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Objective
To compare the results of open versus laparoscopic repair for
perforated peptic ulcers.

Summary Background Data
Omental patch repair with peritoneal lavage is the mainstay of
treatment for perforated peptic ulcers in many institutions.
Laparoscopic repair has been used to treat perforated peptic
ulcers since 1990, but few randomized studies have been
carried out to compare open versus laparoscopic procedures.

Methods
From January 1994 to June 1997, 130 patients with a clinical
diagnosis of perforated peptic ulcer were randomly assigned
to undergo either open or laparoscopic omental patch repair.
Patients were excluded for a history of upper abdominal sur-
gery, concomitant evidence of bleeding from the ulcer, or
gastric outlet obstruction. Patients with clinically sealed-off
perforations without signs of peritonitis or sepsis were treated
without surgery. Laparoscopic repair would be converted to
an open procedure for technical difficulties, nonjuxtapyloric
gastric ulcers, or perforations larger than 10 mm. A Gast-
rografin meal was performed 48 to 72 hours after surgery
to document sealing of the perforation. The primary end-
point was perioperative parenteral analgesic requirement.
Secondary endpoints were operative time, postoperative pain
score, length of postoperative hospital stay, complica-

tions and deaths, and the date of return to normal daily
activities.

Results
Nine patients with a surgical diagnosis other than perforated
peptic ulcer were excluded; 121 patients entered the final
analysis. There were 98 male and 23 female patients re-
cruited, ages 16 to 89 years. The two groups were compara-
ble in age, sex, site and size of perforations, and American
Society of Anesthesiology classification. There were nine con-
versions in the laparoscopic group. After surgery, patients in
the laparoscopic group required significantly less parenteral
analgesics than those who underwent open repair, and the
visual analog pain scores in days 1 and 3 after surgery were
significantly lower in the laparoscopic group as well. Laparo-
scopic repair required significantly less time to complete than
open repair. The median postoperative stay was 6 days in the
laparoscopic group versus 7 days in the open group. There
were fewer chest infections in the laparoscopic group. There
were two intraabdominal collections in the laparoscopic
group. One patient in the laparoscopic group and three pa-
tients in the open group died after surgery.

Conclusions
Laparoscopic repair of perforated peptic ulcer is a safe and
reliable procedure. It was associated with a shorter operating
time, less postoperative pain, reduced chest complications, a
shorter postoperative hospital stay, and earlier return to nor-
mal daily activities than the conventional open repair.

Peptic ulcer perforation is a common surgical emergency
and a major cause of death in elderly patients.1,2 There is,
however, disagreement as to the relative merits of nonopera-

tive treatment, simple closure, or a definitive acid-reduction
procedure for perforated peptic ulcers. Nonoperative treatment
of perforated peptic ulcers was shown to be effective.3 How-
ever, the uncertainty in diagnosis, the potential delay for treat-
ment in nonresponders, and the unreliable response in elderly
patients make it difficult to be applied to all clinical situations.

In the past two decades, there has been a change in the
pattern of perforated peptic ulcer disease in affecting old
and infirm patients, with a high association with nonsteroi-
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dal antiinflammatory agents.4–11 They seldom require any
definitive procedure, which is associated with increased
rates of perioperative death and complications.12 Helicobac-
ter pylori is now the recognized culprit of the majority of
patients with duodenal and gastric ulcers, and posteradica-
tion ulcer recurrence is uncommon.13–15 Acid-reduction
procedures are not required for this group of patients. As a
result, simple closure of the perforation with an omental
patch has become the favored management approach in
many institutions. It is technically straightforward and reli-
able and is also the preferred approach for high-risk
patients.16–22

Laparoscopic cholecystectomy has become the standard
procedure for removal of diseased gallbladder, superseding
open cholecystectomy because it reduces pain, the wound
complication rate, and the length of hospital stay.23 The
advantages of laparoscopic repair of perforated peptic ulcers
are less apparent. We conducted a randomized trial to com-
pare the outcome of laparoscopic and open omental patch
repair for perforated peptic ulcers.

