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Abstract

Background Laparoscopic surgery has become popular

during the last decade, mainly because it is associated with

fewer postoperative complications than the conventional

open approach. It remains unclear, however, if this benefit

is observed after laparoscopic correction of perforated

peptic ulcer (PPU). The goal of the present study was to

evaluate whether laparoscopic closure of a PPU is as safe

as conventional open correction.

Methods The study was based on a randomized con-

trolled trial in which nine medical centers from the Neth-

erlands participated. A total of 109 patients with symptoms

of PPU and evidence of air under the diaphragm were

scheduled to receive a PPU repair. After exclusion of 8

patients during the operation, outcomes were analyzed for

laparotomy (n = 49) and for the laparoscopic procedure

(n = 52).

Results Operating time in the laparoscopy group was

significantly longer than in the open group (75 min versus

50 min). Differences regarding postoperative dosage of

opiates and the visual analog scale (VAS) for pain scoring

system were in favor of the laparoscopic procedure. The

VAS score on postoperative days 1, 3, and 7 was significant

lower (P \ 0.05) in the laparoscopic group. Complications

were equally distributed. Hospital stay was also compara-

ble: 6.5 days in the laparoscopic group versus 8.0 days in

the open group (P = 0.235).

Conclusions Laparoscopic repair of PPU is a safe pro-

cedure compared with open repair. The results considering

postoperative pain favor the laparoscopic procedure.

Introduction

The incidence of perforated peptic ulcer (PPU) has declined

over the past several years because of the introduction of

anti-ulcer medication and Helicobacter eradication therapy
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[1, 2]. Nevertheless the incidence and mortality of PPU is

5–10%. The mortality will increase up to 50% if the perfo-

ration exists for more than 24 h [3, 4]. There are several

options for treatment of PPU, but the preferred treatment is

surgery by upper abdominal laparotomy [5, 6].

Mouret et al. published the first results of laparoscopic

repair in 1990 [7]. He concluded that it was a good method

that probably reduced postoperative wound problems and

adhesions. After the success of laparoscopic cholecystec-

tomy and other laparoscopic procedures, it was thought that

patients would have less pain and a shorter hospital stay

after laparoscopic correction of PPU [8, 9]. Various studies

have shown that laparoscopic suturing of the perforation is

feasible, but there is still no proof of real benefits of lap-

aroscopic correction [3, 6, 10–12]. Therefore we performed

a multicenter randomized trial comparing open correction

of PPU with laparoscopic repair.

Methods

Participants

Patients with symptoms of the clinical diagnosis of PPU were

included in nine medical centers in the Netherlands partici-

pating in the LAMA (LAparoscopische MAagperforatie)

trial between March 1999 and July 2005. Eligible patients

were informed of the two surgical approaches and were

invited to participate in the study. Exclusion criteria were the

inability to read the Dutch language patient information

booklet, inability to complete informed consent, prior upper

abdominal surgery, and current pregnancy. The ethics

committees of all participating institutions approved the trial.

Randomization

Surgeons contacted the study coordinator after the patients

had provided informed consent and randomization took

place by opening a sealed envelope. The envelope ran-

domization was based on a computer-generated list pro-

vided by the trial statistician.

Surgical procedure

All patients received intravenous antibiotics prior to oper-

ation and were allocated for Helicobacter pylori eradica-

tion therapy according to established guidelines [13]. The

open surgical procedure was performed through an upper

abdominal midline incision. Closure of PPU was to be

achieved by sutures alone or in combination with an

omental patch. After repair of the defect cultures were

drawn from the peritoneal fluid, after which the peritoneal

cavity was lavaged. During lavage it was permissible to

insufflate the stomach to test for leakage of the closed

defect. No method was specified for closing the abdomen.

Laparoscopic repair was performed with the patient and

the team set up in the ‘‘French’’ position. Trocars were

placed at the umbilicus (video scope) and on the left and

right midclavicular line above the level of the umbilicus

(instruments). If necessary a fourth trocar was placed in the

subxiphoid space for lavage or retraction of the liver.

Surgeons were free to use either 0� or 30� video scopes for

the procedure. The rest of the procedure was identical to

that described above for open repair. No method was

specified for closing the trocar incisions.

Postoperative follow-up

Postoperative pain was scored by means of a visual analog

scale (VAS) for pain on days 1, 3, 7, and 28 ranging from 0

(no pain) to 10 (severe pain). In addition, the days during

which opiates were used by the patients were registered.

