a colorectal metastasis. Seven patients with colorectal cancer are alive and disease free with follow-
up of 6 to 24 months. Laparoscopic right hepatectomy is feasible in selected patients. It is technically
demanding but can be safely accomplished by surgeons who have experience in advanced laparoscopic
procedures and open hepatic surgery. ( J GASTROINTEST SURG 2004;8:213–216) � 2004 The Society for
Surgery of the Alimentary Tract

KEY WORDS: Laparoscopy, liver resection

The increase in sophistication of laparoscopic
equipment has allowed the performance of many
complex intra-abdominal operations. Laparoscopic
hepatectomy can offer the usual advantages of mini-
mal access surgery.1 Most reported series of laparos-
copic liver resections have documented nonanatomic
or left lateral segmentectomies with only occasional
major resections.2–5 Expertise at some centers has
evolved to such an extent that even living related
donor hepatectomy has been performed.6 Right hepa-
tectomy, although first described by Huscher et al.7

in 1997, has not been widely reported.
This report documents our experience with the

technique of laparoscopic right hepatectomy. The
procedure is technically demanding but is possible in
selected patients.
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PATIENT SELECTION

From November 1999 to September 2002, one or
the other of us attempted laparoscopic right hepatec-
tomy in 12 patients. Eight patients were females who
ranged in age from 41 to 75 years (mean 56 years).
Nine patients had suspected colorectal metastases,
two had focal nodular hyperplasia, and one had hepa-
tocellular carcinoma in a noncirrhotic liver.
Case selection was based on patient and lesion

characteristics. Slimmer female patients with minimal
previous surgery were preferred. All lesions had to
be well clear of the midplane of the liver to allow
adequate surgical margins. All patients underwent
CT assessment; MRI and PET scans were also avail-
able for some patients toward the end of the series.
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SURGICAL PROCEDURE

All procedures were performed under general an-
esthesia with the patient in the supine position and
the surgeon standing on the patient’s right looking at
a monitor over the patient’s right shoulder. Epidural
anesthesia was used routinely to allow the anesthesi-
ologist to maintain a low central venous pressure.
A pneumoperitoneum was established in all cases.

Open access was performed and a pressure of 14 mm
Hg was maintained. Five to six trocars were used with
positioning dependent on body habitus and internal
adhesions. A 12 mm port is needed in the right mid-
clavicular line at the level of the umbilicus. This
allows access of a linear stapler to divide the portal and
right hepatic veins. The abdominal cavity and liver
are assessed visually with a 30-degree laparoscope and
with laparoscopic ultrasound. The procedure then
follows three distinct phases: (1) portal dissection, (3)
caval dissection, and (3) parenchymal division.

Portal Dissection. Cholangiography is performed
via the cystic duct, but the gallbladder is not re-
moved until later because it is useful in retraction.
Using hook diathermy and harmonic shears (5 mm
Ultracision; Ethicon, Cincinnati, OH), the right he-
patic duct and artery are dissected and divided
between clips. The right portal vein is carefully iden-
tified and divided with a linear stapler, and a line of

Fig. 1. Laparoscopic view of the right hepatic vein divided from beneath the liver.

demarcation along the midplane of the liver is seen.
Portal clamping is not routinely used, but a doubled
sling can be placed around the portal triad for extra
control in case of bleeding.
Vena Caval Dissection. The right hepatic vein is

exposed from above using diathermy. It is difficult to
divide from this angle, and the preferred extrahepatic
approach is thus from below the liver. The liver is
lifted anteriorly using two 5 mm graspers to create
a tunnel, and the minor hepatic veins are divided with
harmonic shears or clips. There is usually no need to
mobilize the lateral peritoneal attachments. Working
along the vena cava, the right hepatic vein will be
seen against the diaphragm. The vein is divided from
below with a linear stapler (Fig. 1).
Parenchymal Division. Following the line of de-

marcation along the midplane of the liver, harmonic
shears and linear staplers are used to divide the liver.
Up to nine vascular staplers have been used, insinuat-
ing the thin arm of the device through the liver sub-
stance, firing after resistance is reached. Bleeding can
occur, most commonly from branches of the middle
vein. This can be controlled by a repeat firing of
the stapler, or suture ligation if the vessel is within the
remaining liver. A low central venous pressure is help-
ful, as is the ability to suture quickly laparoscopically.
After liver transection, the lateral attachments of

