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Production and Systemic Absorption of Toxic
Byproducts of Tissue Combustion During
Laparoscopic Cholecystectomy

Justin S Wu, M D , Terrs Monk, M D, Donna R Luttmann, RN,
Thomas A Mesminger, Nathaniel § Soper, M D

Among the potential hazards of laparoscopic surgery using electrocautery 1s the release of chemical
byproducts of incomplete tissue combustion into the pneumoperitoneum with subsequent transperi-
toneal absorption into the bloodstream and/or release into the operating room. The purpose of this study
of patients undergoing laparoscopic cholecystectomy (LC) was twofold (1) to assess the relattonship be-
tween intraperitoneal concentration of carbon monoxide (CO) and blood levels of carboxyhemoglobin
(COHD) and methemoglobin (MetHb), and (2) to assess the surgeon’s nhalation of CO resulting from
ambient smoke exposure During LC with monopolar electrocautery, 21 patients were evaluated intra-
operatvely for intraperitoneal [CO] by sampling gas from a trocar, whereas artertal [COHb] and [MetHb)]
were determined perioperatively The surgeon’s venous blood was drawn pre- and postoperatively to as-
say [COHb] and [MetHb] Patients completed visual analogue questionnaires 6 hours and 24 hours post-
operatively to assess for adverse symptoms Mean (= SEM) patient age and weight were 45 + 3 years and
84 + 4 kg, respectively Mean duration of the operation was 69 * 5 minutes, and electrocautery was used
for 3 0 = 0 3 minutes Intraperitoneal [CO] rose to peak levels of 209 = 19 ppm at 50 minutes, whereas
systemic [COHb] and [MetHb] were unchanged The surgeon’s systemic [COHb] and [MetHb] did not
mcrease postoperatively Nausea, abdominal pamn, and fatigue scores decreased significantly between 6
and 24 hours postoperatively, however, there were no correlations between these symptoms and peak
mtraperitoneal [CO] Although LC using electrocautery increases intraperitoneal [CO} to “hazardous”
levels, systemic [COHb] and [MetHb)] are not elevated by generation of intraperitoneal smoke The sur-
geon’s exposure to CO by the evacuation of smoke through laparoscopic ports 1s neghgible Production
of smoke during LC using monopolar electrocautery, therefore, does not appear to pose a threat to erther

the patient or the surgeon (J GASTROINTEST SURG 1998, 2 399-405 )

Since 1ts ntroduction nearly a decade ago, laparo-
scopic cholecystectomy (LC) has become the new
“gold standard” therapy for uncomplicated cholelithi-
asis, replacing the traditional open operation 1n most
patients ! Other laparoscopic abdominal operations
are also increasing in popularity because of their ad-
vantages mn terms of minimal abdominal wall trauma,
decreased postoperative pan, shorter hospital stay,
and earlier return to normal physical activiies when
compared to their open counterparts 2 However,
among the real and potential disadvantages of laparo-
scopic surgery are the detrimental effects from the
“closed abdomen” and CO, pneumoperitoneum 3-5

One theoretical disadvantage that has not been
thoroughly investigated 1s that of smoke generated by
electrocautery in the CO, pneumoperitoneum. The
gaseous products of incomplete tissue combustion
could be dangerous to the patient because of
transperitoneal absorption into the systemic circula-
tion or to the operating room personnel because of
smoke evacuated through trocar valves Three stud-
1es have documented elevated intraperitoneal [CO]
patients undergoing laparoscopic operations using
electrocautery. Two of those studies also found ele-
vated systemic carboxyhemoglobin (COHDb) levels®
(Ott DE, personal communication), whereas one
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study did not 7 In addition, one study found elevated
systemic methemoglobin (MetHb) levels as well as
the presence in the pneumoperitoneum of 26 addi-
tional toxic chemical byproducts resulting from py-
rolysis of proten and hipids during laparoscopic
surgery.® The concentrations of these compounds
were not measured, and the significance of these find-
ings and their risks are as yet unknown. Therefore the
goals of this study were (1) to ascertain the relation-
ship between intraperitoneal concentration of CO
and systemic [COHDb] and [MetHb] 1n patients un-
dergoing LC and (2) to assess the surgeon’s exposure
to the evacuated smoke through the trocars.

MATERIAL AND METHODS

After approval of the experimental protocol by the
Washington University School of Medicine Human
Subjects Committee, 21 patients scheduled to un-
dergo LC for cholelithiasis were enrolled m the study
A detailed preoperative history recorded pertinent
factors that might affect COHb and MetHb levels;
these included cigarette or cigar use, exposure to
other smokers, automobile use for more than 2 hours
a day, and work exposure to automobile exhaust Pa-
tients with a history of severe chronic obstructive
pulmonary disease, those on home oxygen therapy,
and those with hereditary methemoglobinemia were
excluded from the study. All patients were informed
of the purpose and risks of the study and signed con-
sent forms

Patient Preparation

The patients were anesthetized with intravenous
thiopental (3 to 5 mg/kg), vecuronium (0.1 mg/kg),
and fentanyl (3-5 pg/kg). Anesthesia was maintamned
with 1soflurane, vecuronium, and fentanyl Ventilation
was mechanically controlled with an inspired oxygen
concentration of 35%, at a rate and a tidal volume ad-
justed to maintamn end-tudal CO, tension between 30
and 40 mm Hg as measured by capnography. An ar-
terial line was placed 1n the radial artery following n-
duction of anesthesia to allow frequent arterial blood
samplings and was removed before the patient awoke

Blood Sampling

After induction of general anesthesia, the abdomen
of each patient was insufflated with 100% CO, unul
the intra-abdominal pressure reached 12 to 15 mm
Hg This pressure was maintained throughout the
procedure Arterial blood samples (3 ml each) were
drawn after the induction of anesthesia and 1 minute
prior to msufflation as a baseline, during the surgical
procedure at 1 minute after insufflation of pneu-
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moperitoneum (before cautery use), and at 15, 30, 45,
60, 75, and 90 minutes (or until the procedure was
completed) intraoperatively Arterial blood samples
were analyzed for total hemoglobin, oxyhemoglobin,
COHb, and MetHb by the OSM3 Hemoximeter (Ra-
diometer Copenhagen, Copenhagen, Denmark). The
manufacturer listed the accuracy of this instrument as
+1% Venous samples were drawn from the surgeon
preoperatively and immediately postoperatively for
analysis of total hemoglobin, COHb, and MetHb
concentrations

Gas Sampling

For determination of intra-abdominal [CO], gas
from the pneumoperitoneum was withdrawn from a
side port of the right subcostal trocar After 50 ml of
gas 1 the tubing was discarded, 100 ml of gas was as-
sayed with a Sensidyne/Gastec detector tube (Sensi-
dyne, Inc, Clearwater, Fla ) using the multistroke gas
sampling pump Evaluations were performed intra-
operatively at the same tume blood samples were
drawn (every 15 minutes) Sensidyne/Gastec detector
tubes relied on a colorimetric reaction with potassrum
polladosulfite They were designed and calibrated so
that the length of stamed tubing corresponded to the
concentration of CO 1n the sample It could detect
[CO] between 1 and 2000 parts per million (ppm)
with an accuracy of +25% of the measured value.’

Operation

Laparoscopic cholecystectomy was performed us-
ing a four-port technique as described previously.!
Immediately after establishment of a pneumoper:-
toneum, adhesions on the gallbladder were taken
down using electrocautery. This technique was also
used to dissect the cystic duct and artery. After liga-
tion and transection of these structures, excision of
the gallbladder was completed with electrocautery
Factors that might influence the length of the proce-
dure or cautery time were recorded; these included
presence of adhesions, degree of inflammation of the
pericholecystic tissues, presence and management of
common bile duct stones, anatomically “intrahepatic”
gallbladder (lack of a definite plane between gallblad-
der serosa and hepatic parenchyma), and inadvertent
perforation with spillage of gallbladder contents
Complications that occurred during the procedure,
such as bleeding and hypotension, were also noted
Smoke was evacuated sparingly throughout the oper-
ation to allow visualization for the surgeon, the num-
ber and duration of times the ports were opened for
this purpose were recorded At the end of each oper-
ation, all intraperitoneal gas was evacuated through
the trocars prior to their removal The duration of
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cautery use was recorded by a start-stop cumulative
arithmetic compilation.

Postoperative Evaluation

Pauents were transported to the recovery room
breathing 100% oxygen by face mask On their arrival
1n the recovery room, they were rapidly weaned from
the oxygen within 30 minutes Venous blood samples
were drawn 1n unheparinized syringes 30 minutes af-
ter skin closure. Six hours postoperatively and prior
to discharge the following morning, all patients com-
pleted a 10 cm visual analogue scale questionnaire re-
garding the presence of the following symptoms fa-
tigue, abdomunal pain, nausea, dyspnea, and dizziness.
Nausea was treated with metoclopramide, 10 mg in-
travenously or by mouth every 6 hours as needed, and
the amount was recorded The mvestigators evaluated
the patents for tachycardia, tachypnea, or abnormal
mental status (orientation, memory, and attention).

Statistical Analyses

The InStat statistical computer software package
(GraphPad Software, Inc., San Diego, Calif ) was used
for data analysis. Statstical comparisons among the
groups with respect to paired contunuous variables
were performed with the Friedman nonparametric re-
peated measures test. Analyses of unpaired data were
performed using Kruskal-Wallis one-way analysis of
variance. All specific comparisons were made using
Dunn’s multiple comparisons test When preopera-
tive values were zero, intraoperative and postopera-
tive continuous variables were analyzed using the
two-tailed, one-sample Student’s ¢ test. Linear re-
gression models with correlation coefficients were cal-
culated to analyze the relationship between 6-hour
postoperative symptoms and peak values of intraperi-
toneal [CO] Staustcally significant differences were
defined as P <0.05. Summary values 1n the text are ex-
pressed as mean =+ standard error of the mean (SEM)

RESULTS

Twenty-one patents (aged 45 * 3 years, range 22
to 72 years, mean weight 84 + 4 kg) underwent LC 1n
this protocol. Two patients smoked cigarettes on a
regular basis (both ~3 to 4 cigarettes/day), and an-
other two patients drove an automobile for more than
2 hours a day The rest of the 17 patients did not have
pertunent factors known to affect COHb and MetHb
levels Mean duration of operation was 69 * 5 min-
utes (range 40 to 110 minutes), during which 71 *
14/ L of CO, (range 28 to 190 L) was used for msuf-
flation (Table I). In all cases, electrocautery was initi-
ated within 10 minutes after pneumoperitoneum was
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established, to take down adhesions around the gall-
bladder and to dissect the hepatocystic triangle. The
predominant use of electrocautery, however, occurred
30 minutes into the operation (after intraoperative
screening for choledocholithiases using laparoscopic
intracorporeal ultrasound), during the dissection of
the gallbladder from 1its bed. Mean cumulative elec-
trocautery time was 3.0 * 0.3 munutes (range 0 7 to
6.2 minutes). Electrocautery time was not signifi-
cantly different whether the gallbladder was intra-
hepatic (43%, 3 3 * 0.2 minutes) or extrahepatic
(57%, 2.9 * 0.4 minutes) Minimal adhesions and in-
flammation of the gallbladder were found 1n most pa-
tients, and there were no common bile duct stones or
mtraoperative complications. The 1intraperitoneal
smoke was briefly (<10 seconds) vented through a
trocar once 1n two patients and twice 1n one patient
to allow better visibility for the surgeon.

Intraperitoneal [CO] rose significantly from 0 ppm
at baseline to 33 * 7 ppm at 15 munutes (P <0 0001,
range 0 to 100 ppm), 130 = 17 ppm at 30 minutes
(P <0.01 vs. 15 minutes, range 0 to 350 minutes), and
peaked at 209 * 19 ppm at 50 minutes (P <0.0001 vs
baseline, range 100 to 250 ppm; Fig. 1) COHb and
MetHb levels, however, did not change- preoperative
[COHDb] range 0.5% to 2.6%, intraoperative and
postoperative ranges 0 4% to 2 3%, preoperative
[MetHb] range 0 1% to 0.8%, intraoperative and
postoperative ranges 0 3% to 1 0% (Fig. 2). Mean
perioperative oxyghemoglobin and total hemoglobin
levels also were unchanged at 98.0% * 0.3% and 13 3
* 0.3 g/dl, respectively.

The surgeon’s preoperative and postoperative
[COHDb] and [MetHDb] also remamed essentially un-
changed. Mean [COHDb] actually decreased slightly
from the preoperative level of 2 9% to 2.4% postop-
eratively, and mean [MetHb] was 0.6% both pre- and
postoperatively. Both perioperative total hemoglobin
and venous oxyhemoglobin levels were unchanged at
16.0 = 0.1 g/dl and 40% = 3%, respectively.

There were no postoperative complications. Post-
operative symptoms were evaluated on a 10 cm visual
analogue scale (Fig 3). At 6 hours postoperatively,

Table I. Intraoperative data

Operating room time (rmin) 695
Cautery tume (min) 30+03
Intrahepatic 9/21 (43%) 33+02
Extrahepatc 12/21 (57%) 29+04
Adhesions (scale 1-5)* 16+02
Inflammation (scale 1-5)* 13+02

Complications 0/21 (0%)

All values except “Complicattons” are expressed as mean * standard
error of the mean
*1 = none, 2 = muld, 3 = mld to moderate, 4 = moderate, 5 = severe
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Fig. 1. Intrapentoneal [CO] during laparoscopic cholecystectomy Significant elevaton occurred withun
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Fig. 2. Preoperative, mntraoperative, and postoperauve [COHb] and [MettHDb] m pauents undergomg
laparascopic chalecystectomy using electrocautery [COHb] and [MetHb] levels were not significantly
different perioperatively
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Fig. 3. Postoperative symptoms scored by pauents using a visual analogue scale ranging from 1 to 10 cm
There was significant reductron of scores for fatigue, abdomunal pain, and nausea at 24 hours compared

to scores at 6 hours

71% of patients complained of moderate-to-severe fa-
tigue, 48% had abdominal pain, 43% had nausea,
19% had dyspnea, and 14% had dizziness. The mean
scores for fatigue, abdormunal pain, and nausea on a 10
cm visual analogue scale significantly decreased from
6-hour levels (5.9 + 0.6,4.8 £ 0.7, and 3.3 = 0.5, re-
spectively) to 24-hour postoperatve levels (3.7 + 0.6,
3.5 £ 0.7, and 0.8 * 0.2, respectively, P <0 05). Lin-
ear regression analyses revealed no correlation be-
tween the degree of 6-hour postoperative symptoms
and erther the peak concentration of intraperitoneal
[CO] (correlanon coefficients 0.1 to ¢ 2) or the cu-
mulative exposure of intraperitoneal [CO] (correla-
tion coefficients § 1 to 0.4). No patients showed signs
of tachycardsa, tachypnea, or abnormal mental status
(orientation, memory, and attention) postoperatively.

DISCUSSION

There are conflicung published data regarding the
production and systemic absorption of toxic byprod-
ucts of incomplete tissue combustion 1n the pneu-
moperitoneum during laparoscopic surgery. The cur-
rent study clearly demonstrated that laparoscopic
cholecystectomy using electrocautery during dissec-
tion of the gallbladder resulted in “hazardous” levels
of intraperitoneal CO, albeit lower than those found

1n other studies. In the study by Ott!® of 25 patients
undergoing laparoscopic-assisted hysterectomy or
laparoscopic vaporization of endometriosis, with a
strmilar average time of tissue combustion of 2.4 = 1.2
munutes, intraperitoneal [CO] increased to a mean of
425 ppm within 2 minutes of mitiation of cauteniza-
ton (range 115 to 2100 ppm). Others have reported
sumular imcreases of intraperitoneal [CO]J 1n pauents
undergomg LC.57 Although there are currently no es-
tablished safety lunts for intraperitoneal [CO], the
Environmental Protecuon Agency’s (EPA) maximum
allowable 1-hour exposure to ambient CO 15 35 ppm
with a ceilling concentration of 200 ppm.'®!! The
maximum allowable concentration of ambient CO set
forth by the Occupauonal Safety and Health Admun-
istratton (OSHA) 1s 50 ppm for 8 hours of exposure or
400 ppm per 15 minutes.%12

Given the markedly elevated intraperitoneal [CO],
transperitoneal absorption into the bloodstream could
lead to toxic effects of end-organ hypoxia as a result of
CO paisoning. If CO were absorbed systemucally, one
would predict either elevated blaod levels of [COHDb]
or exhaled {CO] The basis for the generation of
COHb 1s hemoglobin’s marked affiuty for CO, which
1s approxumately 200- to 250-fold greater than that
for oxygen !* For nonsmokers the normal baseline
[COHBD] 1s less than 1%, although the EPA has set the
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goal of mamntaining nonsmokers’ [COHb] below
2% 12 Above tlus level one may suffer various symp-
toms (e g, dizziness, nausea, dyspnea, palpitations,
and 1mpairment of judgment) and signs (e.g., tachy-
cardia, tachypnea, and abnormal mental status) of CO
toxicity 5 A few studies have shown that [COHb] of
only 2% to 4% significantly decreased the time of on-
set of angina 1n persons with coronary artery dis-
ease!»15 and decreased behavioral performance !¢ The
frequent postoperative complaints of headaches,
dizziness, and nausea are often attributed to anesthe-
sia. However, could CO poisoning be contributing to
these symptoms? If so, patients might benefit from
oxygen therapy postoperatively, since the ehmination
half-life of COHDb 1s approximately 5 hours when
room air is breathed but 1 hour 1f 100% oxygen 1s ad-
munistered !’

Previous studies of patients undergoing laparo-
scopic operations have shown variable COHDb levels
In Ott’s series all 25 patients showed elevated [COHDb]
after 10 minutes of cauterization, with a mean level of
10.5% (range 2 8% to 18 5%) The patients with the
highest [COHb] were noted to suffer postoperative
symptoms of dizziness, nausea, headache, and weak-
ness '8 Esper et al ,5 however, found only a minimal
but statistically significant increase in [COHb], from
07% = 0.6% to 12% = 07% (P <0 01), in their
study of 15 patients undergoing LC In contrast,
Beebe et al 7 demonstrated no significant elevation of
[COHD] despite elevated mtraperitoneal [CO] during
LC in nine patients. A major criticism of the latter
two LC studies was the small number of patients. In
this study of 21 patients, there was no significant ele-
vation of [COHb] If CO was being absorbed
transperitoneally, one possible explanation for the
minimal elevation of [COHDb] was that the patients
were exhaling CO We did not assess exhaled [CO] n
the current study, but we have previously shown no
elevation of exhaled CO 1n a porcine model of lap-
aroscopic electrocautery !

The possibility of the development of methemo-
globinemia during LC was also explored after reports
by Ott®18 suggested elevation of [MetHb] to 2% to
3% from a baseline value of less than 1% Theoret-
cally, elevations of MetHb (>2%) could produce the
same symptoms and signs as COHb poisoning. The
significance of this would mean that seriously 1ll pa-
tients with elevated postoperative MetHb levels might
require the administration of methylene blue, since
methemoglobinemia 1s usually unresponsive to oxy-
gen therapy In the current study, however, MetHb
was not found to be elevated intraoperatively or post-
operatively Because both [COHDb] and [MetHb] were
unchanged throughout the study 1n all patents, the
frequent postoperative symptoms of fangue, abdom-
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nal pain, nausea, and dyspnea were not attributed to
CO poisoning Other indirect data supporting this
conclusion were the linear regression analyses show-
1ng no relationship between intraperitoneal [CO] and
these untoward symptoms

Many operaung room personnel have expressed
concerns about exposure to smoke by 1ts evacunation
through the laparoscopic trocars 1nto the operating
room environment Therefore we also measured
[COHDb] and [MetHb] in the primary surgeon Al-
though smoke evacuation was neghgible during LC,
all intraperitoneal gas was evacuated by the surgeon
into the ambient atmosphere at the end of the proce-
dure Nevertheless, there was no evidence of elevated
[CO] 1n the surgeon.

In summary, this study assessed the intraperitoneal
presence and systemic absorption of CO, a toxic
byproduct of incomplete tissue combustion during
LC Intraperitoneal {CO] reached levels above those
established as safe for inhalation by the EPA and
OSHA. However, there was no significant elevation
of [COHb] or [MetHb]. The surgeon’s exposure to
CO by the evacuation of smoke through laparoscopic
ports was negligible Production and release of smoke
during LC using monopolar electrocautery, therefore,
does not appear to pose a threat to the patient or the
surgeon.

We thank Steven M Strasberg, M D , and Deanna L. Dunnegan,
RN, for thewr assistance
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The Pathogenesis of Port-Site Recurrences

Marc A Reymond, M D , Claus Schnesder, M D , Sigrid Kastl, M D,
Werner Hobenberger, M D , Ferdinand Kockerling, M D

The major factors underlying the seeding of tumor cells during laparoscopy are mechanical, with CO,
playing only a secondary role The peritoneal wound 1s of great importance, especially in advanced tumor
stages, when cells are present within the abdormnal cavity Most reported port-site metastases were found
within the extraction port when no protective measures were taken Gasless laparoscopy 1s no solution to
the problem, smce numerous port-site metastases have been described after thoracoscopy, during which
no CO, 1s used The surgeon’s role in the seeding of tumor cells 1s based on tumor perforation, excessive
manipulation, and replacement of trocars This presumably explains the large differences (0% and 21%)
1n the reported incidence of port-site metastases Prospective studies now show that 1t 1s possible to keep
the incidence of abdominal wall metastases to about 1%—which is comparable to that seen 1n open
surgery—by the use of a meticulous operating technique and preventive measures (J GASTROINTEST

SURG 1998,2 406-414 )

Despute the explosive development of laparoscopy
in many areas of surgery and surgical subspecialties,
1t 1s difficult to predict the future role of this new
technique 1n the treatment of malignant disease It 1s
still too early to defimtively assess 1ts advantages and
problems, both known and unknown

Potential advantages of laparoscopy 1n cancer treat-
ment—as compared with laparotomy—are reduced
immunologic trauma'** and tumor growth, as demon-
strated 1n seven amimal studies *!! In conjunction with
adjuvant chemotherapy or immunotherapy, such ef-
fects might improve the management of minimal
restdual disease after curative surgery in selected
groups of patients Other advantages, such as im-
proved cosmesis or shorter hospitalization, should be
considered secondary and not relevant in curative sur-
gical procedures for cancer Indeed the clinical supe-
riority of laparoscopy for such curative indications has
not yet been convincingly demonstrated. The first
long-term results of curative resections 1n colorectal
cancer have just been published,'>!3 but actuarial sur-
vival curves are not yet widely available The few pro-
spective randomized studies are sull 1n progress 1314
Current concerns focus on the quality and extent of
oncologic resections * In the meantume, the short-
term quality control results concerning number of
lymph nodes harvested, resection margins, and extent

of resection, obtained 1n a large prospective multi-
center study, appear to be quite satisfactory !6

Port-site recurrences represent another worrisome
aspect that mught hmut the use of laparoscopic tech-
niques 1n the treatment of cancer This troubling
complication has been reported in numerous cases—
after both curatve and palliative surgery—and with
different types of tumors !’ Results of clinical and ex-
perimental studies now permit some assessments of
the mmcdence and mechanisms of these port-site re-
currences 18-20

DEFINITION

It 1s surprising just how poorly defined port-site re-
currences have been to date We propose the follow-
ing definition for port-site recurrences: early tumor
recurrences that develop locally in the abdominal
wall, within the scar tissue of one or more trocar sites
or an 1ncision wound, after laparoscopy or thora-
coscopy for cancer They are not assoctated with peri-
toneal carcinomatosis Port-site recurrences are not
cutaneous metastases, such as that which occurs 1n ad-
vanced cancers, but rather they are local tumor 1m-
plantations that develop 1n the subcutis For thus rea-
son they should be termed port-site recurrences
rather than metastases

From the Department of Surgery, University of Erlangen, Erlangen, Germany
Reprint requests M A Reymond, M D , Department of Surgery, University of Erlangen, PO Box 3560, D-91023 Erlangen, Germany
The German version was published 1 Zentralbl Chur 1997,122 387-394

406



Vol 2,No §
1998

A recent extensive review of the literature 1dent-
fied 152 such recurrences reported between 1970 and
July 1996 including 52 1n colorectal cancer, 45 1n gall-
bladder cancer, and 15 1n ovarian cancer Other ma-
hignancies included pancreatic, hepatic, bladder, cer-
vical, and gastric cancer and lymphoma. In colorectal
cancer most of these recurrences (90.3%) appeared n
advanced tumor stages, although five developed after
resection for International Union Against Cancer
(UICC) stage I cancer.?!

Clinically, palpation reveals a nodular, painful infil-
tration of the scar around a trocar site assoctated with
a varymng degree of inflammation. Microscopically, the
mcisional recurrences center around the mncisional scar
and 1nitially involve the dermus and the subcutaneous
fat but not the muscle 22 Most port-site recurrences
develop within a few months, but some have been de-
tected as early as 14 days after primary surgery.!”?3 To
reach a palpable size (1 g = 10° cells), a single tumor
cell requires 30 doubling cycles.?* Doubling time for a
colorectal metastasis was estimated to be approxi-
mately 100 days.?> A mean delay of 190 days before
the clinical appearance of port-site recurrences sug-
gests therefore that initial inoculation of tumor cells
at the ime of surgery might have been massive.

Both the delay in the appearance and the macro-
scopic and microscopic patterns of port-site recur-
rences after endoscopic surgery are comparable to
what has been reported for local recurrences in
drainage tracts following cancer operations,?%?7 in
gastrostomy,’® after fine-needle biopsy,?%-*! medi-
astnoscopy,*1¥233 and thoracoscopy.?1:34-3

INCIDENCE OF PORT-SITE
RECURRENCES

There 1s some debate about the relative incidence
of wall recurrences 1 open and endoscopic surgery.
The overall incidence of wound recurrence following
laparotomy*%-*? and thoracotomy?? varies between
0.6% and 1.6%. It 1s likely that the incidence of such
incistonal recurrences after conventional surgery
mught be underestimated.*! It 1s also still difficult to
establish the exact incidence of port-site recurrences
after laparoscopy. Figures ranging from 0%!? to
21%* have been reported 1n the literature. Wexner
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and Cohen* estimated an incidence of 4%, which 1s
higher than that reported for open surgery. However,
their calculation was based on unreliable patient se-
lection criteria, and others at their institution report a
lower incidence (Weiss EG, personal communica-
tion) Reports from large prospective trials published
since then1245% also suggest a lower incidence, which
would seem more accurate—at least when laparo-
scopic surgery 1s performed by experts. Results from
The American Soctety of Colon and Rectal Surgeons
Laparoscopic Registry showed five recurrences
among 504 patients (1%) treated for cancer, one as-
sociated with peritoneal carcinomatosts, another with
distant metastases, and all occurring 1n advanced tu-
mors. A mmmimum follow-up of 1 year was achieved
1 480 of 493 evaluable patients.#

Recent data from the only prospective randomized
study!?® published to date showed no port-site or
wound recurrence 1n patients undergoing laparo-
scopic (n = 27) or open (n = 33) surgery, after a mean
follow-up of 23 months. In an ongoing randomized
trial at The Cleveland Chinic, thus far there has been
one wound recurrence 1n the laparotomy group and
none 1n the laparoscopy group (Milsom J, personal
communication). Reliable port-site recurrence rates
for various types of cancer and different stages, or data
comparing results achieved by different surgeons, are
not available. Because of the low incidence of such
complications, large numbers of patients would be
necessary to ensure statstically significant differences
between indications or between surgeons Neverthe-
less, 1t 1s already possible to state that the available
data stress the role of the surgeon as a risk factor 17

PATHOGENESIS OF PORT-SITE
RECURRENCES

Fig. 1 shows that pathogenic mechanisms of port-
site recurrences can be divided 1nto the following
three groups: actve mechanisms, as defined by the
source of tumor cells (Table I), possible vectors of tu-
mor cells, and passive protective mechanisms in the
abdominal wall that might be disturbed by local
processes (Table II). In this review we have attempted
to evaluate the relatve importance of these different
mechanisms.

SOURCE VECTOR TARGET
Tumor differentiation  EEEeE————————m-  Poritoneal leak
Organ involved Growth factors
Celis in peritoneal cavity Surgeon/instruments (COy)

Tumor manipulation

(Pressure gradient)

Fig. 1. Pathogenesis of port-site recurrences
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Table I. Pathogenesis of port-site recurrences Source
and vectors of tumor cells

Tumor cell spillage
Open resection
Section through tumor*’
Grasping with mstruments*
Advanced tumor stages (peritoneal cytology positive)*
Direct moculation
Surgical specimen retrieval??
Instruments’®
Trocar movement/removal!®
Aerosolization (unlikely or limited)
Pressure gradient’0-52
Systemuc vectors (unlikely)
Blood-borne tumor cells

Table II. Pathogeness of port-site recurrences
Protective mechanisms and local factors

Peritoneal wound
Loss of mechanical protection (mesodermal layer)*?
Loss of protection of proteoglycans’
Direct access to subcutaneous ussue
Scarring
Mediators of inflammauon
Growth and angiogenic factors
Ischemia’t
Adjuvant factors
CO; (at low concentrations)®:1157-61
Inhibitory factors
Helrum$°
CO, (at hugh concentrations)
Other (betadine,'2%2 cytostatcs, taurohdine, etc )

Clinical Observations

Clinical observations regarding the development of
port-site recurrences must be rated highly for analysis
of the pathogenic mechanisms They are more 1m-
portant than experimental observations in animal
models, which could overemphasize one aspect of the
pathogenetic process as a result of experimental con-
ditions that have been chosen Clinical observations
should guide the choice of these animal models and
the interpretation of their results

A recent overall review of port-site recurrences an-
alyzing responses from 443 hospitals in Germany re-
ported 109 cases of port-site recurrence or early per1-
toneal carcinomatosis, 76 (70%) of which were found
after routine cholecystectomy where no carcinoma
was suspected Most port-site recurrences (63 %) oc-
curred after a procedure during which no protection
bag was used for specimen retrieval After cholecys-
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tectomy, 56% of the recurrences developed in the ex-
traction port.?3 These observations underscore the
role of mechanical inoculation of tumor cells into the
abdominal wall, either because the surgeon was un-
aware of the presence of cancer or because he or she
failed to protect the wound during extraction of the
resected specimen In this survey 19 (17%) such local
recurrences were noted after surgery for colorectal
cancer, three of which should have been eliminated
because they occurred in association with dissemi-
nated peritoneal carcinomatosis All port-site recur-
rences after colorectal operations developed after re-
section of advanced tumors (UICC categories T3 and
T4). The mean time between curative surgery and di-
agnosis of local recurrence was 190 days for colorec-
tal procedures

Port-site recurrences have also been reported after
thoracoscopy We have recently emphasized that such
potential complications can occur not only after lap-
aroscopy 1nvolving a pneumoperitoneum but also af-
ter thoracoscopy without the use of CO, % This was
confirmed by two recent studies mnvolving 213* and
152! cases of metastases, respectively, following tho-
racoscopy On reviewing the literature we found ad-
ditional cases of port-site recurrence after thora-
coscopy*#+3%6* and also after thoracotomy.?? These
findings provide further pathogenic evidence that the
presence of a pneumoperitoneum 1s not necessary for
the development of port-site recurrences

Many other comparable local recurrences 1n the
abdominal or thoracic wall have been described, these
complications have been reported after med:-
astinoscopy?!*%33 and 1n dramnage tracts following
cancer surgery 26?7 Incision-site metastases have also
occurred after fine-needle biopsy 2°-3! Tumor implan-
tation has also been described after percutaneous gas-
trostomy 28 All of these situations are characterized by
the creation of a channel through the body wall s1-
multaneously with the manipulation of a tumor, but
a pneumoperitoneum 1s used only 1n laparoscopy

Last but not least, the incidence of port-site re-
currences varies greatly among surgeons!2:43-46,65-71
(F1g. 2), suggesting that differences 1n operating tech-
nique, rather than invariable factors such as pneu-
moperitoneum, are of greater importance In the
meantime, some authors have suggested that the de-
velopment of port-site recurrences might be an en-
tirely surgeon-related variable that 1s dependent on
experience and level of expertise 17

Findings in Humans

Mesothelial cells have been demonstrated 1n the
smoke created during laparoscopic surgery.”? During
staging laparoscopies for pancreatic cancer mn humans,
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wall metastases in open surgery 1s presented in the grid box )

we were able to show that the numbers of all kinds of
cells aerosolhized mn the CO; at pneumoperitoneum
pressures of approximately 14 mm Hg are very low,
even 1n the presence of a massive contamination of
the peritoneal hquid with tumor cells.’® The same
study showed that the surgical instruments, the suc-
tion device, and the trocars used carried approxi-
mately 10* imes more cells than the aerosol In an-
other study mvolving 25 patients,’! analysis of CO,
showed no cells but did show positive carcinoembry-
onic antigen in three samples. These results are
highly consistent with findings 1n animal studies
showing that CO, had no role 1n the aerosohzation of
tumor cells 27374

In advanced tumor stages, mahignant cells are usu-
ally already present within the abdominal cawity at the
beginning of the procedure During open and laparo-
scopic colorectal resections, tumor cells can be found
within the peritoneal cavity even 1n early tumor
stages. The quanuty of cells does not seem to be 1n-
fluenced by the type of procedure or the ame of sam-
pling.* In our own study, undertaken during staging
laparoscopies for pancreauc cancer, peritoneal cyto-
logic examiation 1dentified tumor cells in half of che
cases 0

Accuracy of Animal Models

Since 1995 a number of experimental studies on
the pathogenesis of port-site recurrences have been
published. Although some results imitially appear to
be contradictory, careful analysis shows that most daf-
ferences can be explained by the choice of the exper-
imental model (kind of animal, location of tumor, type
of cell line, and experimental conditions)

Peritoneal tumor growth and incidence of port-site
recurrences are not synonymous and should be con-
sidered different outcome criteria. In contrast to some
experimental findings,’”-*® chinical port-site recur-
rences are usually not associated with disseminated
peritoneal carcinomatosis >3

Most of the studies were performed 1n rodents
(rats, hamsters, and muice) These animals preferen-
nally develop peritoneal and lung metastases after in-
jection of tumor cells into the tail vein.”” Liver and
lymph node metastases are rare 1n these species. Am-
mals differ in terms of immunity, depending on the
species and the supplier (e g, tnmunodeficiency 1n
nude mice), which explains the finding by some au-
thors of very high rates of port-site implantation after
mtraperitoneal injection of cell hnes (¢.g., half of the
control hamsters 1n a trral conducted by Jones et al.).5®

CO; Dependence of Cell Lines
In Vitro and In Vivo

It 1s well known to biologists that the 1n vitro
growth of cell hines 1s dependent on many factors, for
example, CO, at a concentraton of 5%, an adequate
culture medium with or without growth factors, a
constant temperature (approximately 37° C), humid-
1ty, and sterile conditions Nevertheless, some undif-
ferentiated tumor cell lines can survive 1n vitro with-
out CO,. At hugh concentrations, CO, has an in-
hibitory effect on cell growth m vitro.