All complications, minor and major, were monitored. The

treating surgeons determined time of discharge on the basis

of physical well-being, tolerance of a normal diet, and

ability to use the stairs. For this reason, this was an

unblinded trial. Postoperative hospital stay without cor-

rection for time spent in hospital as a result of non-medical

reasons (inadequate care at home) was calculated. Patients

were invited to attend the outpatient clinic at 4 weeks,

6 months, and one year postoperatively. They were asked

to complete forms related to pain and use of analgesics.

Statistical analysis

Data analysis was carried out according to the intention-to-

treat principle as established in the trial protocol. Data were

collected in a database, and statistical analyses were per-

formed with the Statistical Package for Social Sciences for

Windows (SPSS 15.0, SPSS Inc., Chicago, IL). A

researcher blinded to the nature of the procedures per-

formed all data analyses. The primary outcome of the trial

was duration of hospital stay. The power analysis was

performed on basis of a reduction in hospital stay by

1.5 days (10–8.5 days from admission) in favor of the

laparoscopically treated group using a b of 0.80 and an a of

0.05. This resulted in a trial size of 50 patients per group.

The Pearson chi-squared test was used to compare cate-

gorical variables, and the Mann-Whitney U-test was used

to compare continuous variables as we could not assume

normal distribution because of the relatively small num-

bers. In Tables 1–6 medians and interquartile ranges (IQR)

are reported. All data were analyzed according to the

intention-to-treat principle; i.e., patients remained in their

assigned group even if during the procedure the surgeon

judged the patient not to be suitable for the technique
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assigned or if conversion was required. Null hypotheses

were tested two-sided and a P value of 0.05 or less was

considered statistical significant.

Results

Patients

A total of 109 patients were included in the trial based on a

high suspicion of PPU (Fig. 1). Eight patients were

Table 1 Baseline parameters

IQR interquartile range,

difference between 25th

percentile and 75th percentile;

BMI body mass index

ASA American Society of

Anesthesiologists Association

score

Laparoscopic repair Open repair P value

n = 52 n = 49

Male:female ratio 1.3:1 1.9:1

Median age (years) ? IQR 66 (25.8) 59 (29.5) 0.185

Median BMI (kg/m2) ? IQR 23 (4) 22 (5) 0.118

Median duration of symptoms (h) ? IQR 11 (17) 11 (19) 0.948

Median blood pressure systolic (mmHg) ? IQR 125 (38.5) 130 (36.5) 0.457

Median blood pressure diastolic (mmHg) ? IQR 75 (25.5) 75 (24.5) 0.596

Median heart rate (beats/min) ? IQR 88 (34.0) 92 (21) 0.403

Median body temperature (�C) ? IQR 36.9 (0.92) 36.8 (1.5) 0.658

Mannheim Peritonitis Index ? IQR 19.5 (8.25) 16 (14) 0.386

Median white cell count (9109/l) ? IQR 12.1 (8.9) 12.1 (7.75) 0.467

Median ASA score ? IQR 1.0 (1.0) 1.5 (1.0) 0.902

Table 2 Intraoperative findings
Laparoscopic repair Open repair P value

n = 52 n = 49

Median size of perforation (mm) ? IQR 10.0 (7.0) 7.0 (6.0) 0.379

Number of patients with defect

Pyloric 8 12

Postpyloric 20 14

Prepyloric 19 22

Median volume of lavage (ml) ? IQR 1,000 (1,500) 1,000 (1,425) 1.000

Median bloodloss (ml) ? IQR 10.0 (40.0) 10.0 (50.0) 0.423

Skin to skin time (min) ? IQR 75 (47.2) 50 (25.5) 0.000

Table 3 Postoperative complications

Laparoscopic

repair

Open

repair

P value

n = 52 n = 49

Pneumonia 2 1

Respiratory insufficiency 1 3

ARDS 1

Cardiac problems 2 2

Sepsis 3 1

Leakage at repair site 2

Abscess 3

Ileus 1

Fascial dehiscence 1

Wound infection 3

Urinary tract infection 2

Incisional hernia 1

Cerebrovascular accident 1

Death 2 4

Total complications 12 24 0.061

Total of patients with

complications C1

9 (18%) 15 (36%)

Table 4 Duration of hospital stay, nasogastric decompression

Laparoscopic

repair

Open

repair

P value

n = 52 n = 49

Median hospital

stay (days) ?