PATIENTS AND METHODS

All patients diagnosed clinically with perforated peptic
ulcers were prospectively randomized to undergo either
conventional open or laparoscopic suture omental patch
repair. The study protocol was approved by the hospital
ethics committee before the trial began. Informed consent
for randomization to laparoscopic or open omental patch
repair was obtained from all patients, with no refusals.

Patients older than 16 with a perforated peptic ulcer were
eligible for the study unless they had previous upper ab-
dominal surgery, concomitant evidence of peptic ulcer
bleeding, or gastric outlet obstruction. No patient was ex-
cluded because of poor surgical risk. Patients with clinically
sealed-off perforations without signs of peritonitis or sepsis
were treated without surgery. Patients with a surgical diag-
nosis other than perforated peptic ulcer were excluded at
surgery and the clinical details were recorded.

Randomization was performed after the decision was
made for surgery; it took place in the operating room control
room by a person not otherwise involved in the clinical
setting, after obtaining consent from the patient. Random-
ization was undertaken by consecutively numbered opaque
sealed envelopes containing the treatment options, which
were assigned by computer-generated random numbers.

Surgical Procedures

All patients received intravenous fluids, nasogastric cath-
eter decompression, and parenteral analgesics before sur-
gery. Intravenous Cefuroxime (Glaxo-Wellcome, Mid-
dlesex, UK) (750 mg) was given every 8 hours after the
clinical diagnosis of perforated peptic ulcer was made, and
surgery was to be performed as soon as the operating room
was ready.

All open repairs were performed according to standard
techniques described in surgical textbooks and were done
by registrars supervised by consultants.24,25 We used an
upper midline incision. After identification of the site of the
perforation, a healthy piece of omentum was drawn under
an arch of full-thickness polygalactin (Vicryl; Ethicon,
Johnson & Johnson, Brussels, Belgium) sutures placed on
either side of the perforation, and the sutures were tied.
Thorough peritoneal toilet followed. No drain was left in
accordance with the standard routine at our institution. The
abdominal wound was infiltrated with 0.25% Bupivacaine
(Astra Pharmaceuticals Pty Ltd, NSW, Australia) at the end
of the procedure.

Laparoscopic repair was performed by a team of four
surgeons (one consultant, two senior registrars, one regis-
trar) who were experienced in laparoscopic cholecystec-
tomy and had undergone laboratory laparoscopic suturing
training. Under general anesthesia and muscle relaxation,
the patient was placed in a Lloyd-Davis position with re-
verse Trendelenburg tilt. The operating surgeon stood be-
tween the patient’s thighs. The open method was used for
insertion of the initial 10-mm umbilical port. A 30° laparo-
scope was then introduced. Two additional working ports
were inserted at the level of the transpyloric plane at the
midclavicular line on both sides. A 10-mm cannula was
inserted in the left subcostal region to facilitate the insertion
of sutures. After initial exploration of the peritoneal cavity,
the pyloroduodenal region was meticulously searched for
the perforation. If the omentum was attached to the sus-
pected perforation site, the omentum was gently pulled
away with forceps to assess the underlying pathology. In-
strumental compression of the antrum of the stomach and
the first part of the duodenum facilitated identification by
inducing escape of fluid and bubbles from the perforations.
The degree of peritoneal soiling was noted, and peritoneal
fluid was sampled by a suction device for microbiologic
examination. The size of the perforation was measured with
reference to the size of the jaws of a laparoscopic grasper.
Laparoscopic procedures were to be converted to open for
nonpyloric gastric ulcer perforation, perforations larger than
10 mm, or whenever technical difficulties were encoun-
tered. A 10-mm perforation was arbitrarily chosen as the
cut-off point for large perforation, for which patch repair
may not be the procedure of choice.