the right liver are divided and the specimen is re-
moved using a plastic bag retrieval device through a
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wound of 5 to 6 cm, or the specimen is manipulated
whole through an 8 to 10 cm wound with a plastic
wound protector in place.
Hand ports were used in two cases, with placement

in the right subcostal region. An assistant’s hand was
used to lift and retract the right lobe for parenchymal
division and intrahepatic division of the right hepatic
vein. This maneuver can be useful when complete
caval dissection and right hepatic vein division cannot
be accomplished by tunneling beneath the liver.

RESULTS

The operation was completed totally laparoscopi-
cally in five patients; in another five the operation
was completed laparoscopically but assisted by a hand
port or a 10 cm incision, which was needed to
complete the hepatic transection; two patients were
converted to an open hepatectomy. In one patient
conversion was necessary because of unusual biliary
anatomy; the other was the result of troublesome
bleeding from minor hepatic veins. There was no
catastrophic bleeding requiring rapid conversion.
Four patients required blood transfusion of 1 to 4
units. Gas embolism was not seen or suspected in any
of the patients. Operation times ranged from 5 to
7 hours.
None of the patients died, but major morbidity

occurred in two patients. One case of bile leakage
resolved spontaneously by day 8. One patient under-
going a laparoscopic-assisted procedure had wound
dehiscence and right pleural effusion. The average
length of hospital stay was 8 days for the whole group
(range 2 to 21 days). For those undergoing a total
laparoscopic procedure, the average stay was 4 days
(range 2 to 7 days).
Nine patients had cancer. One had hepatocellular

cancer and eight had solitary colorectal metastases.
In one patient with suspected colorectalmetastasis, no
tumor was found on pathologic examination despite
a positive PET scan. All lesions were well clear of
surgical margins reflecting patient selection. The pa-
tient with hepatocellular carcinoma died at 12months
with multiple intrahepatic recurrences. One patient
with colorectal cancer died of metastatic melanoma
at 9 months. The remaining seven patients with colo-
rectal cancer are alive and disease free with follow-up
varying from 6 to 24 months. No port-site metastases
have been seen.

DISCUSSION

We began performing laparoscopic wedge resec-
tions in the early 1990s and soon progressed to left

lateral segmentectomy. This is usually a very
straightforward procedure in which, after the left lat-
eral segment is mobilized, vascular staplers are used
to divide the liver along the line of the falciform
ligament.
Laparoscopic right hepatectomy is a much more

technically demanding and time-consuming pro-
cedure. We have shown that in selected patients
it can be performed with acceptable morbidity and
lowmortality.Themost daunting step is parenchymal
division with the potential problems of major bleed-
ing and gas embolism. The risk of bleeding from the
liver substance is reduced by maintaining low central
venous pressure. Inflow and outflow control of the
right lobe vessels obviously also reduces bleeding.
We also used vascular staplers liberally. These sta-
plers are expensive (up to $1500 USD per case), but
their effectiveness has led to increased usage in our
open hepatectomy procedures, as has been reported
by others.8
As others have shown, clinical gas embolism in

laparoscopic hepatic surgery is surprisingly rare.9,10
The high solubility of carbon dioxide may explain
this. The use of staplers to close veins quickly may
also prevent large volumes of CO2 from entering a
low venous pressure system.
Clinical review of wound or port-site recurrence

has demonstrated no specific oncologic disadvan-
tage to laparoscopic procedures, per se, as long as
standard principles are followed.11 Indeed, a recent
randomized trial of laparoscopic vs. open surgery for
bowel cancer has demonstrated better oncologic out-
comes in the laparoscopic group.12With laparoscopic
right hepatectomy there may be an advantage in that
the minor hepatic veins and right hepatic vein are
divided from below the liver without the usual com-
pression of the right lobe that occurs during a stan-
dard open right hepatectomy. Liu et al.13 have
demonstrated fewer circulating tumor cells and a pos-
sible oncologic advantage when right lobe manipula-
tion is minimized by an anterior approach at open
surgery. Our technique uses even less hepatic manip-
ulation prior to outflow division. We are currently
conducting trials of routine laparoscopic caval dissec-
tion prior to open hepatectomy to minimize tumor
compression.