Differences i experimental conditions, for exam-
ple, the choice of cell line, the concentration of CO,,
and the duration of exposure to it, may serve to ex-
plamn the contradictory results obrained in animal
models
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Intraperitoneal Tumor Seeding or
Retroperitoneal Models

Whether an intraperitoneal or a retroperitoneal
model 1s used to study the influence of pneumoperi-
toneum has definite relevance As a rule, CO, 1s used
intraperitoneally, but 1t may also be insufflated
retroperitoneally, for example, 1n laparoscopic adre-
nalectomy In models of intraperitoneal seeding,
tumor 1mplantation at trocar sites 1s enhanced by
CO,, as compared to anesthesia alone, n the ham-
ster’8 and rat >!1,575%-61 There 1s also a definite dose-
response relationship between tumor 1mplantation
and the number of cells 1n the inoculum 528 CO,
has no effect on tumor growth when a sohd’¢ or
retroperitoneal’’ tumor model 1s used, which 1s simi-
lar to the clinical situation—at least 1n early tumor
stages

Can Pneumoperitoneum Aerosolize
Tumor Cells?

Only one research group’® has shown aerosoliza-
tion of tumor cells n an in vitro model. Other exper-
mmental evidence shows erther no tumor cells or only
very small numbers of such cells in the aerosol Us-
ing a radioactive cell line 1n pigs, Allardyce et al.>
have recently shown that, although CO, may increase
wound site implantation, the major variable mfluenc-
ing tumor cell deposition 1s whether or not the port 1s
used by the surgeon Using filters, Hewett et al 73
were able to demonstrate that the movement of cells
throughout the peritoneal cavity during laparoscopy
1s via contamnated instruments, with local contami-
nation of the port by dispersion within water vapor
remaining a secondary possibility Using 1n vitro and
1n vivo models, Whelan et al 7 showed that trocar site
recurrence 1s unlikely to result from aerosolization of
tumor cells

Gasless vs. CO, Laparoscopy

It has been well documented 1n the pig model, with
the use of radiolabeled cells, that gasless laparoscopy
does not significantly reduce contamination of the
port at any site 52 Our own studies during staging lap-
aroscopies for pancreatic cancer showed not only that
no tumor cells were visible microscopically 1n the
aerosols, but also that no human genes could be am-
plified by polymerase chain reaction in 6 of these
12 aerosols We saw a few mesothehal cells, as did
Champault et al 7> Nevertheless, large numbers of
tumor cells were detected on surgical mstruments
and on the trocars °° In 25 staging laparoscopies for
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cancer, Bonjer et al 5! also failed to see any tumor cells
in the aerosols Although two studies i the rat model
documented a reduction 1n the incidence of port-site
recurrences when gasless laparoscopy was used,’6?
we do not believe that gasless laparoscopy will pre-
vent the development of port-site recurrences, since
numerous port-site recurrences have been described
after thoracoscopy 21*+3°

Laparoscopy vs. Laparotomy

The above-mentioned data show that CO, en-
hances intraperitoneal tumor growth only 1f and when
cells are present in this cavity, but not if they are 1n
the retroperitoneum. These results were obtained in
comparison with anesthesia alone, which 1s not rele-
vant for clinical practice. The important clinical ques-
tion to ask 1s whether laparoscopy 1s superior to lap-
arotomy 1n terms of intraperitoneal or systemuc tumor
growth. Although tumor growth 1s enhanced by CO,
laparoscopy in comparison with anesthesia alone, the
results of seven independent animal studies®!! have
shown that there 1s less tumor growth after CO, lap-
aroscopy than after conventional laparotomy. These
findings might have clinical implications if they are
confirmed by the disease-free survival rates achieved
1n prospective studies, and if the problem of port-site
recurrences can be resolved 1n clinical practice, as ap-
pears to be the case when the surgeon 1s highly
skilled.12134 An explanation for this reduced tumor
growth 1n laparoscopic surgery might be less im-
munologic trauma!??8 or a reduced acute-phase re-
sponse 8

Influence of Different Gases
on Tumor Growth

Since palliative laparoscopy 1s performed 1n ad-
vanced tumor stages, the use of alternative gases that
have no effect on tumor growth or, preferentially,
have cytostatic properties might be a promusing ap-
proach Interestingly, laparoscopy involving the use
of air enhances intraperitoneal tumor growth more
markedly than does the use of CO,.” Helrum has been
shown to have mhibitory effects on tumor growth 57:60
Explanations for these differences might be the use of
cell lines with different degrees of CO, dependence,
or a possible inhibitory effect of CO; at high concen-
trations This point merits further investigation to
identify possible consequences 1n clinical practice
The chnical use of hellum, however, carries a possi-
ble risk of lethal gas embolism 8283 Comparative clin-
ical trials will be difficult to orgamze because of the
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low mncidence of port-site recurrences: a 50% reduc-
tion 1n the incidence of port-site metastases (from 2%
to 1%) would require more than 6000 patients to
reach statistical significance

Disruption of the Peritoneal Barrier

After open surgery, intra-abdominal recurrences
usually develop 1n the laparotomy wound or anasto-
mosis.”? Intra-abdominal recurrences after lapa-
roscopy develop preferentially in serosal lesions (port
sites’®9! or on the damaged liver surface’8), which un-
derscores the importance of an intact peritoneal bar-
rier for preventing the implantation of free cancer
cells 1n the peritoneal cavity.’* It has been postulated
that pericellular hyaluronate produced by mesothelial
cells plays an important role 1n preventing tumor cells
from adhering in the peritoneal cavity 5 Presence of
growth and angiogenesis factors in the subcutaneous
tissue would be a further explanation for this pre-
ferred localization of tumor recurrence Vukasin et
al.¥ believe that drain sites, stoma sites, and any other
peritoneal disruptions carry the same tendency to-
ward enabling cancer recurrences as primary incisions
and that all such abdomunal wall recurrences should
be considered related to the surgical wound.*’ This
option 1s shared by Heald?* who believes that seeding
of malignant cells into the lumen, or from the ulcer-
ated peritoneal surface of a cancer, may contaminate
raw surfaces created by surgery and thus lead to ma-
lignant implantation and local recurrence, as 1n the
case of port-site recurrences after laparoscopic sur-
gery, but also 1n conventional surgery after abdom-
moperineal excision. If this proves to be true, and if
1t becomes accepted by the surgical community, the
implications might be enormous.

Differentiation and Adhesion Potential

It appears that most port-site recurrences develop
n advanced cancer stages!’?3* and 1n locally mnvasive
types of tumors (e g., gallbladder carcinoma). Thus 1s
1n accordance with current knowledge that under-
scores the role of successive mutations in the metasta-
tic cascade. The discovery of genetic defects 1n cancer
cells,?# tumor metastasis-related genes,*” and tumor
suppressor genes,® now permits better understand-
ing of the process that allows a tumor cell to detach
from the primary lesion, invade the extracellular ma-
trix, mugrate, readhere to a specific organ, avoid 1m-
mune response mechanisms, and finally grow. Intra-
operatve spillage 1s one possible way in which tumor
cells can migrate However, numerous cells might be
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present withun the peritoneal cavity i advanced tu-
mors and mught then noculate the subcutaneous tis-
sue even after the surgical procedure has been com-
pleted

Prevention of Port-Site Recurrences

New approaches have been proposed recently to
prevent the development of port-site recurrences. Be-
sides technical surgical measures,!>6? chemothera-
peutic agents have also been advocated to reduce
port-site implantations in the animal model ¢ Exper-
umental trials are ongoing in Europe, in the United
States, and 1n Australia that might provide exciting in-
formation 1n the near future.

CONCLUSION

The preceding data illustrate the pathogenesis of
port-site recurrences and their correlation with clini-
cal findings. Although a sumulatory effect of CO,—as
compared to anesthesta alone—on mtraperitoneal tu-
mor growth 1s clearly documented 1n numerous ani-
mal studies, we believe this factor 1s of only secondary
importance 1n clinical practice Intraperitoneal tumor
growth 1s slower after laparoscopy than after lapa-
rotomy. No negative effect of CO, has been demon-
strated for retroperitoneal (subserosal) tumors. Gas-
less laparoscopy was not able to eliminate contamina-
tion to the ports at any site The mcidence of port-
site recurrences differs greatly among surgeons, sug-
gesting differences 1n operating technique Incisional
metastases occur after thoracoscopy, during which no
CO, 15 used, and they also occur 1n a number of other
situations. CO; 1s not capable of aerosolizing large
numbers of tumor cells at the pressures used 1n the
clinical setting.

On the basis of the preceding data, we believe that
the following principles apply to the development of
port-site recurrences after laparoscopy or thora-
coscopy

1. Tumor cells are already present within the ab-
domunal cavity—as 1s the case in advanced can-
cer stages—or are spilled as a result of inade-
quate surgical techmgque.

2. The peritoneal wound breaches the mechanical
and chemical protection provided by the meso-
dermal layer

3. Implantation of tumor cells mnto the wound can
occur by direct contact, by direct inoculation via
surgical instruments or unprotected extraction
of the surgical specimen, or even postoperatively
by the contaminated peritoneal liquud The role
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of pneumoperitoneum 1n tumor cell seeding ap-
pears to be secondary.
4. Finally, local favorable conditions 1n the scar,

such as the presence of inflammation media-
tors, and growth and angiogenic factors, pro-
mote the growth of the tumor cells. CO, mught
have a borderline effect on tumor growth at this
stage—at least 1n animal models when CO,-de-
pendent cell Lines are used and at low concen-
trations
Port-site recurrences are no longer a mysterious
complication that 1s understood by no one As docu-
mented 1n several reviews, most of these complica-
tions have occurred within the extraction port, 1n the
absence of suitable precautions Measures have been
proposed!#:6265 that might help the surgeon to pre-
vent port-site recurrences Large prospective stud-
1es!2% and a limited prospective randomized trial'3
have shown that 1t 1s possible to maintain the inci-
dence of incisional recurrences at a level comparable
to that seen 1n open surgery by using meticulous op-
eratung techmque
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Reasons for Intracranial Hypertension and
Hemodynamic Instability During Acute
Elevations of Intra-Abdominal Pressure:
Observations in a Large Animal Model

Raul § Rosenthal, M D , Richard L Friedman, M D., Akram M Kabn, M D ,

Foseph Martz, M.D., Somasundavam Thiagarajab, M D., Douglas Coben, M D ,
Qubu Shi, M S , Moses Nussbaum, M D

In previous studies we reported that an acute elevation 1n intra-abdomunal pressure (IAP) 1s responsible
for the elevation in intracramal pressure (ICP) and mean blood pressure (MBP). Thus far, the reasons for
the increased ICP during an acute elevation in IAP and the combined effects of increased IAP and ICP
on hemodynamics have not been reported Five large animals (swine) were studied Each amimal served
as 1ts own control. A subarachnoid screw was placed for ICP monitoring The jugular vein, femoral ven,
and femoral artery were cannulated. ICP, MBP, central venous pressure above (CVPA) and below (CVPB)
the diaphragm, and Paco, were monitored after a pneumopentoneum with CO, was established at 5,
15, and 30 mm Hg of IAP Cavography was performed to evaluate the morphology of the inferior vena
cava at different increments of IAP Measurements were obtained 1n reverse Trendelenburg (group 1),
supine (group 2), and Trendelenburg (group 3) posiions Muluple regression analysis was used to exam-
me the effects of JAP and positioning 1n separate models with different blood pressures as dependent
variables Increased IAP signuficantly increased CVPA, CVPB, ICP, and MBP There were no changes in
cerebral perfusion pressure. The change in position (from group 1 to group 3) significantly increased
CVPA and decreased the CVPB Cavograms performed on amimals in the supine position with increased
IAP showed a narrowing of the IVC at the level of the draphragm Increases in IAP will increase ICP and
MBP without altering the cerebral perfusion pressure A mechanical effect mediated by compression of
the inferior vena cava at the level of the diaphragm with increased central venous pressure and decreased
drainage from the lumbar plexus and central nervous system 1s responstble for this effect (J GASTROIN-

TEST SURG 1998,2 415-425)

In 1901 Georg Kelling! postulated that the estab-
lishment of a pneumoperitoneum would achieve he-
mostasis for gastromtestinal bleeding. He performed
thus process i 20 experimental animals. Among other
observations he concluded that “while the femoral
blood flow remained unchanged or shightly decreased,
the carotid blood flow increased 10%.” This was the
beginning of laparoscopy and since then the hemody-
namic response to increased intra-abdominal pressure
(IAP) has been the subject of intensive research.

During the past 50 years many papers have been
published describing the important hemodynamic and

cardiorespiratory changes that occur 1n response to an
increase 1n JAP secondary to the establishment of a
pneumoperitoneum or other clinical situations such
as the abdominal compartment syndrome. In 1987
Caldwell and Ricotta? measured the perfusion of all
abdominal organs after an elevation 1 IAP 1n dogs.
The elevation 1n IAP was found to cause a decrease
in the absolute blood flow to all ntra-abdominal or-
gans measured except the adrenal glands where the
blood flow increased. As in Kelling’s experiment,
these observations remamed without a physiopatho-
logic explanation. Thus far, there has not been a sat-
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1sfactory explanation of the hemodynamic changes
observed during acute elevations of intra-abdominal
pressure Some authors showed evidence that a neu-
rohormonal response mediated by chemoreceptors
and osmoreceptors was involved but others concluded
that a mechanical effect was responsible for most of
the hemodynamic changes 37 In fact, since the mean
blood pressure (MBP) to intra-abdominal organs
ranges from 70 to 105 mm Hg, it seems difficult to
justify that the effects of elevated IAP alone would de-
crease the blood flow to all of the intra-abdominal or-
gans with exception of the adrenal glands at IAP lev-
els of 20 mm Hg Furthermore, the parallel and para-
doxical increase 1n blood flow to the carotid arteries
during acute elevations in IAP 1s also a subject of dis-
cussion. In 1994 Josephs et al.® described mn a large
animal model how acute elevation of IAP produced
an immediate increase 1n itracranial pressure (ICP) 8
Therr report was followed by ours, which yielded sim-
ilar results showing that at 5 mm Hg of IAP there was
already an immediate and significant increase 1n
ICP?!10 Thus study examines the reasons for increased
ICP during acute elevations of IAP as well as the
“combined” effects of increased IAP and ICP on he-
modynamuics

MATERIAL AND METHODS

All experimental procedures and protocols were re-
viewed and approved by the appropriate institutional
committees This study used five female farm pigs
with an average weight of 60 pounds Each animal
served as 1ts own control Measurements were carried
out 1n reverse Trendelenburg (group 1), supine (group
2), and Trendelenburg (group 3) posiions ICP, MBP,
and central venous pressure above (CVPA) and below
(CVPB) the diaphragm as well as arterial pressure of
carbon dioxide (Paco,) were measured at various time
points during each phase. The cerebral perfusion
pressure (CPP) was calculated based on a standard
formula CPP = MBP — ICP Measurements were
carried out before and after a pneumoperitoneum
with CO, was established up to pressures of 5, 15, and
30 mm Hg.

Animals were fasted overnight prior to surgery
Preoperative medications used as sedatives/anesthet-
1cs included acepromazine (0.6 mg/kg), ketamine (20
mg/kg), and atropine (0 05 mg/kg), all of them ad-
ministered intramuscularly After anesthesia was 1n-
duced, the airway was kept open by means of an en-
dotracheal tube, and animals were mechanically ven-
tilated using 2 model 30170 Proportioner anesthesia
machine (Airco Inc , Madison, Wis ). Mechanical ven-
tilation was performed with a tidal volume of 500
ml/kg at 35 breaths per minute aimed at maintaining
baseline Paco, values below 35 mm Hg Anesthesia
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was maintained with an 1soflurane/oxygen mixture
(1 5% to 5%). During the experimental procedure
0.9% sodrum chloride was infused at a rate of 100
ml/hr For monitoring of arterial blood gases and
MBBP, the right femoral artery was cannulated with a 7
F triple-lumen catheter (20 cm 1n length and 0.032
inches 1 diameter, Arrow Precision Products, Inc.,
Reading, Pa) To record the CVPA and CVPB, the
right internal jugular and right femoral veins were
cannulated with a 7 F triple-lumen catheter (Arrow
Precision Products, Inc.). Catheters placed 1n the
jugular vem and 1n the femoral vein and artery were
attached to a disposable pressure transducer (Baxter
Healthcare Corp , Melrose Park, Ill.), which was at-
tached to a model 870 Datascope momnutor (Datascope
Corp , Paramus, NJ ) and calibrated. For continuous
monutoring of ICP, a twist drill hole was made n the
skull through a 1 cm ncision 1n the right prefrontal
area, and a Camuno fiberoptic ICP transducer system
was mserted intracranially and connected 1n the stan-
dard manner to a Camino V420 monitor (Camino
Laboratories, San Diego, Calif ) and calibrated.

Experimental Procedure

Group 2. Animals n this group were placed in the
supine position A 1 cm incision was made i the navel
area, and a Veress needle (Karl Storz Endoscopy-
America, Inc, Culver City, Calif ) was inserted into
the abdomunal cavity CO, was mtroduced by means
of a Laparoflator (Karl Storz Endoscopy-America,
Inc ), and a pneumoperitoneum was established to a
pressure of 15 mm Hg A 5 mm trocar (Karl Storz
Endoscopy-America, Inc ) was mserted mnto the ab-
dominal cavity for better control of msufflaion and
desufflation during the experimental procedures The
abdomen was deflated and the animal kept 1n the
supine position After a stabihization period of 10 min-
utes, baseline measurements of ICP, MBP, CVPA,
CVPB, and arterial blood gases were obtamned The
abdomen was then 1nsufflated to IAP levels of 5, 15,
and 30 mm Hg, and all previously mentioned mea-
surements were repeated at each increment of IAP
Also, at each elevation of IAP cavography was per-
formed to assess the diameter of the inferior vena
cava A diluted solution of 50 ml of 43 % Iothalamate
meglumine injection (Conray, Mallinckrodt Chem-
cal, St Lous, Mo ) was injected through the catheter
placed 1n the right femoral vein. Radiologic docu-
mentation was obtained with a GE Amx IT C-arm de-
vice (Machein Medical Systems, Milwaukee, Wis ) ex-
posing Kodak Laner regular film on a Kodak X-9 M
cassette (Eastman Kodak Company, Rochester, N Y)

Group 1. The abdomen was deflated and the ani-
mals were placed 1n a 30-degree reverse Trendelen-
burg position After a stabihization period of 15 mun-
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moperitoneum was then restored to levels of 5, 15,
and 30 mm Hg of IAP, and all measurements were re-

peated as described for group 2.

Group 3. The abdomen was deflated and after a
stabihization period of 15 minutes, animals were
placed 1n a 30-degree Trendelenburg position. Base-
line measurements of ICP, MBP, CVPA, CVPB, and
arterial blood gases were obtamned Pneumoperi-
toneum was then restored to levels of 5, 15, and 30
mm Hg of IAP, and all measurements were repeated
as described for groups 1 and 2

Statistical Analysis

All five pigs mnvolved 1n this experiment were mn-
cluded in the analysis The mean and standard dewvia-
tion at each increment of IAP and each animal posi-
tioning as well as the different recorded ICPs were
considered dependent variables and were assessed
The residual analyses were used to assess the appro-
priateness of the regression assumptions and to detect
outliers 1! The nonlinear effects have also been ana-
lyzed. Staustical analysis of significance was per-
formed with the Statistical Analysis System !?

RESULTS
Effects of IAP and Positioning on ICP

The increase in IAP produced an immediate 1n-
crease 1n ICP 1n all groups (Table I) The highest
mean values reached were in the amimals 1n the Tren-
delenburg position (see Table I, group 3). The lowest
means were achieved when animals were placed m the
reverse ‘Trendelenburg position (see Table I, group 1).
The estimated regression coefficients for predictors
of ICP are presented 1n Table II. Two independent
variables, IAP and positioning (reverse Trendelen-
burg, supine, or Trendelenburg), were tested 1n the
models The results showed that increased IAP sig-
nificantly increased ICP. The change 1n position also
significantly increased (group 3, Trendelenburg) or
decreased (group 1, reverse Trendelenburg) the ICP.
All of the above-mentioned parameters returned to
baseline values contiguously after IAP was released.

Effects of IAP and Positioning
on CVPA and CVPB

The esumated regression coefficients for predic-
tors of CVPA and CVPB are presented 1n Table II.
Means and standard deviation are depicted in Table I
Two independent variables, IAP and posttioning, were
tested 1n the models The results showed that in-
creased IAP produced an immediate and significant
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increase 1n CVPA and CVPB (see Table I) The
change in position (from group 1 to group 3) will pro-
duce a significant increase in CVPA and decrease 1n
CVPR (see Table D. All of the above-mentioned pa-

rameters returned to baseline values conuguously af-
ter JAP was released

Effects of IAP and Positioning on MBP

The increase 1n IAP produced an immediate n-
crease in MBP 1 all three groups (see Table I) The
estimated regression coefficients for predictors of
MBP are presented 1n Table II Two independent
variables, JAP and positioning, were tested 1n the
models. The results showed that increased IAP pro-
duced an immediate and significant increase in MBP
There was no statistical significance between the po-
sittoning of the animals and the MBP 1n any of the
groups (see Table II). All of the above-mentioned pa-
rameters returned to baseline values contiguously af-
ter JAP was released.

Effects of ICP on MBP

The estimated regression coefficients for predic-
tors of MBP are presented in Table III Means and
standard deviation are depicted 1n Table I. Two inde-
pendent variables, ICP and positioning, were tested
in the models The results showed that increased ICP
produced a significant increase in MBP. Changes 1n
position did not significantly affect the MBP All of
the above-mentioned parameters returned to baseline
values contiguously after IAP was released

Effects of IAP and Positioning on CPP

The esumated regression coefficients for predic-
tors of CPP are presented in Table II Means and
standard deviations are indicated 1n Table I. Two 1n-
dependent variables, IAP and positioning, were tested
in the models. The results showed that increased IAP
or positioning did not sigmificantly affect the CPP.

Cavography

The increase in JIAP produced a narrowing of the
inferior vena cava at the level of the diaphragm when
compared to a native picture without increased IAP
The narrowing of the inferior vena cava was increased
as IAP was elevated. With IAP at 0 mm Hg the diam-
eter of the inferior vena cava at the level of the di-
aphragm was 1 5 cm (Fig 1). As IAP was increased to
5 mm Hg, the diameter of the inferior vena cava was
reduced to 1.3 cm (Fig. 2) AtIAP of 15 mm Hg the
diameter of the inferior vena cava at the level of the
diaphragm was 0 8 cm (Fig. 3) When IAP was in-
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Table II. Esumated regression coefficients for predictors of mean blood pressure

CVPA CVPB MBP ICP CPP
IAP 031 (004" 070 (0 06)* 045 (0.13)* 042 (0 06)* NS
Group 198 (0 60)t —255(0 86)t NS 505 (0 90)* —4250175%
Interception 4751 4Dt 1323 oD~ 7 66 (4 16) 6262 11t 7104 10)*
Adjusted muluple R? 0 50* 070* 015t 055* 007

NOTE IAP and group (changes in position) are independent variables, CVPA, CVPB, MBP, ICP, and CPP are dependent variables

IAP = intra-abdomunal pressure, CVPA = central venous pressure above the diaphragm, CVPB = central venous pressure below the diaphragm,
MBP = mean blood pressure, ICP = mntracramal pressure, CPP = cerebral perfusion pressure, NS = nonsignificant

*P <0001

+P <001

1P <005

Table IIL. Intracranial pressure as a predictor of mean
blood pressure and estimated regression coefficient

Mean blood pressure
icp 064 (0 20)*
Group NS
Interception 74 84 (4 59t
Adjusted multple R? 012%

NOTE ICP and group (changes 1n position) are independent variables,
mean blood pressure is dependent variable

ICP = intracramal pressure, NS = nonsigmficant

*P <005

1P <0001

1P <0001

Fig. 1. Cavogram at 0 mm Hg of intra-abdominal pressure
Diameter of the inferior vena cava at the level of the di-
aphragmis 1 5 ecm

Fig. 2. Cavogram at 5 mm Hg There is a shght narrowing of ~ Fig. 3. Cavogram at 15 mm Hg There 1s an increased nar-
the mnferior vena cava at the level of the diaphragm to 1 3 em rowing of the mnferior vena cava at the level of the diaphragm
to 0 8 cm
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creased to 30 mm Hg, the diameter of the inferior
vena cava at the level of the diaphragm was 0 4 cm
(Fig. 4) All of the above-mentioned parameters re-
turned to baseline values contiguously after IAP was
released

Effects of IAP and Positioning on Paco,

Means and standard deviation are depicted in Table
IV. Two independent variables, JAP and positioning,
were tested 1n the models. The results showed that in-
creased IAP or positioning did not significantly affect
the Paco, There was an increase in Paco, as IAP
with a CO, pneumoperitoneum was mcreased

DISCUSSION

In recent years numerous investigators have re-
ported mn both animal and human studies that an in-
crease in IAP produces an increase in ICP 31013 Most
authors attributed these changes to a mechanical ef-
fect on the large vessels of the abdomen and lumbar
plexus Our group performed a large animal model

Fig. 4. Cavogram at 30 mm Hg The narrowing of the mferior
vena cava at the level of the diaphragm becomes most exag-
gerated t0 0 4 cm

Journal of
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experiment showing a significant and immediate lin-
ear increase 1n ICP at all levels of IAP The Trende-
lenburg position further increased the ICP Although
there was a parallel increase in MBP, the CPP re-
mained above critical levels throughout the experi-
ment 1% As 1n other studies,’1° we could demonstrate
that there 1s an immediate effect from changes in AP
on ICP The fact that the rise in ICP was immediate
and that 1n our study the Paco, was maintained be-
low 40 mm Hg negates the possibility that the fluctu-
atton 1n PaCo, alone was responsible for this increase
m ICP.

It has been demonstrated that 1t takes at least 10 to
15 minutes for the PacCo, to rise after a pneumoperi-
toneum has been established.!* In a recent publication
Schob et al.'’ demonstrated in a swine model that es-
tablishment of a pneumoperitoneum with nitrous ox-
1de or helrum produced a lesser increase i ICP than
with CO, However, the fact that all three gases in-
creased the ICP supports our mechanical theory that
not only the arterial cerebral vasodilatation produced
by hypercarbia will increase ICP

To better understand the effects of increased IAP
on the central nervous system, we postulated that the
increase 1n ICP 1s mediated by two mechanisms. The
first 1s a passive, early, mechanical, or venous effect
seen 1n the abdominal compartment syndrome and
with creation of a pneumoperitoneum with or without
CO, for laparoscopic procedures The second 1s an
active, late, arterial, or chemical effect seen mainly
during laparoscopic procedures using a CO, pneu-
moperitoneum and with a prolonged compartment
syndrome where hypercarbia ensues as a result of
compression of the lower lobes of the lungs with ven-
tilation/perfusion mismatch It 1s important to distin-
guish between an active increase in ICP and a passive
increase mn ICP. The active phase 1s seen with cere-
bral vasodilatation indicating a functional autoregu-
lation to hypercarbia. The passive increase i ICP 1s
seen when there 1s venous stasis and increased venous
pressure 1n the sagittal sinus 16 The increased venous
pressure in the sagittal sius will decrease the absorp-
tion of cerebrospinal flud from the arachnoid villy,

Table IV. Correlation between intra-abdominal pressure and positioning 1n relation to Paco,

Paco, (mm Hg)
0 5 15 30
Group 1 Head up 247 %32 252x35 30857 329+69
Group 2 Supine 25938 277*x40 31768 338+73
Group 3 Head down 252*40 287 %57 32456 34066

NOTE All amimals were hyperventilated to mantain Paco, below 35 mm Hg
TAP = intra-abdominal pressure, PacO, = arterial pressure of carbon dioxide

Values are mean *+ standard deviation
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thus causing an increase 1n the cerebrospinal flud
pressure 617 We will now describe 1n detail the early
and late phases of the increase in ICP.

Early Stage (Venous, Mechanical, or Passive Ef-
Ject). The increase 1n ICP during this stage has two
components- an intra-abdominal effect and an mn-
trathoracic effect In the intra-abdominal effect, the
establishment of an elevated IAP (Fig. 5, A1 and A2),
compresses the mferior vena cava (see Fig. 5, 43) and
produces an increase in central venous pressure
(CVP) (see Fig. 5, A4A), which reduces venous
draimnage from the central nervous system and lumbar
plexus (see Fig. 5, A6 and A7) increasing the cere-
brospinal fluid pressure. Doppman et al.,!'® showed
that the increase in IAP caused by fluids or gas will
produce a narrowing of the inferior vena cava at the
level of the draphragm. Rubmson et al.!* came to sum-
ilar conclusions. This caval obstruction disappeared
when the JIAP was released. Similar findings were de-
scribed by other authors.!®-?! During pneumoperi-
toneum with IAPs at 5, 15, and 30 mm Hg the IVC
became narrowed at the level of the diaphragm (see
Figs 1 to 4). CVP monitored during acute elevations
of IAP showed a sumultaneous increase above and be-
low the diaphragm (see Table I) Further variations in
CVP could be observed in both regions based on an-
imal positioning (see Table I).

The second component of the mechanical effect or
intrathoracic effect causing an increase in ICP corre-
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lates with the elevation in CVP above the diaphragm
(see Table I). The cranial displacement of the di-
aphragm (see Fig. 5, A2) increases intrathoracic pres-
sure (see Fig. 5, A3) by reducing the intrathoracic
space and compressing the right atrium. This -
creases the filling pressures and the CVP 1n the supe-
rior vena cava (see Fig 5, A4C and A5) 1922-2¢ The
mtra-abdominal and mtrathoracic components to-
gether decrease the venous drainage from the central
nervous system increasing the pressure in the sagittal
sinus, where the arachnoid villi empues, thereby m-
creasing the ICP.!617 The increase in ICP related
to the acute increase in the CVP and the cere-
brospinal fluid pressure can be further explained by
the Monroe-Kellie hypothesis.25-27

Late Stage (Active, Arterial, or Chemical Effect).
In this stage the increase in ICP 1s mediated by hy-
percarbia, which results from two separate mecha-
nisms (see Fig 5) The first mechanism relates to
CO,, which 1s absorbed by simple diffusion through
the peritoneal membrane (see Fig. 5, BI and B2) into
the preperitoneal capillary beds and cannot be re-
moved with ventilation. This mcrease 1n Paco, will
produce a reflex arteral vasodilatation of the central
nervous system vasculature (see Fig. 5, B4 and BS),
which increases the ICP (see Fig. 5, 49) 28-30

The second mechamsm that produces an increase
i ICP during thus stage 1s the cranial excursion of the
diaphragm, with mncreases i IAP (see Fig. 5, A2 and

A8
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Sagittal Sinus
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Venous Drainage

Base of the Lungs
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Absorption QO

OOpO
Bl w O O
Gas
Displacement Increased CcOo2
of the IAP

Draphragm

Fig. 5. Reasons for increased intracramal pressure (ICP) during acute elevation of intra-abdominal pres-
sure (I4P) CNS = central nervous system, CVP = central venous pressure, IVC = inferior vena cava



422 Rosenthal et al

A3) combined with Trendelenburg position that will
compress the lower lobes of the lungs, thus altering
the venulation/perfusion ratio (see Fig. 5, 44B) Thus
ventlation/perfusion mismatch will further increase
the Paco, (see Fig 5, B4). In the present study the ef-
fects of hypercarbia were antagonized by hyperventi-
lating the amimals maintaining a Paco, below 35 mm
Hg (see Table IV) However, there 1s sufficient evi-
dence 1n the hiterature supporting a direct effect of an
elevated Paco, on ICP.31-3? Recently Fuy et al ** con-
cluded that creation of a CO, pneumoperitoneum
produced hypercapnia and reflex vasodilatation of the
central nervous system with increased flow through
the muddle cerebral artery 3’ Fuji et al 34 showed that
cerebral blood flow mncreased 10 minutes after peri-
toneal msufflation parallel to the rise in Paco, 36 The
work of Fuji et al. gives credence to our second mech-
arusm for increase i ICP.