IQR

6.5 (9.3) 8.0 (7.3) 0.235

Median duration

of nasogastric

decompression

(days) ? IQR

2.0 (3.0) 3.0 (1.3) 0.334
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excluded during operation because no gastric perforation

was detected or a defect in other parts of the digestive tract

was uncovered. Data for these patients were not collected

and the patients were excluded from further analysis. The

remaining 101 patients made up the study population; their

baseline parameters are given in Table 1. Fifty-two patients

were randomized for laparoscopic repair and 49 for open

repair of the perforation. Forty patients were female. The

mean age of the patients was 61 years. The BMI (body

mass index) was equally distributed between the groups,

with a median of 22.5. Patients in both groups had been

suffering from symptoms for a mean duration of 11 h, and

those in the laparoscopy group presented with a median

Mannheim Peritonitis index [14] of 19.5, whereas those in

the open group had a median Mannheim Peritonitis index

of 16.

Thirty patients reported the use of non-steroidal anti-

inflammatory drugs (NSAIDs; 17 laparoscopic versus 13

open), and 10 patients used proton pump inhibitors (6

laparoscopic versus 4 open). Patient history revealed gas-

tric ulcer disease in 19 patients.

Intraoperative findings

The discovered ulcer perforations were found to have a

mean diameter of 10 mm, which did not differ between

groups (Table 2). Location of the perforated ulcers was

distributed equally between groups. Defects were located

Table 5 Postoperative pain
Median VAS pain score Median VAS pain score P value

Laparoscopic repair Open repair

Day 1 ? IQR 3.8 (3.0) 5.15 (2.5) 0.001

Day 3 ? IQR 2.1 (2.5) 3.0 (2.4) 0.035

Day 7 ? IQR 1.0 (2.0) 1.85 (2.8) 0.036

Day 28 ? IQR 0.3 (0.7) 0.0 (1.7) 0.748

Table 6 Postoperative opiate

usage
Opiate requirement Opiate requirement P value

Laparoscopic repair Open repair

Median duration (days) ? IQR 1.0 (1.25) 1.0 (1.0) 0.007

Mean duration (days) ± SD 1.0 ± 0.9 1.6 ± 0.9 0.007

116 patients identified 

7 not randomized (no data available due to transfer to other hospitals) 

109 patients randomized 

8 randomized but not analyzed (2x no perforation found, 5x bowel perforation,  

1x invagination ileum) 

52 in laparoscopic repair group   49 in open repair group 

48 laparoscopic repairs 

4 conversions 

VAS score day 1, 3,7 

4 weeks outpatient follow-up 

6 & 12 months follow-up 

Fig. 1 Patient flow chart
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in the prepyloric region (n = 41), the postpyloric region

(n = 34), and at the pylorus (n = 20). The median volume

of lavage fluid used was 1,000 ml (range: 100–5,000 ml).

The surgeon decided the amount of lavage used. There was

no consensus on how much was necessary. Median blood

loss did not differ between groups. Skin-to-skin time dif-

fered by 25 min, favoring open repair of PPU (Table 2).

Intraoperative complications

Conversion to open surgery was required in four patients

(8%). Reasons for conversion included the inability to

visualize the ulcer defect because of bleeding (n = 1/52;

2%), inability to reach the defect because of perforation in

the vicinity of the gastroduodenal ligament and because of

a dorsal gastric ulcer (n = 2/52; 4%), and inability to find

the perforation (n = 1/52; 2%).

Postoperative complications

Complications were statistically equally distributed

between the two groups (Table 3). There were 12 com-

plications in 9 patients in the laparoscopic group and 24

complications in 15 patients in the open group. Mortality

was 4% in the laparoscopic group and 8% in the open

group. In the laparoscopic group death was caused by

sepsis due to leakage at the repair site. In the open group 3

patients died because of pulmonary problems (ARDS,

pneumonia), and 1 patient died after complications fol-

lowing a cerebrovascular accident (CVA) combined with

respiratory insufficiency.

Discharge

Time to discharge was similar for the two groups, with a

median difference of 1.5 days (Table 4). Nasogastric

decompression could be stopped after 2–3 days in both

groups (Table 4).

Pain

Visual analog pain scores were in favor of laparoscopic

repair (Table 5; p \ 0.005). Although the median duration

of opiate use in the two groups was 1.0, the mean duration

in the open group was found to be 0.6 days longer than in

the laparoscopic group (Table 6).