CONCLUSION

Laparoscopic right hepatectomy is feasible and safe
in highly selected patients with benign or malignant
conditions. It can offer the usual benefits of laparos-
copic surgery and may have an oncologic advantage.
However, surgeons do need to have experience in



Journal of
Gastrointestinal Surgery216 O’Rourke and Fielding

both advanced laparoscopic surgery and open liver
surgery.
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Intrahepatic Cholangiocarcinoma Masked as Fever
of Unknown Origin
Reza F. Saidi, M.D., Stephen G. ReMine, M.D., Michael J. Jacobs, M.D.

Intrahepatic cholangiocarcinoma is a rare malignancy that often presents in an advanced stage. For
many patients, early diagnosis is often delayed, secondary to vague symptoms and a lack of physical
findings. Herein, we report an unusual case of fever of unknown origin secondary to intrahepatic
cholangiocarcinoma. (J GASTROINTEST SURG 2004;8:217–219) � 2004 The Society for Surgery of the
Alimentary Tract

KEY WORDS: Fever, liver tumor, cholangiocarcinoma

Cholangiocarcinoma is a rare tumor that most
commonly involves the biliary confluence. An esti-
mated 20% to 30% of cholangiocarcinomas originate
in the extrahepatic bile duct, whereas less than 10%
begin at the intrahepatic level.1 Although cholangio-
carcinoma is the second most common primary he-
patic tumor after hepatocellular carcinoma, the
intrahepatic variant accounts for less than 10% of
malignant tumors of the liver. Furthermore, the intra-
hepatic variant of this unusual cancer often remains
asymptomatic until advanced stages. Herein we
report a case of intrahepatic cholangiocarcinoma
(IHC) that presented as a fever of unknown origin
(FUO).

CASE REPORT

A 64-year-old white man presented for evaluation
of a persistent fever that spanned 4 weeks. Medical
history included an open aneurysmorrhaphy and graft
placement for an infrarenal abdominal aortic aneu-
rysm. The patient showed no signs of abdominal pain,
pruritus, or jaundice. Furthermore, he denied having
weight loss, change in bowel habits, or symptoms of
peripheral ischemia. Physical examination revealed
a diaphoretic, well-nourished male with an elevated
temperature (100º F) and a well-healed laparotomy
incision but was otherwise unremarkable. An exten-
sive outpatient and in-patient diagnostic workup was
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initiated and included routine laboratory assays,
blood and urine cultures, and serial chest roentgeno-
graphy. The serum hepatic transaminase and biliru-
bin levels were normal; however, the alkaline
phosphatase was slightly elevated. CT of the abdo-
men demonstrated a large hypodense lesion within
Couinaud segments II and III. Based on the suspi-
cion that the lesion was an intrahepatic abscess, CT-
guided transcutaneous aspiration was performed
and a surgical consultation was subsequently ob-
tained. Pathologic findings were consistent with ana-
plastic carcinoma of unknown origin. A preoperative
metastatic evaluation was performed and revealed
a marginally elevated serum CA 19-9 level. The
remainder of the workup was unremarkable and in-
cluded CT of the thorax, bone scan, and upper/lower
endoscopies. Because the patient was not jaundiced
and did not demonstrate radiographic evidence of
biliary obstruction, endoscopic retrograde cholangio-
pancreatography and magnetic resonance cholangio-
pancreatography were not performed. The patient
underwent an exploratory laparotomy, left hepatec-
tomy, and cholecystectomy without complications.
The intraoperative findings included a large mass
within Couinaud hepatic segments II and III, with
intraoperative ultrasonography showing extension to
segment IV. Tumor also extended into the falciform
ligament,whichwas completely resected.Histopatho-
logic examination revealed a 13 cm anaplastic IHC
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with areas of necrosis, hemorrhage, and calcification.
Immunohistochemical staining showed that the
tumor cells were positive for CK27 and negative for
CK20, carcinoembryonic antigen, alpha fetoprotein,
prostate-specific antigen, prostatic acid phosphatase,
CD31, and TTF-1. The patient remained afebrile
postoperatively and was discharged home on the fifth
postoperative day. He was referred for adjuvant ther-
apy because of a single microscopic focus of soft tissue
involvement that was adjacent to the cauterized
margin of the left triangular ligament. Unfortunately
the fever returned after 3 months of adjuvant chemo-
therapy and external-beam radiation. A CT scan
showed multiple small pulmonary nodules consistent
with metastatic disease. Ironically, there was no evi-
dence of tumor recurrence within the liver.