The influence of positioning with regard to ICP
has been widely discussed 1n the neurologic and neu-
rosurgical literature, and 1t has been shown that the
head-down position increases ICP, whereas the head-
up positon decreases ICP37-40 In the present study
the reverse Trendelenburg position produced a de-
crease in ICP at baseline levels (without increased
TAP) and after a pneumoperitoneum was established
when compared to the same IAP and position Eleva-
tion of the head as a common practice to decrease
ICP has been discussed and 1s controversial because
of 1ts simultaneous risk 1n decreasing cerebral blood
perfusion 333741 However, Schneider et al >’ demon-
strated that 92% of the possible effect created by the
head-up position with respect to ICP was already de-
tected at 30 degrees From the present study and
Schneider’s observations, 1t appears that a 15- to 30-
degree head-up position would benefit patients with
increased IAP or the potential for increased ICP.

Most of the adverse effects caused by an acute ele-
vation 1n JAP are hemodynamic, cardiorespiratory,
and renal, and they have been widely described 1n
both the chinical and experimental literature 342-46
Diebel et al 7% conducted numerous large animal
studies demonstrating that all splanchnic vascular
beds except those of the adrenal glands showed an in-
creased peripheral vascular resistance with decreased
blood flow to the affected organs. Similar observa-
tions were made by other investigators 1n animal and
human studies 5% The previously mentioned studies
also found an increase 1n peripheral vascular resis-
tance, CVP, and MBP as signs of a sympathetic re-
sponse to increased IAP In the present study we also
corroborated these findings

The response of the central nervous system to ele-
vated ICP has been extensively documented 1 the
neurosurgical literature of the preceding century In
1881 Naunyn’¢ first described a pressor response

Journal of
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where a mean arterial pressure was stabilized at a level
above that of an elevated ICP Thus response was con-
firmed by Cushing’” m 1901 and has since been
termed the Cushing reflex. The etiology and location
of the receptors mnitiating the Cushing reflex have
been 1dentified by Hoff and Reis’® and are located
in the lower brainstem 6585 This hemodynamic
response 1s mediated by a sympathetc stimulus.50-65
In this study the increase in ICP originated by
increased IAP showed a simultaneous increase 1n
MBP. Multiple regression analysis showed that the
changes were statistically significant and had a posi-
tive correlation

From the previously mentioned literature one can
infer that all of the hemodynamic changes observed
during the acute elevation of IAP combined with the
acute elevation in ICP are mainly mediated by the
central nervous system and not by the IAP itself.!6
The increase in ICP will result in narrowing of the
cerebrovascular system and produce a sumulus to the
C1 neurons of the medulla oblongata (Fig. 6, CI and
C2), which releases a sympathetic response (Fig 6,
C3) mediated by release of catecholamines and vaso-
pressin (see Fig 6, C4 and C5) 5756 The release of
these vasoactive hormones produces venous and arte-
rial vasoconstriction with mcreased MBP (see Fig 6,
C6, C7, and C8) and increased peripheral vascular re-
sistance (see Fig 6, C10) to mantain adequate arte-
r1al cerebrovascular blood flow and cerebral perfusion
(see Fig 6, C8 and C9) 1657-66 At the same time, the
increase 1n peripheral vascular resistance produces
splanchnic vasoconstriction mobilizing blood from
the mtra-abdominal organs toward the central venous
system to increase preload and attempt to reopen the
narrowed vena cava (see Fig 6, C11 and C13)

CONCLUSIONS

We believe that the following conclusions have
been demonstrated

1 The acute increase i JAP produces an acute in-
crease 1n ICP without affecung the CPP

2 Two mechanisms, a mechanical effect and a
chemical effect, are responsible for the in-
creased ICP during acute elevation of IAP Po-
sinoning will further increase or buffer the ele-
vated ICP during increased IAP

3 The increase 1n IAP produces a progressive di-
aphragmatic excursion with narrowing of the
inferior vena cava and with increased ntratho-
racic pressures and CVPs above and below the
diaphragm Thus results n elevation of venous
pressures in the sagittal sinus that will increase
cerebrospinal fluid pressures

4 The systemic hemodynamic response charac-
terized by increased MBP observed during
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Fig. 6. Hemodynamic response to combined increased mtracranial pressure (ICP) and intra-abdominal

pressure MBP = mean blood pressure

acute elevation of IAP s a response of the cen-
tral nervous system to the elevated ICP to
maintain CPP.

5. Laparoscopy with a CO; pneumoperitoneum 1s
contraindicated 1n patients with suspected or
documented intracranial mjuries.

6. Laparoscopic procedures with pneumoperi-
toneum being performed in patients with the
potential for increased ICP should be carried out
at low IAPs and 1n a 15- to 30-degree reverse
Trendelenburg position to buffer the increased
ICP caused by the acute elevation i IAP.

Further studies analyzing the effects of the com-

bined increase in IAP and ICP on blood flow of
intra-abdominal organs and systemic hemodynamic
responses as well as the role of these pathophystologic
mechamisms 1n the chronic elevation of IAP are un-
der way

We thank Denise Kresta and Christopher Thiagarajab for thewr help
and support i the animal laboratory
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Laparoscopic/Endoscopic Repair of Rectal Stricture

Robert A Kozol, M D , Mary Ann Kosir, M D

Although uncommon, anastomotic stricture after low anterior resection may require additional reparr
beyond dilatation Two alternate approaches are described wherein laparoscopic and endoscopic tech-
niques were utithized to avoid repeat pelvic surgery i two cases These can be used whether a stapled or
hand-sewn approach was used for the mtial anastomosis Photo documentation demonstrates a widely
patent anastomosis after repair There 1s early return of bowel function by these methods, and long-term
results (3 years) are excellent (J GASTROINTEST SURG 1998,2 426-429)

Anastomotic stricture 1s a recognized, infrequent
complication of colonic surgery 1> An anastomotic
stricture at the level of the rectum 1s often amenable
to dilatation. When repeated dilatation fails, surgical
repatr 1s indicated Surgical repair through an ab-
domunal approach (in a scarred pelvis) can be a formi-
dable procedure Several novel methods have been
reported to facilitate repair of strictures without take-
down of the anastomosis *-6 This report describes
two additional innovative approaches using laparo-
scopic/endoscopic methods to repair a rectal anasto-
motc stricture that had failled dilatation therapy

CASE REPORTS
Case 1

A 64-year-old man underwent a stapled low anterior re-
section for a Dukes’ B adenocarcinoma of the rectum The
patient recovered nicely after surgery Follow-up colonos-
copy revealed an anastomotic stricture 1 year postopera-
twvely Biopsy of the stricture showed no evidence of recur-
rent carcinoma The patient developed constipation and
thun-cahiber stools 2 years postoperatively Colonoscopic ex-
amination at the time revealed a stricture that would not
permit mnsertion of a standard colonoscope (Fig 1) The pa-
uent underwent endoscopic dilatation of this stricture on
four occasions over a 14-month period Balloon dilatation
was unsuccessful, but the stricture could be dilated with the
obturator of a rigid sigmoidoscope under direct vision via
an adjacent flexible scope 1n the rectum The patient re-
mained symptomatic and surgical repair of the stricture was
undertaken using a laparoscopic approach The transverse
colon was 1dentified A 4 cm upper abdominal incision was
made and a loop of transverse colon was delivered through

the abdominal wall A transverse colotomy was performed
and the anvil of an end-to-end stapling instrument was de-
livered into the colon A colonoscope was advanced
transanally past the stricture into the transverse colon A
silk suture previously tied to the anvil was grasped with a
snare and the anvil was pulled down the colon to the stric-
ture (Fig 2, A) The shaft of the 31 mm stapler was then
passed transanally, joined with the anvil by having the sur-
geon hold the anvil with fingers n the rectum, and the sta-
pler was fired across the stricture (Fig 2, B) The circular
stapler had cut out the stricture resulting 1n a new enlarged
anastomotic lumen The transverse colotomy was closed as
was the 4 cm meision

The patient had 2 bowel movement on postoperative
day 2 He began a iquud diet on postoperative day 3 and
was discharged on postoperative day 5 He 1s currently
asymptomatic Repeat colonoscopy at 1 and 3 years re-
vealed no recurrent stricture (Fig 3)

Case 2

A 74-year-old man underwent a low anterior resection
for a large (5 cm) tubulowillous adenoma with atypia in the
recturn The specimen showed a 4 5 cm well-differentiated
adenocarcinoma arising 1n the tubulovillous adenoma and
focal 1nvasion of the submucosa A double-staphng tech-
nique was used with a linear stapler and circular stapling
device His postoperative recovery was unremarkable No
radiation or chemotherapy was given postoperatively He
was seen for follow-up endoscopy at 6 months when a stric-
ture was noted 7 cm proxumal to the anal verge (Fig 4, A)
Biopstes of the stricture revealed focal areas of granulation
tissue and mild chronic inflammation The patent had
symptoms of constipation 5 to 6 months postoperatively, at
which time a barrum enema showed stricture Under gen-
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Fig. 1. Tight fibrotic stricture (case 1)

Transverse colon

W

N

Stricture B

EEA

Fig. 2. A, Schematic drawing of the snared stapling anvil withun the colon B, Schematic drawing of the
arcular stapler i place over the stricture CEEA = circular end-to-end anastomotic instrument

eral anesthesia with the patient in the lithotomy position,
the area of the stricture was dilated with the obturator of a
nigid sigmoidoscope to admit a colonoscope, which was -
serted to the midtransverse colon A 4 cm midline incision
was made over the pomnt of transillumination of the anterior
abdominal wall The anvil of a 31 mm EEA stapler was in-
serted through a transverse colotomy with a silk tie in place
on the anvil rod The anvil was directed distally and the
colotomy as well as the abdominal incision was closed The
silk suture on the anvil was grasped with a snare and pulled

to the area of the stricture by the colonoscope By holding
the anvil with the fingers of the left hand (within the rec-
tum), the EEA stapler was introduced mnto the rectum and
attached The EEA stapler was fired and a crescent-shaped
piece of the rectal stricture was excised Colonoscopic ex-
amination verified that the colon was intact and hemostatic.
An enlarged anastomosis was confirmed (Fig 4, B) Within
2 days the patient was passing flatus, had a small bowel
movement, and was tolerating a hiquid diet He 1s without
symptoms at 3 months
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Fig. 3. Postoperatve view of the new anastomotic lumen (case 1)

Fig. 4. A, Stenosis of low rectal anastomosis before repair (case 2) B, Widely patent low rectal anasto-

mosis after resection of stricture by EEA (case 2)

DISCUSSION

The development of the end-to-end intestinal sta-
pler allows another approach to complete resections
of very low-lying rectal carcinomas with reestablish-
ment of colonic continuity Overall, colorectal anas-
tomoses are associated with a stricture rate reported
to range from 1% to 16% 278 With dilatation, most
patients requuire repeated therapy and some strictures
become tighter over time

The technique of combined laparoscopic/endo-
scopic reparr as described 1n this report has several ad-
vantages over formal open anastomotic revision

These include avoidance of a large abdominal inc1-
ston, avordance of pelvic dissection, and possibly a
shorter hospital stay with less postoperative ileus If
the transverse colon allows transillumination of the
abdominal wall, this 1dentifies the location for a 4 cm
mncision (thus precluding the need for laparoscopy) If
transillumination 1s unsuccessful, then laparoscopy al-
lows 1dentification of the transverse colon and the
sight for the small incision There are other methods
described 1n the literature for avoiding pelvic dissec-
tion 1n the treatment of anastomotic stricture Shi-
mada et al ¢ described a staple-cutung device that can



Vol 2,No §
1998

be used repeatedly as restricturing occurs, although
the device may not yet be commercially available
These methods are similar 1n concept to previously
reported methods of restapling the anastomotic stric-
tures using end-to-end stapling devices or an Endo-
GIA stapler 2> However, our technique offers an ap-
proach for cases where the stricture 1s too tight for
passage of an end-to-end stapler In fact, one could
argue that a stricture which 1s amenable to dilatation
to stapler size does not need revision at all. For those
strictures that require revision, these laparoscopic/en-
doscopic approaches offer good alternatives to repeat
pelvic surgery

CONCLUSION

Two laparoscopic/endoscopic methods are de-
scribed for repair of symptomatic rectal anastomotic
stricture, which offer the advantage of avoiding open
pelvic dissection. These will offer the surgeon addi-
tional approaches to the uncommon problem of anas-
tomotic stricture, whether by stapled or hand-sewn
techmque.
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Hepatic Kupffer Cell Blockade Reduces Mortality of
Acute Hemorrhagic Pancreatitis in Mice

Beat Gloor, M D , Karen E Todd, M D , Jobn S Lane, M.D ,
Michael PN Lewss, FRC S, Howard A Reber, M D

Inflammatory cytokines derived from the liver may cause distant organ failure and death 1n severe pan-
creatiis ‘To mimimuze liver cytokine release, we studied the effects of Kupffer cell blockade on the mor-
tality rate and severity of inflammation 1n a model of that disease Thurty mice were divided into three
groups Group 1 received gadolintum chloride (1 mg/100 g intravenously), which blocks Kupffer cell ac-
tivity, and regular food Groups 2 and 3 were fed a choline-deficient, ethionine-supplemented diet and de-
veloped severe pancreatitis Group 2 (control) recerved intravenous saline solution, and group 3 recerved
gadolinrum chloride Animals were killed at 72 hours Serum levels of tumor necross factor-a and mn-
terleukin-1B, interleukin-6, and interleukin-10 were determmed by enzyme-linked immunosorbent as-
say Lung neutrophil infiltraton was assessed by myeloperoxidase assay Pancreatic inflammation was
scored mn a blinded manner In a separate experiment, mortality rates were determined 1n saline- and
gadohinium-treated animals (n = 100) Gadolinum reduced the levels of all the cytokines and lung
myeloperoxidase (P <0 05) Gadolinium also reduced the mortality rate (52% vs 86%, P <0 001) How-
ever, the degree of pancreatic inflammation was unchanged by gadolinmum treatment These data support
the hypothesis that mortality in severe pancreatitis may i part be related to the secondary release of he-
patic cytokines (J GASTROINTEST SURG 1998,2 430-435 )

Acute pancreatitis 1s a serious disease, the causes of
which remain obscure. The overall mortality rate 1s
approximately 10%, but 1n 1ts most severe form 20%
to 30% of patients die The cause of death 1n most of
these patients 1s not related specifically to the pancre-
atic inflammation, or even to pancreatic infection
Rather, death 1s often the result of multiorgan system
failure, which appears to be the same as the organ fail-
ure seen 1n other seemingly unrelated conditions (e g,
sepsis, major trauma, burns) The processes that 1n-
fluence the degree of local pancreatic inflammation as
well as the spread of mflammation to nvolve distant
organ systems 1s unclear, but evidence suggests that
activated pancreatic macrophages may release inflam-
matory cytokines (e.g , interleukin [IL]-1, IL-6, and
tumor necrosis factor-alpha [TNF-a]) as a response
to the local tissue damage These cytokines would be
expected to act locally to aggravate the pancreatitis,

and could act systemically to increase capillary per-
meability, and promote leukocyte adherence and ex-
travasation, which could lead to organ dysfunction
Thus the local response could produce far-reaching
effects throughout the body

In pancreatitis the release of endogenous inflam-
matory mediators from the inflamed pancreas 1s a very
early event The serum levels of these cytokines cor-
relate well with the degree of pancreatic inflamma-
tion, and their source was assumed to be the mflamed
pancreas We suggest that the liver may be the prin-
cipal source of the systemic cytokine elevation that 1s
characteristuc of severe pancreatitis

In this study we tested that hypothesis We exam-
ined the effects of selective hepatic Kupffer cell inac-
tivation on systemic cytokine levels, local pancreatic
inflammation, and mortality rate in an animal model
of the disease
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MATERIAL AND METHODS
Animal Model

All experiments were conducted with the prior ap-
proval of the Animal Research Commuttee at Sepul-
veda Veterans Administration Medical Center
(VAMC), Sepulveda, California. Amimals were cared
for 1n accordance with treatment guidelines estab-
lished by the VAMC Office of Research and Devel-
opment. Female Swiss-Webster mice (Simonsen Lab-
oratories, Gilroy, Calif.) weighing 22 + 1 g were used.
Animals were allowed to acclimatize for a mmnimum
of 1 week Acute hemorrhagic pancreatitis was 1n-
duced by feeding the mice a choline-deficient diet
(Harlan Teklad, Madison, Wis.), supplemented with
0 5% DL-ethionine (Sigma Chemucal Co, St. Louss,
Mo ) (CDE diet) for 72 hours The CDE diet was re-
placed every 6 hours to ensure 1ts constant availability.
Mice had free access to water at all umes Gadolin-
rum chloride (Sigma Chemical Co ) (1 mg/100 g of
body weight) or saline solution was mnjected mnto the
tail vein at the start of the study and again after 36
hours 1n both experiments.

Experiment 1

Mice were randomly divided into three groups.
Group 1 (control, n = 6) received gadolinrum chlo-
ride (1 mg/100 g intravenously) and regular chow.
Groups 2 and 3 (n = 12 each) were fed a CDE diet
for 72 hours. Group 2 received mntravenous saline so-
lution, and group 3 received gadolinium. After 72
hours, following anesthesia with sodium pentobarbi-
tal (50 mg/kg intraperitoneally), mice were killed by
exsangumnation Blood samples from the inferior vena
cava were collected 1n heparinized tubes (Becton
Dickinson, Franklin Lakes, N J ) containing aprotinin
(0 009 trypsin inhibitory units/ml of blood). Blood
was centrifuged at 5000 rpm for 10 minutes. The
serum was separated and stored at —80° C. Lung and
pancreatic tissue samples were taken and immediately
further processed or snap-frozen in liquid nitrogen
and stored at —80° C. Serum TNF-a and IL-1B, IL-
6, and IL-10 were measured by means of an enzyme-
linked immunosorbent assay technique using com-
mercially available kits for mouse cytokines (Gen-
zyme, Cambridge, Mass.). Serum amylase levels were
determined spectrophotometrically at 37° C using an
enzymatic assay kit (Sigma Chemucal Co ). All assays
were run 1in duplicate

Neutrophil infiltraton 1n the lung was determined
by myeloperoxidase (MPO) assay using a modification
of the technique of Andrews and Krinsky.! Fresh lung
tissue was obtained, immediately washed 1n saline so-
lution, weighed, and immersed 1n 4 m! of 1ce-cold
hexadecyltrimethylammonium-bromide buffer (0.5%
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in 50 mmol/L phosphate buffer at pH 6 0). Hexade-
cyltrimethylammonium-bromide 1s a detergent that
releases MPO from the granules of the neutrophuls.?3
The ussue was then homogenized for 30 seconds.
The samples were transferred to standard 5 ml poly-
ethylene tubes and centrifuged at 3000 rpm at 4° C
for 10 minutes to remove cellular debris. The subse-
quent supernate was saved for further assay MPO ac-
tivity was determined spectrophotometrically at 650
nm (Beckman Instruments, Inc , Fullerton, Calif.) by
incubating 50 pl of the supernate with 1 ml ofa 1 76
mmol/L tetramethylbenzidine solution and 1 ml of
10 mmol/L hydrogen peroxide dissolved 1n potas-
stum acetate at pH 5 6 The change in absorbance
with time was then recorded and MPO actvity was
calculated by dividing the change of absorption
through the tissue weight. Hexadecyltrimethylam-
monmum-bromide, phosphate buffer, 3,3',5,5'-
tetramethylbenzidine, hydrogen peroxide, and potas-
stum acetate were all obtained from Sigma Chemical
Company

Pancreatic sections were stained with hematoxylin
and eosin and graded 1n a blinded manner by two ob-
servers using a scale of 0 to 4. The degree of edema,
inflammaton, hemorrhage, and necrosis were each
evaluated (score of 0 to 16; normal to most abnormal).
Ths technique was previously validated and described
1n detail 4

Experiment 2

In a separate study, 100 mice were randomly di-
vided 1nto two groups (50 each) and fed the CDE diet
Group 1 received intravenous 1njections of saline so-
lution, group 2 recewed gadolinium chloride at the
beginning of the diet and again after 36 hours After
72 hours the CDE diet was replaced with regular
chow. The mortality rate was determined for each
group every 6 hours for 10 days.

Statistical Analysis

Serum cytokine levels are expressed as means +
standard error of the mean and were compared using
the analysis of variance test Histologic grading was
analyzed with the Mann-Whitney U test. Survival
analysis included the Kaplan-Meier curve, the log-
rank test, and the chi-square test. P values <0 05 were
considered significant

RESULTS
Experiment 1

Serum cytokine levels for animals in groups 1, 2,
and 3 are shown 1n Table I. The mean serum levels of
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Table I. Serum cytokine levels (mean * standard deviation) in control animals (group 1), in CDE diet and
saline-mjected animals (group 2), and in CDE diet and gadolintum-injected animals (group 3)

Cytokines (detection himut*) Group 1 Group 2 (saline) Group 3 (gadolmium)
TNF-« (15 pg/ml) 146 =2 605 = 188 361 * 86t
IL-1B (10 pg/ml) 1067 1159 + 209 592 = 112¢%
IL-6 (5 pg/ml) 43+ 83 794 + 351 481 + 231t
IL-10 (15 pg/ml) 58 =18 1423 = 1203 597 + 424

*The detection limut 1s determmed after statistical analysss of enzyme-linked immunosorbent assay results The mean absorbance with the value
indicated as detection himit was greater than two standard deviations above the mean baseline absorbance obtained from replicate zero control wells

(1 e, wells containing all assay components except cytokine standard)
tP <005 vs group 2 and P <0 0001 vs group 1
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Fig. 1. Ten-day cumulative survival 1n muce after severe hem-
orrhagic pancreatitis (CDE diet for 72 hours) Intravenous
gadolinum chloride (Gd) mjections vs saline injections After
10 days, 86% of the control animals were dead compared to
52% of the gadolintum-treated ammals (P <0 001)

TNF-a and IL-1B, IL-6, and IL-10 mn the gadoln-
rum-treated mice were all lower than the values 1n the
animals that received saline solution (P <0 05)

The CDE diet-induced pancreatiis increased the
lung MPO content This increase was attenuated by
treatment with gadolmmum (1 678 = 0226 U/g 1n
group 2 vs 0953 = 0114 U/g n group 3, P <0 01)

As expected, serum amylase levels increased 1n an-
mmals with pancreatiis (P <0 0001). Gadolinium
treatment had no effect on this (23,090 = 2380 U/L
m group 2 vs 20,930 = 1577 U/L 1n group 3, P =
039)

Significant pancreatic injury (edema, inflammation,
hemorrhage, and necrosis) was seen 1n all animals
with pancreanus. The extent of this local response
was unaffected by treatment with gadolinium The n-
flammatory scores were 9 8 * 1 7 for group 2 animals
vs 105 = 1 4 for group 3 (P = 047).

Experiment 2

Consumption of the CDE diet for 72 hours re-
sulted 1n a 10-day mortality rate of 86% 1 control an-
imals that recerved saline solution (group 2). In the
group 3 animals that recerved the gadolinium, the
mortality rate was 52% (P <0 001) (Fig 1)

DISCUSSION

The CDE diet model of acute pancreatitis repro-
duces some of the morphologic and physiologic
changes of the most severe form of the human dis-
ease, and 1t has been widely used > One advantage of
the model 1s that the severity of the pancreatic in-
flammation, the systemic response, and the mortality
rate can be modified somewhat by limiting the period
of exposure to the diet 7 The animals 1n the present
study were fed the diet for 72 hours This avoided a
uniformly fatal outcome n the ammals and allowed a
significant effect of gadolintum treatment to be
demonstrated 8 The fact that the relevance of the
model to human pancreatitis 1s unclear 1s a potential
disadvantage For that reason 1t would be important
to repeat these experiments in other models as well

There was no evidence that the gadolinium treat-
ment itself affected the well-being of the animals The
mice 1n group 1, which receved gadolinium and a
normal diet, appeared well and ate all of their chow
Most important, there was no difference in the
amount of the CDE diet consumed by groups 2 and 3

The mechanism of action of the gadolimium has
been invesugated by others The compound 1s taken
up highly selectively by the Kupffer cells, where 1t
profoundly depresses their phagocytic activity and
eventually kills the cells 12 The result 1s a near-total
inhibition of the usual hepatic response to a variety of
toxins and noxious substances !3!4 For example, the
liver normally responds rapidly to the portal venous
mnfusion of endotoxin by releasing TNF-« and IL-6,
both of which are proinflammatory cytokines Ewvi-
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dence that the Kupffer cells are the origin of these
substances includes the facts that messenger RINA for
both TNF-« and IL-6 1s upregulated in these cells af-
ter endotoxin exposure and that gadolintum pretreat-
ment prevents that upregulation in Kupffer cells
along with the hepatic release of the cytokines 1516
Because the Kupffer cell population 1s replenished
within 3 to 4 days, we repeated the gadolinium treat-
ment after 36 hours. This ensured that Kupffer cell
activity was minimal for the entire 72-hour period of
the CDE exposure. In addition to the well-docu-
mented effect of gadolmum on Kupffer cells, Naito
et al |7 recently investigated the toxicity of several
substances on macrophages. Of interest for our study
1s the fact that gadolinlum was not cytotoxic to
murine peritoneal macrophages As a result of all
these data, gadolintum appears to be highly specific
with respect to the Kupffer cells, with only minor or
no effect on peritoneal macrophages or other cells
within the portal system

There was a mortality rate of 52% in the gadolin-
ram-treated mice, and serum cytokine levels were
markedly elevated 1n this group as compared to the
control group Our study did not nvestigate the ori-
gin of these cytokines There are several possible ex-
planations for this finding and they all seem to con-
tribute to the systemically measured cytokines Cy-
tokines released from the local inflammatory response
can reach the systemic circulation through the ab-
domuinal lymphatic vessels via the thoracic duct Cy-
tokines are not only released from Kupffer cells but
also from the pancreas or from other sites (1.e., peri-
toneal macrophages, monocytes, or enterocytes)
within the abdominal cavity. Saad et al.!® reported that
after lipopolysaccharide stmulation, hepatocytes, in
addition to Kupffer cells, have the ability to produce
TNF-a and IL-6.

We have stressed that gadolinium treatment af-
fected the function of the hepatc Kupffer cells and
concentrated on the role of the liver in this disease
Indeed there 1s a large body of literature that supports
this Nevertheless, 1t 1s important to point out that
there also may have been an effect of gadolintum
treatment on pulmonary macrophage function. Data
mn the hiterature concerning this topic are sparse and
conflicing Bannenberg et al 1 studied the effects of
gadolnium treatment 1n rats on pulmonary macro-
phage function They measured phagocytosis and ni-
troblue tetrazolium reduction by alveolar and inter-
stial macrophages At the same dose that we used (10
mg/kg intravenously, 48 hours before study), no ef-
fect on pulmonary macrophages was observed. On the
other hand, Pendino et al 20 pretreated rats with
gadolnium (7 mg/kg intravenously) and found that
this decreased nitric oxide production by pulmonary
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macrophages Thus the question remains unresolved,
and the possibility of an additional effect of gadolin-
rum on pulmonary macrophage function remains

As has been noted earlier, many of the clinical
mamifestations of acute necrouzing pancreatitis can be
attributed to the high systemic levels of a variety of
inflammatory mediators including cytokines (e.g , IL-
la and B, IL-6, IL-8, IL-12, and TNF-a) 2! These
are produced by a growing list of different cells but
principally by monocytes and macrophages, activated
lymphocytes, and endothelial cells.?? The presumed
purpose of these mediators 1s to himut the extent of the
local tissue damage. However, it has also become clear
that when these substances are released from leuko-
cytes n the pancreatic and peripancreatic tissue, they
may play an important role in the determination of
the local severity and progression of the disease. If
they continue to be elaborated 1n greater amounts or
for longer periods than 1s considered appropnate, tis-
sue destruction can be enhanced.?! Indeed we and
others have shown recently that the local severity of
the pancreatic inflammation can be ameliorated by
modification of cytokine activity. Thus administration
of IL-10, an ant-inflammatory cytokine, improved
the severity of pancreatitis 1n mice and rats +23 Pre-
treatment with an anu~TNF-a antibody attenuated
the expected increase in serum TNF-a levels in rats 24
Blockade of the cytokine cascade at the level of the
IL-1 receptor before or soon after induction of pan-
creatitis attenuated the rise of IL-6 and TNF-a levels
and reduced ntrinsic pancreatic damage 1n mice.?

The preceding studies focused on the local pancre-
atic damage and the intrapancreatic production of the
cytokines Although systemic cytokine levels often
were measured and their importance 1n regard to dis-
tant organ dysfunction was recognized, their source
was generally assumed to be the inflamed pancreas.?’
In the present study we have stressed the role of the
liver 1n the release of cytokines during acute pancre-
atitis There are several reasons for this It 1s known
that inflammatory cytokines, pancreatic enzymes, en-
dotoxin, and a variety of poorly defined inflammatory
mediators are released from the pancreas into the por-
tal venous circulation during an episode of acute pan-
creatiis, where they enter the liver directly The con-
centration and amounts released are probably a func-
tion of the local severity of the pancreatiis.?é Hepatic
Kupffer cells, which represent the largest concentra-
tion of fixed tissue macrophages in the body, respond
to a variety of substances that reach them wia the por-
tal circulation These include ethanol, endotoxin,
TNF-a, and other mflammatory cytokines Kupffer
cell gene expression (messenger RNA) of TNF-a, IL-
6, and transforming growth factor B1 were all found
to be elevated after ethanol mfusion So too was the
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hepatic Kupffer cell release of these three cy-
tokines 10,15.1627

A recent report by Closa et al.?8 1s consistent with
our observations and strengthens our hypothesis
about the role of the liver These investigators 1n-
duced hemorrhagic pancreatitis in two groups of rats
by retrograde injection of bile salt into the pancreatic
duct. One group had no other intervention, the other
underwent portacaval shunt placement before the
pancreatitis was created. Rats with shunts had mim-
mal pulmonary damage, those with the portal circula-
tion mtact developed significant lung mjury The au-
thors concluded that the lung changes were “related
to the passage through the liver of substances released
from the damaged pancreas ” They did not pursue the
possibility that cytokines derived from the liver might
be involved In our view this was the primary mecha-
nism of pulmonary injury In their model 1t was inter-
esting that the inflammatory cytokines derived from
the inflamed pancreas that were diverted mnto the sys-
temic circulation had little deleterious effect on the
lungs This may be due to the quantity of these sub-
stances that perfused the pulmonary circulation,
which would be expected to be less than those derived
from the liver, or the cytokines themselves could be
different.