We have reported our single-stitch laparoscopic repair
method previously.26 A Szabo-Berci “parrot jaws” needle
driver (Karl-Storz, Tuttlingen, West Germany) was used for
suturing. The needle and suture were introduced through the
10-mm operating port on the left. Liver retraction was
maintained by blunt dissection forceps placed in the right
subcostal port. A single stitch (3-0 polygalactin half-circle
round-bodied needle) was applied with a good bite of full-
thickness healthy tissue taken longitudinally across the mid-
dle of the perforations. The ulcer edges were approximated
by intracorporeal knotting, with two identical half knots
forming a square knot followed by a third and opposite half
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knot. The same stitch was then passed through a piece of
omentum and another three throws of knot was performed
to anchor the omental patch over the repaired site. Thorough
peritoneal lavage was performed with pressurized warm
normal saline, and all the purulent exudates and irrigation
fluid were aspirated before closure. No drain was used. All
the port sites were infiltrated with 0.5% bupivacaine after
closure.

Postoperative Management and
Follow-Up

After surgery, a standardized analgesic regimen was ad-
ministered (1 mg/kg intramuscular pethidine every 4 hours
on request) for pain relief. Intravenous cefuroxime was
continued for at least 5 days. An independent assessor
visited every patient in the morning to record the clinical
progress, analgesic requirements, and pain score (by visual
analog scale of a 10-cm horizontal line without graduations)
on postoperative days 1 and 3. All patients received a
Gastrografin meal through the nasogastric tube 48 to 72
hours after surgery to document sealing off of the perfora-
tion. Feeding was resumed as soon as ileus subsided. Pa-
tients were assessed by independent surgeons for discharge
if they could tolerate a normal diet, could fully ambulate,
and required only oral analgesics. Both the independent
assessor and in-charge surgeons were not blinded with
respect to study groups.

All patients received the same instructions to return to
normal activity and to work, and they were requested to
keep a diary of the date of resumption of full daily activities
and work. Patients were then reviewed at the outpatient
department at 4 weeks, 3 months, and 6 months after sur-
gery. Upper gastrointestinal endoscopies were performed 8
weeks after surgery to assess healing of the ulcers and
evaluate the Helicobacter status, and the patients were then
treated accordingly.

Endpoints

The primary endpoint was perioperative parenteral anal-
gesic requirement. Secondary endpoints were operating
time, postoperative pain score, length of postoperative hos-
pital stay, complications and deaths, and the date of return
to normal daily activities.

Data Collection

Standardized data collection was performed by the reg-
istrar in charge of the patients. Operative time was defined
as the time from the first incision to the placement of the last
suture. We noted all operative and postoperative complica-
tions. Conversion of a laparoscopic procedure to an open
procedure was not regarded as a complication. Wound in-
fection was defined as the presence of pus or sanguinopu-
rulent discharge at the surgical site. Chest infections were

diagnosed by radiographic evidence of pulmonary changes
with or without a fever of more than 39°C or positive
cultures from sputum. The length of postoperative stay was
defined as the number of days in the hospital after surgery,
inclusive of the day of surgery. Systolic blood pressure less
than 90 mm Hg on admission was defined as shock. Patients
with severe abdominal pain more than 24 hours before
admission were defined as having a delayed presentation.

Statistical Analysis

Data were collected on standard forms and were prospec-
tively entered into a computer database. Preoperative data
comprised characteristics of the patients, history, physical
examination findings, and laboratory and imaging tests.

In a previous report by Tate et al,27 laparoscopic repair of
perforated peptic ulcers required significantly fewer analge-
sic injections than open repair (median 2 vs. 4 doses, P �
.048, Mann-Whitney test). Based on our data, we estimated
the median number of analgesic injections was three for
laparoscopic and five for open repair. Assuming a pooled
standard deviation of three, and assigning � � 0.05 and � �
0.1, a minimum of 47 patients had to be recruited in each
limb. Assuming a 10% rate of nonperforated peptic ulcer
operative diagnosis, the sample size needed was calculated
to be 60 patients per group.