DISCUSSION

Fever of unknown origin can be a diagnostic di-
lemma. It has been categorized into the following
four variants: classic, neutropenic, HIV-associated,
and nosocomial. The definition of the classic variant
requires that the patient’s temperature exceed 38.3C
for more than 3 weeks, while under investigation for
3 days, or for three outpatient visits. Also, the elevated
temperature cannot be attributed to other categories
with an indefinite source.2 The diagnostic approach
should include a thorough history and physical exami-
nation. Also, an extensive laboratory evaluation may
be necessary to provide supplemental information
that could support the clinical findings. These assays
may include a complete blood count with microscopic
examination, serum chemical analysis, urinalysis, cul-
tures, serology, and various imaging studies. Despite
an exhaustive evaluation, in 5% to 15% of patients
thediagnosiswill remain uncertainwith relation to the
cause attributed to the fever. Such patients usually
have a benign and indolent course; however, adher-
ence to a systematic reevaluation through close
follow-up may help avoid missed etiologies.3
Multiple etiologies should be considered when

FUO is present (Table 1). Infection, however, has
historically remained the most common cause of
FUO and accounts for approximately 20% to 40%
of cases. In contrast, neoplastic lesions (5% to 20%),
collagen vascular disorders (15% to 20%), and other
rare illnesses have been implicated less frequently.2–6
Hepatobiliary disorders may account for up to 30%
of the causes related to a diagnosis of FUO.7 Of
these, infectious or inflammatory processes (hepatitis,
cholangitis, or cholecystitis) and neoplastic disor-
ders (primary or secondary) are the more common
etiologies. In particular, solid tumors of the liver have

Table 1. The most common causes of FUO

Category Common disorders

Infections Tuberculosis, intra-abdominal abscess, sub-
acute bacterial endocarditis, cytomegalovi-
rus infection, toxoplasmosis, renal and
perirenal abscesses, splenic abscess

Tumors Lymphoma, renal cell carcinoma, hepatocel-
lular carcinoma, leukemia, central nervous
system tumors

Autoimmune Juvenile rheumatoid arthritis, temporal arteri-
disorders tis, polyarteritis nodosa, systemic lupus ery-

thematosus, vasculitis
Miscellaneous Drug fever, hepatitis, regional enteritis, hy-

perthyroidism, factitious fever

the potential to cause fever secondary to mechanical
and chemical processes. Several theories have subse-
quently been purported to be potential tumor-related
causes of FUO, whichmay include the direct neoplas-
tic process, presence of obstruction and subsequent
infection, production of endogenous pyrogens, and
the associated inflammatory process secondary to
necrosis.3
The relationship between FUO and IHC is un-

known. Perhaps this is related to the infrequent oc-
currence of the tumor, which may develop in
approximately 1000 to 2000 patients in the United
States per year.8 Most patients are over 65 years of
age and have known risk factors, such as primary
sclerosing cholangitis, Caroli’s disease, or hepato-
choledocholithiasis. Other risk factors include infes-
tation of the biliary system with parasitic organisms
such as Clonorchis sinensis or Opisthorchis viverrini.9
Some patients may remain asymptomatic in the early
stages of tumor progression; however, most present
with advanced disease. The most common symptoms
are epigastric or right upper quadrant pain and weight
loss.Unlike tumors of the extrahepatic bile duct, how-
ever, jaundice is uncommon and may occur in only
24% of cases.9 When IHC is suspected based on
clinical findings and appropriate imaging studies,
serum tumor assays should be performed. These
assays include serum carcinoembryonic antigen and
CA 19-9 levels. Some investigators have also sug-
gested the relevance of the K-ras mutation, which
has been detected in 70% of patients with IHC.9 In
addition to solidifying the diagnosis, these tumor
markers can be helpful in assessing the response to
treatment or the development of recurrence. Finally,
the diagnosis of IHC should be considered in all
patients with a presumed metastatic liver lesion and
unknown primary neoplasm. Ironically the patient
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described in the present report did not have any asso-
ciated risk factors; his only symptom was fever of
unknown origin.
Most cases of IHC can be pathologically defined as