We found that Kupffer cell blockade lowered
serum cytokine levels of both promnflammatory (IL-
1B, IL-6, and TNF-a) and anti-inflammatory (IL-10)
cytokines Indeed the serum concentration of IL-10
fell by more than 50% 1n the treated group Since the
systemic administration of IL-10 recently has been
shown to reduce the severity of inflammation and the
mortality rate in different animal models of pancre-
atitis, this may seem to be a reason for concern *8.23
Presumably the overall salutary effect of treatment re-
flected the primary importance of the lowering of the
promnflammatory cytokines in this model

The absence of any effect of Kupffer cell blockade
on erther the serum amylase levels or the degree of
pancreatic inflammation 1s an important observation
It suggests that the mortality rate in severe pancreati-
t1s can be improved by interventions that are not di-
rected at efforts to improve the local severity of the
pancreatitis, which has been the customary goal Per-
haps a more productive clinical approach would be to
attempt to modify the secondary responses that influ-
ence survival, as we did 1n these experiments
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Discussion

Dr. E. Bradley (Buffalo, NY) The search for the
pathogenesis of acute pancreatus 1s replete with false pas-
sages and disappointments This study seems to offer some
real substance The first question deals with your concen-
tration on the fixed macrophages There are some inferen-
tial data 1n your study to suggest the relative importance of
the fixed macrophages vs the circulating type I noticed a
50% reduction 1n cytokines so you would have to make an
assumption that the gadolinium only blocked 50% of the
Kupffer cells, or perhaps the wandering macrophages might
also be important The second pont is of some therapeutic
interest Would you care to speculate on the signal for cy-
tokine released from the Kupffer cells? It 1s that area that I
think would be most amenable to blockade rather than an
“across-the-board” cytokine blockade, which has not
worked m other experimental preparations

Dr. B. Gloor. First, to the role of fixed tissue macro-
phages and the other macrophages, or let us say other
sources of cytokines Yes, there are other sources and the
method of the gadolmium blockade has been used by many
others With the two mjections, as we conducted our ex-
periments, we can expect that the Kupffer cells have been
knocked out to a greater degree than just 50% So there
must be other sources as well for the cytokines that we mea-
sured 1n the gadolinium-treated group With respect to
your second question, for the additional cytokine release,
there are mediators We do not know exactly which they
are 1n acute pancreatitis, but we know from other studies
that, for example, endotoxins or TNF-a 1n the portal ve-
nous blood causes cytokine release from hepatc
macrophages So we think that these substances or other
similar ones are responsible for the release of cytokines
from the liver

Dr. C. Baker (Chapel Hill, N C) We have had similar
results 1n a femur fracture m terms of Kupffer cell activa-
tion Have you looked at the cellular paracrime effects of cy-
tokine release 1n the liver 1tself? Also, given your focus on
the MPO model in the lung, have you looked at I1.-8 re-
lease?

Dr. Gloor. We have not yet studied either paracrine ef-
fects of cytokine release or IL-8 release

Dr. M. Korc (Irvine, Calif) Ths 1s potentially a very
umportant study Have you studied other animal models of
acute pancreatitis® Is 1t possible that the CDE diet some-
how damages the Kupffer cells?

Dr. Gloor. The CDE model has been widely used by
many others We do believe that the gadolinlum damages
the Kupffer cells

Dr. Kore. Did you actually measure the cytokine levels
1n hepatic outflow? It was not clear to me from your previ-
ous answer that 1t 1s coming from the liver

Dr. Gloor. They are systemic serum levels measured
the vena cava

Dr. M. Steer (Boston, Mass ) This 1s an interesting
model of pancreatitis that was developed 1mitially as a way of
inducing liver cancer, so 1t 1s a hepatotoxin It 1s a “tricky”
model We have learned some of the pitfalls, the biggest of
which are that the severity and all of the complications of
the pancreatitis are directly related to the amount of the
diet that 1s consumed by the mouse, so 1t becomes critical to
be absolutely certain that the gadolinlum-fed mice, or n-
jected mice, actually eat the same amount of the diet as the
sale-treated control mice

Dr. Gloor. 1 agree with your comment regarding the
CDE model and that 1t 1s important to check the amount of
food that has been consumed We determuned that all ani-
mals 1n all groups ate the same amount of food



Are Vitamin B;, and Folate Deficiency Clinically
Important After Roux-en-Y Gastric Bypass?
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Although 1ron, vitamin By, and folate deficiency have been well documented after gastric bypass opera-
tions performed for morbid obesity, there 1s surprisingly httle information on either the natural course or
the treatment of these deficiencies in Roux-en-Y gastric bypass (RYGB) patients During a 10-year period,
a complete blood count and serum levels of 1ron, total 1rron-binding capacity, vitamin B, and folate were
obtained 1n 348 patients preoperatively and postoperauvely at 6-month 1ntervals for the first 2 years,
then annually thereafter The principal objectives of this study were to determine how readily patients
who developed metabolic deficiencies after Roux-en-Y gastric bypass responded to postoperative sup-
plements of the deficient micronutrient and to learn whether the risk of developing these deficiencies
decreases over time Hemoglobin and hematocrit levels were significantly decreased at all postoperative
intervals in comparison to preoperative values Moreover, at each successive interval through 5 years, he-
moglobin and hematocrit were decreased significantly compared to the preceding mterval Folate levels
were significantly increased compared to preoperative levels at all ime intervals Iron and vitammn By, lev-
els were lower than preoperative measurements and remained relauvely stable postoperatvely Half of the
low hemoglobin levels were not associated with 1ron deficiency Taking multivitamin supplements re-
sulted 1n a lower incidence of folate deficiency but did not prevent 1ron or vitamin B, deficiency Oral
supplementation of 1ron and vitamun B, corrected deficiencies in 43% and 81% of cases, respectively Fo-
late deficiency was almost always corrected with multivitamins alone No patient had symptoms that
could be attributed to erther vitamin By, or folate deficiency Conversely, many panents had symptoms of
1ron deficiency and anemia  Lack of symptoms of vitamin By, and folate deficiency suggests that these de-
fictencies are not climically important after RYGB Conversely, 1ron deficiency and anemia are poten-
tially serious problems after RYGB, particularly in younger women Hence we recommend prophylactic
oral 1ron supplements to premenopausal women who undergo RYGB (J GASTROINTEST SURG
1998,2 436-442 )

Patients who undergo Roux-en-Y gastric bypass
(RYGB) for treatment of morbid obesity are prone to
deficiencies 1n 1ron, vitamin B, and folate 1 Al-
though prophylactic multivitamun (MVI) supplements
are routinely prescribed for RYGB patients, there are
virtually no data 1n the medical literature demon-
strating the efficacy of oral MVI supplements 1n pre-
vention of either 1ron or vitamin B, deficiency after
RYGB. There 1s also a paucity of longitudinal data on
the clinical consequences of metabolic deficiencies af-
ter RYGB The primary goals of this study were to
determine how readily patients with these deficiencies
responded to postoperative supplementation of the

deficient micronutrient and to learn whether the risk
of developing these deficiencies decreases over time,
which would suggest that the nonexcluded bowel
eventually becomes more efficient 1n absorption of
these substances A secondary goal was to utilize this
information to make recommendations for prophy-
laxis and treatment of the common metabolic seque-
lae of RYGB.

PATIENTS AND METHODS

We have followed several hematologic parameters
1n 348 patuents who underwent RYGB during a 10-
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year period including 321 patients who had a primary
RYGB and 27 (7.7%) who had revision procedures.
Our RYGB 1ncorporated an upper pouch with a ca-
pacity of 30 ml or less with Roux limbs ranging from
50 to 150 cm 1n length Limb length in this range
does not affect the incidence of post-RYGB metabolic
deficiencies ¢ A complete blood count and serum lev-
els of 1ron, total rron-binding capacity, vitamin B,,,
and folate were obtained 1n each patient preopera-
tively. Postoperatively these tests were performed at
6-month intervals during the first 2 years and annu-
ally thereafter. Nearly all of these tests were per-
formed 1n the laboratory at Robert Wood Johnson
Umniversity Hospital, New Brunswick, New Jersey
Postoperative follow-up and dietary counseling were
carried out according to our usual protocol for pa-
tients who undergo RYGB at our instutution All pa-
tients were told to take a hiquid or chewable MVI sup-
plement daily during the first month. Most patients
switched to a solid MVI supplement with minerals at
4 weeks postoperatively when the transition from
pureed to solid food was completed.

Postoperative deficiencies were defined according
to the following parameters 1ron deficiency by serum
levels below 45 wg/dl (normal = 45 to 135 pg/dl), vi-
tamin By, deficiency by serum levels below 210 pg/dl
(normal = 210 to 700 pg/dl), serum folate deficiency
by levels below 4.0 ng/dl (normal = 4 to 16 ng/dl),
and anermua by hemoglobin levels below 12.3 g/dl for
women and 14 0 g/dl for men (normal = 123 t0 15 §
g/dl for women and 14 0 to 16.2 g/dl for men). A pos-
1tive response to treatment was defined as return of
the value to a level at or above the lower limit of the
normal range for our laboratory.

Postoperative laboratory results were collapsed
into the following four time periods the first 12
months (n = 305), the second 12 months (n = 215),
24 through 60 months (n = 175), and more than 60
months (n = 85) Mean length of follow-up was 42 +
14 months and ranged from 6 to 128 months. Statis-

Table I. Changes 1n hematologic parameters over time
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tical analysis of data was performed using the chi-
square test, unpaired Student’s ¢ test, and two-way
analysis of variance

RESULTS

Table I shows the changes in the various hemato-
logic parameters over time. Deficiencies were recog-
mized 1n 268 (82%) of the 348 patients postoperatively
mncluding 155 patients (47%) with 1ron deficiency, 122
(37%) with vitamun By, deficiency, 115 (35%) with fo-
late deficiency, and 177 (54%) with anemia Hemo-
globin and hematocrit values were significantly de-
creased compared to preoperative levels at all postop-
erative intervals Moreover, at each successive post-
operative interval through 5 years, hemoglobin and
hematocrit were decreased significantly compared to
the preceding mnterval. Conversely, serum 1ron levels
remained relatively stable through the first 3 years
postoperatively Although mean 1ron levels at 36
months or more were significantly lower than at pre-
vious intervals, they remained well within the normal
range Changes 1n total rron-binding capacity were
generally consistent with serum 1ron levels through-
out the study Although microcytic hypochromic in-
dices were found 1n most anemic patents, only 63%
of low iron levels were associated with microcytic in-
dices Moreover, 50% of low hemoglobin levels were
not associated with 1ron deficiency No patient had
macrocytic anemua. Only three patients (0 8%) had
macrocytic indices.

Fig 1 shows the changes in mean hemoglobin,
1ron, and vitamin By, values over time 1n 85 patients
who were followed for 5 or more years Postoperative
changes i hematocrit were virtually the same as the
pattern observed for hemoglobin. After 5 years both
hemoglobin and hematocrit were increased relative to
values obtained between 3 and 5 years postoperatively
Vitamuin By, levels were more variable showing an -
tial dechine during the first 24 months postoperatively

No of Hemoglobin  Hematocrit Iron TIBC Vitamun B, Folate
Time (mo)  pateents ® (%) (g/dl) (ng/d)) (pg/dl) (ng/dl)
Preoperative 348 138=*1 4144 79 = 35 343 = 61 450 = 341 55x34
Postoperative
12 304 132 = 2*¢ 395 = 4%t 74 =31 328 = 62* 350 = 205* 81x52*
24 213 12 8 * 2*¢ 384  5*t 77 £ 37 35273 337 £ 192 90 +63*
=36 . 195 12 4 * 2*¢ 377 £ 5 65 * 36*t 378 = 73* 357 £217* 9252

TIBC = total rron-binding capaaity
Data are expressed as mean * standard deviation

*Significant difference vs preoperanve measurement (P <0 05 by analysis of variance with Student’s—Newman-Keuls test)
tSigmificant difference vs the preceding ime mterval(s) (P <0 05 by analysis of vartance with Student’s-Newman-Keuls test)
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with a subsequent increase after 48 months. However,
vitamin B, levels were significantly lower than mean
preoperative values only at 12 and 24 months postop-
eratively. Although 1ron levels declined during the
first 12 months postoperatively, there were no signif-
1cant differences 1n mean 1ron levels over time. Mean
postoperative folate levels 1n this group were signifi-
cantly higher compared to preoperative measure-
ments at all time periods.

Although 1ron deficiency was noted 1n 51% of fe-
male vs. 22% of male patients (P <0.001 by chi-
square test), there was no significant difference be-
tween sexes 1n terms of the incadence of vitamin B,
deficiency or anemua. Iron saturation levels were sig-
nificantly lower 1n women than 1n men throughout
the study. Only three of the eight anemuas that devel-
oped 1n men postoperatively were associated with iron
deficiency. The mean time of recognition of anemia in
men was at 29 months postoperatively, nearly 2 years
later than in women. The incidence of folate defi-
ciency was higher in women (35%) vs. men (22%) at
a level that approached significance (P = 0 058). Low
wron levels were significantly less common 1n women
who had a total abdominal hysterectomy prior to
RYGB compared to those who did not (P <0 02 by
chi-square test) However, low hemoglobin levels did
not correlate with having a total abdominal hysterec-
tomy suggesting that post-RYGB anemia in some
women has causes other than perimenstrual blood
loss

Twenty-four of the 27 patients who had revision
procedures had some form of gastroplasty as their 1n1-
tial operation, whereas three had revision of je-
junoileal bypass to RYGB. There was no significant
difference 1n the mcidence of iron deficiency, folate
deficiency, or anemua between patients who had pri-
mary vs. revision operations. However, the incidence
of postoperative vitamin B,, deficiency was signifi-
cantly greater 1n the revision group (P <0 004 by chi-
square test).

There was no correlation between regular inges-
tion of MVI supplements and the potential for devel-
oping deficiencies 1n either iron or vitamin By;. Only
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115 patents (33%) complied with the MVI supple-
ment regimen throughout the study period Con-
versely, 27 patients (7 7%) never took MVI supple-
ments. Compliance was defined as taking supplements
five or more times per week Compliance with a MVI
regimen also did not prevent anemia postoperatively.
Conversely, there was a significant difference 1n the
mncidence of folate deficiency between patients who
regularly took MVI supplements compared to non-
compliant patients (31% vs. 52%; P <0.005 by chi-
square test) Compliance with a MVI regimen was as-
sociated with improvement of 41% of 1ron deficien-
cies and 22% of anemias, whereas deficient levels be-
came normal 1n only 16 iron-deficient patients (7%)
and one patient with anemia who were not taking
MVI supplements.

Low serum levels of 1ron, vitamin B,,, and folate
were treated with either MVI or supplements of the
deficient micronutrient. Although there was a signif-
1cant correlation between the taking of oral iron sup-
plements and improvement of postoperative iron de-
ficiency, oral 1ron supplements corrected 1ron defi-
ciency 1n only 43% of cases. Conversely, vitamin B,
supplements (94% oral) resulted 1n improvement of
81% of vitamin B, deficiencies. Folate deficiency
was almost always corrected with MVI supplements
alone.

DISCUSSION

Table I summarizes the data 1n several published
articles that focus on vitamin and mineral deficiencies
after RYGB The incidence of folate deficiency and
anemia 1n the present report 1s substantially higher
than 1n previously published series including our ear-
lier reports.* Longer postoperative follow-up may ex-
plain the higher incidence of these deficiencies 1n the
present series since the mncidence of low iron, folate,
and hemoglobin levels nearly doubled 1n our own pa-
tients with a proportional increase in follow-up time.
Conversely, the incidence of vitamin B, deficiency
remained constant over timne among our patients
There was little difference in the mean tme of recog-

Table II. Published reports of metabolic deficiencies after gastric bypass. Mean mncidence, time of recognition, and

duration of follow-up

Reference No. of patients Iron Vitamun B, Folate Anemia Follow-up
Halverson et al 1 (1981) 69 20%/17 mo 26%/20 mo 9%/13 0mo  18%/— 20 mo
Amaral et al 2(1985) 150 49%/156 mo 70%/130mo  18%/— 35%/20 mo 33 2mo
Brolin et al 4 (1991) 124 33%/134mo  37%/128mo  16%/10 7Tmo  22%/12 mo 242 mo
Brolin et al (1997) 348 47%/110mo  37%/127mo  35%/115mo  54%/10 8 mo 42 3 mo

Mean incrdence and tume of deficiency recognution are listed under each micronutrient with mean follow-up shown 1n far nght column
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mtion of 1ron, B;,, and folate deficiency among the
three series. The onset of deficiencies was rapid in
most of our patients as the median time 1nterval for
recognition of low 1ron, By,, folate, and hemoglobin
levels was the 6-month visit

Causes of Post-RYGB Deficiencies

Post—gastric bypass vitamin B, deficiency occurs
primarily as a consequence of maldigestion of dietary
B,, Dietary By,, which 1s protein bound, must be en-
zymatcally cleaved from the protemn before absorp-
tion can occur ¢ Both pepsin and hydrochloric acid are
required to separate food-bound vitamin By, from the
protein motety 1n the stomach. After gastric bypass,
enzymatic cleavage of the food-bound vitamin B,,
motety 1s hmited by both absence of hydrochloric acid
in the upper gastric pouch and exclusion of the distal
stomach and duodenum, where pepsin and pancreatic
secretory enzymes facilitate binding of the freed vita-
min By, to intrinsic factor Several investigators have
demonstrated that food-bound vitamin By, 1s less well
absorbed than orally administered crystalline B, after
both partial gastrectomy and RYGB 6% Other mnvesti-
gators have reported normal Schilling tests in RYGB
patients, suggesting that mtrinsic factor secretion oc-
curs 1n the bypassed stomach 8° Consequently oral
supplements of crystalline B;, can be expected to pro-
vide effective treatment for vitamin B, deficiency af-
ter RYGB

Iron deficiency after RYGB results from both mal-
absorption and maldigestion of dietary ron Dietary
1ron 1s primarily absorbed in the duodenum and upper
jejunum, which are excluded from the functional di-
gestive tract in RYGB In the normal stomach, ab-
sorption of dietary 1ron 1s facilitated by hydrochloric
acid Several investigators have shown markedly re-
duced acid production 1n the upper pouch of gastric
bypass patients 112 Hence 1t seems likely that de-
creased acid secretion n the small gastric pouch also
contributes to the development of iron deficiency af-
ter RYGB.

The mcidence of post-RYGB folate deficiency in
clinical reports has varied widely ranging from 0% to
38% 1-3:513 Although folate absorption occurs pre-
dominantly 1n the upper third of the small intestine,
there 1s evidence that absorption can occur 1 the md
and distal small bowel 4 Because folate absorption 1s
also facilitated by hydrochloric acid i the stomach,
low acid production 1n the upper pouch of RYGB pa-
tients may predispose them to development of folate
deficiency postoperatively Russel et al !5 have sug-
gested that increased bacterial synthesis of folate in
the upper small bowel may compensate for dimin-
1shed absorption of dietary folate 1n achlorhydric pa-
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tients. This finding suggests that folate absorption
may gradually improve over time after RYGB
Changes 1n postoperative dietary habits may also
contribute to the development of micronutrient defi-
ciencies following RYGB Red meat and milk are ma-
jor sources of iron and vitamun B,, respectively, in the
diet. Red meat 1s generally recognized as the most dif-
ficult type of food to eat after gastric restrictive oper-
ations, whereas milk product mntolerance 1s common
following gastric bypass '6 Avinoah et al !7 reported a
significantly higher incidence of 1ron, vitamin By,, and
folate deficiency 1n postoperatuve RYGB patients who
ate red meat less than once per week 1 comparison
with patients who ate red meat more than once per
week These authors concluded that decreased meat
consumption 1s a major factor contributing to both
1ron and vitamin B, deficiency after gastric bypass
Updegraffe and Neufeld'® obtamned pre- and post-
operative diet histories from 12 patients who under-
went gastric bypass and found that postoperative in-
take of protein and folate were significantly decreased
1n comparison with preoperative intake. However,
postoperative serum folate levels were significantly
higher than the preoperative measurements The n-
vestigators attributed the increase 1n postoperatuve fo-
late levels to MVI supplementation since none of the
12 patients were taking MVI supplements prior to op-
eration
Although the estimated blood loss 1n revision pro-
cedures was usually two to three tumes greater than
that in primary operations, the incidences of postop-
erative 1ron deficiency and anemia were similar 1n
these two groups However, the mcidence of vitamin
By, deficiency was significantly greater after revision
procedures This finding was surprising since 24 of
the 27 patients had some form of gastroplasty as their
primary operation Because there was no difference in
serum vitamin B, levels between primary and revi-
sion patients prior to RYGB, this difference suggests
that By, stores were depleted 1n the revision group
Reduced dietary intake of vitamin By, after the pri-
mary procedure provides a plausible explanation for
the significant difference 1n postoperative serum lev-
els between revision and primary RYGB patients
Patient noncompliance may be the most important
factor contributing to both development and persis-
tence of metabolic deficiencies after RYGB. Only
33% of patients were consistently compliant in tak-
ing MVT supplements throughout the study, whereas
35% and 54% were compliant 1n taking 1ron and v1-
tamin B,, supplements, respectively, for treatment of
their deficiencies Development of severe anemua, de-
fined as a hemoglobin level of 10 g or less, was invari-
ably associated with not taking MVI and 1ron supple-
ments and mussing scheduled follow-up visits This
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frequency of noncompliance occurred despite a de-
tailed preoperative discussion regarding the potential
for developing metabolic deficiencies after RYGB.
The risks of metabolic deficiencies are also empha-
sized at each postoperative visit.

Clinical Consequences and Treatment
Recommendations

Although low vitamin B, and folate levels were
common n this series, no patient had symptoms that
could be attributed to either deficiency. This finding
suggests that vitamun B;, and folate deficiencies are
not clinically important after RYGB. On the basis of
these results, we do not recommend prophylactic sup-
plementation of vitamin By, or folate to our RYGB
patients Moreover, because folate deficiency 1s con-
sistently prevented by taking MVI supplements, we
no longer routinely measure serum folate levels be-
fore or after surgery

Conversely, many patients had faugue and weak-
ness associated with iron deficiency and anemia
Women comprised 93.5% of the patients who devel-
oped 1ron deficiency 1n this series Iron deficiency was
significantly less prevalent in women who had a total
abdominal hysterectomy, suggesting that menstrual
blood loss 1s an important factor contributing to the
development of post-RYGB 1ron deficiency Low 1ron
stores 1n menstruatng women are probably the pri-
mary cause of iron deficiency and anemia 1n this
group In men anemia was much less common More-
over, the mean time of onset of anemia 1n men was at
2Y% years postoperatively, which explains why anemia
was not recognized 1n men 1n two earher reports #

Megaloblastic anemia was not recognized in any of
our patients as compared with a respective incidence
of 5% and 7% 1 two earlier reports >5 The absence
of megaloblastic anemia 1n the present report may be
due to better complhance in taking MVI supplements
postoperatively and to earlier treatment intervention
1n patients with vitamin B;; and folate deficiency.

Because mean follow-up 1n most previous reports
was relatively short, there 1s httle published informa-
tion on the results of treatment of these deficiencies
In the present series more than 80% of the vitamin
B,; deficiencies responded to oral supplementation.
Rhode et al 1% have shown that a minimum daily dose
of 350 g of crystalline By, 1s necessary to maintain
normal serum levels after RYGB We have found that
500 g of oral vitamin B, 1s sufficient to correct the
majority of deficiencies Intramuscular supplements
are usually reserved for patients who refuse to take
oral vitamin B;, MVI supplements, which typically
contain 400 pg of folate, consistently corrected low
folate levels.
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There are no published data on the efficacy of pro-
phylactic rron supplements after RYGB. In the pre-
sent study low serum 1ron levels did not respond con-
sistently to treatinent with MVI and oral iron supple-
ments Treatment of severe anemia (hemoglobin
=10 g) was particularly problematic No patent with
severe anemia was successfully treated with oral iron
supplements alone Three severely anemic patients
eventually responded to intramuscular 1ron mjections,
three patients required blood transfusion, and one pa-
tient responded after a total abdomunal hysterectomy.
Intravenous iron dextran was not used m thss study.
The resistance of 1ron deficiency to oral iron supple-
ments coupled with the high incidence of 1ron defi-
ctency anemia in menstruating women has led us to
prescribe prophylactic oral iron supplements contain-
ing 50 mg or more of elemental 1ron to pre-
menopausal women after RYGB.

An important heretofore unanswered question re-
garding post-RYGB metabolic deficiencies 1s whether
there 1s steady progression of untreated deficiencies
over time. Data 1n the present study weakly suggest
that most deficiencies tend to eirther stabilize or 1m-
prove after the fourth or fifth year postoperatively.
However, these data are muddled by haphazard com-
pliance with treatment regimens and inconsistent
long-term follow up

In summary, these results show that iron deficiency
and anemua are common after RYGB and that MVI
prophylaxis does not consistently protect against the
development of these deficiencies The results also
show that anemua can be a serious clinical problem af-
ter RYGB. Although 1ron deficiency was the most
common factor predisposing patients to development
of anemua, 50% of low hemoglobin levels 1n this series
were not associated with 1ron deficiency This finding
suggests that further studies are needed to elucidate
the mechanisms involved in the evolution of anemia
after RYGB so that more effective strategies for pro-
phylaxis can be developed
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Biliary Dyskinesia: A Study of More Than 200
Patients and Review of the Literature
Anthony 7. Canfield, M.D , Stephen P Hetz, M D., FA C S., fobn P Schriver, M D,

Hubert T Servis, M D., Trent L Hovenga, M D , Paul T. Cirangle, M D ,
Brian S Burlimgame, M D.

The diagnosis and treatment of bihary dyskinesia, defined as symptoms of biliary colic in the absence of
gallstones, remains controversial and has been the subject of several previous retrospective reviews The
diagnosis and treatment of biliary dyskinesia based on the CCK-HIDA scan, and the outcome with chole-
cystectomy for bihary dyskinesia, are reviewed We add more than 200 cases of cholecystectomy for bil-
1ary dyskinesia, and compare our results with those of previous reports We retrospectively reviewed 295
patients with biliary dyskinesia who underwent cholecystectomy at three military hospitals between 1988
and 1995 All paaents had symptoms consistent with biliary colic and preoperative evaluations that re-
vealed no evidence of cholelithiasis Pathology specimens were reviewed for cholelithiasis and patho-
logic changes Data were retrieved by chart review and chinic evaluation of new patients Individual fol-
low-up of each patient was attempted Follow-up was achueved 1n 218 of the 295 patents for a rate of
74% The mean duratton of follow-up was 506 days with a range of 22 days to 6 years Two hundred pa-
tients (92%) had CCK-HIDA scans with an ejection fraction (EF) <50% Eighteen patients (8%) had an
EF >50% but did have reproduction of their symptoms with CCK imjection In the group with an EF
<50%, 94 5% were improved or cured with cholecystectomy In the group with an EF 250% and pan
reproduction, the improved or cured rate was 83 4% CCK-HIDA scans are useful for diagnosing biliary
dyskinesia and predicting improvement after cholecystectomy Patients presenting with biliary dyskine-
s1a and an EF <50% on CCK-HIDA scan have 94% mmprovement or resolution of their symptoms af-
ter cholecystectomy CCK-HIDA scans should be employed early in the evaluation of biliary colic with
no evidence of cholelithiasis (1.e , with a normal ultrasound scan) When test results are abnormal, chole-
cystectomy should be performed, since the results in this setting approach those of cholecystectomy for
stone disease (>90% cured/improved) In the current chimate of cost containment, these excellent re-
sults would obwiate the need for extensive and expensive medical testing before surgical therapy 1s rec-
ommended (J GASTROINTEST SURG 1998,2 443-448 )

Biliary dyskinesia has been defined as the presence
of bihiary colic symptoms (postprandial right upper
quadrant pain, fatty food intolerance, nausea, and
bloating),!-* without evidence of cholelithiasis. Unfor-
tunately the diagnosis of biliary dyskinesia 1s still often
not considered 1n patients with ultrasound-negative
right upper quadrant pain. In fact, several major text-
books of general surgery do not even reference the
term “biliary dyskinesia” 1n the index. Others refer to

poor emptying of the bile ducts, implicating ampullary
dysfunction as a cause *7 Many of these patients have
a history consistent with biliary colic, with symptoms
of nght upper quadrant pain, nausea, vomiting, and
bloating occurring after ingestion of fatty foods If the
ultrasound scan 1s normal, other tests are usually or-
dered (e.g , esophagogastroduodenoscopy, upper gas-
tromtestinal series, CT scan, and intravenous pyelo-
gram). However, 1f their test results are normal, many
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of these patients undergo no further tesung and are
not referred to a general surgeon for evaluation, de-
spite continued symptoms consistent with biliary colic

Thus report details the results of a retrospective re-
view of more than 200 patients who underwent chole-
cystectomy for biliary colic without evidence of
cholelithiasis (1 e , bihary dyskinesia) The preopera-
ttve CCK-HIDA results are evaluated and correlated
with the patient’s reported outcome after cholecys-
tectomy These results are then compared with those
from previously published reports on surgical treat-
ment of biliary dyskinesia

MATERIAL AND METHODS

Records were reviewed after they were 1dentfied
by a computer search of patients undergoing chole-
cystectomy for bilary dyskinesia The following three
military hospitals participated in the review Evans
Army Community Hospital (Fort Carson, Colo ),
Willlam Beaumont Army Medical Center (El Paso,
Tex ), and Womack Army Medical Center (Fort
Bragg, N C.) The charts of patients undergoing
cholecystectomy (open or laparoscopic) between 1988
and 1995 for biliary dyskinesia were reviewed. A total
of 295 records were obtamed for review and the pa-
tients were contacted by telephone, office visit, or
mailed questionnaire These patients were asked
whether they were asymptomatic, improved, or not
improved after cholecystectomy The inpatient
records were reviewed for CCK-HIDA ejection frac-
tion (EF), reproduction of pain by cholecystokinin
(CCK) mjection, result after cholecystectomy, pathol-
ogy report, and complicanons. The EF in normal in-
dividuals 1s approximately 74% % An EF of 50% was
chosen because 1t 1s two standard deviations below the
mean for normal ndividuals Other authors have se-
lected this as well 10

RESULTS

The follow-up rate was 74%, with 218 patients out
of 295 being contacted either by telephone or per-
sonal interview The length of ume between the pa-
tient’s surgery and the follow-up ranged from 22 days
to 6 years, with an average time after cholecystectomy
of 1 4 years Pauents were questioned about whether
they were free of their preoperative symptoms, were
significantly improved, or had no improvement after
cholecystectomy The results were then compiled and
divided 1nto two major groups based on the results of
their preoperative CCK-HIDA scans. Previous stud-
1es have used values between 35% and 50% to indi-
cate abnormal gallbladder function %! Group 1 had
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an EF <50% (n = 200, 92%) and group 2 had an EF
=50% (n = 18, 8%) Group 1 was then subdivided
into those who had their pain reproduced with CCK
mjection and those who did not In group 1 (EF
=50%), 96% of patients who had their pain repro-
duced by CCK 1njection had a satisfactory result (pain
free or significantly improved), and 89% of those in
group 1 who did not have their pain reproduced by
CCK had a sausfactory result The outcome of pa-
tients in group 1 1s shown 1n Fig 1 In group 2 (EF
>50%), 83% had a sausfactory result after cholecys-
tectomy, these results are shown m Fig 2 Most of the
patients m group 2 had undergone extensive workups
prior to cholecystectomy for their nght upper quad-
rant pain.

Pathologic examination of the gallbladder in these
patients yielded the following results chronic chole-
cystitis in 158 (72%), normal findings 1 101 (46%)
and cholesterolosis in 53 (24%) Thirteen specimens
(6%) had small stones (not found preoperatively on
ultrasound examination) and three specimens had
cholesterol polyps There was one specimen that con-
tained a pancreatic rest Many of these patients had
multiple pathologic findings, most commonly chronic
cholecystitis and cholesterolosis

There were nine complications out of 218 proce-
dures (4%). These included the following three
wound nfections (open cholecystectomies), one en-
terotomy, one case of postoperative pneumontia, one
hematoma, one mcisional hernia (open cholecystec-
tomy), one case of intravenous site phlebitis, and one
conversion to open cholecystectomy because of bleed-
ing After cholecystectomy three patients reported 1n-
creased loose bowel movements severe enough to re-
quire medical attention One patient noted increased
bloating and belching

DISCUSSION

Biliary disease without stones has been recogmized
by surgeons since the early 1920s. Whipple!? pub-
lished a study 1dentifying 47 patients with biliary colic
who underwent cholecystectomy but did not have
cholelithiasis He followed these patients and found
that 36 (76%) of 47 were relieved of their symptoms
following cholecystectomy, whereas 89% of the pa-
tients with cholelithiasis were asymptomatic following
cholecystectomy Blalock!® also demonstrated that in
a series of 103 patients followed after cholecystectomy
without stones, 68 (66%) were without symptoms, 17
(16 5%) were improved, seven (6 8%) were not 1m-
proved, nine (8 7%) died after the operation, and two
(2%) died of other causes within 1 year These patients
were all operated on for symptoms alone
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Fig. 1. A, Results 1n 200 patients who underwent cholecystectomy for biliary dyskinesta with an EF
<50% Black bars represent those who experienced pamn reproduction with CCK injection Gray bars
represent those who did not have their pamn reproduced by CCK 1njection The asymptomatic plus im-
proved rates are 96% and 89% for those with and without pain reproduction, respectively B, Results in
200 patients with an EF <50%, combining those with and without pain reproduction The asymptomatic
plus improved rate 1s 94 5%
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Fig. 2. Results in 18 pauents with an EF >50% and pamn reproduction Note that the asymptomatic
plus improved rate 1s 83 %, whereas the asymptomatc rate 1s 67%
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In 1924 Graham and Cole!* introduced cholecys-
tography, which changed the way biliary disease was
diagnosed Before cholecystography, surgeons relied
on patient history and physical examination to di-
agnose biliary pathology After 1924, they had a test
to determine the presence or absence of stones be-
fore surgery. In 1934 Mackey'’ reviewed 243 chole-
cystectomies performed without evidence of chole-
lithiasis He found that 60% were 1mproved or
cured, 37% had unsatusfactory results, and 3% died
He advised that cholecystectomy be performed only
for gallstones or a deformed gallbladder on preop-
erative cholecystography. This school of thought
persisted as diagnostic tests became more accurate
in demonstrating cholelithiasis In 1956 Glenn and
Mannix!6 recommended that the gallbladder not
be removed if stones or cholecystitis were not found
at surgery

Although the focus of surgical treatment was di-
rected at cholelithiasis, patients with symptoms of bil-
1ary colic but no gallstones were still seen by a physi-
cian A diagnostic test to identify patients with biliary
dysfunction was needed CCK was 1dentified as the
hormonal trigger for gallbladder contraction in 1928
by Ivy and Oldberg 7 However, CCK was not avail-
able for clinical use until 1958 when Broden!8 ijected
porcine CCK during cholecystography to evaluate the
motor function of the gallbladder In 1975 Freeman
and Cohen!® used CCK 1njected during cholecystog-
raphy to predict which patients would benefit from
cholecystectomy for biliary dyskinesia. They found
that out of 22 patients with either a decreased ejec-
tion fraction, bile crystals, or symptoms that were re-
produced with CCK injection, 95% had relief or 1m-
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provement of symptoms after cholecystectomy Grif-
fen et al ! reported similar results in 1980 with 95% of
patients becoming asymptomatic or improved follow-
ing cholecystectomy Burnstein et al 2° reported 1m-
provement or complete resolution of symptoms n 21
patients with hypocontraction of the gallbladder or
presence of bile crystals In 1984 Lennard and Farn-
don?! used CCK 1njection versus placebo to 1dentify
patients with acalculous biliary pan They found
100% of 26 patients to be asymptomatic following
cholecystectomy.

