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Gastrointestinal Surgery: A Specialty
Without Borders
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Gastrointestinal surgery is the most common sub-
specialty practiced by general surgeons in the United
States, comprising about 80 percent of a general sur-
geon’s practice. We suspect the same is true in all
parts of the world. The type of gastrointestinal sur-
gery done, of course, varies from country to country,
mainly because the gastrointestinal diseases treated
vary among countries. Esophageal and gastric cancers
are more common in Japan, cholangitis is more
common in China, hydatid cysts are more common in
Turkey, andChagas’ disease ismore common inBrazil
than in the United States, but we believe that gen-
eral surgeons in all of these countries do more gastro-
intestinal surgery than they do other types of general
surgery. The need for expertise in gastrointestinal
surgery crosses national borders and occurs in
every country.
The Society for Surgery of the Alimentary Tract

recognized this need at the time our journal, the
JOURNAL OF GASTROINTESTINAL SURGERY, was
founded six and one-half years ago. This particular
title was chosen, rather than the title, “American
Journal of Gastrointestinal Surgery,” because the
Society wished to serve gastrointestinal surgeons
throughout the world, not just American surgeons.
We are particularly pleased, therefore, that the

International Society of Digestive Surgery (ISDS)
has chosen our Journal as its official journal, as of
January2003.Papers fromthebiannualmeetingof the
ISDS appear in the Journal for the first time in this
issue. These papers were selected by the ISDS as the
outstanding papers submitted by young surgeons to
be considered for theGrassi Prize at the 2002meeting
of the Society. The Grassi Prize is the highest honor
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given by the ISDS to a young surgeon. Dr. Lu Wang
from China received the 2002 Prize.
We look forward to receiving many more papers

from the ISDS and, indeed, from international sur-
geons everywhere. Currently, international surgeons
are writing about one-third of the articles published
in our Journal. We believe our Journal offers them
an excellent venue for publication. The Journal was
recognized in 2001 by the Institute for Scientific In-
formation (Philadelphia, PA) as having an impact
factor that placed it in the top one-fourth of all gen-
eral surgery journals published that year, even though
the Journal had only been in existence for five years
at that time. Our Journal offers its international au-
thors the opportunity to reach English-speaking audi-
ences worldwide. The Journal is sent by mail all over
the world, appears on the World Wide Web (www),
and is cited by Index Medicus and other summary
publications.We also assure our international authors
that their articles will receive prompt and careful
attention, and constructive scientific review by two
experts in the field and by the Co-Editors. While the
originality and scientific rigor of any surgical paper
depends on its authors, we do our best to ensure that
the English language used in the paper and the
format of the publication meets the standard required
of a high-quality journal.
We welcome the ISDS into the fold and encourage

gastrointestinal surgeons throughout the world to uti-
lize the JOURNALOFGASTROINTESTINAL SURGERY as
the primary way to exchange information pertaining
to alimentary tract disease.



2002 ISDS Annual Meeting: Grassi Prize Presentations

The Giuseppe Grassi Prize—Comments
Lloyd M. Nyhus, M.D., F.A.C.S.

Dr. Giuseppe Grassi

I am pleased to make a few remarks relative to
Dr. Giuseppe Grassi (pictured above), who has been
appropriately honored by this named session.
Dr. Grassi was born in the year 1913 at Bronte, Ca-
tania, Italy. At an early age, his exceptional intelli-
gence was noted. Proof of his continuing hard work
and special facility as a surgeon may be found in his
successive appointments as Chief of Surgery in major
Italian hospitals.
In 1968, during the meeting in Brussels of the

Belgium Society of Gastroenterology, Dr. Grassi met
Professor Louis Hollender of Strasbourg who, to-
gether with Professor Fabiano Benedetti-Valentini of
Rome, recognized the need for an international body
to study surgery of the gastrointestinal tract. They
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formed the Collegium Internationale Chirurgie Di-
gestivae (CICD) in 1969 and held its first Congress
in San Remo, Italy, during 1970 with Grassi as Con-
gress President.
Dr. Grassi was the original Secretary-General of

the CICD until his premature death in 1981.
The CICD established a prize, The Grassi Prize,

to begiven to a young surgeonwhopresented themost
outstanding paper at the annual meeting of the Soci-
ety. I know Professor Dr. Giuseppe Grassi would be
proud to see his name attached to this Award, given
to young surgeon scholars. I excerpt below from a
1996 comment I wrote (Arch Surg 131:1237):

When Hollender first met Grassi in 1968, he was
struck by the wide learning of Grassi, his witty
mind and his sparkling eyes. “Isn’t this a fine way to
remember our esteemed surgeon and colleague
from Italy? I understand that he died of a coronary
occlusion while performing patient teaching
rounds. If Giuseppe Grassi had to leave us prema-
turely, we can be certain he died happily while
teaching and surrounded by the patients he loved.”

The name CICD was recently changed by the
CICD to the International Society of Digestive
Surgery (ISDS).
These comments were presented at the 18th

World Congress of the International Society of Di-
gestive Surgery in Hong Kong, China, December
2002.



Mechanism of Interferon Alpha on Inhibition
of Metastasis and Angiogenesis of Hepatocellular
Carcinoma After Curative Resection in Nude Mice
LuWang, M.D., Wei-Zhong Wu, Ph.D., Hui-Chuan Sun, M.D., Xiao-Feng Wu, M.D., Ph.D.,
Lun-Xiu Qin, M.D., Yin-Kun Liu, Ph.D., Kang-Da Liu, M.D., Zhao-You Tang, M.D.

The aim of this study was to examine the mechanism of interferon alpha (IFN-α) on inhibition of
metastasis and recurrence of hepatocellular carcinoma (HCC).Nudemice bearing humanHCCxenografts
with high metastatic potential (LCI-D20) underwent curative resection of tumors on postimplant day
11. IFN-α was begun the next day at different dosages given subcutaneously for 35 consecutive days;
normal saline solution was injected into the control mice. The mice were killed 48 hours after the final
treatment, and the parameters were evaluated. The HCC intrahepatic recurrence rate, the size of
the recurrent lesions, the rate of lungmetastasis, the serum vascular endothelial growth factor level, and the
microvessel density (immunohistochemistry) were as follows: 100%, 2136 � 794 mm3 (mean � standard
deviation), 100%, 265.7 � 154.7 pg/ml, and 144 � 37/HP, respectively, in the control mice, whereas
these same values were 62.5%, 89 � 45 mm3, 12.5%, 53.3 � 9.9 pg/ml, and 86 � 25/HP, respectively,
in the IFN-α 1.5 × 107 U/kg treatment group (P � 0.05) and 26.7%, 46 � 21 mm3, 0%, 65.2 � 17.9
pg/ml, and 39 � 14/HP in the IFN-α 3 × 107 U/kg treatment group, respectively (P � 0.05). However,
a significant difference was not found in the serum levels of basic fibroblast growth factor among the
control and IFN-α treatment groups. IFN-α inhibits metastasis and recurrence of human HCC after
curative resection in nude mice mediated by antiangiogenesis through downregulating expression of
vascular endothelial growth factor but not basic fibroblast growth factor. ( J GASTROINTEST SURG 2003;
7:587–594) � 2003 The Society for Surgery of the Alimentary Tract, Inc.

KEY WORDS: Hepatocellular carcinoma, interferon-α, angiogenesis, metastasis, vascular endothelial
growth factor

Hepatocellular carcinoma (HCC), the main type
of primary liver cancer, is one of the most common
and aggressive malignancies worldwide; HCC ranks
fifth in term of number of cases and fourth in terms of
mortality.1–3 In China it is the second most common
cause of cancer death.4 Hepatic resection is the
standard treatment for HCC, but the survival rate is
still low because of the high incidence of recur-
rence.5,6 HCC recurrence occurs in two ways: multi-
centric occurrence and dissemination of tumor cells.
Chemotherapy is ineffective in preventing metas-
tasis and recurrence; therefore new agents and
innovative approaches are needed. Interferon alpha
(IFN-α) is one of the candidates. In addition to anti-
proliferative and immunomodulatory effects, IFN-α
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has been shown to inhibit tumor angiogenesis.7,8 The
progressive growth and metastases of malignant
tumors depend on adequate angiogenesis.9,10 HCC
is a typical hypervascular tumor. Marked neovascu-
larization is a hallmark of HCC. Studies have shown
that angiogenesis, as assessed by counting of mi-
crovessels, is an important prognostic factor in opera-
ble HCC, with high microvessel counts being
associated with disease spread and poor survival.11,12
Previous reports from our institution demon-

strated that systemic IFN-α therapy dose de-
pendently inhibits tumor growth and recurrence in
nude mice bearing human HCC xenografts with a
high metastatic potential. Neovascularization in the
eyes of mice bearing corneal micropocket implants
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of HCC tissue was inhibited by treatment of the
animals with IFN-α. The growth of the HCC cell
lines was unaffected by IFN-α, but the proliferation
andmigration of vascular endothelial cells were inhib-
ited. Our results suggested that the antiangiogenic
activity of IFN-α is an important component of the
ability to prevent recurrences of HCC.13
Angiogenesis during malignant growth and metas-

tasis is a complex and closely regulated process.
The extent of angiogenesis is determined by the
balance between the proangiogenic and antiangio-
genic molecules released by tumor cells and sur-
rounding host cells.14,15 Among the known
angiogenic factors, vascular endothelial growth factor
(VEGF) and basic fibroblast growth factor (bFGF)
are potent and representative factors involved in
tumor development. VEGF expression has been asso-
ciated with postoperative recurrence of HCC.16–20
bFGF is another important positive regulator of
HCC angiogenesis.21–23 It has been reported that
bFGF and VEGF show a synergistic effect in murine
HCC angiogenesis.24
IFN-α has been shown to downregulate the ex-

pression of a series of angiogenic factors, but which
factors are affected by IFN-α in HCC is unclear.
The current study was undertaken to show which
angiogenic factors were downregulated by examining
serum VEGF, bFGF, and intratumoral vessel devel-
opment in nude mice treated with IFN-α, and also to
determine which angiogenic factors mainly modulate
the process of HCC angiogenesis.

MATERIAL AND METHODS
Animals

Male BALB/c nu/nu nude mice, weighing approxi-
mately 20 g (Shanghai Institute of Materia Medica,
Chinese Academy of Sciences, Shanghai, PR China),
were housed in laminar flow cabinets under specific
pathogen-free conditions and used at 6 weeks of age.
The mice were cared for and handled in accor-
dance with the National Institutes of Health Guide-
lines for the Care and Use of Laboratory Animals.
The experimental protocol was approved by the
Shanghai Medical Experimental Animal Care Com-
mittee.

Metastatic Model of Human HCC
in Nude Mice (LCI-D20)

This model was established in the Liver Cancer
Institute of Fudan University via orthotopic implan-
tation of histologically intact metastatic tumor tissue.
Only one of the 30 implanted surgical specimens

demonstrated metastasis. This model has been main-
tained for more than 90 passages in nude mice. All
LCI-D20 models had 100% transplantability and
metastatic ability, and manifestations reminiscent of
tumor behavior in patients with HCC. Abnormal
alpha-fetoprotein and hepatitis B surface antigen
were found in this model. The LCI-D20 model rep-
resents 100% spreading in the liver, metastasis to the
lungs and lymph nodes, and peritoneal seeding.25

Surgical Orthotopic Implantation
and Partial Hepatectomy

The animals were anesthetized and their abdomens
sterilized with iodine and alcohol. A left subcostal
incision was made. The left lobe of the liver was
exposed, and a portion of the liver surface was me-
chanically injured with scissors. Then a piece of LCI-
D20 tumor, approximately 2 mm in diameter, was
fixed within the liver tissue, the liver was returned to
the peritoneal cavity, and the abdominal wall was
closed with 8-0 Prolene sutures. On the eleventh day
after implantation, through a left upper abdominal
subcostal incision, the lobe into which the tumor
was implanted was excised. The length between the
incisional margin and the tumor edge was �2 mm.

Interferon-a-1b Treatment and Grouping

Recombinant interferon-α-1b (Sinogen; Kexing
Bioproduct Company, Ltd., Shenzhen, PR China) is
a highly purified protein with a molecular weight of
194,000 Daltons. The protein is expressed by a gene
isolated from the leukocytes of healthy Chinese indi-
viduals. The drug is as efficacious as other interferon
products but has fewer side effects and induces only
a few neutralizing antibodies in Chinese patients.
In the experiment reported here, 51 nude mice

underwent curative resection of their tumors and
were given subcutaneous IFN-α daily at different
dosages (1.5 × 107U/kg, n� 16 mice; and 3 × 107 U/
kg, n� 15 mice). A control group of 20 mice under-
went curative resection of their tumors and were in-
jected with normal saline solution (0.2 ml). The
injections were begun on the day after resection and
were continued for 35 consecutive days. All mice were
killed 48 hours after the final treatment by cervical
dislocation.

Parameters Observed

At autopsy, intrahepatic recurrent tumor volume
was measured for the largest (a) and smallest (b) diam-
eters, and the tumor volume was calculated as
V � ab2/2.26 Paraffin blocks of 10% buffered forma-
lin-fixed samples of lungs were prepared. Serial sec-
tions were cut at 5 µm and stained with hematoxylin
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and eosin to determine the presence of lung metasta-
ses. Blood samples were collected in sterile test tubes
and placed on ice, allowed to coagulate at 4º C for
a minimum of 30 minutes, and then centrifuged at
2000 × g for 10 minutes at 4º C. The samples were
stored in aliquots at �70º C. After thawing, each
serum aliquot was assayed only once.

Quantification of Microvessel Density

Paraffin-embedded tumor tissues were sectioned
(4 µm), dewaxed in xylene, and dehydrated in ethanol.
Samples were washed three times with phosphate-
buffered saline solution (PBS), and incubated with a
peroxidase blocking reagent and protein blocker
(Dako Corp., Carpinteria, CA). Sections were then
incubated with the appropriate dilution (1:100) of
rabbit monoclonal antimouse CD34 antibody (Santa
Cruz Biotechnology, Inc., Santa Cruz, CA) for 24
hours at 4º C. After the samples were rinsed three
times for 5 minutes each with PBS, they were incu-
bated with the appropriate dilution (1:200) of biotin-
conjugated goat antirabbit antibody (Santa Cruz
Biotechnology) for 1 hour at room temperature in the
dark and then with peroxidase-conjugated streptavi-
din (Dako Corp.) at a 1:200 dilution for 30 minutes
followed by three washes with PBS. Finally, 0.02%
diaminobenzidine and 1% hydrogen peroxidase were
reacted for 10 minutes and counterstained with
Mayer’s hematoxylin (Dako Corp.). Quantification
of blood vessels was then carried out as described
previously.27 Any brown-staining endothelial cell
cluster distinct from adjacent microvessels, tumor
cells, or other stromal cells was considered a single
countable microvessel. The most vascular area of
tumors was identified on low-power field (×100),
and the vessels were counted in five high-power
fields (×200). The data are presented as the
mean � standard deviation (SD) for five high-
power fields.

Cell Culture

Highly metastatic MHCC97 human HCC cells
were grown as a monolayer culture in Dulbecco’s

Table 1. Primers and conditions of RT-PCR to semiquantify bFGF, VEGF and γ-actin genes

Gene Sense and antisense primers Annealing Cycles Size (base pairs)

bFGF GTGTGTGCTAACCGTTACCT; 57º C 30 237
GCTCTTAGCAGACATTGGAAG

VEGF CGAAGTGGTGAAGTTCATG; 55º C 26 536
TTCTGTATCAGTCTTTCCTGGTGAG 441

γ-actin ATGGAAGAAGAAATCGCCGC; 55º C 25 287
ACACGCAGCTCGTTGTAGAA

minimum essential medium (Gibco/BRL, Grand
Island, NY) supplemented with 10% human AB
serum. The line was established from a subcutaneous
xenograft of LCI-D20 by means of alternating cell
culture in vitro and growth in nude mice. The line
was shown to be of human origin by karyotype analy-
sis. The cells were grown as either compact colonies
or a monolayered sheet, exhibited typical malignant
epithelial characteristics on morphologic examina-
tion, and were positive for alpha-fetoprotein. The
rate of metastasis to the lungs was 100% using or-
thotopic inoculation.28 Cells were cultured at 37º C
in a 5% CO2–95% air environment in humidified
incubators.

Reverse Transcription–Polymerase
Chain Reaction

According to results in vivo13 and in vitro,29 we
determined the dose of IFN-α and the various
time intervals used in the experiment. One × 106
MHCC97 cells were incubated inmedium containing
1000 or 3000 IU/ml IFN-α for 0.5 hours, 2 hours,
and 8 hours, respectively. The total RNA was ex-
tracted using the RNeasy Mini Kit (Qiagen, Inc.,
Valencia, CA), and 1µg of the above-mentionedRNA
each was taken for reverse transcription (Gibco/
BRL). The expression of VEGF mRNA and bFGF
mRNA was analyzed by a semiquantitative polymer-
ase chain reaction whose primers were designed with
the use of Primer 3 software (Whitehead Institute,
Cambridge, MA). The PCR reaction conditions and
primer sequences were shown in Table 1 and Fig. 1
in details. The γ-actin gene was used as the internal
standard in our reverse transcription–polymerase
chain reaction (RT-PCR) systems.

Enzyme-Linked Immunosorbent
Assay for VEGF and bFGF

Serum, supernatant VEGF, and serum bFGF ex-
pression were analyzed by enzyme-lined immunosor-
bent assay (ELISA) using the Quantikine VEGF and
bFGFELISAkit (R&DSystems,Minneapolis,MN).
According to the manufacturer, the assay is designed
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Fig. 1. Vascular density. Recurrent LCI-D20 HCC harvested
from a saline-treated mouse (A) or from IFN-α–treated mice
at differing dosages (B, 1.5 × 107/kg/day; C, 3 × 107/kg/day)
after curative resection of their tumors. Sections were immu-
nostained for expression of CD34 (microvessel density).
Microvessel density was reduced by IFN-α in a dose-
dependent manner.

tomeasure natural VEGF levels in serum. All analyses
were carried out in duplicate. The concentrations of
VEGF and bFGF in unknown samples were deter-
mined by comparing the optical density of the sam-
ples to the standard curve. Concentrations are
reported in pg/ml.

Statistical Analysis

Data were analyzed by computer program (SPSS
10.0; SPSS Inc., Chicago, IL), using analysis of variance

(ANOVA), Wilcoxon chi-square test, and Fisher’s
exact test. Differences were considered significant
at P � 0.05.

RESULTS
Inhibition of Recurrence and Metastases
After Curative Resection by Systemic
Administration of IFN-a

As shown in Table 2, the incidence of intrahepatic
tumor recurrence in the control, IFN-α 1.5 × 107 U/
kg, and IFN-α 3 × 107 U/kg groups was 100%,
62.5%, and 12.5%, respectively; recurrent tumor
volume was 2136 � 794 mm3, 89 � 45 mm3, and
46 � 21 mm3, respectively; and the incidence of lung
metastasis was 100%, 12.5%, and 0%, respectively.
Statistical differences were found among the three
groups with regard to the incidence of intrahepatic
tumor recurrence, recurrent tumor volume, and inci-
dence of lung metastasis. No animal experienced a
weight loss of more than 10%, and none had fever,
anemia, neutropenia, or thrombocytopenia during
the treatment regimen.

Intratumoral Vessel Counting

Recurrent tumors in the treatment and control
animals were collected and preserved in 10% phos-
phate-buffered formalin, and sections 4 µm thick
were immunohistochemically stained for expression
of the endothelial-specific marker, CD 34. Significant
reduction in tumor vascularization was revealed. The
number of blood vessels in the samples was quantified
by counting stained regions in five high-power fields
(×200). There was an IFN-α–dependent decrease in
the number of countable intratumoral vessels in the
LCI-D20 recurrent tumors (Fig. 1).

IFN-a Inhibits VEGF Expression
But Not bFGF in LCI-D20 Mice

To determine whether IFN-α would inhibit the
angiogenesis of recurrent HCC by blocking VEGF
and bFGF protein, we measured this serum concen-
tration by ELISA. A significant inhibition of VEGF
was found. Control mice had high levels of VEGF
(265.7 � 154.7 pg/ml) in comparison to both of the
IFN-α treatment groups (1.5 × 107 U/day and
3 � 107 U/day) (Fig. 2). However, IFN-α therapy
did not inhibit the expression of bFGF in vivo. The
level of serum bFGF in the untreated control group,
the IFN-α 1.5 × 107 U/day treatment group, and the
IFN-α 3 × 107 U/day treatment group was 137.7 �
34.1 pg/ml, 135.7 � 92.3 pg/ml, and 173.8 � 128.2
pg/ml, respectively (P � 0.05) (Fig. 2).
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Table 2. Systematic IFN-α inhibited both tumor intrahepatic recurrence and lung metastases,
downregulated VEGF expression, and decreased microvessel density within tumors in nude mice
after curative resection of LCI-D20 tumor xenografts in the liver

Recurrent tumor
No. of cases of Serum VEGF Serum bFGF

IFN-a (U/kg/day) No. of cases Volume (mm3) lung metastases (pg/ml) (pg/ml) Vascular density

0 20/20 (100%) 2136 � 794 20/20 (100%) 265.7 � 154.7 137.7 � 34.1 144 � 37
1.5 × 107 10/16 (62.5%)* 89 � 45† 2/16 (12.5%)† 53.3 � 9.9† 135.7 � 92.3 86� 25†

3 × 107 4/15 (26.7%)† 46 � 21† 0/15 (0%)† 65.2 � 17.9† 173.8 � 128.2 39� 14†

*P � 0.05.
†P � 0.01.

Effects of IFN-a on VEGF and bFGF In Vitro

To confirm that the antiangiogenic effect of IFN-
α on LCI-D20 tumor seen in vivo is by blocking
theexpressionofVEGFbutnotbFGFand toelucidate
the antiangiogenic molecular mechanisms of IFN-α,
VEGFand bFGFgenes were analyzed by semiquanti-
tative RT-PCR in vitro. The results revealed that
MHCC97 cells constitutively expressed a certain level
ofmRNAs of VEGFs and bFGF. Two different splic-
ings of VEGF mRNA were found to be rapidly sup-
pressed by 3000 IU/ml IFN-α treatment of

Fig. 2. A, IFN-α downregulated serum concentrations of
VEGF in nude mice after curative resection of LCI-D20
HCC. B, Serum concentrations of bFGF in nude mice were
not reduced by systemic therapy with IFN-α.

MHCC97 cells. Densitometric analysis indicated that
treatment with IFN-α resulted in a 45% reduction in
VEGF mRNA for 0.5 hours and a 60% reduction for
2 hours. However, the transcriptional activities of
bFGF were changed little during the experimental
period (Fig. 3).

In Vitro Inhibition of VEGF Production
by IFN-a

We next examined whether IFN-α would inhibit
the expression of VEGF by incubating MHCC97
cells (for 2, 8, and 24 hours) in control medium or
medium containing IFN-α (1000 IU/ml or 3000 IU/
ml). The expression was not reduced by the addition
of IFN-α to the medium (at 2 hours or 8 hours).
However, the VEGF concentration was significantly
reduced after incubation of cells for 24 hours, as de-
termined by ELISA assay (Table 3, Fig. 4).

DISCUSSION

Angiogenesis is required for tumor growth beyond
1 to 2 mm in diameter and plays an important role
in the metastatic spread of malignant disease. It is a
highly complex and closely regulated process, and is
influenced by the balance between stimulatory and
inhibitory factors released by the tumor and sur-
rounding host cells. Elucidation of the process has
involved recognition of the role of several angio-
genic factors and inhibitory molecules within the
tumor.14,30–33
Among a series of angiogenic factors, IFN-α has

been shown to downregulate expression of the major
stimulatory molecules such as bFGF, interleukin-8,
MMP-2, and MMP-9, and to inhibit further angio-
genesis in most malignant tumors.15,4–40 However,
no reports have appeared showing whether adminis-
tration of IFN-α modulates the expression of VEGF
in HCC.
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Fig. 3. In vitro inhibition of VEGF mRNA but not bFGF mRNA by IFN-α. mRNA was extracted in
control MHCC97 cells and cells incubated in medium containing differing dosages of IFN-α for 0.5,
2, and 8 hours. According to densitometric analysis, treatment with 3000 IU/ml quickly downregulated
VEGF mRNA expression.

Previous studies from our institution demonstrated
that systemic IFN-α therapy dose dependently inhib-
its tumor growth, tumor recurrence, and metastatic
potential in nude mice bearing human HCC xeno-
grafts. Our results also suggested that the antiangi-
ogenic activity of IFN-α is the most important factor
in inhibiting tumor growth in this particular model.13
Our present results showed that the systemic ad-

ministration of IFN-α to nude mice bearing human
HCC with high metastatic potential after curative
resection mainly decreased expression of VEGF but
not bFGF, reduced vascular density, and inhibited
tumor metastasis and intrahepatic recurrence.
Thepresent data also demonstrated that IFN-α can

decrease expression of VEGF but not bFGF in highly
metastatic humanHCCcells. Exposure to3000 IU/ml
IFN-α reduced mRNA transcripts of VEGF in the
human HCC cell line MHCC97. We also found that

Table 3. In vitro inhibitor of VEGF protein
expression by IFN-α

VEGF concentrations (pg/ml)
IFN-a
(IU/ml) 2 hr 8 hr 24 hr

0 542.4 � 77.5 653.3 � 75.5 1631.6 � 162.6
1000 361.9 � 82.6 538.8 � 52.4 875.5 � 111.4*
3000 425.8 � 70.7 465.8 � 93.1 702.9 � 112.9*

MHCC97 cells were cultured in the presence or absence of IFN-
α. The expression of VEGF in supernate was measured by enzyme-
linked immunosorbent assay.

*P � 0.01.

in vitro incubation with IFN-α inhibited the release
of VEGF.
The metastatic orthotopic model of human HCC

in nude mice LCI-D20 used in this study is a human-
like model with high metastatic potential. The highly
metastatic MHCC97 cell line originates from the
LCI-D20 tumor. VEGF has been investigated as a
potent mediator of HCC angiogenesis, metastasis,
and recurrence and is known to be upregulated in
most cases of HCC. Expression of VEGF correlates
with abundant microvessel growth and a poor prog-
nosis in HCC.16–20,41–43 Our results showed that both
VEGF and bFGF expressed during intrahepatic re-
currence and metastasis and IFN-α downregulated
the expression of VEGF to inhibit angiogenesis
within the tumor and further prevent metastasis in
our model. VEGF may be a principal preangiogenic
molecule that stimulates HCC angiogenesis. The de-
tailed molecular mechanism of how IFN-α down-
regulates the expression of VEGFmust be addressed.

CONCLUSION

We have shown that systemic therapy with high-
dose and long-term IFN-α downregulates the expres-
sion of VEGF. The results suggest a mechanism by
which IFN-α inhibits tumor-induced angiogenesis
and thus prevents HCC recurrence and metastasis.
VEGF seems to have an important role in HCC
angiogenesis in preventing recurrence and metastasis
of HCC.
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Fig. 4. VEGF concentrations were measured in the supernate of MHCC97 cells incubated in medium
(control cells) or exposure to IFN-α at differing dosages (1000 IU/ml and 3000 IU/ml) by enzyme-
linked immunosorbent assay.
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Achalasia and Chest Pain: Effect of Laparoscopic
Heller Myotomy
Silvana Perretta, M.D., Piero M. Fisichella, M.D., Carlos Galvani, M.D., Maria V. Gorodner,
M.D., Lawrence W. Way, M.D., Marco G. Patti, M.D., F.A.C.S.

Some patients with achalasia complain of chest pain in addition to dysphagia and regurgitation. Chest
pain is said to be most common in young patients who have been symptomatic for a short time, and
who often have vigorous achalasia (distal esophageal amplitude �37 mm Hg). Although pneumatic
dilatation is reported to improve chest pain in 20% of patients, the effect of laparoscopic Heller myotomy
on chest pain is unknown. The aim of this study was to determine the following in achalasia: (1) the
prevalence of chest pain; (2) the clinical and manometric profiles of patients with chest pain; and (3)
the effect of laparoscopic Heller myotomy. Between 1990 and 2001, a total of 211 patients with achalasia
were studied (upper gastrointestinal series, esophagoduodenoscopy, and manometry). A total of 117
patients (55%) had chest pain in addition to dysphagia and regurgitation; 63 (54%) of these 117 patients
underwent laparoscopic Heller myotomy and Dor fundoplication. Median follow up was 24 months. Age
(49 � 16 years vs. 51 � 14 years [mean � SD]), duration of symptoms (71 � 91 months vs. 67 � 92
months [mean � SD]), and presence of vigorous achalasia (50% vs. 47%) were similar in those with and
without chest pain. Ten (16%) of the 63 patients with chest pain who underwent Heller myotomy
had vigorous achalasia. Postoperatively chest pain resolved in 84% and improved in 11% of patients.
There was no difference in clinical outcome between patients with and without vigorous achalasia. These
data demonstrate the following: (1) chest pain was present in 55% of patients with esophageal achalasia;
(2) chest pain was not related to age, duration of symptoms, or manometric findings; and (3) laparoscopic
Heller myotomy improved chest pain in 95% of patients, regardless of the manometric findings. Thus
laparoscopic Heller myotomy was highly effective in treating achalasia with chest pain. (J GASTROINTEST

SURG 2003;7:595–598) � 2003 The Society for Surgery of the Alimentary Tract, Inc.

KEY WORDS: Esophageal achalasia, vigorous achalasia, chest pain, esophageal manometry, pneumatic
dilatation, Heller myotomy

Some patients who have achalasia complain of
chest pain in addition to dysphagia and regurgitation.
Chest pain has been reported to be more common
in young patients who have been symptomatic for a
short time1 and who have vigorous achalasia (distal
esophageal amplitude �37 mm Hg).2,3 Although
pneumatic dilatation is reported to improve chest pain
in approximately 20% of such patients,1 the effect of
laparoscopic Heller myotomy on chest pain is un-
known. The aims of this study were to determine
in achalasia (1) the prevalence of chest pain, (2)
the clinical presentation and manometric profile of
patients with chest pain, and (3) the effect of laparos-
copic Heller myotomy.
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PATIENTS AND METHODS

Between January 1990 and October 2001, a total
of 211 patients with esophageal achalasia were evalu-
ated in the Swallowing Center at the University of
California San Francisco. There were 114 men and
97 women, whose mean age was 50 years (range 14
to 97 years). Symptoms had been present for an aver-
age of 69 months (range 1 to 480 months). Eighty
patients (38%) had been treated by pneumatic dila-
tation (average of 2 per patient, range 1 to 13), four
patients (2%) had been treated by intrasphincteric
injection of botulinum toxin (average of 2 per patient,
range 1 to 3), and 13 patients (6%) by a combination
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of pneumatic dilatation and botulinum toxin. Fifty-
four percent of patients had been treated only with
medications, mostly calcium channel blockers or
proton pump inhibitors. Complaints included dys-
phagia in 173 patients (81%), regurgitation in 147 pa-
tients (69%), heartburn in 121 patients (57%), and
chest pain in 117 patients (55%).
Sixty-three (54%) of the 117 patients who had

chest pain underwent laparoscopic Heller myotomy
and Dor fundoplication. There were 34 men and 29
women whose mean age was 44 years (range 14 to
80 years). The preoperative complaints included chest
pain and dysphagia in all patients (100%), regurgita-
tion in 43 patients (68%), and heartburn in 36 patients
(57%). Symptoms had been present for an average
of 77 months. Thirty-five patients had failed to
respond to other forms of treatment before being
referred for surgery. Specifically 25 patients (40%)
hadpneumatic dilatation (average of 2per patient) and
10 patients (16%) had intrasphincteric botulinum
toxin injections (average of 2 per patient), either alone
(2 patients) or in conjunction with pneumatic dilata-
tion (8 patients). Fourteen patients (22%) had been
treated with calcium channel blockers or proton
pump inhibitors.

Clinical, Radiographic, and Endoscopic
Findings

Patients scored the severity of their dysphagia, re-
gurgitation, heartburn, and chest pain before and
after the operation using a five-point scale ranging
from 0 (no symptoms) to 4 (disabling symptoms).
A barium esophagogram was performed to evaluate
the gastroesophageal junction, and to assess the axis
(straight/sigmoid) and diameter of the esophageal
body. Endoscopy was performed to rule out the pres-
ence of peptic ulcer or neoplastic stricture.

Esophageal Manometry

Medications that interfere with esophageal motil-
ity were discontinued 3 days before the study. The
patients were studied after an overnight fast using an
eight-lumen manometry catheter continuously per-
fused by a pneumohydraulic capillary infusion system
connected to a polygraph. Position, pressure, and
length of the lower esophageal sphincter (LES) were
measured using the station pull-through technique.
Esophageal body function was assessed by giving 10
wet swallows of 5 ml of water at 30-second intervals.4
The following variables were assessed: (1) resting
pressure of the LES (normal 14 to 24 mm Hg); (2)
relaxation of the LES in response to swallowing; and
(3) amplitude and propagation of peristalsis. Vigorous
achalasia was defined by the presence of esophageal

contractions with an amplitude of 37 mm Hg or
higher.5

Ambulatory Esophageal pH Monitoring

Patients were studied after an overnight fast. Acid-
suppressing medications were discontinued 3 (H2
blocking agents) to 14 (proton pump inhibitors) days
before the study. During the study, patients con-
sumed an unrestricted diet and took no medications
for gastroesophageal reflux disease. The pH probe
was placed 5 cm above the upper border of the mano-
metrically determined LES.

Surgical Treatment

Laparoscopic Heller myotomy and Dor fundopli-
cation (180-degree anterior fundoplication) were
performed in 63 patients with chest pain and in
61 patients without chest pain. The myotomy was 7
to 8 cm long and extended for 1.5 to 2.0 cm onto
the gastric wall.6

Follow-up

All patients were seen in follow-up 2 and 8 weeks
postoperatively. Subsequently they were interviewed
by phone at 3- to 4-month intervals. Mean length of
follow-up was 26 months.

Statistical Analysis

Student’s t test, Wilcoxon signed-rank test, and
analysis of variance (ANOVA) were used for statistical
evaluation of the data. All results are expressed as
mean � standard deviation (SD). Differences were
considered significant at P � 0.05.

RESULTS
Prevalence of Chest Pain

At the time of presentation 117 patients (55%)
complained of chest pain, whereas 94 patients
(45%) did not. Ninety percent of patients had epi-
sodes of chest pain at least once a week and 10%
every day. The pain was felt mostly in the retrosternal
area and lasted from a few minutes to a few hours.
It occurred mostly during the day and was often re-
lieved by drinking water. Cardiac disease was ex-
cluded by clinical assessment by the primary physician
in 98 patients (84%) and by specific testing by a
cardiologist in 19 patients (16%). No patient de-
scribed chest pain as the major complaint but rather
in association with more bothersome and typical
symptoms such as dysphagia or regurgitation.



Vol. 7, No. 5
2003 Achalasia and Chest Pain 597

Table 1. Clinical, radiologic, and manometric profiles of patients with and without chest pain

Patients with chest pain (n � 117) Patients without chest pain (n � 94) P value

Age* 49� 16 51� 14 NS
Sex (F/M)* 56/61 41/53 NS
Duration of symptoms* 71� 91 67� 67 NS
Dysphagia (score 0–4)* 2.7 � 1.4 2.6 � 1.5 NS
Regurgitation (score 0–4)* 1.8 � 1.4 2.0 � 1.5 NS
Esophageal diameter (cm)* 4.5 � 0.7 4.3 � 0.8 NS
LES pressure (mm Hg)* 15 � 9 17� 11 NS
LES relaxation (% of patients)
Absent 46 37 NS
Partial 44 52 NS
Complete 10 11 NS

Vigorous achalasia (% of patients) 50 47 NS

NS � not significant.
*Values are means � standard deviation.

Clinical and Manometric Profile of Patients
With and Without Chest Pain

Age (49 � 16 years vs. 51 � 14 years [mean�
SD]), duration of symptoms (71 � 91 months vs.
67� 92 months {mean� SD]), and presence of vig-
orous achalasia (50% vs. 47%) were similar in patients
with and without chest pain (Table 1).

Ambulatory Esophageal pH Monitoring

Ambulatory pH monitoring was performed in 57
(49%) of 117 patients. A pathologic amount of reflux
was found in eight patients (14%) who had already
undergone pneumatic dilatation. The distinction
between chest pain and heartburn was based on the
patient’s description of each symptom (often patients
described heartburn and chest pain independently).

Outcome of Laparoscopic Heller Myotomy
and Dor Fundoplication

Sixty-three (54%) of the 117 patients who had
chest pain underwent laparoscopic Heller myotomy
and Dor fundoplication. All operations were com-
pleted laparoscopically. The patients were allowed an
unrestricted diet after 25 � 10 hours, and they left
the hospital after 38 � 24 hours. Postoperatively
chest pain resolved in 84% and improved in 11% of
patients (Table 2). Ten (16%) of the 63 patients with
chest pain who underwent Heller myotomy had vig-
orous achalasia. There was no difference in the out-
come of the operation between patients with and
without vigorous achalasia. In addition, there was no
difference in the postoperative swallowing status in
patients with and without chest pain (% excellent/
good results 94% vs. 93%; P � NS).

DISCUSSION

These data show that (1) chest pain was present
in 55% of patients with esophageal achalasia; (2)
chest pain was not related to age, duration of symp-
toms, or manometric findings, and (3) laparoscopic
Heller myotomy improved chest pain in 95% of pa-
tients, regardless of the manometric findings.

Clinical Presentation and Manometric Profiles
of Patients With Achalasia

Dysphagia and regurgitation are the typical symp-
toms of achalasia, and the effect of therapy is usually
measured by the control of these symptoms. Tradi-
tionally, less emphasis has been placed on the in-
cidence of chest pain in patients with achalasia and
the effect of therapy on this symptom. Chest pain
has been reported in 48% to 64% of patients with
achalasia,1,5 and it was present in 55% of our patients.
It is unclear why some patients have dysphagia alone,
whereas others also experience chest pain. It has been
said that chest pain occurs more often in young pa-
tients with a short duration of symptoms and high-
amplitude, nonpropulsive contractions in the body of
the esophagus typical of vigorous achalasia.2,3,7 As the

Table 2. Effect of laparoscopic Heller myotomy
on symptoms of achalasia

Preoperative* Postoperative* P value

Dysphagia (0–4) 3.5 � 0.6 0.4 � 0.9 �0.05
Regurgitation (0–4) 1.9 � 1.5 0.1 � 0.4 �0.05
Chest pain (0–4) 2.7 � 0.9 0.3 � 0.9 �0.05

*Values are means � standard deviation.
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disease progresses and esophageal dilatation develops,
esophageal contractions decrease in amplitude and
chest pain eventually subsides in most patients.8 Our
findings contradict this commonly held scenario.
There were no differences in age, duration of symp-
toms, or esophageal diameter in patients with and
without chest pain. In addition, vigorous achalasia
affected a similar percentage of patients in each
group, suggesting that the high amplitude of contrac-
tions is not the cause of the pain. Similar findings
comparing classic and vigorous achalasia have been
reported by others.5,7

Effect of Laparoscopic Heller Myotomy
and Dor Fundoplication on Chest Pain

The therapeutic options for esophageal achalasia
include intrasphincteric injection of botulinum
toxin, pneumatic dilatation, and surgery. Tradition-
ally, these treatment modalities have been judged in
regard to their effect on dysphagia,9–15 but the effect
on chest pain has not been thoroughly studied.
The effect of intrasphincteric botulinum toxin on

esophageal pain is unknown. Pasricha et al.13 reported
that dysphagia responded to botulinum toxin in pa-
tients with vigorous achalasia, but there was no men-
tion of the effect on chest pain. In the most optimistic
reports, pneumatic dilatation relieved dysphagia in
approximately 70% of patients,14 but its effect de-
creased over time, and only 50% of patients were still
improved after 10 years.15 Pneumatic dilatation is
even less effective for control of chest pain, with a
beneficial response noted by one investigator in 16%
of patients.1 In those with persistent pain, a gradual
improvement occurred over a 10-year period. Our
data show that chest pain resolved in 84% of patients
and improved in 11%. This suggests that the im-
provement is the result of improved esophageal emp-
tying. The operation we performed in patients with
chest pain was identical to that for patients without
chest pain. Thus it is unnecessary to perform a longer
proximal myotomy as would be the case for patients
with diffuse esophageal spasm and chest pain.16
In summary, results of our study show that laparo-

scopic Heller myotomy improves chest pain and dys-
phagia in patients with esophageal achalasia. This
is another reason to consider laparoscopic myotomy
to be the treatment of choice for this disease.
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Intratracheal Long-Term pH Monitoring: A New
Method to Evaluate Episodes of Silent Acid
Aspiration in Patients After Esophagectomy
and Gastric Pull Up
Werner K.H. Kauer, M.D., Hubert J. Stein, M.D., Holger Bartels, M.D.,
J. Rüdiger Siewert, M.D.

Aspiration of gastric contents is considered a leading cause of postoperative pulmonary complications
after esophagectomy and gastric pull up but has been difficult to diagnose. We used intratracheal long-
termpHmonitoring to evaluate the prevalenceof aspirationof gastric contents in patients undergoing these
operations. Continuous intratracheal pHmonitoringwas carried out during the first 72 postoperative hours
in 16 patients with esophageal carcinoma who had undergone esophagectomy and gastric pull up. A
drop in the pH to less than 4 was defined as an episode of acid aspiration. All patients except one tolerated
the probe without any difficulties. Episodes of acid aspiration could be detected in 12 (80%) of 15 patients
(5 of 8 after transhiatal esophagectomy, 7 of 7 after transthoracic esophagectomy, 2 of 5with reconstruction
in the anterior mediastinum, and 9 of 10 with reconstruction in the posterior mediastinum). The number
of aspiration episodes was significantly higher during postoperative day 1 (P � 0.03) compared to
postoperative days 2 and 3. Two patients developed pneumonia later in the postoperative course. Both
of them had several episodes of acid aspiration detected by pH monitoring immediately postoperatively.
Intratracheal pH monitoring is a safe, feasible, and well-tolerated method for detecting episodes of acid
aspiration after esophagectomy and gastric pull up. Aspiration of gastric contents is a common
phenomenon particularly during the first 24 postoperative hours after transthoracic esophagectomy and
gastric pull up in the posteriormediastinum and appears to correlate with the development of postoperative
pneumonia. ( J GASTROINTEST SURG 2003;7:599–602) � 2003 The Society for Surgery of the Alimentary
Tract, Inc.

KEY WORDS: Intratracheal pH, monitoring, silent aspiration, esophagectomy

Pulmonary complications are the leading cause of
morbidity and mortality after esophagectomy. The
incidence of pulmonary complications after esopha-
geal resection varies from 5% to 55%.1–4 After esoph-
ageal resection, anatomic and physiologic alterations
affecting pulmonary function occur as a result of in-
traoperative pulmonary trauma, intrathoracic organ
interposition, and postoperative aspiration. Aspira-
tion may cause swallowing impairment due to distur-
bances of the upper esophageal sphincter.5,6 Excessive
reflux of duodenal juice7,8 and the ability of the intra-
thoracic stomach to produce acid despite esophagec-
tomy-associated vagotomy7,9,10 are potential sources
of refluxate.
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In the present study we used this continuous pro-
duction of acid in the intrathoracic stomach to investi-
gate the frequency of aspiration episodes by means
of intratracheal pHmonitoring in the early postoper-
ative period in patients who had undergone esopha-
gectomy and gastric pull up for esophageal cancer.

PATIENTS AND METHODS
Patients

Sixteen patients (13 men and 3 women, median
age 59.5 years [range 44 to 69 years]) diagnosed as
having esophageal carcinoma (adenocarcinoma in 10,
squamous cell carcinoma in 6), who had undergone
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subtotal esophagectomy (transhiatal route in 9, right
transthoracic route in 7) and reconstruction with a
gastric tube and cervical anastomosis (anterior medi-
astinum in 6, posterior mediastinum in 10), were in-
cluded in the study. The study was approved by the
local ethics committee, and all patients gave informed
consent. A nasogastric tube was placed in all patients
to avoid postoperative distention of the interposed
stomach, and all patients were given acid suppression
medication postoperatively (H2 blocker [Famotidin,
20 mg 3 times/day]). In addition, patients were kept
in a semi-upright position with the head elevated
throughout the study.

pH Monitoring

Intratracheal pH monitoring was performed using
glass electrodes (Medtronic GmbH,Düsseldorf, Ger-
many). After the patient entered the recovery room
and was in stable condition, a pH probe was passed
through the nasotracheal tube; the probe was posi-
tioned 1 cm below the distal end of the tube where
it remained until extubation, generally within 2 to 12
hours postoperatively. After extubation, the pHprobe
was placed 1 cm distal to the vocal chords under
bronchoscopic guidance, and the measurement was
continued for up to 72 hours. An episode of acid
aspiration was defined as a drop in pH to less than
4, and the data were analyzed manually over 24-hour
periods (Fig. 1). In addition, an intragastric pH probe
was placed during the first 24 hours in all patients to
assess acid production in the interposed stomach.

Fig. 1. Twenty-four-hour intratracheal pH monitoring showing two episodes of acid aspiration (arrows).

RESULTS

With the exception of one patient who requested
removal of the tube after 48 hours because of a
sore throat and hoarseness, all patients tolerated the
intratracheal pH probe very well. The 72-hour post-
operative measurement was completed in 15 pa-
tients. There were no complications associated with
measurement.
Despite acid suppression with an H2 blocker, the

median intragastric pH during the monitoring period
was 2.9. The intragastric pHwas less than 4 overmore
than 50% of the measuring period in all patients.
Episodes of acid aspiration on intratracheal pH

monitoring were detected in 12 (80%) of 15 patients
in whom the measurement was completed. A signifi-
cantly greater number of episodes of acid aspiration
occurred during the first 24 postoperative hours com-
pared to the second or third 24-hour period. A greater
number of patients had episodes of acid aspiration
during the first 24 postoperative hours compared to
the second and third 24-hour periods (Table 1).
Periods of acid aspiration were detected in only

five of eight patients who had undergone transhiatal
esophagectomy but in all seven patients who had a
transthoracic esophagectomy. Among patients who
underwent reconstruction in the anterior mediasti-
num, episodes of acid aspiration were detected in two
of five patients but in 9 of 10 patients after reconstruc-
tion in the posterior mediastinum (Table 2).
In the later postoperative course, two patients de-

veloped pneumonia as demonstrated both clinically
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Table 1. Episodes of acid aspiration detected during
the postoperative study period in 15 patients who
completed the measurement

Patient 0–24 hr 25–48 hr* 49–72 hr*

B.S.† 6 3 0
L.G. 0 0 0
M.K. 0 0 0
Z.H. 1 0 0
Z.G. 1 0 0
F.P. 1 1 0
G.W. 1 0 0
S.D. 2 0 0
H.R. 2 0 0
S.W.† 5 2 0
H.P. 1 1 0
Z.L. 0 0 0
P.H. 1 0 0
W.K. 1 1 0
M.A. 2 0 0

*P � 0.05 compared to the first 24-hour postoperative period (Mann-
Whitney U test).
†These patients developed pneumonia during the later postopera-
tive course.

and radiographically. Both patients had episodes of
acid aspiration detected during the first and second
24-hour periods (B.S. and S.W. in Table 1).