adenocarcinomas. Some investigators have defined
IHC as a tumor that originates distal to the secondary
branches of the main hepatic duct.10 Most Western
classification systems, however, differentiate be-
tween intrahepatic and extrahepatic tumors, and
the latter group is divided into proximal, middle,
and distal subgroups. Although a specific staging
system does not exist for IHC,9 advanced lesions intu-
itively portend a less favorable outcome. Additional
features, such as the longitudinal spread of tumor
along the duct wall or invasion of the periductal tis-
sues, have been implicated as potential measures of
outcome.9 Recently the Liver Cancer Study Group
of Japan divided IHC into three types, which in-
cluded the mass-forming type, the periductal-infil-
trating type, and the intraductal growth type.11 The
study also suggested that the mass-forming type
more frequently invades other organs and has a ten-
dency to attain a larger mass size. Also, there were
more frequent intrahepatic metastases around main
lesions in the mass-forming type, suggesting that a
wider margin is required during the resection. The
periductal-infiltrating type was found to have more
frequent metastases within the hilar lymph nodes and
along Glisson’s capsule, therefore implicating the
need for a liver resection, extrahepatic biliary duct
resection, and lymph node dissection. Last, because
the intraductal growth type was rarely found to
have nodal metastases, the prognosis was favorable
after a complete resection. The patient in the present
report had anaplastic IHC that would most suitably
be classified as a mass-forming type.
Several recent studies have suggested that hepatic

resection with clear margins confers the best long-
term survival.12–16 For example, Weimann et al.17
have reported overall 1-year, 2-year, and 5-year sur-
vival rates of 47%, 28%, and 13%, respectively. Be-
cause the tumor is usually advanced at the time of
diagnosis, however, a curative resection is not always
possible. Such patients may benefit from biliary de-
compression and palliative care. Unfortunately, adju-
vant, neoadjuvant, or palliative chemotherapy and/or
radiation therapy have not been shown to definitively
prolong survival.18 Perhaps the future development
of innovative diagnostic modalities, continually im-
proved operative therapies, and improved adjuvant
treatment options may eradicate this potentially
fatal disease.
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A Duodenum-Preserving and Bile Duct–Preserving
Total Pancreatic Head Resection With Associated
Pancreatic Duct-to-Duct Anastomosis
Tadahiro Takada, M.D., Hideki Yasuda, M.D., Hodaka Amano, M.D., Masahiro Yoshida, M.D.

A duodenum-preserving pancreatic head resection technique was first reported in 1980, but the indications
have been limited to benign pancreatic disease as it involves a subtotal pancreatic head resection. In 1988
we detailed a duodenum-preserving total pancreatic head resection (DPTPHR) technique. This procedure
involved a total pancreatic head resection and as such expanded the indications for this approach
to include tumorigenic masses. The original method involved closure of the proximal pancreatic duct
and an anastomosis of the pancreatic duct of the distal pancreas to a newly created small hole in the
duodenum (we termed this a “pancreatoduodenostomy”). Our current technique involves a duct-to-duct
anastomosis of the proximal pancreatic duct and the distal pancreas to better preserve anatomic structure.
DPTPHR was performed in 26 patients from 1988 to 2002, including 12 cases of DPTPHR with
pancreatoduodenostomy and 14 cases of DPTPHR with pancreatic duct-to-duct anastomosis. No
differences were observed between the two methods with respect to operative time or blood loss during
surgery. Postoperatively, there was one case of cholecystitis and one case of pancreatitis in a patient who
underwent a pancreatoduodenostomy; both of these patients were treated conservatively with curative
intent. No complications were observed in the group undergoing duct-to-duct anastomosis. The
advantage of duct-to-duct anastomosis is that the pancreatic head is totally resected, thus allowing removal
of neoplastic disease such as an intraductal papillary mucinous tumor and also therapy for chronic
pancreatitis. A key benefit of this procedure is that sphincter function of the duodenal papilla is preserved
permitting drainage of pancreatic/bile juice into the duodenum, preserving a more physiologic state than
is the case after a pancreatoduodenostomy. (J GASTROINTEST SURG 2004;8:220–224) � 2004 The Society
for Surgery of the Alimentary Tract