We analyzed data according to the intent-to-treat princi-
ple; all patients with a surgical diagnosis of perforated
peptic ulcer were included in the final analysis. For descrip-
tive purposes data are presented as mean with standard
deviations or medians with quartiles for quantitative vari-
ables, and as absolute and relative frequencies for qualita-
tive variables. Discrete variables were expressed as counts
and percentages. Continuous data are expressed as mean
with standard deviation, with calculation of the probability
value to measure the significance of differences. The Stu-
dent t test was used for comparisons of continuous vari-
ables. Categorical and binary variables were tested by the
two-tailed Pearson chi-square test with Yates correction or
Fisher exact test if more than 20% of the cells in the
frequency tables had an expected frequency below 5. The
Mann-Whitney test was used for other non-parametric
quantitative data. All statistical tests were two-tailed at the
probability level of 0.05. Calculations were done with
SPSS/PC statistical software (Chicago, IL, version 8.0).

RESULTS

From January 1994 to June 1997, 146 patients with a
preoperative diagnosis of perforated peptic ulcer were iden-
tified, 16 of whom were excluded from randomization (9
patients with previous upper abdominal operations, 5 with
concomitant ulcer bleeding, 2 with evidence of gastric out-
let obstruction). One hundred thirty patients were random-
ized and nine patients recruited into the study with a surgi-
cal diagnosis other than perforated peptic ulcer were
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excluded after randomization from the final data analysis
(Fig. 1). During the same period, another 10 patients with
perforated peptic ulcer who underwent laparotomies were
not recruited because of an uncertain preoperative
diagnosis.

Sixty-three patients in the laparoscopic group and 58
patients in the open group entered final analysis. The de-
mographic characteristics of the two groups are shown in
Table 1. They were similar in age range, sex distribution,
and American Society of Anesthesiology (ASA) classifica-
tion status. The sites and sizes of ulcer perforations were
comparable in both groups. The two groups were also
comparable in other preoperative characteristics such as
shock on admission, duration of pain longer than 24 hours,
previous history of peptic ulcer disease, and recent con-
sumption of nonsteroidal antiinflammatories. No patient
was reported to have a history of recent cocaine consump-
tion. Boey et al28 reported that major medical illness, pre-
operative shock, and longstanding perforation (more than
24 hours) were considered poor prognostic factors. The two
groups in this study were similar in these characteristics. In
our study, we found that hypotension could not reliably
predict outcome, and all patients admitted with hypotension
survived.

Figure 1. Trial profile.

Table 1. PATIENT DEMOGRAPHICS

Laparoscopic
Repair

(n � 63)
Open Repair

(n � 58) P Value

Mean (SD) age 53.8 years (18.4) 56.1 years (19.0) .50*
Sex .36†

Male 53 (84.1%) 45 (77.6%)
Female 10 (15.9%) 13 (22.4%)

Pain �24 hours 1 6 .11‡
Admission blood pressure �90 mm Hg 2 3 .66‡
ASA classification .86†

I 33 29
II 18 19
III 8 8
IV 4 2

Boey poor prognostic factors .7
0 50 44
1 11 10
2 2 3
3 1

Ulcer history 11 15 .26†
Smoking 48 42 .63†
Alcohol 16 16 .79†
Nonsteroidal antiinflammatory use 14 12 .84†
Site of perforations .14†

Duodenum 45 (71.4%) 48 (82.8%)
Pylorus 2 (3.2%) 4 (6.9%)
Prepyloric 15 (23.8%) 6 (10.3%)
Stomach 1 (1.6%)

Mean (SD) size of ulcer perforations 5.2 mm (4.9) 4.7 mm (3.0) .52*

* t test; † chi-square test; ‡ Fisher exact test.
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Five patients (two in the laparoscopic group, three in the
open group) were found to have omentum adhered to the
perforated ulcers; the omentum was gently removed to
uncover the perforations, and repairs were performed ac-
cordingly. Laparoscopic repair was completed in 54 patients
(87%). There were nine conversions: three patients had
perforated nonpyloric gastric ulcers, three had unidentifi-
able perforations, two had perforations larger than 10 mm,
and one had bleeding during suturing.

A comparison of various outcome parameters for the two
groups is shown in Tables 2 and 3.