DISCUSSION

Aspiration is a well-known cause of pulmonary
complications in patients after subtotal esophagec-
tomy and reconstruction with a gastric tube, but this
has not been investigated sufficiently.We utilized the
ability of the intrathoracic stomach to produce acid,
which was verified by intragastric pH monitoring, to
detect episodes of aspiration bymeans of intratracheal
pH monitoring. A modification of this technique,
with introduction of the intratracheal pH probe
through the cricothyroidmembrane, has been used by

Table 2. Episodes of acid aspiration detected
on intratracheal pH monitoring according to the
operative technique used

Patients with
episodes of acid

Operative technique Total patients aspiration

Resection
Transhiatal 8 5
Transthoracic 7 7

Reconstruction
Anterior mediastinum 5 2
Posterior mediastinum 10 9

others to detect episodes of acid aspiration in patients
with gastroesophageal reflux disease.11,12 In our study
only 1 of 16 patients was unable to tolerate the pH
tube, and no complications occurred, which is an
indication that the technique of intratracheal pH
monitoring is safe, feasible, and well tolerated.
Others have used video radiographic tests to assess

postoperative aspiration, and episodes of aspiration
have been documented in 13% to 53% of patients
after esophagectomy.3,13Thepresent study shows that
episodes of acid aspiration can be documented in up
to 80% of patients when prolonged intratracheal pH
monitoring is used. Aspiration of gastric juice after
esophagectomy and gastric pull up is thus much more
common than was previously realized.
Despite the fact that all patients were given an

H2 blocker three times per day for acid suppres-
sion, the interposed stomach still produced sufficient
acid to result in a pH � 4 for more than 50% of the
monitoring period. Similar data have been reported
previously.7,9 This finding indicates that in order
to prevent acid reflux into the cervical esophagus and
subsequent aspiration, stronger medications such as
proton pump inhibitors are needed, particularly
during the initial postoperative days. This approach,
however, still will not solve the problem of reflux
(and possible subsequent aspiration) of nonacid gas-
tric and duodenal juices, which is common in me-
chanically ventilated patients.14

Although there were no significant differences be-
tween the operative techniques, there was a tendency
for more patients to have reflux episodes detected
when they had undergone a transthoracic resection
with reconstruction in the posterior mediastinum.
This is consistent with findings in other studies
demonstrating the superiority of the transhiatal ap-
proach with regard to pulmonary complications.15,16

However, no data are available to confirm that recon-
struction in the anterior mediastinum leads to fewer
pulmonary complications compared to reconstruc-
tion in the posterior mediastinum.17 One possible
factor could be the shorter distance to the cervical
region when reconstruction is performed in the pos-
terior mediastinum making regurgitation and subse-
quent aspiration more likely.18 A second difference
is that when the reconstruction is performed in
the anterior mediastinum, the cervical esophagus is
pulled anteriorly in order to create the cervical
anastomosis. This “kinking” could work like an anti-
reflux valve and prevent acid from flowing over the
anastomosis causing episodes of acid aspiration.
Other investigators have performed video radio-

graphic tests to assess aspiration during the late post-
operative course when the oral intake was started.13
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However, no data are available for the early postoper-
ative course. We could show that a significantly
greater number of patients had episodes of acid aspi-
ration detected during the first 24 hours compared
to the second and third 24-hour periods. In fact, not
a single episode of aspiration was detected during the
third 24-hour period. It is a well-known fact that
tracheal tubes do not prevent leakage of fluid to the
lungs.19,20 This leakage instead takes place down lon-
gitudinal folds that are present in the cuff wall. Thus
patients are best protected against aspiration when
they are extubated as soon as possible. Two of the 15
patients developed pneumonia on postoperative days
5 and 8, respectively. On intratracheal pH monitor-
ing, both patients had several episodes of acid aspira-
tion detected during the first and second 24-hour
periods, indicating that there might be a correlation
between the number of postoperative aspiration peri-
ods and the development of pneumonia. Larger pa-
tient populations are required to actually prove that
this correlation exists.

CONCLUSION

The present study shows that intratracheal pH
monitoring is a safe, feasible, and well-tolerated tech-
nique for detecting episodes of silent aspiration in
patients after esophagectomy and gastric pull up. As-
piration of gastric content is a common phenomenon
in these patients despite acid suppression with an H2
blocker, especially when the operations are per-
formed transthoracically and reconstructions are in
the posterior mediastinum. The occurrence of silent
episodes of aspiration seems to correlate with the
development of pneumonia in the later postopera-
tive course.
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Behavior of Plasma Hemoglobin in an Experimental
Model of Occlusive Mesenteric Ischemia
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The difficulties in establishing the diagnosis of mesenteric ischemia are responsible for the high mortality
rate that is associated with this clinical condition. We studied the behavior of plasma hemoglobin in an
experimental model of occlusive mesenteric ischemia in mice. Our results showed a clear relationship
between the duration of ischemia and plasma hemoglobin levels. With regard to the time frames studied
(3 hours, 6 hours, 12 hours, and 24 hours), comparison with control groups produced calculated P values
of less than 0.01 for all time frames with the exception of the 3-hour group. This test may have the
potential to aid in the diagnosis of mesenteric ischemia as well as the follow-up of its course after various
therapeutic approaches. (J GASTROINTEST SURG 2003;7:603–605) � 2003 The Society for Surgery of
the Alimentary Tract, Inc.

KEY WORDS: Mesenteric ischemia, diagnosis, plasma hemoglobin, experimental

Mesenteric ischemia is a condition that still poses
major difficulties in its clinical management. Despite
technologic advances in the treatment of this dis-
ease, its mortality continues to be high. The major
reason is the difficulty in establishing the diagnosis.
Even the significant advantage provided by angio-
graphic studies is not sufficient to solve this problem.
A simple test with good sensitivity and specificity,
alone or in combination with other parameters, could
greatly contribute toward improving this scenario.
This report analyzes the results of an experimental
study that was carried out to assess the behavior of
plasma hemoglobin in mesenteric ischemia.

METHODS

The purpose of the study was to examine the
behavior of plasma hemoglobin in an experimental
model of occlusive mesenteric ischemia. Experiments
were performed on anesthetized (ether) adult female
mice according to the standards for the use and care of
laboratory animals. The study was approved by the
local research committee. Ischemia was produced by
occlusion of the proximal mesentery (small bowel)
using surgical sutures (Polycot 000; Johnson & John-
son–Ethicon, SãoPaulo,Brazil).After the inductionof
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ischemia, the following four time frames were stud-
ied: 3 hours, 6 hours, 12 hours, and 24 hours. A sham
procedure (opening and closing the abdominal cavity)
was also used for each of the time frames (i.e., 10
mice were used in each group for a total of 80 mice).
Just before autopsy, blood samples were collected
through cardiac puncture, and the plasma was centri-
fuged and kept at�8ºC. Analyses of plasma hemoglo-
bin were performed using the TMB/H2O2 reaction
(Sigma catalogue number 527-A, Sigma, São Paulo,
Brazil). Because different groups of mice were used
for each time frame studied (n � 80 mice), statistical
analyses were carried out by means of the Mann-
Whitney U test.

RESULTS

Of the 80 mice, four died. All deaths occurred in
the 24-hour ischemic group. The biochemical results
are presented in Table 1 and Fig. 1. The data show
an increase in plasma hemoglobin levels that was pro-
portional to the duration of bowel ischemia. This
increase reached statistical significance in the 6-, 12-,
and 24-hour groups. Autopsy confirmed the presence
of ischemia in all mice in the experimental groups
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Table 1. Plasma hemoglobin measurements
(mean values)

Control Ischemic
Time of group group P value
ischemia (mg/dl) (mg/dl) (Mann-Whitney)

3 h 61.68 (n � 10) 663.43 (n � 10) 0.650
6 h 45.47 (n � 10) 116.66 (n � 10) 0.007
12 h 24.70 (n � 10) 194.93 (n � 10) 0.001
24 h 81.66 (n � 10) 353.15 (n � 6) 0.002

(n � 40), as well as normal intestine in all mice in
the control groups (n � 40).

DISCUSSION

The mortality rate for mesenteric ischemia re-
mains high. Mansour,1 in reviewing a large series,
found mortality rates ranging from 60% to 100%.
A French study analyzed changes in mortality with
regard to different time frames and showed that rates
decreased from 77% to 59% between 1980–85 and
1990–95, respectively.2 According to these numbers,
it is easy to see that our improvements were far from
satisfactory. The difficulty in diagnosing mesenteric
ischemia is the main reason for these results, and this
difficulty is primarily due to the scarcity of clinical
signs. It is well known that the sudden occurrence

Fig. 1. Plasma hemoglobin levels in the ischemic groups (mean values and 95% confidence intervals).

of abdominal pain is one of the very few consistent
features of mesenteric ischemia. Unfortunately, peri-
toneal signs do not occur until the bowel becomes
necrotic.3 The clinical assessment of mesenteric isch-
emia, even when done by experienced physicians, is
incorrect in approximately 30% of cases.4 In 1977,
Boley et al.5 showed that an “aggressive” approach
could reduce the mortality rate from 70% to 80% to
approximately 40%. Liberal and early use of angio-
graphy was the backbone of this “aggressive” ap-
proach. Twenty years later, Boley et al.6 reaffirmed
that, despite the improvements over the past two
decades, this clinical entity still produces poor results.
In addition to angiography, other tests have also been
used, among them computed tomography, duplex ul-
trasonography, nuclear magnetic resonance imaging,
measurements of “natural” magnetic fields, radioxe-
non washout analyses, and tonometry.7–12 Although
all of these represent signigicant contributions, limi-
tations still create important diagnostic dilemmas
when considering their clinical application.
The reason why we chose to use plasma hemoglo-

bin levels to diagnose mesenteric ischemia is that
ischemic bowel was, in our minds, very likely to pro-
duce hemolysis. Our results show a clear correlation
between the duration of ischemia and plasma hemo-
globin levels, confirming our initial hypothesis. After
we had finished analyzing our data, we found a report,
published in 1969, demonstrating an increase in
hemoglobin levels during experimental ischemia.13
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Although this report focused on acid phosphatase and
ribonuclease levels, an increase in plasma hemoglobin
was seen after 1 hour of ischemia. Even with the
convincing data we obtained from our experiments,
we do not believe that plasma hemoglobin alone will
be useful as a specific test for mesenteric ischemia.
Hemolysis is a biological event that is not specific by
itself and can occur in a variety of conditions. The
amount of necrotic tissue, in addition to the time of
ischemia, also probably affects plasma hemoglobin
levels. However, the sensitivity and specificity of a
test should be evaluated in a setting that is as close
as possible to the one in which it is intended for
use. It is possible that when the test is performed in
patients suspected to have mesenteric ischemia on the
basis of other evaluations (e.g., clinical), we may find
supporting evidence in determining the presence of
an ischemic process. We do not consider plasma he-
moglobin levels to be appropriate for use as a screen-
ing tool for mesenteric ischemia. We believe its
usefulness instead may reside in its ability to confirm
a suspicious diagnosis and/or aid in follow-up after
various therapeutic approaches. An ideal test would
be one that is noninvasive, fast, and easy to perform,
with good sensitivity and specificity, that can be used
alone or combined with other data. At the present
time, we can only say that the measurement of plasma
hemoglobin levels is noninvasive, fast and easy to
perform, and correlates very well with the time of
bowel ischemia in an experimental model. We hope
that a better analysis of this and other tools can help to
change the scenario that was very well described by
Boley et al.6 when they stated that “the best part of the
history ofmesenteric ischemia remains to be written.”
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Evaluation and Management of Patients With 
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This systematic review examines the evidence for commonly employed strategies of managing patients
with recurrent ulcer disease after acid-reducing operations. Particular attention is given to recent evi-

 

dence relating 

 

Helicobacter pylori

 

 (

 

H. pylori

 

) and nonsteroidal anti-inflammatory drugs (NSAIDs) to ulcer
recurrence after operative therapy. MEDLINE word searches of the literature from 1966 to 2001 identi-
fied 895 articles that cross-reference the terms “peptic ulcer disease (PUD),” “surgery,” and “recurrence.”
Articles were selected for systematic review of evidence relating incomplete vagotomy, NSAIDs, and 

 

H.
pylori

 

 to postoperative ulcer recurrence and evidence supporting common medical and surgical strategies.
The relationship between incomplete vagotomy and recurrent ulcer disease is suggested by randomized
controlled trials and well-designed prospective case series. The evidence that NSAID use is an important
pathogenic factor in recurrent ulcer disease includes the relationship between NSAIDs and primary
PUD, the occurrence of NSAID-induced ulcers in patients taking proton pump inhibitors, and case se-
ries demonstrating virulent ulcer disease in patients taking aspirin despite prior acid-reducing operations.
The relationship between 

 

H. pylori

 

 infection and postoperative ulcer recurrence remains uncertain de-
spite multiple controlled trials and well-designed case series that have documented high rates of 

 

H. pylori

 

infection in postoperative patients. The initial management of patients with recurrent ulcer disease after
acid-reducing operations consists of a protein pump inhibitor or a histamine-2 receptor antagonist and
antibiotics directed at 

 

H. pylori

 

, if present. Evidence for this regimen includes prospective randomized tri-
als demonstrating the efficacy of cimetidine in healing ulcers after acid-reducing operations and prospec-
tive, randomized studies documenting the efficacy of histamine-2 receptor antagonists and protein pump
inhibitors in the management of patients with primary PUD. The critical role that 

 

H. pylori

 

 infection
plays in primary PUD and the minimal risks associated with 

 

H. pylori

 

 eradication strongly support the ini-
tiation of antibiotic therapy when 

 

H. pylori

 

 is present. The principal indication for operative management
of recurrent PUD is the occurrence of ulcer complications that cannot be managed by medical or endo-
scopic means. The operative management of patients with failed acid-reducing operations is based on ul-
cer recurrence rates and morbidity and mortality rates in randomized and nonrandomized prospective
trials of patients with primary PUD and retrospective case series of patients undergoing remedial opera-

 

tive procedures after various failed acid-reducing operations. ( J G
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 2003;7:606–626.)
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Recurrent peptic ulceration is one of the most fre-
quent causes of unsatisfactory long-term results after
operations for peptic ulcer disease (PUD). Although
the number of patients requiring elective operations

for PUD has declined dramatically, large numbers of
acid-reducing operations have been performed. Fur-
thermore, operations to manage acute complications
of ulcer disease are still commonly performed.
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The availability of potent inhibitors of gastric acid
secretion and improved understanding of the patho-
physiology of primary PUD, particularly with regard
to 

 

Helicobacter pylori

 

 (

 

H. pylori

 

) and nonsteroidal anti-
inflammatory drugs (NSAIDs), has fundamentally
altered the therapeutic approach to patients with ul-
cer disease. The purpose of this article is to review
the evidence for commonly employed strategies for
evaluating and managing patients with recurrent ul-
cer disease after acid-reducing operations. Particular
attention is given to recent evidence relating 

 

H. py-
lori

 

 and NSAIDs to ulcer recurrence after operative
therapy.

 

METHODS

 

MEDLINE word searches of the literature pub-
lished from 1966 to 2001 were conducted using the
terms “peptic ulcer disease” and “surgery” in combi-
nation with “recurrence.” This search yielded 37,283
articles for the term “peptic ulcer disease,” 7385 arti-
cles for the surgical treatment of PUD, and 895 arti-
cles that cross-referenced the terms “peptic ulcer dis-
ease,” “surgery,” and “recurrence.” The MEDLINE
abstracts (or titles) of these 895 articles were examined
by two of us (R.H.T and G.S.) to identify primary
and review articles containing information pertinent
to this review. A total of 175 articles were chosen for
in-depth review based, in part, on the presence of one
of the following characteristics: prospective design,
large patient cohort, periods of follow-up longer
than 10 years, and publication within the past 10
years. The level of evidence for each of the following
questions was assigned using the criteria in Table
1:

 

1,2

 

 (1) What is the role of incomplete vagotomy,
NSAIDs, and 

 

H. pylori

 

 in the pathogenesis of recur-
rent ulcer disease after acid-reducing operations; (2)
what is the best medical treatment for patients with
recurrent ulcers after acid-reducing operations; and
(3) what is the best operative treatment for patients
with recurrent PUD after acid-reducing operations?

 

INCIDENCE AND TIMING OF
RECURRENT DUODENAL
ULCER DISEASE

 

There are many prospective reports documenting
the rate of recurrent ulceration after various acid-
reducing operations with long periods of follow-up
(Table 2). The incidence of ulcer recurrence is low-
est for the most extensive procedures such as truncal
vagotomy and antrectomy and higher for nonresec-
tional procedures such as truncal vagotomy and py-
loroplasty and parietal cell vagotomy.

 

3–13

 

 The most
common sites for ulcer recurrence are peripyloric,
duodenal, and peristomal (i.e., within 1 cm of a gas-
trojejunostomy). The time to ulcer recurrence is
related, at least in part, to the particular operation
performed. Most patients who develop recurrent ul-
cerations after a truncal vagotomy and pyloroplasty
or truncal vagotomy and antrectomy do so within
the first 3 to 5 postoperative years, whereas patients
who have undergone a parietal cell vagotomy appear
to be at risk for recurrent ulcer disease for at least 13
years

 

3,4,6,7,14

 

 (Fig. 1). In one early study, 70% of the
recurrences after truncal vagotomy and pyloroplasty,
truncal vagotomy and antrectomy, and gastric resec-
tion occurred within the first 3 postoperative years.

 

15

 

These data are similar to those reported by Jordan
et al.

 

7

 

 in a prospective randomized comparison of
parietal cell vagotomy and selective vagotomy and
antrectomy. Meisner et al.

 

3

 

 and Jordan et al.

 

7

 

 noted a
progressive increase in ulcer recurrences after pari-
etal cell vagotomy for at least the first 13 years after
the procedure. The monthly risk of ulcer recurrence
after parietal cell vagotomy was estimated to be be-
tween 0.07% and 0.38%,

 

7,16,17

 

 and the rate after se-
lective gastric vagotomy and antrectomy was esti-
mated to be 0.008%.

 

7

 

CLINICAL PRESENTATION

 

Many patients with recurrent ulcer disease after
ulcer surgery are asymptomatic.

 

18

 

 The others present

 

Table 1.

 

 Level of evidence rating

 

1,2

 

Level of evidence Type of investigation

 

Ia Evidence obtained from meta-analysis of randomized controlled trials
Ib Evidence obtained from at least one randomized controlled trial
IIa Evidence obtained from at least one well-designed controlled trial without randomization
IIb Evidence obtained from at least one other type of well-designed quasiexperimental study
III Evidence obtained from well-designed nonexperimental studies, such as comparative studies, correlational

studies, and case studies
IV Evidence obtained from expert committee reports or opinions and/or clinical experiences of respected

authorities
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Table 2.

 

 Frequency of recurrent peptic ulcer disease after acid-reducing operations

 

Reference Study description Study design

Level
of 

evidence
Sample

size

Average
follow-
up (yr)

or range
(yr)

Recurrence
rate (%)

 

Highly selective vagotomy
Meisner et al.

 

3

 

 (1988) Estimate probability of ulcer
recurrence after PCV

Long-term
systematic
follow-up,
case series

III 339 15 27*

Johnston et al.

 

4

 

 (1991) Long-term follow-up of 
patients undergoing PCV

Long-term
systematic
follow-up,
case series

III 305 10–20 15

von Holstein et al.

 

5

 

 (1987) Long-term follow-up of 
patients undergoing PCV

Long-term
systematic
follow-up,
case series

III 100

 

�

 

10 18

Koruth et al.

 

6

 

 (1990) Comparison of PCV and TV 
& P

Prospective,
randomized

Ib 57 12 5

Jordan and Thornby

 

7

 

(1994)
Comparison of PCV and SV & 

A in 200 patients followed 
over 20 yr

Prospective,
randomized

Ib 102 10–20 14

Hoffman et al.

 

8

 

 (1987) Long-term prospective follow-
up of 135 patients 
undergoing PCV

Long-term
systematic
follow-up,
case series

III 135 14–18 30

Hoffman et al.

 

9

 

 (1989) Comparison of TV and 
drainage, selective vagotomy 
and drainage, and PCV in 
197 patients

Prospective,
randomized

Ib 80 11–15 39*

Macintyre et al.

 

10

 

 (1990) Long-term follow-up of 
patients undergoing PCV
5–15 years postop (82% 
follow-up)

Long-term
systematic
follow-up,
case series

III 283 12 19

Herrington et al.

 

11

 

 (1986) Long-term prospective follow-
up of 131 patients 
undergoing PCV

Long-term
systematic
follow-up,
case series

III 131 6–13 9

Koo et al.

 

12

 

 (1983) Comparison of TV & D, TV & 
A, and PCV in 152 patients

Prospective,
randomized

Ib 50 4 16

Koruth et al.

 

6

 

 (1990) Comparison of PCV and TV 
& P in 137 patients

Prospective,
randomized

Ib 59 12 7

Hoffman et al.

 

9

 

 (1989) Comparison of TV & D, 
selective vagotomy and 
drainage and PCV in 197 
patients

Prospective,
randomized

Ib 78 11–15 28*

Koo et al.

 

12

 

 (1983) Comparison of TV & D, TV & 
A, and PCV in 152 patients

Prospective,
randomized

Ib 51 4 12

Truncal vagotomy and drainage
Taylor et al.

 

13

 

 (1990) Comparison of anterior lesser 
curve seromyotomy with 
posterior truncal vagotomy 
and TV & P in 146 patients

Prospective,
randomized

Ib 69 4.5 3

 

Table 2 continued

 

.
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with recurrent abdominal pain and/or one of the fol-
lowing complications of their disease: hemorrhage,
perforation, or gastric outlet obstruction.

 

14,19–24

 

 The
relative frequency of the symptomatic clinical sce-
narios is shown in Table 3. The following three points
deserve emphasis: (1) Most patients with epigastric
pain after an operation for PUD do not actually have
recurrent ulcers.

 

23–25

 

 Mosiman et al.

 

25

 

 found that
only about one third of patients with postoperative
dyspeptic pain had recurrent ulcers. These investiga-
tors and others have noted that the pain of a recur-
rent ulcer is often indistinguishable from that of
other postgastrectomy complications such as im-
paired gastric emptying (gastroparesis), esophagitis,
or bile reflux gastritis.

 

23–25

 

 (2) Free perforation into
the peritoneal cavity is a relatively unusual mode of
presentation for patients with recurrent ulcer disease
in the absence of aspirin (acetylsalicylic acid [ASA])
or NSAID use, and (3) recurrent ulcers due to ASA,
and perhaps other NSAIDs, are associated with a
high frequency of severe complications including ob-
struction, bleeding, and even perforation.

 

21,26

 

ETIOLOGY

 

The two most common causes of recurrent ulcer
disease are incomplete vagotomy and ulcerogenic
medications, particularly NSAIDs. The relationship
between 

 

H. pylori

 

 and recurrent ulcer disease is un-
clear. The evidence relating incomplete vagotomy,
NSAID use, and 

 

H. pylori

 

 infection to recurrent ulcer
disease after acid-reducing operations is reviewed in
Table 4. Less common causes include hypersecre-
tory states, such as gastrinoma, and retained ex-
cluded gastric antrum. At the present time, there is

 

little evidence to suggest that hypercalcemia (in the
absence of gastrinoma) and gastric stasis cause recur-
rent ulcer disease, G-cell hyperplasia, or the pres-
ence of a long afferent limb.

 

Role of Incomplete Vagotomy in the 
Pathogenesis of Recurrent Ulcer Disease

 

There is substantial evidence relating incomplete
vagotomy to recurrent ulcer disease after acid-reduc-
ing operations.

 

7,10,27–30

 

 All forms of vagotomy reduce
basal acid output and stimulate gastric acid output by
50% to 80%.

 

7,27–29,31

 

 Gastric resection, with or without
vagotomy, reduces acid secretion by as much as
90%.

 

7,31

 

 This degree of inhibition of acid secretion per-
sists for as long as 10 to 20 years postoperatively.

 

7,29,31

 

The relationship between incomplete vagotomy,
persistent acid production, and recurrent ulcer dis-
ease is suggested by studies demonstrating greater
levels of acid production in patients with ulcer recur-
rence than in patients without recurrence. For exam-
ple, a prospective study of 280 patients undergoing
parietal cell vagotomy found that 72% of patients with
a post–parietal cell vagotomy basal acid output greater
than 1.4 mmol/hr developed recurrent ulcer disease
compared with only 8% of patients whose basal acid
output was less than 1.4 mmol/hr

 

27

 

 (Fig. 2). Simi-
larly, 18% of the patients in that study with a postop-
erative peak acid output greater than 12 mmol/hr de-
veloped recurrent ulcer disease, whereas only 3%
of those with stimulated acid output less than 12
mmol/hr developed a recurrence.

 

27

 

Using another assay of vagal integrity, Feldman
et al.

 

30

 

 found that the ratio of acid output after sham
feeding to peak acid output (SAO/PAO) was signifi-
cantly greater in patients whose ulcers recurred post-

 

Table 2.

 

 

 

Continued

 

Reference Study description Study design

Level
of 

evidence
Sample

size

Average
follow-
up (yr)

or range
(yr)

Recurrence
rate (%)

 

Vagotomy and antrectomy
Jordan and Thornby

 

7

 

(1994)
Comparison of PCV and SV & 

A in 200 patients followed 
over 20 yr

Prospective,
randomized

Ib 92 10–20 2

Hoffman et al.

 

9

 

 (1989) Comparison of TV & D, SV & 
D, and PCV in 197 patients

Prospective,
randomized

Ib 90 11–15 37*

Koo et al.

 

12

 

 (1983) Comparison of TV & D, TV & 
A, and PCV in 152 patients

Prospective,
randomized

Ib 51 4 0

 

PVC 

 

�

 

 parietal cell vagotomy; SV & A 

 

�

 

 selective vagotomy and antrectomy; TV & A 

 

�

 

 truncal vagotomy and antrectomy; TV & D 

 

�

 

 truncal
vagotomy and drainage; TV & P 

 

�

 

 truncal vagotomy and pyloroplasty.
*Kaplan-Meier estimates after selective vagotomy and antrectomy.
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operatively than in those without a recurrence. More
important, of the five patients with ulcer recurrence
and a high SAO/PAO, repeat vagotomy dramatically
reduced acid production and prevented ulcer recur-

 

rence. Stenquist et al.

 

28

 

 reported that a high postop-
erative SAO/PAO predicted early (within 5 years
postoperatively) but not late (

 

�

 

5 years) ulcer recur-
rence, suggesting the importance of other factors
such as NSAID use in late ulcer recurrence. The lat-
ter observation is consistent with studies demon-
strating the recurrence of ulcers in patients with
complete vagotomies and the lack of a difference in
the average (or median) gastric acid output between
patients who have a recurrence of ulcers and those
who do not.

 

7,21,31–33

 

 

 

Role of NSAIDs in the Pathogenesis of 
Recurrent Peptic Ulcer Disease

 

Evidence relating NSAID use to recurrent ulcer
disease after acid-reducing operations includes the
following: (1) the well-known association between
NSAIDs and complicated primary PUD;

 

34–36

 

 (2) the
suggestion that overt or surreptitious NSAID use is
responsible for recurrent ulcers after the effective
eradication of 

 

H. pylori

 

;

 

37

 

 (3) the observation that
NSAID-induced ulcers occur in patients in whom
gastric acid secretion is significantly suppressed by the
administration of high-dose proton pump inhibitors
(PPIs);

 

38,39

 

 and (4) two observational studies docu-
menting the occurrence of virulent recurrent ulcer
disease in patients taking ASA despite prior opera-
tions that profoundly reduced gastric acid secre-
tion.

 

21,26

 

 Hirschowitz and Lanas

 

21

 

 reported 30 pa-
tients who chronically used ASA and developed
recurrent ulcer disease after various acid-reducing
operations. The rate of ulcer recurrence was 80% to
90% despite the fact that patients undergoing reme-
dial procedures of increasing complexity had pro-
gressively greater reductions in gastric acid produc-
tion. In this study the ulcerations were multiple,
deep, and caused stenosis of the gastric outlet. Most
important, the only patients who had healing of their
ulcers were those who stopped taking ASA. These
observations are consistent with those reported by
Perrault et al.

 

26

 

 in a case series.
The quantity of ASA required to produce recur-

rent ulceration, particularly in the hypochlorhydric
stomach, is unknown. In the study by Hirschowitz
and Lanas,

 

21

 

 the patients took 1 to 3.5 gm per day
(serum salicylate levels of 3 to 30.4 mg/100 ml), sug-
gesting that the virulent ulcer disease reported in
their study was induced by large doses of ASA. In a
recent study by Cryer and Feldman,

 

40

 

 in normal vol-
unteers with an intact stomach, they found that even
very low doses of ASA (10 mg/day) reduce gastric
mucosal prostaglandin levels by 60% and cause gas-
troduodenal mucosal injury. These data are consis-
tent with epidemiologic and autopsy studies suggest-

Fig. 1. A, Frequency and timing of ulcer recurrence after pari-
etal cell vagotomy (PCV ) or selective vagotomy and antrec-
tomy (SV-A). Jordan and Thornby7 reported the results of a
prospective, randomized comparison between parietal cell vag-
otomy (n � 100) and selective vagotomy and antrectomy (n �
100). Each curve represents the expected probability plus 1
standard error for ulcer recurrence. The monthly average re-
currence rate was 0.069% for parietal cell vagotomy and
0.0083% for vagotomy and antrectomy. (From Jordan PH Jr,
Thornby J. Twenty years after parietal cell vagotomy or selec-
tive vagotomy antrectomy for treatment of duodenal ulcer: Fi-
nal report. Ann Surg 1994;220:283–296.) B, Frequency and
timing of ulcer recurrence after parietal cell vagotomy using
Kaplan-Meier plots � 1 standard deviation. Meisner et al.3 re-
ported these data based on observations in 339 patients under-
going parietal cell vagotomy followed for a median period of
108 months (range 1 to 197 months). Ulcers recurred in 62
(18.3%) of the 339 patients. (From Meisner S, Jorgensen LN,
Sensen HE. The Kaplan and Meier and the Nelson estimate
for the probability of ulcer recurrence 10 and 15 years after pa-
rietal cell vagotomy. Ann Surg 1988;207:1–3.)
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ing that ASA dosages as low as 75 to 325 mg/day (or
even 325 mg every other day) may cause gastrointes-
tinal ulcers and bleeding.

 

41,42

 

 Whether patients with
ulcers who undergo prior acid-reducing operations
are more vulnerable (or protected) against ASA-
induced ulcers is uncertain.

 

Role of 

 

H. pylori

 

 in the Pathogenesis of 
Recurrent Peptic Ulcer Disease

 

In contrast to the well-known pathogenic role that

 

H. pylori

 

 plays in primary PUD,

 

43–45

 

 the relationship
between 

 

H. pylori

 

 infection and recurrent ulcer dis-
ease after acid-reducing operations is unclear. The
prevalence of 

 

H. pylori

 

 infection after vagotomy without
gastric resection is 65% to 98% up to 14 years post-
operatively, and the prevalence of infection after gas-
tric resection ranges from 18% to 49% up to 20 years
postoperatively.

 

20,46–52

 

 There are surprisingly few
data relating persistent colonization to recurrent ul-
cer disease. Several studies have found that the prev-
alence of 

 

H. pylori infection in patients with recur-
rent ulcer disease is similar to that in patients
without recurrent disease.20,46–52 These studies are
summarized in Table 4.

Even in the presence of an incomplete vagotomy,
it remains unclear whether H. pylori significantly in-
creases the risk of ulcer recurrence. In one study of
122 patients undergoing vagotomy, who were fol-
lowed for up to 14 years, the only patients who de-
veloped ulcer recurrence were those with incomplete
vagotomy, irrespective of the status of the H. pylori.
Only one in four patients with both persistent H. py-
lori infection and an incomplete vagotomy developed
recurrent ulcer disease.48 These data suggest that acid-
reducing operations, per se, do not affect gastric H.
pylori infection and that patients who were infected
preoperatively remain infected after their ulcer oper-

ations. Despite these data, the relationship between
H. pylori and the recurrence of ulcers postoperatively
remains of concern, particularly given recent data
suggesting that patients with H. pylori infections are
more susceptible to NSAID-induced gastric mucosal
injury than are patients without H. pylori infection.53

Unusual Causes of Recurrent Ulcer Disease 
After Acid-Reducing Operations

Retained Gastric Antrum. Gastric antrum retained
within the duodenal stump after gastric resection
and Billroth II gastrojejunostomy is a very rare but
important cause of recurrent ulcer disease. In these
instances, the excluded antral mucosa is constantly
bathed by alkaline duodenal and pancreatic fluid, re-
sulting in the continuous secretion of gastrin and
hence gastrin-mediated acid hypersecretion. The di-
agnosis should be suspected in patients with recur-
rent ulcer disease and hypergastrinemia after gastric
resection and a Billroth II gastrojejunostomy. A so-
dium 99m-technetium pertechnetate scan demon-
strating retained antral tissue within the end of the
afferent loop confirms the diagnosis. The diagnosis
may also be made endoscopically by histologically
documenting pyloric or gastric mucosa at the end of
the afferent loop. Excision of the retained antral tis-
sue is curative. This complication can be avoided by
frozen-section evaluation of the duodenal margin at
the time of the initial resection. Identification of
Brunner’s glands at the distal resection margin con-
firms complete excision of the antrum.

Gastrinoma. Although gastrinoma is a rare cause
of primary PUD, it assumes much greater impor-
tance in patients with recurrent ulceration, particu-
larly after gastric resection. Multiple or jejunal ulcer-
ations, rugal hypertrophy, and a history of diarrhea
are important diagnostic clues. About one fourth of

Table 3. Symptoms associated with recurrent ulcers after acid-reducing operations

Reference
Sample

size Pain (%) Bleeding (%) Obstruction (%) Perforation (%) Notes

Schirmer et al.14 (1982) 166 45 41 12 1 One patient presented 
with diarrhea

Kinney et al.19 (1988) 42 55 40 5 0 —
Lee et al.20 (1998) 93 58 42 — — —
Hirschowitz21 (1998)* 30 — 23 43 23 Other symptoms (e.g. 

pain) are not described 
in 11% of patients.

Heppell et al.22 (1983) 120 43 27 19 7 Other symptoms of 
recurrent ulcer disease 
are not described in 4% 
of patients

*Aspirin-associated ulcers.
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Table 4. Evidence that incomplete vagotomy, nonsteroidal anti-inflammatory drugs, and Heliocobacter pylori are 
important factors in the pathogenesis of recurrent ulcer disease after acid-reducing operations

Reference Study description Study design
Level of
evidence

Incomplete vagotomy
Jordan and Thornby7 (1994) Comparison of PCV and SV & A in 200 patients followed 

over 20 yr; ulcer recurrence and acid secretion higher in 
PCV group

Prospective, 
randomized

Ib

Macintyre et al.10 (1990) Long-term follow-up of patients undergoing PCV 5–15 
years postop (82% follow-up); higher recurrence rate 
with incomplete vagotomy

Long-term 
systematic 
follow up, case 
series

III

Cohen et al.27 (1993) Quantitation of gastric acid release both pre- and postop 
in patients undergoing PCV with correlation between 
acid secretion and ulcer recurrence (N � 280 patients)

Case series with 
acid studies

IIb

Stenquist et al.28 (1994) Quantitation of postop sham acid ouput in 98 patients 
after PCV recurrence rate with complete vagotomy � 
8%; with incomplete vagotomy � 23%.

Case series with 
acid studies

IIb

Braghetto et al.29 (1988) Comparison of PCV and extended PCV in 80 patients 
with duodenal ulcers; all patients had postop acid 
studies; low recurrence rate; acid studies similar in both 
groups

Prospective, 
randomized

Ib

Feldman et al.30 (1980) Quantitation of sham feeding to peak acid output in 50 
nonvagotomized subjects and 15 vagotomized patients 
with duodenal ulcers; all 5 patients with acid studies 
diagnostic of incomplete vagotomy underwent repeat 
vagotomy with significant reduction in acid secretion 
and cure of their ulcer disease

Case series with 
acid studies

IIb

NSAID use
Hirschowitz and Lanas21 (1998) Series of 30 patients with recurrenct ulcer disease after 

acid-reducing operations; with continued NSAID use 
ulcer recurrence is the rule despite complete vagotomy

Case series with 
salicylate levels

III

Perrualt et al.26 (1988) Case report of 5 patients with recurrent ulcer after acid-
reducing operations; All had surreptitious use of 
NSAIDs

Case series with 
salicylate levels

III

Helicobacter pylori
Lee et al.20 (1998) No clear correlation between H. pylori and ulcer 

recurrence after acid-reducing operations
Prospective series

with H. pylori 
studies

IIb

Peetsalu et al.46 (1991) Determination of H. pylori infection in patients with ulcers 
after ulcer operations; no correlation between H. pylori 
and recurrent ulcers

Case series IIb

Leivonen et al.47 (1997) No clear correlation between H. pylori and ulcer 
recurrence after acid-reducing operations in 155 
patients

Case series III

Peetsalu et al.48 (1998) 14-year follow-up of 122 patients after PCV; H. pylori 
status and endoscopic Congo red studies performed; no 
correlation between H. pylori status and recurrent ulcers

Case series IIb

Leivonen et al.49 (1998) 90 patients followed 5� years after gastrectomy for ulcer 
disease; negative correlation between H. pylori and 
recurrent ulcers

Case series III

Schilling et al.50 (1999) Patients undergoing gastroscopy for ulcer symptoms; 50 
with prior ulcer surgery, 50 controls; H. pylori found in 
37% with ulcer recurrence, 73% with primary ulcers

Case-control 
study

IIa

Csendes et al.51 (1996) 31 patients with PCV, 133 with primary ulcers; 81% of 
primary ulcers H. pylori �, 71% of PCV patients H. 
pylori � despite no ulcer recurrence

Case series IIb
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patients with gastrinomas have multiple endocrine
neoplasia-1 (MEN-1) and 40% to 60% of patients with
MEN-1 will have a gastrinoma. Thus the presence
of hypercalcemia and hyperparathyroidism in a pa-
tient with recurrent ulcer disease strongly suggests
the diagnosis of gastrinoma and MEN-1.

Hypercalcemia and Hyperparathyroidism. With
the exception of patients with MEN-1, there are few
published data to suggest that patients with hyper-
calcemia and hyperparathyroidism have an increased
risk of PUD. Although experimentally induced hy-
percalcemia may stimulate gastrin release and gastric
acid secretion,53 basal and stimulated gastric acid se-
cretion and serum gastrin levels are not significantly
elevated in patients with chronic hypercalcemia asso-
ciated with hyperparathyroidism.54 Furthermore, in
the absence of MEN-1 syndrome, there are few epi-
demiologic data to support a relationship between
hyperparathyroidism and PUD.55

Impaired Gastric Emptying. An association be-
tween impaired gastric emptying, gastroparesis, and
recurrent ulcer disease (especially gastric ulcers) has
been suggested since the early days of gastric sur-
gery. It is postulated that gastric distention and re-
tained food increase gastrin release and thus acid se-
cretion.56,57 Although at one time it was thought to
be responsible for as many as 12% of cases of recur-
rent ulceration,15 at present the relationship between
delayed gastric emptying and recurrent PUD is un-
clear. The principal evidence against the notion that
impaired gastric emptying causes recurrent gastric

ulcers is the high rate of ulcer recurrence in patients
with gastric outlet obstruction treated only by revi-
sion of the anastomosis.23,58 It is likely that in most
patients with gastric outlet obstruction and recurrent
ulcer disease, outlet obstruction is the consequence,
and not the cause, of ulcer recurrence.

Long Afferent Loop After Billroth II Gastrec-
tomy. The presence of a long afferent loop in a Bill-
roth II reconstruction has often been mentioned as
cause of recurrent ulceration. The long afferent loop
is proposed to cause deficient buffering of the acidic
gastric juice in the jejunal limb resulting in ulceration.
Although there is elegant experimental evidence in
dogs from the 1950s supporting this mechanism,59,60

only a few cases reported in the literature in humans
are attributed to this cause.61 In these reports, the def-
inition of long afferent limb is imprecise. Based on the
paucity of solid evidence in humans, we do not con-
sider a long afferent limb to be an important cause of
recurrent postoperative peptic ulcers.

Antral G-Cell Hyperplasia (Pseudo–Zollinger-
Ellison Syndrome). This syndrome is described in
patients with excessive gastrin release and therefore
exaggerated acid production. It is believed to result
from an excessive number of antral G-cells without
an extragastric source of gastrin. The hallmarks of
the syndrome are excessive acid and gastrin produc-
tion in response to meals, a negative secretin stimu-
lation test for gastrinoma, a virulent course of ulcer
disease, and resolution of the syndrome with antrec-
tomy. The existence of this entity remains contro-
versial. Despite a number of articles published on the
topic, only two case series clearly rule out gastri-
noma by provocative testing,62,63 and only one of
these includes postoperative recurrent ulcers.63 Fur-
ther complicating the use of this diagnosis is the fact
that both series predate the recognition of H. pylori
as an important etiologic agent in PUD, and hence
do not include data on H. pylori status. Of note, H.
pylori infection has been shown to increase the gas-
trin and acid response to food,64,65 raising the possi-
bility that G-cell antral hyperplasia may, in fact, rep-
resent H. pylori infection. Based on the paucity of
published evidence, we believe that G-cell antral hy-
perplasia cannot be regarded as a significant cause of
recurrent postoperative ulcers.

INITIAL DIAGNOSTIC EVALUATION

A detailed history and physical examination will
identify symptoms of ulcer disease or evidence of
complications, for example, hematemesis and melena,
anemia, vomiting, or weight loss. A thorough medi-
cal history may also provide insight into the cause of

Fig. 2. Relationship between elevated basal acid output
(BAO) and recurrence of PUD after parietal cell vagotomy.
These data show the actuarial recurrent ulceration rate in 118
patients undergoing parietal cell vagotomy. Those patients
with a BAO greater than 1.4 mmol/hr had a significantly
higher rate of ulcer recurrence than did those with a BAO less
than 1.4 mmol/hr. (From Cohen F, Valleur P, Serra J, Brisset
D, Chiche L, Hautefeuille P. Relationship between gastric
acid secretion and the rate of recurrent ulcer after parietal cell
vagotomy. Ann Surg 1993;217:253–259.)
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the ulcer recurrence, for example, the use of ulcero-
genic medications or Zollinger-Ellison syndrome. In
the absence of symptoms and signs of perforation
and peritonitis, the diagnosis of ulcer recurrence is
best made by esophagogastroduodenoscopy (EGD).
In addition to documenting the presence and location
of the ulcer, this study may provide valuable infor-
mation regarding ulcer etiology and the presence of
H. pylori. Multiple ulcers and those in atypical locations
strongly suggest the presence of a hypersecretory
syndrome or the use of NSAIDs. Retained food, a
gastric bezoar, or a stenotic anastomosis suggests as-
sociated impairment of gastric emptying. Endo-
scopic biopsy of gastric ulcers is of particular impor-
tance in detecting cancer. Last, EGD is invaluable in
the evaluation and treatment of patients bleeding
from ulcer disease.

Upper gastrointestinal barium contrast studies are
of limited value in diagnosing recurrent ulcer disease
after acid-reducing operations. Various investigators
have documented that this study has a sensitivity and
specificity of less than 50% in detecting ulcers in the
postoperative setting. The impaired accuracy of this
test is due principally to the difficulty in detecting
ulcerations in the presence of postoperative deformi-
ties of the stomach and duodenum. Contrast radio-
graphs may, however, provide important information
in the evaluation of patients with suspected gastric
outlet obstruction and in those whose postoperative
anatomy is uncertain.

A fasting serum gastrin level should be obtained in
all patients with recurrent ulcer disease to identify
patients with gastrin-mediated hypersecretory syn-
dromes. With rare exceptions,66 a normal fasting se-
rum gastrin concentration excludes the possibility of
Zollinger-Ellison syndrome, whereas a serum gastrin
level greater than 1000 pg/ml, combined with a fast-
ing gastric pH below 2.5,67 is virtually diagnostic. Of
note, achlorhydria alone may be associated with
markedly elevated serum gastrin levels, and hence it
is important to quantify gastric pH in patients with
markedly elevated serum gastrin concentrations. Pa-
tients with lesser degrees of hypergastrinemia will
require provocative testing with a secretin stimula-
tion test to confirm the diagnosis of gastrinoma. Pa-
tients with retained gastric antrum typically have
fasting serum gastrin concentrations two to four
times the normal range; in these instances, a secretin
stimulation test will be negative.

INITIAL MANAGEMENT

In the usual scenario in which a patient presents
with recurrence of upper abdominal pain and endos-

copy demonstrates recurrent ulcer disease, medical
therapy consists of a PPI or histamine-2 receptor
antagonist (H2-RA) and antibiotics directed at H. py-
lori, if present. The use of a PPI or H2-RA for man-
aging patients with recurrent PUD after acid-reducing
operations is based on the following evidence: (1)
early prospective randomized clinical trials demon-
strating the efficacy of acid suppression with H2-RAs
in healing ulcers after acid-reducing operations68–70

and (2) clinical trials documenting the efficacy of
H2-RAs and PPIs in the management of patients
with primary ulcer disease71–75 and ulcers associated
with the use of NSAIDs.38,39,76 These studies are re-
viewed in Table 5. To our knowledge, no studies
have directly examined the use of PPIs in the man-
agement of patients with recurrent ulcer disease after
acid-reducing operations. The optimal duration of
treatment with a PPI or H2-RA is unknown. In one
early prospective randomized clinical trial, cessation
of cimetidine after 1 year of treatment was associated
with a 71% rate of ulcer recurrence.70 This study
supports the use of long-term maintenance PPI or
H2-RA therapy in patients with ulcer disease after
acid-reducing operations; however, these data were
generated before the importance of H. pylori and
NSAIDs was recognized in the pathogenesis of ulcer
disease.

Although no data directly support the eradication
of H. pylori in patients with postoperative ulcer re-
currence, the critical role that this infection plays in
primary PUD,37,43–45 the possibility that H. pylori
promotes NSAID-induced mucosal injury,53 and the
minimal risks associated with H. pylori eradication
strongly support the use of antibiotic therapy, for ex-
ample, the addition of amoxicillin and clarithyromy-
cin to the PPI for 14 days in the presence of H. pylori.
The presence of H. pylori may be documented by
histologic evaluation of gastric biopsies or, alterna-
tively, by serologic, breath, or fecal tests.