Nuclear imaging of the gallbladder with technetrum-
99m disofenin became available 1n the 1980s. Fink-
Bennett et al.22 combined CCK mjection with this
1maging modality to accurately measure the ejection
fraction of the gallbladder They reported on 14 pa-
uients with low gallbladder ejection fractions who un-
derwent cholecystectomy All were chinically 1m-
proved after surgery.?? Since 1985 there have been
several other reports of similar results and these are
shown n Fig 3 for comparison Including our study
we reviewed 14 reports that 1dentfied patients with
biliary dyskinesia by using CCK injections combined
with 1maging studies (Table I) The results are sur-
prisingly similar when these reports are compared
The combined percentage of 621 patients who un-
derwent cholecystectomy for biliary dyskinesia who
were asymptomatic or improved was 97% The re-
sults of our study closely matched the combined re-
sults previously published. This supports our con-
tention that patients with bilary dyskinesia identified
by low ejection fractions or reproduction of symp-
toms during CCK-HIDA scans can be treated suc-
cessfully with cholecystectomy

Combined Results of 14 Studies
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Fig. 3. Results of 13 simular studies in the literature combmed with our study Note that the asympto-
matic plus improved rates are 97% for the combined studies and 94 5% for our studies Also, the marked
similanity mn results for these studies should be indicative of results in clinical practice
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CONCLUSION

Patients who have symptoms of biliary colic but
whose ultrasound scans do not show gallstones should
then have a CCK-HIDA scan performed If the ejec-
tion fraction 1s less than 50%, with or without pain
reproduction by the CCK injection, approximately
94% to 96% will be cured or improved after chole-
cystectomy This was evident 1n our results and 1n the
combined data from numerous mvestigators These
patents with symptoms of biliary colic and an abnor-
mal CCK-HIDA scan should undergo cholecystec-
tomy If the ejection fraction 1s greater than 50% and
their pain 1s reproduced by CCK 1njection, other
causes for the pain should be investigated If a thor-
ough search for other causes of upper abdominal pain
1s negative, cholecystectomy should relieve or 1m-
prove their symptoms 1n 83% of these patients We
searched retrospectively and did not evaluate patients
who were diagnosed with symptoms of biliary colic,
had an abnormal CCK-HIDA scan, but did not un-
dergo cholecystectomy This could only be adequately
achieved by a large prospective randomuzed trial The
only study that did follow patients who did not un-
dergo cholecystectomy was that of Musra et al ,> who
followed 29 patients with abnormal CCK-HIDA
scans Of these 29 patients, 97% continued to have
symptoms A controlled randomized study has yet to
be performed Our study represents the largest retro-
spective study to date

Opverall, the CCK-HIDA scan 1s an excellent diag-
nostic tool for patients with symptoms of biliary colic
but who have no stones on their ultrasound scans In
patients with a low ejection fraction (<50%) and bil-
1ary colic, cholecystectomy should be performed,
since the results 1n this setting approach those of
cholecystectomy for stone disease (>90% cured/im-
proved) In the current climate of cost containment,
these excellent results would obwviate the need for ex-
tenstve and expensive medical testing before surgical
therapy 1s recommended
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Glucocorticoids Upregulate Intestinal
Nutrient Transport in a Time-Dependent and
Substrate-Specific Fashion

Pasquale lannols, M D, Jen-nie H Miller, M.S., Charlotte K Ryan, M D, Harry C Sax, M D

Glucacorticoids mediate skeletal muscle proteolysis dunng cnitical 1llness to provide substrates for hepatic
acute-phase protein synthesis and gluconeogenesis The effects of hypercortisolemia on splanchmc sub-
strate uptake are not well defined Thus study characterizes intestunal nutrient transport i response to
acute elevations of plasma glucocorticoid levels New Zealand Whate rabbits were randomuzed to receive
erther dexamethasone (2 mg/kg mtramuscularly) or vehicle and were killed 8, 16, or 24 hours after steroid
treatment Brush-border membrane vesicles were prepared from pooled small intestinal mucosa and the
uptake of tritiated substrates was quantified. Serum msulin-like growth factor 1 (IGF-1) levels, mucosal
DNA content, and mucosal morphology were determuned Glucocorticoids increased glucose and leuctne
uptake at 8 hours (80% and 24%, respectively) and 24 hours (147% and 50%, respectively) Glutamine,
alanine, and arginine transport increased by 42%, 96%, and 236%, respectively, at 24 hours Sodium-sz-
dependent transport (diffusion) of all substrates was increased by 240% by dexamethasone treaunent at 24
hours Mucosal DNA content mcreased by 32%, whereas mucrovillus heights decreased by 27% ac 24
hours No effects were noted on IGF-1 levels or gross villus heights Glucocorticoids acutely accelerate
mntestinal nutrient transport in a tme-related and substrate-specific fashion  Although the mechanism of
glucocorticoid action remains unclear, both genomic and plasma membrane effects are implicated

(] GASTROINTEST SURG 1998,2 449-457 )

The concept of physiologic adaptation to stress was
first proposed 50 years ago.! Accordingly, increased
adrenal corusol secretion has been considered an es-
sential component of the stress response.? Clinical
practice supported supplementing adrenal-insufficient
patients with high-daose glucocorticords during pen-
ods of operative or metabohc nsult 3

The metabolic stress response 1s characterized by
negative mitrogen balance, skeletal muscle proteoly-
s15, and amino acid flux to the liver + Glutamine and
alanine are mobihzed from skeletal muscle stores via
the splanchnic bed to support hepatic acute-phase
protein synthesis and gluconeogenesis > Catabolic
states alter the hormonal miheu that influences ammo
acid and proten metabolisin. Concentrations of the
counter-regulatory hormones glucagon, cortisol,
growth hormone, and the catecholamines are -

creased during acute 1illness.® Insulin concentrations
are varnable, and a relanve ussue msulin isensitvty 1s
frequently present.”

A great deal 1s known about the role of the liver,
lung, and skeletal muscle 1n amino acid metabolism
during cnitical 1illness, but little 1s known about the
role of the mtestinal mucosa 1n amino acid metabo-
lism during stress states. We have recently demon-
strated that surgical stress enhances mucosal nutrient
uptake in the small intestine and that a nonspecific
stress or inflammatory response may be responsible.®
Thus catabolic response 1s mediated, in part, by glu-
cocorticowds ? If glucocorticods serve to mobilize
amino acids from skeletal muscle to liver, 1t seems tog-
ical that they would also influence the liver’s primary
source of amino acids—splanchmic nutnent transport
Tlus study characterizes intestinal nutrient transport
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and investigates the potenual mechanisms of trans-
port upregulation 1 response to acute elevations n
plasma glucocorticoid concentrations

MATERIAL AND METHODS
Subjects

Eighteen male New Zealand Whte rabbits (Hazel-
ton Research Products, Inc, Denver, Pa), each
weighing 2 kg, were housed 1n individual cages in
light/dark-cycled, temperature-controlled rooms in
accordance with institutional guidelines and the
“Gude for the Care and Use of Laboratory Animals”
(Department of Health and Human Services, Na-
uonal Institutes of Health) All experimental proto-
cols were approved by the Institutional Animal Care
and Use Committee Animals were provided with 170
g of standard Purina Rabbit Chow (Purina Mills Inc,
St. Lous, Mo.) per day and water ad libitum up to the
ume they were killed

The rabbits were randomized to either the gluco-
cortocord (dexamethasone, 2 mg/kg intramuscularly,
n = 14) or the control (no treatment, n = 4) group
Control anmmals were killed immediately, whereas the
experimental amimals were killed 8 (n = 5), 16 (n =
4), or 24 (n = 5) hours after glucocorucoid treatment
The entire length of small bowel distal to the duode-
num was rapidly harvested and rinsed in 1ce-cold
saline solution. The mucosa was scraped with a glass
slide and i1mmediately frozen at —70° C The steroid
injections were admstered so that all animals were
killed dunng midmorning, thereby minmimizing circa-
dian hormonal effects

Reagents and Chemicals

All reagents and chemicals used were of analytic
quality and were purchased from Sigma Chemical
Company (St Louss, Mo.) Radiolabeled 1-[4,5-*H]-
leucine, L-[G-*H]-glutamine, 1-[2,3-*H]-alanine, L-
(2,3,4,5-*H]-arginine, and D-[6-*H]-glucose were
purchased from Amersham Corporation (Arlington
Heights, II1.)

Membrane Vesicle Preparation

Nutrient transport of the small intestnal mucosa
was determmed mn brush-border membrane vesicles
(BBMVs) As previously described, BBMVs were pre-
pared by means of magnesium aggregation and seral
differential centrifugation ® All steps were carried out
at 0° to 5° C Each gram of thawed mucosal scraping
was homogenized 1n 8 ml of buffer containing 300
mmol/L, mannitol and 1 mmol/L N-(2-hydroxyethyl)

Journal of
Gastrowntestinal Surgery

piperazine-N'-2 ethanesulfonic acild (HEPES)-Tins
(pH 7 4) with a Polytron homogenizer (maximal set-
ting) for 45 seconds (Brinkman Instruments, Inc,
Westbury, Conn ) Homogenates from each group
were treated with 100 mmol/L magnesium dichlo-
ride/1 mmol/L. HEPES-Tiis to yield a final magne-
stum concentration of 10 mmol/L. After surring for
20 munutes, the hamogenate was centrifuged for 10
munutes at 2200 Xg (5000 RPM m a Sorvall §5-34 ro-
tor, Du Pont Co , Wilmington, Del ) The supernate
containing brush-border matenial was decanted and
centrifuged for 5 minutes at 3300 Xg (6000 RPM)
The supernate was then centrifuged at 45,000 Xg
(19,000 RPM) for 35 minutes The brush-border
membrane pellet was resuspended 1n 350 mmol/L
mannitol and 50 mmol/L. HEPES-Tis and cen-
trifuged agamn at 45,000 Xg (19,000 RPM) for 35
minutes The final pellet was resuspended in the same
buffer to yield a final protein concentraton of 10 to
15 mg/ml

Transport Measurement

The uptake of tritated substrates (glucose, glura-
mine, leucine, alanine, and arginine) was measured by
a rapid mixing/filtravon technique in the presence
and absence of a sodium gradient For each uptake
measurement, 10 ul of BBMV and 40 pl of radioac-
ave uptake buffer were placed separately at the bot-
tom of a 12 X 75 mm polystyrene tube (VWR Scien-
ufic, San Francisco, Calif) The uptake buffer com-
ponents were adjusted so that the final concentration
muxture contained initial gradients of 124 mmol/L
sodium chloride or potassrum chlonide and 100
pmol/L substrate An electronically controlled device
mutiated the reaction by rapidly vibraang the tube Af-
ter 10 seconds, 1 ml of 1ce-cold stop buffer (150
mmol/L NaCl and 10 mmol/L. HEPES-Tris) was
added to quench the reaction This ime point was
chosen to ensure measurement of the rapid mitial 1n-
flux before equilibration of the sodium gradient. The
quenched reaction mixture was vacuum filtered onto
a prewetted and chilled 0 45 pm nitrocellulose filter
(Gelman Sciences, Inc., Ann Arbor, Mich ) to sepa-
rate intravesicular from extravesicular radiolabeled
substrate, washed with 8 ml of ice-cold stop buffer,
and dissolved m Cytoscint scintllation cocktail (ICN
Biomedicals, Inc, Costa Mesa, Calif.) Radioactivity
trapped by the vesicles (representing transport) was
measured by liquid scintllation spectrometry (LS
8000, Beckman Instruments, Inc, Fullerton, Calif )
Values for nonspecific retention of radioacuvity by the
filter and the vesicles were obtamned from zero tune
uptakes and subtracted from rotal filter radicactivity
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The radiocactivity was converted to units of uptake
and expressed as picomoles of substrate per milligram
of vesicle protemn per unit of tme

The sodium-dependent component of substrate
transport was calculated by suburacting uptake 1n the
presence of potassium {sodium-mdependent uptake,
quadruplicate measurements) from that determuned
1n the presence of sodium (total uptake, quadruplicate
measurements). The osmolarnity of varying concen-
trations of amno acids was adjusted with mannitol
All substrate uptakes into BBMVs were normalized to
BBMY protein concentration.

BBMYV Purity

BBMY purity as compared to crude homogenates
of mucosa was confirmed by enrichment of the activ-
ity of the brush-border membrane-specific enzyme al-
kaline phosphatase (AP) with no increase 1n the activ-
ity of the basolateral membrane-speaific enzyme
sodtum/potasstum-adenosine triphosphatase (Na*/
K*+-ATPase) Photometric absorption was read at 410
nm for AP and at 340 nm for Na*/K"-ATPase

Morphology

Villus heights of standard 1 ¢m jejunal segments
fixed 1n hematoxyhin and eosin were determined for
each animal by light microscopy by a surgical pathol-
ogist (C K.R ) who was blinded to the groups. Mi-
crovillus heights were determined by electron mi-
croscopy of 1dentical specimens fixed in 10% formalin
solution (C.K R.)

Mucosal DNA Content

Mucosal DNA content was quantitated spec-
trophotometrically in 50 mg ahquots of mucosa using
the QIAamp tissue kit (catalogue No 29304, Qragen
Inc, Chatsworth, Calf.)

Serum IGF-1 Determination

Vena caval blood specimens were collected at the
tume of harvest. Serum msulin-hike growth factor 1
(IGF-1) levels were determined by a nonextracuon
immunoradiometric assay (IGF-1 IRMA 100T Kit,
catalogue No. 40-2250, Nichols Insttute Diagnostics,
San Juan Capistrano, Calif )

Statistical Analysis

Results are reported as mean values * standard er-
ror of the mean with significance determined by
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analysis of variance (with post hoc Student-Newman-
Keuls pairwise muluple-comparison procedure where
appropriate) at the P <0.05 level.

RESULTS
BBMYV Purity

The BBMV preparations demonstrate a sevenfold
increase m AP activity but no change 1n Na*/K*-
ATPase actmty (P <0.05) (Ig. 1)

Sodium-Dependent Transport

Sodium-dependent transport 1s illustrated 1n Fig.
2. Glucocorticoid treatment accelerated sodium-de-
pendent glucose and leucine transport by 77% and
20%, respectively, compared to values m control am-
mals 8 hours following treatment (P <0.05) These
changes normalize by 16 hours (P = NS) but are fur-
ther accelerated by 140% and 36%, respectively, com-
pared to control values 24 hours following treatment
(P <0.05). Sodium-dependent glutarmine transport
exhibits a profile similar to that of glucose and leucime
transport but does not achieve significance despite a
24% 1ncrease at 8 hours and a 29% increase at 24
hours compared to contral values (P = NS). Sodium-
dependent alanine uptake 1s upregulated by 70% at
24 hours following treatment compared to control
values (P <0.05) There were no differences in
sodrum-dependent arginime transport (P = NS).

Sodium-Independent Transport

Glucocorticoids increased sodium-independent
transport of all substrates by approximately 240% at
24 hours following treatment compared to values in
control amimals (P <0 05, Fig. 3). There were no dif-
ferences for any substrate at 8 hours and 16 hours fol-
lowing glucocorticord administration compared to
control values (P = NS)

Integrated Transport

To draw some analogy to the living anumal,
sodium-dependent and sodrum-independent trans-
port values were pooled for each substrate to sumulate
total substrate transport (Fig 4). The effect of gluco-
corucoids on total glucose and leucine transport par-
allels both the pattern and magmitude of change seen
in sodium-dependent transport alone (P <0.05). Total
glutamine and alanine transport upregulation also
parallels sodium-dependent transport alone at 8 and
16 hours (P = NS) but attains significant 42% and
96% 1ncreases, respectively, at 24 hours (P <0 05).
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Fig. 1. Speatfic activity of marker enzymes for brush-border and basolateral membranes The actuvities
for alkaline phosphatase (brush-border membrane) and Na*/K*-ATPase (basolateral membrane) in vesi-
cles were compared to those of crude homogenates Values are expressed as relative ratios to crude ho-
mogenate Asterisk (*) denotes P <0 05 vs crude homogenate
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Fig. 2. Sodium-dependent substrate transport into BBMVs The figure 1s 2 compuostte of quadruplicate
BBMYV preparations Asterisks (*) and number signs (#) denote P <0 05 vs unmarked groups for each

time point
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Fig. 3. Sodium-independent substrate transport mto BBMVs The figure 1s a composite of quadrupheate
BBMV preparations Asterisks (*) and number sign (#) denote P <0 05 vs unmarked groups for each
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sign (#) denote P <0 05 vs unmarked groups
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Total argimine transport at 8 and 16 hours following
glucocorticoid treatment 1s not different from values
in control ammals but mncreases by 236% (P <0 05)
at 24 hours compared to control values, mainly as a
consequence of sodium-mdependent (diffusion) argi-
nne transport upregulaton

Morphologic Assessment

Villus heights were not different among the exper-
imental groups (P = NS, data not shown) Gross cel-
lular histology was qualitatively normal throughout
(P = NS, data not shown) Microvillus heights at 8
hours (6 56 = (.08 pm) were not different from val-
ues 1n control animals (6.89 * 0.36 um, P = NS) but
were decreased by 27% at both 16 hours (5 08 = 0 09
pm) and 24 hours (5 01 = 0 11 pwm) compared to
control values (P <0.05)

Mucosal DNA Content

When standardized for crude mucosal protein con-
centration (ug DNA/mg mucosal protemn), total
DNA content at 8 hours (99 72 = 4 80 pg) and 16
hours (119 29 = 6.28 pg) following treatment was not
different from control values (106 57 = 6 90 pg, P =
NS) but was 75% greater (186 84 = 12 12 pg) at 24
hours after glucocorticord admimistration (P <0 05)

Serum IGF-1 Concentration

Glucocorticoid treatment exerted no measurable
effect on serum IGF-1 concentrations 1n any experi-
mental group (data not shown)

DISCUSSION

To our knowledge, thus 1s the first study demon-
strating a tume-dependent and substrate-specific glu-
cocorticoid effect on mucosal brush-border mem-
brane nutrient transport Total uptake of both glucose
and leucine (acuve transport plus diffusion) demon-
strates an tutial significant upregulaton at 8 hours
followed by normalization at 16 hours There 1s fur-
ther significant upregulauon at 24 hours Total gluta-
mine, alanine, and arginine uptake does not exhibit
the bimodal pattern of glucose and leucine uptake but
mcreases 24 hours following treatment Sodum-mde-
pendent transport 1s the major mechanism for argimine
uptake, whereas sodium-dependent transport assumes
runimal importance

Amino acid transport into the cytoplasm occurs via
funcuonally and biochemically disunct transport sys-
tems 1 Sodium-dependent transport mechanisms
comprise the majonty of free amino acid transport
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under physiologic conditions ' Actve amino acid
transport 15 a carrier-mediated process that depends
on an electrochemical gradient, which 15 mantained
by an ATP-dependent Na*/K*' pump '* Glucocoru-
coids have been shown to 1ncrease small mmtestinal net
sodium and water absorption 1n rodents, probably by
augmenting mucosal Na*/K*-ATPase acuvity at the
basolateral membrane of willus cells 12 This mecha-
mism probably accounts for the vast majority of glu-
cocorticord-mediated glucose, glutamine, alanine, and
leucine uptake 1in our model

We chose the BBMV model because 1t has been
well validated in previous investigations '© Transport
activity representative of that occurring m ntact cells
15 well preserved, and alterations in transport follow-
ing treatment with hormones, nutrients, growth fac-
tors, and cytokines reflect the changes that occur m
vivo 3-8 The vesicle model permts clear assessment
of intrinsic plasma membrane transport activity with-
out confounding influences from active metabolism,
substrate delivery, and cellular trans-effects.

Amino acids can also diffuse into cells, but this
component of uptake 1s a minor pathway at physio-
logic ammo acid concentrations In our model,
sodium-zndependent transport represents both facili-
tated and passive diffusion of substrates across the
plasma membrane !' Our data demonstrate marked
increases n substrate diffusion in response to dexa-
methasone admuimistcranon  This may represent
steroid-induced changes in vivo in plasma membrane
flmdity or permeability, allowing increased substrate
flux through passive conduits and destabilized junc-
tions 18 Thus effect 1s especially marked with respect
to arginine transport, inasmuch as sodum-imdependent
uptake comprises the vast majority of the uptake of
this chimcally relevant substrate.

The liver 1s the central organ of ammo acid me-
tabolism, assuming particular importance during sep-
tic and inflammatory states Dexamethasone mcreases
system A (alanine), system y* (arginine), and system
N (glutamine) transport activity 1n 1solated hepato-
cytes %20 Dexamethasone may also play a permissive
role 1n the regulatory effects of cytokuines, especially
mterleukin-1, interleukin-6, and tumor necrosis fac-
tor, on hepatic acute-phase protein synthesis 2% Glu-
cocorticolds mediate glutamine and alanine flux to the
hiver from skeletal muscle and lung parenchyma 2324

Our data suggest that dexamethasone induces n-
testinal transport system B and system y*, as well as
sodinm-glucose cotransport Augmented leucine, glu-
tamine, and alanine uptake values are all consistent
with upregulated system B transport 26 System B 1s
affected mn a differential fashion, as lencine transport
demonstrates a bimodal profile of upregulation,
whereas glutamine and alanine transport 1s signifi-
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cantly increased only 24 hours after treatment with
ghucacorticord. We have previously demonstrated dus
differential system B upregulanon in response to epi-
dermal growth factor and human growth hormone
treatment following massive enterectomy 1n the rab-
bit.?” The abihty to enhance the uptake of these spe-
aific nutrients may represent a means of reversing the
catabolic state and improving overall nutritional status
during critical 1llness 283!

The mechanisms by which glucocorticords aug-
ment amino acid uptake are poorly defined Stress
states are accompanied by alterations 1n the secretion
and levels of several hormones that may influence
amuno acid and protein metabolism Stress-related m-
creases 1n endogenous glucocorticoids are generally
associated with hyperglucagonemia, hyperinsuline-
mua, altered fatty acid metabohsm, hypersympathetic
adrenergic tone, relative tissue msuhn resistance, and
hyperglycemia.¢ Glucocorticods could augment in-
testunal nutrient uptake by increasing splanchnic ox-
1dauve fuel requirements, increasing mesenteric blood
flow, upregulating enterocyte membrane transport, or
enhancing mucosal and mitochondrial enzymatic ac-
ity responsible for amino acid utihzation 32

Glucose and lucine transport both exhibit a unique
bimodal pattern of upregulation with an intervening
period of normalization Glucocorticord-mediated
changes mn small intestinal electrolyte transport reflect
time-dependent effects on both crypt and villus cells
in the mucosa ** These different ime-dependent ef-
fects may represent genomic and nongenomuc effects
of steroids on cellular function.!® As the plasma half-
life of dexamethasone m the rabbit 1s approximately
86 + 21 munutes, the pulse dose-induced transport
changes at umes when plasma concentrations should
have normalized 3% The classical explanation of
steroid hormone actton mnvolves activation of high-
affinity intracellular receptors, which then modulate
gene expression and protein synthesis (genomic ef-
fect).?’ The rapidity with which steroids exert theur
electrophysiologic actions strongly suggests that these
hormones also act through nongenomic mechanisms,
potentially by binding to specific membrane recep-
tors. 3

We propose that the 1mutal glucocorticoid-medi-
ated glucose and leucine transport effects at 8 hours
are nongenomuc in etiology. Potentially, a pool of pre-
formed transport proteins 1s mobilized from cyto-
plasmic stores and recruited to the plasma membrane,
thereby effecting greater substrate uptake. By 16
hours, substrate uptake rates normalize as transport
proten reserves are depleted or degraded without re-
plenishment. Steroid-mediated genomic effects be-
come manifest by 24 hours following treatment as de
novo transport protein synthesis is samulated. Our
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data 1llustrate modest mcreases in mucosal DNA con-
tent 24 hours following steroid treatment Cellular
proliferation increases the total number of nutrient
transporters available 1n the intestinal mucosa (V,,,,
upregulation), accounting for increased substrate
transport. A change 1n carner affinuty for 1ts substrate
(K, shuft) 1s unhkely.

Improved nutrient transport within 24 hours fol-
lowing glucocorticoid mnfusion appears to be sec-
ondary to biochemical alterations rather than struc-
tural changes Although ntestinal mucosa may adapt
to conditions of stress by morphologic changes, villus
and mucrovillus hypertrophy was not noted Further,
mucrovillus heights were decreased following steroid
treatment. Alterations in cell surface adhesiveness,
electrophoretic properties, and anagen binding char-
acteristics may be responsible for the observed mu-
crovillus changes ¥

IGF-1 modulates gut function by complex interac-
tions with stress hormones and growth factors * IGF-
1 receptors that mediate the growth effects of IGF-1
in gastrointestinal epithelial cells are present in all
segments of the gastromntestinal tract.’® We demon-
strated no changes in serum IGF-1 levels 1n response
to acute dexamethasone treatment. In contrast, Read
et al ¥ reported depressed plasma IGF-1 levels and
total gut wet weight in rats undergoing prolonged
dexamethasone mfusion Although we did not quan-
titate gut weight, we demonstrated an mcreased pro-
liferative mndex (1 e., increased mucosal DNA content)
and augmented transport function These disparate
findings may represent the differential effects of acute
versus prolonged glucocorticord treatment, in addi-
tion to dose-response and species-specific steroid ef-
fects.
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Discussion

Dr. J. Rombeau (Phuladelphia, Pa ) My questions relate
to the specificity of your results If you inhubit or black the
ghicacorticoids, do you 1n turn abrogate the transport ef-
fects shown 1 the studies® Second, have you had the op-
portunity to look at other counter-regulatory hormones
such as glucagon or the catecholamines® Finally, have you
looked at other amino acids besides those shown in this
study, such as glycine or lysine, to see 1f indeed these are
specific changes?

Dr. P. Iannoli With respect to the 1ssue of blocking
steroid action, we have not done those studies yet The use
of RUA486, an inhibitor of the steroid receptor, has been
shown to downregulate amino acid transport, but those
studies were not performed 1n the gut There 15 no ques-
tion, nonetheless, that the sterod receptor 1s central ta thus
effect Tam not aware of a specific blocker for the cystoso-
lic 94 KD receptor We do plan to block portions of protem
synthesis to define where this effect 1s regulated For exam-
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ple, using such agents as methotrexate, actinomycn D, or
cyclohemmude, we can pipoint whether 1t 15 protemn syn-
thesis or whether 1t 1s RNA transcription or translation We
have not looked at a glucagon or the catecholamines, as-
suming that would be very interesting data We have looked
at hormones such as growth hormone and epidermal
growth factor and have documented changes in ammno aad
transport We have not looked at other amino acids but
chose these to represent multiple, different carner systems.

Dr. 5. Ashley (Boston, Mass ) I think there 1s some ev-
1dence from other studies that once enterocytes move up
from the crypt to the villus, the molecular expression of the
transporter 1s already set and all that changes 1s the amount
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at the brush border That 1s consistent with what you found
I wonder 1f you have done anything to try and separate
crypt cells fram villous cells and to see whether these
changes are specific to one area

Dr. Ianneli, We have not spectfically looked at the ef-
fects of glucocorticords on willous vs crypt cell funcaon
‘We have, however, studied the effects of acute intestinal 1s-
chemia on nutrient transport We have clearly documented
that acute intestnal 1schemia of 1 hour causes uniform loss
of villous tips with retention of crypt cells and maintenance
of completely normal transport m those cells Those crypt
cells likely do retain the ability to adapt to a changing hor-
monal status
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Trends in Bile Duct Injuries From Laparoscopic
Cholecystectomy
R Matthew Walsh, M D, J Michael Henderson, M D, David P Vogt, M D,

Fames T Mayes, M D , Sharon Grundfest-Bromatowsk:, M D , Muchel Gagner, M D ,
Feffrey L Pensky, M D, Robert E Hevmann, M D

Bile duct myuries are a sertous complication of cholecystectomy Laparoscopic cholecystectories (L.C)
were origmally associated with an increased mncdence of injuries Pauents referred to a tertiary center
were reviewed to assess the trends in the number, presentaton, and management Seventy-three pauents
were referred over a 6-year period with a maximum of 17 patients referred m 1992, but the number has
not declined substantially over tme The persistent number of referrals 1s a consequence of ongoing in-
paries One third of mnjuries were diagnosed at LC, and the use of cholangiography has not increased
The number of cystic duct leaks has not decreased and they represent 25% of all cases The level of n-
jury has remaimed unchanged with Bismuth types T and IT i 37% and types II and IV 1n 38% Exclud-
ing patients with cystic duct leaks, $8% were referred after a farled ductal repair Definttive treatment with
biliary stenting was successful 1n 37%, and 34 patients (47%) required a bihary-enteric anastomosts
Complications occurred n 18 patients (25%) mcluding seven with postoperative stricture or cholangitis
No biliary reoperations have been performed at a mean follow-up of 36 months (J GASTROINTEST SURG

1998, 2 458-462)

Withun 2 span of several years, laparoscopic chole-
cystectomy (LC) has largely replaced an operation
that has been n use for a century Benefits that in-
clude less pain and more rapid recovery have hastened
the acceptance of LC -3 The mntroduction of the op-
eration was assoctated with an increased incaidence of
biliary complications, which were reported to be three
umes more frequent than those that occur after tradi-
tional cholecystectomy The incidence of major bile
duct injury following L.C 1s generally agreed to be
0 6%,* whereas the established incidence after open
cholecystectomy 1s 0 2% 8 It 1s possible that wich in-
creased utlizauon and famiharity with the operation
(1e, progression to the platean of the “learming
curve”), the frequency and type of biliary injuries will
be decreased as compared to those mmtially reported
Alternatively, the incidence of bihiary tract complica-
tions may remain elevated and they may be viewed as
an nherent risk of LC

The recognized mcrease 1 biliary tract morbidity
following LC may have altered the performance of

the operation with increased use of operative cholan-
giography, or 1t may have changed the imtial man-
agement of a recognized injury A review of patents
treated at a tertiary referral center for biliary tract in-
juries following LC was undertaken to determine
whether the passage of time has had any impact on
the number of injuries, altered the performance of the
operation, or given any indication of the inherent lim-
itations of the procedure.

MATERIAL AND METHODS

A prospective database 1s maintamned for all pa-
tients evaluated for a laparoscopic bile duct myjury 1n
the Department of General Surgery at The Cleveland
Chnic ‘The imtial patent referral for a bile duct 1n-
jury following LC occurred 1n January 1991, and all
subsequent patients evaluated through December
1996 were reviewed Nearly all patients were referred
from outside hospitals Attempts were made to re-
trieve operative reports, relevant x-ray films, and lab-
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oratory data. The database contains information re-
garding operauve findings, use and success of cholan-
glography, ume to diagnosis, 1mmitial evaluation and
management, ume to referral and presentation, sub-
sequent evaluation and management, complications,
and current status Follow-up consisted of a combs-
nation of chart review, telephone contact, and labora-
tory data from primary care physicians.