The mean operative time for laparoscopic repair was 42
minutes, significantly shorter than for open repair (52.3
minutes). Patients who underwent laparoscopic repair re-
quired significantly less parenteral analgesics than the open
group, and more than half of the patients in the laparoscopic
group did not ask for any pethidine injection. Patients in the
laparoscopic group had a lower visual analog pain score on
postoperative days 1 and 3 (P � .001). There was no
difference between the two groups in the timing of removal

of nasogastric tube or intravenous fluids or the timing of full
diet resumption.

There were significantly fewer chest infections in the
laparoscopic group than in the open group (0 vs. 7, P �
.005). One patient in the laparoscopic group early in our
series had leakage after repair and required open drainage.
Another patient in the open group had a confined radiologic
leak that responded to conservative treatment. Wound com-
plications occurred in two converted patients in the laparo-
scopic group; one had a wound infection and the other had
wound dehiscence. Although there were seven wound in-
fections in the open group, the difference did not reach
statistical significance when compared with the laparo-
scopic limb. There were two patients with intraabdominal
collections in the laparoscopic group: one of them had
leakage from the repaired site and required reoperation, and
the other patient was managed by percutaneous drainage.
Three patients in the laparoscopic group were reoperated on,
one for leakage, another for gastric outlet obstruction, and
the last one for wound dehiscence. A patient in the open
group required a second operation for wound dehiscence.

One patient in the laparoscopic group and three in the
open group died in the postoperative period. All of these
patients belonged to ASA III or IV groups and were older
than 75. One patient with a narcotic overdose died of chest
infection. Another diabetic patient had perioperative aspi-
ration and died of adult respiratory distress syndrome. The
third patient died of multiorgan failure secondary to sepsis.
The only patient in the laparoscopic group to die did so of
multiorgan failure; this patient had diabetes, hypertension,
atrial fibrillation, nephropathy, thyrotoxicosis, and recent
cerebrovascular accident (Table 4).

Patients in the laparoscopic group were discharged earlier
than patients who had open procedures. Patients in the
laparoscopic group were also able to return to normal ac-
tivities earlier than patients in the open group (10.4 vs. 26.1
days, P � .001) (see Table 2).

Four patients in the laparoscopic group were found to
have late wound complications. Umbilical sepsis developed
in one patient, and another patient reported persistent pain in

Table 2. RESULTS

Laparoscopic Open P Value

Operative duration (minutes),
mean (SD)

42.0 (25.1) 52.3 (24.8) .025*

Number of intramuscular
analgesics injections,
median (range)

0 (0–11) 6 (1–30) �.001†

Pain scores, mean (SD)
Day 1 3.5 (1.4) 6.4 (1.3) �.001*
Day 3 1.6 (1.1) 3.3 (1.1) �.001*

Nasogastric tube duration,
median (range)

3 (2–33) 3 (1–8) .28†

IV fluid duration, median
(range)

4 (2–35) 4 (2–26) .09†

Resume diet day, median
(range)

4 (3–35) 5 (3–24) .06†

Postop. hospital stay,
median (range)

6 (4–35) 7 (4–39) .004†

Return normal activities day,
mean (SD)

10.4 (6.9) 26.1 (15.1) .001*

* t test; † Mann-Whitney test.

Table 3. OUTCOME ACCORDING TO
BOEY’S ADMISSION POOR PROGNOSTIC

FACTORS

Survived Died P Value

Systolic blood pressure
�90 mm Hg

5 0 1*

Pain �24 hours 7 1 .22*
ASA III or IV 22 3 .02*

* Fisher exact test.

Table 4. DEATH AND COMPLICATIONS

Laparoscopic Open P Value

Wound infection 2 7 .086*
Chest infection — 7 .005*
Radiologic leakage 1 1 —
Intraabdominal

collection
2 0 .49*

Prolonged ileus 1 2 .61*
Reoperation 5 1 .25*
Death 1 3 .35*
Wound or port site

complications
4 8 .14*

* Fisher exact test.
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the umbilical wound. In one patient, a port site hernia
developed at 3 months follow-up and required surgical
repair. The patient who underwent conversion had inci-
sional hernia after reoperation for wound dehiscence. Five
patients in the laparoscopic group required reoperation;
when compared with the open group, there was no signifi-
cant difference.