KEY WORDS: Duodenum-preserving total pancreatic head resection, DPTPHR, chronic pancreatitis,
intraductal papillary mucinous tumor, pancreatic cancer

Duodenum-preserving pancreatic head resection
was first reported by Beger et al.1 in 1980. This opera-
tion involved a subtotal pancreatic head resection
with attachment of the remaining bulk of the pancreas
to the side of the duodenum to preserve the gastrodu-
odenal artery–anterior superior pancreaticoduodenal
artery arcade ensuring blood supply to the duodenum,
which limited the indications to pancreatitis due to
a benign process. In 1988 we devised an alternative
resection method and have been using a duodenum-
preserving totalpancreatic headresection (DPTPHR)
technique since 1990.2 This has expanded the clinical
indications to include not only benign pancreatic dis-
ease but also low-grade malignancies such as intra-
ductal papillary mucinous tumor (IPMT).3,4 Our
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earlier technique used a small hole in the duodenum
to anastomose the distal pancreatic duct (DPTPHR
with pancreatoduodenostomy). The technique re-
ported herein involves a duct-to-duct anastomosis to
the proximal pancreatic duct becausewe reasoned that
sphincter function of the duodenal papilla would
not be fully preserved using the DPTPHR with pan-
creatoduodenostomy technique.

METHODS
Patients

Twenty-six DPTPHRprocedures were performed
from 1988 to 2002. Patients were divided into two
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groups. The first group who underwent DPTPHR
and pancreatoduodenostomy consisted of 12 patients
(6 men and 6 women; average age, 59.1 years). The
patients had chronic pancreatitis (n � 5), benign
IPMT (n � 2), malignant IPMT (n � 2), and other
pancreatobiliary diseases (n � 5). The second group
who underwent DPTPHR and duct-to-duct anasto-
mosis consisted of 14 patients (9 male, 5 female pa-
tients; average age, 55.3 years). These patients had
chronic pancreatitis (n � 2), benign IPMT (n � 5)
and malignant IPMT (n � 5).

Postoperative Examination

All patients were evaluated postoperatively using
endoscopic retrograde cholangiopancreatography to
evaluate the incidence of anastomosed pancreatic
ductal stenosis and also to evaluate injected contrast
material into the duodenum. Furthermore, all pa-
tients underwent a gastrointetestinal barium roent-
genographic examination irrespective of reflux into
the ductal system. Additionally, the incidence of post-
operative pneumobilia was assessed for reflux of duo-
denal contents into the biliary tree.

Operative Technique

After the initial laparotomy, instead of performing
the Kocher maneuver to preserve the integrity of the
mesoduodenal vessels, the gastrocolic ligament is dis-
sected, after which the right gastroepiploic artery and

Fig. 1. Schematic representation of total removal of the pancreatic head. Left, Pancreatic resection is
performed immediately above the portal vein. The anterosuperior pancreatoduodenal artery (ASPD)
is excised, but the posterosuperior pancreatoduodenal artery (PSPD) should be preserved. While pulling
the cut section of the pancreas, pull the pancreas apart from the back wall. Care must be taken not to
damage the posterosuperior pancreatoduodenal artery in doing so. AIPD � anteroinferior pancreaticodu-
odenal artery; PIPD � posteroinferior pancreaticoduodenal artery. Middle, The bile duct is exposed
while pulling the cut section of the pancreas and pulling the pancreas apart from the back wall. Again,
care must be taken not to damage the PSPD. Right, While pulling the uncinate process, pull the pancreas
apart from the superior mesenteric artery (SMA), the superior mesenteric vein (SMV), and the duodenum.
Care must be taken not to damage the PIPD and the mesoduodenal vessels during this process.