A thorough review of the patient’s medication use
(both prescription and nonprescription) must be per-
formed to identify ulcerogenic medications. Patients
and their families should be carefully counseled re-
garding the various over-the-counter preparations
containing NSAIDs, the important relationship be-
tween NSAID use and ulcer disease, and the neces-
sity of discontinuing these medications. Serum sali-
cylate levels may be useful in identifying patients
with surreptitious ASA use as a pathogenic factor in
ulcer recurrence, but this test is of no value in identi-
fying nonaspirin NSAIDs or in detecting the use
of low-dose ASA regimens. Hirschowitz and Lanas21

report that serum salicylate testing of patients from
the Southeastern United States with recurrent ul-
cers found at least as many patients who were sur-
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Table 5. Evidence supporting various medical treatments for recurrent ulcer disease after acid-reducing operations

Treatments Evidence Reference Study description Study design
Level of
evidence

Acid suppression
with H2-RAs 
or PPIs

Prospective 
studies 
demonstrating 
healing of 
postop ulcers 
with H2-RAs

Gugler et al.68 (1979) Randomized, double-blind 
multicenter trial in which 
15 patients with postop 
recurrent ulcers were 
treated with cimetidine (1 
g/day for 8 wk) or placebo; 
ulcers healed in 7 of 8 
cimetidine-treated patients 
and only 1 of 8 placebo-
treated patients

Prospective, 
randomized, 
double-blind 
multicenter

Ib

Stage et al.69 (1983) Randomized, double-blind 
trial in which 23 of 24 
patients with postop 
recurrent ulcers who had 
their ulcers healed with 
ranitidine (150 mg bid for 
6 wk) were randomized to 
ranitidine (q hs) or 
placebo; Ulcers re-
recurred in 9 patients 
within 4 months and 
recurrences were 
significantly more frequent 
in placebo-treated patients 
than in those receiving 
ranitidine (P � 0.01)

Prospective, 
randomized, 
double-blind

Ib

Koo et al.70 (1982) Prospective, nonrandomized 
comparison of 46 patients 
with postop recurrent 
ulcers who received 
cimetidine (1 g/day for 6–
12 wk, then 400 mg q hs as 
maintenance therapy) (N 
� 23) or underwent repeat 
operation (N � 23); 
discontinuation of 
cimetidine after 1 yr was 
associated with ulcer 
recurrence in 71.4% of 
patients

Prospective, 
nonrandomized

IIb

Prospective 
studies 
demonstrating 
healing of 
primary PUD 
with H2-RAs

Binder et al.71 (1978) Multicenter, prospective, 
randomized, double-blind, 
placebo-controlled trial 
comparing cimetidine and 
placebo in the healing of 
duodenal ulcers in 308 
patients; after 2 wk of 
therapy, 56% of 
cimetidine-treated patients 
and 37% of patients 
receiving placebo had 
healing of their ulcers (P � 
0.05)

Prospective, 
nonrandomized 
double-blind

Ib

Table 5 continued.
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Table 5. Continued

Treatments Evidence Reference Study description Study design
Level of
evidence

Legerton72 (1984) Review of prospective studies 
demonstrating the efficacy 
of H2-RA in the healing of 
duodenal and gastric ulcers

Review of 
prospective 
clinical trials

IV

Gitlin et al.73 (1987) Multicenter, prospective, 
randomized, double-blind, 
placebo-controlled trial 
comparing famotidine vs. 
placebo in the healing of 
duodenal ulcers; 8 wk of 
treatment with famotidine 
resulted in the healing of 
82% of ulcers vs. 45% for 
placebo

Prospective, 
randomized, 
double-blind 
trial

Ib

Prospective 
studies 
demonstrating 
healing of 
primary PUD 
and NSAID-
induced ulcers 
with PPIs

Hawkey et al.38 
(1998)

Double-blind comparison of 
omeprazole (40 mg q d) or 
misoprostol (200 �g qid) in 
healing NSAID-induced 
ulcers in 935 patients; at 8 
wk of therapy, the overall 
healing rates were similar 
between the omeprazole 
and misoprostol groups 
(75% and 71%, 
respectively); maintenance 
therapy with omeprazole 
was associated with fewer 
ulcer recurrences than 
misoprostol (39% vs. 52%, 
respectively; P � 0.001)

Prospective, 
randomized, 
double-blind 
trial

Ib

Dekkers et al.74 
(1999)

Prospective randomized, 
double-blind, multicenter 
trial comparing 
rabeprazole and 
omeprazole in 205 patients 
with duodenal ulcers; the 
ulcer healing rates after 4 
wk of treatment for 
rabeprazole and 
omeprazole were 98% and 
93%, respectively

European, multi-
center, 
randomized, 
double-blind 
trial

Ib

Poynard et al.75 
(1995)

Meta-analysis of five 
randomized double-blind 
clinical trials comparing 
lansoprazole with 
ranitidine or famotidine in 
the treatment of acute 
duodenal ulcers; The 4 wk 
healing rate of 
lansoprazole was 85% 
compared with 75% 
healing rate for H2-RA (P 
� 0.01; odds ratio � 2.27, 
95% confidence interval 
1.5–3.2)

Meta-analysis of 
five randomized 
double-blinded 
trials

Ia

Table 5 continued.
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Table 5. Continued

Treatments Evidence Reference Study description Study design
Level of
evidence

Eradication of 
H. pylori

Prospective 
studies 
demonstrating 
healing of 
primary PUD 
by eradication 
of H. pylori

Hentschell et al.44 
(1993)

Prospective, randomized 
comparison of ranitidine, 
amoxicillin, and 
metronidazole vs. 
ranitidine and placebo in 
104 patients with H. pylori 
infection and duodenal 
ulcers; after 6 wk of 
treatment, the ulcers were 
healed in 92% of patients 
receiving antibiotics � 
ranitidine and 75% of 
patients receiving 
ranitidine alone (P � 0.01); 
over the next 12 months 
ulcer recurrence was 
significantly more frequent 
in those patients with 
persistent H. pylori 
infection when compared 
with those without H. 
pylori (85 vs. 2%, 
respectively; p � 0.001).

Prospective, 
randomized, 
double-blind 
trial

Ib

Van der Hulst et al.37 
(1997)

Prospective follow-up of 247
patients with PUD and H. 
pylori infection; none of the 
141 patients in whom H. 
pylori was eradicated 
developed recurrent ulcer 
disease over 2.5 yr follow-
up

Prospective, case 
series

IIb

Graham et al.45 
(1992)

Prospective, randomized 
comparison of ranitidine � 
triple therapy (bismuth 
subsalicylate, tetracycline, 
metronidazole) vs. 
ranitidine alone in 109 H. 
pylori–infected patients; the 
probability of ulcer 
recurrence for patients 
receiving triple therapy 
was significantly less than 
that for patients receiving 
ranitidine alone (12% vs. 
95% for duodenal ulcers; 
13% vs. 74% for gastric 
ulcers); 50% of patients 
receiving ranitidine alone 
had ulcer recurrence 
within 12 weeks of healing, 
whereas ulcer recurrence 
in the triple-therapy group 
could be related to failure 
to eradicate H. pylori 
infection or NSAID use

Prospective, 
randomized trial

Ib
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reptitiously using ASA as patients who admitted to
ASA use.

NSAID use, including low-dose ASA, should ide-
ally be discontinued during the period of ulcer heal-
ing, if feasible. Once ulcer healing has been docu-
mented endoscopically, non-NSAID analgesic agents,
such as acetaminophen or tramadol, should be sub-
stituted for the NSAIDs. If these are ineffective, then
nonacetylated NSAIDs, such as salsalate, nabumetone,
etodoloac, or a cyclooxygenase (COX)-2–specific
NSAID, such as celecoxib or rofecoxib, should be
considered because they are associated with a lower
rate of ulcer disease compared to traditional (non–
COX-2 selective) NSAIDs. If a traditional NSAID is
required, a rare event nowadays, then prophylactic
combination therapy with either misoprostol or a
PPI should be administered.38 Consideration should
be given to substituting clopidogrel for low-dose as-
pirin for cardiovascular prophylaxis. Because of the
potential for even low doses of ASA to contribute to
peptic ulceration41,42 and the recognition that prior
ulcer disease is an important risk factor for NSAID-
induced gastrointestinal complications,77 patients
continued on low-dose ASA and not switched to clo-
pidogrel should receive ulcer prophylaxis with miso-
prostol or a PPI.

INDICATIONS FOR OPERATIVE
MANAGEMENT AND PREOPERATIVE 
EVALUATION
Indications for Operative Management

Historically, the indications for operative man-
agement of recurrent PUD are the failure of medical
therapy or the occurrence of complications that can-
not be managed nonoperatively. Literature from the
late 1970s and early 1980s suggested that approxi-
mately 20% of patients with recurrent ulcer disease
require operative management.23,68–70 Although more
recent figures are lacking, we believe the frequency
of operative management of recurrent ulcer disease
is much lower today, especially for patients with
nonhealing ulcers in the absence of complications.
Clearly, the adequacy of prior medical management
and the elimination of risk factors for ulcer recurrence
(e.g., NSAID use) are important considerations in de-
termining whether a patient is an appropriate candi-
date for operative therapy—that is, recalcitrant ulcer
disease must be refractory to an appropriate course
of medical treatment. Based on recent experiences,
the predominant indication for remedial surgery is
severe ulcer-related complications such as bleeding
and gastric outlet obstruction, with medically refrac-
tory ulcer disease being less common than in previ-
ous decades.21,26,78

Preoperative Considerations

In general, the management of patients with recur-
rent ulcer disease entails the use of the operative proce-
dure with the lowest risk of recurrence that the patient
is medically able to tolerate. Various options are avail-
able to allow the surgeon to tailor the remedial proce-
dure to the specific needs of the patient. The preopera-
tive evaluation should provide insight into the etiology
of the patient’s recurrent ulcer disease, the nature of his
or her previous operative procedure, the presence of
complications of the ulcer, and an understanding of the
patient’s overall medical conditions that affect his or
her ability to tolerate the surgical procedure.

Etiology of Recurrent Ulcer Disease

The initial assessment of patients with recurrent
ulcer disease may provide information that is useful
in determining the cause of the ulcer, such as
NSAID use, gastrinoma, or retained antrum, how-
ever, it will not document the adequacy of the prior
vagotomy. Because most patients with recurrent ul-
cer disease are managed successfully with medica-
tion, including many with an incomplete vagotomy,
assessment of the vagotomy by quantitating gastric
acid secretion becomes important only when surgical
treatment is contemplated. Historically, the most
commonly used methods of assessing the complete-
ness of vagotomy are the measurement of basal and
stimulated acid secretion with or without sham feed-
ing. The current unavailability of pentagastrin se-
verely limits the capability of measuring stimulated
or peak acid output and perhaps the widespread ap-
plicability of these tests.

Basal and Stimulated Gastric Acid Secretion
Without Sham Feeding. Gastric secretory analysis is
performed by fluoroscopically positioning a nasogas-
tric (or orogastric) tube so that the tip of the tube is in
the gastric antrum or in the distal gastric remnant in
the case of an antrectomy. Basal acid secretion (BAO)
is determined by measuring the volume and pH of
gastric juice for 1 hour, usually in 15-minute aliquots.
With the use of a standardized table, pH is converted
to millimoles of hydrogen ions per liter of gastric juice
and BAO is expressed as millimoles of hydrogen ions
per hour. After measurement of the BAO, PAO is de-
termined by measuring gastric acid secretion for 1
hour after the subcutaneous administration of 6 to 10
�g/kg of pentagastrin. PAO is calculated as the sum of
the two greatest consecutive 15-minute acid outputs
multiplied by two (to express the results in millimoles
per hour). BAO greater than 2 mmol/hr and/or a
PAO greater than 12 mmol/hr suggests persistent va-
gal innervation of the stomach.27
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Basal and Stimulated Acid Secretion With Sham
Feeding. Sham feeding stimulates gastric acid secre-
tion solely via vagal pathways, and thus measurement
of gastric acid secretion after sham feeding is a sensi-
tive and reliable physiologic test of the completeness
of vagotomy.28,30 This test is performed by measuring
BAO for 1 hour, after which a steak meal and 300 ml
of water are presented to the patient who then chews
but does not swallow the food. This sham feeding is
carried out for 30 minutes during which time GAO
(sham acid output [SAO]) is measured every 15 min-
utes for 1 hour (30 minutes during and 30 minutes af-
ter sham feeding). PAO is then determined by mea-
suring acid secretion for 1 hour after the subcutaneous
injection of 12 �g/kg pentagastrin, if available. Feld-
man et al.79 found that the SAO/PAO ratio of 50 un-
operated normal subjects had a normal distribution
with a mean of 0.39, a standard deviation of � 0.11,
and a range of 0.11 to 0.83. From these measurements
it was predicted that 95% of subjects with normal va-
gal innervation of the stomach would have SAO/PAO
ratios greater than 0.10. Thus patients with SAO/
PAO ratios less than 0.10 are considered to have com-
plete vagotomies, whereas individuals with ratios
greater than 0.10 have incomplete vagotomies. Inter-
pretation of the sham feeding test assumes a normal or
near-normal fasting serum gastrin concentration. Pa-
tients with Zollinger-Ellison syndrome or retained
gastric antrum may have SAO/PAO ratios greater
than 0.1, even after complete vagotomy.23

Nature of the Previous Operative Procedure

It is critical that the surgeon understand the exact
nature of the previous operative procedure before
the remedial operation is performed. This informa-
tion may be gleaned by carefully reviewing the previ-
ous operative note and pathology report. The endo-
scopic findings and a barium contrast study may also
provide useful information regarding the extent of
the prior resection and the particular postoperative
anatomy.

Presence of Complications of Ulcer Disease

The presence of complications of the recurrent ul-
cer disease strongly influences the appropriateness of
various remedial operative procedures. For example, a
bleeding peptic ulcer that cannot be controlled endo-
scopically necessitates an abdominal approach for li-
gation of the bleeding vessel and often a more exten-
sive acid-reducing procedure. Ulcer recurrence causing
gastric outlet obstruction necessitates both revision of
the anastomosis and a more extensive acid-reducing
procedure. In those patients presenting with ulcer

perforation, the degree of contamination and the he-
modynamic stability of the patient clearly influence
the appropriateness of a particular remedial proce-
dure. For example, hemodynamic instability and/or
marked contamination of the upper abdomen favors
simple closure of the gastrointestinal perforation
without attempt at resection and reanastomosis.

Presence of Medical Comorbidity

The accurate assessment of the operative risk-
benefit ratio is crucial to the successful management
of patients with postoperative recurrent PUD. The
presence of chronic medical diseases may signifi-
cantly increase the risk of perioperative morbidity
and mortality. This risk, in turn, influences the spe-
cific procedure chosen. For example, an elderly frail
patient with an incomplete truncal vagotomy and ad-
equate gastric drainage would tolerate a thoraco-
scopic truncal vagotomy better than a truncal vagot-
omy and antrectomy. In this setting, the surgeon
would do well to accept the slightly higher risk of re-
current ulcer disease associated with repeat vagotomy
alone for the less “risky” thoracoscopic procedure.

OPERATIVE MANAGEMENT

The choice of a particular operation for a patient
with recurrent ulcer disease is based on the following
tenets: (1) the remedial procedure should be that
with the lowest recurrence risk that the patient is
medically able to tolerate; (2) the procedure should
be tailored to the particular needs of the patient
based on the adequancy of the prior vagotomy and
drainage procedure, medical comorbidity, presence
of complications of the ulcer, and the extent of the
prior resection; and (3) non–acid-reducing proce-
dures such as local ulcer excision, revision of drain-
age procedures alone, and closure of perforations are
associated with high failure rates.23,24,58

Commonly recommended operative procedures
for various failed initial acid-reducing operations are
described in Table 6. These operative options are
based on the following evidence: (1) ulcer recurrence
rates and mortality rates for particular operative pro-
cedures in prospective randomized and nonrandom-
ized clinical trials of patients treated for primary PUD
(Table 2) and (2) retrospective studies documenting
the incidence of ulcer recurrence, early and late com-
plications, and mortality rates associated with various
remedial operative procedures (Table 6).

Patients with an incomplete vagotomy and recur-
rent ulcer disease after truncal vagotomy and pyloro-
plasty or parietal cell vagotomy may be treated by
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Table 6. Evidence supporting specific remedial operations for patients with recurrent peptic ulcer disease

Remedial 
operation Study description

Level of 
evidence

Sample
size

Operative
mortality

Recurrence
rate (%)

Visick grade
(I or II; 

excellent or 
good)

Visick grade 
(III or IV; 

fair or poor)

Truncal vagotomy alone
Schirmer et al.14

(1982)
Retrospective case series 

of 166 patients 
undergoing 
reoperation between 
1951 and 1980 at Duke 
University Hospital for 
ulcer recurrence after 
various acid-reducing 
operations; average 
follow-up 12.3 yr

III 59 0 (0.0%) 10 (16.9) — —

Heppell et al.22 
(1983)

Retrospective case series 
of 120 patients 
undergoing 
reoperation between 
1970 and 1975 at Mayo 
Clinic for ulcer 
recurrence after various 
acid-reducing 
operations. �5 yr 
follow-up available for 
only 27 patients 
(22.5%)

III 62 2 (3.2%) 6 (10%) 37 (60%) 14 (23%)

Stabile and 
Passaro58 
(1976)

Detailed literature review 
from 1950 to 1974 
cataloguing the results 
of more than 3400 
surgically treated cases 
of recurrent ulcers after 
various operations

IV 888 10 (1.1%) 135 (15.2%) 571 (64.3%) 90 (10.1%)

Ingvar et al.80 
(1986)

Retrospective case series 
of 40 consecutive 
patients undergoing 
reoperation between 
1971 and 1980 at 
University Hospital, 
Lund, Sweden, for 
ulcer recurrence after 
PCV

III 16 0 (0.0%) 1 (6.25%) 14 (87.5%) 2 (12.5%)*

Truncal vagotomy � antrectomy
Schirmer et al.14 

(1982)
Retrospective case series 

of 166 patients 
undergoing 
reoperation between 
1951 and 1980 at Duke 
University Hospital for 
ulcer recurrence after 
various acid-reducing 
operations; average 
follow-up was 12.3 yr

III 31 1 (3.2%) 6 (19.4%) — —

Table 6 continued.
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Table 6. Continued

Remedial 
operation Study description

Level of 
evidence

Sample
size

Operative
mortality

Recurrence
rate (%)

Visick grade
(I or II; 

excellent or 
good)

Visick grade 
(III or IV; 

fair or poor)

Heppell et al.22 
(1983)

Retrospective case series 
of 120 patients 
undergoing 
reoperation between 
1970 and 1975 at Mayo 
Clinic for ulcer 
recurrence after various 
acid-reducing 
operations; �5 yr 
follow-up available for 
only 27 patients 
(22.5%)

III 35 0 (0.0%) 1 (2.9%) 20 (57%) 7 (20%)

Stabile and 
Passaro58 
(1976)

Detailed literature review 
from 1950 to 1974 
cataloguing the results 
in more than 3400 
surgically treated cases 
of recurrent ulcer 
following various 
operations.

IV 76 6 (7.9%) 6 (7.9%) 48 (63.2%) 6 (7.9%)

Resection or re-resection only
Schirmer et al.14 

(1982)
Retrospective case series 

of 166 patients 
undergoing 
reoperation between 
1951 and 1980 at Duke 
University Hospital for 
ulcer recurrence after 
various acid-reducing 
operations; average 
follow-up was 12.3 yrs

III 25 0 (0.0%) 3 (12.0%) — —

Heppell et al.22 
(1983)

Retrospective case series 
of 120 patients 
undergoing 
reoperation between 
1970 and 1975 at Mayo 
Clinic for ulcer 
recurrence after various 
acid-reducing 
operations; �5 yr 
follow-up available for 
only 27 patients 
(22.5%)

III 23 2 (8.7%) 2 (8.7%) 8 (35%) 9 (39%)

Stabile and 
Passaro58 
(1976)

Detailed literature review 
from 1950 to 1974 
cataloguing the results 
in more than 3400 
surgically treated cases 
of recurrent ulcer 
following various 
operations.

IV 1344 53 (3.9%) 191 (14.2%) 894 (66.5%) 99 (7.4%)

Table 6 continued.



Journal of 
622 Turnage et al. Gastrointestinal Surgery

antrectomy with or without truncal vagotomy. These
procedures have a relatively low incidence of ulcer
recurrence and a modest risk of morbidity and mor-
tality.14,22,23,58,80,81 For patients with a failed truncal
vagotomy and pyloroplasty with adequate gastric
drainage and an incomplete vagotomy, transthoracic
or thoracoscopic vagotomy represent very good sur-
gical options, particularly in relatively high-risk pa-
tients.23,82,83 Thoracoscopy is generally well tolerated
and avoids the potential morbidity of repeat dissec-
tion within the esophageal hiatus and upper abdo-
men necessitated by an abdominal approach. Opera-
tive revision after parietal cell vagotomy is thought
to be associated with lower morbidity risk than other
initial acid-reducing procedures.11

Historically, the operative approach in patients with
ulcer recurrence after a truncal vagotomy and antrec-
tomy or a distal gastrectomy is partial gastric resection.
Recurrent PUD after truncal vagotomy and antrec-
tomy or partial gastrectomy strongly suggests the pres-
ence of confounding factors such as NSAID use or a
hypersecretory state. Recent studies have documented
the importance of ASA abuse in the etiology of such

virulent ulcer disease and very high rates of ulcer recur-
rence after even very aggressive operative interven-
tion.21,26 In the past, this situation has been managed
operatively by further gastric resection that may neces-
sitate subtotal or even total gastrectomy. Unfortu-
nately, severe postgastrectomy symptoms after these
extensive procedures occur in as many as 20% to 40%
patients.14,22,58,78,80,84 Patients with recurrent ulcer dis-
ease and an incomplete vagotomy may benefit from a
thoracoscopic truncal vagotomy so long as NSAID use
has been eliminated and there is no evidence of gastric
stasis or gastric outlet obstruction. Again, this thoracic
approach avoids a difficult dissection in the upper abdo-
men and eliminates a likely cause of ulcer recurrence.
In those instances where ulcer recurrence is accompa-
nied by gastric outlet obstruction, vagotomy and revi-
sion of the anastomosis (with further gastric resection)
are necessary to relieve the mechanical obstruction and
further reduce gastric acid secretion.

Ulcer recurrence after adequate resection for gas-
tric ulcer disease strongly suggests the use of NSAIDs
or the presence of a hypersecretory state such as that
associated with a gastrinoma or retained excluded

Table 6. Continued

Remedial 
operation Study description

Level of 
evidence

Sample
size

Operative
mortality

Recurrence
rate (%)

Visick grade
(I or II; 

excellent or 
good)

Visick grade 
(III or IV; 

fair or poor)

Browder et al.78 
(1997)

Retrospective case series 
of 20 patients with 
recurrent ulcers after 
gastric resection more 
than 10 years 
previously (average 
time to recurrence 21 
yr)

III 20 0 (0.0%) 0 (0.0%) 16 (80%) 4 (20%)

Ingvar et al.80 
(1986)

Retrospective case series 
of 40 consecutive 
patients undergoing 
reoperation between 
1971 and 1980 at 
University Hospital, 
Lund, Sweden for ulcer 
recurrence after PCV

III 17 0 1 (6%) 14 (82%) 3 (18%)†

Hoffman et al.84 
(1986)

Retrospective case series 
of 60 patients with 
recurrent ulcers after 
vagotomy (PCV � 23; 
TV or SV & D � 37) 
treated with partial 
gastrectomy; average 
follow-up was 8 yr

III 51 1 (1.67%) 4 (7.8%) 30 (59%) 21 (41%)

*Five patients required remedial operations to treat ulcer recurrence (n � 1) or severe postgastrectomy symptoms/complications (n � 4).
†Four patients required remedial operations to treat gastric outlet obstruction.
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gastric antrum. Also, patients who have undergone
resection for gastric ulcers appear to have a threefold
increase in the risk of gastric adenocarcinoma when
followed for more than 25 years after a Billroth II re-
construction.85 Clearly, an aggressive diagnostic ap-
proach, including endoscopic biopsy, is necessary in
patients with gastric ulcers. In general, the operative
approach in patients with recurrent benign gastric
ulcers has been further gastric resection. However,
the postgastrectomy complications associated with
extended gastric resection and the relative high fre-
quency of NSAID use in these patients (with its at-
tendant negative effect on surgical outcomes) should
relegate extended gastric resection for recurrent gas-
tric ulcer disease to a very small cohort of patients.

RESULTS OF REMEDIAL OPERATIONS

Numerous retrospective studies have evaluated
the results of remedial ulcer operations performed
between 1950 and 1985.* The results of the largest
studies are reviewed in Table 6. Unfortunately, there
are very few recent data on the results of operations
for recurrent PUD and no prospective data.

Ulcer Recurrence 

Overall the frequency of ulcer recurrence varies
from 8% to 22%. The likelihood of ulcer recurrence
is dependent on the remedial procedure performed
with the highest rates associated with repeat vagot-
omy alone and lower rates associated with repeat
vagotomy and antrectomy or distal gastrectomy. Re-
vision of a gastroenterostomy alone or any other
non–acid-reducing operation is associated with a
high rate of ulcer recurrence.23,58 Patients who con-
tinue to take ASA (and probably other NSAIDs) af-
ter the operative management of their ulcer disease
appear to be at particularly high risk for recurrence
(80% to 90%) regardless of the operative procedure
performed. The virulence of the ulcer disease is sug-
gested by the high rate of gastric outlet obstruction,
perforation, and death in these patients.21,26

Operative Mortality

Early studies reported that the overall mortality
rate of operations for recurrent ulcer disease was 2%
to 4%. In the collected review by Stabile and Pas-
saro,58 the operative mortality rate for truncal vagot-

omy and antrectomy, partial gastric resection, and
vagotomy and drainage was between 2.2% and 3.7%
depending on the procedure.58 Similar results are re-
ported in more recent smaller studies.19,78 Browder
et al.78 had no deaths among 20 patients with recur-
rent ulcers who underwent gastric resection with or
without vagotomy. The presence of a complication of
ulcer disease mandating an emergency operation sig-
nificantly increases the risk of operative mortality and
likely has a greater effect on mortality than the mag-
nitude of the operative procedure.14,22 For example,
in a study by Heppell et al.,22 among 120 patients
there was one death after 107 elective procedures
and three deaths after 13 emergency operations. In
contrast, a more recent study by Kinney et al.19 re-
ported no deaths among 20 patients who were un-
dergoing either elective or emergency treatment of
recurrent ulcer disease.

Quality of Life

The chronic postoperative complications of both
primary and remedial acid-reducing operations in-
clude diarrhea, dumping, chronic abdominal pain
syndromes, impaired gastric emptying, osteoporosis,
and anemia. Most investigators report that 60% to
80% of patients who undergo remedial operations
for recurrent PUD will have either no symptoms or
only occasional mild symptoms (Visick grades I and
II), whereas 20% to 40% will have severe or incapac-
itating symptoms including ulcer recurrence (Visick
grades III and IV). Excluding ulcer recurrence, ap-
proximately 10% to 20% of patients undergoing re-
medial operative procedures will have chronic symp-
toms that have a significant impact on the patients’
life (Visick grades III and IV—without ulcer recur-
rence).*

SUMMARY

Patients with symptoms suggestive of recurrent
PUD after acid-reducing operations should undergo
a careful medical history and physical examination
with particular attention to identifying evidence of
complications of ulcer disease. Given the frequent
use of NSAIDs and the importance of these agents
in the pathogenesis of recurrent PUD, patients must
be carefully questioned regarding their use and treat-
ment with less ulcerogenic analgesics and anti-inflam-
matory agents instituted. EGD is performed to docu-

*References 14,15,19–22,58,78,80–84. *References 14,15,19–22,58,78,80–84.
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ment the presence of an ulcer and determine the
presence or absence of H. pylori. Serum is obtained
for a fasting gastrin determination to identify un-
usual but treatable causes of recurrent ulceration. In
the absence of achlorhydria, fasting serum gastrin
concentrations greater than 1000 pg/ml are virtually
diagnostic of a hypersecretory syndrome. For those
patients with recurrent PUD, treatment is initiated
with a PPI or H2-RA and, if H. pylori infection is
documented, antibiotic therapy is used. Repeat EGD
is usually performed 6 to 8 weeks later to document
ulcer healing. If the ulcer is healed, the patient is
treated with long-term maintenance acid suppression
with a PPI or H2-RA. Operative management is
considered for those patients with nonhealing symp-
tomatic ulcers or those who develop a complication
of their ulcer disease that cannot be managed nonop-
eratively. The most appropriate surgical procedure
depends on the exact nature of the previous opera-
tion, the adequacy of the previous vagotomy, the
presence of gastric stasis or outlet obstruction, and
the presence of significant medical comorbidity. In
general, the preferred operative approach will be that
with the lowest rate of ulcer recurrence which the
patient is able to tolerate. In most good-risk patients
with an incomplete vagotomy, this will be a repeat
vagotomy and antrectomy. In those patients with
significant medical illnesses and ulcer disease related
to an incomplete vagotomy, a thoracoscopic truncal
vagotomy may be preferable, provided that the pa-
tient has had a previous and still functional emptying
procedure such as pyloroplasty or gastrojejunostomy.
Patients who develop ulcer recurrence after more ex-
tensive procedures, such as truncal vagotomy and
antrectomy or truncal vagotomy and partial gastric
resection, must be strongly suspected of using either
NSAIDs or ASA or having a hypersecretory state
such as a gastrinoma or a retained gastric antrum.
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Solitary necrotic nodule of the liver is an unusual lesion that is often an incidental finding on abdominal
imaging, intraoperative examination, or post mortem. Most reported cases of solitary necrotic nodule
have been in males, and over three quarters of these lesions have occurred in the right lobe of the liver.
Pathologically, solitary necrotic nodule is a benign lesion characterized by a completely necrotic core that
is often partly calcified, surrounded by a dense hyalinized fibrous capsule containing elastin fibres. The
ultrasound appearance of solitary necrotic nodule is usually of a “target” lesion with a hyperechoic center,
while on CT scan they appear as non-enhancing hypodense lesions that are typical of metastatic adeno-
carcinoma or peripheral cholangiocarcinoma. The impression of malignancy is further enforced with the
finding of necrotic cellular material on biopsy and the macroscopically hard and “gritty” nature of the
nodules. Currently, permanent histopathology of solitary necrotic nodules is the only accurate method of
diagnosis. However, solitary necrotic nodules are usually of a bilobed or lobulated shape that is unusual
for malignant liver lesions, and they often lie in close proximity to hepatic inflow structures. Solitary ne-
crotic nodule should be suspected in liver lesions with this configuration, location, and on a biopsy show-

 

ing a large amount of necrosis. ( J G
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As the safety of hepatic resection has improved
and its benefits for patients with primary and sec-
ondary tumors of the liver have become clearer, a
more aggressive approach of the management of
liver lesions has been adopted. This in turn has led to
the definition of new pathologies and new lesions.

 

1

 

Solitary necrotic nodule of the liver was first re-
ported in 1983 by Shepherd and Lee,

 

2

 

 who described
four lesions, two of which were post mortem find-
ings, with a characteristic histological appearance.
Solitary necrotic nodule is a benign lesion and can be
pathologically distinguished from other benign liver
lesions. However, because of the presence of necro-
sis, biopsies of these lesions are frequently misinter-
preted as metastases or primary liver tumors.

The purpose of this report is to highlight this
condition. While fewer than 50 cases have been re-
ported in the literature, as more patients with liver
lesions are referred for hepatic resection, solitary ne-
crotic nodule will need to be considered as a differ-

ential, particularly in those patients with a biopsy
suggestive of necrotic adenocarcinoma.

 

CASE REPORT

 

A 40-year-old Caucasian female presented with a
single, self-limited episode of vaginal bleeding. Her
past history was unremarkable apart from a brief
hospitalization for observation after blunt abdominal
trauma 8 months prior. Physical examination, in-
cluding pelvic examination, was within normal lim-
its. An abdominal ultrasound was undertaken. Both
uterus and ovaries were not enlarged. However views
of the liver showed a soft tissue mass in the right lobe
(Figure 1

 

A

 

). A malignant lesion was suspected and
ultrasound-guided needle biopsy showed necrotic
material suspicious for, but not diagnostic of, meta-
static carcinoma (Figures 2

 

A

 

 and 

 

B

 

). The patient’s
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full blood count, liver function tests, and electrolytes
were in the normal range, while serology for hepati-
tis 

 

A

 

, 

 

B

 

, and 

 

C

 

 was negative. The tumor markers Ca
15-3, Ca 19-9, Ca 125, carcinoembryonic antigen
(CEA), and alpha fetoprotein (

 

�

 

FP) were not ele-
vated. The patient then underwent a full diagnostic
work-up for a possible primary tumor site. Mam-
mography and breast examination were normal, as
were upper and lower gastrointestinal endoscopy,
skin examination, and cervical cytology. Further in-
vestigation with CT scan of the chest and abdomen
showed no other metastatic lesions and a solitary,
partly calcified lesion in segment V (Figures 1

 

B

 

 and

 

C

 

). A bone scan showed increased isotopic uptake in
the area of the right costal margin suggesting os-
teolytic metastases; however plain X-rays of this area
showed two healing rib fractures related to previous
trauma. The patient was then referred for liver re-
section with a clinical diagnosis of either a small pe-
ripheral cholangiocarcinoma or a metastasis from a
tumor of unknown primary. Intraoperative ultra-
sound showed a bilobed, hypoechoic mass 3 cm in
diameter closely related to the segment V inflow
(Figure 1

 

D

 

). A right hepatic lobectomy was per-
formed without complication. Sectioning of the re-

 

sected specimen showed a lobulated 30 

 

�

 

 30 

 

�

 

 25
mm mass lying 40 mm from the capsule. The lesion
was firm and “gritty” in consistency with a well de-
fined margin. Permanent histology is shown in Fig-
ures 2

 

C

 

 and 

 

D

 

.
Postoperatively the patient did well, leaving the

hospital on day 6 postresection. She remains well 2
years following her initial presentation.

 

DISCUSSION

 

Solitary necrotic nodule of the liver is an unusual
lesion with just 40 cases reported in the world litera-
ture.

 

2–13

 

 The current case was taken from 500 refer-
rals with liver masses presenting over a 2-year pe-
riod. Other investigators have also documented a
similar incidence of solitary necrotic nodule with
Berry defining 2 lesions in 1000 post mortems

 

9

 

 and
Tsui et al

 

.

 

 documenting 7 lesions in 4000 patients.

 

11

 

The majority of solitary necrotic nodules have pre-
sented in the seventh and eighth decades of life.

 

2,6,7,9,11,12

 

However, the lesions have also been reported in pa-
tients as young as 27 years of age

 

11

 

 and a number of
cases, including this one, have been found in patients

Fig. 1. (A) Transcutaneous ultrasound of the liver demonstrating a lesion in the right lobe with central
hyperechoic area surrounded by a hypoechoic rim (arrow). (B) Non contrast CT scan showing a partly
calcified bilobed lesion in segment V. (C) CT scan post contrast showing the non-enhancing lesion in
segment V. (D) Intraoperative ultrasound demonstrating the bilobed hyperechoic lesion in segment V.
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in their thirties and forties.

 

11,12

 

 Of the 19 cases re-
ported in which the gender of the patient is speci-
fied, 13 are male suggesting a male preponder-
ance.

 

2,7,9,11,12

 

Solitary necrotic nodules are not symptomatic and
all reported cases have been incidental findings at
postmortem, operation, or radiological investigation.
In the initial description of Shepherd and Lee

 

2

 

 all
solitary necrotic nodules were noted to be on the
surface of the liver and most on the right side. This
may simply reflect the ease with which the surface of
the right lobe of the liver may be examined but also
raises the possibility that trauma may be involved in
the pathogenesis of these lesions. Subsequent re-
ports, including this one, have documented the pres-
ence of solitary necrotic nodules within the hepatic
parenchyma with cross-sectional imaging

 

3

 

 and these
lesions may be more commonly seen as a more ag-
gressive approach to the investigation and manage-
ment of focal liver lesions is adopted. Interestingly,
only four of the reported solitary necrotic nodules
have been found in the left lobe.

 

2,11

 

The riddle of solitary necrotic nodule for sur-
geons is in the making of a preoperative diagnosis.
As in this case, they are usually an incidental finding
in an otherwise well patient, although the presence
of a previous cancer with metastatic potential has
been documented in up to 50% of patients

 

4

 

 making
past medical history of questionable use. Also, tumor
markers are never elevated, as in this case. Radiolog-
ical imaging is not specific and may be deceiving.
Solitary necrotic nodules present with a hyperechoic
center on ultrasound examination suggesting a “tar-
get” lesion (Figure 1

 

A

 

).

 

3

 

 The lesions are hypodense
masses on computed tomographic scans having a
similar appearance to metastatic adenocarcinoma or
peripheral cholangiocarcinoma. As in the current
case, fine-needle aspiration biopsy yields necrotic
cellular material that is often interpreted as suspi-
cious for carcinoma (Figure 2

 

A

 

).

 

4

 

 We have recently
highlighted the dangers of tumor dissemination with
percutaneous biopsy of metastatic colorectal tu-
mors

 

14

 

 and the confusing results of biopsy in solitary
necrotic nodule also emphasize that, like other inves-

Fig. 2. (A) Core needle biopsy of the solitary necrotic nodule showing a large amount of necrotic cellular
material suggestive of adenocarcinoma (arrow) separated from adjacent normal liver tissue by a fibrous
capsule (double arrow; Van Geisen; magnification �100). (B) Reticulin staining (magnification �100) of
the core needle biopsy showing a collapsed reticulin framework and pattern suggestive of vascular spaces.
(C) Permanent section from the solitary necrotic nodule (SNN) showing a well circumscribed lesion
containing necrotic tissue surrounded by a fibrous capsule (arrow). Normal hepatic tissue is adjacent
(Liver: hematoxylin and eosin, magnification �50). (D) Reticulin staining (magnification �100) demon-
strating a well preserved reticulin framework within the nodule.
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tigations, biopsy has a finite reliability. The impres-
sion of malignancy in solitary necrotic nodule may
be further reinforced by the presence of multiple
lesions

 

10

 

 and the macroscopic appearance of a firm
white nodule that is of “gritty” consistency. How-
ever, solitary necrotic nodules are often of a bilobed
or lobulated shape that is unusual for primary or
metastatic liver lesions,

 

4

 

 and they often lie in close
proximity to hepatic inflow structures (Figure 1

 

D

 

).

 

11

 

Solitary necrotic nodule should be suspected in liver
lesions with this configuration, location, and in
which biopsy shows a large amount of necrosis.

Currently the only reliable way to make the diag-
nosis of solitary necrotic nodule is permanent histol-
ogy of the entire lesion. Characteristically, this
shows a completely necrotic core with a dense hy-
alinized fibrous capsule containing elastin fibers.
Calcification has also been documented.

 

2

 

 Character-
istically Ziehl-Neelsen, Gram, and PAS stains do not
reveal bacteria or fungi. Several investigators have
documented the presence of protozoa or helminthic
larvae with solitary necrotic nodules

 

7,11

 

 and it has
been suggested that solitary necrotic nodules repre-
sent fibrous nodules caused by visceral larva migrans,
sclerosing hemangiomata, necrotic metastases, or or-
ganized intrahepatic thrombi.

 

2

 

 However, Berry

 

9

 

 has
provided evidence that solitary necrotic nodules are
derived from vascular lesions and may represent in-
farcted or thrombosed hemangiomas. Feeder vessels
have been identified and the pattern of reticulin
within the lesions suggests a collapsing vascular field
(Figure 2

 

B

 

).

 

10

 

 Sundaresan 

 

et al.

 

12

 

 have compared sol-
itary necrotic nodules, necrotic metastases, and he-
mangiomas and concluded that solitary necrotic
nodules compare closely to hemangiomas in that
both lesions are commonly found at the anterior
border of the liver, they often lie close to portal
tracts (as in this case), they often have a bilobed con-
figuration,

 

4

 

 and residual hemangioma-like structures
are often found with detailed microscopic inspec-
tion. Thus, it appears that solitary fibrous nodules
represent a degenerate hemangioma although these
histological appearances may also occur at the end
stage of a variety of benign liver lesions.

 

15

 

The natural history of solitary fibrous nodule is un-
clear. Most cases have been diagnosed following re-
section or at postmortem. De Luca 

 

et al.

 

4

 

 have re-

 

ported a patient followed for 24 months in whom the
nodule decreased in size and, given that the lesions are
not neoplastic, it seems reasonable to expect that they
would pursue a resolving course. However, given the
uncertainty over the optimum method of definitive
preoperative diagnosis and the often misleading re-
sults of cross sectional imaging and biopsy, it seems
likely that most solitary fibrous nodules will be man-
aged with resection in order to obtain a diagnosis.
Most patients are unwilling to watch lesions that ap-
pear malignant in an era of safe hepatic resection.
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Small Cell Carcinoma of the Cystic Duct: 
A Case Report

 

Yukio Sonoda, Koji Yamaguchi, Eishi Nagai, Makoto Nakamuta, Tetsuhide Ito, Takashi Eguchi, 
Kazuo Chijiiwa, Masao Tanaka, M.D.

 

Small cell carcinoma usually involves the lung and rarely affects the biliary tract, especially the cystic
duct. In this article we report a case of small cell carcinoma of the cystic duct in a 46-year-old Japanese
man. The patient presented with abdominal pain and jaundice. Imaging showed a small nodule in the cys-
tic duct invading the common bile duct with dilatation of the proximal biliary tree. The hepatic artery
and portal vein were free from invasion. Extended right hepatic lobectomy, cholecystectomy, and resec-
tion of the extrahepatic proximal bile ducts were performed together with lymph node dissection under
the tentative diagnosis of carcinoma of the cystic duct. Histopathologic examination of the resected spec-
imen revealed small cell carcinoma arising in the cystic duct and extending into the common bile duct.
The postoperative clinical course was uneventful, and the patient is doing well without any signs of recur-
rence 1 year after the operation. To our knowledge this is the first documented case of a small cell carci-
noma arising in the cystic duct. ( J G

 

ASTROINTEST

 

 S

 

URG

 

 2003;7:631–634.) © 2003 The Society for Sur-

 

gery of the Alimentary Tract, Inc.

K
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WORDS

 

: Small cell carcinoma, cystic duct carcinoma, gallbladder carcinoma

 

Small cell carcinoma is usually seen in the lung
and rarely involves the gastrointestinal tract includ-
ing the biliary tree. Small cell carcinoma of organs
other than the lung has been termed extrapulmonary
small cell carcinoma (EPSCC) and has been recog-
nized as a distinct clinicopathologic entity from car-
cinoma of the lung since the initial description by
Duguid and Kennedy

 

1

 

 in 1930. In general, small cell
carcinoma exhibits aggressive proliferation, and its
clinical course is dismal even after resection.

 

2,3

 

 Sev-
enty cases of small cell carcinoma in the gallbladder
have been reported,

 

4–23

 

 but none in the cystic duct.
We report herein a patient with small cell carcinoma
of the cystic duct that was resectable because of the
early development of acute cholecytitis and obstruc-
tive jaundice, which was due to invasion of the bile
duct. We review the reports of 70 patients with small
cell carcinoma of the gallbladder in the English liter-
ature and emphasize that this is the first documenta-
tion of a small cell carcinoma of the cystic duct.

 

CASE REPORT

 

A 46-year-old Japanese man was hospitalized on
January 12, 2000, because of upper abdominal pain
and jaundice. On physical examination, jaundice was
noted and tenderness was recognized in the right upper
quadrant, but no mass or organomegaly was observed.
Pertinent laboratory data included the following:
total bilirubin, 6.7 mg/dl; direct bilirubin, 4.7 mg/dl;
glutamic oxaloacetic transaminase, 79 IU/L; glutamic
pyruvic transaminase, 219 IU/L; alkaline phosphatase,
427 IU/L; and 

 

�

 

-glutamyltranspeptitase, 130 IU/L.
These data indicated obstructive jaundice. Tumor
markers, including carcinoembryonic antigen, 19-9 car-
bohydrate antigenic determinant, and Duke pancreas-II
were all within normal limits. Computed tomography
(Fig. 1) and ultrasonography of the abdomen showed a
mass at the cystic duct and dilatation of the proximal
biliary tree. Abdominal angiography showed an en-
casement of the cystic artery in the arterial phase,
and a tumor stain at the cystic duct in the venous
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phase. As the level of serum bilirubin rose rapidly up
to 9.3 mg/dl, percutaneous transhepatic biliary
drainage was performed on January 18, 2001. Percu-
taneous transhepatic gallbladder drainage was per-
formed for persistent dilatation of the gallbladder on
January 25, 2001. Tube cholangiography revealed
filling defects in the cystic duct and common bile
duct (Fig. 2). Endoscopic retrograde cholangiopan-
creatography showed complete obstruction of the
middle common bile duct. Cytologic examination of
the drained bile was negative for malignant cells.

On the basis of these findings, the patient was diag-
nosed as having carcinoma of the cystic duct involving
the common bile duct, and laparotomy was performed
on March 12, 2001. When the abdomen was opened,
neither peritoneal dissemination nor liver metastasis
was noted. A hard mass, measuring 2 

 

�

 

 3 cm, was pal-
pated at the cystic duct. This mass invaded the com-
mon bile duct. Some regional lymph nodes in the
hepatoduodenal ligament were swollen and consid-
ered to contain metastatic cancer. Extended right he-
patic lobectomy, cholecystectomy, and resection of
the extrahepatic bile duct were carried out with radical
lymph node dissection. Macroscopic examination of
the resected specimen revealed a white oval irregular-
shaped mass at the cystic duct, measuring 3 cm in di-
ameter. The mass had invaded the adjacent common
bile duct (Fig. 3). Microscopically, the tumor was
composed of abundant malignant cells with round nu-
clei and scanty cytoplasm in a trabecular or pseudoro-
sette pattern (Fig. 4, A). Immunohistochemically, the
cancer cells were positive for chromogranin A (Fig. 4,
B), neuron-specific enolase, and synaptophysin but
negative for epithelial membrane antigen and carcino-
embryonic antigen. The histopathologic diagnosis
was, thus, small cell carcinoma of the cystic duct in-
vading the bile duct. One regional lymph node in the
hepatoduodenal ligament contained metastatic carci-
noma cells. The patient had an uneventful postopera-
tive recovery. He is alive and well 1 year after opera-
tion without any signs of recurrence.

 

DISCUSSION

 

Small cell carcinoma is usually seen in the lung and
exhibits very aggressive growth. The clinical course is

Fig. 1. Abdominal CT scan showing an irregular mass in the
cystic duct (arrow).

Fig. 2. Percutaneous transhepatic cholangiogram showing a
filling defect in the cystic duct and the common bile duct
(arrows).

Fig. 3. Macroscopic findings of the tumor. A white oval irreg-
ular tumor, measuring 3 cm, is located in the cystic duct and
invades the common bile duct (CBD). GB � gallbladder.
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dismal even after surgical resection. EPSCC has been
reported in various organs including the larynx, skin,
salivary glands, and the entire gastrointestinal tract.

 

2

 

EPSCC is often detected at an advanced stage, similar
to small cell carcinoma of the lung, and a complete
resection can be rarely performed. The prognosis for
EPSCC is as unfavorable as that of small cell carcinoma
of the lung, the 5-year survival rate being 13%.

 

3

 

Regarding the biliary tract, only 70 patients with
small cell carcinoma of the gallbladder have been re-
ported in the English literature.

 

4–23

 

 Albores-Saavedra
et al.

 

4

 

 reported an incidence of 4.2% (19 small cell
carcinomas) in a series of 448 gallbladder carcino-
mas. Fujii et al.

 

23

 

 reviewed 54 cases of small cell car-
cinoma of the gallbladder: 19 found at autopsy and
35 removed at operation. Thirty-six of the 54 pa-
tients were women and 18 were men; the mean age
was 64.1 years. Distant metastases were evident in 28
(90.3%) of 31 patients whose operative findings were
available. Only three patients (9.7%) were stage I,

 

and 16 (51.6%) were stage IV, as shown by metasta-
sis. The median survival time for the 33 patients who
had a resection was 25.8 months, and 1- and 5-year
survival rates were 47.3% and 11.5%, respectively.
Thus the clinical course of patients with small cell
carcinoma of the gallbladder is extremely poor.

Primary carcinoma of the cystic duct is a rare neo-
plasm, the prevalence being 1.5% of gallbladder can-
cers.