Eight patients in the open group had delayed wound
problems: two patients with hypertrophic scars and six with
persistent painful abdominal scars.

DISCUSSION

Advances in the medical treatment of peptic ulcer disease
have led to a dramatic decrease in the number of elective
ulcer surgeries performed. Nonetheless, the number of pa-
tients requiring surgical intervention for complications such
as perforations remains relatively unchanged.1,4–7 Minimal
access surgery has assumed an ever-expanding role in gas-
trointestinal surgery since the introduction of laparoscopic
cholecystectomy. Laparoscopic cholecystectomy has rap-
idly become a standard practice in most parts of the world
for elective cholecystectomy, but the role of laparoscopic
surgery for perforated peptic ulcer is not well defined.

The total trauma incurred by a patient undergoing an
operation is the sum of the access trauma and the surgical
procedural trauma. When the access trauma of a midline
laparotomy is relatively large compared with the procedural
trauma of patch repair for perforated peptic ulcer, the benefit
of minimal-access laparoscopic surgery will be maxi-
mized.27 The laparoscopic approach reduces the access
trauma, can confirm or refute the diagnosis, and can be used
to perform the same repair procedure and lavage as open
omental patch repair.26,29–53 It has been advocated by others
as a way of performing diagnostic laparoscopy to confirm or
disprove the diagnosis, and if the perforation is already
sealed off by omentum, it is left alone and peritoneal lavage
is performed laparoscopically.40,41

After the initial reports30,31 of laparoscopic treatment of
perforated peptic ulcer, different techniques of ulcer closure
had been tried; suturing,35 gelatin sponge and fibrin
glue,29,46,47 stapled omental patch repair,38,39 and gastros-
copy-aided insertion of the ligamentum teres hepatis.32

Other workers advocated the use of a gastroscopic-guided
omental plug to close the perforation.51 In our series of
laparoscopic repairs, we adopted the suture closure method
because it is based on the principle of conventional open
repair and does not require additional foreign bodies.

The first randomized trial comparing laparoscopic versus
open repair of perforated peptic ulcer showed that laparo-
scopic repair took significantly longer but required fewer
postoperative analgesics.47 The laparoscopic repair method
used in that trial was different from our reported method;26

the reported operative times for laparoscopic suture and
laparoscopic sutureless method were 112.9 and 74.8 min-
utes, respectively. The short operative time in the laparo-

scopic repair was largely related to our modification of the
laparoscopic closure technique. By applying one single
stitch across the perforation and using the same suture to
anchor the omentum, cumbersome multiple interrupted su-
turing is avoided.26 The majority of the ulcer perforations
were small, and we found this single-suture closure tech-
nique safe in such circumstances. Laparoscopic repair is,
however, technically more demanding, and surgeons need
specific training in laparoscopic suturing technique.

The results of our randomized controlled study in a large
group of patients showed that when compared with open
repair, laparoscopic repair is associated with a shorter op-
erative time, reduced postoperative pain and analgesic re-
quirements, a shorter hospital stay, and earlier return to
normal daily activities. The complication rate for laparo-
scopic repair was low; the laparoscopic procedure was
associated with fewer chest infections and potentially less
wound infection compared with open repair.

Laparoscopic surgery minimizes postoperative wound
pain and encourages early mobilization and return to normal
daily activities. The benefit of early discharge and early
return to work may outweigh the consumable cost incurred
in the execution of the laparoscopic procedures.

The role of laparoscopic surgery in emergencies is well
documented.54 The change of disease pattern in perforated
peptic ulcer favors a simple repair procedure. With the
demonstrated benefit in our trial, laparoscopic repair of
perforated peptic ulcers should be the procedure of choice.
Laparoscopy should be incorporated into the general sur-
geon’s armamentarium for the management of patients with
peritonitis.

In conclusion, this study has shown that laparoscopic
suture omental patch repair confers benefits on patients in
the form of reduced postoperative pain, less chest infection,
a shorter hospital stay, and an earlier return to normal
activities.
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