To assess significant changes over time, statistical
compartsons were made for the firse 3 years, 1991 to
1993, and the more recent 3 years, 1994 to 1996.
Group comparisons were made for single vanables by
the exact chi-square test and continuous variables by
the Wilcoxon rank-sum test Statistical sigmficance
was determined at P <0 03

RESULTS

Over a 6-year period, from January 1991 through
December 1996, a total of 73 patients were evaluated
in the Department of General Surgery at The Cleve-
land Clinic for bihary complications following LC
Patents were separated by year of referral to assess
trends over time 1n regard to patient characteristics,
presentation, and management. Patient charactens-
tics are presented in Table 1. Results are recorded
when accurate information was available concerming
cholecystitis or performance and outcome of cholan-
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giography based on the operative report. The num-
ber of patents evaluated per year has ranged from a
low of nine 1n 1991 to a maximum of 17 1n 1992,
There has been no substannal reduction since 1993.
The age range 15 19 to 81 years with a mean of 47
years. The percentage of patients onginally operated
on far acute cholecystitis has not sigmficantly de-
creased over time, ranging from a high of 50% in
1991 to 9% 1n 1996 (1991 to 1993 vs. 1994 to 1996,
P =0.25).

The role of cholangiography was investigated
without the benefit of intraoperatve films or opera-
tive videos Less than half of the patients had cholan-
giography attempted and approximately three quar-
ters of these attempts were successful. Correct inter-
pretation of an abnormal cholangiogram was one
method of making the intraoperative diagnosis of a
bile duct injury. There was no sigmificant increase 1n
the utihzation of cholangiography over time in those
patients who sustained a bile duct mjury (P = 0.55).
There also did not appear to be a correlation between
frequency of cholangiography and ability to make the
intraoperative diagnosis of a bile duct mjury.

The mtraoperative diagnosis of a bile duct injury
was made 1n 33% of cases (Table II) and ranged from
24% to 50% per year The incidence has not changed
significantly over time (P = 0.36) Review of the oper-
ative records mdicates that unexplamed bile was the

Table 1. Laparoscopic bile duct injuries Patient characteristics

Acute Cholangiography

Year No of patients Mean age (1) cholecystitis (%) Attempted (%) Successful (%)
1991 9 45 4 (50) 229 1 (50)
1992 17 46 6(38) g (60) 7 (78
1993 10 49 1(10) 4 (44) 3 ({75
1994 16 48 5(3D 8(57) 4 (50)
1995 10 54 1(10) 2(25) 2{100)
1996 11 19 1 9 32D 3(100)

TotaL 73 47 10(14) 28 (4 20 (71
Table II, Laparoscopic bile duct injuries Presentation

Months to transfer
Intraoperative Prior (median)

Year Leak Obstruction Both diagnosis No (%) repair No, (%) Repar  No repar
1991 3 4 2 3(33) 5(56) 16 12
1992 7 5 5 4 (24) 6(35) 41 09
1993 3 6 1 3 (30) 6 (60) 120 09
1994 7 6 3 6(38) 74D 08 03
1995 5 5 0 5(50) 3(30) 234 06
1996 4 5 2 3(27) 5(45) 21 11

ToTaL 29 (40%) 31 (42%) 13 {18%) 24 (33) 32 (44) 47 07
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most common manner 1n which an injury was recog-
mized All patients with an injury recogruzed at LC un-
derwent conversion to an open procedure and repair

Panents were charactenzed at referral by their pre-
dominant type of presentation, erther as a leak, bihary
obstruction, or complex type of injury that included
elements of both (Table IT) The median time to di-
agnosis of a bile duct injury for those not diagnosed
mtraoperatively has not changed significantly, with an
average of 4.5 days. The proportion of solated biliary
leaks has remained constant, represenung 40% over-
all Some component of biliary obstruction predom-
nated at referral, with 60% presenung as an obstruc-
tion or 1 combinauon Forty-four percent of all pa-
tients presented with a prior bihary repair, and if pa-
tients with an 1solated cysuc duct injury are excluded,
58% of our referral population had a failed repair
The type of biliary repair was erther a primary duct
to duct, or bilary-enteric anastomosts The tume to
referral has remained sumilar over ume, at a median
of 4 7 months following a failed repair and a median
0 7 months i1f no repair was performed. In Table III
patents were separated by Bismuth level into 1solated
cystuc duct leaks (type 0), relatuvely easier to manage
common bile duet and common hepatc duct stric-
tures (types I and II), and complex myuries (types II1
and IV) 7 The mcdence of eystic duct leaks has not
significantly decreased over tume, representing ap-
proxumately 25% of all pauents Lower bile duct n-
jurtes (types I and II) and proximal injuries (types 111
and IV} represent an equal proportion of injuries,
37% and 38%, respecuvely, which have remained uni-
form over ume (P = 0 67)

The principal methods of treaument (see Table I1I)
for these injuries included erther endobiliary stenting
or biliary-enteric bypass Definiuve treatment with

Table ITT. Laparoscopic bile duct injuries Management
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biliary stenting alone (achieved by percutaneous or
endoscopic access) was performed in 37%, ranging
from 30% to 44% per year (P = 0 88) Fourteen of
the 27 patients treated with stenting had a common
bile duct, common hepatc duct, or right hepatic duct
leak The remawing 13 patients treated with stents
has a cystic duct leak, 72% of all cystic duct leaks A
total of 34 patients (47%) underwent biliary-enteric
bypass, ranging from 40% to 55% per year (P =
0 91) Seven pauents (20%) underwent preoperative
stenung for at least 1 week, with a range of 4 to 100
weeks Twelve pauents were not primarily treated
with stenting or biliary bypass A variety of proce-
dures were performed 1n this group mncluding percu-
taneous drainage, laparoscopy/laparotomy for aspira-
von and dramn placement, and in two patients no
treatment When biliary-enteric anastomoses were
performed, stenting of the anastomosts was used only
for anastomoses considered tenuous, usually 1n the
setung of proximal, nondilated bile ducts When em-
ployed, postoperauve stents were used for 1 to 3
months

Complicauons occurred frequently m patients
treated for bile duct injuries, regardless of the level of
mjury A total of 18 patients (25%) sustained comph-
cations at a mean follow-up of 31 months, rwo patients
were lost to follow-up Four pauents with complica-
nons (22 %) had 1solated cystic duct mjunes A total of
seven patents have evidence of stricture or recurrent
clinical cholangius following biliary-enteric bypass
Three of these patients have been managed with per-
cutaneous biliary dilatation and four with oral anubi-
otics, no bihary reoperations have been performed
Three of these patients had Bismuth level III n-
juries—two with level IV, and one each wath levels |
and II

Bismuth Comphlications Months’
mury eve V00 level (No) Stent Bypass  Stricture ______follow—up
Year 0 /D MV No (%) No (%) No Other Mean Median
1991 2 6 1 3I(33) 444) 1 Leak 591 637
Small bowel
obstruction
1992 6 § 6 7 (41) 8 (47) Liver abscess 499 526
1993 2 3 5 330 5(50) 1 Cirrhosis 424 471
Pancreatitis
1994 4 7 5 7 (49 7 (44) 2 3-ABD 287 268
Abscesses
1995 2 3 5 330 4 (40 1 Appendicitis 228 173
1996 2 3 6 4 (36) 6(55) 0 Cystic bleed 141 109
ToraLs 18 27 28 2737 3447 7 11 362 3178
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DISCUSSION

A bile duct mjury remains the major complication
of LC, and data from our teruary referral facilicy 1n-
dicate that the number of injuries has not decreased
with ume Although the lughest number of referrals
was seen in 1992, as also found m a mulu-insatutonal
study;® the anticipated tapering in the number of 1n-
juries has not occurred Recent large population-
based studies have documented a reduction n the in-
cidence of mnuries.”Y However, the incidence of in-
jury 1s sall not as low as 1s seen with open cholecys-
tectomy. This has occurred despite increased applica-
tion of the procedure and presumed plateawng of the
learning curve, which may be achieved after as few as
30 laparoscopic cholecystectomies ! Many factors
may be responsible for the consistency n the number
of referrals including complexity of the problems re-
quinng referral to a tertiary center, delayed presenta-
tion of myjuries or sequelae of prior intervention, or
undiminished number of mishaps. We can only spec-
ulate as to the true denominator of LCs and injuries
m our referral population, but if Connecticut 1s rep-
resentative, then 89% of hiliary tract injuries are be-
g managed at the hospital where the LC 1s per-
formed.?

The type and level of injury, mchiding cysuc duct
leaks, have not changed with ttme This implies that
the mechamisms of injury are likely the same. The
ume to diagnosis and tume to referral in our popula-
tion ndicate that we are not 1dentifying an mcreased
number of delayed mnjuries but are continuing to see
acute injuries Although patients with previously re-
parred 1njuries are frequently referred later, this ap-
pears not to be responsible for the persistent number
of referrals Thus our data would suggest that the in-
cidence of referrals for bile duct injuries has not di-
minished because acute injuries conunue to occur

The occurrence of a bile duct injury duning LC can
be atmbuted to the misidenuficauon of ductal struc-
tures.!? Accurate 1dentification of biliary anatomy 1s
possible with correct performance of LC to minumize
the incidence of mjuries to the level seen with open
cholecystectomy 1*-1* Optimal performance of the op-
eration should be possible even 1n cases of severe 1n-
flammation, aberrant anatomy, and poor visualiza-
tion '° Should an 1njury occur, 1t 15 important that it
be recognized intraoperatively to reduce the severity
of the mnjury and the overall treacment costs. 517 Only
one third of our patients had an intraoperanve diag-
nosis of an injury, and the intraoperative detection
rate m other sertes does not exceed 50%.1° Although
intraoperative cholangiography may not prevent an
Injury, 1t can increase its recognition %1% Our data m-
dicate that the value of routine cholangiography has

Bile Duct Injuries After Laparoscopic Cholecystectomy 461

not been accepted by the surgical community, where
28% overall had cholangiography attempted, and our
findings are similar to those from other studies of pa-
tients with bile duct injuries.!?

Management of bihary injuries depends on the
type, presentation, and level of injury The high num-
ber of failled prior repairs reflects the complexity of
some of these mmjuries and supports early referral to
specialized centers.!® This may include the more than
one third of the injuries that may be recogmized 1n-
traoperatively It may be advisable to simply drain a
recognized mjury and not convert to an open proce-
dure where some type of repair will be required. If re-
parir 15 attempted, 1t should be accomplished with
minimal mohlization of the bile duct to decrease fur-
ther proximal 1schemia. In our experience the man-
agement of complex proximal injuries, Bismuth lev-
els IIT and IV, require a multmodality approach Thus
frequently will require a brhary-enteric anastomosis
erther as an immedate, staged, or reoperatve proce-
dure In our experience 20% of patients who require
a biliary-enteric bypass are treated with a period of
stenting. A delayed repair 1s nearly always preferred
when the mnjury can be traversed to allow internal bil-
1ary dramage. This approach 1s not meant to be de-
fimve, but a mechanism to perrmt proxamal dilata-
tion after the stent 15 removed, along with resolution
of any associated bile peritorutis, and to define the ul-
tumate proxumal level of a stricture that may progress
as a result of bile duct 1schemia. Long-term success of
operative repair of biliary strictures 1s excellent,2? but
long-term success 1n patients with more complex n-
Juries has yet to be determmuned.

The persistent number of referrals for cystic duct
leaks 1s surprising since the cystic duct remnant can
be readily secured with Surgiie (Umted States Sur-
gical Corp., Norwalk, Conn.) when necessary 2! Cystic
duct leaks cannot be considered innocuous as they ac-
counted for 36% of our morbidiies Postoperatively
they can usually be managed with a combination of
percutaneous dramage and endobiliary stenting if
necessary *? In our experience an 1solated leak from
the cystic duct or bile duct can be successfully man-
aged with endobiliary stenung

CONCLUSION

The mcidence of hile duct injurses from LC 1s not
decreasing with time "Thhe risk of an injury has not re-
sulted 1n an increased use of operative cholangiogra-
phy 1n the surgical commumty The time to referral
indicates that injuries continue to occur The presen-
tation and level of these injuries have not been al-
tered, implying that the same mechanisms of injury
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are responsible The management of these injuries re-
mains difficult and 1s often associated with complica-
tons
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Contractile Activity of Circular Smooth Muscle

in Rats One Year After Small Bowel Transplantation:
Differing Adaptive Response of the Jejunum

and Ileum to Denervation

Chikashr Shibata, M D , Michel M Murr; M D, Bruno Balsiger, M D , William § Anding,
Miuchael G Sarv, M D

The amm of the present study was to determme the long-term effects of 1sogeneic small bowel transplan-
tation (SBT) on jejunal and ieal cireular smooth muscle contractle actvity 1 the rat. Transmural strips
of circular muscle were prepared from proximal jejunum and distal deumn of 1-year-old controel rats and
rats 1 year after SB'T' (SBT-1Y) to measure 1sometrnc force. Spontaneous contractle activity and the dose-
responses to bethanechol and norepmephrine were studied Electrical field sumulation (EFS) at varying
frequencies (1 to 20 Hz) was evaluated under adrenergic and cholinergic blockade to invesugate in-
hibitory nerves Spontaneous activity both n the jejunum and ileum 1n SBT-1Y rats was pot different
compared to control rats Sensitivity to bethanechol did not differ between control and SBT-1Y rats
the jejunum or ileumn Sensitivity to norepmephrine, however, was significantly increased after SBT 1n the
ileumn but not in the jejunum Dunng EFS, mhibition was seen at low frequencies, and contractions were
induced at hugh frequencies 1n all groups The degree of inhibition did not differ between control and
SBT-1Y rats in the jejunum, however, 1t tended to be mcreased 1n the 1lenm after SBT The long-term
adaptive response of smooth muscle to the extrinsic denervatton accompanying SBT differs between the

jejunum and the tleum (J GASTROINTEST SURG 1998,2 463-472 )

Small bowel transplantation (SBT) represents the
new frontier m the treatment of selected patients with
intestinal failure. Yet, although significant progress
has been made i 1ts clinical apphication, many ques-
tions remain unresolved.!? From a physiologic stand-
point, long-term function of the small intestine after
SBT, however, remains largely unknown. SBT neces-
sitates a chronic and apparently permanent extrinsic
denervation,’ a temporary disruption of 1ntrinsic
neural continuity of the graft with the proximal gut, a
perioperative 1schemia/reperfusion 1njury, and a host
of immune phenomena; all these obligate sequelae of
the transplantation procedure affect intestinal motor
function. Indeed, studies i dogs after models of n-

testinal autotransplantauon have shown changes in
global patterns of motility*7, abnormalines in motor
patterns i humans after intesunal allotransplantation
are less well defined.®

In previous work®!? we studied the contractile
function of jejunal and ileal circular muscle early (1
week and 8 weeks) after SBT and found that SBT af-
fects the contracule actvity in the jejunum and ileum
differently. In the jejunum spontaneous contractile ac-
uvity was mcreased without any changes 1n the sensi-
tvity to cholmergic and adrenergic agents, and the
function of nonadrenergic, noncholinergic (INANC)
mhibitory neurons acttvated during electrical field
stimulation (EFS) appeared to be upregulated 1 week
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after SBT but returned to control acuvity 8 weeks
later In the 1leum, however, neither spontaneous ac-
ity nor function of NANC neurons was altered af-
ter SBT, but the sensiavity to adrenergic agomsts, but
not to cholinergic agomsts, was increased Because we
used an 1sogeneic model of SBT, these changes were
independent of immunologically mediated events and
thus were related to the effects of complete extrinsic
denervation, disruption of conunuity of the enteric
nervous system with the proximal gut, and potentially
an 1schemia/reperfusion mjury necessitated by the
(1so)transplantation procedure

Because the late or chromic effects of SBT on
smooth muscle contractility are largely unknown, we
studied rats 1 year after SBT to sec if these differing
changes in contractlity in the jejunum and ileum per-
sisted We hypothesized that changes i contractile
mechanisms of the jejanum and ileum chserved early
after transplantation would persist 1 year later The
aims of the present study were to determine sepa-
rately m the jejunum and deum the changes m spon-
taneous actvity, sensttivities to the muscarinic cholin-
ergic agonst bethanechol and to the adrenergic ago-
nist norepinephrine, and the response to EFS 1n rats
1 year after 1sogeneic orthotopic SBT This approach
would allow some nsight into the adaptive response
of the small bowel to SBT (chronic extrinsic dener-
vation).

MATERIAL AND METHODS
Preparation of Animals

Procedures and subsequent amimal care were un-
dertaken according to the guidelines of the Anumal
Care and Use Commuttee of the Mayo Foundanon in
accordance with the gutdelines of the National Inst-
tutes of Health and the United States Public Health
Service Policy on the Humane Use and Care of Lab-
oratory Animals All animals used were male mbred
Lewis rats (Harlan Sprague-Dawley, Indianapolss,
Ind ) weighing 250 to 300 g at the ume of arrival An-
1mals were anesthetized by an intrapenitoneal injec-
tion of 30 to 50 mg/kg sodmum pentobarbital (Ampro
Pharmacy, Arcadia, Calif )

Small Bowel Transplantation. SBT was per-
formed using two 1sogeneic rats to avold immuno-
logic phenomenon or the need for immunosuppres-
sive agents, each of which would mtroduce con-
founding variables One-stage orthotopic SBT was
performed using standard microvascular techmques
described previously ? In brief, the jejunoileum was
removed from the donor based on an aortic cuff, in-
cluding the ongin of the superior mesenteric artery,
and on the portal vein Revasculanzation 1n the re-
cipient was performed by end-to-side, aorta-aorta,
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and portal vein—inferior vena cava anastomoses Con-
tinuity of the alimentary tract was reestablished by
immediate end-to-end jejunojejunostomy and tleo-
ileostomny after the nauve jejunoileum was removed
Five and eight rats maintamed for | year after SBT
were used for the jejunal and 1leal experiments, re-
spectively (SBT-1Y)

Controls. One-year-old rats (n = § for the jejunum
and n = 8 for the leum) were used as a control group
because of some experimental evidence suggesting
changes 1n control of contracule actvty with age '3
We did not use a sham-operated control group be-
cause previous work from our laboratory showed that
jejunal and 1leal smooth muscle of sham-operated rats
behaved similarly to that of nonoperated control
rats 912

Recording of Contractile Activity

After rats were anesthenzed as previously de-
scribed, a standardized segment of proximal jejunum
10 cm distal to the duodenojejunal yunction (or je-
junojejunostomy) and distal 1leun 10 cm proximal to
the ileocecal junction (or tleoileostomy) were re-
moved and pinned m chilled modified Krebs-Ringer’s
bicarbonate solution (concentrations 1n mmol/L as
follows NaCl = 118.3, KCl = 47, CaCl, = 25,
MgSO, = { 2, KH,PO, = 12, NaHCO; =25 0, cal-
crum disodium edeate = 0 26, and glucose = 11 1)
The mesentery was excised and the jejunum opened
along the mesenteric border Eight full-thickness
muscle strips (1 to 2 mm wide) cut in the direction of
the circular muscle layer were suspended 1n eighe
temperature-controlled (37 5° C) 25 ml tissue cham-
bers filled with modified Krebs-Ringer’s bicarbonate
solution contiuously bubbled with 95% oxygen and
5% carbon dioxide 'The strips were suspended vert-
cally between a fixed point at the bottom of the cham-
ber and a noncomphant force transducer (Kulite
Semiconductors Products Inc , Leonia, N J ) to mea-
sure 1sometric force Contracule activity was moni-
tored on an eight-channel recorder (Grass 7D Poly-
graph, Grass Instrument Co , Quincy, Mass ) and s1-
multaneously converted to digital signals by a com-
puterized data acquisition system (Biopac Systems,
Inc, Goleta, Calif) The digital signals were dis-
played and stored on a personal computer (Reason
486, Reason Technology, Inc, Minneapolis, Minn )
for on-line analysis using specialized software (Acg-
knowledge, Biopac Systems, Inc, Goleta, Calif )

Tension-Length Experiment. After equilibration
for 45 to 60 minutes with ntervening washout every
15 mumnutes, each strip was incrementally stretched to
its optuumal length (L,), which was defined as the
length beyond which further stretch failed to increase



Vol 2,No §

1998 Jejunal and Tleal Contracule Acuvity After Intestinal Transplantation 465

the amplitude or frequency of spontaneous contrac-
tile actvity. Stretches were separated by intervals of
10 to 12 minutes. All subsequent experiments were

performed at thus L,

Experimental Protocol
Spontaneous Contractile Activity. Basehne spon-

taneous activity was evaluated 1n all chambers at L,
Spontaneous activity was then recorded m two cham-
bers after a 10-minute incubation with 10-% mol/L
tetrodotoxin (T'TX) and 1n four other chambers un-
der NANC conditions after a 35-minute incubation
with atropine (1076 mol/L), phentolamine (5 X 10-6
mol/L), and propranolol (10=° mol/L).

Concentration-Response Experiment. Muscle
strips were exposed to increasmg concentrations of
bethanechol (3 X 1075-10~*mol/L) or norepineph-
rme (1079 - 3 X 10-° mol/L) for 6 minutes before the
next dose was evaluated. After each dose of bethane-
chol was evaluated, the chamber was washed, and the
strip was allowed to equilibrate for 10 minutes before
addmg the next higher dose. In the dose-response ex-
periments to bethanechol 1n the ileum, 1076 mol/L
TTX was admuustered immediately after each wash
In two other chambers, norepinephrine was added in
a cumulative manner without mtervening washes

Electrical Field Stimulation. The response of the
muscle strips to EFS was studied under NANC con-
ditions After determuming opumal conditions 1n the
jejunum and 1tleum separately, square wave currents
(amplitude = 20 and 40 V, pulse width = 4 and 1
msec n the jejunum and ileum, respectively, sumulus
duration = 10 seconds) were delivered every 3 min-
utes, and the responses to varying frequencies (1, 2,
5, 10, and 20 Hz) were studied

Measurement of Weight. At the conclusion of each
experiment, all muscle strips were washed thoroughly,
blotted on a No. 1 filter paper, and weighed

Drugs and Chemicals

Bethanechol chlonde, norepinephrine bitartarate
salt, DL-propranolol hydrochloride, phentolamine
hydrochloride, atropine sulfate, and TTX were pur-
chased from Sigma Chemical Company, St. Louus,
Mo All concentrations are expressed as the final mo-
lar concentration 1n the tissue chamber

Data Analysis

Baseline total spontancous contractile activity, as
measured by the integral of the force (g) generated
per 5 minutes (area under the contractile curve), was
determuned at L, before any interventions were per-

formed The frequency of contractions, analyzed wi-
sually by countng the number of phasic contractions
per 5 minutes, was expressed as contractions per
minute

Responses of muscle strips to bethanechol and nor-
epinephrine were quanttated as the integral of force
generated in the first § munutes after administration
of the drug Dose-response curves were obtaned for
bethanechol by expressing contractile response as the
percentage of the response to the highest dose evalu-
ated (10~ *mol/L} and for the mnhibitory effects of
norepinephrine by expressing responses as the per-
centage of baseline spontaneous contractile activity.
The negative log of the equieffecuve concentration
that caused 50% of the maxumal response (EDs, for
bethanechol), or reduction i spontaneous actvity to
30% of 1ts basal activity (EDs, for norepmephrine)
was calculated.

Contractile activity during EFS was quantitated by
calculating the force generated during the 10-second
stimulus and comparing this value to the force of
baseline acuvity per 10 seconds determined for each
strip for a S-nunute period immediately before be-
ginning EFS The “off contraction” that accurs just
after the EFS 1s stopped was specifically not included
in the response, because this response represents a
different phenomenon and 1s not necessarly a func-
nion of the NANC mhibitory neurons Because the
response to EFS 1s biphasic (inhubitory at low fre-
quencies and stmulatory at hugher frequencies), the
equieffective frequency (Fyog) was calculated, F,q, was
defined as the frequency that produced a response
equal to baseline acuvity, that 1s, the calculated fre-
quency of EFS at which the response to EFS shifts
from net ;mhibition to net sumulation

The force generated was standardized per wet
weight of each strip Each parameter was calculated
for each rat, and the group means * standard error
of the mean (SEM) were calculated. Mean values be-
tween groups were compared with Student’ # test or
with one-way analysis of variance, depending on the
experiment, 1f significance was found with analysis of
variance, means were compared using Student’s # test
with Bonferront’s correction for multiple compar-
1sons. All data were expressed as mean + SEM

RESULTS
Spontaneous Contractile Activity

Jejunum. Nerther the integral of force (total con-
tractile activity) nor the frequency of spontaneous
contractile activity was different 1 year after SBT
when compared to values 1n the 1-year control rats
(Fag 1, Table I). Under NANC conditions, certain
changes occurred. In control ussue the integral of
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Fig. 1. Changes n spontaneous baseline contractile activity of rat circular muscle strips A, Jejunal con-
trol, B, jejunal muscle 1 year after SBT, C, 1leal control, D, ileal muscle 1 year after SBT

Table I. Spontaneous contractile activity of jejunal and ileal circular muscle after small bowel transplantanon®

Baselinet NANC conditionst§ TTX (10 *mol/L)§
Force Frequency Force Frequency Force Frequency
Jeyunum
Control 3204 l6s+11 2200 283 24| 3007 27815
n=273) 32049 (168 18) 33049 (156 £ 16)
SBT-1Y 29%03 13726 2904 157 48 27206 206 x39|
(n=173%) 2709 (122 =31 (34205 (13839
Ileum
Control 32+035 24+05 3406 22x05 28=+05 29+05
(n=298) (33206 2506 (3206 2904
SBT-1Y 38x03 43 +059 40+x04 57209 4105 6208
(n=29) 36x04% (43x05) 4304 @47x06)

NANC = nenadrenergie, noncholinergic, TTX = tetrodotoxin, SBT-1Y = small bowel transplantation 1 year postoperatvely, n = number of

rats in each group

*Mean = SEM, force = g - § mm/mg weight, frequency = contractions/min

tEight muscle strips evaluated in each rat

tArropine (10-5mol/L), phentolamine (5 X 107¢ mol/L), and propranalol (10~* mol/L)
§Numbers 1n parentheses are values before drng admustraton, n = 2 muscle strips per rat
[P <0 05 compared to values 1 the same group before drug admimistration (haseline conditions)

4P <0 05 compared to control values under baselne conditions

force was significantly decreased, and the frequency
was significantly increased, these parameters were not
altered by NANC condinons 1 year after SBT (see
Table I) Admunustration of T'TX did not change the
mtegral of force when compared to baseline condi-
tions but did significantly increase the frequency of
contractions i both control and SBT-1Y rats (see
Table D).

Heum. The frequency of contractions but not the
total force was increased after SBT under baseline and
NANC conditions as compared to control rats (4 3 £
05vs 24*+05and57 =09vs 22 % 05 contrac-
uons/min, P <0 05 each, respectively) TTX induced

stmilar changes, the integral of force was unchanged
in both the control and SBT-1Y rats, but the fre-
quency of contractions was increased in the SBT-1Y

group

Response to Bethanechol and Norepinephrine

Fejunum. Bethanechol induced a dose-dependent
increase m contractile acuvity in the jejunum in both
control and SBT-1Y rats (Fig 2, A) The sensitvities
to bethanechol were not different when the two
groups were compared, the EDyg, 1 year after SBT
was not different from control values (Table IT). Nor-
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Fig, 2. Dose-response curves for bethanechol A, Response in jejunum (n = § rats/group) B, Response
mn deum, TTX (105 mmol/L) was added to the ileal tissue chamber (n = 8 raws/group)

Table . ED;, for bethanechol and norepmnephrine in
rat jequnal and tleal circutar muscle*

Bethanechol Norepmephrmme
Jejunum
Contral (n = 5) 47+01 53x01
SBT-1Y{(n=135) 4802 4903
Ileum
Control (n = 8} 49+01 52+02
SBT-1Y (n = 8) 4802 59+01%

EDy, = equeffectrve dose causing 50% of maximal response, SBT-1Y
= small bowel transplantauon 1 year postoperaavely

*Mean *+ SEM, values are neganve log of drug concentratons that
evoked 50% response, two muscle strips were evaluated per rat

1P <0 05 compared to control value under the same condiuon

epinephrine dose dependency inhibited contracnle
acttvity 1n the jejunum 1n a similar manner in both
groups (Fig 3, A). The ED;, was not different in
SBT-1Y rats when compared to control values (see
Table II)

Hleum. Similar to the findings 1n the jejunum,
bethanechol induced a dose-dependent increase 1n
contractile actvity 1n both groups (Fig. 2, B); the
ED;, to bethanechol did not differ between groups
(see Table II). In contrast to what occurred 1n the je-
junuin, the sensitivity to norepmephrine 1 year after
SBT was markedly increased compared to control val-
ues (Fig 4), the dose-response curve 1n SBT-1Y rats
was shifted to the left (Fig 3, B). EDy, 1 year after
SBT was significantly greater than control values (5.9

+0.1vs 5.2 x0.2, P <0.05) (see Table II), sigmfying
a lesser concentration of norepinephrine to induce
50% inhibition of contractile actvity and thus sug-

gesting a hypersensiivity to norepmephrine 1 the
ileum 1n SBT-1Y rats.

Response to Electrical Field Stimulation

Fejunum. In control tissue, low-frequency EFS (1
to 2 Hz) induced a promment relaxatton in the mus-
cle strip and inhibited phasic contractions, whereas
higher frequencies (10 to 20 Hz) augmented contrac-
tile actmity (Fig 5, A) Significant inhubition of con-
tractile activity was obtamned at 1 Hz, when compared
to basehne acavity immedzately before EFS, and sig-
nificant augmentation occurred at 10 Hz (Fig. 6, A).
The calculated frequency at which the response was
equal to spontaneous activity, Fig9, was § = 1 Hz In
the SBT-1Y group, the responses to various frequen-
cies were not markedly different from those of con-
trol tissue (Fig. S, B). Significant inhubtion and aug-
mentation were obtained at 1 and 2 Hz, and 10 and 20
Hz, respectively (Fig. 6, A). The Fiy (4 £ 1 Hz) did
not differ from the 1-year control values

Ilewm. In the control ieal circular muscle strips,
mhibition was not apparent at lower frequencies (Fig
5, ©), but augmentauon was observed at the higher
frequencies. When quantitated compared to baseline
activity, no consistent inhibition was observed. Sig-
nificant augmentation was noted only at 20 Hz (Fig.
6, B). The F,y, value for the 1leal control was 7 = 2 3
Hz. In contrast, 1 year after SBT, an immediate, well-
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defined relaxation was seen at 1, 2, and 5 Hz (Fig §,
D), and augmentation was observed at 20 Hz The
quantitated pattern of response also differed from
control values (Fig 6, B) The F 4, was mcreased
compared to the control values (17 = S Hzvs 7 £ 2
Hz, P =011)

DISCUSSION

QOur aim was to compare the adaptuve changes in
the contractility of rat jejunal and ileal circular
smooth muscle 1 year after SBT with our previous
observations early after SBT 1! In the current study
we found that not all changes i the contractle re-
sponses observed early (I week and 8 wecks after
SBT) persisted 1 year later, but markedly different
adaptive responses continued to be noted i the je-
junum and leum These observatons demonstrate
that small intesunal smooth muscle adaptation to
chronic extrinsic denervaton 1n the rat 1s region spe-
cific Such differing responses may have important
mnplicatons in the chinical applicaton of SBT, espe-
crally when considering region-spectfic segmental!413
SBT as suggested for living, related donors,

The increased acuvity that had been seen at both 1
and 8 weeks after SBT 1n jejunal circular muscle was
no longer present 1 year after SBT Our previous
work showed that the increased contractile actvity
early after SBT was not secondary to erther increased
sensiavity to a standard cholinergic muscarinic ago-
nist or decreased sensiuvity to adrenergic agonists
In contrast, no marked changes in spontaneous activ-
1ty were noted early after SBT 1n ileal circular mus-
cle,' and at 1 year only a small, albeit statistically sig-
nificant, increase i the frequency of contractions was
noted As with the jejunal muscle, no differences were
noted either carly or late after SBT 1n the sensiowity
to the muscarinic cholinergic agonist but, unhke the
jejunum, the deal circular smooth muscle showed a
marked hypersensitivity to the adrenergic agonist
norepinephrine There was a marked shuft to the left
in the dose-response curve, sigmfying a hypersensi-
tivity to the ihibitory effects of the adrenergic ago-
st The current experiments are not able to further
define the mechanisms of this unexpected finding of
adrenergic denervation hypersensitivity, but recent
work 1n our laboratory suggests that this effect 1s me-
chated by changes m the response of the smooth mus-
cle itself (1 e, receptor density, signal transducrtion
mechanism, and so forth) and not mediated wvia
changes 1n the adrenergic neurons of the enteric ner-
vous system !