 

24

 

 The diagnosis of carcinoma of the cystic duct
is sometimes difficult because the tumors easily in-
vade the surrounding organs and determination of
the site of origin is difficult. Farrar

 

25

 

 proposed the
criteria for the diagnosis of carcinoma of the cystic
duct as follows: (1) growth restricted to the cystic
duct; (2) no neoplastic process present in the gall-
bladder, hepatic ducts, and common bile duct; and
(3) histologic confirmation of the presence of carci-
noma cells in the mass. In our patient the tumor was
located mainly in the cystic duct but involved the
common bile duct. Thus this tumor does not strictly
fulfill the criteria of Farrar et al.

 

25

 

 However, the tu-
mor was mainly located in the cystic duct, and we
made the diagnosis of primary carcinoma of the cys-
tic duct from the topological location of the tumor.

Carcinoma of the cystic duct is generally classified
as a part of carcinoma of the gallbladder. However,
the prognosis for cystic duct carcinoma is better than
that for gallbladder carcinoma.

 

26

 

 Gallbladder carci-
noma is usually detected at an advanced stage because
of the paucity of specific symptoms and curative resec-
tion can be carried out in a limited number of the pa-
tients. Henson et al.

 

27

 

 reported that 39.8% of patients
with gallbladder carcinoma are classified as having
stage IV lesions when diagnosed. On the other hand,
all 23 patients with cystic duct carcinoma reviewed
by Shito et al.

 

28

 

 had adenocarcinoma without lymph
node metastasis when diagnosed, and their prognosis
was favorable. Yamaguchi et al.

 

26

 

 speculated that this
may be due not only to the early development of
symptoms caused by obstruction of the narrow lu-
men of the cystic duct, but also to slow growth and
late metastasis. The patient reported here was diag-
nosed as having carcinoma of the cystic duct at a rel-
atively early stage because of the development of
acute cholecystitis and obstructive jaundice, enabling
us to perform a potentially curative resection in spite
of the aggressive nature of small cell carcinoma. The
patient has been doing well without any signs of re-
currence for 1 year after the operation.

To the best of our knowledge, this is the first report
of primary small cell carcinoma of the cystic duct. The
favorable outcome can be obtained by surgical resec-
tion because of the relatively early occurrence of the
clinical symptoms, although small cell carcinoma is
notorious for its aggressive nature.

Fig. 4. Microscopic findings of the tumor. A, The tumor is
composed of abundant malignant cells with round nuclei and
scanty cytoplasm. B, The tumor cells are positive for chro-
mogranin A.
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Spontaneous and Traumatic Intra-Peritoneal 
Perforations of Hepatic Hydatid Cysts: A Case Series

 

Necmi Kurt, M.D., Mustafa Oncel, M.D., Selcuk Gulmez, M.D., Zeynep Ozkan, M.D.,
Huseyin Uzun, M.D.

 

Little is known about the presentation, management, outcome, and recurrence of hydatid cyst perfora-
tions. We reviewed the charts of all patients admitted to our emergency service for 7 years to identify pa-
tients who were surgically treated for intra-peritoneal hydatid cyst perforations. Twelve hydatid cysts
were identified in 7 patients (5 males; median age 22 yr; range 8–67). The perforations occurred sponta-
neously in 5 patients, and were the result of mild trauma in 2 patients. Diagnostic tools included ultra-

 

sound (US, n 

 

�

 

 4), computed tomography (CT, n 

 

�

 

 3), and diagnostic peritoneal lavage (DPL, n 

 

�

 

 1).
The cysts were treated with radical (n 

 

�

 

 3) or conservative (n 

 

�

 

 9) operative techniques. Intra-cavitary
and intra-abdominal spaces were washed in 6 and 5 patients, respectively. The median follow-up time was
41 months (range 3–58). Indirect hemagglutination test was positive in 3 patients, but CT confirmed cyst
recurrence in only 2 of these patients. Both had had large cysts and had undergone conservative therapy
(endocystectomy and external drainage). An intra-abdominal recurrence was observed in a patient whose
abdomen had not been washed during surgery. In conclusion, patients with hydatid cyst perforations in
our study generally presented with severe abdominal findings. US, CT, and DPL may be helpful for the
diagnosis. Recurrence may be related to operative technique, location of the cyst, and abdominal wash
during the surgery. ( J G
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 2003;7:635–641.) © 2003 The Society for Surgery of the
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Hydatid disease is a parasitic infection that is usu-
ally caused by 

 

Echinococcus granulosus

 

.

 

1

 

 It is endemic
in the Middle East, South America, and the Mediter-
ranean.

 

2–4

 

 The liver is the most common location for
hydatid disease.

Patients with hydatid disease are mostly asymp-
tomatic until it is incidentally diagnosed or complica-
tions occur.

 

2

 

 Complications are observed in one-third
of all patients with hepatic hydatid cysts.

 

1

 

 Perforation
is the most common complication and may have im-
portant allergic, obstructive, and infective sequelae.
The perforation may open into the biliary tract, into
a hollow organ (mostly the colon), or directly into
the abdominal cavity.

 

5

 

 Intra-abdominal rupture oc-
curs in approximately 3.2% of all patients with he-
patic hydatid disease.

 

6

 

 The perforation may be caused
by a trauma or it may occur spontaneously due to in-

 

creased intra-cystic pressure. Emergency surgery is the

main treatment for intra-peritoneal rupture of hy-
datid cysts.

 

1,6

 

Although the diagnosis and treatment of hydatid
cyst have been discussed in numerous studies, perfo-
rations of the cysts have been rarely reported.

 

1,6–12

 

More important, most of these are case reports that

 

did not evaluate the management and outcome of
the different surgical techniques. In this paper, we
present 7 patients with intra-peritoneal perforation
of hepatic hydatid disease and discuss the presenta-
tion, diagnosis, management, and recurrence of their
disease.

 

MATERIALS AND METHODS

 

The charts of all patients admitted to the Kartal
Dr. Lutfi Kirdar Education and Research Hospital
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Emergency Service between January 1, 1995 and
December 31, 2001 were reviewed to identify those
who required surgical intervention for a perforated
hepatic hydatid cyst. We also identified the patients
who underwent elective surgery for uncomplicated
hepatic hydatid cysts.

The charts of the eligible patients were reviewed
for demographic information, admission symptoms,
laboratory findings, preoperative evaluation tech-
niques, the duration between admission and surgery,
surgical technique, postoperative complications, length
of hospital stay, and postoperative use of anti-hydatid
drugs. The preoperative evaluation and operative man-
agement depended on the surgeons’ preferences. All
patients were instructed to take albendazole (10 mg/
kg) (Andazol, 200 mg, tab; Bilim Ilac, Istanbul) for 3
or 6 months after surgery.

We asked all patients who we found during our
review to return to the hospital for the tests to evalu-
ate disease recurrence. These tests consisted of the
indirect hemagglutination test (IHA) (Cellognost
Echinococcus, Dade Behring Inc., Newark, NJ) and
abdominal computed tomography (CT). An echino-
coccus antibody titer of 1/256 or more was consid-
ered positive for disease. The duration between the
patients’ surgery and follow-up tests were recorded.

 

RESULTS

 

Seven patients (5 men, 2 women) with hepatic hy-
datid cysts perforations were identified from our
hospital records (Table 1). Their mean age at the
time of surgery was 22 years (range 8–67). We also
identified 92 patients who received elective surgical
treatment for uncomplicated hepatic hydatid cysts
during the study period. The incidence of hepatic
hydatid cyst perforation was 7% in our series.

Two of 7 patients with perforated cysts reported
mild abdominal trauma from a fall, which may have

caused the hydatid cysts to rupture. The cysts in the
remaining 5 patients were considered to have oc-
curred spontaneously. Abdominal pain, nausea, and
vomiting were the most common complaints. All pa-
tients had abdominal irritation and exhibited signs of
defense, rebound, and tenderness. Three patients
had leukocytosis. None of the patients had devel-
oped any symptoms related to the hydatid cysts
before the perforation or had known anything about
their disease before the onset of their symptoms
(Table 1).

During the preoperative evaluation, 4 patients un-
derwent ultrasound (US) (Fig. 1), which diagnosed
the perforation (intra-abdominal fluid) and localiza-
tion of the cyst in 3 patients and revealed only intra-
abdominal fluid in one (patient 1). Because patient 1
had a history of trauma, and because of her abdomi-
nal signs and US findings, a diagnostic peritoneal
lavage was performed to rule out intra-abdominal
hemorrhage. But the lavage revealed abundant clear
liquid, which showed cyst hydatid perforation and
indicated the need for surgery. Computed tomogra-
phy was used in 3 patients (Fig. 2), and it was able to
show the localizations and perforations of the hy-
datid cysts (intra-abdominal fluid) in all 3 patients.
Neither US nor CT was performed in one patient
because her abdominal examination indicated the need
for immediate surgical intervention. The ruptured hy-
datid cyst was diagnosed during laparotomy in this
patient.

The median duration between hospital admission
and surgical intervention was 9 hours (range 6–36)
(Table 2). A midline incision was used for all pa-
tients. No other pathologic findings were observed
in the 2 trauma patients. All cysts, even if they had
not ruptured, were identified and treated.

Twelve hydatid cysts were found in the 7 patients,
and the median size of the cysts was 7 cm (range 3–
15) (Table 2). Nine cysts were treated with conserva-
tive techniques (endocystectomy alone [n 

 

�

 

 3] or en-

 

Table 1.

 

 The demographics, symptoms, examination and laboratory findings of 7 patients with hepatic hydatid cyst 
perforation during the admission, and the cause of the perforation

 

Patient Age (yr) Gender Symptoms/Findings Cause WBC (mm

 

3

 

) Diagnosis

 

1 8 F Abdominal pain, urticaria Fall 17,100 US, DPL
2 22 F Abdominal pain, nausea/vomiting Spontaneous 22,000 —
3 15 M Abdominal pain Spontaneous 22,000 US
4 47 M Abdominal pain, nausea/vomiting Spontaneous 6,800 CT
5 14 M Abdominal pain Fall 9,000 CT
6 67 M Abdominal pain Spontaneous 9,800 CT, US
7 36 M Abdominal pain Spontaneous 7,000 US

 

CT 

 

�

 

 computerized tomography; US 

 

�

 

 ultrasound; DP 

 

�

 

 diagnostic peritoneal lavage.
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docystectomy combined with external drainage [n 

 

�

 

3], or introflexion [n 

 

�

 

 3]). Pericystectomy, which is
a radical technique, was used to treat the remaining 3
cysts (Table 2).

During surgery, the intra-cavitary and intra-
abdominal spaces were washed with hypertonic solu-
tion or povidone iodine and saline (Table 2). None
of these cysts was connected to the biliary tract. The
median postoperative hospitalization period was 7
days (range 4–13). No complications or mortality oc-
curred postoperatively.

Although all patients were instructed to use Al-
bendazole for 3 to 6 months, 2 patients did not com-
ply with the drug regimen. The patients who used
Albendazole did not experience any adverse effects.

All patients returned to the hospital for recurrence
evaluation. The median follow-up was 41 months

(range 3–64) (Table 3). Three patients had abnormal
IHA levels, and CT revealed recurrences in two of
these patients. The recurrence developed in the intra-
cavitary space in one patient (Fig. 3) and in both
the intra-cavitary and intra-abdominal spaces in the
other patient (Fig. 4, Table 3.). Both patients were
men. The intracavitary recurrences were treated with
endocystectomy and external drainage. The intra-
abdominal space was not washed out during the orig-
inal surgery in the patient with the intra-abdominal
recurrence.

Our series was not large enough to analyze the
data statistically.

 

DISCUSSION

 

Intra-abdominal perforation of cyst hydatid is a
rare problem, even in endemic regions. In a retro-
spective review of 471 patients who were surgically
treated for hydatid disease over a 20-year period,
free cyst rupture into the peritoneal cavity was ob-
served in only 15 of the patients.

 

6

 

 In another study,
Gunay et al. presented 16 patients who were surgi-
cally treated for intraperitoneal hydatid cyst perfora-
tions over a 12-year period.

 

1

 

 Our study consisted of
7 patients over a 7-year period.

The intra-cystic pressure may reach as high as 50
cm H

 

2

 

O, and this may cause the cyst to perforate
spontaneously or increase the risk of perforation
during trauma.

 

7,8

 

 Even mild traumas like sport inju-
ries can cause cysts to perforate.

 

9

 

 In our study, 5 of 7
patients reported no trauma, whereas the remaining
2 patients suffered mild trauma from a fall.

Fig. 1. Preoperative ultrasound confirmed hydatid cyst perforation by revealing the location of the per-
forated cyst ( left) and intra-abdominal fluid (right) (patient 3).

Fig. 2. Abdominal computed tomography helped determine
the location of the perforated cyst (patient 6).
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Abdominal pain, jaundice, nausea, vomiting, and
urticaria are the most common symptoms, and all
acute abdominal signs such as defense, rebound, and
tenderness are generally present.

 

1,6

 

 Jaundice is re-
lated to perforation into the biliary tract, and urti-
caria and rash are allergic signs. Anaphylaxis or sud-
den death has also been reported in patients with
ruptured hepatic hydatid cysts.

 

6,10

 

 In our study, ab-
dominal pain, nausea, and vomiting were the most
frequent complaints, and all 7 patients had acute ab-
domen findings. One patient had urticaria and was

treated with antihistaminic agents for 5 days begin-
ning with the patient’s admission to the hospital.
Three patients had elevated white blood cell counts.

The severe presentation and the infrequency of
hydatid cyst perforation may lead the surgeon to
misdiagnose the disease. Leviav and Weissberg re-
ported a ruptured hepatic hydatid cyst in a patient who
underwent surgery for acute appendicitis through a
McBurney incision.

 

9

 

 In our study, all 7 patients were
correctly diagnosed, but in some cases the duration
between the admission and operation was long (even
36 hours in a case) because of the difficulty in mak-
ing the diagnosis.

Ultrasound is a non-invasive, sensitive, cost-effec-
tive imaging technique that is available at most insti-
tutions, and it has a specificity of 90% in the diagno-
sis of hydatid cysts.

 

2

 

 It may be helpful for defining
the number and locations of the cysts and the pres-
ence of intra-abdominal fluid in patients with perfo-
rated hydatid cysts. In our study, US showed both
the number of cysts and their locations as well as
identified the cyst hydatid rupture in 3 of 4 patients
who underwent this exam (Fig. 1). This failure may
have been related to the relatively small size of the
cyst or to the radiologist who specifically focused on
and looked for the ultrasound findings of an abdomi-
nal trauma, not a hepatic hydatid cyst. This patient
underwent DPL; abundant clear liquid was aspirated
from the abdominal cavity, which indicated explor-
atory laparotomy. In our opinion, DPL is a helpful
diagnostic technique because the aspiration material
is unique and highly specific to hydatid cyst perfora-
tion. Although the specificity of US is approximately
90% in uncomplicated hepatic hydatid cyst patients,

 

Table 2.

 

 Perioperative data for 7 patients with hepatic hydatid cyst perforation

 

Preoperative
duration* (hr)

Localization
(segments in cm) Surgical techniques

Perioperative lavage
Postoperative

hospitalization (days)Patient Intra-cavitary Intra-abdominal

 

1 8 Seg 4 (7) EC 

 

�

 

 IF P 

 

�

 

 S P 

 

�

 

 S 11
2 22 Seg 1-2 (13)

Seg 8 (5)
PeC
EC 

 

�

 

 ED
P 

 

�

 

 S P 

 

�

 

 S 11

3 18 Seg 7-8 (10) EC 

 

�

 

 IF P 

 

�

 

 S P 

 

�

 

 S 7
4 36 Seg 1-2 (5)

Seg 5-6 (10)
Seg 7 (3)

EC 

 

�

 

 IF 
PeC 
EC

(

 

�

 

) (

 

�

 

) 4

5 7 Seg 1-2 (4) EC HS HS 6
6 9 Seg 1-2 (15)

Seg 6 (7)
PeC
EC 

 

�

 

ED
HS HS 13

7 6 Seg 3 (4)
Seg 8 (15)

EC
EC 

 

�

 

 ED
HS — 6

 

EC 

 

�

 

 endocystectomy; IF 

 

�

 

 introflexion; P 

 

�

 

 povidon iodine; S 

 

�

 

 saline (0.9% NaCl); PeC 

 

�

 

 pericystectomy; ED 

 

�

 

 external drainage; HS 

 

�

 

 hy-
pertonic (20% NaCl) solution.
*The duration between the admission and operation.

Fig. 3. Recurrence of a hydatid cyst in liver segment 6. A
pericystectomy was performed only 3 months before com-
puted tomography examination; segments 1 and 2 cannot be
seen in this screen (patient 6).
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CT may provide better information than US about
the location and depth of the cysts in the liver.

 

2,11

 

 In
our study, CT was used in 3 patients and defined
both the location of the hepatic cysts and the pres-
ence of intra-abdominal fluid in all of the patients. In
patient 2, none of these diagnostic techniques was
used, and an exploratory laparotomy was performed
because of severe abdominal findings. The hydatid
cyst perforation was diagnosed during laparotomy.

Surgery is still the main treatment modality for
both perforated and uncomplicated hepatic hydatid
cysts.

 

1,2,6,12

 

 The surgical approach in patients with
perforated hydatid cyst is more complex than with
uncomplicated disease. Because the abdominal spill-
age of scolices exists during the emergent operations
for perforated cysts, the surgeon should not only fo-
cus on the disease in the liver but also aim to remove
intra-abdominal scolices. In our practice, the sur-
geon first attempts to eliminate the source of the dis-
ease. Thus, immediately after the laparotomy, the
perforated cyst is identified and fixed with a clamp.

 

Then the hydatid fluid within the intra-abdominal
organs is removed. After the surrounding area of the
cyst is protected with sponges in order to prevent
further spillage, the intra-cavitary hydatid fluid is as-
pirated to decrease intra-cystic pressure, and scoli-
cidal agents (hypertonic saline or povidone iodine
and saline) are flushed into the cavity. After 3 to 5
minutes, the solution in the cavitary space is aspi-
rated, and the intra-cavitary space is searched for re-
sidual scolices. As soon as the scolides are eradicated
in the intra-cavitary space, the abdomen is washed
with scolicidal agents. In our series, the intra-
abdominal lavage was omitted in two patients who
had limited abdominal contamination with scolices
(Table 2). In our opinion, the remaining part of the
surgery is quite similar in both emergent operations
for perforated cysts and elective procedures for non-
complicated hydatid disease. Whether a radical ap-
proach (pericystectomy or segmental resection of
liver) is more effective and beneficial than a conser-
vative approach (external drainage, endocystectomy,
introflexion, capitonnage, cystojejunostomy) in pa-
tients with uncomplicated hydatid cysts is still
debatable.

 

2,13–16

 

 No study has discussed the most effi-
cient surgical approach in intra-peritoneal perfora-
tion of hepatic hydatid cyst. Recurrence is less likely
in patients who have been treated with pericystec-
tomy, but because it may increase the operative com-
plications such as operative bleeding and postopera-
tive morbidity and mortality, this technique is
reserved for peripherally located or pedunculated
cysts.

 

2

 

 In our practice, pericystectomy was generally
preferred for larger cysts and in segments that can be
easily reached (segments 1-2 in two cases, and seg-
ments 5-6 in one case). The remaining 9 cysts were
treated with conservative techniques, the aim of
which is to drain the intra-cavitary contents and
obliterate the cavity. Approximation of the cyst wall
with introflexion was performed for the treatment of
3 cysts in our study. External drainage is recom-
mended for the treatment of the cysts that are lo-

Fig. 4. Both intra-abdominal (1) and intra-cavitary cysts (2)
(in segment 8) can be seen in this screen (patient 7).

 

Table 3. 

 

Follow-up and surveillance data for 7 patients with hepatic hydatid cyst perforation

 

Patient
Postoperative 

follow-up (mo)
Postoperative 

Albendazole (mo)

Recurrence (CT)
Laboratory

(IHA)Intra-cavitary Intra-abdominal

 

1 56 3 — — 1/64
2 58 — — 1/128
3 41 — — 1/64
4 10 6 — 1/256
5 4 3 — 1/512
6 3 3 Seg 6 1/2048
7 64 6 Seg 3, Seg 8 Splenic hilus 1/512

 

IHA 

 

�

 

 indirect hemagglutination test.
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cated in the dome of the liver or when the omentum
is not available for the obliteration.

 

2

 

 In our series, we
used this technique for the treatment of 3 cysts, 2 of
which were located in segment 8.

Since the recurrence is the main concern for the
surgeon, the aims of both elective and emergency sur-
gery are to treat the current disease, and prevent the
reappearance of the illness. Although Gunay et al. re-
ported no recurrence during the follow-up of 9 pa-
tients after intra-abdominal hydatid cyst perforations,
in our opinion, recurrence is not uncommon and may
be related to factors such as operative technique, the
location of the cyst, and intra-cavitary and intra-
abdominal lavage during surgery.

 

1

 

 Because the number
of the patients was limited in our study, it was impos-
sible to definitively identify the factors that affected
disease recurrence. It is nonetheless interesting to
note that none of the patients treated with a radical
approach experienced disease recurrence, which is
consistent with the literature.

 

2

 

 The intra-cavitary recur-
rences observed in 2 patients might have been related to
the location of the cysts; because they were difficult to
reach, daughter cysts may have been left behind in the
intracavitary space. The sizes of these cysts were 7 cm
and 15 cm in diameter. We do not know whether
there is a relationship between the recurrence and the
sizes of the cysts. However, in our opinion, to reduce
the chance of intracavitary recurrence, surgeons
should either use a radical surgical approach or be ex-
tremely cautious not to leave any viable daughter cysts
in the cavity. Intra-cavitary lavage is recommended to
reduce the recurrence.

 

1,2

 

In our study, two patients who had had intra-cavitary
lavage during their initial operations experienced
disease recurrence in the cyst cavity. The relation-
ship between the intra-abdominal lavage with scoli-
cidal agents and the recurrence of the disease has
never been studied in an emergent surgery setting in
the literature. In our series, the abdominal cavity was
washed with either hypertonic saline or povidone io-
dine and saline in 5 patients but was omitted in 2 pa-
tients because of the limited spillage of the scolides.
However, we observed intra-abdominal recurrence
in one of these two patients. We believe that both
intra-cavitary and intra-abdominal lavages with scoli-
cidal agents are mandatory in patients who have per-
forated hydatid disease, even if the observed abdomi-
nal spillage of the scolides is limited.

The bile leak is a troublesome problem after hy-
datid cyst operations. Fortunately, this complication
can be prevented if the connection between the cyst
and biliary tract is recognized and treated. Thus, sur-
geons should always search for such a connection
during the initial operation. The intra-cavitary
spaces should be examined under direct vision, if it is

possible, for a potential connection to the biliary
tract. If it is impossible to visualize the whole surface
of the cyst wall, a sponge may be packed into the cav-
ity, and removed a few minutes later. A green-yellow
stain on the sponge proves the connection between
the biliary tract and the cyst cavity. Although the in-
cidence of such a complication ranges from 5% to
31% of the cases, interestingly no connection was
observed in any of our patients.

 

1

 

 In our opinion, this
is an incidental finding and has no relationship with
the hydatid cyst perforations.

We think that patients with perforated hydatid cysts
who undergo surgical intervention should be followed
closely and undergo tests such as IHA, CT, and ab-
dominal US even if they do not have any complaints
related to recurrence of the disease. In our series, no
patient had any complaints during follow-up even
though 2 of them experienced disease recurrence.

Preoperative use of albendazole is recommended
because it cures about 20% to 30% of patients with
hydatid cysts (defined as shrinkage or disappearance
of the cyst), but its effectiveness in reducing recur-
rences has not been proven.

 

17

 

 In our series, all 7 pa-
tients were instructed to use Albendazole, but only 5
of them used it. Interestingly, the disease recurred in
the patients who had taken Albendazole. In our
opinion, this is an area that requires further study to
establish the efficacy of postoperative Albendazole in
preventing recurrence of the disease.

IHA may be a helpful screening test for the pres-
ence of hydatid cyst but the results must be con-
firmed by a second test because the sensitivity of
IHA is only 60%.

 

18

 

 In our study, the 3 instances of
recurrence were detected in 2 patients with IHA and
confirmed with abdominal CT examinations. The
IHA was also positive in a third patient (a second
IHA was also positive in this patient) whose CT
findings did not suggest disease recurrence. We do
not know if this patient had no recurrence and false
positive IHA results or experienced a recurrence that
could not be seen with CT. An abdominal US re-
vealed no pathologic findings of cyst hydatid recur-
rence, and this patient is still being closely followed.

 

CONCLUSION

 

In conclusion, abdominal pain, nausea, and vomit-
ing are the main complaints in patients with hydatid
cyst perforations. Acute abdomen findings of defense,
rebound, and tenderness are often present. US, CT,
and DPL may help the clinician diagnose this rare
condition. During surgery, if a radical procedure is
not performed, the surgeon should take care not to
leave any daughter cysts in the intra-cavitary space.
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Intra-cavitary and intra-abdominal washes should be
performed to reduce the risk of the recurrence.
These patients should be closely followed with tests
such as US, IHA, and CT.

 

The authors thank Amy S. Moore, Manager of Medical Editing Ser-
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Management of Acute Cholecystitis in the
Laparoscopic Era: Results of a Prospective,
Randomized Clinical Trial
Mikael Johansson, M.D., A. Thune, M.D., Ph.D., A. Blomqvist, R.N.,
L. Nelvin, M.D., L. Lundell, M.D., Ph.D.

The aim of this prospective, randomized study was to determine whether laparoscopic cholecystectomy
should be performed as an early or a delayed operation in patients with acute cholecystitis. After diagnostic
workup, patients were randomized to one of two groups: (1) early laparoscopic cholecystectomy (i.e., within
7 days after onset of symptoms) or (2) initial conservative treatment followed by delayed laparoscopic
cholecystectomy 6 to 8 weeks later. Seventy-four patients were placed in the early-operation group, and
71 patients were assigned to the delayed-operation strategy. There was no significant difference in
conversion rates (early 31% vs. delayed 29%), operating times (early 98 [range 30 to 355] minutes vs.
delayed 100 [45 to 280] minutes), or complications. Failure with the conservative treatment strategy
was noted in 26% of these patients. The total hospital stay was significantly shorter in the early group
(5 [range 3 to 63] days) vs. the delayed group (8 [range 4 to 50] days; P � 0.05). Despite a high conversion
rate, early laparoscopic cholecystectomy offered significant advantages in the management of acute
cholecystitis compared to a conservative strategy. The greatest advantage was a reduced total hospital stay.
( J GASTROINTEST SURG 2003;7:642–645) � 2003 The Society for Surgery of the Alimentary Tract, Inc.

KEY WORDS: Gallstone disease, cholecystitis, cholecystectomy, laparoscopy

Management principles for the surgical treatment
of acute cholecystitis used to be firmly established.
The benefits of open cholecystectomy have been sub-
stantiated in a number of prospective, randomized
clinical trials, showing that the early-operation strat-
egy was associated with a shorter hospital stay with-
out added morbidity1,2 compared to delayed elective
cholecystectomy. With the introduction of laparos-
copy for the surgical approach to gallstone disease,
acute cholecystitis was initially considered to pose cer-
tain technical challenges for the surgeon and potential
risks to the patient, and was therefore considered con-
traindicated.3–5 Originally, high complication rates
were reported, which were mainly the result of dis-
torted anatomy caused by the acute inflammation.
However, with growing experience and greater tech-
nical skills, surgeons realized that these obstacles could
be managed. Consequently an expanding number of
reports became available demonstrating the feasibility
of the laparoscopic approach for acute cholecystitis
with an acceptable morbidity but still at the expense
of a high conversion rate.6–9 In the Western world,
where this disease is so prevalent, we still require
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more solid data on the pros and cons of a minimally
invasive emergency operative approach. The question
is: to what should it be compared? Open cholecystec-
tomy is one alternative, but the traditional “gold stan-
dard” is initial conservative treatment with referral
of the patient for an elective operation after the in-
flammatory reaction has subsided.1,2 The aim of the
present study was to investigate whether early laparo-
scopic cholecystectomy is a more cost-effective strat-
egy for managing acute cholecystitis than a
conservative strategy in terms of reduced total hospi-
tal stay. Amore detailed cost analysis will be addressed
in a separate report. In addition, we attempted to
determine whether acute laparoscopic cholecystec-
tomy was associated with more complications than
an elective procedure after initial nonoperative
treatment.

MATERIAL AND METHODS

The studywas carried out betweenDecember 1998
and December 2000, and included 145 patients. All



Vol. 7, No. 5
2003 Acute Cholecystitis 643

patients were admitted on an emergency basis with
a diagnosis of acute cholecystitis; this diagnosis was
based on the finding of (1) acute right upper quadrant
tenderness and ultrasound evidence of acute chole-
cystitis (presence of gallstones with a thickened and
edematous gallbladder wall, positive Murphy’s sign
on ultrasound examination, and pericholecystic fluid
collections); or (2) acute right upper quadrant tender-
ness, an ultrasound image showing presence of gall-
stones, and one ormore of the following: temperature
above 38º C and/or leukocytosis greater than 10 × 10/
L, and/or C-reactive protein level greater than 10
mg/L. Patients were excluded from randomization
(1) if they had bilirubin greater than 3.5 mg/dl or (2)
symptoms for more than 1 week, (3) if they were
incapable of understanding information regarding
the study, or (4) if they were elderly (�90 years).
Written informed consent was obtained from all

patients prior to their enrollment in the trial. The
study protocol was approved by the Ethics Commit-
tee, Medical Faculty, University of Gothenburg. Pa-
tients were randomized into two groups. One group
was managed with the early-intervention strategy,
where a laparoscopic cholecystectomy was per-
formed within 48 hours after randomization but not
later than 7 days after the onset of symptoms. The
other group of patients was treated conservatively
(i.e., with antibiotics, anti-inflammatory drugs, and
intravenous fluids when required); these patients were
discharged when symptoms abated and they were
readmitted for elective surgery 6 to 8 weeks later.
Patients in the delayed-treatment group were admit-
ted 1 day before the planned operation. That day was
included in the total hospital stay of this conservative
treatment strategy group. Patients in the delayed
group who had worsening clinical signs or a recur-
rence of acute cholecystitis before the planned de-
layed cholecystectomy were treated with emergency
laparoscopic cholecystectomy and subsequently clas-
sified as treatment failures.
Data were collected prospectively and included

patient demographics, medical history, laboratory re-
sults, operative findings, results of operative chol-
angiography, conversion to open cholecystectomy,
operating time, length of hospital stay, change of
strategy for patients with a scheduled delayed opera-
tion, and any postoperative complications. The
data generated from these patients were included in
the final results of the conservatively treated patients
under the “intention-to-treat” analysis. The demo-
graphic data, medical history, laboratory results, and
results of ultrasound examination on admission were
comparable in the two groups.

Surgical Procedure

Consultants performed the operations. Fellow res-
idents also participated in the study and operated
under supervision. The minimum requirement for a
surgeon to participate was a previous record of having
performed 25 elective laparoscopic cholecystec-
tomies.
Pneumoperitoneum was created by Veress needle.

Dissection was carried out by means of electrocau-
tery, and the cystic duct and artery were secured with
titanium clips. Operative cholangiography was per-
formed routinely. At the completion of the operation,
subhepatic drains were inserted in selected cases. Re-
sected gallbladders were sent for pathologic exami-
nation. All patients received antibiotic prophylaxis
(sulfonamide/trimetoprime or cefotaxime/metro-
nidazole) as well as prophylaxis against thrombosis
(low molecular heparin, 2500 IU).

Statistical Analysis

The randomization procedure was carried out by
means of a computer-based program after stratifica-
tion for age and sex. All data are medians (range)
unless otherwise stated. For statistical analysis, the
Mann-Whitney U test or Spearman rank correlation
test was used. Statistical significance was defined as
P � 0.05.

RESULTS

Of the 145 patients included in the study, two in
the delayed-treatmentgroup refused surgery andwere
excluded. Seventy-four patients were randomized to
the early-treatment group and 71 to the delayed-
treatment group. Total hospital stay was 5 (3 to 63)
days in the early group and 8 (4 to 50) days in
the delayed group (P � 0.05). Conservative treatment
failure was noted in 14 patients in the delayed group.
An additional four patients in the delayed-treatment
group had a recurrent attack of acute cholecystitis
before the scheduled delayed cholecystectomy. All of
these 18 patients (26%) were treated by emergency
laparoscopic cholecystectomy and thus were classified
as failures of the conservative strategy. This subgroup
of patients had a total hospital stay of 10 (5 to 21)
days, which was longer than the stay for the success-
fully treated patients in the delayed-treatment group,
but the difference was not statistically significant.
There was no difference in complication rates. Ten
(55%) of these 18 patients had to be converted to
an open procedure.
Twenty-three patients (31%) in the early-treat-

ment group and 20 (29%) in the delayed-treatment
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group required conversion to open surgery. Themain
reason for conversion was difficulty in exposing the
gallbladder and Calot’s triangle due to severe ad-
hesions. No independent prognostic factors for con-
version could be identified.
The operating time was 98 (range 30 to 355) mi-

nutes and 100 (range 45 to 280) minutes in the early
and delayed groups, respectively. Intraoperative chol-
angiography was attempted in all patients and was
successful in 54 patients (73%) in the early group and
50 patients (72%) in the delayed group. Common
bile duct stones were demonstrated in five patients
(7%) in the early group and three patients (4%) in
the delayed group. Perioperative bleeding of more
than 500 ml was recorded. This occurred in six pa-
tients (8%) in the early group and one patient (1%)
in the delayed group (Table 2).
After each operation, the surgeon was asked if it

was considered a technically difficult procedure. The
answer was “yes” for 57% of the patients in the early
group and 74% of those in the delayed group. The
difference was not statistically significant (P � 0.08).
In two patients, histopathologic examination unex-

pectedly revealed the presence of an adenocarcinoma;
these patients were subsequently treated by an ex-
tended resection.
None of the patients died as a result of the opera-

tion, and the overall complication rate was 19%.
There was one major bile duct injury, which occurred
in the delayed group. We recorded bile duct leaks in
six patients (8%) in the early group but none in the
delayed group. All of these leaks were successfully
treated: four with endoscopic retrograde cholangio-
pancreatography (ERCP) plus stent, one with ERCP
plus sphincterotomy, and one with percutaneous
drainage (Table 3). There was no significant differ-
ence in complication rates between the two groups.

Table 1. Clinical data and laboratory results
on admission

Treatment group

Early (n � 74) Delayed (n � 71)

Age (yr) 58 (22–88) 55 (20–81)
Sex (%female) 63 57
Body weight (kg) 75 (50–116) 76 (52–115)
Duration of 60 (11–144) 58 (12–168)
symptoms (hr)

Temperature (C) 37.8 (36.1–40.0) 37.8 (36.4–39.4)
C-reactive 65 (5–350) 81 (5–380)
protein (mg/L)

Ranges are in parentheses.

Table 2. Operative findings and hospital stay

Treatment group

Early (n � 74) Delayed (n � 69)

Conversion to 23 (31%) 20 (29%)
open surgery

Operating 98 (range 30–355) 100 (range 45–280)
time (min)

Bleeding �500 ml 6 (8%) 1 (1%)
Intraoperative 54 (73%) 50 (72%)
cholangiography

Common bile 5 (7%) 3 (4%)
duct stones

Total hospital 5 (range 3–63) 8 (range 4–50)
stay (days)

DISCUSSION

The objective of this randomized, clinical study
was to assess the efficacy of an early laparoscopic
intervention strategy in the management of acute
cholecystitis, as reflected by the length of total hospi-
tal stay. The outcome clearly favored this strategy
over the conservative treatment, which incorporated
an elective laparoscopic cholecystectomy 6 to 8 weeks
after the initial admission. These results correlate
well with those documented during the era of open
surgery, showing similar benefits with open cholecys-
tectomy in the acute phase with no additional morbid-
ity and mortality.1,2 We know from the literature
that conversion rates vary considerably among series,
ranging from 6% to 35%.7,10–12 We noted a high
conversion rate in the early laparoscopic group
(31%). This finding could be interpreted in various
ways. One is that the standard of surgery and the
level of expertise were suboptimal. The surgeons par-
ticipating in the study presented a wide range of expe-
rience in laparoscopic surgery (although each had
previously performed a minimum of 25 laparoscopic

Table 3. Postoperative complications

Treatment group

Complication Early (n � 74) Delayed (n � 69)

Major bile duct injury 0 1 (1%)
Bile duct leak 6 (8%) 0
Intra abdominal infection 2 (3%) 3 (4%)
Other infection 5 (7%) 3 (4%)
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cholecystectomies). In our opinion, that is a more
accurate reflection of the reality of treating acute
cholecystitis than having a small group of dedicated
laparoscopic surgeons performing all of the opera-
tions.11 A further dimension to the complexity of
performing an acute laparoscopic cholecystectomy
was our finding that even at the time of elective chole-
cystectomy, after 6 to 8 weeks of conservative therapy,
we still encountered a similar magnitude of conver-
sion. Such outcome data have been reported in the
literature,11,13 and emphasize the many difficulties
faced by surgeons when attempting to remove a gall-
bladder affected by severe chronic inflammation. It
does not appear that allowing the inflammation to
subside leads to a technically less demanding opera-
tion. We found no significant differences in compli-
cation rates between the two strategies, and our
figures for complications centered around 19%,
which compares well with what is reported in most
corresponding series.10,11,14 It can therefore be con-
cluded that these surgical procedures are not only
complex but are also followed by significant morbid-
ity when performed under elective conditions. Exam-
ples of this are reflected by a 1% incidence of bile duct
injury 15,16 andan8%incidenceofbile leakage.Despite
the fact that the latter were managed by conserva-
tive endoscopic interventions, these figures em-
phasize that these patients should preferably be
treated in units where upper gastrointestinal surgical
and endoscopic expertise is available. It has been
argued that the use of intraoperative cholangiography
is pivotal to prevent bile duct injuries,17 but this issue
remains controversial. We used intraoperative chol-
angiography as a routine part of the operative proce-
dure regardless of whether the operation was carried
out on an emergency basis. The type of treatment
offered to patients randomized to a conservative
strategy included antibiotics, analgesics, and paren-
teral nutrition, as long as their conditions warranted
this treatment.More interesting was the fact that 26%
of these patients could not be managed according to
plan but instead required an emergency operation
because of recurrent problems or progressive disease.
Similar figures have been presented previously.2,11
This high rate of failure among patients with acute
cholecystitits managed conservatively presents a
strong argument for an aggressive immediate surgical
approach. Furthermore, valid data are lacking regard-
ing outcomes in the remaining 74% of these patients
while they were waiting for the operation in terms of
how many had subclinical problems that adversely
affected their quality of life.

In conclusion, acute laparoscopic cholecystectomy
offers advantages over a conservative management
strategy in terms of reduced in-hospital resource con-
sumption with no additional treatment-specific mor-
bidity. The high conversion rate raises the question of
whether a shift toward primary open cholecystectomy
would offer more cost-effective treatment than is
presently applied.
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Staged Abdominal Repair in the Treatment
of Intra-Abdominal Infection: 
Analysis of 102 Patients
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Surgical treatment of intra-abdominal infections remains a challenge for the surgeon. Staged abdominal
repair is being commonly used in patients with intra-abdominal infections. This study presents our expe-
rience with staged abdominal repair and analyzes factors affecting mortality. A total of 102 patients who
underwent staged abdominal repair procedures for intra-abdominal infections during a 12-year period
were retrospectively reviewed. The effects of several risk factors on mortality were evaluated. The inves-
tigated risk factors included age, Acute Physiology and Chronic Health Evaluation II (APACHE II)
score, number of operations prior to staged abdominal repair, number of repeat laparotomies, anatomic
origin of infection, and etiology of intra-abdominal infections. The overall mortality rate was 40% (41/

 

102). The mean number of operations prior to staged abdominal repair (0.72 

 

�

 

 0.1 in survivors vs. 1.37 

 

�

 

0.21 in nonsurvivors), age (24.5% mortality under 55 years vs. 53.6% mortality between 55 and 65 years
vs. 75% mortality over 65 years), and APACHE II score (13.4 

 

�

 

 3.4 in survivors vs. 20.3 

 

�

 

 6.64 in non-
survivors) were correlated with mortality rates (

 

P
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 0.05). Our results showed that the physiologic status
of patients, severity of sepsis, and decision time for staged abdominal repair were all associated with
higher mortality. ( J G
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Despite many advances in diagnostic modalities,
potent antibiotics, intensive care, and aggressive sur-
gical treatment, severe intra-abdominal infections are
associated with a high mortality rate. The mainstays
of therapy in intra-abdominal infections are general
support for the patient’s hemodynamic and respira-
tory status, antibiotic administration, nutrition, and
surgical intervention. The principal goals of the surgi-
cal management are to eliminate the source of bacte-
rial contamination, to reduce the degree of bacterial
contamination, to prevent recurrent infection, and to
treat abdominal compartment syndrome.

 

1,2

 

The operative management of intra-abdominal in-
fections includes the standard operating methods, per-
cutaneous abscess drainage and decompression proce-
dures (open abdominostomy, mesh abdominostomy,
and staged abdominal repair [STAR]). The methods of

standard operation are plugging the source of infection
(suture closure, resection and anastomosis, and exteri-
orization), purging the abdominal cavity (mechanical
cleansing and irrigation), and postoperative irrigation
via drains. Although standard operations are adequate
in most patients, these techniques have failed to prevent
recurrence of intra-abdominal infections in 10% to
15% of patients with peritonitis. Decompression pro-
cedures are directed toward the prevention of recurrent
intra-abdominal infections and the treatment of ab-
dominal compartment syndrome. Open and mesh ab-
dominostomy procedures have been plagued by intesti-
nal fistulas and abdominal wall defects. STAR was
defined by Wittmann et al.

 

3

 

 as a series of operations
planned either before or during the first operation and
performed every 24 to 36 hours with temporary closure
of the abdomen using different devices. It combines the

 

Presented at the Fourteenth Annual Meeting of the Surgical Infection Society–Europe, Gdansk, Poland, May 31–June 2, 2001.
From the Department of Surgery (H.O., T.Y., E.G., Y.O., N.K., A.Z.), Uludag University Medical School, Bursa, Turkey.
Reprint requests: Halil Özgüç, M.D., Department of Surgery, Uludag University Medical School, 16059 Bursa, Turkey. e-mail:
ozguch@uludag.edu.tr



 

Vol. 7, No. 5
2003 Staged Abdominal Repair

 

647

 

advantages of planned relaparotomy and open manage-
ment with a minimal rate of complications.

 

3–5

 

 The re-
sults of the many studies of STAR vary considerably
because of differences in methods, patient groups, and
severity of disease. Although, the value of STAR in in-
tra-abdominal infections has never been studied in
well-designed, prospective, randomized trials, Witt-
mann et al.

 

3

 

 showed that patients undergoing STAR
had a significantly better outcome than patients treated
by other operations; a logistic regression model was
used for all risk groups. However, at the present time
the effectiveness of STAR in intra-abdominal infec-
tions remains debatable.

In this study we present our experience with
STAR over a 12-year period in our surgical clinic in
the management of intra-abdominal infections, and
we examine the factors affecting mortality in patients
undergoing this procedure.

 

PATIENTS AND METHODS
Patient Selection

 

Over a 12-year period (January 1988 to December
1999), 115 patients underwent STAR for intra-
abdominal infection at Uludag University Hospital.
Thirteen patients were excluded because of inade-
quate data. The charts of the remaining 102 patients
were retrospectively reviewed. Data on patient age,
anatomic origin of infection, and etiology of intra-
abdominal infection were recorded. The number of
operations prior to STAR, the number of relaparot-
omies, and the Acute Physiology and Chronic Health
Evaluation II (APACHE II) scores were calculated.

 

6

 

The APACHE II score was used for stratification of
patients. The worst physiologic parameters over the
24 hours preceding the STAR procedures were con-
sidered in these calculations. Indications for STAR
were inability to eliminate or adequately control the
source of infection, incomplete debridement of ne-
crotic tissue, excessive intra-abdominal edema, second
look for bowel ischemia, and critical patient condition
precluding definitive repair.

All patients were treated in the surgical intensive
care unit until no further relaparotomy or organ sup-
port was necessary. Broad-spectrum antibiotic ther-
apy, a combination of penicillin or cephalosporin,
aminoglycoside, and metronidazole, was begun pre-
operatively and subsequently modified according to
the results of microbiological cultures. Patients re-
ceived parenteral and/or enteral nutritional support.

 

Surgical Techniques

 

STAR was performed using the following opera-
tive technique: Serial operations were planned either

before or during the first (index) operation; these op-
erations were performed every 24 to 48 hours with
abdominal decompression and staged reapproxima-
tion and finally closure of the abdominal fascia utiliz-
ing a mesh. Relaparotomies were performed by inci-
sion through the mesh in the operating room.
During each consecutive operation, graft size was re-
duced bringing the edges of the wound closer to-
gether so that at the final operation primary closure
would be possible.

At the first laparotomy for peritonitis, the source
of contamination was eradicated in the usual man-
ner. When bowel resection was required, ostomies
rather than anastomoses were performed. The peri-
toneal cavity was generously irrigated with 8 to 10
liters of saline solution. At the completion of the
laparotomy, Mersilene mesh (Ethicon, Johnson-
Johnson, Brussels, Belgium) was sutured to the sur-
rounding fascia with running nonabsorbable sutures.
At reoperation, all septic tissue and necrotic debris
were debrided or removed with gentle suction, and
the cavity was irrigated. Exploratory operations were
discontinued once clinical evidence of sepsis sub-
sided and the peritoneal cavity appeared to be clean,
as determined by the presence of healthy granulation
tissue. If possible, the abdomen was primarily closed
at the final exploratory operation. In other patients,
the defect was either closed with a split-thickness
skin graft or allowed to heal by secondary intention.

 

Statistical Analysis

 

The effects of age, anatomic origin of infections,
etiology of intra-abdominal infections, number of
operations prior to STAR, number of relaparoto-
mies, and APACHE II scores of surviving patients
were investigated. Differences in proportions were
examined using chi-square analysis, and differences
in means were calculated using Student’s 

 

t

 

 and
Mann-Whitney U tests. The results were expressed
as means 

 

�

 

 standard error of the mean. A value of 

 

P

 

 

 

�

 

0.05 was considered significant.

 

RESULTS

 

A total of 102 patients (69 males and 33 females)
were studied. The mean age was 54.5 years. The
mean number of operations prior to the STAR pro-
cedure was 1.04 

 

�

 

 0.13 (range 0–4). On average,
those who survived had 0.72 

 

�

 

 0.1 operations pre-
ceding the STAR compared to 1.32 

 

�

 

 0.21 among
those who died. The difference was statistically sig-
nificant (

 

P

 

 

 

�

 

 0.05). The mortality rate was increased
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according to the number of operations that preceded
STAR. The relationship between the mortality rate
and the number of operations prior to STAR is shown
in Fig. 1. The median number of operations after the
index operation per patient was 2.84 

 

�

 

 0.32 reopera-
tions per patient. The mean number of relaparoto-
mies was 2.45 

 

�

 

 0.35 in patients who died and 2.78 

 

�

 

0.18 in patients who survived. There was no signifi-
cant difference in the number of relaparotomies be-
tween survivors and nonsurvivors (

 

P

 

 

 

�

 

 0.05).
Among our patients, the mortality rates were as

follows: 24.5% for those less than 55 years of age,
53.6% for those between 55 and 65 years, and 75%
for those over 65 years of age. There was a signifi-
cant difference in correlation with outcome (

 

P

 

 

 

�

 

0.01). Patients who survived were younger than
those who died. Age in relation to outcome is shown

in Table 1. The mean APACHE II scores for survi-
vors and nonsurvivors were 13.4 

 

�

 

 3.6 and 20.3 

 

�

 

6.44, respectively. This difference was statistically
significant (

 

P

 

 

 

�

 

 0.01). The mortality rates were as
follows: 16% for patients whose APACHE II scores
ranged from 0 to 10; 34.4% for the 61 patients
whose APACHE II scores ranged from 11 to 20; and
87.5% for the 16 patients who had APACHE II
scores of 21 or higher. Table 2 presents the relation-
ship between APACHE II scores and mortality rates.