vein are ligated on the surface of the pancreas and
then divided.
The superior mesenteric vein is exposed at the

inferior border of the pancreas, and a portal vein
tunneling procedure is performed. The pancreas is
then transected above the portal vein, followed by
hemostasis of the divided end of the distal pancreas.
A polyvinyl tube is then inserted into the distal pan-
creatic duct and fixed with 5-0 nylon sutures.
Next the anterosuperior pancreaticoduodenal

artery is double ligated and divided at the duodenal
margin (Fig. 1, left). The posterosuperior pancreat-
icoduodenal artery is preserved and communicated
with the posteroinferior pancreaticoduodenal artery
through the superior mesenteric artery. Several sup-
portive sutures are placed at the cut end of the pan-
creas, after which the head of the pancreas is dissected
from the duodenum and the biliary tract as the sutures
are pulled (see Fig. 1, middle). The pancreatic tissue
between the biliary tract and the duodenum is also
removed while the head of the pancreas is being
pulled. Branches of the posteroinferior pancreatico-
duodenal artery are ligated and divided where they
enter the pancreatic parenchyma, while preserving
the main arcade of posteroinferior pancreaticoduode-
nal artery and anterosuperior pancreaticoduodenal
artery (see Fig. 1, right).When dissecting the pancreas
from the duodenum, care should be taken to preserve
the mesoduodenal blood vessels, avoiding injury to
the integrity of themesoduodenal blood vessel arcade.
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As the pancreas is dissected from the surrounding
surface of the bile duct and the confluence of the
pancreatic duct and bile duct, the proximal pancreatic
duct is cut with sufficient length to perform the end-
to-end pancreatic anastomosis. On dissecting the
pancreatic duct, the head of the pancreas is removed
while preserving the biliary tract, gallbladder, duode-
nal papilla, and sphincter of Oddi (Fig. 2).
Reconstruction is accomplished using an end-to-

end pancreatic duct-to-duct anastomosis (Fig. 3). After
posterior wall fixation of the pancreas and duodenum,
the proximal pancreatic duct is anastomosed to the
distal duct with five or six interrupted 5-0 Vicryl su-
tures. This posterior fixation is very important when
reapproximating the pancreatic duct with an end-to-
end pancreatic duct-to-duct anastomosis, because the
duodenal wall has the capacity to move and decrease
tension at the anastomosis. When the tension would
be too great to allow end-to-end anastomosis, we
would change the method to pancreatoduodenoanas-
tomosis (end to side), allowing the anastomosis to be
performed without tension. The top of the pancreatic
tube for the stent is placed in the distal pancreatic duct,
and the opposite side of the tube is passed through
the duodenal papilla and placed in the duodenum.
Following this, anterior wall fixation of the pancreas
and duodenum is performed (Fig. 4).

Fig. 2. Completion of total removal of the head of the pancreas while preserving digestive and biliary
tracts. Total pancreatic head resection is achieved, while the sphincter function of Oddi together with
the duodenum and biliary tract and the gallbladder are preserved. PIPD � posteroinferior pancreaticodu-
odenal artery.

RESULTS

There were no significant differences between the
mean operation time of 5.0 hours for the DPTPHR
with pancreaticoduodenostomy group and 4.8 hours
for the DPTPHR with pancreatic duct-to-duct
anastomosis group, or mean blood loss (925 ml in
the pancreatoduodenostomy group and 939 ml in the
duct-to-duct anastomosis group). There were few
postoperative complications with either procedure.
Among patients who received a pancreatoduodenos-
tomy, there was one case of cholecystitis and one case
of pancreatitis, both of which were treated conserva-
tively without serious complications. No compli-
cations were observed in the patients treated with
duct-to-duct anastomosis. Postoperative endoscopic
retrograde cholangiopancreatography revealed no
abnormalities in the pancreatobiliary system, and
there were no cases of ductal stenosis. Also, in-
jected contrast material was smoothly discharged into
the duodenum. No patient required reoperation, and
there were no cases of barium regurgitation into the
biliary tree and pancreatic duct during roentogeno-
graphic examination. Additionally, none of the pa-
tients developed pneumobilia.