We also investigated the effects of blocking se-
lected aspects of tonic mtrinsic {enteric) neural mput

Journal of
Gastromtestinal Surgery

Thus approach was designed 1n an attempt to allow n-
sight into enteric neural control of contractile acuvity
1n response to chrome extrinsic denervation, Because
all extrinsic neural input (vagal, sympathetic) to the
musculans of the small bowel 1s believed to synapse
directly withun the enteric nervous system and with-
out direct mput to the muscle, one might expect
changes in the enteric nervous system 1n response to
chronic extrinsic denervation similar i principle to
the denervation hypersensitivity of skeletal muscle

In jejunal muscle strips 1 year after SBT, we de-
tected no augmentation of contractile activity (either
total force or frequency of contractions) under
NANC condituons of adrenergic and cholinergic
blockade. The addition of T'TX, an agent that inhibats
almaost all enteric neural tone to the smooth muscle
mediated through sodium channels, !¢ also did not af-
fect total contractile force but did increase the fre-
quency of contractions 1 year after SBT 1n the je-
junum These observations at 1 year after SBT differ
1n several respects from our previous observations® 1n
which the response of jejunal muscle strips at 1 and 8
weeks after SBT demonstrated a marked augmenta-
tion of total contractile activity (to values greater than
those in contral tissue) without any 1ncrease 1n the
number of contractions per munute The alterations
in contractile response to selective neural blockade
(NANC conditions) and to near-total enteric neural
blackade (using T'TX) 1 year after SBT suggests a
type of adaptation within the wall of the small intes-
tine to chronic extrmsic denervation involving a de-
crease 1n certain mnhibitory mput from the enteric
nervous system or a change in the jejunal smooth
muscle response to the presumed mhibitory neuro-
transoutters released by the enteric nerves. Whether
this occurs through a change m inhibitory mput or a
reaprocal or transient change m excitatory mput 1s
unknown

The response of ileal circular smooth muscle to se-
lective enteric neural blockade differed from the jemu-
nal response Under NANC conditions, no significant
change 1n total contractile acuvity or in frequency of
contracuons occurred either early after SBT!! or n
I-year-old control ussue A similar lack of response
was noted for TTX (near-complete neural blockade)
In contrast, 1 year after SBT, both NANC conditions
and T'TX mduced a shght but sigmficant reproducible
increase 1n the frequency of contractions These ob-
servations suggest that enteric neural tone may play a
less promunent role mn modulating baseline 1leal con-
tractility 1n normal ussue but after chronic, but not
the more acute, extrmsic denervation, 4 tonic mnput to
the muscle, which functions to partially suppress con-
tractile frequency, may be uncovered, again reflecting



Vol 2,No §

1998 Jejunal and Real Contracule Activity After Intestinal Transplantanon 471

differing adaptive responses of the ileum and jejunum
to the chronic extrinsic denervatuon necessitated by
SBT.

The experiments with EFS were designed specifi-
cally to investigate one aspect of enteric neural mod-
ulation of contractile acuvity, that 1s, the NANC mn-
hibitory neurotransmitters. Because TTX blocks
EFS-induced contractile activity (unpublished obser-
vations), the EFS-induced response 1s presumably
neurally mediated. Our past work!? and that of oth-
ers ‘¢ suggest that SBT may upregulate the acuvity of
NANC neurons and specifically neurons releasing mi-
tric oxide or vasoactive intestinal polypeptide as -
hibitory neurotransmitters. Under adrenergic and
cholinergic blockade (NANC condiuons) in normal
small bowel circular smooth muscle, EFS at low fre-
quencies activates inhubitory neurons (and possibly a
subset of excitatory neurons) and causes a net relax-
ation via an hibitory juncuon potential secondary to
release of an mhibitory neurotransmitter(s), the pn-
mary neurotransmitters believed to mediate this re-
sponse vary 1n different species.!” The two prime can-
didates are mitric oxide and vasoacuve intestinal
polypeptide, but other candidate inhibitory neuro-
transmutters clude carbon monoxide?? and adeno-
sine triphosphate.?! We evaluated the NANC 1n-
hibitory neurons by studying frequency-response
curves m circular muscle strips at various umes after
SBT Previously, in jejunum circular muscle, we
showed that the Fyq value, the calculated frequency
at which the response to EFS was equal to sponta-
neous acuvity (frequency at which inhibinon turned
into augmentation), was significantly greater 1n rats at
1 week but not at 8 weeks after SBT compared to
control tissue, suggesting a relative upregulation of
NANC inhiitory neurons early after SBT '° In con-
trast, n the 1leum, we could demonstrate no changes
1n NANC mhibitory function duning EFS early after
SBT.12 The current study showed that the Fy, 1 year
after SBT was not different from control values in the
jejunum, whereas n the 1leun net inhibitory function
was more promimnent, and the F g 1n rats 1 year after
SBT tended to be greater than control values. NANC
mhibitory function exhibited a temporal variation mn
reference to the time after SBT and a region speci-
ficity (Jejunuim vs. deum); NANC inhibitory function
1 the jejunum 1s increased 1 week after SBT but re-
turns to normal levels thereafter, which persist for 1
year, whereas NANC 1nhibitory effects in the deum
may not be altered carly after SBT but were appar-
ently increased 1 year after SBT The mcrease mn ner
mhibitory function is presumably secondary to an
augmented release of inhibitory neurotransmitters
but could also be the result of a decrease 1n release of

excitatory neurotransmutters; our experimental design
cannot differentiate these possibilities.

The temporal results of this study are presumably
related to adaptive responses to complete extrinsic
denervatton. Previous work 1n the rat? has demon-
strated the lack of extrinsic reinnervation of the trans-
planted small bowel 6 months postoperatively. How-
ever, at | year postoperatvely there 15 a scant extrin-
sic remnervation of both jejunum and ileum. Thas
reinnervation may itself alter the measured “adaptive”
response of the gut smooth muscle to chronic dener-
vation, but of 1tself will not explain the 1leal adrener-
gic hypersensiivity noted at 1 and 8 weeks after 1n-
testinal transplantation 1n our recent study.!? More-
over, the lack of adrenergic hypersensitivity in the je-
janum further contrasts the adaptive responses of the
jejunum and the tleum to extrinsic denervation.

CONCLUSION

Spontaneous contractile activity, sensitivity to
bethanechol and norepinephrine, or the effect of ac-
tivating NANC mhibtrory neurons by EFS did not
change n rat jejunal circular smooth muscle strips 1
year after SBT. In the 1leal circular muscle strips 1
year after SBT, however, a marked hypersensiivity to
norepinephrine was observed, and NANC inhibitory
function during EFS was upregulated, despite the fact
that spontaneous activaty was not largely changed.
The responses of these circular muscle strips were dif-
ferent from those of similar strips evaluated at 1 and 8
weeks after SBT. These observations indrcate a dif-
ferential regulation/adaptation of enteric nerves de-
pending on the duration of time after SBT and the
anatormuc site These changes may have important im-
plications in the clinmical application of small bowel
transplantation 1n humans.

We thank Deborgh I Frank for ber assistance in preparation of the
manuscript
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Surgical Experience With Pancreatic and
Peripancreatic Neuroendocrine Tumors:
Review of 125 Patients

Gio Q Phan, M D, Charles ¥ Yeo, M D., Ralpk H Hruban, M D, Kesth D Lillenoe, M D,
Henry A Put, M D., Jobn L Cameron, M D

Neuroendocrine tumors of the pancreas and peripancreatic area are rare enties with a wade spectrum of
clinical presentation. This study retrospectvely reviews the pauents who underwent surgery for these
tumors at The Johns Hopkins Hosprtal from 1949 to 1996, inclusive There were 125 pauents (65 males
and 60 females) whose mean age was 51 + | years Fifty-eight patients (48%) had nonfunctional tumors,
whereas 64 (52%) had functional tumors 35 (55%) msulmomas, 23 (36%) gastrinomas, three (5%) VIP-
omas, two (3%) glucagonomas, and one (1%) ACTHoma All patients with functional tumors presented
with appropriate signs and symptoms of hormonal excess, 86% of patients with nonfunctional tumors
presented with weight loss, ahdominal pain, or jaundice Preoperative computed tomography (CT) cor-
rectly locahzed the tumor 1n 66 (76%) of 87 patients, angiography in 45 (58%) of 78 patients, and CT plus
angiography 1n 54 (79%) of 68 pauents Tumors were bemgn in 60 patients (48%), malignant 1n 65 pa-
tients {52%), and were located 1n the head, neck, or uncinate pracess of the pancreas in 54, body 1n 14,
tail mn 18, and duodenum 1 eight The most common operative procedures performed were 50 pancre-
aticoduodenectomies (40%), 39 distal pancreatectormes (31%), and 21 tumor enucleations (17%) Nine
synchronous hepauc resections were performed for metastases Of the evaluable patients, 46 (43%) had
postoperative complications, the most common of which were pancreauc fistula (16%), wound infecton
(15%), and delayed gastric emptying (8%) There were three 1n-hospital deaths (2 8%) With a mean
follow-up of 55 * 6 months, there have been 30 addinonal deaths, 23 of which were related to disease
progresston The overall 2-, 5-, and 10-year actuarsal survival rates were 82%, 65%, and 47%, respec-
aively The 5-year survival for patients with functional tumors was 77% compared to 52% for those with
nonfuncaonal tumors (P = 0 025), the 5-year survival for panents with benign tumors was 91% compared
to 49% for those with malignant tumors (P = 0 0004) By univariate analysis the most powerful predic-
tor of poor outcome for pauents with mahgnant tumors (n = 60) was positive surgicgl margms (P =
0 006) This single-insttution experience documents low mortality and moderate morbidity for paents
treated operatively for pancreatic and peripancreatic neuroendocrine tumors The most favorable out-
comes are observed 1n patients with benign functional tumors and 1n those with completely resected ma-
Lignant umors {J GASTROINTEST SURG 1998,2 473-482 )

Pancreatic and penpancreatic neuroendocrine tu-
mors are uncommon neoplasms with an annual 1nei-
dence of approximately five climcally recognized cases
per million persons The first account of an 1slet cell
tumor of the pancreas was published 1n 1902 by
Nicholls,! who discovered an mmcidental adenoma at
autopsy In 1927 Wilder et al.2 reported the first ma-
lignant pancreatic endocrine tumeor, an mnsulinoma

that had infiltrated most of the pancreas and metas-
tasized to the liver In 1929 Howland et al.? reported
the first surgical cure of a functional pancreatic en-
docrine tumor via the enucleaton of a berugn msuli-
noma from the body of the pancreas. In 1940 Whip-
ple? performed the first pancreaticoduodenectomy for
an 1slet cell carcinoma of the pancreas, the pauent
lived for 10 years before dying of tumor progression
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In addition to the classic presentation of hypo-
glycemia due to insulinoma, several ather chnical syn-
dromes have been described for tumors producing
gastrin, vasoactive intestinal polypeptde (VIP), glu-
cagon, and somatostatin In 1955 Zollinger and Elli-
son® proposed the triad of gastric hypersecretion, pep-
tic ulceration, and non-beta cell islet tumors, thus
defining the gastrinoma syndrome. Although Priest
and Alexander® m 1957 first described the association
of an 1slet cell tumor with severe watery diarrhea,
Verner and Morrison” in 1958 further defined the
syndrome now known to be related to excess circulat-
ing VIP. In 1942 Becker et al ® described an unusual
rash 1n a patient who had diabetes, weight loss, ane-
mia, and a pancreatic endocrine tumor However, 1t
was not unnl 1966 that McGavran et al * documented
elevated glucagon levels in a patient with a stmilar
climical syndrome including the classic dermatologic
manifestation of necrolytic migratory erythema. The
somatostagnoma syndrome was first reported in 1977
by Ganda et al ,'% who described a woman with dia-
betes, cholelithiasis, and a pancreatc tumor demon-
strating abnormally high levels of somatostatin The
somatostatin syndrome was further defined by Krejs
etal "' in 1979 Several other even rarer syndromes
have been described for pancreatic tumors secreting
adrenocorticotropic hormone (ACTH), parathyroid-
like hormone, calcitonin, gastrin-releasing factor
(GRF), and neurotensin 1

For neuroendocrine tumors of the pancreas and
pertampullary region, the indications for surgical
therapy are to relieve the symptoms of hormonal ex-
cess 1n pattents with functional tumors and the ob-
structive and constitutional symptoms of patients with
nonfunctional tumors Although enucleaton and dis-
tal pancreatectomy are appropnate surgical options in
many cases, a pancreaticoduodenectomy may be nec-
essary for larger or malignant tumors 1volving the
pertampullary region. This article reviews the chinical
presentation, preoperative evaluation, intraoperative
and postoperative management, pathology, and sur-
vival of 125 consecutive patients undergoing surgery
for pancreatic and peripancreatic neuroendocrine tu-
mors at The Johns Hopkins Hospital

PATIENTS AND METHODS
Patient Selection and Follow-Up

The pathology records of The Johns Hoplkins
Hospital were examined retrospectively to 1949 to
identify patients who had undergone surgery for pan-
creatic or peripancreatic neuroendocrine tumors A
total of 125 patients were 1dentified and their medical

Journal of
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records were reviewed, follow-up was done by tele-
phone or office visit during October and November
1996. Twenty-seven patients were lost to follow-up
and were excluded from the survival analyses Prewi-
ous publications from this institation have included
some of these pauents,!*-16

Diagnostic Criteria

Pauents presenting with approprate signs, symp-
toms, and biochemical endence of hormonal excess
were classified into the corresponding chinical syn-
dromes- insulinoma (Whipple'’s tnad, neuroglycope-
nia, catecholamine surge), gastrinoma (peptic ulcer,
diarrhea, esophagitis), VIPoma (watery diarrhea, hy-
pokalemia, achlorhydra), glucagonoma (hyper-
glycemia, necrolytic migratory erythema, hypopro-
teinemia), and ACTHoma (Cushing’s syndrome). No
patients with the somatostatinoma syndrome were
1dentified in this series Patients presenting without
an apparent clinical syndrome and with normal serum
hormone levels (with the excepuon of pancreatic
polypeptude) were categorized as having nonfunc-
tional tumors, mndependent of the outcome of the 1m-
munoperoxidase staws of the tumor specimen

Tumor Characteristics

The site of the primary tumor was determined by
the operative note or pathology records. Mahgnancy
was defined by evidence of nodal or hepatic metas-
tases found at surgery, or by the development of such
metastases during follow-up In cases in which the
prunary tumor was not found but pathologic exami-
nation showed lymph node mvolvement (as occurred
in 6 patents), the tumor was classified as metastauc.
Tumor size and surgical margin status were obtained
from the pathology report

Postoperative Course

Complications were characterized according to the
following published criteral’? delayed gastric empty-
ing = need for postoperative nasogastric decompres-
ston for more than 10 days, pancreauc fistula = daily
drainage of =50 ml of amylase-rich flmd after post-
operative day 7; intra-abdomunal abscess = radi-
ographically defined or surgically found flud collec-
uon associated with clhinical signs and symptoms of
sepsts, and wound infection = need for the wound to
be parnally or wholly opened and packed Other com-
plications were tabulated using standard accepted cri-
teria.
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Fig. 1. Annual distribunon of the 125 pauents undergoing surgery for pancreatic and peripancreatic
neuroendocrine mumors at The Johns Hoplans Hospital
Statistical Analyses Glu?:l%g/n;)ma

Survival and univariate analyses were calculated by
the Kaplan-Meier method Differences among sub-
sets were compared using the log-rank test. Signifi-
cance was accepted at the 5% level Darta are pre-
sented as the median or the mean = standard error of
the mean. Statistical computations were performed
using erther SPSS for Windows version 7.0 or Corel
Quattro Pro 7.

RESULTS
Patient Demographics

From September 1949 to November 1996, 125 pa-
tients underwent surgery for pathologically proved
pancreatic or peripancreatic neuroendocrine tumors
at The Johns Hopkins Hospital; 83 of these patients
(66%) were treated i or after 1987. The senes was
comprised of 65 men (52%) and 60 women (48%),
with ages ranging from 3 months to 80 years with a
mean of 51 * 1 years. One hundred six patients
(85%) were white, 16 (13%) were black, and three
(2%) were of another race The year of operauon of
these patents 1s depicted mn Fig 1

Clinical Presentation

Nonfunctional tumors were seen 1 58 patients
(48%), whereas functional tumors were found 1n 64

VIPoma
(2 5%)

ACTHoma
(0 8%)

Nonfunctional
(47 5%)

Fig. 2. Distribution of types of tumor 1n the present series
{IN = 122) based on the presence or absence of speaific clinical
syndromes of hormonal excess

(52%), with 35 msulinomas, 23 gastrinomas, three
VIPomas, two glucagonomas, and one ACTHoma
(Fig. 2). All pauents with functional tumors presented
with appropriate signs and symptoms of hormonal ex-
cess. The majonty (86%) of pauents with nonfunc-
tional tumors presented with either abdominal pain,
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weight loss, or jaundice (Table I) The functional sta-
tus of three patients’ tumors could not be determined.
Seven patients had the MEN-1 syndrome (four gas-
trinoma, one wmsulinoma, one VIPoma, and one
glucagonoma)

Preoperative Imaging Studies (Fig 3)

Ninety-eight patients (78%) underwent at least
one of the following preoperatve studies to localize
the tumor computed tomography (CT), magnetic
resonance 1maging (MRI), selective celiac and mesen-
teric angiography, endoscopic ultrasound, portal ve-
nous hormonal sampling, and somatostatin receptor

Table I. Clinical presentation Nonfunctional tumors

(N =58)

Symptoms/signs Patents %
Abdominal pain 32 56
Weight loss 26 46
Jaundice 20 15
Nausea/vomiting 12 21
Pruritus 8 14
Anorexia 8 14
Diarrhea 8 14
Lethargy 5 9
Weakness 4 7
100

Journal of
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imaging. The results of the imaging studies are de-
picted in Fig 3

Intraoperative Factors

The most common operative procedures per-
formed were 50 pancreaticoduodenectomies (40%),
39 distal pancreatectomies (31%), and 21 tumor enu-
cleations (17%) (Fig 4). In 18 patents whase primary
operation was not a pancreatic resection, other pro-
cedures performed included gastrectomy, local duo-
denal resection, palliative gastric or bihary bypass,
liver or pancreatic biopsy, and retroperitoneal mass
resection Among the 11 patents in whom a gastrec-
tomy was performed, seven had the Zollinger-Ellison
syndrome and four had nonfunctional (carcinoid) tu-
mors with gastric mvolvement

Nine patients underwent synchronous hepatic
resection for liver metastases Six of these patients
had nonfunctional tumors and three had functional
tumors (one mnsulinoma, one gastrinoma, and one
VIPoma) One patient underwent a transverse colec-
tomy plus a pylorus-preserving pancreaticoduodenec-
tomy for a malignant msulinoma adherent to the
colon Resection of the superior mesenteric vein and
a left renal vein was performed 1n two separate pa-
tents for nonfunctional tumors infiltrating the ven

Estimated mtraoperative blood loss ranged from
20 to 28,000 ml (1n a patient with a portal vein injury),

100%

90 -

80

70 1

50

30-|

20 4

% of Tumors Successfully Localized

10

CT & ANG
(N=68)

CcT ANG
(N=87) (N=78)

MRI
(N=16)

Endo U/S
(N=8)

PVHS
(N=8)

SSRI
(N=2)

Fig 3 Percentage of neuroendocrine tumors successfully localized preoperatuvely using the following
studies computed tomography (CT), selectve celiac and mesenteric angiography (4NG), magnetic res-
onance 1maging (MRI), endoscopic ultrasound (Erdo U/S), portal venous hormonal sampling (PVHS),
and somatostatin receptor unaging (SSRI) Numbers in parentheses indicate the number of patents un-

dergomng each imaging study



Vol 2,No 5
1998

with a median of 600 ml and a mean of 1285 + 302
ml. The number of units of red blood cells transfused
ranged from { to 35 (in the same pauent with the por-
tal vein 1njury), with a median of zero units and a
mean of 14 + 0.4 units The operatuve ume ranged
from 1 3 ta 13.4 hours, with a median of 5.2 hours
and a mean of § 3 * (.2 hours

Tumor Characteristics (Table II)

Malignant tumors were found i 65 pauents (52%),
whereas bemign neoplasms were found n 60 (48%).
Thirty (47%) of the 64 functional tumors were ma-
hgnant, whereas 35 (60%) of the 58 nonfunctional tu-

Pancreatico-
duodenectomy
(40%)

Enucleation
(17%})

Fig. 4. Types of surgery performed in the management of the
125 patients Other operations mcluded gastrectomy, lacal
duodenal resection, palliative gastric or biliary bypass, and
bropsy of the pancreas or liver

‘Table II. Tiumor characteristics

Expernence with Neuroendocrine Tumors 477

mors were malignant. Of the 64 functional tumors,
the majority (74%) of the insulinomas were bemgn,
whereas the majority of the gastrinomas (69%) and
VIPomas (67 %} were malignant. both glucagonomas
and the ACTHoma were malignant Tumor diameter
data are presented in Table IT

The primary tumor was located 1n the head, neck,
or uncinate process of the pancreas 1n 54 patients
(53%), the body of the pancreas i 14 (14%), the tail
of the pancreas in 18 (18%), the duodenum 1n eight
(8%), the distal common bile duct 1n one (1%), the
stomach 1n one (1%), the retroperitoneum 1n one
{1%), and was mulucentered in four (4%). The site of
the primary tumor could not be determimned 1n 24 pa-
tients m 13 because the tumor was too large (up to
18 cm), 1n s1x because tumor was found only 1n pen-
pancreatic lymph nodes, and in five because the site
was not identified 1n the operauve note or the pathol-
ogy report

Postoperative Course

Postoperative length of stay ranged from [ to 86
days, with a median of 12 days and a mean of 16 + 1
days. Sixty patients (57%) were discharged home
without in-hospital complications, whereas 46 (43%)
had some type of comphcation (Table III). Complica-
tions could not be assessed 1n 19 patients because of
madequate chnical information. The most common
complications were pancreatic fistula (16%), wound
infection (15%), and delayed gastric emptying (8%).
Five patients (5%) required reoperation during the
index hospital stay one for completion pancreatec-
tomy requured for a persistent pancreaticojejunostomy

Tumor function Total No. Malignant

Funcuonal 64 (52%) 30 (47%)

Nonfunctional 58 (48%) 35 (60%)
ToTaL 65 (52%)

Diameter of pnmary tumor (cm)
No. Mean Median Range

Enure group 98 38x03 30 03-180
Functional 49 2603 19 03-90
Nonfunctional 47 5105 40 06-180
Benign 53 35%x05 20 05-180
Malignant 45 41*+03 37 03-125
Tumors requiring pancreatco- 46 3805 30 03-180

duodenectomy

*P <0 001 compared to funcuonal rumors by analysis of variance
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Table III. Postoperative complications

No. of
Complication patients %
None 60 57
Any complication 46 43
Pancreatic fistula 17 16
(1 reoperanon)
Wound infection 16 15
Drelayed gastric emptying 8 8
Intra-abdomunal abscess 6 6
(1 reoperation)
Bihary fistula 4 4
Sepsis (2 deaths*) 4 4
Pleural effusion 3 3
Adult respiratory distress 1 1
syndrome*
Perioperanve myocardial 1 1
farction
Fascal dehuscence 1 1
(reoperation)
Gastrocutaneous fistula 1 1
(reoperauon)
Small bowel obstruction 1 1
(reoperation)
Postoperative hemorrhage 1 1
(death)

*The pauent who was reoperated on for an intra-abdominal abscess
also developed adult respiratory distress syndrome and eventually died
on postoperative day 35 from sepsis

leak, one for dramage of an intra-abdominal abscess,
one for repair of a fascial dehiscence, one for repair
of a gastrocutaneous fistula, and one for small bowel
obstruction There were three n-hospital deaths
(2 8%) one secondary to postoperative hemorrhage
on the first postoperative day after a classic pancreau-
coduodenectomy performed 1n 1967 1n a pauent with
a benugn msulinoma, one secondary to sepsts in a pa-
tient who underwent a distal pancreatectomy in 1970
for a malignant ACTHoma, and one secondary to
sepsis (after reoperation for evacuation of an wmtra-
abdominal abscess) 1n a paunent after a subtotal gas-
trectomy 1n 1980 for a bemign nonfunctional distal
gastric tumor

Postdischarge follow-up of the 98 evaluable pa-
tients revealed that 19 patients (19%) had late com-
plications, eight of which required surgery three for
small bowel obstructuion, four for incisional herma,
and one for gastric outlet obstrucuon Other late
complications mncluded six patients with small bowel
obstruction managed medically, five patients with
late-1dentified wound mfection, two patients wath in-
tra-abdominal abscess managed percutaneously, and
two patients with symptomatic pancreatic pseudocyst
managed percutaneously

Journal of
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Fig 5. Actuanal survival curve following surgery for the enure
cohort (N = 98 evaluable patients) The 2-, 5-, and 10-year
survival rates are 82%, 65%, and 47%, respectively

Survival and Outcome

Follow-up ranged from 1 to 316 months, with a
mean of 55 £ 6 months. Sixty-five patients (66%)
were alive at last follow-up, whereas 33 panents (34%)
have died (including the three in-hospital deaths), 27
patients were lost to follow-up Of the 30 postdis-
charge deaths, 23 were secondary to tumor progres-
sion, two were from unknown causes, three were car-
diac 1n origin, one was from colon cancer, and one
was from sepsis

The overall actuarial survival rates at 2, 5, and 10
years were 82%, 65%, and 47%, respecuvely (Fig 5)
The 2-, 5-, and 10-year survival rates for pauents with
funcuonal tamors were 86%, 77%, and 56%, respec-
uvely, which are significantly better than the 2-, 5-,
and 10-ycar survival rates for patients with nonfunc-
tonal tumors (79%, 52%, and 42 %, respecuvely, P =
0.025) (Fig. 6) The 2-, 5-, and 10-year survival rates
for pauents with benign tumors (95%, 91%, and
70%, respectively) were significantly better than the
rates for those with malignant tumors (75%, 49%,
and 32%, respecuvely, P = 0.0004) (Fig 7)

Unmnivariate analysis of the 60 evaluable patients
with malignant tumors was performed to assess possi-
ble factors influencing long-term survival In this
analysis the type of surgery performed, estimated 1n-
traoperatve blood loss, operauve ume, tumor diame-
ter, postoperative complication status, and postopera-
tive length of stay did not affect long-term survival
However, red blood cell transfusion status and the
functional status of the tumor correlated with survival
and approached statistical sigruficance (both P = 0 14)
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Fig. 6. Actuarial survival curves following surgery compar-
ing patents with functional tumors (solid line, N = 46,
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Fig. 7. Actuaral survival curves following surgery comparing
patients with bemgn tumors (solid line, N = 38, median sur-
vival not reached) to those with malignant rurnors (broken Line,
N = 60, median survival = 53 months) (P = 0 0004)

(Table IV). Patients who received a blood transfusion
had a median survival of 43 months, whereas for those
who did not receive a transfusion, the median survival
was not reached Pauents with nonfuncuonal tumors
had a median survival of 43 months, whereas those
with functional tumors had a median survaval of 71
months. Surgical margin status was the only signufi-
cant predictor of survival Patients with positive sur-
gical margins had a median survival of only 36
months, whereas those with negative margins had a

Expenence with Neurcendoerine Tumors

Table IV. Univariate survival analysis of malignant

479

tumors (N = 60)
Survival (mo)
Parameter Median Mean Pvalue
Transfusion
Yes 43 &4+ 14 014
No NR 55+ 6
Tumor function
Nonfuncttonal 43 62 =11 014
Functional 71 93 = 18
Surgical margins
Posinve 36 336 0 006
Neganve 129 118 £ 17

NR = median survival not reached

significantly longer median survival of 129 months
(P = 0.006)

DISCUSSION

Rienhoff and Lews!® reported the first operation
for an sslet cell umor at The Johns Hopkans Hosptal,
This operation was a noncurative “blind” distal pan-
createctomy performed in 1929 for a presumed 1n-
sulinoma 1n a patient with frequent attacks of severe
hypoglycemua, autopsy showed the tumor to be 1 the
head of the pancreas.’® As shown in Fig. 1, the num-
ber of operations performed for pancreanc and per-
pancreatic neuroendocrine tumors has increased ap-
preciably during the past 10 years. Of the 83 opera-
tions performed since 1987, 42 (51%) have been pan-
creancoduodenectomies!® for a total of 50 pancreau-
coduadenal resections in the present series. This large
proportion of pancreaticoduodenal resections 1s due
partly to a referral bias, as The Johns Hoplans Hos-
pital 15 a tertiary care msttution that for the past
decade has served as a center for pancreatic surgery,
with high volume and low mortality with pancreau-
coduodenectomy.?® The observations that the primary
tumor was located 1n the pertampullary region n 63
patients (head, neck, or uncinate process of the pan-
creas m 54, duodenum 1n 8, and distal common bile
duct 1n 1) and that the average tumor size for the 50
patients requiring pancreatucoduodenectomy was 3 8
% 0.5 cm (see Table II) further support the role of
pancreaticoduodenectomy to allow for complete -
mor resection and potential cure 1n these selected pa-
tients.

As this series encompasses a span of 48 years, avail-
able preoperative 1maging modalities have changed
dramaucally. Thin-shiced, dynamic contrast-enhanced
spiral CT 1s currently the mitial modality of choice
for imaging the hypervascular “blush” of neuroen-
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docrine tumors and for assessing liver metastases Our
experience with CT 1n 87 patients has shown 1t to be
relatvely sensiave (76% success) in detecung these
tumors, as has been reported 1n other series. 2?2 MRI
has been used increasingly based on the assumpnon
that 1t may have improved sensiuvity in imaging
smaller hypervascular tumors, however, most studies
have not shown 1t to be better than CT 2324 Selecuve
mesenteric and celiac angiography has long been used
for localizing the primary tumor, reported sensitivi-
ties have generally ranged from 59% to 91% 2125 An-
giography combined with CT has been shown to pro-
vide little addivtonal informauon on preoperauve tu-
mor localization 2} Endoscopic ultrasound, although
mnvasive, 1 skilled hands can provide invaluable in-
formation, with reported sensitivities and specificiues
of 80% to 100%, 1t 1s generally considered to be more
sensiive than CT and MRI in detecting tumors
smaller than 3 cm 26?7 Transhepatic portal venous
hormonal sampling 15 not routinely used but 15 often
reserved for localizauon of functional tumors after an
unsuccessful first attempt at resection or when all
other locahization modalities have falled Venous sam-
pling can guide surgical therapy by defining the gen-
eral location of venous dramage of the tumor.?® So-
matostatn receptor imaging (SSRI) 1s a new and ex-
ciung modality that has shown great promuse 1n lo-
calizing neuroendocrine tumors.?**% Our successful
albert lumited expertence with SSRI has been with two
pauents with gastrinomas. With the ability to local-
1ze not only small primary lesions but also intra-
abdomuinal and extra-abdomuinal metastases, SSRI may
become the test of choice 1n the future

In the current series, postoperative mortality was
an acceptable 2 8% The two patients who died 1n the
hospital from sepsis were highly debilicated preoper-
atvely The patent with the ACTHoma was n the
hospital for 30 days preoperatively secondary to sys-
temic complications of Cushing’s syndrome before
her neoplasm was diagnosed, the patient with the gas-
tric tumor had a long history of alcoholism and severe
anemia from multiple gastromtestinal bleeding sites
There have been no postoperative deaths i the 92
pauents resected since 1980 Postoperative morbidicy
has continued to be high (43%), although most of the
complications were self-limited and not hife threaten-
ing Eleven of the 17 patients with pancreatic fistula,
seven of the eight with delayed gastric emptying, and
all four patients with biliary fistula underwent pan-
creaticoduodenectomy Despite these complications,
the mortality rate among those who underwent pan-
creaticoduodenectomy was only 2%.