The causes of infections were anastomotic leakage
in 47 patients, generalized peritonitis in 17, intra-
abdominal abscess in seven, necrotizing pancreatitis
in 14, bowel perforation in 13, and trauma in four.
The mechanisms of intra-abdominal infections and
associated mortality are shown in Table 3. The ana-
tomic origin of peritoneal contamination and associ-
ated mortality are presented in Table 4. The mecha-
nism and anatomic origin were not significantly
associated with mortality in our study. Eleven pa-
tients died during relaparotomy. The series of staged
procedures was successfully completed in 92 patients
(90.1%). Ten of these patients underwent reopera-
tion. The reason for reoperation was wound dehis-
cence due to fasciitis in eight patients and intra-
abdominal abscess in two. Three patients underwent
percutaneous drainage of their intra-abdominal ab-
scesses. The overall recurrence rate for intra-abdom-
inal infections in our series was 5.4% (5/92). The
overall mortality rate was 40% (41/102). Three pa-
tients died within 48 hours after the index operation.
If these three are excluded, the mortality rate be-
comes 38% (38/99). Fistulas developed in 11% (7/
61) and hernias in 15% (9/61) of surviving patients
during hospitalization. Unfortunately, we do not
have long-term results for our patients.

 

DISCUSSION

 

The mortality rate associated with severe perito-
nitis did not change dramatically until the 1990s, de-
spite the availability of powerful broad-spectrum an-
tibiotics, critical care units, and radical approaches

Fig. 1. Number of operations that preceded STAR in relation
to survival. A, Percentage of mortality. B, Number of survi-
vors and nonsurvivors.

 

Table 1.

 

 Relationship between age and outcome

 

Age (yr)
Total

patients
No. of

nonsurvivors
Mortality
rate (%)

 

�

 

55 53 13 24.5*
55–64 41 22 53.6

 

�

 

65 8 6 75

 

*

 

P

 

 

 

�

 

 0.01 vs. age 55–65 years and 

 

�

 

65 years.
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for eliminating bacterial contamination in the ab-
dominal cavity.

 

2,3

 

 The STAR procedure was clini-
cally accepted as a treatment modality after the work
of Wittmann et al.

 

5,7

 

 clearly defined the indications
and the technique for this procedure in the 1990s.
STAR was defined by these investigators as a series
of operations planned either before or during the in-
dex operation and performed every 24 to 36 hours
with temporary closure of the abdomen using differ-
ent devices such as simple mesh, mesh with a zipper,
or an artificial burr. In addition to repeated debride-
ment and cleansing of the abdomen, STAR controls
the tension exerted on the fascia, prevents abdominal
hypertension and, in the end, fascia-to-fascia abdom-
inal closure is possible. According to Wittmann et
al.,

 

3

 

 STAR was found to be superior to conventional
operative therapy when patients with equal mortality
risks were compared.

The STAR procedure performed at our institu-
tion differs in some respects from that described by
Wittmann et al.

 

5

 

 First, Wittmann’s relaparotomies
were performed at 24-hour intervals. Ours were

done at 24- to 48-hour intervals. Hau

 

8

 

 suggested that
repeat laparotomies be performed every 24 hours be-
cause the intraperitoneal bacterial content reaches
the level of initial inoculation at 24 hours. Because of
the adaptation problems of the various surgical
teams and also because of the tight scheduling of the
operating theaters, sometimes relaparotomies had to
be performed at 48-hour intervals. Another impor-
tant difference between our procedure and that of
Wittmann et al. is that we preferred to use ostomies
rather than anastomoses. The use of anastomoses
rather than ostomies seems to be an advantage of the
STAR procedure because the condition of the anas-
tomosis can be assessed at each laparotomy. It was
difficult to convince surgeons to perform an intesti-
nal anastomosis when peritonitis was present in the
abdomen. We used Mersilene mesh to close the
abdomen, and each relaparotomy was performed
through this mesh, the size of which was reduced
each time, in an attempt to achieve reapproximation
of the wound edges and, finally, primary closure. Be-
cause of the higher cost and difficulty in obtaining
zipper mesh, this material was not used. Similarly,
the artificial burr recently described by Wittmann et
al.

 

5

 

 was not yet commercially available and was
therefore not used. This may have been the reason

 

Table 2.

 

 APACHE II scoring and mortality

 

APACHE II 

 

score

 

Total patients No. of survivors No. of nonsurvivors Mortality rate* (%)

 

�

 

10 25 21 4 16
11–20 61 38 23 37.7

 

�

 

21 16 2 14 87.5
Mean APACHE II score

 

†‡

 

13.4 

 

� 

 

3.6 20.3

 

 �

 

 6.44

 

*There were significant differences between groups.

 

†

 

Values shown are means 

 

�

 

 standard deviation.

 

‡

 

P

 

 

 

�

 

 0.01 vs. nonsurvivors.

 

Table 3.

 

 Etiology of infection and mortality

 

Etiology
No. of 

patients*
No. of

nonsurvivors*

 

Spontaneous 
peritonitis 44 (43.1%) 19 (43.1%)

Generalized (bowel 
necrosis, fasciitis) 17 (16.6%) 7 (41.1%)

Necrotizing 
pancreatitis 14 (13.7%) 5 (35.7%)

Perforation 13 (12.7%) 7 (53.8%)
Postoperative 

peritonitis 54 (52.7%) 22 (50%)
Anastomotic leak 47 (46%) 16 (34%)
Intraabdominal 

abscesses 7 (6%) 6 (85.7%)
Trauma 4 (3.9%) 0

T

 

OTAL

 

102 41 (40.1%)

 

*There were no significant differences between groups.

 

Table 4.

 

 Anatomic origin of infection and mortality

 

Origin
Total 

patients
No. of

nonsurvivors
Mortality
rate (%)*

 

Large bowel 43 17 39.5
Small bowel 17 6 35.2
Upper 

gastrointestinal 
tract (stomach 
and duodenum) 22 9 40.9

Pancreas 13 7 53.8
Other 7 2 28.5

T

 

OTAL

 

102 41 40

 

*There were no significant differences between groups.
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for the decreased primary closure and increased fre-
quency of fistulas in our series compared with that of
Wittmann et al.

 

5

 

 (11% fistula and 15% hernia vs. 5%
fistula and 7% hernia).

Some studies, however, have demonstrated no ad-
vantage of STAR over other surgical interventions.
In the literature, the mortality rates for intra-abdom-
inal infections associated with different surgical pro-
cedures have been reported to range from 19% to
50%.

 

9–12

 

 Christou et al.

 

13

 

 reported in their open,
consecutive, prospective study that a low serum albu-
min level, high APACHE II score, and cardiac func-
tion status were significantly and independently as-
sociated with death, and there was no significant
difference in mortality between patients treated with
a “closed abdomen” technique (31%) and those
treated with variations of the “open abdomen” tech-
nique (44%). However, “planned relaparotomy,”
“open abdomen” technique, and “standard” proce-
dure were not clearly defined in this study. In an-
other retrospective study, the mortality rate for 105
patients treated by planned relaparotomy, was re-
ported to be 54%.

 

14

 

 Hau et al.

 

15

 

 have not demon-
strated any advantage for planned laparotomies over
the other procedures in their nonrandomized pro-
spective studies. When these studies are reviewed in
detail, important differences between the described
procedures and the classical STAR procedure be-
come evident. In a model of logistic regression anal-
ysis using the APACHE II score, the STAR proce-
dure was shown to achieve a higher survival rate than
the classical surgical approach. This difference in
survival approaches 20% to 40% in patients with
APACHE II scores of 10 to 20.

 

5

 

 Despite all of these
findings, the effect of STAR on mortality in the
treatment of intra-abdominal infections remains un-
clear. A precise assessment of the benefits of STAR
is difficult because of the heterogeneity of the pa-
tients, difficulties arising from stratification of the
severity of illness, and the underlying disease pro-
cesses in studies employing this technique. The mor-
tality rate for our patients who underwent STAR
during the index operation (28%) was similar to that
achieved by Wittmann et al (24%), but our overall
mortality rate was higher. These results suggest that
the decision to use the STAR procedure should be
made early.

Although our study has the inherent defects of
any retrospective study, we believe our results are
still meaningful in assessing factors influencing mor-
tality in patients undergoing the STAR procedure.
Many factors affect mortality in patients undergoing
STAR, such as the severity of illness at the time
STAR is considered, the age of the patient, the
mechanism and anatomic origin of the infection, the

number of operations prior to STAR, and the num-
ber of repeat laparotomies.

 

3,9,14

 

The physiologic status of our patients at the be-
ginning of treatment was assessed by means of the
APACHE II. An APACHE II score can be translated
into an estimation of mortality risk that can be
used for comparison with the observed mortality
rate.

 

1,3,16,17

 

 Pacelli et al.

 

18

 

 reported that the APACHE
II score correctly graded the severity of intra-abdomi-
nal infections and was strongly correlated with out-
come. Koperna et al.

 

14

 

 found that the preoperative
APACHE II score was significantly associated with
the risk of persistent abdominal infection. In their
study, the mortality rate was 20% in patients with
APACHE II scores of less than 20, whereas it rose to
86% with scores of more than 20. It has been found
that critically ill patients with scores higher than 25
had a mortality rate of 100% in different studies.

 

2

 

Among our patients, the mean APACHE II score in
survivors was significantly lower than that in the pa-
tients who died. Outcome in our patients with intra-
abdominal infections was closely correlated with
the severity of the patient’s systemic response and his
or her physiologic reserves, which were most accu-
rately estimated by means of the APACHE II scor-
ing system.

In our series, the age of patients with intra-abdom-
inal infections who underwent the STAR procedure
was significantly correlated with mortality. Although
Hau et al.

 

19

 

 suggested that death after treatment of
peritonitis is correlated with the anatomic origin of
the infection, our results, as well as those in other
studies, did not confirm that relationship.

 

7,20

 

 Unfor-
tunately, we were not able to obtain complete infor-
mation about the duration of illness prior to surgery.
But we believe that the number of laparotomies per-
formed prior to STAR may provide some of the in-
formation concerning the duration of illness. In our
study, the mortality rate was increased as was the
number of operations that preceded STAR. These
findings may indicate that early implementation of
the STAR procedure is also a very important factor
that influences mortality. This early decision to use
the STAR approach may stop ongoing sepsis and
prevent multisystem organ failure in these patients.
In this respect, our results parallel those of other re-
ports in the literature.

 

3,6,10

 

The severity of the systemic response and the phys-
iologic reserves of patients undergoing STAR are very
important factors affecting mortality. We conclude
that elderly patients and those with APACHE II scores
of 20 or higher should be operated on as soon as possi-
ble. If an operative solution is possible, the decision of
whether to use the STAR procedure is left to the sur-
geon’s discretion, and this decision should be made on
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a case-by-case basis. Relaparotomies should be per-
formed at 24-hour intervals because bacteria regrow
to their initial inoculum within 24 hours after irriga-
tion.

 

8

 

 The most important factor in reducing mortal-
ity from intra-abdominal infections is the elimina-
tion of the source of infection as soon as possible.
Efforts should be focused on early detection and
prompt implementation of the STAR procedure.

 

CONCLUSION

 

Our results showed that the physiologic status of
the patients, the severity of sepsis, and the number of
operations prior to STAR were associated with
higher mortality. To improve overall survival in pa-
tients undergoing STAR for intra-abdominal infec-
tions, the decision to perform STAR should be made
early, especially in elderly patients and those with
APACHE II scores of 21 or above.
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Watermelon Stomach: Pathophysiology, 
Diagnosis, and Management

 

Yuri W. Novitsky, M.D., Kent W. Kercher, M.D., Donald R. Czerniach, M.D., 
Demetrius E.M. Litwin, M.D., F.A.C.S.

 

Watermelon Stomach (WS) has been increasingly recognized as an important cause of occult gastrointes-
tinal blood loss. Clinically, patients develop significant iron deficiency anemia and are frequently transfu-
sion dependent. The histologic hallmark of WS is superficial fibromuscular hyperplasia of gastric antral
mucosa with capillary ectasia and microvascular thrombosis in the lamina propria. Endoscopic findings of
the longitudinal antral folds containing visible columns of tortuous red ectatic vessels (watermelon
stripes) are pathognomonic for WS. Trauma to the mucosal epithelium overlying engorged vessels by
gastric acid or intraluminal food results in bleeding. Treatment options for WS include endoscopic,
pharmacologic, and surgical approaches. Endoscopic therapy, including contact and non-contact thermal
ablations of the angiodysplastic lesions, is the mainstay of conservative therapy. However, many patients
fail endoscopic therapy and develop recurrent acute and chronic GI bleeding episodes. Surgical resection
may be the only reliable method for achieving a cure and eliminating transfusion dependency. Tradition-
ally, surgery was used only as a last resort after patients failed prolonged medical and/or endoscopic therapy.
However, based on the experience garnered from the literature we recommend a more aggressive surgical
approach in patients who fail a short trial of endoluminal therapy. ( J G
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Watermelon Stomach (WS) is a rare condition as-
sociated with chronic GI blood loss. It is often over-
looked on endoscopic examinations.

 

1,2

 

 Clinically, pa-
tients develop significant iron deficiency anemia and
are frequently transfusion dependent. Rider et al.
first described a case of gastric vascular ectasia in
1953, noting “an erosive type of atrophic gastritis
with marked veno-capillary ectasia” in a gastrectomy
specimen of an elderly woman with occult GI bleed.

 

3

 

Subsequently several patients with vascular lesions
of the stomach appearing as “red linear streaks”

 

4

 

 or
“red areas with appearance of dilated blood vessels”
in the antrum

 

5

 

 were reported. In 1984, Jabbari et al.

 

6

 

described characteristic endoscopic findings of gas-
tric antral ectasia (longitudinal red columns) and
coined the term WS. Since then, this disorder has
been increasingly recognized as a distinct entity with
characteristic endoscopic and histopathologic fea-

tures. Several treatment modalities have been em-
ployed in an attempt to minimize or eliminate the
transfusion requirements in patients with WS. Vari-
ous pharmacological agents and endoscopic tech-
niques have been used with some success. Surgery,
widely recognized as a curative procedure, has been
employed infrequently. This hesitance probably
stems from early reports of high short- and long-
term postoperative morbidity and mortality.

 

7,8

 

 This
review summarizes the clinical presentation, etiology,
histopathology, and diagnostic modalities associated
with this syndrome which to date has received mini-
mal attention in the surgical literature. Treatment
options and outcomes garnered from the literature
are reviewed and discussed. Finally, we propose a
management algorithm advocating an aggressive
surgical approach in patients who fail a short trial of
endoluminal therapy.
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CLINICAL PRESENTATION AND
ASSOCIATED ILLNESSES

 

WS has been increasingly recognized as an impor-
tant cause of occult gastrointestinal blood loss. The
typical patient is an elderly female with a history of
chronic iron-deficiency anemia for which no etiol-
ogy has been recognized despite endoscopic and bar-
ium studies.

 

9

 

 A recent review has identified a 3:1 fe-
male preponderance with an 88% incidence of iron
deficiency anemia and a 42% incidence of heme-
positive stools. Other frequently associated symp-
toms at presentation include melena, hematochezia,
and hematemesis.

 

10

 

Although blood loss rarely exceeds 25 ml per
day,

 

10,11

 

 oral iron replacement alone is usually not
sufficient and patients are frequently blood transfu-
sion dependent. Gostout et al.

 

1

 

 series showed that
62% of patients receive a mean of 10 units of packed
red blood cells per 12-month period. Further char-
acteristic findings include hypergastrinemia,

 

1,9,12,13

 

hypochlorydia with complete achlorydia in 35% of pa-
tients.

 

8,9,13

 

 Atrophic gastritis is almost uniform,

 

1,9,14

 

commonly leading to a misdiagnosis.
Various disorders are thought to cause or to be

closely associated with WS (Table 1). Gostout et al

 

1

 

found that 62% of patients have a coexistent au-
toimmune connective tissue disorder, particularly
Raynaud’s (31%) and sclerodactyly (20%). Liberski
et al.

 

15

 

 reported elevated levels of ANA titers in 7 of
9 tested patients. Other immune system disorders, such
as CREST,

 

16

 

 SLE,

 

17

 

 systemic sclerosis,

 

18,19

 

 and
scleroderma

 

20

 

 have been described in patients with WS.
Cirrhosis may be found in 30% to 66% of patients

with WS.

 

15,21

 

 In the setting of cirrhosis, WS can be dif-
ficult to distinguish from portal hypertensive gastropa-
thy (PHG), although WS generally affects the gastric
antrum as opposed to primary fundus and corpus in-
volvement in PHG. In addition, patients with WS have

more severe liver disease, higher gastrin levels, and
greater chronic blood loss than the patients with
PHG.

 

22,23

 

 While portal hypertension was initially linked
to the development of vascular ectasias, the frequent
presence of WS in the absence of portal hypertension,
as well as a lack of response to TIPS, contradicts that
theory.

 

24,25

 

 As a result, WS and PHG are considered to
be separate clinical entities. Other liver diseases such as
primary biliary cirrhosis and nodular regenerative hyper-
plasia have been described in association with WS.

 

7,26

 

Renal disease

 

15,27

 

 and, less commonly, diabetes
mellitus,

 

15

 

 hyperthyroidism,

 

1

 

 and HTN

 

15

 

 have also
been associated with WS. A 40% incidence of gastric
lymphomas in a small series of patients with WS

 

28

 

was not confirmed in larger series.

 

HISTOPATHOLOGY

 

Microscopic analyses of endoscopic biopsies and
surgical resection specimens have yielded a distinct
set of pathologic findings. The histologic hallmark
of WS is superficial fibromuscular hyperplasia of gas-
tric antral mucosa with capillary ectasia and microvas-
cular thrombosis in the lamina propria. Hypervascular-
ity of the antrum appears to be secondary to an
abundance of moderately dilated capillaries

 

6,13,29

 

 as well
as a small number of very large capillaries.

 

26

 

 Most of
the telangiectatic capillaries of the mucosa and sub-
mucosa are occluded by fibrin microthrombi.

 

13,25,26,30

 

The antral mucosa is marked by a paucity of inflam-
matory cells and by focal areas of intestinal metapla-
sia.

 

13,29

 

 The lamina propria is marked by fibromuscular
hyperplasia, resulting from spindle cell proliferation
that extends toward antral glands.

 

6,9,13,25,29

 

 Typically,
there is a perpendicular extension of smooth muscle
into the fibrosed lamina propria which is often hyalin-
ized.

 

26

 

 Additionally, islands of typical neuroendocrine

 

Table 1.

 

 Associated pathologies in patients with Watermelon Stomach

 

Immune Non-immune

 

Common Connective tissue disorders Cirrhosis
Raynaud’s Renal insufficiency
Sclerodactyly Hypertension
Telangectasia

Pernicious anemia
Primary biliary cirrhosis
Hypothyroidism

Uncommon Systemic lupus erythematosus Diabetes
Scleroderma Nodular regenerative hyperplasia
Systemic sclerosis Lymphoma

Gastric carcinoma
Aortic stenosis
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cells populate the lower lamina propria. Marked in-
crease in both intraepithelial and extraepithelial neu-
roendocrine cells with reactivity for serotonin (5HT

 

3

 

)
and vasoactive peptide is seen.

 

29

 

Lastly, the submucosa of the gastric antrum contains
tortuous dilated vessels extending in a longitudinal di-
rection toward the pylorus. These vessels are congested
and surrounded by loosely knit stroma.

 

6,13,26

 

PATHOGENESIS

 

The etiology of watermelon stomach is unknown.
The heterogeneity of associated conditions, includ-
ing autoimmune, kidney, and liver disorders, suggests
that it may not be uniform. It is unclear whether an-
giodysplasia is a primary pathologic process or a re-
sult of fibromuscular hyperplasia. The former theory
proposes that angiodysplasia results in loosening of
the attachment of distal gastric mucosa to the mus-
cularis externa, rendering it more susceptible to pro-
lapse and trauma. This, in turn, may result in reac-
tive muscular hyperplasia and fibrosis of the lamina
propria.

 

6

 

 In fact, angiodysplasia could be induced by
malfunction of the precapillary sphincters resulting
in hyperplasia and dilatation of the capillaries.

 

27

 

 Pro-
longed sphincter relaxation induced by high levels of
gastrin, may also contribute to local hyperplasia and
capillary and venous dilatation. Ectatic vasculature of
gastric mucosa is surrounded by neuroendocrine
cells that secrete substances such as 5HT-3, VIP,
and gastrin. Therefore angiodysplasia may be a re-
sult of high local concentrations of these vasodila-
tors.

 

29

 

 The role of other vasoactive substances such
as endogenous nitric oxide, relaxin, endothelin, and
prostaglandins still warrants investigation.

 

31

 

Other theories of WS pathogenesis place fibro-
muscular hyperplasia as an inciting process leading
to angiodysplasia and subsequent GI bleeding. Hy-
pergastrinemia may incite spindle cell proliferation
and hyperplasia.

 

23

 

 Increased gastric peristalsis pro-
duces repeated mechanical stresses and may induce
fibromuscular hyperplasia as well.

 

24

 

 The resultant
chronic low grade obstruction of submucosal veins
within hypertrophied muscular layers leads to a rise
in hydrostatic pressure and gradual dilatation of veins,
venules, and capillaries.

 

27

 

 The dilatation of submu-
cosal vessels is followed by changes in the mucosal
vascular unit and results in typical angiodysplasia.

 

23,24

 

Fibrin microthrombi may cause focal ischemia of
gastric mucosa resulting in vascular erosion and
bleeding.

 

11

 

Overall, angiodysplasia appears to be a common
vascular lesion resulting from mechanical or humoral

 

factors. Trauma to the mucosal epithelium overlying
engorged vessels by gastric acid or intraluminal food
may result in clinically significant bleeding.

 

26

 

DIAGNOSIS

 

WS has been increasingly recognized in recent
years. It has been diagnosed in patients with lesions
that may have been overlooked in the past.

 

2,32,33

 

Originally considered a rare entity, seen in only 3 of
10,000 endoscopies,

 

6

 

 it is now believed to be an im-
portant clinical disease with clearly defined endo-
scopic and microscopic findings. Longitudinal antral
folds containing visible columns of tortuous red, ec-
tatic vessels, “watermelon stripes” (Fig. 1), were first
described by Jabbari et al.

 

6

 

 These lesions are sharply
demarcated with small marginated red spots.

 

6,13,34,35

 

Vessels blanch with pressure and bleed freely when
endoscopic biopsies are undertaken.

 

9,35

 

Though originally described as gastric antral vas-
cular ectasia (GAVE), more proximal and diffuse in-
volvement of the stomach is associated with an iden-
tical histopathologic and clinical picture. The term
“watermelon stomach” is believed to encompass a
wide spectrum of involvement of angiodysplastic lesions
within the stomach. In fact, four distinct endoscopic
patterns are described. The majority of patients have
antral disease with classic raised convoluted ridges cov-
ered by ectatic vascular tissue radiating out from the py-

Fig. 1. Endoscopic appearance of the gastric antrum in a pa-
tient with Watermelon Stomach. Note longitudinal antral
folds containing columns of tortuous red ectatic vessels (“wa-
termelon stripes”). Trauma to the mucosal epithelium overlying
engorged vessels by gastric acid or intraluminal food may re-
sult in clinically significant bleeding.



 

Vol. 7, No. 5
2003 Watermelon Stomach

 

655

 

lorus. Other patterns include lesions arranged in radi-
ating flat stripes, scattered multiple mucosal lesions,
or a mixture of the above patterns. It has been sug-
gested that non-cirrhotic patients are likely to have
linear lesions within the antrum whereas in cirrhot-
ics the disease is more often diffuse.

 

22

 

 Histologic
findings are similar in all 4 types.

 

1

 

 In addition, coa-
lesced angiodysplastic giant red lesions, labeled as a
“honeycomb stomach” by Chawla et al., are occa-
sionally seen.

 

5,11,36

 

 This might be a progression from
a watermelon stripe appearance to more uniform
vascular involvement.

 

36

 

 A case of diffuse vascular
ectasia within the antrum associated with similar le-
sions in the duodenum and jejunum has been de-
scribed as well.

 

25

 

Another endoscopic finding in WS is prolapse of
the pyloric mucosa.

 

6

 

 Ectatic elongated vessels and
petechial hemorrhages are typically found at the
apex of the prolapsing mucosa.

 

1,6

 

 Other findings in-
clude proximal gastric involvement with two-thirds
of such patients having a diaphragmatic hernia;

 

1

 

atrophic gastritis is seen in uninvolved areas of the
stomach.

The watermelon stripes found on endoscopy are
believed to be pathognomonic for this entity. Endo-
scopic biopsy, though associated with potential sig-
nificant bleeding, is highly sensitive for the diagnosis
of watermelon stomach.

 

30

 

 Although nonspecific, up-
per GI series may demonstrate prominent mucosal
folds extending from the pyloric channels, and CAT
scan may show a thickened antral wall.

 

37

 

 Angiogra-
phy reveals antral hypervascularity.

 

35

 

 Endoscopic ul-
trasound distinctly defines the layers of the stomach
wall, localizing ectatic vessels of the mucosa and sub-
mucosa. Vascular ectasia appears as distinct echo-
poor vascular structures in those layers.

 

38

 

TREATMENT

 

Treatment options for watermelon stomach de-
pend upon the severity of disease. In many cases,
parenteral or oral iron supplementation may be suf-
ficient. However, patients are often transfusion de-
pendent with average requirements of 10 units of
blood per year

 

1

 

 and as high as 50–100 units per year
in severe cases. This puts patients at a significant risk
of viral transmission despite the current meticulous
screening of blood products.

 

39

 

 In addition to viral in-
fections, RBC-related sepsis and endotoxin-induced
septic shock present additional dangers.

 

40

 

 The above
risks are compounded by chronic transfusion depen-
dency. Thus, ultimately, the goal of therapy should
be a complete or near-complete elimination of blood
transfusion requirements in WS patients.

Endoscopic, pharmacologic, and surgical ap-
proaches have been described with a wide variety of
outcomes. Though endoscopic therapy is considered
to be the mainstay of conservative therapy and may
be very successful in controlling symptoms and re-
ducing or eliminating transfusion requirements,
many authors agree that antrectomy or other surgi-
cal procedures are the only curative measures. Tradi-
tionally, operations have been used as a last resort
and perioperative mortality as high as 7.4% was re-
ported in a widely quoted early series.

 

41

 

 As the expe-
rience in treatment of WS grows and larger series
are being reported, the appropriate management al-
gorithm for eliminating transfusion requirements
in patients with WS is coming to light. We have re-
viewed all cases of WS reported in the English litera-
ture, and have evaluated the efficacy and safety of
the available treatment regimens.

 

Thermal Ablation

 

Several types of contact and non-contact thermal
ablations of the angiodysplastic lesions of water-
melon stomach have been described. Neodymium-
yttrium-aluminum garnet (Nd:YAG) laser coagula-
tion has been gaining increasing popularity since
Fager et al.

 

42

 

 reported its successful use in 1985. Pa-
tients usually require multiple endoscopic sessions,
each several weeks apart. While laser therapy is ef-
fective in many patients, it is rarely curative. In the
five largest series of Nd:YAG therapy, 14 to 50% of
initially transfusion-dependent patients required
transfusions in the follow-up period, despite multiple
treatments (Table 2). Smaller series report variable
degrees of success in eliminating transfusion require-
ments, ranging from complete success to complete
failure.

 

12,18,28,33,41,45–48

 

Many patients undergoing Nd:YAG therapy return
in the follow-up period with recurrent acute bleeding
episodes that require repeat transfusions (Table 3) and
immediate interventions. These episodes of failed laser
therapy may respond to repeat laser coagulation ses-
sions.

 

18,41,45,48

 

 Otherwise patients often proceed to sur-
gery for a curative procedure.

 

44,48

 

Endoscopic laser coagulation is not without compli-
cations (Table 4). Repeated thermal injury to the antral
mucosa in patients with watermelon stomach may re-
sult in the development of hyperplastic polyps. These
may be large and may contribute to significant recur-
rent blood loss and anemia.

 

49

 

 Several investigators

 

42,44

 

have also reported the development of antral ulcers.
Rigid contractures were noted during endoscopic fol-
low-up in 33% of Gostout’s patients.

 

1

 

 Although as-
ymptomatic, the clinical significance of contracture at
the gastric outlet remains unclear.
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More concerning is a recent report of a patient who
underwent repeated sessions of Nd:YAG laser coagula-
tion for WS. He presented with non-healing deep ul-
cerations and ultimately a nodular antrum that proved
to contain a carcinoma-in-situ.

 

47

 

 This case may suggest
a possible correlation between prolonged laser therapy
and development of gastric neoplasia.

For those patients who obtain long-term relief
from Nd:YAG therapy, a reduction in transfusion
requirements is usually evident after the first several
treatment sessions.

 

1

 

 With repeated therapy, dimin-
ishing returns and increasing complication rates are
seen (Table 4).

Many patients, especially those with portal hyper-
tension,

 

31

 

 are refractory to Nd:YAG therapy and do
not gain a timely benefit from laser treatments. In
addition, disease along the lesser curvature and pos-
teriorly within the antrum and cardia is difficult to
assess

 

1

 

 and the relative flatness of these lesions makes
proximal lesser curvature lesions easy to miss be-
cause of the tangential view.

 

27

 

 Finally, endoscopic la-
ser therapy requires expensive technology that is not
yet widely available.

 

10

 

Argon plasma coagulation (APC) is a non-contact
method that utilizes ionized gas to provide coagula-
tion at depths of 2–3 mm.

 

9

 

 This technique allows
tangential coagulation of hard to reach lesions for
which direct contact is difficult. Two series of APC
use have yielded somewhat different results. Abeidi
et al.

 

9

 

 found 44% of patients (4 of 9) remained transfu-
sion dependent during a 3-month follow-up period.
Bjorkman et al.

 

41

 

 have reported a 100% elimination

of transfusions in 4 patients (21- to 61-month follow-
up), though 75% needed repeated treatments for re-
current acute bleeding episodes during the follow-up
period. Overall, APC therapy has been associated
with a 22% incidence of recurrent significant re-
bleeding, with up to 31% of patients requiring ongo-
ing transfusions (Tables 3 and 4). The use of APC
for WS has gained in popularity in recent years and
may prove to be superior to other thermal ablation
techniques as more data becomes available.

A small group of patients has been treated with
contact thermal ablation.

 

16,46,50,51

 

 In a series of 10 pa-
tients Petrini and Johnson employed a heat probe
achieving a 90% success rate in eliminating transfu-
sion requirements (one patient bled after initiation
of aspirin therapy). At 20-month follow-up there
were no complications.

 

51

 

 Other reported trials of
therapy with heater probe use were unsuccessful.

 

16,46

 

Pharmacologic Therapy

 

Pharmacologic agents have also produced inconsis-
tent results. Corticosteroids have been used in 8 pa-
tients.* Three patients (38%) received blood during the
follow-up period. Two patients had to undergo a surgi-
cal intervention to control bleeding.

 

5,34

 

 The use of the
serotonin antagonist cyproheptsadine resulted in a sig-
nificant improvement of antral lesions during a one-
year follow-up in one patient.

 

55

 

 A variety of other med-
ical therapies, including alfa-interferon,

 

56

 

 octreotide,

 

57

 

oral tranexamic acid,

 

28,58

 

 and ethanol sclerotherapy

 

59

 

have been attempted without success.

 

Surgery

 

To date, a wide array of conservative therapies
have been utilized to treat patients with transfusion-
dependent WS. Although a few of these modalities
have shown some promise, none has been uniformly

 

Table 2.

 

 Larger series of Nd:YAG laser use

 

Author(s)
No. of 

patients
Follow-up

period (mo)

Pretreatment
transfusion

requirements
Transfusions during

follow-up period

 

Gostout et al.

 

1

 

45 1-72 28/45 (63%) 4/28 (14.2%)
Liberski et al.

 

15

 

15 24-96 14/15 (93%) 2/14 (14.2%)
Sargeant et al.

 

32

 

16 7-44 16/16 (100%) 7/16 (43.8%)
Bourke et al.

 

43

 

11 6-60 9/16 (56%) 3/9 (33.3%)
Potamino et al.

 

44

 

8 12-60 8/8 (100%) 4/8 (50%)

 

Table 3. Reported failures of endoscopic therapy

Endoscopic
modality

No. 
of 

patients

Follow-up
period 
(mo)

Transfusions
during

the follow-up
period

Nd:YAG 110 1–96 23/90 (25.6%)
APC 13 3–61 4/13 (30.8%)
Heater Probe 15 13–20 2/12 (16.7%)

*References  5, 16, 34, 35, 52–54.
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effective in treating this disease. As a result, many
authors believe that surgical resection may be the
only reliable method for achieving a cure. Tradition-
ally, surgery was used only as a last resort6,35 after pa-
tients failed medical and/or endoscopic therapy. Of-
ten these conservative strategies were marked by
continuous high transfusion requirements. In the
small early series of patients treated with gastric
resection, postoperative deaths occurred most com-
monly in patients who became debilitated by pro-
longed conservative therapy. Although postoperative
mortality rates as high as 7.4% were initially de-
scribed,8 no large series of patients treated surgically
has been reported to date. Our review of 45 reported
surgical cases revealed the results summarized in Ta-
ble 5. Antrectomy was performed in the vast major-
ity of cases (89%). There were no reported discrete
episodes of postoperative bleeding. Only 2 of 45 pa-
tients (4.4%) required transfusion during a follow-up
period of 1 to 48 months. In one patient, concurrent
lesions in the duodenum and jejunum were identified
as a source of ongoing blood loss.25 Lymphoma was
incidentally discovered in a partial gastrectomy spec-
imen of another patient.28 Overall, surgery was
highly effective eliminating further bleeding and the
need of blood products in transfusion-dependent pa-
tients with WS (Table 6).

For all patients with WS who underwent gastric re-
section, the 30-day mortality rate was 6.6% (3 of 45).
Two patients had severe cirrhosis and protracted pre-
operative bleeding. In each case, surgical blood loss was
minimal and bleeding resolved after surgery. Ulti-
mately, both patients died from multiorgan failure.24

The details of the third patient’s case are not avail-
able.44 During long-term follow-up (18–24 mo), 3 ad-
ditional patients died from unrelated causes.2,62,63 None
of these patients had clinical evidence of upper GI
bleeding during the postoperative period.

Although the available surgical data for WS is
scarce, gastric resection for a benign condition car-
ries a remarkably low rate of long-term sequelae.
Tovey et al.64 reported a 2.4% rate of late dumping
and an absence of continuous diarrhea in 41 patients
after Billroth I gastrectomy for benign disease at an
average follow-up of 20 years. A recent series of 24
patients who underwent a laparoscopic or laparo-

scopically assisted gastric resection showed no major
functional problems, apart from 2 cases (4.8%) of tran-
sient diarrhea, at a mean follow-up of 19 months.65

Nutritional concerns, including iron, B12, and Vitamin
D deficiencies, far outweigh the impact of mechanical
post-gastrectomy problems.66,67 Careful follow-up with
dietary counseling and preventive measures should
further improve outcomes in the post-gastrectomy
population.

Additionally, minimally invasive approaches to
gastrectomy have been gaining in popularity. Lap-
aroscopic or laparoscopically assisted gastrectomy
patients enjoy shorter hospitalizations and faster
functional recovery than the patients after open gas-
trectomy.68 The laparoscopic approach appears to
result in fewer functional sequelae as well.65 Quality
of life after laparoscopic gastrectomy has also been
shown to be significantly better when compared to
the conventional approach.69

COMMENTS

Watermelon Stomach, rarely appreciated in the
past, has become a recognized distinct clinical entity.
Awareness of its characteristic endoscopic findings
allows for effective identification of WS in patients
with chronic or acute GI bleeding. It is after the di-
agnosis is established that a physician, often a gastro-
enterologist, faces the dilemma of choosing an ap-
propriate course of therapy. Although endoscopic,
pharmacologic, and surgical modalities may be used
in the treatment of WS, each has quantifiable risks
and limitations. The ultimate goal in treating a pa-
tient with watermelon stomach should be the com-
plete or near-complete elimination of transfusion re-
quirements. How does one proceed along the
treatment algorithm to achieve this goal?

After the diagnosis of WS is confirmed and PHG is
ruled out, we believe that endoscopic therapy should be
initiated promptly (Fig. 2). Whether an Nd:YAG laser
or APC probe should be employed remains debatable.
The results of this review show that in 75% of patients
treated with Nd:YAG laser and in 70% of patients
treated with APC (Table 3) transfusion requirements

Table 4. Common morbidities associated with various therapeutic options

Treatment
modality

Recurrent acute
bleeding episodes

Hyperplastic
polyps

Antral 
ulcers

Antral narrowing/
contracture

APC 22% 0 2% 0
Nd:YAG 9% 8% 3% 32%
Surgery 0 0 1% 0
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can be eliminated. However, failure and complication
rates remain high. For those patients who do not re-
spond to endoscopic therapy after several sessions, re-
peated attempts to ameliorate vascular ectasia by endo-
scopic techniques are probably futile. In addition to the
risk of viral transmission associated with ongoing trans-
fusions, the protracted course of this chronic illness,
complicated by recurrent episodes of GI bleeding, fur-
ther worsens these patients’ nutritional and immune
status. Therefore, it is imperative that these patients are
recognized early and moved expeditiously along the

treatment algorithm. Inappropriate delays in surgical
intervention may significantly adversely affect the mor-
bidity and mortality profiles of these patients. Also, a
reported progression to malignancy with repeated laser
treatment sessions should not be overlooked.

In some patients, endoscopic therapies, though not
completely successful, lead to a marked decrease in
transfusion requirements and a near-complete elimina-
tion of transfusion dependency. In this population the
risks and morbidity of surgery likely outweigh the risks
associated with only seldom blood transfusions. These

Table 5. Surgical experience with Watermelon Stomach

Author No. of patients
Follow-up

period (mo)

Pretreatment
transfusion

requirements Procedure

Wheeler et al.4 2 8–12 � Antrectomy*
Lee et al.5 1 18 � Antrectomy
Jabari et al.6 2 24 � Antrectomy
Gostout et al.7 1 N/A � Antrectomy
Arendt et al.11 1 21 � Antrectomy
Fraser et al.12 2 36–48 N/A Antrectomy
Gardiner et al.13 1 3 � Partial gastrectomy
Berk et al.14 1 N/A � Esophagogastrectomy
Watson et al.18 2 N/A � Antrectomy
Spahr et al.24 4 �1 � Antrectomy
Cales et al.25 1 1 � Total gastrectomy
Park et al.28 1 18 � Partial gastrectomy
Lowes et al.29 1 12 � Antrectomy
Gilliam et al.30 5 N/A N/A Antrectomy
Rawlinson et al.34 2 6 � Antrectomy
Kruger et al.35 3 13–21 � Antrectomy
Urban et al.37 1 3 � Antrectomy
Manolios et al.38 2 6–24 � Antrectomy
Sargeant et al.43 1 N/A � Total gastrectomy
Potamino et al.44 1 2 � Antrectomy
Tanaka et al.46 1 1 � Antrectomy
Barbara et al.57 1 24 � Antrectomy
Gillinsky et al.60 1 N/A � Antrectomy
Szold et al.61 3 N/A � Antrectomy
Gouldesbrough62 1 18 � Antrectomy
Tovey63 2 6–18 � Antrectomy
Makharia et al.64 1 N/A � Antrectomy

N/A � not available.
*Includes Billroth I, II, and Roux-en-Y reconstructions.

Table 6. Outcomes of surgical approaches

Operation
No. of 

patients

Pretreatment
transfusion 

requirements

Recurrent 
bleeding
episodes

Transfusions 
during follow-

up period

Antrectomy* 40 All 0 1
Partial gastrectomy 2 All 0 0
Total gastrectomy 2 All 0 1
Esophagogastrectomy 1 All 0 0

*Includes Billroth I, II, and Roux-en-Y reconstructions.
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patients require a more tailored approach, with such
factors as age, comorbidities, and potential need for
systemic anticoagulation considered before the surgical
intervention is contemplated.

The appropriate management of patients with WS
complicated by cirrhosis or portal hypertension, how-
ever, is less clear. This subpopulation usually responds
poorly to the endoscopic ablation therapies.31 In addi-
tion, given the fact that both known mortalities associ-
ated with antrectomy for WS occurred in cirrhotic pa-
tients, aggressive surgical management of these patients
may not be warranted. A surgeon should proceed with
an additional caution due to the relatively higher perio-
perative morbidity and mortality associated with gastric
surgery in the setting of cirrhosis. We believe that these
complicated patients may benefit from a preoperative
portal decompression procedure as a bridge to antrec-
tomy. However, for some patients with advanced liver
disease surgical risk may be prohibitive and a lifelong
conservative therapy (thermal ablation, etc.) may be
more appropriate.

WS involving the proximal stomach presents an ad-
ditional dilemma. While we do not consider proximal
or diffuse gastric vascular lesions as absolute contraindi-
cations to surgery, those patients will require a more
extensive resection and, therefore, warrant additional
analysis of the surgical risk-benefit ratio.

The challenge remains in a prompt, accurate identifi-
cation of patients that will require surgical intervention.
Based upon our experience and a review of the available
literature, we believe that a short trial or one or two en-
doscopic sessions will identify the patients with disease
amenable to a conservative therapy. For those patients
who do not respond to it initially, the low morbidity and
mortality observed in surgically treated cases favor an
earlier, more aggressive surgical approach.

The development and wider implementation of
minimally invasive techniques may have resulted in
an additional support for the surgical treatment of
gastric pathology in general, and WS in particular.
With the increased safety profile and decreased post-
operative morbidity and mortality conferred by lap-
aroscopy, gastric surgery may have become a better
option. Those patients, previously considered poor
surgical candidates, may now benefit from a mini-
mally invasive operative approach to eliminate long-
term transfusion requirements and provide cure for
this chronic illness.
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Morphology and Function of Canine Small Intestinal
Autografts: With Particular Interest in the Influence
of Ex Vivo Graft Irradiation
Takashi Ishikawa, M.D., Kotaro Iwanami, M.D., Toyokazu Okuda, M.D., Yue Zhu, M.D.,
Akinari Fukuda, M.D., Shimin Zhang, B.S., Junhai Ou, M.D., Michael A. Nalesnik, M.D.,
Raman Venkataramanan, Ph.D., Noriko Murase, M.D.

The intestinal transplantation procedure obligates an early functional deficit in intestinal grafts. Graft
irradiation has been used to modulate post-transplant immune reactions; however, irradiation may cause
further deterioration of the function of the transplanted intestine. Using the canine model, we investigated
the influence of the transplant procedures, with and without ex vivo graft irradiation, on early intestinal
graft function and histopathology. Outbred hound dogs underwent autointestinal transplantation with
(n � 8) or without (n � 5) 7.5 Gy ex vivo graft irradiation. Mucosal cytochrome P450 and P-glycoprotein,
routine immunohistopathology, and intestinal absorptive function were studied. Weight gain was slow
after surgery, but was comparable in the irradiated and nonirradiated groups. During the early post-
transplant period, both groups showed defects in intestinal absorption, associated with decreased
cytochrome P450 3A4 activity and reduced P-glycoprotein expression, regardless of graft irradiation.
These changes returned to normal in both groups by day 28. Histopathologically, epithelial apoptosis
showed a slight increase 1 hour after transplantation; however, there was no evidence of histopathologic
abnormalities including arterial changes associated with irradiation. In addition, the frequency of T and
B lymphocytes in the lamina propria were not significantly influenced by the transplant surgery or ex
vivo irradiation. Thus, early after transplantation, intestinal function was impaired and effectiveness of
orally administered immunosuppressive drugs was significantly altered. Graft irradiation did not induce
further defects in intestinal function or cause histopathologic abnormalities. ( J GASTROINTEST SURG
2003;7:662–671) � 2003 The Society for Surgery of the Alimentary Tract, Inc.

KEY WORDS: Small intestinal transplantation, graft irradiation, intestinal absorption, canine model

Small intestinal transplantation (SITx) is the ulti-
mate therapeutic option for patients with intestinal
failure. Recent developments in immunosuppressive
treatment protocols, particularly the introduction of
tacrolimus (TAC), have improved the clinical out-
come of SITx1–3; however, the high mortality and
morbidity associated with SITx has heretofore pre-
cluded stable long-term intestinal graft function and
the widespread use of this procedure. Intestinal graft
irradiation has been used to modulate both host-
versus-graft and graft-versus-host immune reactions
after SITx4–9; however, the potential complications
associated with irradiation have not been studied in
the transplant setting.
Intestinal transplantation obligates extrinsic de-

nervation, partial disruption of intrinsic neural conti-
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nuity, disruption of lymphatics, and ischemia�reperfu-
sion injury. The consequences of these phenomena
complicate the early post-transplant period, resulting
in significant defects in nutrient absorption and intes-
tinal motility. These changes, in general, are resolved
within a few weeks when allogenic immunity is con-
trolled; however, subtle defects in intestinal func-
tion have been shown to persist for a long time.10–12
The technique of intestinal autotransplantation has
provided a useful model for studying these non–allo-
immune-related consequences of intestinal trans-
plantation. Accordingly, this study used a large animal
autologous SITx model and analyzed clinical out-
come, intestinal morphology, and intestinal absorp-
tive function with and without a single dose of 7.5
Gy ex vivo graft irradiation.

mailto:murase+@pitt.edu


Vol. 7, No. 5
2003 Morphology and Function After Intestinal Transplantation 663

MATERIAL AND METHODS
Animals

Female hound dogs (Harlan Sprague Dawley, Inc.,
Indianapolis, IN), weighing 17 to 23 kg, with a mean
age of 20.1 � 10.6 months, were maintained in the
conventional animal facilities at the University of
Pittsburgh. All procedures in this study were per-
formed according to the guidelines of the Council
on Animal Care at the University of Pittsburgh along
with the guidelines of the National Institutes of
Health and the Public Health Service policy on the
humane use and care of laboratory animals.