VAS appearance of scar

The VAS score for appearance of the scar left by the

respective procedures (subjectively recorded in the same

way as pain) differed by 2.3 points, favoring the laparo-

scopic procedure (7.7 vs. 5.4; P = 0.033)

Discussion

The need for surgery for PPU has declined enormously in

Europe and America with reported rates ranging from 50%

to 80%, thanks to effective gastric acid-reducing medica-

tion [15]. For this reason, as well as because many sur-

geons prefer upper laparotomy, it took more time than

expected to include 100 patients in our study. Reasons

given by surgeons who prefer open repair were that it is a

more familiar procedure and it can be completed faster

than laparoscopy. It was also noted that patients often

undergo operation at night, when the surgeon on call was

not always laparoscopically trained.

Other randomized trials have already shown the feasi-

bility of laparoscopic repair of PPU [3, 4, 6, 10]. Only a

few had more than 100 patients, and some emphasized

results from subgroups of patients [8, 11, 12]. We did not

subdivide our patients and included patients with risk

factors for developing sepsis or conversion [10].

In eight of the original 109 patients (7%) it became

evident during the operation that the patient had a diagnosis

different from PPU. In the patients who were randomized

for laparoscopy this discovery revealed the benefit of lap-

aroscopy as a diagnostic procedure indicating either an

upper or lower abdominoplasty or continuation of the

laparoscopy [16]. Conversion rate in the laparoscopy group

was 8% (4/52). This is much lower than that reported in

literature, where conversion rates as high as 60% were

found [3, 4, 6]. This maybe partially explained by the fact

that only trained and experienced laparoscopic surgeons

(those performing at least 50 laparoscopic procedures a

year) participated in this trial, confirming the belief that

this procedure should only be done by experienced sur-

geons [3–5].

Operating time was significantly longer in the laparos-

copy group (75 min versus 50 min), which is comparable

to reports in the literature [3, 10]. A possible explanation

for the longer operative time is that laparoscopic suturing is

more demanding [9, 17], especially if the edges of the

perforation are infiltrated and friable. Sutures easily tear

out and it is more difficult to take large bites and to tie

knots properly. Use of a single-stitch method described by

Siu et al. [18], fibrin glue, or a patch might solve this

problem [12, 19]. Another reason for the increase in

operating time is the irrigation procedure. Irrigating

through a 5-mm or even a 10-mm trocar is time consuming,

and suction of fluid decreases the volume of gas and

reduces the pneumoperitoneum. There is no evidence that

irrigation lowers the risk of sepsis [20], so it might only be

necessary if there are food remnants in the abdomen; per-

haps there is no need for it at all. One of the suspected risks

of laparoscopic surgery is that of inducing sepsis by

increasing bacterial translocation while establishing a
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pneumoperitoneum [6]. This danger could not be con-

firmed in our trial. Furthermore data suggest that there is a

decrease in septic abdominal complications when laparos-

opic surgery is used [8].

Evidence already exists that laparoscopic correction of

PPU causes less postoperative pain [6, 12, 17, 18]. The

meta-analysis published by Lau [6] showed that eight out

of ten studies showed a significant reduction in dosage of

analgesics required in the laparoscopic group. Also, the

three studies that had included VAS pain scores showed

consistently lower pain scores, as was observed in our

study as well. Whether this will lead to a better quality of

life for patients, especially during the first weeks after

surgery still needs to be analyzed. Although patients in our

series who underwent laparoscopy had less postoperative

pain, there was no difference in the length of hospital stay

in our two groups. In fact, hospital stay overall in our

patients was very long. This was most likely caused by the

fact that many patients, especially the elderly, could not be

discharged because of organizational reasons. Of the 101

patients, 41% were 70 years or older (24 in the laparo-

scopic group versus 17 in the open group). It appears that

the age of PPU patients is increasing, and this will even-

tually represent a significant problem in the future [2, 3].

One benefit of the laparoscopic procedure not often men-

tioned in literature [6] is cosmetic outcome. Nowadays

patients are aware of this benefit, and sometimes this is the

reason why they demand laparoscopic surgery.

In conclusion, the results of the LAMA trial confirm the

results of other trials that laparoscopic correction of PPU is

safe, feasible for the experienced laparoscopic surgeon, and

causes less postoperative pain. Operating time was longer

in the laparoscopic group and there was no difference in

length of hospital stay or incidence of postoperative

complications.
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