DISCUSSION

The Whipple procedure, or pylorus-preserving
pancreatoduodenostomy, has been widely used for
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Fig. 3. Reconstruction. The pancreas and backside of the duodenum are sutured using a nodus anastomo-
sis. The inserted stent tube remains in the distal pancreatic duct. A suture is inserted into the pancreatic
duct for suture fixation and the proximal end of the tube is left inside the duodenum. The proximal
pancreatic duct and the distal pancreatic duct are sutured with knotted 5-0 or 6-0 Vicryl.

resection of the head of the pancreas.5–9 However,
even with pylorus-preserving pancreatoduodenos-
tomy, only 4 to 5 cm of the duodenum from the
pyloric ring can be preserved. Beger et al.10,11
reported duodenum-preserving pancreatic head re-
section for mass-producing chronic pancreatitis,
which effectively eliminated pain. Despite duodenal
preservation, Beger’s operation involved a subtotal
resection of the head of the pancreas.
If the head of the pancreas could be completely

removed without leaving pancreatic tissue in the duo-
denum, as in Beger’s operation, operative indications
could be expanded to include low-grade malignant
tumors such as IPMT, and also pancreatic cystic dis-
ease, pancreatic divisum, and chronic pancreatitis. A

Fig. 4. Completion of duodenum-preserving total pancreatic
head resection after pancreatic duct-to-duct anastomosis.

pancreaticoduodenostomy or pancreatic duct-to-duct
anastomosis might be possible in these instances, re-
sulting in preservation of gastrointestinal tract integ-
rity. Further, if the ampulla of Vater, biliary tract,
gallbladder, and the sphincter of Oddi could be pre-
served, then normal pancreatic, biliary, and diges-
tive physiologic function could be maintained. Our
technique leaves the gallbladder intact because we
reasoned that preservation of the sphincter of Oddi
would avoid regurgitation of the digestive tract
contents into the biliary tree and also maintain the
cooperative function of these structures. In this
study no patient had reflux of duodenal contents
into the biliary tree with either procedure. Although
there was one case of mild cholecystitis and one
case of mild pancreatitis postoperatively, the causes
were unknown and both resolved with conservative
treatment.
A duodenum-preserving and bile duct–preserving

total pancreatic head resection is a novel technique
for pancreatic surgery. The major objective of this
operation is to maintain duodenal blood supply. For
this purpose we found it necessary to preserve the
posterosuperior pancreaticoduodenal artery andmes-
oduodenal vessels.3,4 There are eight steps in this op-
eration: (1) division of the gastroepiploic artery/vein
in front of the pancreas; (2) division of the pancreas
over the portal vein; (3) division of the anterosuperior
pancreaticoduodenal artery along the duodenum
while preserving the posterosuperior pancreaticoduo-
denal artery; (4) isolation of the head of the pancreas
from the duodenum and bile duct; (5) division of the
vessels along the excised pancreas while preserving
the main arcade of the posterior pancreaticoduodenal
artery; (6) division of the proximal pancreatic duct
just before it merges into the confluence of the bile
duct; (7) preservation of the duodenal papilla and
sphincter of Oddi; and (8) end-to-end pancreatic
duct anastomosis.
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According to our previous studies,12,13 when post-
operative pancreatic exocrine function was compared
with the various types of pancreatectomies, preserva-
tion of the entire duodenum maintained pancreatic
exocrine function better than the Whippple proce-
dure, or pylorus-preserving pancreatoduodenostomy.
The advantage of our operation is the resultant pres-
ervation of duodenal papilla sphincter function
allowing drainage of pancreatic/bile juice into the
duodenum, which is theoretically considered a
more physiologic state than Beger’s operation, be-
cause bile juice flows into the duodenum but pan-
creatic juice discharges into the reconstructed jejunal
loop in Beger’s operation. A comparative study is
necessary in the future among the three types of duo-
denum-preserving pancreatic head operations, in-
volving a duodenum- and bile duct–preserving total
pancreatic head resection with associated pancreatic
duct-to-duct anastomosis, a duodenum- and bile
duct–preserving total pancreatic head resection with
associated pancreatoduodenostomy, and Beger’s
operation.
This report describes a new operative technique of

duodenum- and bile duct–preserving total pancreatic
head resection.

We thank the patients involved in this study for giving us permission
to publish this article.
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