Surgical Procedures

All animals were given oral neomycin sulfate (1 g�
day) for 5 days before surgery. Canine autologous
intestinal transplantation was performed as previously
described.13 Briefly, anesthesia was induced with in-
travenous sodium thiopental (25 mg�kg) and
maintained with isoflurane (1.0%), nitrous oxide,
and oxygen using positive pressure mechanical venti-
lation. Systemic blood pressure and ECG were con-
tinuously monitored during the anesthesia. Through
a midline laparotomy, the entire small bowel from
the ligament of Treitz to the ileocecal valve, leaving
approximately 10 cm of both jejunum and terminal
ileum,was isolated alongwith the superiormesenteric
artery and superior mesenteric vein and excised. The
intestinal graft was immediately perfused with cold
lactated Ringer’s solution (300 to 400 ml) containing
heparin (1000 U�L) and stored in chilled lactated
Ringer’s solution in a plastic box. The graft was then
irradiated ex vivo with a dose of 7.5 Gy using a 6 mV
linear accelerator (VarianMedical Systems, Inc., Palo
Alto, CA). The time to achieve this irradiation dose
was 3 minutes, and a total of 45 minutes was required
for the transport and irradiation of intestinal grafts.
After 45 minutes of cold preservation, the intestinal
graft was autotransplanted into the same animal with
end-to-end vascular anastomosis between the graft
and the recipient superiormesenteric artery and supe-
rior mesenteric vein. Pieces of the graft jejunum and
ileum were obtained 60 minutes after reperfusion for
histopathologic examination and other analyses, and
intestinal continuity was restored with a two-layer
end-to-end anastomosis at the jejunum and ileum.
Postoperatively, all animals received 1 liter per day

of lactated Ringer’s solution containing 5% dextrose
for 3 days. Animals were given subcutaneous sulfa-
methoxazole trimethoprine (60 mg�kg�day) and oral
neomycin (1g�day) for 7 days postoperatively. Tor-
bugesic (0.1 mg�kg) was given intramuscularly as an
analgesic. Recipients were allowed liquids after sur-
gery and solids from postoperative day 1. A low-
residue solid meal was given for the first 7 days

postoperatively; thereafter animals were fed standard
kennel food (approximately 1700 kcal�day of 5L18;
PMI Nutrition International Inc., Brentwood, MO).

Experimental Design

Eight recipient animals received 7.5 Gy ex vivo
irradiated intestinal grafts and five received nonirradi-
ated grafts. Four of eight recipients of irradiated grafts
and 3 of five recipients of nonirradiated grafts re-
ceived daily oral cyclosporine ([CYS] 20 mg�kg�day
of SangCyaOral Solution; Sangstat,Menlo Park, CA)
with twice daily administration in equally divided
doses, starting on the day after transplantation. The
remaining dogs in each group were initially scheduled
to receive 2.0 mg�kg�day of oral tacrolimus (TAC)
(FK506; Fujisawa Pharmaceutical Co., Osaka,
Japan), every 12 hours in equally divided doses, in-
stead of CYS. However, TAC caused severe gastro-
intestinal side effects (anorexia, vomiting, and
diarrhea) in this species. Therefore daily administra-
tion of TAC was withdrawn during the second week
after SITx, and these recipients were given TAC ex-
clusively for the prescheduled pharmacokinetic study
(see below) without continuous treatment.
Animals were killed at 30 days after SITx except

for three dogs with irradiated intestine that were fol-
lowed for more than 200 days. At the time the dogs
were killed, graft jejunum, ileum, and mesenteric
lymphnodes, aswell as recipient jejunum, ileum, liver,
kidney, and spleen, were obtained and fixed in 10%
formalin for routine histopathologic examination and
in optimum cold temperature compound (OCT) for
immunohistochemical analysis, and snap-frozen in
liquid nitrogen. Three recipients underwent open
biopsy of intestinal grafts between 155 and 232 days
after SITx for histopathologic analysis.

Pharmacokinetics

On days 1, 7, 14, and 28 after SITx, the absorption
of CYS or TAC was studied by oral administration of
10 mg�kg CYS or 1 mg�kg TAC. As control subjects,
normal dogs that did not undergo transplantation
were given CYS (n � 3) or TAC (n � 5) on one occa-
sion. Whole-blood samples (1.0 ml) were drawn 0,
0.5, 1, 2, 4, 6, 8, 12, and 24 hours after the oral dose
of CYS or TAC. CYS concentrations were deter-
mined in the whole blood using a monoclonal anti-
body–based fluorescence polarization immunoassay
(TDx; Abbott Laboratories, North Chicago, IL).
Whole-blood concentrations of TAC were deter-
mined by means of microparticulate enzyme immu-
nosorbent assay using an IMX analyzer (Abbott
Laboratories).
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Pharmacokinetic parameters were calculated by
model-independent analysis. Peak blood concentra-
tion (Cmax) and time to reach Cmax (Tmax) were ob-
served. Area under the blood concentration–time
curve (AUC)was calculated from time 0 -∞ according
to the trapezoidel rule method after a single dose. In
cases ofmultiple dose administration, trapezoidal rule
and reverse supersition principle were used.14

Routine and Immunohistopathologic Analyses

Intestinal tissues fixed in 10% buffered formalin
were embedded in paraffin, cut into 4 µm sections,
and stained with hematoxylin and eosin. Histologic
changes were evaluated in a blind fashion. The degree
of epithelial injurywas determinedby architecture and
by the frequency of apoptosis in crypt epithelial cells.
Muscle layer thickness was determined by ocular mi-
crometer measurement of both the internal circular
and external longitudinal muscle layers at 10 different
locations for each specimen.
For immunohistochemical staining of T cells, par-

affin-fixed sections of intestine were deparaffinized
and rehydrated through sequential immersions in
xylene, followed by changes in graded concentrations
of ethanol. Sections were then incubated in target
unmasking solution (DAKO Corp., Carpinteria, CA)
for target antigen retrieval. For staining of B cells, 4
µm sections were cut from OCT-fixed frozen intesti-
nal samples, air-dried, and fixed in acetone. Prepared
sections were stained bymeans of the immunoperoxi-
dase method15 using monoclonal antibodies (mAbs)
that recognize canine T cells (CD3-12, rat IgG1) and
canine B cells (CA2.1D6, mouse IgG1) (both from
Serotec Ltd., Kidlington, Oxford,UK). Sections were
then incubated with biotinylated horse antimouse
IgG (Vector Laboratories, Inc., Burlingame, CA) or
biotinylated goat antirat IgG (Jackson ImmunoRe-
search Laboratories, Inc., West Grove, PA) and fi-
nally with horseradish peroxidase (HRP)–labeled
streptavidin (Vector Laboratories). Endogenous per-
oxidase was quenched with 0.5% hydrogen peroxide
diluted in methanol. HRP-binding–positive cells
were visualized with 0.02%AECchromogen (ScyTek
Laboratories, Logan, UT).

Intestinal Cytochrome P450 Activity

Cytochrome P450 3A4 (CYP3A4) activity in the
intestinal microsomes was determined by measuring
the conversion of testosterone to 6β-hydroxytestost-
erone. Intestinal mucosal tissue was stripped and mi-
crosomes were prepared in the presence of protease
inhibitors. The microsomal protein was quantitated

by the method of Lowry.16 Microsomal samples (1.0
mg�ml of protein in a final concentration) were incu-
bated at 37º Cwith 200 µmol�L testosterone, 1 mmol�
L EDTA, 10 mmol�L MgCl2, and sodium phosphate
buffer for 30 minutes. At the end of incubation,
the samples were centrifuged and any protein was
precipitated with an equal volume of methanol. 6β-
Hydroxytestosterone in the supernate was measured
by means of high-performance liquid chromatogra-
phy.17 Briefly, 100 µl of the culture medium was in-
jected into a LiChrospher 100 RP-18 column (Merck
KGaA, Darmstadt, Germany) and a mobile phase of
methanol�water (60:40 v�v) at a flow rate of 1.2 ml�
min was used to separate various components. 6β-
Hydroxytestosterone was measured at 242 nmol�L by
comparing the absorbency to a standard curve of 6β-
hydroxytestosterone in William’s E medium.

Intestinal P-Glycoprotein Expression

The intestinal mucosal tissue was stripped and ho-
mogenized with a plunger in the presence of protease
inhibitors. After samples were centrifuged at 7000
rpm for 5 minutes at 4º C, the supernate was collected
and the protein concentrations were determined.
Protein samples (50 µg) were loaded onto an 8%
polyacrylamide separating gel and transferred onto
polyvinylidene fluoride membrane (NEN Life Sci-
ence Products, Boston, MA). The membrane was in-
cubated for 1 hour at room temperature with mouse
anti-P-glycoprotein (P-gp) mAb C494 (1:100; Signet
Laboratories, Inc., Dedham, MA), followed by HRP-
conjugated sheep antimouse antibody (1:2000; Amer-
sham Life Science, Inc., Arlington Heights, IL).
Immune complexes were detected with a chemilumi-
nescence reagent (NEN Life Science Products).

Statistical Analyses

Data in this study were expressed as
mean � standard deviation (SD).One-way analysis of
variance (ANOVA) was used to analyze statistical sig-
nificance of the differences in various parameters
among groups. The differences were considered sig-
nificant at P � 0.05.

RESULTS
Clinical Course After Small Intestinal
Transplantation

No major surgical complications occurred in this
study, such as vascular thrombosis or intestinal leak-
age, which are associated with mortality. All recipi-
ents were followed for a minimum of 30 days after
SITx and all were included for analyses in this study.
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Fig. 1.Changes inmean bodyweight after intestinal autotrans-
plantation (SITx) with and without a single 7.5 Gy dose of ex
vivo intestinal graft irradiation (GIR).

The dogs all had watery diarrhea (2 to 3 stools�
day) during the first week after SITx, which slowly
improved by 14 days, regardless of the 7.5 Gy intesti-
nal irradiation. By 30 days after SITx, most of the
recipients resumed the passage of formed stools; how-
ever, it took more than 3 months for normal stool
conditions to return. A gradual weight loss was noted
during the first 7 to 10 days after SITx (Fig. 1).
Subsequent weight gain was slow, and weight gain at
30 days after transplantation was between �14.2%
and �7.2%. There was no statistical difference
whether recipients had irradiated grafts or continuous
CYS administration. Three recipients with irradiated
grafts who were followed for more than 200 days
were extremely healthy with good appetites, normal
stools, and steady weight gain (5.3% � 0.3% at day
200).
At the time they were killed on day 30 after SITx,

recipients had minimal to no ascites, no lymphade-
nopathy or adhesions, and healthy appearing intes-
tines.Nomacroscopicdifferenceswerenotedbetween
7.5 Gy ex vivo irradiated and nonirradiated intestinal
grafts.

Routine Histopathologic Examination

Intestinal graft tissues obtained 1 hour after reper-
fusion showed a slight increase in crypt apoptosis
compared to the normal nontransplanted intestine
(0.7� 0.4 apoptosis�10 crypts). Irradiated grafts
tended tohavemore apoptosis (2.8 � 1.2 apoptosis�10
crypts) than nonirradiated grafts (2.3 � 1.0 apoptosis�
10 crypts); however, no statistical difference was ob-
served (Fig. 2). Intestinal grafts in both groups were
otherwise essentially normal with no villous denuda-
tion or inflammatory infiltration. By 30 days after
SITx, the frequency of crypt apoptosis normalized
and no further abnormalities were noted in any of
the intestinal graft tissues. Graft vessels in irradiated
intestine, especially small arteries in the submucosa

that were believed to be more susceptible to irradi-
ation-induced vasculopathy, showed no abnormalit-
ies. The lack of any abnormalities in the vascular
component of the intestines was also confirmed in
intestinal specimens obtained by open biopsy from
three recipients with irradiated grafts more than 200
days after SITx (see Fig. 2).
The thickness of both circular and longitudinal

muscle layers showed a slight increase at 30 days
after SITx in both irradiated and nonirradiated grafts
compared to normal intestine (Table 1). Interest-
ingly, the muscular layer thickness at more than 200
days was similar to that seen at 30 days (1.69 mm,
39% increase), suggesting that muscle layer thick-
ening might have been induced during the early post-
transplant period and was not progressive.
Irradiation may intervene in the normal homing

of the lymphocytes into the intestine.18 This possibil-
ity was explored by quantifying T and B lymphocytes
in the lamina propria at 30 days after SITx (see
Table 1). Irradiated grafts tended to have fewer CD3+
cells compared to nonirradiated grafts and normal
intestine.Ontheotherhand, the frequencyofBcells in
the lamina propria was comparable in the normal,
irradiated, and nonirradiated intestines.

Intestinal Absorption

Pharmacokinetics. Absorption of CYS, which also
represents the ability of the intestine to absorb fat-
soluble compounds, was significantly decreased early
after SITx (Fig. 3). In normal unoperated dogs, the
whole-blood concentration of CYS rapidly increased
after 10 mg�kg CYS by mouth, with a peak of
1482 � 444 ng�ml at 2 hours, and quickly decreased
to 518 � 74 and 184 � 40 ng�ml at 6 and 12 hours,
respectively. During the first week after SITx, CYS
absorption was extremely low (less than 42% com-
pared to normal dogs). These abnormalities were seen
in both irradiated and nonirradiated intestinal auto-
grafts and gradually improved with time after SITx,
and a nearly normal absorption pattern was seen at
30 days after SITx.
TAC (1.0 mg�kg) frequently caused vomiting after

oral administration, and only a limited number of
pharmacokinetic studies were completed. In normal
nonoperated dogs, the peak TAC level was
22.6 � 16.3 ng�ml at 1 hour after 1 mg�kg by mouth.
Absorption of TAC tended to be enhanced early
after SITx, more so without irradiation (Fig. 4);
however, there was a large individual difference in
the TAC blood concentration vs. time profile during
the early post-transplant period. As seen in CYS ab-
sorption, intestinal absorption of TAC normalized
with time, and a nearly normal absorption pattern was



Journal of
Gastrointestinal Surgery666 Ishikawa et al.

Fig. 2. Routine histopathologic examination demonstrates mild increase in crypt apoptosis at 60 minutes
after reperfusion of nonirradiated (A) and 7.5 Gy ex vivo irradiated (B) intestinal autografts. Otherwise,
the architecture of both intestinal grafts is well preserved. At day 30, both nonirradiated (C) and 7.5
Gy irradiated (D) grafts show long slender villi with normal frequency of apoptosis. The vascular
components in the 7.5 Gy irradiated intestine show no abnormality and no sign of endoarteritis at 30
days (E) and 265 days (F) after SITx. (Hematoxylin and eosin stain; original magnifications ×400 for A
and B, and ×40 for C to F).

seen by 30 days after SITx in both irradiated and
nonirradiated grafts.
Pharmacokinetic Parameters. Analysis of Cmax,

Tmax, and AUC distinctively represented changes
seen in CYS and TAC absorption after SITx (Figs. 5
and 6). A significant reduction in CYS Cmax and pro-
longation of Tmax were seen 1 day after SITx; how-
ever, both gradually recovered to near-normal values
by 30 days (see Fig. 5, A and B). Accordingly, AUC
of CYS was substantially reduced at 1 day after SITx
to less than half the normal value (see Fig. 5, C); this
subsequently increased with time and returned to
normal by 30 days in recipients of both irradiated
and nonirradiated intestinal grafts.
Changes in the pharmacokinetic parameters of

TAC after SITx were less clear compared to those
of CYS, because of the variation among animals (Fig.

Table 1. Muscle layer thickness and frequency of T and B cells in the lamina propria 30 days after small
bowel intestinal transplantation with and without graft irradiation

Muscle layer thickness* CD3� cells B cells

day 0 (mm) day 30 (mm) % increase (×10�3 cells/mm2) (×10�3 cells/mm2)

Normal 1.22 � 0.24 NA NA 2.15� 0.33 0.96� 0.18
SITx 1.17 � 0.09 1.44 � 0.18 23 � 11 2.11� 0.39 1.06� 0.19
SITx � GIR 1.20 � 0.18 1.64 � 0.23 41 � 37 1.79� 0.28 1.01� 0.26

SITx � small intestinal transplantation; NA � not applicable; GIR � 7.5 Gy ex vivo intestinal graft irradiation.
*Total thickness of circular and longitudinal muscle layers.

6). SITx increased the Cmax and AUC of TAC, and
irradiation tended to normalize the changes caused
by SITx.

Cytochrome P3A4 Activity

Activity of intestinal mucosal CYP3A4 was rela-
tively preserved in the intestine before reperfusion;
however, it was significantly decreased in intestinal
autografts after graft reperfusion (Fig. 7). Ex vivo
graft irradiation did not further influence CYP3A4
activity.

P-Glycoprotein Expression

The expression of P-gp in the grafted intestinal
mucosa was slightly decreased at 1 hour after reperfu-
sion compared to that before SITx. The decrease in
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Fig. 3. Sequential changes in cycloporine (CYS) pharmacokinetics after intestinal autotransplantation
(SITx) with (n � 4) and without (n � 3) 7.5Gy ex vivo graft irradiation (GIR). After oral administration of
CYS (10 mg�kg) on days 1, 7, 14, and 28 after SITx, whole-blood samples were taken 0, 0.5, 1, 2, 4, 6,
8, 12, and 24 hours for measurement of CYS concentrations. Normal untransplanted dogs (n � 3) served
as controls.

P-gp expression was observed in both irradiated and
nonirradiated intestines (Fig. 8).

DISCUSSION

Intestinal absorptive function is modulated by sev-
eral factors including absorptive surface area, intra-
luminal environment, motility (extrinsic and enteric
innervation), and humoral factors (autocrine, para-
crine, and juxtacrine effectors). All of these factors are
influenced by intestinal transplantation, and several
previous studies have shown decreased intestinal
function during the early post-transplant period in

Fig. 4. Changes in tacrolimus (TAC) pharmacokinetics after intestinal (SITx) autotransplantation with
and without 7.5 Gy ex vivo graft irradiation (GIR). After oral administration of TAC (1 mg�kg) at 1, 7,
14, and 28 days after SITx, whole-blood samples were taken at 0, 0.5, 1, 2, 4, 6, 8, 12, and 24 hours
for measurement of TAC concentrations. Results are summarized as early (1 and 7 days, n � 3) and late
(14 and 28 days, n � 6) phases and compared to those of unoperated normal dogs (n � 5).

a rejection-free autotransplantation model.10–12,19 In
this study, intestinal absorptive function was studied
by analyzing blood levels of oral CYS and TAC,
which are essential for the survival of transplanted
organs. These immunosuppressive drugs are actively
transported into the enterocyte, where they are either
metabolized by intestinal CYP3A4, or exsorbed into
the intestinal lumen by P-gp, an intrinsic membrane
protein that functions as an ATP-dependent efflux
pump.20–22 Consequently, in addition to passive trans-
port of these drugs via the periepithelial pathway,
additional factors that control oral bioavailability and
blood levels of CYS and TAC include activity of
cytochrome P enzymes and P-gp efflux pump in
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Fig. 5. Changes in Cmax (A), Tmax (B), and AUC (C) of cyclosporine after intestinal autotransplantation
(SITx) with and without 7.5 Gy ex vivo intestinal graft irradiation (GIR). Shaded area in each figure
represents mean � SD of Cmax, Tmax, and AUC of normal untransplanted dogs. *P � 0.05 vs. normal
control dose (ANOVA).

the intestine. Reduction of the intestinal CYP3A4
enzyme activity and P-gp expression in this study
explains, in part, the altered pharmacokinetics of CYS
and TAC early after intestinal transplantation.23,24
Although whole-body irradiation has been shown to
cause intestinal dysmotility via the changes in motor
activity,25 intestinal graft irradiation, per se, did not
induce any further reduction in CYP3A4 activity and
P-gp expression beyond what was induced by SITx,
resulting in the similar degrees of early functional im-
pairment.

Fig. 6. Changes in Cmax (A), Tmax (B), and AUC (C) of tacrolimus early (1 to 7 days) and late (14 to
28 days) after intestinal autotransplantation with and without 7.5 Gy ex vivo intestinal graft irradiation
(GIR). Shaded area in each figure represents mean � SD of Cmax, Tmax, and AUC of normal untrans-
planted dogs.

It is well known that energy dissipated from ioniz-
ing irradiation generates a series of biochemical
events inside the cell and possibly leads to cell damage
and death. The acute radiation injuries in the intes-
tine result primarily from the depletion of rapidly
proliferating mucosal cells that support the healthy
turnover of villous epithelium (normally every 5 or 6
days).26 Increasing doses and durations of irradiation
have been known to cause cell loss from the intestinal
villi and failure to maintain the homeostatic cell
renewal system when it exceeds the repopulation
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Fig. 7. Intestinal CYP450 3A4 activity before and 60 minutes after reperfusion of nonirradiated (n � 1
to 5) and 7.5 Gy irradiated (n � 3 to 8) intestinal grafts. Microsomal protein was isolated from intestinal
samples, and CYP450 3A4 activity was determined by measuring conversion of testosterone to 6β-
hydroxytestosterone. GIR ex vivo 7.5 Gy graft irradiation. *P � 0.05 vs. normal intestine (n � 4)
(ANOVA).

capacity of the crypt cells. Subsequent villous short-
ening and sloughing results in reduction of the total
epithelial surface area. Although we did not notice
any significant histopathologic changes in this study,
early acute radiation injuries are histopathologically
characterized as mucosal atrophy and infiltration of
the lamina propria with plasma cells and polymorpho-
nuclear cells.27 The radiation dose significantly corre-
lates with the risk of inducing radiation injury, and
a dosage of less than 40 Gy has rarely been shown
to cause intestinal damage.28,29
On the other hand, late radiation injury is indirect

and is the result of progressive vasculitis, which is
characterized by obliterative endoarteritis of the small

Fig. 8. Intestinal P-glycoprotein (P-gp) expression before harvesting and 60 minutes after reperfusion
of nonirradiated and 7.5 Gy irradiated intestinal grafts. P-gp levels were measured by Western blotting
using mouse anti-P-gp monoclonal antibody C494.

vessels.30,31 These complicationsmay be life threaten-
ing and lead to severe disturbances of intestinal func-
tion. However, as shown in the rodent model,8
vascular changes are not seen in this large animal
study in which 7.5 Gy ex vivo irradiation was used
for a follow-up period of 200 days. The reason for
this may be that ex vivo irradiation is considered to
be less harmful compared to irradiation to tissues
with blood circulation. In addition, the single 7.5 Gy
dose applied in this study was far below the dosages
used in most oncology studies.30–32 Another possible
long-term complication of irradiation is intestinal
wall fibrosis and collagen deposition. The direct ef-
fects of radiation on collagen or other constituents
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of the extracellular matrix and indirect effects via
injured cells and inflammatory cytokine production
are believed to cause these changes.33,34 Both routine
and immunohistopathologic analyses of the irradiated
intestine in this study confirm the lack of changes
associated with fibrosis.
Although this study suggests that intestinal graft

irradiation may not cause significant adverse effects,
it should also be considered that the harmful effects of
radiation may surface when intestinal grafts suffer
other injuries associated with transplantation, espe-
cially ischemia�reperfusion injuries and allograft
rejection. The main target of ischemia�reperfusion
injuries is believed to be microcirculation.35 It has
been postulated that oxygen free radicals produced
at the time of reperfusion play a pivotal role in injuries
to the endothelial cells lining the microvessels in the
villous core. Because vascular endothelial cells are also
the targets of irradiation, prolonged ischemia may
possibly enhance injuries. In addition, ischemia�re-
perfusion does not necessarily damage the epithelial
crypt; however, the denudation and villous loss seen
after severe ischemia�reperfusion injuries require
prompt epithelial cell proliferation and intact crypt
function, both of which possibly are damaged by irra-
diation. Further studies will be required to address
these issues.
In summary, this canine autotransplant study

shows that the SITx procedure results in impaired
absorptive function of the transplanted intestine
during the early post-transplant period, as previously
reported by several investigators.10–12, 19 Reductions
in intestinal CYP3A4 enzyme activity and P-gp ex-
pression after SITx, are in part, responsible for ab-
sorptive dysfunction. Intestinal graft irradiation does
not augment any of the damage that is induced by
SITx.
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A Comparison of Pancreaticogastrostomy and 
Pancreaticojejunostomy Following 
Pancreaticoduodenectomy

 

Gerard V. Aranha, M.D., F.R.C.S.C., F.A.C.S., Pamela Hodul, M.D., Eugene Golts, M.D., 
Daniel Oh, M.D., Jack Pickleman, M.D., F.A.C.S., Steven Creech, M.S.

 

This retrospective study compares the results of pancreaticogastrostomy (PG) and pancreaticojejunos-
tomy (PJ) in our institution, which has extensive experience in both techniques. Between the years of June
1995 and June 2001, 214 patients underwent pancreaticoduodenectomy (PD) at our institution. Of these
177 had PG and 97 had pancreatojejunostomy (PJ). There were 117 (54.6%) males and 97 (45.3%) fe-
males with a mean age of 64.2 

 

�

 

 12.4 years. Indications for surgery were pancreatic adenocarcinoma in
101 (47.2%), ampullary adenocarcinoma in 36 (16.9%), distal bile duct adenocarcinoma in 22 (10.2%),
duodenal adenocarcinoma in 9 (4.2%), and miscellaneous causes in 46 (21.4%) of patients. Preopera-
tively, significant differences in the groups were that the patients undergoing PJ were significantly
younger than those undergoing PG. Also noted preoperatively, was that the patients undergoing PG had
a significantly lower direct bilirubin than those undergoing PJ. With regard to intraoperative parameters,
operative time was significantly shorter in the PJ group when compared to the PG group. When the pa-
tients who did not develop fistula (N 

 

�

 

 186) were compared to those who developed fistula (N 

 

�

 

 28) the
significant differences were that the patients who developed fistula were more likely to have hypertension
preoperatively and a higher alkaline phosphatase. They also showed a significantly higher drain amylase
and were likely to have surgery for ampullary, distal bile duct or duodenal carcinoma rather than pancre-
atic adenocarinoma. In addition, those patients who developed fistula had a significantly longer postoper-
ative stay, a larger number of intraabdominal abscesses and leaks at the biliary anastomosis. Thirty-day
mortality was significantly higher in the PJ group compared to the PG (4 vs. 0, 

 

P

 

 

 

�

 

 0.041). There was a
significantly larger number of bile leaks in the PJ group when compared to the PG (6 vs. 1, 

 

P

 

 

 

�

 

 0.048). In
addition, the PJ group required a significantly larger number of new CT guided drains to control infec-
tion (8 vs. 2, 

 

P

 

 

 

�

 

 0.046) and the PJ group required a larger number of re-explorations to control infection
or bleeding (5 vs. 0, 

 

P

 

 

 

�

 

 0.018). However, the pancreatic fistula rate was not different between the two
groups (12% [PG] vs. 14% [PJ]). This retrospective analysis shows that safety of PG can be performed
safely and is associated with less complications than PJ and proposes PG as a suitable and safe alternative
to PJ for the management of the pancreatic remnant following PD. ( J G
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2003;7:672-682.) © 2003 The Society for Surgery of the Alimentary Tract, Inc.
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When the one-stage pancreaticoduodenectomy was
first introduced as treatment for tumors of the pan-
creas and periampullary carcinoma, it was associated
with high mortality and morbidity.

 

1

 

 Recently, the
mortality following pancreaticoduodenectomy in
large series has been reported to be 

 

�

 

4%.

 

2–8

 

 How-
ever, the morbidity associated with the procedure re-
mains high. The major cause for morbidity and mor-
tality following pancreaticoduodenectomy is thought

to be leakage from the pancreaticoenteric anastomosis.
Because of this, several approaches have been sug-
gested to minimize leak from the pancreaticoenteric
anastomosis. Suture ligation of the pancreatic duct,

 

9–10

 

pancreatic duct injection with neoprene,

 

11

 

 duct stent-
ing,

 

12

 

 modifications of the jejunal anastomosis, i.e.,
end-to-end versus end-to-side and type of pancreati-
cojejunal anastomosis (invagination versus duct to
mucosa

 

13,14

 

), the use of an isolated Roux-en-Y limb to
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drain the pancreas

 

15

 

 and total pancreatectomy

 

16

 

 have
been suggested as solutions to the incidence of post-
operative pancreatic leak and fistula and its associ-
ated morbidity and mortality.

This retrospective study was designed to compare
the results of pancreaticogastrostomy and pancreati-
cojejunostomy in our institution, which has extensive
experience in the use of both techniques.

 

PATIENTS AND METHODS

 

A retrospective chart review was conducted on all
patients who underwent pancreaticoduodenectomy
(PD) at Loyola University Medical Center between
June 1995 and June 2001. Charts were reviewed to de-
termine the patient’s age, sex, and preoperative clinical
status of jaundice, hypertension, diabetes, previous
cancer, chronic lung disease, atrial fibrillation, coronary
artery disease, peripheral vascular disease, hypothyroid-
ism, peptic ulcer disease, pancreatic, and stent place-
ment. Preoperative laboratory variables evaluated in-
cluded hemoglobin and hematocrit, white blood cell,
platelet count, liver enzymes, total bilirubin and di-
rect bilirubin, albumin, creatinine, BUN, and serum
amylase. Charts were further reviewed for intraoper-
ative variables including operative time, blood loss,
amount of units transfused, the use of preoperative an-
tibiotics, and postoperative octreotide. Also reviewed
were the pathology for which the patients underwent
PD and postoperative complications including mortal-
ity and morbidity and postoperative length of hospital
stay. Each of the above parameters were compared to
the type of management of the pancreatic remnant,
whether pancreaticogastrostomy (PG) or pancreati-
cojejunostomy (PJ). Some of the above parameters
were compared to patients who developed a pancre-
atic fistula irrespective of the type of anastomosis of
the pancreatic remnant. Finally, postoperative out-
comes and interventions were compared to type of
pancreatic anastomosis.

 

Surgical Technique

 

There have been several techniques suggested for
pancreaticogastrostomy.

 

17,18

 

 In this series PG (Fig. 1)
was constructed in a single 3-0 silk invagination tech-
nique.

 

19

 

 The pancreaticogastrostomy was constructed
at least 5 cm away from the cut end of the stomach.
Pancreaticojejunostomy was constructed in a single
layer of 3-0 silk or 3-0 Maxon suture invaginating
the pancreatic remnant into the site of the jejunum
(81 patients); in some cases a duct-to-mucosa anasto-
mosis to the side of the jejunum (8 patients) or an
end-to-end anastomosis invaginating the pancreas

into the end of the jejunum (8 patients) were per-
formed (Fig. 2). All patients underwent the classic
pancreaticoduodenectomy that included distal gas-
trectomy. No fibrin glue was used to reinforce any of
the anastomoses. No pancreatic duct stents were used
in either the PG or PJ group. Stenting of the hepati-
cojejunal anastomosis was done rarely and at the dis-
cretion of the operating surgeon. The same surgeon
did all 117 pancreaticogastrostomies. In the pancre-
aticojejunostomy group, 92 of the operations were
done by one single surgeon and the other 5 by three
different surgeons. All patients received prophylactic
antibiotics, but postoperative octreotide was used at
the discretion of the operating surgeon. At the end of
the procedure, two drains were placed, one to drain
the biliary anastomosis and the other to drain the pan-
creatic anastomosis. Each was brought out through a
separate incision below the abdominal incision and
anchored to the skin with 3-0 nylon suture.

Fig. 1. Illustration showing construction of pancreaticogas-
trostomy (A) sutures from posterior superior gastric wall to
anterior pancreas body, (B) sutures from posterior inferior
gastric wall to posterior pancreas body, and (C) completed
hepaticojejunostomy, gastrojejunostomy, and pancreaticogas-
trostomy.
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Postoperative Management

 

All patients received H

 

2

 

-receptor antagonist (ran-
itidine) during their postoperative course as prophy-
laxis for stress ulceration. The patients also received
erythromycin lactobionate (250 mg intravenous ev-
ery 6 hours) from postoperative day four until they
were on a general diet. The majority of patients also
received metoclopramide. A pancreatic leak was de-
fined as amylase-rich fluid greater than 50 cc in vol-
ume (drain amylase greater than 3 times serum amy-
lase) on the first day after regular diet. A pancreatic
fistula was defined as a pancreatic leak that persisted
beyond 14 days. If no leak was determined, then the
drains were removed prior to the patient’s hospital
discharge. If a leak was diagnosed then the pancre-
atic drain was left in place and the patient discharged

on an oral diet and instructed to measure drain vol-
umes daily at home. Those patients who were dis-
charged with drains had their drains removed when
drainage ceased or the amylase levels were found to
be consistent with closure of the fistula.

 

Statistical Methods

 

Descriptive statistics are reported as a mean (SD)
for continuous/ordinal variables N (%) for categori-
cal variables. Univariate analysis included the Wil-
coxin Rank Sum test to compare continuous/ordinal
variables between (PG vs. PJ or no fistula vs. fistula).
Chi-square or Fisher’s Exact test were used as appro-
priate to compare categorical variables with other
categorical variables. To identify independent pre-
dictors of morbidity and treatment group (PG vs. PJ)
we performed multivariate logistic regression using
stepwise model selection.

 

RESULTS

Patient Characteristics and Preoperative/
Intraoperative Variables

 

Two hundred fourteen patients underwent PD be-
tween June 1995 and June 2001 at our institution. Of
these, 117 had PG and 97 had PJ. There were 117
(54.6%) males and 97 (45.3%) females with a mean
age of 64.2 

 

�

 

 12.4 years. Table 1 reflects the patient
characteristics and preoperative variables. Significant
preoperative variables noted were that patients under-
going PJ were younger and that patients undergoing
PG had a lower direct bilirubin than those undergo-
ing PJ. While the difference in age may be attributed
to chance, the difference in direct bilirubin may be
explained by the fact that a larger number of patients
undergoing PG had preoperative biliary stents placed.
Table 2 reflects the intraoperative parameters. Here
the operative time for patients underoing PJ was sig-
nificantly shorter than those underoing PG. There
were no differences in blood loss, blood replacement,
or indication for surgery. Also noted, was that there
was no difference between the two groups in the use
of preoperative antibiotics or postoperative octreotide.
One hundred sixty-eight pancreaticoduodenectomies
were done for periampullary malignancy (Table 2).
Forty-six were done for miscellaneous causes and these
included cystic tumors of the pancreas, chronic pan-
creatitis, villous adenomas of the ampulla, stromal
tumors of the duodenum and pancreas, and scleros-
ing cholangitis of the distal bile duct.

Fig. 2. Illustration showing (A) duct to mucosa end-to-side
pancreaticojejunostomy, and (B) end-to-end anastomosis, in-
vaginating pancreatic remnant into end of jejunum.
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Pancreatic Leak/Fistula

 

The overall incidence of pancreatic leak was 37/214
(17.3%) and that of fistula was 28/214 (13%). Table
3 outlines the relationship of patient characteristics,
preoperative, intraoperative, and postoperative vari-
ables in patients without fistula (N 

 

�

 

 186) versus
those who had fistula (N 

 

�

 

 28). Regarding demo-
graphics and preoperative variables, there was no dif-
ference between the patient’s age, gender, the pres-
ence of diabetes, jaundice, stent, hematocrit, WBC
count, total bilirubin, albumin, or creatinine. How-
ever, patients who had hypertension or a higher alka-
line phosphatase were more likely to develop a fis-
tula. Regarding intraoperative parameters, there was
no difference between blood loss, blood replacement,
operative time, the use of octreotide, antibiotics, or
the type of anastomosis (PG vs. PJ). However, patients

who developed a fistula had a significantly higher drain
amylase. Also, patients having PD for pancreatic car-
cinoma were less likely to develop fistula. Because this
is a retrospective study, the texture of the pancreatic
remnant could not be evaluated. Since all 117 PG were
performed by one surgeon and 92 of the PJ by a sin-
gle surgeon, outcome, i.e., fistula rate, morbidity, and
mortality could not be related to surgeon’s experi-
ence. Decision to do PG or PJ was related in all cir-
cumstances to individual surgeon’s preference. In 81
patients the pancreatic remnant was invaginated into
the site of the jejunum. Of these 11 (13.5%) developed
pancreatic fistula; three of the four deaths occurred
in this group. In 8 patients the end of the pancreas
was invaginated into the end of the jejunum. In this
group 1 (12.5%) developed a pancreatic fistula; one of
four deaths occurred in this group. In 8 patients, the

 

Table 1.

 

 Patient characteristics and preoperative variables

 

Characteristics
PG

(n 

 

�

 

 117)
PJ

(n 

 

�

 

 97)

 

P

 

 value

 

Age (yr) 65.5 

 

�

 

 12.3 62.2 

 

�

 

 11.9 0.033
Gender 0.28

Male 59 (50) 56 (58)
Female 58 (50) 41 (42)

Preoperative history
Hypertension 42 (36) 27 (28) 0.21
Diabetes 15 (13) 18 (19) 0.25
Previous cancer 16 (14) 12 (12) 0.8
COPD/Asthma 7 (6) 5 (5) 0.8
Atrial fibrillation 9 (8) 5 (5) 0.5
CAD 19 (16) 11 (11) 0.3
Peripheral vascular disease 4 (3) 7 (7) 0.2
Peptic ulcer 3 (3) 8 (8) 0.07
Hypothyroid 10 (9) 5 (6) 0.4
Pancreatitis 2 (2) 3 (3) 0.7
Jaundice 99 (87) 75 (82) 0.34
Stent 75 (64) 50 (52) 0.064

Preoperative laboratory values
HGB 12.6 

 

�

 

 1.6 12.6 

 

�

 

 1.8 0.7
HCT 36.6 

 

�

 

 4.8 37.1 

 

�

 

 4.8 0.27
WBC 8.3 

 

�

 

 4.1 9.0 

 

�

 

 3.3 0.084
PLT 276 

 

�

 

 110 287 

 

�

 

 129 0.8
Alkaline phosphotase 318 

 

�

 

 295 330 

 

�

 

 261 0.5
ALT 173 

 

�

 

 203 181 

 

�

 

 203 0.8
AST 104 

 

�

 

 108 121 

 

�

 

 130 0.4
T-bilirubin 5.2 

 

�

 

 7.0 5.7 

 

�

 

 6.0 0.32
D-bilirubin 3.0 

 

�

 

 3.4 5.0 

 

�

 

 4.3 0.045
ALB 3.4 

 

�

 

 .66 3.4 

 

�

 

 .68 0.9
S-amylase 60.7 

 

�

 

 38.8 64.6 

 

�

 

 60.7 0.8
Creatinine .89 

 

�

 

 .32 1.01 

 

�

 

 .75 0.5
BUN 14.9 

 

�

 

 7.7 15.9 

 

�

 

 10.6 0.7

 

PG 

 

�

 

 pancreaticogastrostomy; PJ 

 

�

 

 pancreaticojejunostomy; 

 

�

 

 values are mean 

 

�

 

 standard deviation; values in parentheses are percentages; 

 

P

 

values are from the Chi-square or Fisher’s exact test as appropriate for categorical scaled variables; Mann-Whitney U test for continuous scaled
variables.
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end of the pancreas was anastomosed to the side of
the jejunum in two layers, 1) duct to mucosa and 2)
the pancreatic capsule to the serosa of the jejunum. In
this group 2 (25%) patients developed a pancreatic
fistula; no deaths occurred in this group. A longer
hospital stay was associated with having a fistula. As
far as postoperative parameters go, there was no dif-
ference in the groups in relation to mortality, wound
infection, postoperative pneumonia, myocardial infarc-
tion, or arrhythmia. However, those patients who de-
veloped intraabdominal abscess or bile leak were more
likely to have pancreatic fistula postoperatively. To
summarize, those patients that developed postopera-
tive pancreatic fistulas had a higher incidence of hy-
pertension, elevation of alkaline phosphatase, a higher
drain amylase, and were more likely to have had their
PD for ampullary carcinoma, distal bile duct carci-
noma or duodenal carcinoma. In addition, those pa-
tients who developed fistula had a higher incidence
of intraabdominal abscess, and a higher incidence of
bile leak, and a longer hospital stay.

 

Postoperative Morbidity/Mortality in Relation to 
PG vs. PJ

 

Table 4 lists the postoperative morbidity, mortal-
ity, and interventions in patients undergoing PG
versus those undergoing PJ. In univariate analysis,
patients undergoing PJ, mortality was significantly
higher when compared to those undergoing PG (

 

P

 

 

 

�

 

0.041). Three of four deaths were due to leakage at
the pancreaticojejunal anastomosis and one death was
due to hemorrhage. There was no difference be-
tween groups in relation to pancreatic leak, pancre-

atic fistula, intraabdominal abscess, wound infection,
delayed gastric emptying, urinary tract infection, pneu-
monia, arrhythmia, myocardial infection, hospital stay,
or days to closure of fistula. However, there was a sta-
tistically significant higher incidence of bile leaks in
those patients who had PJ. The one patient who had
bile leak following PG, and 4 of 6 patients who had
bile leaks following PJ, were diagnosed by percuta-
neous transhepatic cholangiography and had stents
placed at the same time. The remaining two patients
in the PJ group were identified by the presence of
bile in the right subcostal drain and were treated by
maintaining the drain until the bile leakage ceased.
All the patients who had bile leaks also had either a
pancreatic leak or a pancreatic fistula.

Patients with PJ had significantly more postopera-
tive percutaneous CT-guided drains placed (to drain
infection or fluid collections) and significantly more
reexplorations. There was no significant difference
in the number of new PTC drains placed to control
bile leaks when comparing PJ to PG. Although not
statistically significant, fistulas resulting from a PJ
anastomotic breakdown took longer to close when
compared to fistulas resulting from a PG anastomotic
breakdown.

 

Results of Multivariate Analysis

 

We performed logistic regression analysis using for-
ward stepwise model selection based on the likeli-
hood ratio test to identify independent predictors of
morbidity (pancreatic leak, fistula, intraabdominal ab-
scess, wound infection, urinary tract infection, ar-
rhythmia, or myocardial infarction, and length of hos-

 

Table 2.

 

 Intraoperative parameters

 

Parameter
PG

(n 

 

�

 

 117)
PJ

(n 

 

�

 

 97)

 

P

 

 value

 

Blood
Blood loss (cc) 1085 

 

�

 

 668 1178 

 

�

 

 996 0.61
Blood replacement (number of units) 0.81 

 

�

 

 1.5 1.16 

 

�

 

 1.9 0.5
Operative time (hours) 6.8 

 

�

 

 0.96 6.2 

 

�

 

 1.3 0.004
Pathology 0.1

Pancreatic adenocarcinoma 49 (42) 52 (54)
Duodenal adenocarcinoma 5 (4) 4 (4)
Ampullary adenocarcinoma 25 (21) 11 (11)
Distal bile duct carcinoma 9 (8) 13 (13)
Other 29 (25) 17 (18)

Octreotide 93 (82) 79 (83) 0.8
Antibiotic 117 (100) 97 (100) NA

 

PG 

 

�

 

 pancreaticogastrostomy; PJ 

 

�

 

 pancreaticojejunostomy; NA 

 

�

 

 not applicable; 

 

�

 

 values are mean 

 

�

 

 standard deviation; values in parenthe-
ses are percentages; 

 

P

 

 values are from the Chi-square or Fisher’s exact test as appropriate for categorical scaled variables; Mann-Whitney U test
for continuous/ordinal scaled variables.
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Table 3.

 

 Patient characteristics, preoperative, intraoperative and postoperative variables vs. fistula

 

Characteristics
No fistula
(n

 

�

 

182)
Fistula
(n

 

�

 

28)

 

P

 

 value

 

Demographics
Age (yr) 63.9 

 

�

 

 12.5 65.1 

 

�

 

 10.5 0.9
Gender

Male 97 (86) 16 (14) 0.7
Female 85 (88) 12 (12)

Preoperative history
Hypertension 0.027

No 129 (90) 14 (10)
Yes 53 (79) 14 (21)

Diabetes 0.065
No 151 (85) 27 (15)
Yes 31 (97) 1 (3)

Jaundice 0.9
No 25 (81) 6 (19)
Yes 150 (88) 21 (12)

Stent 0.32
No 73 (84) 14 (16)
Yes 109 (89) 14 (11)

Preoperative laboratory values
HCT 36.8 

 

�

 

 4.7 37.7 

 

�

 

 5.3 0.23
WBC 8.6 

 

�

 

 4.0 8.0 

 

�

 

 1.9 0.9
Alkaline phosphatase 334 � 282 215 � 210 0.029
T-bilirubin 5.4 � 6.4 5.9 � 0.06 0.7
ALB 3.5 � 0.67 3.4 � 0.67 0.8
Creatinine 0.94 � 0.57 0.95 � 0.39 0.4

Intraoperative parameters
Blood loss (cc) 1065 � 621 1279 � 738 0.12
Blood replacement (number of units) 0.87 � 1.3 1.18 � 1.5 0.29
Drainage Amylase 826 � 4406 15976 � 15343 �0.0001
Pathology �0.0001

Pancreatic adenocarcinoma 98 (98) 2 (2)
Duodenal adenocarcinoma 5 (63) 3 (38)
Ampullary adenocarcinoma 26 (77) 8 (24)
Distal bile duct carcinoma 18 (82) 4 (18)
Other 35 (76) 11 (24)

Operative time (hours) 6.6 � 1.14 7.0 � 0.90 0.11
Octreotide 0.8

No 33 (89) 4 (11)
Yes 145 (86) 23 (14)

Antibiotic 0.9
No 5 (100) 0 (0)
Yes 177 (86) 28 (14)

Type of Pancreatic Anastomosis 0.5
PG 103 (88) 14 (12)
PJ 79 (85) 14 (15)

Hospital stay (days) 10.5 � 4.8 16.8 � 7.7 �0.0001
Postoperative parameters

Intraabdominal abscess within 30 days postoperatively �0.0001
No 175 (90) 20 (10)
Yes 7 (47) 8 (53)

Wound infection 0.9
No 173 (87) 26 (13)
Yes 9 (82) 2 (18)

Table 3 continued.
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pital stay) and treatment group (PG vs. PJ). Death
within 30 days postoperatively or in hospital could
not be analyzed with multivariate logistic regression
because there were too few deaths. Similarly, there
were too few patients with either bile leak, delayed
gastric emptying, or pneumonia to analyze with mul-
tivariate logistic regression.

The following explanatory variables were included
in the forward stepwise model selection procedure: 1)
age; 2) gender; 3) history of hypertension, diabetes,
cancer, COPD or asthma, atrial fibrillation, CAD, pe-
ripheral vascular disease, peptic ulcer, pre-op total bi-
lirubin, pre-op alkaline phosphatase, stent; 4) operation
time; 5) estimated blood loss during surgery; 6) pre-
operataive use of antibiotics; 7) postoperative use of
octreotide; and 8) pathology of pancreas. Surgery
method (PG vs. PJ) was also included as an explanatory
variable in the models for predicting morbidity. None
of the stepwise model selection procedures identified
statistically significant explanatory variables in a multi-
variate model for any of the response variables.

Post-Discharge Interventions in Patients 
Discharged With or Without Pancreatic Fistula

Pancreaticogastrostomy. Of the 14 patients dis-
charged with a pancreatic fistula, two patients returned
for the placement of new drains for un-drained intraab-
dominal collections, and 1 patient developed a small
bowel fistula, which healed with conservative manage-
ment. In addition, one patient not discharged with a
fistula returned with severe upper GI bleeding and
was diagnosed to have a pseudoaneurysm of the gas-
troduodenal artery and had emergency angiography
with angiographic embolization of the right hepatic ar-
tery. This patient survived and lived for three years af-
ter his pancreaticoduodenectomy.

Pancreaticojejunostomy. Of the 14 patients in this
group discharged with a pancreatic fistula, six pa-
tients returned to have new drains placed to drain in-
traabdominal collections. In addition, in those pa-
tients who were discharged without a fistula, one
patient returned with delayed gastric emptying and
on CT was found to have an abscess and had to have
a new drain placed, another patient was readmitted
with a liver abscess and had this drained by CT guid-
ance, and a third patient was admitted with small
bowel obstruction and underwent lysis of adhesions
with a placement of a PEG/PEJ tube, a fourth pa-
tient was admitted with a wound infection and on
further workup was found to have a liver abscess that
was drained using CT guidance, and a fifth patient
was admitted for delayed gastric emptying and was
managed medically. One patient in the PJ group dis-
charged with a fistula, was readmitted within a month
of discharge with severe cardiac disease, had to be
placed on a balloon pump, underwent a coronary
angioplasty, and was also found to have a post-op
abscess that needed to have a new drain placed. In
short while there were several readmissions in both
groups, discharged with or without fistula, all compli-
cations were managed conservatively or with the
help of the interventional radiologist and one needed
reoperation for lysis of adhesions. There were no
postoperative deaths in these patients.