Although neuroendocrine tumors are more mdo-
lent and slow growing than pancreatic adenocarci-
noma, they can sull cause significant morbidity and
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mortality The majonity (52%) of the patients 1n the
entire cohort had malignant tumors, with either
lymph node involvement or distant metastases The
majority of the nonfunctional tumors caused sigmfi-
cant obstructive and constitutional symptoms, as en1-
denced by the fact that 86% of the patients presented
with either abdonunal pan, weight loss, or jaundice
(see Table I). All patients with functional tumors were
symptomatc of the correspondmng hormone at pre-
sentatton Our survival analysis confirms that pancre-
atic and peripancreatic neuroendocrine tumors have
a relatively hugh survival rate, being 65% at § years
for the entire cohort and 49% at 5 years for the sub-
group with malignant tumors Since patients with
functional tumors generally present earlier than those
with nonfunctional tumors (secondary to effects of
hormonal excess), functional tumors have smaller me-
dian size at surgery (1 9 cm vs. 4 0 cm, P <0 001) and
a lower malignancy rate (47% vs 60%) Patients with
funcuonal tumors have a significantly better 5-year
survival (77%) as compared to those with nonfunc-
uonal tumors (52%, P = 0 025), as has been shown 1n
other series 21?2 Additonal details concerning our pa-
tients with nonfunctonal tumors are given 1n Table
V, with comparison to other series of nonfunctional
tumors. In summary, nonfunctional tumors tend to
present during the sixth decade of Life, 60% are ma-
lignant, the majority occur in the head of the pan-
creas, and the 5-year survival rate following resecuon
approximates 50%

Univariate analysis of malignant tumors indicated
that funcuonal tumors tend to correlate with a better
prognosis (see Table IV) Furthermore, blood trans-
fuston was also shown to correlate with a poorer prog-
nosts, transfuston-induced immunosuppression has
been suggested as a mechanism ! However, surgical
margin status was the only significant indicator of
long-term survival, with those having positive mar-
gins having a median survival of only 36 months com-
pared to 129 months for those with negative margins
(P = 0006) Other studies have concluded similarly
that aggressive resection of malignant neuroendocrine
tumors 1mproves long-term survival 32-3

This report serves as a retrospective review of the
surgical therapy for pancreatic and peripancreauc
neurcendocrine tumors at one 1nstitution, encom-
passing the years 1949 to 1996, inclusive Two previ-
ous reports have focused on pancreaticoduodenec-
tomy for these tumors,'*16 whereas another report
provided an analysis of only 37 pauents treated surgi-
cally between 1979 and 1990 13 The current series up-
dates our previous reports, includes patients with all
forms of surgical intervention, and covers a 48-year
ume span In conclusion, surgical management of
pancreatic and peripancreatic neuroendocrine tmors
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Table V. Case series of nonfunctional tumors
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JHH M.D. Anderson®* Mayeo Clinuc?? Cleveland Clime?!
(N = 58) N =73) (N = 27) N =21)

Male 315 (60%) 41 (56%) NS 10 (48%)
Female 23 (40%) 32 (44%) NS 11(52%)
Median age (yr) 57 54 NS 58
Tumor

Malignancy 35 (60%) 2 44 (2 60%) NS 12 (60%)

Mean diameter {cm} 51205 NS NS NS
Site

Head of pancreas/ 29 (50%) 43 (59%) “Predomunantly” 9 (43%)

necls/uncinate

Body 6(10%) 30 (41%) NS 3 (14%)

Tail 4 (7%) NS NS 4 (19%)

Ducdenum 3 (5%) 0 0 0

Extends =2 regions 10 (17%) 0 0 0

Mulucentered 1(2%) 0 0 3 (14%)

Othert 4(7%) 0 0 1 (5%)

Undeterminable 1(2%) 0 0 1 (5%)
Surgery

Pancreancoduodenectomy 32 (55%) 13 (18%) 4 (15%) 3(14%)

Distal pancreatectomy 14 (24%) 18 (25%) 8 (30%) 5 (24%)

Palliative bypass 6(11%) 0 NS 5(24%)

Biopsy and/or other 6 (11%) 42 (58%)% 15 (55%)§ 11 (52%)
Five-year survival rate (%) 52 50 58 (3-year) 63

JHH = The Johns Hopkins Hospital, NS = not stated
*Includes body and tail of pancreas

tIncludes retroperitoneum, distal common bile duct, pancreanc duct, stomach, and other periampullary but nonpancreanc sites
$Includes nonoperative management
§Two procedures were enucleanons, whereas 13 were nonspecified “pallianve” procedures

entails early recogmtion of clinical syndromes of hor-
monal excess, appropriate preoperative localization,
and thorough consideration of surgical options. Ag-
gressive resection, including pancreaticoduodenec-
tomy 1f necessary, appears indicated 1n appropriately
selected pattents with large or malignant tumors, to
allow for complete tumor resecuon and the potential
for long-term survival
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SSAT Patient Care Guidelines

Practice Guidelines for Patients With Gastrointestinal

Surgical Diseases

The Soctety for Surgery of the Almentary Tract Patient Care Commuttee*

Practice gmmdelines have been written for a variety
of medical and surgical disorders, as well as for an-
tibiotic and other drug usage. It 1s the aim of such
guidelines to improve and standardize the quality of
care. Histonically there has been significant variation
n chinical practice patterns, and clinical gmdelines are
designed to set limits for these variations. In addition,
procedures and tests may be administered nappro-
priately because of a lack of familiarity with rapudly
changing technology or with diseases not frequently
encountered. The Society for Surgery of the Alimen-
tary 'Tract (SSAT) Patient Care Guidelines were for-
mulated in an effort to dissermnate useful and up-to-
date information designed to assist practitioners and
pauents m choosing appropriate health care for spe-
cific chinical problems.

In 1995, the SSAT established the Panient Care
Commuttee to develop a set of practice guidelines for
evaluatung and treating patients with common gas-
tromtestnal surgical diseases. The committee mem-
bers 1denufied 10 diseases or procedures and estab-
hshed an outhine that could be followed for each prac-
tice gmideline. SSAT members with recogmzed ex-
pertise 1n specific areas were asked to parncipate in
the development of these practice guidelines The
guidelines were reviewed numerous times and ap-
proved by the Board of Trustees of the SSAT. They
are published with the intent of providing mforma-
tion and direction for evaluating and treating com-
mon gastromntestinal surgical disorders. They wall be
penodically reviewed and revised to reflect the cur-
rent state-of-the-art practice for each disease.

OBJECTIVES

The SSAT Patient Care Guidelines are intended
to provide information regarding the evaluation of
gastromtestinal surgical diseases and to describe the

operative treatment and expected outcome for these
diseases. The gmdehnes should be of value to general
practitioners, speciahsts, health maintenance organi-
zations, and patents, all of whom share an interest in
ensuring quality and improving outcome for gas-
trointestinal surgical disorders. These guidelines
should help practitioners make consistent and appro-
priate decisions. The information contained 1n the
guidelines 1s based on expert opinion and sound sci-
entfic data, all of which should aide n defining the
boundaries of acceptable clinical care.

In addition to concerns about the quality of care
and patient outcome, the cost of maintamning this
quality was also given careful consideration. The
SSAT reasoned that establishmg guidelines for im-
proving pauent care would lead to a decrease n the
cost of this care The cost of evaluation and treatment
of a disease can be reduced provided that tests are uti-
lized appropriately and needless procedures are
avorded. Along with unproved care comes a decrease
1n the mcidence of complications, which also leads to
a reduction of costs. In due course, implementation
of these guidelnes should resule 1n less need to treat
problems arising as a result of inappropriate manage-
ment, and neglected and advanced disease.

GOALS FOR EVALUATION AND
TREATMENT

In developing each guideline, the commuttee care-
fully reviewed all clinical data justifying tests and pro-
cedures. The patient’s overall condition needs to be
considered in the evaluation of any disease, and addi-
tional studies may be jusufied In order for these
guidelines to be as meaningful as possible, they had
to be based on the assumption that no ather signifi-
cant and concomttant diseases were present. How-
ever, the guidelines can also be apphed to all good risk

Reprint requests Thomas R Gadacz, M D , Department of Surgery, Medical College of Georgia, 1120 Fifteenth St, Angusta, GA 30912-

4000 E-mail deptsurg tgadacz@mail meg edu

*SSAT Patient Care Commuttee Members Thomas R Gadacz, M D, Chairman, L William Traverso, M D »Gerald M Fried, MD,
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The SSAT Patient Care Guidelnes were formulated by the Commuttee 1n 1997 Three of these guidelines appear 1n this 1ssue of the

JOURNAL Addizonal gudelines will appear i future 1ssues
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patients with other diseases that are minimal or sta-
ble Tt 1s recognized that complications may arise 1n
assoctation with a procedure, which might not be un-
der the direct control of the surgeon It would be im-
possible to write meaningful guidelines that would
take 1nto account every concervable comphcation that
could occur during and following an operative proce-
dure The current gmdelines are based on the ex-
pected and common outcomes for most patients Of
course, there may be exceptions

The guidelines also provide information regarding
the timing of referral for operanon However, 1t 15
recognized that concomitant diseases or a change n
the status of a disease may require more immediate
referral and treatment

The expectations of operative treatment are given
to provide the referring physician, patient, and/or
health care organization with information regarding
the expected outcome following surgery. This infor-
mation 15 based on data published 1n the surgical lit-
erature as well as the experience of the experts who
helped develop these gmdelines Unforeseen prob-
lems can arise the may alter the course of recovery

METHODS

Ten common gastromntestinal surgical diseases and
procedures were 1dentified The diseases and/or pro-
cedures chosen along with an outline for developing
guidelines were sent to members of the SSAT with
recognized expertise 1n specific areas The guidelnes
they developed were reviewed by several commuttee
members and then by the entire commuttee on several
occastons. Fach gmdeline was then sent back to the
ariginal author for final comment and reviewed again
by the committee Each guideline was approved by
the Board of Trustees of the SSAT and final com-
ments were reviewed by the commuttee These guide-

Journal of
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lines are based on statements and recommendations
that were overwhelmingly supported by clinical evi-
dence Each represents a consensus of opinion and 1s
considered a reasonable plan for a specific clinical
conditon Relevant references are also provided for
most of the guidelines

CONCLUSIONS

The rauonale for practice guidelines has been elu-
cidated Itis hoped that these guidelines will result in
changes 1n clinical care Perhaps the origin of these
guidelines may be a critcal factor in whether they be-
come widely accepted. Our purpose in developing
gudelines for gastromntestnal surgical disorders 1s to
promulgate mformauon that 1s needed to evaluate pa-
uents with diseases that require surgery and to pro-
vide information concerning expected outcomes fol-
lowing specific operatve procedures As practice pat-
terns and technology evolve, these guidelines will
need to be changed accordingly.
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Treatment of Gallstone and Gallbladder Disease Using Cholecystectomy

Gallstone disease 1s a2 major national health care
problem and results in more than 500,000 cholecys-
tectomies per year. The vast majonty of operations
are for symptomatic gallstone disease and more than
80% of cholecystectomies are performed laparoscop-
1cally. Alternative forms of treatment are palhative
rather than curative.

SYMPTOMS AND DIAGNOSIS

What 1s gallbladder pain or bihary cohc? Patients
will gallbladder stones may have transient postpran-
dial nght upper or epigastric abdomunal pamn or pres-
sure discomfort that lasts from 1 to 24 hours Thus 1s
considered the typical biliary colic of gallstone disease,
and removal of the gallbladder and 1ts stones (chole-
cystectomy) 1s the best treatment for most patients
Sometimes the pain may radiate to the back between
the scapulae In some patients the symptoms are nuld
and consist of only vague indigesuon or dyspepsia.

The diagnosis of gallstones 1s usually established
by ultrasonography or oral cholecystography. Other
ultrasound findings, such as a thickened gallbladder
wall or fluid around the gallbladder, suggest the pres-
ence of acute cholecysuus

TREATMENT

Gallstones without any abdominal symptoms are
not an ndication for cholecystectomy, except if the
wall of the gallbladder s calcified or the gallstones are
greater than 3 cm 1 diameter. Once a patient with
gallstones begins to have pain 1 the upper abdomen
for which there 1s no more likely explanation, elective
cholecystectomy 15 indicated There are other indica-
tions for more urgent cholecystectomy such as acute
cholecystitis, gallstone pancreatitis, choledochohthia-
s15 (common duct stones), and cholangitis.

The patient should be seen by a surgeon within a
few weeks 1f the acute episode has resolved or symp-
toms are mild Those patients with marked right up-
per quadrant tenderness, fever, or an elevated white
blood cell count should be seen by a surgeon the same
day Alternatives such as the dissoluuon of gallstones
with oral agents, extracorporeal shock wave litho-
tripsy, and dissolution by insulling solvents directly
mto the gallbladder are not standard forms of treat-
ment and are reserved for very unusual cases Oral
dissolution therapy has very low efficacy and 1s ex-

pensive. Shock wave lithotripsy and contact dissolu-
tion are not approved by the Food and Drug Admin-
1stration

Cholecystectomy may occastonally be mdicated for
patients with gallbladder pain who do not have gall-
stones (acalculous cholecystitis)

Cholecystectomy may be performed using laparo-
scopic techniques or through an abdomunal incision
The advantages of the laparoscopic approach are a
shorter hospital stay, faster return to normal activites,
and mununal scarring. The disadvantages are the su-
perficial view of the abdominal contents and the n-
ability to palpate the bile duct and other abdomunal

organs

RISKS

In pauents undergoing elective cholecystectomy,
the risks are exceedingly low. Rusks related specifically
to cholecystectomy include 1njury to the bile ducts,
retained stones in the bile ducts, and 1njury to sur-
rounding organs. The bile duct injury rate 1s approx-
imately 0.5% for laparoscopic cholecystectomy and 1s
shightly hugher than the rate for open cholecystec-
tomy. The chance of death 1n a good-risk pauent un-
dergomg elective operaton 1s less than 1% The mor-
tality rate for acute cholecysuus 1s sunilarly low un-
less the patient requires an emergency operauon The
risks are usually from comorbid conditions such as
cardiac or pulmonary disease

CONVERSION OF LAPAROSCOPIC
CHOLECYSTECTOMY
TO AN OPEN PROCEDURE

Although a laparoscopic approach 1s feasible in
most patients, conversion to an open procedure 1s oc-
casionally required. Conversion to an open procedure
should not be viewed as a complication, per se, but 1s
an appropriate decision because of the presence of ad-
hesions, difficulty in delineating the anatomy;, or a sus-
pected myury. Thus conversion to an open procedure
may avoid complications

Conversion 1s more often necessary in elderly pa-
uents and those with prior upper abdominal opera-
tions, a thickened gallbladder wall, or acute cholecys-
titis The mncidence of conversion to an open proce-
dure 15 5% to 10%, depending on the pauent popula-
tion
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EXPECTED OUTCOMES

In the majority of good-risk pauents (ASA T and II),
elective laparoscopic cholecystectomy requires no
more than an overnight hospital stay Emergency op-
erations and high-risk patients (ASA III and IV) may
require longer postoperative stays Following open
cholecystectomy, patients are usually discharged after
two or three mghts in che hospital. Hospitalization
may be prolonged 1n patients requiring placement of
abdominal drains or exploration of the bile duct and
n those with complicated biliary trace disease.

After undergomg cholecystectomy for biliary pain,
95% of patients are relieved of the pain The 5% fail-
ure rate represents the mabhility to be certain that the
pain did not have an onigin other than gallstones.
Some patients may have abdominal cramps, bloating,
excessive gas, diarrhea, or heartburn before the oper-
ation. These symptoms are less reliably related to
gallbladder disease and may not be rehieved following
cholecystectomy They can usually be controlled by
dietary manipulation or, if some other abdominal dis-
ease 1s present, treatment of that condition As an ex-
ample, patients with heartburn would require treat-
ment of reflux esophagitis.

TREATMENT OF COMMON
DUCT STONES

Optons for removal of common duct stones include
endoscopic and surgical approaches. An endoscopic ap-
proach 1s indicated for patients with cholangitis, severe
pancreatias, or obstructive jaundice. Endoscopic clear-
ance of common bile duct stones 1s an effective treat-
ment but 15 associated with a small risk of pancreatitis,
bleeding, or perforation Surgical removal of common
bile duct stones can be performed by laparoscopic tech-
mques if appropriate equipment 1s available and the
surgeon has expertise. Open cholecystectomy with
common bile duct exploration 1s a safe and effecuve
treatment, especially if the patent 1s acutely 1l Non-
operative treatment of common bile duct stones 1n pa-
uents who sull have thewr gallbladders should only be
performed after appropriate surgical consultatuon
Since most common duct stones come from the gall-
bladder, cholecystectomy 1s also indicated unless the
patient 1s not considered a suitable operative nisk

COSTS

Cholecystectomy 1s cost-effective when compared
to alternative treatments since 1t defimuvely treats the

Journal of
Gastromrestinal Surgery

disease and reliably alleviates the symptoms. There
may be no sigmficant cost savings between laparo-
scopic cholecystectomy and open cholecystectomy
The savings from the short hospital stay for laparo-
scopic cholecystectomy may be offset by the higher
operating room costs for the laparoscopic procedure.

QUALIFICATIONS FOR PERFORMING
SURGERY ON THE GALLBLADDER

The qualificanons of a surgeon performing any op-
erative procedure should be based on standard resi-
dency wammng (education), experience, and outcomes
At a2 minimum, laparoscopic and open cholecystec-
tomy should be performed by surgeons who are cer-
tified or eligible for cerufication by the American
Board of Surgery, the Royal College of Physicians and
Surgeons of Canada, or their equivalent
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Treatment of Acute Pancreatitis

Acute pancreatius has a range of severity from
edema to necrosis of the gland The edematous form
of the disease occurs 1 approximately 80% to 85% of
patients and 1s self-limited with recovery within a few
days In the 15% to 20% of patients with the most se-
vere form of pancreatitis, hospitalization 1s prolonged.
Infection and other complications inchiding multiple
organ farlure are common. Operative 1ntervention
may be required and survival 1s not assured. The inc1-
dence of acute pancreatitis 1s between 17 and 28 per
100,000 population The patient with severe pancre-
atitis should be 1dentified as early as possible (within 7
days) and managed by a team experienced 1n prevent-
ing and treating its complications.

SYMPTOMS AND DIAGNOSIS

Patients often complain of severe upper abdormnal
pain radiating straight through to the back with asso-
ciated nausea and vomiting Abdomunal findings may
vary from epigastric tenderness on deep palpation to
acute abdominal pain with distention. The serum
amylase and lipase levels are usually elevated but they
correlate poorly with the seventy of the disease Itis
umportant to establish the euology of the pancrean-
us In some cases treatment of a specific cause of pan-
creatts 1s indicated, such as cholecystectomy for pa-
uents with gallstone pancreatitis

Distmguishing patients who are severely 1ll from
those with mild disease may be difficult immnally If the
patient has clinically severe pancreatitis and 15 ade-
quately resuscitated, a CT scan with oral and intra-
venous contrast should be obtamed, provided the pa-
tient’s renal function 1s adequate. The CT scan can
confirm the diagnosis and serve as a useful indicator
of severity. The presence or absence of cholelthiasis
should be determined as early as possible, usually with
ultrasonography Other tests that are helpful in estab-
lishing the sevenity of pancreatitis include arterial
blood gases, complete blood count, and serum chem-
1cal values for calcium, glucose, and creatinine among
others

TREATMENT

Pauents with mild pancreauus usually respond to a
regimen of nothing by mouth, narcoucs for pain re-
lief, and intravenous fluids, with resolution of pain
within 24 to 48 hours If oral intake 1s tolerated, they
can be discharged from the hospital. Patients wich
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pancreatitis secondary to gallstones should undergo
cholecystectomy during the same hospitalization Pa-
tients who have common bile duct obstruction from a
stone at the ampulla should undergo urgent removal
of the stone (preferably by endoscopic papillotomy) if
they have evidence of cholangitis. Patients with a his-
tory of alcoholism should be counseled and encour-
aged to participate 1n a detoxificanon and rehabilita-
tion program Patients with hyperlipdermia should be
placed on an appropnate diet and given drug therapy.

Charactenstically, severe pancreants 1s associated
with a marked mcrease in microvascular permeability
leading to large volume losses of intravascular fluid
into the tissues, thereby decreasing perfusion of the
lungs, kadneys and other organs Probably the single
most unportant element in preventing multiple organ
failure 1s vigorous fluid resuscitation with electrolyte
solutions to optimize the cardiac index and mamntain
hemodynamic stability. Swan-GGanz monitoring 1s
helpful 1n such patients. Few patients develop mula-
ple organ failure in the absence of mfection if flud re-
suscitation 1 vigorous

Patients with severe pancreatiis should be treated
in an mtensive care unit If no unprovement occurs
withun 7 days, the patient should be referred to a med-
1cal center with a team expertenced in caring for pa-
uents with severe pancreatutis. The rationale for this
recomuendaton 1s based on the high mortality and
morbidity associated with severe pancreatiuis

Infection early after the onset of pancreatiis (withun
1 to 2 weeks) carries an onunous prognosts. When 1n-
fecuon supervenes 2 weeks or more after the onset of
symptoms, the mfected pancreatic and peripancreatic
tssue 1s more readily defined and removed at opera-
ton, and consequently the mortality 1s decreased Pre-
venung or delaying mfection with appropriate antibs-
otics reduces morbidity, length and cost of hospital-
1zation, and the need for operauve intervenuon, and
may reduce mortality. Treatment of infected flud
and/or necrotic tissue may include endoscopic, radio-
logic, and operatve procedures. Aggressive nutritional
support 1s also essentral for these pauents

EXPECTED OUTCOMES

The overall mortality rate for severe pancreatitis 1s
reported to average approximately 15%. The average
length of hospital stay varies from 40 to 65 days
These outcomes should improve with adequate early
resuscitation and the use of less ivasive procedures.
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QUALIFICATIONS

Ideally these pauents should be treated by a team
of physicians qualified to care for crincally 1l pauents
and with experience 1n treaung patients with severe
pancreatis Operations should be performed by sur-
geons who are certified or eligible for cerufication by
the American Board of Surgery, the Royal College of
Physicians and Surgeons of Canada, or their equiva-
lent

Joumal of
Gastrontestinal Surgery

BIBLIOGRAPHY

Beger HG, Bittner R, Block S, Buchler M Bactenal contamuina-
ton of pancreatic necrosis Gastroenterology 1986,91 433-438

Bradley EL IIT Acute pancreatins Diagnosis and therapy New
York Raven Press, 1994

Broume AH, Fisen GM, Harland RC, et al Quality of life after
treatment for pancreatitts Ann Surg 1996,223 665-672

Luiten EJT, Hop WO, Lange JF, Brmning HA Controlied ¢lin-
1cal trial of selective decontamination for the treatment of se-
vere acute pancreatitis Ann Surg 1995,222 57-65

Ranson JHC Acute pancreanns In Braash JW, Thomplans RX,
eds Surgical Disease of the Biliary Tract and Pancreas St
Lows Mosby-Year Book, 1994, pp 432-472



Vol 2,No 5
1998

Patient Care Gudehnes 489

Surgical Treatment of Chronic Pancreatitis

Chronic pancreatitis has an meidence of 5 to 10 per
100,000 1n the United States and 1s most commonly
associated with chronic alcohol abuse (75%). The
most common reason for patient presentation s
chronic pain, erther persistent continuous pamn or pain
related to eating. Patients selected for surgical treat-
ment of pain should have some demonstrable pancre-
atic anatomic abnormality Patients with chronic pan-
creatitts have an increased risk of developing pancre-
atic cancer compared to the general population.

SYMPTOMS AND DIAGNOSIS

The major disabling symptom 1 patients with
chronic pancreatitis 1s pain. There 1s often associated
weight loss, and many patients develop narcotic de-
pendency. Diabetes, maldigestion, and jaundice are
also frequently seen.

The diagnosis of chronic pancreatitis and 1ts com-
plications 1s usually made by CT scan, ultrasonogra-
phy, or endoscopic retrograde cholangiopancreatog-
raphy (ERCP) Typical findings include a dilated pan-
creatic duct or “chain of lakes,” pancreatc calafica-
twons, and pseudocysts Biliary or duedenal obstruc-
tion or evidence of portal hypertension may also be
found Distinguishing between chronic pancreatius
and pancreauc cancer may be difficult, particularly 1in
patents without pancreatic caleificanon Marked ele-
vation of the serum CA 19-9 level in a nonjaundiced
patient 1s hughly suggestive of pancreatic cancer

ERCP delineates the pancreatic and biliary ductal
anatomy and 1s important 1 determining which pa-
tients mught benefit from surgery and for planming the
most appropniate operation. In patients with atypical
gastromtestnal bleeding and pancreantis, angiogra-
phy of the cehac and superior mesenteric arteries 1s
indicated to detect and embolize pseudoaneurysms.

In addition to assessing the pathologic anatomy of
the pancreas, 1t 1s important to establish a baseline for
pancreatic exocrine and endocrine funcoon, nutn-
tonal status, pain severity, analges:a usage, employ-
ment status, and quahty of life. Any problems mvolv-
ing continued alcohol or narcotic use need to be ad-
dressed as part of both surgical or nonsurgical man-

agement programs

TREATMENT

Patients with disabling abdominal pain and ew-
dence of chronic pancreatitis who have pancreatic

ductal disruption or obstruction with upstream di-
latation are most likely to benefit from operative m-
tervention. Such patients are best managed by surgi-
cal cyst or ductal decompression or resection. Patients
with chronic pancreatitis and bile duct obstruction re-
quire biliary-entenic decompression Although preser-
vation of pancreatic tissue 1s desirable to maintain
both exocrine and endocrine function, there are situ-
atnons m which pancreatic resection 1s the preferred
treatment. Alternative procedures such as endoscopic
sphincterotomy, short-term stent placement 1n the
major pancreatic duct or pancreatc pseudocyst, and
extracorporeal shock wave hthotnpsy for stones may
provide relief of symptoms on a short-term basis, but
are less effective in the long term

RISKS

The risks associated with operations for chronic
pancreatitis and 1ts complications include infection,
bleeding, biliary and pancreatic anastomic leaks, and
acute pancreatitis The frequency of these complica-
tions ranges from 0.5% to 5% The mortality rate for
pancreatic surgery varies with the procedure and 1s
generally less than 5% for major resections and lower
for nonresecutve operations

EXPECTED OUTCOMES

Good pain relief can be expected 1n 75% to 80%
of patients 1nit1ally and will be sustained mn most pa-
tients for 3 to 5 years. The mcidence of postopera-
uve drabetes and steatorrhea 1s a reflection of the
amount of parenchyma resected and the disease sta-
tus of the residual gland The natural progression of
exocrine and endocrine msufficiency assoctated with
chronic pancreattis exacts an addinonal toll of 10%
to 15% of nondiabeuc patients becoming diabeuc
within a decade. Absunence from alcohol and de-
compression of an obstructed main ductal system
may slow the progression of exocrine and endocrine
msufficiency in some patients but will not prevent
their occurrence. After surgery most patients experi-
ence weight gain The best outcomes occur in pa-
tients who abstain from alcohol and narcotics and
are compliant with pancreatic enzyme replacement
regimens

The average length of stay after major pancreanc
surgical procedures 1s 12 to 16 days, and tends to be
longer after pancreatncoduodenectomy than after dis-
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tal pancreatectomy or ductal decompression opera-
tons

QUALIFICATIONS

Pancreatic surgery should be performed only by
surgeons who are certified or eligible for certification
by the American Board of Surgery, the Royal College
of Physicians and Surgeons of Canada, or their equiv-
alent. These surgeons have undergone at least 5 years
of surgical tramming after medical school graduauon

Journal of
Gastromntesunal Surgery

Pancreanc surgery should preferably be performed by
surgeons who have special knowledge, tramning, and
experience m pancreatic disease.
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Letters to the Editors

Importance of Preoperative and Postoperative
pH Monitoring in Patients With Esophageal
Achalasia

To the Edstors

I greatly enjoy the new Journal of Gastrointestinal
Surgery but I am disappointed that the published versions
of the papers presented at the annual meetings of The So-
ciety for Surgery of the Ahmentary Tract (SSAT) do not al-
ways mclude the discussions that took place at the meet-
ings I refer m particular to a paper by Patt et al (J Gas-
TROINTEST SURG 1997,1 505-510)

The authors of this paper conclude that symptoms are
an unrehable index of postmyotomy abnormal esophageal
reflux m pauents with achalasia, and they also conclude that
pH momntormg should be performed 1n order to make this
diagnosis and therefore to prevent the onset of complica-
tions such as a stricture or Barrett esophagus

Ulcerative esophagins invariably precedes stricture for-
mation, and the diagnosis of this and Barrett’s esophagus 1s
fundamentally endoscopic, yet their paper completely omuts
any reference to endoscopic findings One mught ask, 1f
there are no symptoms of reflux, and no endoscopic evi-
dence of ulcerative esophagitis, what 1s the clinical sigrufi-
cance of abnormal pH studies® Are the authors justified, in
the absence of symptoms or endoscopically visible ulcera-
twve esophagitis, in recommending the meorporation of an
antireflux procedure mn laparoscopic myotomy® When re-
flux accurs after myotomy, 1t 1s usually easily controlled by
medication, whereas there 15 evidence that the addition of
an antireflux procedure to myotomy, especially if 1t 1s done
laparoscopically, may actually cause worsening of dyspha-
g1a mn a significant number of patents

The authors deseribe pH findings indicative of “pseudo-
gastroesophageal reflux (GER) ” Did they consider the pos-
sibtlity that thas nught be an artifact resulting from “elec-
trade dnft?”

I was unable to attend the SSAT meeting at which some
of these 1ssues presurnably were discussed Tn any case, how
did this paper, with 1ts notable defects, ship past the journal
referees?

Thomas B Hugh, FRCS,FRACS
St Vincents Cle
Dariimghurst, New South Wales

Reply

We appreciate the opportunity to clarify the 1ssues raised
by Dr Hugh The statement Dr Hugh referred to con-
cerning the value of pH monitoring 1n relation to the risks
of stricture formation and Barrett’s esophagus reads “The
dentification of patients with GER after dilatation  * (ital-
1cs added) We did not recommend routine pH monitoring
after a Heller myotomy, and we do not ourselves perform
routine postoperative pH monrtoring for clinical purposes
Nevertheless, Dr Hugh 1s probably correct 1n believing

that surgeons who embrace his management strategy are
being challenged to defend 1t via postoperative testing

More important, however, Dr Hugh’s remarks contain
the incorrect assumption that stricture formation and Bar-
rett’s changes can be prevented because they are regularly
preceded by erosive esophagitis, which would be detected
climcally and endoscopically and treated If that were the
case, we would not encounter strictures, Barrett’s disease,
and esophageal neoplasms ansing from Barrett’s mucosa m
chinical practice In fact, experience shows that previous
symptoms of reflux are often so mild (or absent) that the
pattent does not report for care untl late m the process

Our pomnt in regard to postoperative tesung was that val-
1danon of the results of these and simular operations should
include pH studies, since one cannot say much about the
presence or absence of reflux based on the chnical findings
alone Clearly, when reflux preduces climcal mamfestations,
clinical assessment 1s indicated and useful However, we do
not at this point know the natural history of the subclinical
reflux uncovered in this study Perhaps it 1s trivial, as Dr
Hugh believes, but we think this 15 improbable and an un-
wise, unwarranted assumpuon

"The postoperative pH monitoring was of principal value
when comparing the two operauons The older practice of
assessing reflux chimcally 1s now known to be 1nsensitive,
and even previous champions of that approach have re-
ported data to that effect We mught counter Dr Hugh’s
criticism of the editorial process by recommending that
without postoperative pH monitoring, claims about reflux
in papers on this subject are incompletely substantiated

pH dnift, also known as pseudoreflux, can be seen 1n pa-
uents with achalasia as a result of esophageal stasis of food !
This subject was discussed 1n the manuscript under
Methodology, where we defined the distinction between
bona fide reflux and pseudoreflux, and mentioned that we
did not confuse the two when compiling the data

The prmcipal observatons 1n the study were as follows
(1) reflux 15 often subclinical, (2) subclincal reflux may be
substannal, (3) 1n certain instances knowing about the pres-
ence of reflux will change a plan of management, (4) post-
dilatation reflux 1s relatively common, (5) it 1s useful to
know about the reflux before undertaking a Heller my-
otomy, since the myotomy 1s certamly not gomg to mmprove
reflux, and one does not want the aperation to ultmately
get blamed for preexisting reflux, and (6) reflux was much
less common when a Dor fundoplication was performed
(even though the myotomy was longer 1n those cases) than
when 1t was not

Dr Hugh noted that a fundoplicanon mght cause wors-
ening of dysphagia, and he implied, therefore, that a fan-
doplication should not be performed 1n conjunction with a
Heller myotomy However, fandoplications did not pro-
duce dysphagia mn these patients, while they did prevent re-
flux This 15 not a new 1dea, for Perrachia and Skinner have
been recommending fundoplication 1n conjunction with a
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Heller myotomy for many years Thus the question 15, 1f a
Heller myotomy 1s mdicated, and subchmical reflux 1s com-
mon after myotomy alone, and a fundoplication can be
done without worsening dysphagia whale sharply decreasing
the frequency of reflux, which operation should be chosen?

Lawrence W Way, M D

Marcw G Patizy, M D

Department of Surgery

Unwerssty of California, San Francisco
San Francisco, Caltfornia 94143-0475
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Esophagectomy Volume and Operative
Mortality

To the Edtors

1 read with interest the article by Pata et al * Therr paper
convincingly shows that patient outcome after esophagec-
tomy 1s better in high-volume hospitals An mverse corre-
lation between hospital surgical volume and operative mor-
tality has also been documented for other complex opera-
twons * The three major factors responsible for this rela-
nonship are the skill of the surgeon, the experience of the
“supporting cast” (1 e , anesthesiologists, intensivists, and
nurses), and the resources of the hospital

Skilled surgeons often develop high-volume practices at
tertiary care hospitals, so 1t 15 difficult to study the various
factars 1 1solation However, studies examining the role of
the surgeon n esophagectomy outcome have consistently
shown better results for surgeons with high-volume prac-
tices ** In addition, specific comphications, such as anasto-
motic leakage, are more a function of surgical expertise

Journal of
Gastromtestmal Surgery

than the exact anastomotic technique used * For other com-
plex surgical procedures, such as pancreatic resection, the
size or nature (community or academic) of the hospital 1s
not critical as long as the surgeon 1s skilled and experi-
enced *

Although both hospital and surgeon volume are impor-
tant i esophagectomy outcome, the surgeon may be a
more unportant variable than the hospital Tagree with the
suggesaon made by Patti et al that esophagectomy be per-
formed 1n centers with sufficient volume Within these cen-
ters, esophagectomies should only be undertaken by sur-
geons with skill and experience 1n this particular operation

Jobn D Urschel, M D

Department of Thovacic Surgcal Oncology
Roswell Park Instrsute

Buffalo, New York
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