DISCUSSION

The management of the pancreatic remnant fol-
lowing pancreaticoduodenectomy continues to be
the source of much discussion.13,14,20,21 Because leak-
age at the pancreaticoenteric anastomosis results in
major morbidity and mortality following PD, many

Table 3. Continued

Characteristics
No fistula
(n � 182)

Fistula
(n � 182) P value

Pneumonia 0.9
No 179 (87) 28 (14)
Yes 3 (100) 0 (0)

Arrhythmia or myocardial infarction 0.9
No 174 (88) 23 (11)
Yes 8 (62) 5 (39)

Bile leak �0.0001
No 181 (89) 23 (11)
Yes 1 (17) 5 (83)

� values are mean � standard deviation; values in parentheses are percentages; P values are from the Chi-square or Fisher’s exact test as appro-
priate for categorical scaled variables; Mann-Whitney U test for continuous scaled variables.
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techniques have been proposed for the management
of the pancreatic remnant.9–16,18 Initially, ductal liga-
tion was thought to be a safer procedure,9 but the data
suggests that this is associated with at least 50% inci-
dence of pancreatic fistula.10,13 Injection of the pan-
creatic duct with the neoprene has been proposed by
Dicarlo.11 In 51 patients they observed a 33.3% overall
morbidity and a 5.8% operative mortality. Another
solution suggested was removal of the remaining pan-
creas, i.e., performing a total pancreatectomy.16 The
most recent results of this procedure reveal a mortality,
morbidity, and survival equivalent to that of PD.16 In
addition, total pancreatectomy is associated with se-
vere endocrine and exocrine abnormalities. It is for
this reason that total pancreatectomy presently is re-
served for selected individuals. The high incidence of
pancreatic fistula following pancreatic duct ligation,
the 100% incidence of pancreatic insufficiency, and the
high incidence of diabetes following pancreatic duct
injection, and the equivocal results of total pancre-
atectomy has prevented the widespread applications
of these methods for the treatment of the pancreatic
remnant. More recently, a Roux-en-Y anastomosis has
been proposed as safe management of the pancreatic
remnant.15 A mortality of 0.95% and a morbidity of
11.2% in 105 patients have been reported.15 It was felt
by the authors that the use of a defunctionalized limb
to drain the pancreatic remnant contributed to the lower
morbidity and mortality. This modification, however,
requires further study. Therefore, we are left with PJ

and PG as the most commonly used methods of re-
construction following PD.

After the inception of the one-stage PD, postop-
erative mortality of 50% was the norm.1 In fact,
mortality rates continued to be so high in the 1950s
and the 1960s that there were suggestions that the
operation be abdandoned.22 In the late 1980s, mortality
rates were considerably lower and were reported be-
tween 10–20%.23,24 More recently, mortality rates of
10% are reported,25,26 though in some institutions
mortality rates following PJ of less than 5% are be-
ing reported.27–29 It is estimated that up to 50% of the
mortality from a leak after PD with a PJ anastomosis
was due to leakage at the PJ anastomosis.5,6 Because
of this, PG was offered as a safer alternative to PJ
following PD. The success of anastomosing the pan-
creas to the stomach was first described by Tripodi
and Sherwin30 and later confirmed by Person and
Glenn in the laboratory.31 Waugh and Clagett were
the first to use PG in the clinical setting in 1946.32

Thereafter, a large number of investigators have writ-
ten and reported on the successful use of PG as re-
construction following PD.32–47 Many theories have
been put forward to support using PG over PJ.42 Pan-
creatic enzymes are inactivated by the acidic gastric
fluid. Also, the stomach does not contain enterokinase,
which is required for conversion of trypsinogen to
trypsin and subsequent activation to other proteolytic
enzymes. A lack of enzymatic activation may help pre-
vent auto digestion of the anastomosis. Initially, the

Table 4. Postoperative outcomes and interventions in relation to type of pancreatic anastomosis

Outcomes/Interventions
PG

(n � 117)
PJ

(n � 97) P value

Outcomes
Death within 30 days postoperatively 0 (0) 4 (4) 0.041
Pancreatic leak 19 (16) 18 (19) 0.7
Fistula 14 (12) 14 (14) 0.6
Bile leak 1 (1) 6 (6) 0.048
Intraabdominal abscess 6 (5) 10 (10) 0.15
Wound infection 7 (6) 4 (4) 0.8
Delayed gastric emptying 2 (2) 6 (6) 0.15
Urinary tract infection 8 (7) 8 (8) 0.7
Pneumonia 1 (1) 2 (2) 0.6
Arrhythmia or myocardial infarction 7 (6) 7 (7) 0.7
Hospital stay (days) 11.2 � 5.3 11.5 � 6.1 0.7
Days to closure of fistula 20.1 � 18.2 43.8 � 33.6 0.069

Interventions
New CT drains 2 (2) 8 (8) 0.046
Reexploration 0 (0) 5 (5) 0.018
New PTC drains 1 (1) 4 (4) 0.18

PG � pancreaticogastrostomy; PJ � pancreaticojejunostomy; values in parentheses are percentages; P values are from the Chi-square or Fisher’s
exact test as appropriate, intraabdominal abscess is within 30 days postoperatively; days to closure of fistula based on N � 9 in PG group and
N � 11 in PJ group.
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alkaline pancreatic secretions may aid in preventing
marginal ulceration. The proximity of the pancreas
to the posterior wall of the stomach allows for poten-
tially less tension on the anastomosis. The excellent
blood supply to the stomach wall is favorable to an
anastomotic healing and thickness of the stomach
wall holds sutures well. Nasogastric decompression pro-
vides for continuous emptying of the stomach, and
therefore, less tension on the anastomosis, a benefit
not possible with a PJ anastomosis. PG avoids a long
jejunal limb between the pancreatic and biliary anas-
tomosis where biliary and pancreatic secretions can
collect and cause increased pressure resulting in ten-
sion at both the pancreatic and biliary anastomoses.

Analysis of four large series of pancreaticojejunos-
tomy following pancreaticoduodenectomy in the 1980s
reveals the following. Of 772 patients, 116 (15%) re-
quired reexploration for a leak at the PJ anastomosis,
and of these 116, 11 (9.4%) died.5,6,28,48 A more re-
cent publication from the Johns Hopkins Medical Cen-
ter summarizes results in 650 consecutive PD in the
1990s.3 In this study 71% of patients had PJ and 29%
had PG. Twenty-six (4%) of the patients in the study
needed reexploration for hemorrhage, intraabdomi-
nal abscess, and fascial dehiscence. There were nine
deaths (1.4%) due to leak at the pancreaticoenteric
anastomosis in this study. All nine deaths occurred in
the 26 patients who required reexploration. In other
words, 34.6% of the reexplorations resulted in death.
The authors do not relate reexplorations or mortal-
ity to type of the anastomosis, whether PJ or PG. A
recent review by Mason of PG between 1946 and 1997
reveals the following.49 Between 1946 and 1990, a total
of 199 cases were described in the literature. A mor-
tality of 4.5% (9/199) and a leakage rate of 1% (2/
199) were reported. None of the nine deaths during
this time were attributed to PG. From the time pe-
riod 1991 to 1997, the number of PG described in
literature was 614. The incidence of leakage for this
period when compared to the previous rose to 4.7%
(29/614) and mortality was 3.3% (20/614). In this
group of the 20 persons who died only 3 of the
deaths (15%) were related to the PG anastomosis, 1
from hemorrhage and 2 from sepsis. In our series of
102 patients published recently, there were 4 deaths.
Only 1 of the 102 (1%) was attributed to a complica-
tion at the pancreaticogastric anastomosis and was
due to hemorrhage and not leakage.47 Bartoli50 did a
meta-analysis of 15 years of literature on pancreatic
fistula and relative mortality in malignant disease af-
ter PD. They compared the data on PG versus PJ
anastomosis done in three different ways, i.e., pan-
creaticojejunal end to side, pancreaticojejunal end to
end, and Wirsung duct to jejunal end to side anasto-
mosis. In all cases PG was found to be associated

with lower morbidity and mortality rates. Miyagawa
et al.51 also found PG to be superior to PJ in a retro-
spective comparative study.

However, it should be noted that the only ran-
domized study comparing PG to PJ (at the Johns
Hopkins Hospital) showed no difference in the rate
of fistula following the two procedures.52 The fistula
rate was 12.3% for PG and 11.1% for PJ. Factors in-
fluencing the development of fistula in that series
were the surgeon’s experience, the texture of the pan-
creatic remnant, and the primary pathology for which
the operation was being done.

In our present series of 214 patients, there were 4
deaths in the PJ group, and none in the PG group.
Three of the 4 deaths in the PJ group were directly re-
lated to the leakage at the PJ anastomosis. The fourth
death was due to hemorrhage. This was a statistically
significant difference in mortality between PJ or PG.
There was no difference in pancreatic leak, fistula rate,
intraabdominal infection, wound infection, delayed
gastric emptying, urinary tract infection, pneumonia,
arrhythmias, myocardial infarction or hospital stay be-
tween the PG and PJ groups. However, in the PJ group
who had leakage at the pancreatic anastomosis, there
was a higher incidence of leakage at the biliary anasto-
mosis. This resulted in a larger number of patients in
the PJ group requiring a PTC drain to control leakage
at the biliary anastomosis. It was also seen in our series
that a significantly larger number of patients who had
leaks at the PJ anastomosis needed new CT drains and/
or reexploration to control infection. In the PG group
one patient needed a new PTC drain and no patients
needed reexploration. To be noted also was that fistulas
following a PG anastomotic breakdown took a shorter
time to close than those following a PJ breakdown
(20.1 � 18.2 vs. 43.8 � 33.6 days), (P � 0.069).

CONCLUSION

This retrospective analysis shows that PG can be
performed safely and with fewer complications than PJ
and we propose it as a suitable alternative to the latter
for the management of the pancreatic remnant follow-
ing PD. While the pancreatic leak and fistula rate were
not different between groups, it is possible that leakage
at the PJ anastomosis is more likely to be fatal, more
likely to be associated with bile leaks at the hepaticoje-
junal anastomosis, more likely to require reexploration
and new CT drains to control infection, and results in
pancreatic fistulae that take longer to close.

Thanks to Linda Bauman, Pam Ignarski, and Blanca Ramirez for
their help in preparing this manuscript.
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Intra-Abdominal Hemorrhage Due to Rupture
of a Splenic Vein Aneurysm: A Case Report
Mitsugi Shimoda, M.D., Ph.D., K. Kubota, M.D., Ph.D., A. Sakuma, M.D., Ph.D.,
T. Hogami, M.D., H. Yamaguchi, M.D., Ph.D., N. Tagaya, M.D., Ph.D.

Splenic vein aneurysm (SVA) is extremely rare. Most patients with an SVA have portal hypertension. In
this report we describe the first recorded case of intra-abdominal hemorrhage due to rupture of an SVA
in a patient without evidence of portal hypertension. A 72-year-old man was admitted to our medical
center in a state of shock, with complaints of acute abdominal pain and abdominal distention.
Preoperatively, abdominal ultrasonography demonstrated an echo-free space in the abdomen, suggesting
the presence of a fluid collection. In addition, computed tomography revealed an enhanced lesion with
contrast material in the pancreatic tail. An emergency operation showed bleeding from the SVA near
the pancreatic tail. Consequently, a distal pancreatectomywith splenectomy was performed. Histologically
the lesion was diagnosed as an SVA surrounded by pancreatic tissue with chronic inflammatory changes.
The patient’s postoperative course was uneventful. ( J GASTROINTEST SURG 2003;7:683–686) � 2003 The
Society for Surgery of the Alimentary Tract, Inc.

KEY WORDS: Splenic vein, rupture, chronic pancreatitis

Clinically, intra-abdominal hemorrhage is associ-
ated with shock and therefore requires emergency
treatment. This critical condition is mainly attribut-
able to abdominal injury, resulting in rupture of the
liver, spleen, or major vessels, whereas rupture of
hepatocellular carcinomas, arterial aneurysms, and
other conditions causing intra-abdominal hemor-
rhage are rare.1–4 Here we describe a patient with
rupture of a splenic vein aneurysm (SVA) presenting
as intra-abdominal hemorrhage; to our knowledge
this is the first such report in the English literature.

CASE REPORT

A 72-year-old man was admitted to our medical
center with acute abdominal pain and abdominal dis-
tention. He had suffered from chronic heart failure
for the past 7 years. On admission, his blood pres-
sure was 76/35 mm Hg and his pulse rate was 120
beats per minute. He had severe pain in the right
lower abdomenwith rebound tenderness. No abdom-
inal mass was present, and the liver and spleen were
not palpable.
A plain abdominal x-ray film showed a normal

bowel pattern without free gas. The blood chemistry
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data were as follows: hemoglobin, 9.8 g/dl (range 12.4
to 17.4 g/dl); serum glucose, 211 mg/dl (range 55 to
110 mg/dl); creatinine, 1.4 mg/dl (range 0.6 to 1.1 mg/
dl); amylase, 199 U/L (range 55 to 170 U/L), and
white blood cell count, 12.1 × 109/L (range 4.0 to
9.0); other results were negative. Abdominal ultra-
sound imaging demonstrated a massive echo-free
space in the abdomen, suggesting the presence of a
fluid collection. Computed tomography (CT) showed
an enhanced lesion with contrast material in the
pancreatic tail along with fluid collection (Fig. 1).
From these findings we determined that the intra-
abdominal bleeding had been caused by rupture of
a lesion in the pancreatic tail, possibly a hypervascular
tumor. The patient underwent an emergency opera-
tion in March 2001.
On celiotomy, 2 liters of blood was found in the

abdomen, and the liver appeared normal with no evi-
dence of portal hypertension. After the major omen-
tum was divided, the anterior surface of the pancreas
was revealed, and blood was found to be spurting
from a hard tumor, 2 cm in diameter, in the pancreatic
tail. Subsequently, a distal pancreatectomy with sple-
nectomy was performed. After the blood was re-
moved, the lesion became soft. The cut surface of

mailto:mshimoda@mednet.ucla.edu
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Fig. 1.CT findings. There was an enhanced lesion (measuring
approximately 2 cm) in the pancreatic tail (arrow) with fluid
collection in the abdomen.

the resected specimen showed a cystic lesion in the
pancreas (Fig. 2). Histologically, the cystic lesion was
confirmed to be a true aneurysm of the splenic vein,
2 cm in diameter, which had penetrated the pancreatic
parenchyma and then ruptured into the abdominal
cavity. The SVA was surrounded by the pancreas,
which had significant fibrosis due to chronic pancre-
atitis (Fig. 3). There was no connection between
the SVA and the splenic artery, and there were no
findings suggestive of a pancreatic tumor. The post-
operative course was uneventful, and the patient was
discharged from the hospital 41 days after operation.

Fig. 2. Cut surface of the resected specimen. There was a cystic lesion in the pancreas. The cyst was
confirmed to be a dilated splenic vein (arrows).

DISCUSSION

Portal system aneurysms can be divided into two
types: extrahepatic and intrahepatic. SVA is a true
aneurysm and belongs to the extrahepatic cate-
gory.5–10 Since Lowenthal and Jacob5 described the
first case of SVA, fewer than 50 cases of portal system
aneurysm and eight cases of SVA, including the pres-
ent one, have been reported in the English litera-
ture.6–8 The eight patients with SVA included five
women and three men whose mean age was 50
years.9–14

Although the exact etiology of SVA is not fully
understood, it may include congenital and acquired
factors. The SVA was associated with portal hyper-
tension and liver cirrhosis in four of the eight patients.
Shirohara et al.10 reported that in a patient with liver
cirrhosis, the SVA enlarged with the development of
esophageal varices. Furthermore, Tolgonay et al.13

reported that the reduction in the size of the aneu-
rysm was related to a decrease in splenic vein blood
flow. These observations suggest that the persistent
stagnation of blood flow in the portal system may
have played a major role in the development of the
SVA. In our patient, histologic examination showed
that the SVA was surrounded by the pancreas, which
showed chronic inflammatory changes consistent
with either severe fibrosis or chronic pancreatitis, and
that the SVA had ruptured into the abdominal cavity.
It was suspected that the inflammation of the pancreas
had caused the development of the SVA. However,
acute or chronic pancreatitis has never been reported
as a cause of rupture of the splenic vein. In the re-
maining three patients the etiology was unknown,
suggesting that an inherent weakness of the vessel
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Fig. 3. Histologic findings of the resected specimen. This cystic lesion was diagnosed as a true splenic
vein aneurysm, 2 cm in diameter, which was surrounded by pancreas tissue with significant fibrosis due
to chronic pancreatitis.

wall or a congenital factor resulted in development
of the aneurysm.9,12,14 SVA can develop in patients
with portal hypertension and liver cirrhosis, but
this is a rare occurrence. Clinically, various factors
including hemodynamic changes in the portal system,
inflammation, and inherent weakness may have con-
tributed to formation of the aneurysm.
Most abdominal venous aneurysms, including

SVA, are found incidentally. However, six of the eight
patients had clinical complaints: four had abdominal
pain and all had abdominal fullness and hepatic dys-
function. Our patient was the first to present in a
state of shock with intra-abdominal bleeding due to
SVA rupture. Rupture of an extrahepatic-type portal
vein aneurysm has been reported in four cases and is
manifested by continuous gastrointestinal bleeding
or massive intra-abdominal bleeding.7,8,15–17
To make a diagnosis of SVA, noninvasive imaging

modalities can be used. In three patients with liver
cirrhosis and portal hypertension, follow-up CT
and ultrasound imaging were useful in detecting
SVA.5,10,11 In one patient who was suspected to have
a pseudocyst of the pancreas, the lesion was confirmed
as an SVA by color Doppler ultrasound imaging,
thereby avoiding an unnecessary biopsy.13 Because in
our patient CT showed an enhanced lesion in the
pancreatic tail with massive intra-abdominal fluid col-
lection, rupture of a hypervascular tumor of the pan-
creas was suspected. The lesion could not have
been detected by means of ultrasound because of its
location. At the time of the emergency operation,

blood was spurting from the tail of the pancreas.
Macroscopically the lesion appeared to be a hyper-
vascular tumor.
Treatment of SVA is controversial. Because its

natural course is not well understood, it is difficult
to decide on the timing and type of treatment. In three
of the eight patients, the SVA was resected; in addi-
tion, splenectomy, splenorenal shunt, aneurysm re-
section, and distal pancreatectomy have also been
performed.5,9 The remaining five patients did not
undergo surgery and were still alive at the time of
this report. Therefore we recommend careful follow-
up of SVA with the use of CT, magnetic resonance
imaging, and color Doppler ultrasound unless a pa-
tient is symptomatic. In our patient, although the
SVA was less than 2 cm in diameter, it had ruptured.
This suggests that physicians must bear in mind that
an SVA carries a risk of rupture when inflammation
is present. If adequate treatment is selected and timed
correctly, a good outcome can be expected.
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Intraoperative Imprint Cytology for Evaluation
of Sentinel Lymph Nodes From Visceral
Malignancies

Edward A. Levine, M.D., Perry Shen, M.D., Stephen A. Shiver, M.D., Gregory Waters, M.D.,
Andrew Brant, M.D., Kim R. Geisenger, M.D.

Although originally described for breast cancer and melanoma, sentinel lymph node (SLN) mapping
techniques are being investigated in the treatment of visceral malignancies. There is no literature
evaluating intraoperative analysis of SLNs from visceral sites.We evaluated the utility of touch preparation
intraoperative imprint cytology (IIC) in evaluating SLNs harvested in the setting of visceral malignancy.
SLN mapping procedures involving 50 cases of visceral malignancy (37 colon, 12 gastric, and 1 small
bowel), from February 1999 through August 2001, were studied. In each case, subserosal injections of
isosulfan blue were used to identify the SLN. The SLNs were then sent fresh to the pathology laboratory
for evaluation by IIC. A standard lymphadenectomy was performed in all cases. Postoperatively, the
SLNs were evaluated by means of using hematoxylin and eosin staining. If these stains were normal,
immunohistochemical analyses using carcinoembryonic antigen and cytokeratin were subsequently
performed. SLNs were successfully identified in 46 cases (92%), and a total of 95 SLNs were harvested.
The average number of SLNs was 1.9 with a range of one to six. More SLNs were found with gastric
than with colonic lesions (2.8 vs. 1.8; P � .017). Evaluable IIC in 41 cases revealed metastatic disease in
10 SLNs, representing seven patients. Of the 34 patients with normal IIC, five were found to have positive
SLNs on hematoxylin and eosin staining. An additional three patients were found to have positive SLNs
only on immunohistochemical analysis. The overall sensitivity and specificity of IIC was 64% and 100%,
respectively. This resulted in a positive predictive value of 100% and a negative predictive value of
86%. The use of IIC to evaluate SLNs from visceral malignancies is clearly feasible. When the IIC
of the SLN is positive, the surgeon may feel confident that disease is actually present in the SLN. If
there is a negative result, the technique may miss disease that is present on subsequent permanent
sections. We do not recommend routine use of IIC; however, it may be of use in clinical trials. ( J
GASTROINTEST SURG 2003;7:687–691) � 2003 The Society for Surgery of the Alimentary Tract, Inc.

KEY WORDS: Lymphatic mapping, colon cancer, gastric cancer, staging

Pathologic evaluation of resected specimens has
long been a critical part of the practice of modern
surgical oncology. Traditionally this analysis oc-
curred well after the actual operation was completed.
The interval between surgical intervention and final
pathologic diagnosis inevitably increases anxiety for
many patients. In addition, the inability to render an
intraoperative diagnosis may change the nature of
the operative procedure or result in return trips to the
operating room for additional procedures. Various
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techniques have been implemented in an effort to
provide intraoperative tissue diagnosis. Of these,
frozen-section analysis has been themost widely used.
Recently additional techniques have been intro-
duced including the use of intraoperative imprint cy-
tology (IIC). There are data supporting the use of
IIC for evaluating sentinel lymph nodes (SLNs) in
the setting of breast cancer and melanoma.
The SLN concept has emerged as a critical facet

of the management of breast cancer and malignant
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melanoma only within the past decade. However,
interest in lymphatic visceral mapping appeared as
early as 1923 when Braithwaite1 evaluated the flow
of lymphatics near the ileocecal valve with indigo
carmine. Then, in 1950, a vital blue dye (pontine sky
blue) was used experimentally to map lymphatic
drainage andwas studied for toxicity, whichwas found
to be low.2 During the 1950s, vital dyes were used as
an aid to identify the thoracic duct and to visualize
nodes from gastric and pulmonary carcinomas to im-
prove the completeness of lymphadenectomy.3,4 The
use of the term “sentinel lymph node” was first used
by Cabanas5 in his description of a technique to iden-
tify the first node draining a penile carcinoma. It
was the pioneering work of Morton et al.6 that made
SLNmapping a standard procedure. The use of SLN
techniques for melanoma and breast cancer has
become routine. Consequently evaluation of this pro-
cedure for visceral malignancy is a natural progression
of experience with the SLN technique.
Currently there is far less experience with SLN

mapping for visceral malignancy than for melanoma
and breast cancer. The utility of SLN techniques in
visceral tumors such as gastric and colon cancer is
being investigated. To the best of our knowledge,
there is no literature evaluating the potential value of
IIC for visceral SLN. We evaluated the feasibility
of IIC in the intraoperative analysis of SLNs har-
vested from visceral malignancies.

METHODS

SLNmapping was performed in 50 cases involving
visceral malignancy from February 1999 to August
2001. Most of these cases involved colon cancer
(n � 37), with fewer cases of gastric cancer (n � 12)
and a single case that involved small bowel carcinoma.
The protocol was approved by the institutional review
board and all patients signed consent forms before
surgery. The visceral SLN mapping technique has
been described elsewhere,7–9 but a brief description
is provided here. After mobilization of the involved
segment of bowel, the tumor was localized by palpa-
tion. Patients found to have gross nodal disease were
excluded from this trial. Using a 25-gauge needle,
1 mL of isosulfan blue (Lymphazurin; U.S. Surgical
Corp., Norwalk, CT) was injected into the subsero-
sal plane around the edges of the tumor in four
quadrants (Fig. 1). The subserosal injection was
confirmed by a wheel raised in the bowel wall. The
mesentery was observed for egress of the isosulfan
blue via lymphatic vessels. Blue nodes or those nodes
at the end of an afferent blue channel were considered
SLNs. Typically a node demonstrated uptake of the

dye within five minutes (Fig. 2). As soon as one lymph
node demonstrated uptake of the isosulfan blue, this
node was excised and sent for pathologic evaluation.
Standard surgical resection (including lymphadenec-
tomy) was then undertaken. The rest of the tissue
was processed as a routine specimen.
Following harvest, the SLNs were sent fresh to

the pathology laboratory for evaluation. IIC was per-
formed on all SLNs. Hematoxylin and eosin and
Diff-Quick stains were used for IIC, and diagnosis
of positive or negative for metastatic disease was ren-
dered. Standard lymphadenectomy was performed
in all cases regardless of the IIC results. Postopera-
tively the SLNs were evaluated by standard hematox-
ylin and eosin staining techniques. If the hematoxylin
and eosin studies were negative for disease, the SLNs
were then subjected to immunohistochemical analy-
sis using carcinoembryonic antigen and cytokeratin.
If initial review of the hematoxylin and eosin–stained
section was negative, an SLN protocol (consisting of
an additional 3 hematoxylin and eosin–stained levels
cut at 50 µ intervals in conjunction with immuno-
histochemical staining for cytokeratin and carcino-
embryonic antigen) was performed on the first of
the three levels. Immunohistochemical studies were
carried out using the avidin-biotin-peroxidase com-
plex method described previously. Immunohisto-
chemical stains for cytokeratin were considered
positive if strong immunoreactivity in cell clusters
or individual cells that demonstrated anatomic and
cytologic features of metastatic tumor cells were
identified.
For the purposes of this report, a significant differ-

ence was defined as P � 0.05. Groups were compared
via Student’s t tests and chi-square analysis as appro-
priate.

RESULTS

The study group consisted of 50 patients undergo-
ing exploratory operations for resection of primary
malignancies: 35 colon, 14 gastric, and one small
bowel carcinoma. SLNs were subsequently identified
and harvested in 46 (92%) of the 50 patients. In
the remaining four patients, the SLN could not be
identified (n � 2) or the technique was abandoned
secondary to the presence of bulk nodal disease
(n � 2). Of the patients who were successfully
mapped, 33 had colon cancer (18 males and 15 fe-
males, average age 67 years). Gastric cancers were
successfully mapped in 12 patients (8 males and 4
females, average age 64 years). One of the colon
lesions was a lymphoma, which was successfully
mapped and stained true positive by IIC. The small
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Fig. 1. Injection of isosulfan blue in a subserosal plane.

bowel adenocarcinoma occurred in a 27-year-old
man. In five successfully mapped patients, IIC was
not used, leaving 41 cases for analysis of IIC.
Gastric lesions had significantly more SLNs iden-

tified than did colonic lesions (2.8 [SD � 1.34] vs.
1.8 [SD � 1.04]; P � 0.017). A total of 33 SLNs were
found in the patients with gastric cancer and 60 in
those with colon cancer. For the entire group, the

Fig. 2. Intraoperative imprint cytology or “touch preparation” of SLN from a patient with colon cancer.

number of SLNs found in each case ranged from
one to six, with an average of 1.9. IIC revealed meta-
static disease in 10 SLNs, representing seven patients
(17%). Of the seven patients with positive IIC, five
had macrometastases (�2 mm) and two had micro-
metastases (�2mm).Thirty-four patients (83%)were
found to have negative SLNs by IIC. However,
five patients found to have negative SLNs by IIC
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were noted to have positive SLNs on subsequent
hematoxylin and eosin evaluation. An additional three
patients were found to have metastatic disease only
on immunohistochemical analysis. Therefore, a total
of 15 patients were found to be node positive after
complete pathologic evaluation. Overall sensitivity
and specificity of IIC was found to be 64% and 100%,
respectively. This produced a positive predictive value
of 100% and a negative predictive value of 86%.
The sensitivity for the colonic and gastric lesions was
50% and 87%, respectively.

DISCUSSION

A large body of literature supports the premise
that SLN mapping and microscopic evaluation can
reliably predict the remainder of the regional lymph
node basin for breast cancer and melanoma. This
approach may spare the patient a traditional lympha-
denectomy and yield more data on nodal metastasis.
Another key advantage of SLN mapping tech-
niques is improved staging of nodal disease, which has
resulted in upstaging in a significant number of
mapped patients. Despite the wealth of experience
with SLN mapping for solid tumors, very little is
known about the applicability of SLN mapping for
visceral malignancies. Furthermore, to the best of
our knowledge this represents the first evaluation
of intraoperative analysis of SLN from visceral
sources in the literature.
At present there is no consensus on the use or the

optimal method of intraoperative analysis of SLNs,
although several techniques have been examined.10 In
1999, the College of American Pathologists recom-
mended that SLNs from breast cancer be examined
intraoperatively by cytologic methods.11 Previous
SLN studies evaluating the use of frozen-section anal-
ysis have reported variable results, with accuracy
ranging from 83% to 98%, sensitivity ranging from
58% to 87%, and specificity ranging from 99% to
100%.11
Several groups have studied the use of IIC in the

evaluation of SLNs. The accuracy of these studies
varies from 78% to 98%, sensitivity ranges from 29%
to 94%, and specificity ranges from 88% to 100%.11
Finally, a few groups have examined the utility of
intraoperative evaluation of SLNs using combined
frozen-section analysis and imprint cytology. The ac-
curacy, sensitivity, and specificity of these studies are
similar to that of frozen-section analysis or imprint
cytology alone. Regardless of the methodology used,
the wide disparity between the accuracy of these
studies is, inpart, due to thenonuniformityof theSLN
examination and, in some studies, the low number

of patients examined. Overall, for breast cancer and
melanoma, sensitivity and accuracy are similar be-
tween frozen-section analysis and imprint cytologic
evaluation.10–14 The sensitivity of 47% found in this
trial is similar to that reported for breast cancer and
melanoma. However, the cost of frozen-section anal-
ysis is significantly greater than the cost of IIC. At
our institution (as of December 2001) the cost of
evaluating two SLNs is $131 via IIC vs. $356 by
frozen-section analysis. Furthermore, similar to IIC
for other sites, sensitivity seems to be much better
for macrometastases (�2 mm) than for micromet-
astases.13
Lymphatic mapping and SLN techniques have

revolutionized the practice of surgical oncology.
The demand for optimal techniques for intraopera-
tive tissue diagnosis has never been greater. Tradi-
tionally, frozen-section analysis has been the “gold
standard” for rendering intraoperative diagnoses.
However, IIC has been found to be a preferred alter-
native to frozen-section analysis in the evaluation of
the SLNs harvested in the setting of breast cancer and
melanoma. IIC has several advantages over frozen-
section analysis. First, it is easy to perform, quick,
and can be done at a fraction of the cost of frozen-
section analysis. In addition, IIC conserves tissue and
avoids freezing artifact, which allows for later evalua-
tion of SLN by hematoxylin and eosin staining or
immunohistochemical analysis. However, use of IIC
requires expert cytopathologic support, which may
not be available at all centers. We found that IIC
can be effectively applied to visceral malignancies.
When IIC of the SLN is positive, the surgeon may
feel confident that disease is actually present in the
SLN. However, the technique often misses disease
that is present on subsequent permanent sections,
resulting in poor sensitivity. IIC performed in the
setting of visceral malignancy has a similar specificity
and sensitivity when compared to the more well-
known applications of the technique in breast cancer
and melanoma.13
The rich lymphatics found in the stomach had

once been thought to be a barrier to SLN procedures
in gastric lesions. This does not seem to be a clinical
problem as we and others have found.3,9,10,16–19
However, the greater number of SLNs found in the
gastric vs. the colon lesions underscores the differ-
ences in lymphatic drainage between the stomach and
the colon.
The optimal extent of lymphadenectomy for gas-

tric carcinoma has been the subject of intense debate
for decades.3,4 However, it seems clear that any ben-
efit of lymphadenectomy is likely limited to those
patients with nodal metastasis. The use of SLN map-
ping techniques to evaluate first-echelon nodal dis-
ease could serve as a trigger for extended nodal
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dissection, if the presence of nodal disease can be
confirmed intraoperatively. Unfortunately, the sensi-
tivity of IIC found in this trial does not support
using the results of IIC alone as an indication formore
extensive lymphadenectomy. The greatest utility of
SLN mapping for gastric cancer, however, does not
hinge on its ability to predict the nodal basin or
limit the lymphadenectomy, but rather on identifying
the one node most likely to harbor metastasis. Once
identified, this node can be studied more intensively
than is practical to study all of the nodes. Evaluation
of the SLN with immunohistochemical techniques
has been employed in the management of breast
cancer, upstaging approximately 10% of patients.
This intensive pathologic analysis may yield micro-
metastases in gastric cancers that would elude tradi-
tional techniques.15–19 Improvements in staging may
be of particular importance in light of recent data
confirming a survival benefit for patients with stage
IB to III gastric cancers who receive adjuvant chemo-
radiotherapy.20

Lymphadenectomies associated with radical resec-
tion of the colon are not commonly thought of as
morbid procedures. This has led some to question
the utility of SLN for colonic adenocarcinoma.
Unlike patients with breast cancer or melanoma,
those undergoing resection for colon cancer are most
likely to benefit through improved staging or the
identification and resection of aberrant nodal
drainage.
In our study, SLNswere resected to facilitate intra-

operative analysis. SLNs can also be harvested after
resection, either on a back table in the operating room
or in the pathology laboratory. Although such ex vivo
techniques can facilitate SLN mapping, they do have
limitations for intraoperative evaluation. Specifically,
dissection of the SLN after resection does not allow
for evaluation of aberrant drainage pathways. In addi-
tion, sending the lymph nodes after resection could
engender some delay in proceeding with the operative
procedure. However, ex vivo SLN dissection is a rea-
sonable option if no SLN is found in vivo, or if
intraoperative analysis is not a consideration.
We believe that continued study of the technique

of SLN mapping for visceral carcinoma is warranted.
Similar to SLN applications for breast cancer and
melanoma, IIC seems to have significant advantages
over frozen-section analysis. The clinical impact of
intraoperative analysis of SLNs in this setting is cur-
rently limited. However, the use of IIC for SLNs
from visceral sources may become a valuable tech-
nique when such analysis will change the conduct of

the operative procedure. However, we do not recom-
mend IIC for cases of routine visceral SLNs, but
we believe that it may be a useful tool to support
clinical investigations.

REFERENCES

1. Braithwaite LR. Flow of lymph from the ileocecal angle.
Br J Surg 1923;11:7.

2. Weinberg J,Greaney EM, Rawlings B,Haley TJ. The use and
toxicity of pontamine sky blue. Science 1951;114:41–42.

3. Weinberg J, Greaney EM. Identification of regional lymph
nodes by means of a vital staining dye during surgery of gastric
cancer. Surg Gynecol Obstet 1950;90:561–567.

4. Cohn I, Leon W, Strug LH. Vital staining of the thoracic
duct. Ann Surg 1958;148:867–870.

5. Cabanas RM. An approach for the treatment of penile carci-
noma. Cancer 1977;39:456–466.

6. Morton DL, Wen DR, Wong JH, et al. Technical details of
intraoperative lymphatic mapping for early stage melanoma.
Arch Surg 1992;127:392–399.

7. Saha S, Wiese D, Badin J, et al. Technical details of sentinel
lymph node mapping in colorectal cancer and its impact on
staging. Ann Surg Oncol 2000;7:120–124.

8. Waters GS, Geisinger KR, Garske DD, et al. Sentinel lymph
node mapping for carcinoma of the colon: A pilot study. Am
Surg 2000;66:943–946.

9. Hundley JC, Shen P, Shiver SA, et al. Lymphatic mapping
for gastric adenocarcinoma. Am Surg 2002;68:931–935.

10. Joosten JJA, Strobbe LJA, Wauters CAP, et al. Intraopera-
tive lymphatic mapping and the sentinel node concept in
colorectal carcinoma. Br J Surg 1999;86:482–486.

11. PetrisGD, Lev R, Siew S. Peritumoral and nodal muciphages.
Am J Surg Pathol 1998;22:545–549.

12. Creager AJ, Geisinger KR, Shiver SA, et al. Intraoperative
evaluation of sentinel lymph nodes for metastatic breast carci-
noma by imprint cytology. Mod Pathol 2002;15:1140–1147.

13. Creager AJ, Shiver SA, Shen P, et al. Intraoperative evaluation
of sentinel lymph nodes for metastatic melanoma by imprint
cytology. Cancer 2002;94:3016–3022.

14. Fitzgibbons PL, Page DL,Weaver D, et al. Prognostic factors
in breast cancer: College of American Pathologists Consen-
sus Statement. Arch Pathol Lab Med 1999;124:966–978.

15. SanoT,KataiH, SasakoM,MaruyamaK.Gastric lymphogra-
phy and detection of sentinel lymph nodes. Recent Results
Cancer Res 2000;157:253–258.

16. Siewart JR, Sendler A. Potential and futility of sentinel node
detection for gastric cancer. Recent Results Cancer Res
2000;157:259–269.

17. Hiratsuka M, Miyashiro I, Ishikawa O, et al. Application
of sentinel node biopsy to gastric cancer surgery. Surgery
2001;129:335–340.

18. Aikou T, Higashi H, Natsugoe S, et al. Can sentinel node
navigation surgery reduce the extent of lymph node dissection
in gastric cancer? Ann Surg Oncol 2001;8(9 Suppl):90S–93S.

19. Kitagawa Y, Kubota T, Otani Y, et al. Clinical signifi-
cance of sentinel node navigation surgery in the treatment of
early gastric cancer. Nippon Geka Gakkai Zasshi 2001;102:
753–757.

20. McDonald JS, Smalley SR, Benedetti J, et al. Chemoradio-
therapy after surgery compared with surgery alone for adeno-
carcinoma of the stomach or gastroesophageal junction.
N Engl J Med 2001;345:725–730.



The Hypertensive Lower Esophageal
Sphincter: A Motility Disorder With Manometric
Features of Outflow Obstruction
Ines Gockel, M.D., Reginald V.N. Lord, M.B.B.S., Cedric G. Bremner, M.D.,
Peter F. Crookes, M.D., Pedram Hamrah, M.D., Tom R. DeMeester, M.D.

The aim of this study was to define the clinical presentation, motility characteristics, and prevalence and
patterns of gastroesophageal reflux in patients with hypertensive lower esophageal sphincter (HTLES).
HTLES was defined by a resting pressure measured at the respiratory inversion point on stationary
manometry of greater than 26 mm Hg (ninety-fifth percentile of normal). One hundred consecutive
patients (80 women, 20 men; mean age 54.7 years, range 23 to 89 years), diagnosed with HTLES at
our institution between September 1996 and October 1999, were studied. Patients with achalasia or other
named esophageal motility disorders or history of foregut surgery were excluded, but patients with both
HTLESand “nutcracker esophagus”were included.Themost common symptoms inpatientswithHTLES
were regurgitation (75%), heartburn (71%), dysphagia (71%), and chest pain (49%). The most common
primary presenting symptoms were heartburn and dysphagia. The intrabolus pressure, which is a
manometric measure of outflow obstruction, was significantly higher in patients with HTLES compared
to normal volunteers. The residual pressure measured during LES relaxation induced by a water swallow
was also significantly higher than in normal persons. There were no significant associations between any
of the relaxation parameters studied (residual pressure, nadir pressure, duration of relaxation, time to
residual pressure) and either the presence or severity of any symptoms or the presence of abnormal
esophageal acid exposure. Seventy-three patients underwent 24-hour pH monitoring, and 26% had
increased distal esophageal acid exposure. Compared to a cohort of patients with gastroesophageal reflux
disease but no HTLES (n � 300), the total and supine periods of distal esophageal acid exposure were
significantly lower in the patients with HTLES and abnormal acid exposure. Patients with HTLES
frequently present with moderately severe dysphagia and typical reflux symptoms. Approximately one
quarter of them have abnormal esophageal acid exposure on pH monitoring. Patients with HTLES
have significantly elevated intrabolus and residual relaxation pressures on liquid boluses, suggesting that
outflow obstruction is present. (J GASTROINTEST SURG 2003;7:692–700) � 2003 The Society for Surgery
of the Alimentary Tract, Inc.

KEY WORDS: Esophagus, sphincter, hypertensive, obstruction, dysphagia

The hypertensive lower esophageal sphincter
(HTLES) was first described by Code et al.1 in 1960.
The subsequent small numbers of studies that have
reported on this motility condition have included rel-
atively few patients, and some studies reported het-
erogeneous study groups that included patients with
achalasia, patients with diffuse esophageal spasm, and
patients who had undergone antireflux surgery, in
addition to those with HTLES.2–5 Clinical features
of HTLES have not been thoroughly defined and,
in particular, the relationship between this condition
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and gastroesophageal reflux disease (GERD) is
unclear. As a result, the importance of finding
HTLES on manometric examination remains un-
certain.
This study was undertaken to define, in a large

number of patients, the clinical and manometric fea-
tures of patients with HTLES. An additional aim
was to identify associations between the presence of
HTLES and esophageal acid exposure, compared to
the pattern in a control group of patients with abnor-
mal acid exposure but no HTLES.
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PATIENTS AND METHODS
Study Population

The medical and esophageal laboratory records of
100 consecutive patients with HTLES investigated
at this institution over the 3-year period from Sep-
tember 1996 to October 1999 were retrospectively
reviewed. The diagnosis of HTLES was made when
the lower esophageal sphincter (LES) resting pressure
measured at the respiratory inversion point on sta-
tionary manometric examination was greater than 26
mm Hg (ninety-fifth percentile of normal).6 Exclu-
sion criteria were a history of previous foregut surgery
or the presence of achalasia, scleroderma, diffuse
esophageal spasm, and nonspecific esophageal motil-
ity disorders. Becausewe also investigated the associa-
tion between dysphagia and HTLES, patients were
excluded if dysphagia might have been caused by sig-
nificant esophageal body hypomotility, which was de-
fined as a mean contraction amplitude in the distal
two esophageal body channels of less than 25mmHg.
Patients with “nutcracker esophagus” were included
because it is recognized that HTLES and nutracker
esophagus are overlapping conditions and, to some
extent, represent part of a spectrum of hypercontrac-
tion of the distal esophagus.
All patients completed a structured symptom ques-

tionnaire. Table 1 outlines the scoring system used
to measure symptom severity for heartburn. Regurgi-
tation was graded as follows: 0 (none); 1 (minimal,
occasional episode after straining or a large meal); 2
(moderate, predictable with position change or strain-
ing); or 3 (severe, affects daily life, possibly with a
history of aspiration). Dysphagia was graded as 0
(none), 1 (occasionally with coarse foods; lasting a
few seconds), 2 (moderate; requiring clearing with
liquids), or 3 (severe; requiring a semiliquid diet and
with a history of meat impaction). Patients were re-
quested to identify the primary symptomdriving their
need for medical attention.

Manometry

Standard Stationary Manometry. Stationary ma-
nometry was performed using a water-perfused eight-
channel catheter (Synectics Medtronic, Stockholm,

Table 1. Symptom severity scoring system for
heartburn

0 No symptoms
1 Mild symptoms, minimal or occasional episodes, no prior med-

ical visit
2 Moderate symptoms, frequent or prolonged episodes, reason

for visit
3 Severe symptoms, constant disability in activities of daily life

Sweden; and Arndorfer, Greendale, Wisconsin). The
gastric baseline pressure was used as a zero refer-
ence for pressure measurement. The distal border of
the LES was marked by a persistent rise in pressure
of more than 2 mm Hg above the gastric baseline
pressure, whereas the proximal border of the LES
was recorded as the point at which the pressure fell to
the negative pressure of the intrathoracic esophageal
body. The resting pressure of the LES was measured
at the respiratory inversion point, as described pre-
viously.6 The intra-abdominal length of the LES was
measured as the length from the distal border of the
LES to the respiratory inversion point.
Esophageal body function was assessed by placing

the most proximal pressure port of the motility cathe-
ter 1 cm below the lower border of the upper esopha-
geal sphincter with the other four pressure ports
trailing at 5 cm intervals. The mean contraction am-
plitudes measured at the distal two recording levels
in the esophagus in response to ten 5 ml water
swallows were recorded.
Measurement of LES Relaxation. LES relaxation

in response to five swallows of 5 ml water was mea-
sured via a catheter with four circumferential side
holes positioned within the LES high-pressure
zone, as described previously.7 Two LES relaxation
pressure measurements, the residual pressure and the
nadir pressure, were made. The residual pressure in
the LES was measured at the moment when the bolus
was judged to be flowing through the sphincter.
This moment was determined as follows: the up-
stroke of the peristaltic wave in the transducer 5 cm
proximal to the sphincter was recorded. This point
indicates luminal closure, and consequently the bolus
is distal to this proximal transducer. Combined radio-
logic and manometric studies indicate that a 5 ml
bolus has reached the sphincter at that point.8 The
upstroke of the peristaltic wave 5 cm proximal to
the LES is an objective and readily identifiable
moment at which to measure the residual pressure in
the LES. The method is shown in Fig. 1. The LES
relaxation nadir pressure is simply the pressure at the
lowest point of the relaxation.
Two time measurements for LES relaxation were

made: the time from the onset of relaxation to the
residual pressure, and the total duration of relaxation.
For both measurements, the onset of LES relax-
ation was considered to occur at the time of the swal-
lowing event measured in the pharynx. The time from
onset of LES relaxation to the residual pressure was
measured. The duration of the relaxation was mea-
sured from the onset of relaxation to the end of relax-
ation. The end of relaxation was marked by the onset
of the postrelaxation contraction. LES relaxation pa-
rameters were compared with those of 40 volunteers.9
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Fig. 1. Tracing demonstrating relaxation of the LES in response to a swallow. The residual pressure is
measured at the point where the upstroke of the peristaltic wave in the channel 5 cm above the LES
indicates luminal closure. (From Crookes et al. Static and dynamic function of the lower esophageal
sphincter before and after laparoscopic nissen fundoplication. J GASTROINTEST SURG 1997;1:499–504.)

Measurement of the “Ramp” Intrabolus
Pressure. The ramp intrabolus pressure is a wave-
form on esophageal manometry that precedes the
peristaltic upstroke resulting from a swallow and may
be an indicator of outflow resistance.10 Features of
the ramp intrabolus pressure were measured in the
esophageal body channel positioned 5 cm above
the LES relaxation channels, as described elsewhere10
and as shown in Fig. 2. The mean of the measure-
mentsmade in response to fivewet swallows, each 5ml
of water, were used. The bolus pressure parameters
measured were the overall mean pressure, halfway
mean pressure, bolus tail pressure, and bolus duration
(see Fig. 2). The duration was measured from the
onset of the bolus when the amplitude increased
above baseline pressure to the termination at the
onset of the peristaltic manometric upstroke (see Fig.
2). The intrabolus pressure measurements were com-
pared to those obtained in 53 healthy individuals.11

24-Hour pH Monitoring

Twenty-four-hour distal esophageal pH moni-
toring was performed in 73 patients (73%). Proton
pump inhibitor medications were discontinued at
least 2 weeks before testing, and other medications

were discontinued at least 72 hours before testing.
The pH monitoring was performed, as previously
described, by positioning a glass pH electrode (Mui
Scientific, Toronto, Ontario, Canada) 5 cm above the
manometrically measured upper border of the LES.12
The electrode was connected to a digital recording
device (Microdigitrapper; Synectics Medical, Irving,
TX) and pH was continually monitored for 24 hours.
The patients’ diets were limited to foods having a
pH in the range of 5 to 7. The stored data were
transferred to a personal computer and analyzed using
a standard software package (Multigram; Gastrosoft,
Irving, TX). A composite score greater than 14.7
(ninety-fifth percentile of normal) denoted abnormal
esophageal acid exposure.13

Statistical Analysis

Statistical analysis was performed using SSPS
version 8.0 software (SPSS, Inc., Chicago, IL). The
Mann-WhitneyU test was used to compare the distri-
bution of continuous data between individual groups.
Values are expressed as medians and interquartile
range (twenty-fifth to seventy-fifth percentiles).

RESULTS

Eighty of the 100 patients were female, and the
median age for all patients was 54.5 years (range 23
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Fig. 2. (Left) Motility tracing of a hypertensive LES. Channels 4–7 demonstrate the 4 circumferential
side holes positioned in the LES high pressure zone. In response to 5 ml water increased residual pressures
are measured at the time of the upstroke of the peristaltic wave in the tracing 5 cm above the LES
(channel 3). (Right) Schematic analysis of the “ramp” intrabolus pressure 5 cm above the LES: a, half–
way mean intrabolus pressure; b, overall mean intrabolus pressure; c, bolus tail pressure; d, duration of
intrabolus pressure.

and 89 years). HTLES was present in 7.2% of the
total 1390 standard manometries performed at this
institution during the 3-year study period.
The most frequently reported symptoms for pa-

tients with HTLES were regurgitation in 75 patients
(75%), heartburn in 71%, dysphagia in 71%, chest
pain in 49%, and nausea in 51%. Twenty-one per-
cent of patients had all five of these symptoms, 41%
had four or more, and 72% had three or more. No

Fig. 3. Distribution of the severity of the five most frequently reported symptoms for patients with
HTLES.

patient was asymptomatic. The distribution of
the severity of these five symptoms is presented in
Fig. 3. As shown, moderately severe symptoms were
frequently reported for the symptoms regurgitation
and heartburn, whereas the symptom that patients
considered most frequently to be severe was dyspha-
gia. Although regurgitation was the most frequently
reported symptom overall, heartburn and dyspha-
gia were the most common primary presenting
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Fig. 4.Frequency of primary presenting symptoms for patients
with HTLES.

complaints (Fig. 4). The median duration of the pri-
mary symptoms was 3 years (range 2 to 408 months).
The resting LES pressure measurements for the

100 patients with HTLES are presented in Table 2.
Very high LES resting pressures were measured at
the respiratory inversion point in some patients, and
the ninety-fifth percentile value for HTLES group
was 49.5 mm Hg. Nutcracker esophagus, defined by
the presence of mean distal amplitudes in the distal
esophagus greater than 180 mm Hg, was present in
23 patients (23%). Thirty-eight patients had mano-
metric evidence of a hiatal hernia with a double hump.
As shown in Fig. 5, the residual LES relaxation

pressure was significantly higher in the patients with
HTLES (median 8.9 mm Hg; range 5.6 to 15.1
mm Hg) compared to a cohort of asymptomatic
volunteers (median 2.4 mm Hg; range 1.3 to 4.0 mm
Hg [P � 0.0001]).9 There was no significant differ-
ence in the other relaxation parameters in patients
with HTLES compared to the volunteer group (see
Table 2).
The mean (halfway) intrabolus pressure measured

5 cm above the LES was significantly higher in pa-
tients with HTLES (median 9.1 mmHg; range 5.4 to
13.3 mm Hg) compared to the intrabolus pressure
measured in 53 asymptomatic volunteers (normal

Table 2. Manometry measurements in 100 patients with HTLES

Measurements HTLES (median) HTLES (interquartile range) Normal (median) P value

Resting LES n � 100 n� 50
LES pressure (mmHg) 31.5 28–37.5 13.8 �0.0001
Overall length (cm) 3.6 3–4.2 3.6 0.27783
Intra-abdominal length (cm) 1.8 1.4–2.5 2.2 0.15294

LES relaxation n � 100 n� 40
Residual pressure (mmHg) 8.9 5.6–15.1 2.4 �0.0001
Nadir pressure (mmHg) 0.7 �2.1–4 — —
Duration of relaxation (sec) 8.1 7.7–8.6 8.4 0.46
Time to residual pressure (sec) 5.4 4.8–5.8 5.7 0.15

INTRABOLUS n � 100 n� 53
Mean overall pressure (mmHg) 8.9 5.7–13 — —
Mean half-way pressure (mmHg) 9.1 5.4–13.3 6 �0.0001
Bolus tail pressure (mmHg) 14.2 9.2–22 — —
Duration (sec) 4.6 3.6–5.7 5 0.2368

Fig. 5. LES residual pressure measured at the point coinciding
with the upstroke of the peristaltic wave 5 cm above the LES
in HTLES compared to normals.

values according to Nisim et al.11) (median 6.0 mm
Hg; range 3.8 to 8.0 mm Hg [P � 0.0001]) (see Fig.
6). There was no significant difference in the duration
of intrabolus pressure in patients with HTLES com-
pared to the 53 volunteers (P � 0.24).11 The median
and (twenty-fifth to seventy-fifth percentile) values
for the other intrabolus measurements for the
HTLES group are shown in Table 2.
There was no significant difference in any of the

manometric measurements other than distal esopha-
geal body contraction amplitudes for the subgroup
of 23 patients with a nutcracker esophagus compared
to the HTLES patients without a nutcracker esopha-
gus. Even with the inclusion of the patients with
nutcracker esophagus in the HTLES group, there
was no significant difference between the contraction
amplitudes measured at the two distal esophageal
body levels in patients with HTLES compared to a
cohort of 53 asymptomatic volunteers.11
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Fig. 6.Mean intrabolus pressure measured at the contraction
wave 5 cm above the LES in HTLES compared to normals.

There were no statistically significant associa-
tions between the preceding manometric measure-
ments and the presence or severity of the five most
frequent symptoms (Mann-Whitney U test; data
not shown). This lack of a significant association was
found even when the patients were divided according
to symptom severity scores, for example, between
HTLESpatients with no ormild dysphagia compared
to those with moderate or severe dysphagia. Patients
were divided into three groups according to LES
pressures (26 to 35 mmHg, n � 69; 36 to 46 mmHg,
n� 20;�46 mmHg, n � 11). An analysis (Wilcoxon
and Fisher) of the groups was made according to
graded (1 to 3) symptoms of the following: heartburn,
P � 0.35; chest pain, P � 0.43; regurgitation,
P � 0.32; dysphagia, P � 0.37; and nausea, P � 0.26.
The same tests were done with a subdivision of the
median LES pressures into two groups (�31.4 mm
Hg and �31.4 mm Hg). There was no statistical
difference between the groups.
There were also no significant differences between

the frequencies of symptoms in the group of 38
HTLESpatients with LES relaxation to normal levels
(residual pressure �7.5 mm Hg; ninety-fifth percen-
tile of normal) compared to the 62 patients with
incomplete relaxation (residual pressure �7.5 mm
Hg) (heartburn, P � 0.7912; chest pain, P � 0.6796;
regurgitation, P � 0.4355; dysphagia, P � 0.1517;

Table 3. Patterns of gastroesophageal reflux in patients with HTLES (% time pH � 4 in 24 hour
esophageal pH-study)

Total time Upright period Supine period Postprandial period
% time pH � 4 (normal �4.4%) (normal �8.4%) (normal �3.4%) (normal �8.2%)

Median 6.7 9.1 2.9 8.8
5th percentile 3.6 0 0 0
95th percentile 13.3 17.9 15.2 32.3

nausea, P � 0.9964). Chest pain was the only symp-
tom that was reported more frequently by patients
with an abnormally high bolus pressure (P � 0.0131).
Nineteen (26%) of the 73 patients with HTLES

who underwent 24-hour pH distal esophagal moni-
toring had increased acid exposure, as evidenced
by an increased composite (DeMeester) score. The
median DeMeester score among these patients was
22.7 (range 18.9 to 33.5). The total percentage of
time with a pH � 4 was 6.7% (normal range � 4.4%)
(Table 3). This abnormal acid exposure took place
in the upright and postprandial periods (see Table 3).
Most (14 [73%] of 19) of the patients with increased
distal esophageal acid exposure on 24-hour pH
monitoring presented with a primary symptom of
heartburn. The other primary symptoms included
regurgitation, chest pain, cough, asthma, and epigas-
tric pain.
Compared to a cohort of 300 patients with an

abnormal 24-hour pH score and symptoms but no
HTLES (209 males, 91 females), patients with
HTLES plus GERD had esophageal exposure to
pH � 4 for a significantly lower percentage for the
total monitored time (9.2% vs. 6.7%; P � 0.004)
(Fig. 7) and for the supine time (7% vs. 2.9%;
P � 0.02) (Fig. 8). The two groups were similar in
exposure time to pH � 4 during the upright period
and for the total number of single episodes of reflux,
or the total number of reflux episodes longer than 5
minutes (data not shown).

DISCUSSION

The pathophysiology and clinical significance of
the HTLES is uncertain.5,14–18 Previous studies with
heterogeneous groups of patients reported that the
most predominant symptoms were dysphagia (37%
to 100%) and chest pain (33% to 100%).2–5,14–17 In
contrast, we found that patients who had HTLES
presented most frequently with the typical reflux
symptoms of regurgitation (75%) and heartburn
(71%), although dysphagia (71%) and chest pain
(49%) were also frequently reported. The lower fre-
quency of chest pain in the current study compared
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Fig. 7. Total reflux (% pH � 4) in HTLES with GERD
compared to a cohort of patients with GERD but no HTLES
(Stem-and-Leaf Plot for GERD versus GERD � HTLES).

to other studies may reflect a tendency for patients
with chest pain to be referred to a gastroenterologist
rather than a surgeon. Regarding the primary symp-
toms alone, heartburn (35%) and dysphagia (23%)
were the prevailing complaints, whereas regurgitation
was the primary symptom in only 8% and chest
pain in 12%.
The patients with both HTLES and abnormal

esophageal acid exposure (n � 19) most frequently
reported having heartburn (74%), whereas 11% com-
plained of pulmonary symptoms such as cough or
asthma. This spectrum of symptoms is similar to that
reported by Katzka et al.17 who found that 50% of
patients presented with heartburn and 50% had chest
pain. We found no significant association between
the symptoms and any manometric measurement.
Waterman et al.5 also found no difference in the LES
parameters of the patients with or without dysphagia
or chest pain.

Fig. 8. Supine reflux (% pH � 4) in HTLES with GERD
compared to a cohort of patients with GERD but no HTLES
(Stem-and-Leaf Plot for GERD versus GERD � HTLES).

Although previous studies have reported that LES
relaxation is normal (�75% relaxation from the
LES resting pressure) in patients with HTLES,16,19
our assessment of LES dynamics indicates that LES
relaxation is frequently abnormal. Most of the pa-
tients in our study (62%) had incomplete LES relax-
ation after wet swallows, with a residual pressure
greater than 7.5 mm Hg (ninety-fifth percentile of
normal).9 It may be speculated that the abnormal
LES relaxation characteristics explain the patients’
complaints, but in our study the symptoms reported
by those with normal and abnormal LES relaxation
were similar.
We found that the mean “ramp” intrabolus pres-

sure was significantly elevated in patients with
HTLES compared to a group of normal individuals.
The intrabolus pressure is a waveform on esophageal
manometry that precedes the peristaltic upstroke re-
sulting from a swallow. The finding of an increased
intrabolus pressure in these patients, who have both
high resting LES pressures and incomplete LES re-
laxation, supports the possibility that the intrabolus
pressure is an indicator of esophageal outflow re-
sistance. Few previous studies investigated the intra-
bolus pressure, its modulation by bolus volume and
viscosity, and its association with esophageal outflow
obstruction. A study by Ren et al.,20 in which concur-
rent esophageal manometry and video fluoroscopy
were used, suggested that the pressure distribution
within the bolus results from both the force generated
by esophageal muscle contractions, which serves to
propel the bolus, and from the forces resisting the
bolus movement. These investigators concluded that
factors producing resistive forces may indirectly
affect pressure in the lumen-occluded region via
mechanisms that are not hydrodynamically deter-
mined, such as altered muscle preload or neurogenic
feedback mechanisms.20 If this concept is correct, the
elevated intrabolus pressure in patients with HTLES
may be an important indicator of the pressure gener-
ated by these resistive forces. Stein et al.21 suggested
that, compared to standard manometry, ambulatory
esophageal motility monitoring provides a more pre-
cise classification of esophageal motor disorders and
more sensitively detects abnormal esophageal motor
activity. An unpublished ambulatory manometry
study from this department found that significantly
increased bolus pressures were present in patients
with HTLES when either liquid or solid boluses
were ingested.
Contraction amplitudes consistent with a diagnosis

of nutcracker esophagus were found in 23% of the
patients with HTLES. The patients with elevated
esophageal body contraction amplitudes were more
likely to have chest pain. A nutcracker esophagus is
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common in patients with HTLES, and previous re-
ports documented this finding in up to 56% of pa-
tients with HTLES.3,5,15,18 In our study, manometric
measurements, apart from the distal esophageal body
contraction amplitudes, were similar in patients with
and without nutcracker esophagus. The cause of the
high distal esophageal body amplitudes remains un-
certain but may result, as proposed by Kaye,22 from
compensation of the smooth musculature adjacent to
the hypertensive sphincter.
Several methods have been used to assess the func-

tional significance of HTLES.5,18 Barium esophagog-
raphy studies reported by Waterman et al.5 found
either no anatomic abnormality or only a slight
narrowing of the gastroesophageal junction. Further-
more, there was no esophageal emptying abnormality
with the use of either liquid barium or solid boluses
in those studies, leading the authors to conclude that
themanometric diagnosis ofHTLESwas without any
significant relevance to bolus progression.5 In con-
trast, Freidin et al.18 identified a delay in bolus transit
through the gastroesophageal junction in 25% of
their patients with HTLES. Results of upper gastro-
intestinal endoscopy have been reported to be typi-
cally normal in patients with HTLES. Similarly,
scintigraphic esophageal emptying studies have found
either normal transit or only minimal retention.3,15–17
Twenty-six percent of the patients with HTLES

who underwent 24-hour pH monitoring in our study
had increased esophageal acid exposure. This finding
is very similar to that reported by Katzka et al.17 who
considered that transient LES relaxations were likely
to account for the apparent paradox of abnormal
reflux in patients with this disorder. Somewhat sur-
prisingly, we were not able to demonstrate decreased
LES resting residual or nadir pressures in HTLES
patients with GERD compared to HTLES patients
without GERD. Because only patients with normal
esophageal body function were in the study group,
reduced esophageal clearance is unlikely to be the
cause of the increased acid exposure found in some pa-
tients in our study. Similar to Katada et al.,17 we also
found no correlation between the DeMeester score
and the residual pressure among the patients with a
positive pH test.3
We found a significantly lower total and supine

percentage of time with a pH� 4 in patients with
HTLES when compared to a cohort of 300 patients
with GERD. Others have similarly shown that pa-
tients with both HTLES and GERD have less reflux
than thosewithGERDwithoutHTLES, and patients
with HTLES rarely develop advanced grades of
esophagitis.17 Of the 10 patients with HTLES and
GERD who underwent endoscopy in the study by
Katzka et al.,17 nine had normal examination results.

It is possible that the hypertensive LES may offer
protection from increased reflux, especially in the
supine position.
The treatment of HTLES remains controversial.

Our study suggests that there is an outflow obstruc-
tion in HTLES, and this should therefore be the
focus of any therapy. Smooth muscle relaxants such
as calcium channel blockers or nitroglycerin are the
usual first treatments offered to symptomatic pa-
tients.23 The more severe or resistant cases may
require pneumatic dilatation, botox injection, or my-
otomy.23–25
Because there is no evidence to suggest that

HTLES is caused by gastroesophageal reflux, we
assume that the high pressure in the LES and the gas-
troesophageal reflux should be addressed separately.
If both conditions are separate entities, medical man-
agement would resolve into a trial of antacid therapy
to address the reflux. Katza et al.17 successfully treated
nine patients who had bothHTLES and gastroesoph-
ageal reflux with antirefluxmedication. Another three
patients in their series did not respond to medication
and were referred for fundoplication, again with good
results. According to their report, the addition of a
myotomy would appear to be unnecessary, and we
must assume that the hypertensive LES is also related
to the reflux. Patients who do not have gastroesopha-
geal reflux have been treated successfully with calcium
channel blockers, but long-term follow-up is lack-
ing.3,26 A surgical antireflux procedure will control
reflux and is an essential addition for patients who
undergo myotomy. Champion et al.27 have already
reported on 16 patients with a hypertensive LES who
underwent myotomy and posterior fundoplication
with good results. A total fundoplication would not
be contraindicated because the body motility in these
patients is adequate.
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Effect of Colonic Distention on Ileal Motor Activity
With Evidence of Coloileal Reflex
Ahmed Shafik, M.D., Ph.D., Ali A. Shafik, M.D., M.Ch., Ismail Ahmed, M.D., M.Ch.

Chyme delivery from the ileum to the colon is controlled by various neurologic and hormonal factors,
many of which remain to be identified. In this report we investigated the effect of colonic distention on
ileal motility with the aim of identifying the mechanism of chyme delivery from the ileum to the
colon. The right colon of 16 healthy volunteers (12 men and 4 women; mean age 36 � 9 years standard
deviation) was distended by a balloon that was filled with saline solution in increments of 20 ml. The
pressure response of the terminal ileum to the colonic distention was recorded by a saline-perfused
tube.The testwas repeated innine subjects after the colonic segment around theballoonwas anesthetizedby
xylocaine injection into the colonic wall. Twenty and 40 ml colonic distention produced no significant
ileal pressure response. Colonic distention with 60 ml produced an increase in colonic pressure (P � 0.05),
as measured by intraballoon pressure, and a decrease in ileal pressure (P � 0.05); a similar response
was achieved with 80 ml distention. At 100 ml colonic distention, the balloon was dispelled to the
transverse colon. Distention up to 100 ml of the anesthetized colonic segment produced no significant
colonic or ileal pressure response.Theflowof chyme from the small to the large gut appears to be controlled
by a reflex mechanism that we call the “coloileal reflex.” Whenever the right colon is distended with
a substantial volume of chyme that increases the intraluminal pressure, it is suggested that ileal relaxation
occurs, which delays the emptying of chyme from the ileum. (J GASTROINTEST SURG 2003;7:701–705)
� 2003 The Society for Surgery of the Alimentary Tract, Inc.
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The movements of the intestine are under neural,
myogenic, and hormonal control.1 The intestinal in-
nervation is made up of intrinsic and extrinsic com-
ponents that control the intestinal movements. In
addition, the volume and composition of gut contents
play a role in variations of motility patterns.1–3 The
extrinsic component comprises long and short extrin-
sic reflex pathways via the spinal cord and prevertebral
ganglia.4–7 The intrinsic component consists of the
myenteric (Auerbach’s) and the submucosal (Meissn-
er’s) plexuses.8 These plexuses contain some sensory
neurons that receive information regarding the com-
position of the intestinal content (chemoreceptors)
and the degree of expansion of the intestinal wall
(mechanoreceptors) from nerve endings near the epi-
thelial layer and in the smooth muscle layer.5,9–11
The intestinal motor activity is responsible for the

aboral movement of the chyme inside the small intes-
tine until it reaches the colon. The process of chyme
delivery to the colon is probably under the control
of neurologic and hormonal factors; however, the
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control mechanisms have thus far remained poorly
understood.12–14 In the current study, we investigated
the effect of colonic distention on the motility of the
terminal ileum aiming to identify the mechanism of
chyme delivery from the ileum to the colon.

MATERIAL AND METHODS
Subjects

The study comprised 16 healthy volunteers (12
men and 4 women) who had a mean age of 36.4 � 9.2
years standard deviation (SD) (range 24 to 43 years).
They had had no gastrointestinal complaints in the
past and had none at the time of presentation. Phy-
sical examination, including neurologic assessment,
was normal. Results of laboratory tests were unre-
markable, and abdominal ultrasound images were
normal. Informed consent was obtained from all sub-
jects, and the study was approved by the Faculty
Review Board and Ethics Committee of our insti-
tution.
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Methods

The subjects were instructed to fast for 12 hours
before the test, and the bowel was evacuated by saline
enema. The right colon was distended by means of a
thin polyethylene infinitely compliant balloon, 3 cm
in diameter, which was attached to the end of a 10 F
tube (LondonRubbers Industries Ltd., London,UK).
The pressure that was measured within the balloon
was considered to be representative of the colonic
pressure. A metallic clip was applied to the distal end
of the tube for fluoroscopic control.
With the subject lying in the left lateral position

and under no medication, the collapsed balloon was
introduced per anus into the right colon under endo-
scopic guidance. The tube was connected to a strain
gauge pressure transducer (Statham P 23bb Med-
tronic, Oxnard, CA). Its location in the colon during
the test was controlled fluoroscopically when we no-
ticed a change in the length of the tube section that
was lying outside the anal orifice.
The ileal pressure was measured by means of a

saline-perfused tube. A 10 F tube, with multiple side
ports at its distal closed end, was introduced through
the anus, under endoscopic control to lie in the termi-
nal ileum 8 to 10 cm proximal to the ileocecal junc-
tion. A metallic clip was attached to the distal end
of the tube for fluoroscopic control. The tube was
connected to a pneumohydraulic capillary infusion
system (Arndorfer Medical Specialties, Greendale,
WI), supplied with a pump that delivered saline solu-
tion continually via the capillary tube at a rate of 0.6
ml/min. The transducer outputs were registered on a
rectilinear recorder (RS-3400, Gould Inc., Cleveland,
OH). Occlusion of the recording orifice produced a
pressure elevation of greater than 250 cm H2O/sec.
Prior to pressure recording in the colon and ileum,

the balloon in the colon and the manometric tube
in the ileum were allowed a 20-minute period for gut
adaptation. The colonic balloon was then filled with
saline solution in increments of 20 ml up to 100 ml
and at a rate of 1 to 3 seconds, and the pressure
response of the terminal ileum to colonic distention
was registered. The pressure in the colonic balloon
remained constant during distention. The test was
performed in the cecum and in the middle and upper
third of the ascending colon. The balloonwas deflated
when moved to the part to be examined.

Anesthesia of the Colon

Nine of the 16 subjects consented to undergo test-
ing of the ileal response to distention of the anesthe-
tized colon, whereas seven did not participate in this
part of the test. The colon was anesthetized with 10
ml of 2% xylocaine (Astra, Södertälje, Sweden) added

to 10ml of normal saline solution. Through a colono-
scope the anesthetic solution was injected bymeans of
a needle into the colonic wall at multiple sites around
the location of the balloon. The ileal pressure re-
sponse to colonic balloon distention in increments of
20 ml was recorded 20 minutes after xylocaine injec-
tion and 3 hours later when the effects of anesthesia
had waned. On another day, the test was repeated
using normal saline solution instead of xylocaine.
The reproducibility of the results was ensured by

repeating the recordings and measurements at least
twice in the same subject, and then calculating the
mean values. The results were analyzed statistically
using Student’s t test, and values were given as
means � standard deviation (SD). A value ofP � 0.05
was considered significant. One-way analysis of vari-
ance with Dunnett’s post test was also performed
using GraphPad Prism version 3.00 for Windows
(GraphPad Software, Inc., San Diego, CA).

RESULTS

No adverse side effects were encountered during or
after the tests, and all of the volunteers were evaluated.
The mean resting colonic pressure was 6.8 � 1.2 cm
H2O and ileal pressure was 7.2 � 1.1 cm H2O
(Table 1). On colonic balloon distention with 20 and
40 ml of saline solution, no changes in the colonic or
ileal pressures were recorded (P � 0.05 and P � 0.05,
respectively; Fig. 1, A; see also Table 1). Colonic
distention with 60 ml produced a significant rise in
colonic pressure (P � 0.05) and a decrease in ileal
pressure (P � 0.05; see Table 1). Colonic distention
with 80 ml produced colonic and ileal pressure re-
sponses similar to those of the 60 ml distention, with

Table 1. Effect of colonic distention on
ileal pressure

Pressure (cm H2O)

Colonic Ileal
Distending
volume (ml) Mean Range Mean Range

0 (basal) 6.8 � 1.2 5–9 7.2 � 1.1 5–10
20 6.4 � 1.2 5–9 6.9 � 1.1 5–10
40 6.7 � 1.2 5–10 7.3 � 1.1 5–11
60 18.4 � 4.6* 14–22 2.3 � 0.7* 1.8–3
80 20.5 � 5.1* 15–23 2.2 � 0.7* 1.5–3
100 46.6 � 7.5* 38–58 2.1 � 0.6* 1.2–2.8

↑† ↓†

Values presented as mean � standard deviation.
*P � 0.05; Significant using Student’s t test when compared with
basal value.
†P � 0.0001; significant using one-way analysis of variance across
values.
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Fig. 1. Pressure tracing showing the colonic (a) and ileal (b) pressure responses to colonic balloon
distention with (A) 40 ml, (B) 80 ml, (C) 100 ml, and (D) 100 ml of saline solution at 20 minutes after
the colon is anesthetized. The increase in pressure at the beginning of the recording represents the
resting pressure. ↑ � distention.
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no significant difference (P � 0.05; see Table 1 and
Fig. 1, B). The decrease in ileal pressure lasted as
long as the colonic balloon remained distended; on
deflation of the balloon, the ileal pressure rose to
the basal value. On colonic distentionwith 100ml, the
colonic pressure increased to amean of 46.6 � 7.5 cm
H2O (P � 0.01), and the balloon was dispelled to
the transverse colon (see Table 1). The ileal pressure
showed a temporary decrease to a mean of 2.1 � 0.6
cm H2O (P � 0.05; Fig. 1, C) followed by an increase
to the basal value.
One-way analysis of variance across the values

showed that the increase in the distending vol-
ume produced a significant increase (P � 0.0001) in
the colonic pressure and a significant decrease
(P � 0.0001) in the ileal pressure (see Table 1).
The aforementioned results were recorded with no
significant difference whether the test was performed
in the cecum or in the middle and upper third of the
ascending colon (P � 0.05).

Effect of Colonic Anesthesia

Twenty minutes after the colon had been anesthe-
tized, colonic distention up to 100 ml caused no sig-
nificant change in the ileal or colonic pressure
(P � 0.05; Fig. 1, D). Three hours later, it caused
ileal and colonic pressure changes similar to those
before anesthesia (P � 0.05 and P � 0.05, respec-
tively). Distention of the saline-injected colon pro-
duced ileal and colonic pressure responses similar
to those before saline infiltration (P � 0.05).
The aforementioned results were reproducible

with no significant difference when the recordings
and measurements were repeated in individual
subjects.

DISCUSSION

The current study may shed some light on the
mechanism of transit of the intestinal contents from
the small intestine to the colon. The colonic balloon
distention with various volumes presumably simulates
the filling of the colon with varied amounts of luminal
contents delivered from the ileum.
The study has shown that colonic or ileal pressure

did not respond to colonic balloon distention with
small volumes. This finding probably indicates that
the colonic filling with small volumes of chyme does
not interfere with the passage of intestinal contents to
the colon; the chyme continues to flow to the colon.
However, colonic distention with large volumes caus-
ing an increase in colonic pressure or wall tension
led to a decrease in ileal pressure supposedly signi-
fying ileal relaxation.We suggest that this ileal relaxa-

tion functions to retard the flow of intestinal contents
from the ileum to the colon, thus delaying transit of
distal ileal content in the colon. It delays the emptying
of additional chyme from the ileum entering the colon
until the latter evacuates by itself. Meanwhile, stasis
of chyme in the terminal ileum appears to allow time
for absorption of intestinal contents, as has also been
mentioned by other investigators.15,16
The decreased ileal pressure and presumably re-

lated ileal hypotonia were maintained as long as
the colonic distention was continued. Meanwhile, the
colonic pressure increased on increase of colonic dis-
tention, whereas the ileal pressure decrease remained
constant. Colonic distention with bigger volumes
moved the balloon to the transverse colon; this was
followed by normalization of ileal pressure. Emptying
of the colon and normalization of ileal pressure would
allow the flow of chyme into the colon.
The current findings do not contradict those re-

ported by Cohen et al.,17 who showed that the high
pressure at the “ileocecal junction” decreased with
ileal balloon distention and was elevated with colonic
balloon distention. This effect allows chyme to pass
to the cecumwhen the ileum is distended with chyme,
and increases the pressure within the ileocecal junc-
tion on colonic balloon distention to prevent further
passage of chyme from the ileum. The results of the
current study add to the findings of Cohen et al.;
thus, when the colon is distended, the “ileum” relaxes
while the “ileocecal junction” pressure increases.
Both actions presumably prevent chyme from reach-
ing the distended colon.
The mechanism of colonic distention inducing

the decline in ileal pressure needs to be clarified. The
enteric nervous plexus contains sensory neurons or
mechanoreceptors that receive information regarding
the degree of expansion of the intestinal wall.5,9–11 It
appears that the mechanoreceptors in the colonic
wall are stimulated by balloon distention. Impulses
are probably transmitted intramurally through the
enteric nervous plexus with a resulting decrease in
ileal pressure.

The Coloileal Reflex

The current findings demonstrate a hitherto un-
recognized relationship between colonic distention
and ileal pressure. The ileal pressure response to co-
lonic distention affirms the hypothesis of the possible
involvement of a reflex, which we term “coloileal
reflex.” The constancy of this reflex relationship is
evidenced by reproducibility and by its absence on
blockingof the intramural neural plexus of the colon, a
possible armof reflex.The coloileal reflex is suggested
to be evoked only on colonic distention with large
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volumes, thus preventing flooding of the colon and
allowing it to evacuate itself. Small-volume colonic
distention did not initiate the reflex.

CONCLUSION

The flow of chyme from the small to the large
intestine seems to be partially controlled by the col-
oileal reflex, which regulates the aboral transit of the
ileal contents. Whenever the right colon is distended
with large volumes of chyme, ileal relaxation occurs,
which delays the emptying of additional chyme from
the ileum. The coloileal reflex is believed to be a
neurally mediated reflex.

We thank Margot Yehia and Waltraut Reichelt for their assistance
in the preparation of the manuscript.
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Patients With Crohn’s Disease Are Unaware of the
Risks That Smoking Has on Their Disease
William R. Ryan, B.A., Catherine Ley, Ph.D., Robert N. Allan, M.D., Ph.D., F.R.C.P.,
Michael R.B. Keighley, M.S., F.R.C.S.

Smoking, both in quantity and duration, increases the risk of recurrent Crohn’s disease (CD) and the
need for surgical treatment of CD. This study assessed awareness among patients with CD of the risks
of smoking on their disease. We distributed self-administered questionnaires to 714 CD patients under
follow-up at theUniversityHospital Birmingham,United Kingdom.We asked the patients eight multiple-
choice (yes/uncertain/no) questions about the effects of smoking on health and on CD.We also determined
relevant patient demographics, smoking history, and medical history. A total of 312 patients completed the
questionnaire. Patients acknowledged the dangers of smoking on overall health (91.5%), lung cancer
(89.6%), lung disease (90.8%), and cardiovascular disease (85.3%). Employed, educated, and homeowning
patients demonstrated significantly more recognition of these smoking risks. Conversely, few patients
recognized that smoking increases the risks of development of CD (9.5%) and of reoperation for CD
(12.0%). Moreover, few patients recognized that both the quantity of cigarettes smoked (11.4%) and
the duration of smoking (17.4%) increase the risk of reoperation. Patients with CD are unaware of the
risks that smoking has on their disease, indicating a need for increased patient education with regard to
the effects of smoking on CD. ( J GASTROINTEST SURG 2003;7:706–711) � 2003 The Society for Surgery
of the Alimentary Tract, Inc.

KEY WORDS: Smoking, Crohn’s recurrence, awareness of risk

Crohn’s disease (CD) is a nonspecific chronic,
transmural, inflammatory disease affecting any part
of the gastrointestinal tract, particularly the ileocecal
region. Recurrence of CD after surgical resection is
common. There is good reason to identify ways to
prevent recurrence of CD. Only 12% of patients with
CDmaintain a relapse-free course 10 years after diag-
nosis.1 Seventy percent to 90% of patients with CD
undergo resectionwithin 10 years of diagnosis.2,3 Fur-
thermore, the rates of symptomatic postoperative re-
currence are approximately 6% of patients at risk per
year, 30% to 33% at 5 years, and 44% to 60% at
10 years.2 Eventually, more than half of the patients
treated surgically will require one or more reopera-
tions for recurrence.3,4 The effectiveness of adjuvant
medication in preventing reoperation for recurrence
is variable. 5-ASA compounds may reduce the risk of
recurrence of ileal CD, but only five studies have
demonstrated any such benefit.5–9
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Many studies have implicated tobacco smoking as
a possible exacerbating factor for CD.10–12 Several
studies have concluded that CD patients who smoke
are more likely to require earlier andmultiple surgical
treatments for recurrence.13–18 In clinical practice,
we have found that few CD patients appreciate that
smoking may accelerate the course of the disease.
Thus we undertook a survey among CD patients in
the United Kingdom to determine their awareness
that smoking has an exacerbating effect on CD. No
previous study has investigated this particular area of
patient awareness.

MATERIAL AND METHODS
Sample

Our target population consisted of all 714 CD
patients followed up in the Department of Surgery,
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University Hospital Birmingham NHS Trust, Bir-
mingham, England. The Department of Surgery
maintains a computer database of all patients with a
diagnosis of CD. The database provided medical
data on disease site, demographics, surgical history,
and smoking practices.We distributed a self-adminis-
tered questionnaire by mass mailing to all patients in
the database. We also distributed this questionnaire
in person during July and August 2000. Informed
consent was obtained from all study subjects. We
offered no remuneration to the patients for complet-
ing the survey. Both the Human Subjects Ethics
Committee of StanfordUniversity and theUniversity
of Birmingham Hospital Local Research Committee
approved this study.

Questionnaire

The focus of the questionnaire was a series of eight
multiple-choice (yes/uncertain/no) questions regarding
the effects of smoking on health. Additionally, the
questionnaire ascertained demographic information
(sex, ethnicity, age, employment status, home owner-
ship, and level of formal education), medical history
(number of operations for CD, family history of CD,
family history of ulcerative colitis), and history of
smoking.Wedefineda smoker as apersonwhosmokes
five ormore cigarettes perweek.We assessed smoking
habits by asking subjects (1) if they had ever smoked,
(2) what year they had started, (3) if they had
smoked since their first operation for CD (if appli-
cable), (4) how many cigarettes, on average, they
smoked per day and per week, (5) how many ounces
of pipe tobacco they smoked per week, (6) how many
cigars they smoked per week, and (7) if they still
smoked, and if not, what year had they stopped.

Statistical Analysis

After obtaining the number and proportion of
yes, uncertain, and no responses for each question,
we stratified the distribution of responses according
to the following pertinent patient characteristics: age,
sex, race/ethnicity, employment status, home owner-
ship, education, number of operations for CD, family
history of CD, family history of ulcerative colitis, and
smoking status. To determine the influence of these
socioeconomic, behavioral, and outcome factors on
the answers to the eight questions, we calculated the
relative proportions (relative risks) of each stratified
category to answer either yes, uncertain, or no. We
calculated the confidence intervals for each relative
proportion at a 95% confidence level. We grouped
smoking history into three categories (current,
former, and never), age into four categories (20 to
34 years, 35 to 49 years, 50 to 64 years, and 65�

years), and formal education level into three catego-
ries (no formal education, secondary education only,
and post-secondary education [university degree,
professional qualification, or postgraduate qualifica-
tion]). Moreover, we condensed ethnicity from six
categories (white, Asian, Chinese, African, Afro-Ca-
ribbean, and other) into two (white and nonwhite).

RESULTS

A total of 312 patients completed the question-
naire. The response rate was 43.6%. Demographic,
medical, and smoking characteristics for all respon-
dents are presented in Table 1.
The number and proportion of the yes, uncertain,

and no responses for the eight questions are presented
in Table 2. The majority of the patients recognized
that smoking was a health hazard (92%) and was
associated with lung cancer (90%), lung disease
(90%), and cardiovascular disease (85%).Patientswho
were employed, those who were homeowners, and
those who had attained a post–secondary education

Table 1. Demographic, medical, and smoking
characteristics for all 312 respondents

Age (yr) Mean (�SD) 49.2 (�15.27)
Range 20 to 83

Gender Men 116 (37%)
Women 196 (63%)

Race/ethnicity White 303 (97%)
Nonwhite 9 (3%)

Employment Employed 171 (55%)
Unemployed 87 (29%)
Retired 54 (17%)

Home owner Yes 222 (71%)
No 87 (28%)

Education levels No secondary 100 (32%)
education

Secondary education 133 (43%)
only

Post-secondary 79 (25%)
education

Number of 0 24 (8%)
operations for CD 1 (only) 105 (33%)

1� 288 (92%)
2� 183 (59%)
3� 100 (32%)
4� 52 (17%)
5� 27 (9%)

Family history of CD 61 (20%)
Ulcerative colitis 56 (18%)

Smoking status Current 99 (32%)
Former 90 (29%)
Never 119 (38%)
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Table 2. Patient awareness of smoking as a risk factor for morbidity and development and
recurrence of Crohn’s disease*

No. of % of Home Post-secondary 65� years/
Question Answer patients patients† Smoker‡ Employed‡ owner‡ education† retired†

1. Do you think that smoking is dangerous to one’s health?
Yes 282 92 — 3.3 (1.3–9.1) 1.2 (1.1–1.4) 1.1 (1.07–1.2) —
Uncertain 19 6.2 — — — — —
No 7 2.3 — — — — —
Missing 4

2. Do you think that smoking increases the risk of lung cancer?
Yes 275 90 — 4.6 (1.8–12.5) 3.5 (1.6–7.6) 1.1 (1.05–1.2) —
Uncertain 24 7.8 2.5 (1.1–5.9) — — — —
No 8 2.6 — — — — —
Missing 5

3. Do you think that smoking increases the risk of lung disease?
Yes 277 91 — 3.9 (1.5–4.3) 2.3 (1.4–5.3) 1.1 (1.02–1.2) —
Uncertain 21 6.9 — — — — 3.2 (1.4–7.3)
No 7 2.3 — — — — —
Missing 7

4. Do you think that smoking increases the risk of cardiovascular disease?
Yes 261 85 — 2.4 (1.3–4.8) 2.5 (1.4–4.6) 1.1 (1.02–1.2) —
Uncertain 36 12 — — — — —
No 9 2.9 — — — — —
Missing 6

5. Do you think that smoking increases the risk of developing Crohn’s disease?
Yes 29 9.5 — — — — —
Uncertain 207 68 — — — — —
No 70 23 — — — — —
Missing 6

6. Do you think that smoking increases the risk of requiring additional operations for Crohn’s disease?
Yes 37 12 — — — — —
Uncertain 204 66 — — — — —
No 66 22 — — — — —
Missing 5

7. Do you think that the number of cigarettes smoked increases the risk of requiring additional operations for Crohn’s disease?
Yes 67 11 — — — — —
Uncertain 205 67 — — — — —
No 35 22 1.6 (1.06–2.6) — — — —
Missing 5

8. Do you think that the duration of smoking increases the risk of requiring additional operations for Crohn’s disease?
Yes 53 17 — — — — —
Uncertain 186 61 — — — — —
No 66 22 — — — — —
Missing 7

*Other possible influential factors from Table 1 had no significant impact on patient awareness (other ages: 20–34 years, 35–49 years, 50–64
years); race: white, nonwhite; other education levels: no secondary education, secondary education only; operative experience for Crohn’s
disease: 0, 1, 2� operations; family history of Crohn’s disease, family history of ulcerative colitis; former smokers; nonsmokers.
†Denominator excludes missing responses.
‡Values are relative proportions and 95% confidence intervals. P � 0.05 for all values shown (P � 0.05 for values not shown).

level demonstrated significantly more recognition of
these four risks. Each of these three patient categories
had higher relative proportions of yes responses to
questions 1 to 4, all of which were statistically signifi-
cant (see Table 2). Smokers had significantly less
recognition of the concept that smoking increases the

risk of lung cancer. Smokers had a higher relative pro-
portion of uncertain answers to question 2, which
was statistically significant (see Table 2). Similarly,
patients aged 65 and over and retired patients demon-
strated significantly less recognition of the concept
that smoking increases the risk of lung disease.
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Patients aged 65 and over and retired patients (all of
whom were 65 and older) also had a higher relative
proportion of uncertain responses to question 3, which
was statistically significant for both (see Table 2).
In contrast, a minority of the patients recognized

that smoking increases the risk of developing CD
(9.5%), that smoking increases the risk of requiring
additional operations for CD (12%), or that the
number of cigarettes smoked or the duration of smok-
ing increases the risk of requiring additional opera-
tions for CD (11% and 17%, respectively). Most
patients chose the response uncertain for questions 5
through 8. Smokers demonstrated significantly less
recognition of the concept that the number of ciga-
rettes smoked increases the risk of requiring addi-
tional operations for CD. Smokers had a higher
proportion of no answers to question 7, which was
statistically significant (see Table 2). None of the
other factors we examined had a significant impact
on the awareness of the effects of smoking on CD.

DISCUSSION

Information regarding the risks of smoking on
health, lung cancer, lung disease, and cardiovascular
disease is widely available throughout the developed
world. Our sample of CD patients expressed a cultur-
ally receptive acknowledgment of the risks smoking
has on health, lung cancer, lung disease, and cardio-
vascular disease. We assume that Western society, in
general, would recognize these risks in a similar
fashion as in the case of these CD patients. Thus, on
the basis of the distribution of responses to questions
1 to 4, we infer that the patients in our sample did
have an understanding of the inherent dangers of
smoking that is reflective of the understanding of
society in general.
Appropriately, patients of a higher socioeconomic

status, as measured by their being employed, owning
their own homes, and/or having a higher education,
demonstrated an increased awareness of these four
particular risks of smoking. We found that all three
of these patient characteristics had statistically sig-
nificant positive associations with one another. This
allowed us to group them into one higher socioeco-
nomic status category. We expected socioeconomic
status to have an enhancing impact on this particular
area of awareness because of the increased access
to and availability of information for wealthier and
more educated patients. Similar to our expectations,
smokers were less likely to agree with the concept
that smoking increases the risk of lung cancer. Smok-
ers are also less likely to be home owners, placing
them generally at a more disadvantaged socioeco-
nomic level, which may have had some influence on

their responses in the questionnaire. Nevertheless,
85.3% of the patients who smoke still responded to
question 2 with a yes answer, underscoring the general
acceptance among society of the dangers of smoking.
As the public smoking cessation movement is a rela-
tively new phenomenon, patients aged 65 and over
and retired patients demonstrated a lower awareness
of (or agreement with) the concept that smoking in-
creases the risk of lung disease. This is an expected
generational effect on awareness. Furthermore, we
found that older patients were generally less educated.
This lack of education may have had some indirect
influence in the 65� year patients’ and retired pa-
tients’ responses in the questionnaire. Nevertheless,
81.3% of patients aged 65 and over, as well as 80.0%
of retired patients, still responded to question 3 with a
yes, again underscoring the general acceptance among
society of the dangers of smoking.
Notwithstanding, the patients in our sample did

not demonstrate much awareness of the dangers of
smoking specifically with regard to Crohn’s disease.
The high prevalence of an uncertain response to ques-
tions 5 to 8 demonstrated their uncertainty concern-
ing the effects of smoking on CD. Neither the
socioeconomic indexes nor age had an impact in this
particular instance. Only patients who were smok-
ers appropriately showedmore uncertainty than other
patients in their recognition of the notion that the
number of cigarettes smoked increases the risk of
requiring reoperation. The fact that there were very
few factors influencing the understanding of the ex-
acerbating effects of smoking on CD further illus-
trates the widespread lack of awareness among CD
patients of the harmful effects of smoking on their
disease.
This evidence of a general lack of awareness of the

exacerbating effects of smoking on CD indicates that
there is a need for more patient education concerning
the harmful effects of smoking on CD. This study
stands to motivate the medical community caring for
patients with CD to provide more information to
patients about the specific dangers of smoking with
regard to CD. With more information, patients
with CD can make healthier decisions concerning
the treatment of their disease and the lifestyle they
choose. Furthermore, recommendations to quit smok-
ing, smoking cessation programs, and subsequent
patient compliance could reduce the recurrence
of CD and, likewise, the need for additional surgical
intervention.
We accept the limitations of this survey. The selec-

tion bias inherent in a 43.6% response rate compro-
mises the ability to generalize the results from this
sample. We did not have either the time or the staff
to telephone those patients who did not respond.
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Furthermore, many patients were away over the holi-
day period during which the questionnaires were
dispatched. Nevertheless, the distribution of sex, sur-
gical history, and smoking behavior of the sample of
enrolled patients resembled that of the target popula-
tion (Table 3). Sixty-three percent (n � 196) of the
sample patients were women, 58% (n � 413) of the
target population were women, and 92% (n � 288)
of the sample and 89% (n � 633) of the target popula-
tion had undergone at least one operation for CD.
Moreover, 32% (n � 99) of the sample and 37.4%
(n � 267) of the target populationwere smokers. This
similarity suggests that the responders, although only
43.6% of the whole, were representative of our target
patient population.
Even so, biases may have been present in our target

population. The majority of the target population
(58%) and the respondents (63%) were women,
whereas CD affects men and women equally.1,3 How-
ever, because sex has no significant impact on the
patients’ answers, the generalizability of the conclu-
sions can be justified. The fact that 97% of the pa-
tients claimed to be “white” must also be considered
when generalizing the results to other more racially
heterogeneous populations. However, the low inci-
dence of CD among nonwhite patients is represen-
tative, even in our multiethnic society, as CD usually
only affects second- or third-generation Asians
(meaning Indians in the United States) to the same
extent as white persons. The surgical nature of this
patient cohort also may have biased these responses.
A large proportion of the sample had had surgical
treatment of their CD. However, the operation rate
for a single resection almost matched the expected
proportions of 70% to 90%.
Biases may also exist as a result of our study design.

Any self-administered questionnaire is subject to the
errors of recall bias (in the case of dates), lack of
patient knowledge (in the case of dates, family history
of CD, and family history of ulcerative colitis), and
guilty feelings (in the case of smoking habits, educa-
tion, employment status, and home ownership). Such

Table 3. Sex, surgical history, and smoking
practices of enrolled patient sample and
target population

Patient Target
Characteristic sample population

No. of female patients (%) 196 (63%) 413 (58%)
No. of patients with at least 288 (92%) 633 (89%)
one operation for CD (%)

No. of smokers (%) 99 (32%) 267 (37%)

factors may have produced erroneous reports in the
questionnaire, particularly with respect to determin-
ing smoking practices, family history of CD, and
family history of ulcerative colitis.
The sequence of the questions about awareness of

the adverse effects of smoking— that is, having the
questions on general health, lung cancer, lung dis-
ease, and cardiovascular disease precede the questions
pertaining to Crohn’s disease—may have influenced
some respondents to infer an association with CD in
the same way as the previous questions. Even so, the
fact that so few patients responded affirmatively to
the questions pertaining to CD demonstrates a lack
of awareness in this population of the dangers of
smoking with regard to CD.
We conclude that although patients with CD are

aware of the hazardous effects of smoking on general
health, lung cancer, lung disease, and cardiovascular
disease, they are unaware of the risks of smoking with
regard to the development and recurrence of CD.
This study demonstrates the need for more patient
education concerning the particular harmful effects
of smoking on CD.
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