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Abstract
Purpose Over the last 3 decades, laparoscopic procedures have emerged as the standard treatment for many elective and
emergency surgical conditions. Despite the increased use of laparoscopic surgery, the role of laparoscopic repair for perforated
peptic ulcer remains controversial among general surgeons. The aim of this study was to compare the outcomes of laparoscopic
versus open repair for perforated peptic ulcer.
Methods A systemic literature review was conducted using Preferred Reporting Items for Systematic reviews and Meta-
Analyses (PRISMA) guidelines. A search was conducted using MEDLINE, EMBASE, PubMed and Cochrane Database of
all randomised controlled trials (RCT) that compared laparoscopic (LR) with open repair (OR) for perforated peptic ulcer (PPU).
Data was extracted using a standardised form and subsequently analysed.
Results Themeta-analysis using data from 7 RCTshowed that LR for PPU has decreased overall post-operativemorbidity (LR =
8.9% vs. OR = 17.0%) (OR = 0.54, 95% CI 0.37 to 0.79, p < 0.01), wound infections, (LR = 2.2% vs. OR = 6.3%) (OR = 0.3,
95% CI 0.16 to 0.5, p < 0.01) and shorter duration of hospital stay (6.6 days vs. 8.2 days, p = 0.01). There were no significant
differences in length of operation, leakage rate, incidence of intra-abdominal abscess, post-operative sepsis, respiratory compli-
cations, re-operation rate or mortality. There was no publication bias and the quality of the studies ranged from poor to good.
Conclusion These results demonstrate that laparoscopic repair for perforated peptic ulcer has a reduced morbidity and total
hospital stay compared with open approach. There are no significant differences in mortality, post-operative sepsis, abscess
and re-operation rates. LR should be the preferred treatment option for patients with perforated peptic ulcer disease.
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Introduction

Prior to the twentieth century, perforated peptic ulcer
(PPU) was a rare but invariably fatal disease.1,2 The inci-
dence of PPU has steadily increased over the past few
decades, predominantly among the elderly population.1,2

Surgical repair at laparotomy using a variety of surgical
techniques is the usual treatment for PPU3–6 with laparo-
scopic repair (LR) first reported in 1990.3

The proposed advantages of LR compared with open
repair (OR) are a reduction in overall mortality and

morbidity including post-operative wound infection,
post-operative pain and length of stay (LOS).4,5 There
have been multiple studies, including randomised con-
trolled trials (RCT), cohort studies and case-controlled
studies, published in recent years which have compared
the two techniques with no clear benefit demonstrated for
either operative technique.1,2 Four previous meta-analyses
found that LR had superior short-term benefits of reduced
post-operative pain and reduced wound morbidity.4–7

They were unable to demonstrate any effect on overall
morbidity, mortality or LOS, and concluded more RCT
were needed.4–8 The lack of conclusive studies and con-
cerns related to longer operative time and leakage rate4,5

has resulted in a low uptake of LR as the preferred method
of repair. The aim of this study was to compare LR and
OR for the surgical treatment of PPU and provide
evidence-based guidance to the selection of the most ap-
propriate operative technique.
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Methods

A systematic search was conducted following the Preferred
Reporting Items for Systematic reviews and Meta-Analyses
(PRISMA) guidelines.9 The following databases were
searched for relevant studies: PubMed (from 1946),
EMBASE (from 1949), Google Scholar and Google. The
search terms used were Blaparoscopic^, Blaparoscopy ,̂
Bpeptic ulcer perforation^, Bgastric ulcer perforation^, Bduo-
denal ulcer perforation^ and Bopen^ were used in combina-
tions. The reference lists of selected articles were searched
for relevant studies. There were no language restrictions. All
RCT that compared LR with OR for peptic ulcer perforation
from 1990 to 2017 were included in this meta-analysis for
further data analysis. All other non-randomised studies such
as cohort studies, case control studies, case reports and case
series were excluded.

The data were extracted and critically appraised by two
independent authors (GS and GE). The following data were
extracted using a standardised data extraction form. Patient
characteristics included age, gender, ASA classification, his-
tory of previous peptic ulcer, history of NSAID use, location
of perforation and size of perforation. Primary outcomes in-
cluded conversions from LR to OR and various types of mor-
bidity and mortality. Secondary outcomes included post-
operative pain, LOS, solid food resumption, insertion of na-
sogastric tube (NGT) and return to daily activities.

Pooledodds ratios and95%confidence intervalswere cal-
culated for patient outcomes for PPU using a random effects
model.10 Weighted mean difference was calculated for con-
tinuousvariablessuchasmeanoperating timeandtotal length
ofhospitalstay.11Relativeriskratiowascalculatedfordichot-
omous variables such as post-operative complications and
mortality.11 Intention to treat analysis was performed where
patients were converted from LR to OR or when there were
missing data. Yates’s half correction was used in studies that
reportednoevents foroutcomes.11,12Heterogeneitywas test-
edwithCochran’sQ statistic,withp < 0.10 indicatinghetero-
geneity, and thedegree of heterogeneitywasquantifiedusing
the I2 statistic, which represents the percentage of the total
variability across studies which is due to heterogeneity.12,13

I2 values of 25, 50 and 75% corresponded to low, moderate
and high degrees of heterogeneity respectively.12,13A funnel
plot analysis was performed to assess publication bias. The
overall quality of each trial was assessed with the Jadad
score.14 One of the authors (GE) who is an experienced bio-
statistician performed all statistical analyses.

Results

The literature search generated a total of 321 articles. Out of
this, articles were excluded based on titles, abstracts, full texts

or a combination of these. Finally, seven RCT were included
in this meta-analysis (Fig. 1).15–21

The total number of patients were 631 with 319 patients in
the LR group and 312 patients in the OR group (Table 1).
There was no publication bias noted. The quality of the studies
ranged from 1 to 3 based on Jadad scores with four studies
having a score of three and two studies considered poor with a
score of one (Table 1). The average age of patients was
53 years in both groups. Approximately two-thirds of the pa-
tients were male. There were no significant differences be-
tween the two groups for ASA classification, history of pre-
vious peptic ulcer or history of NSAID usage (Table 2). The
most frequent site of perforation was duodenal (312 patients,
49.4%), followed by gastric (97 patients, 15.4%) and
juxtapylorus (79 patients, 12.5%). The site of the perforation
was not defined in 143 (22.7%) patients. There was no signif-
icant difference in perforation site between the two groups
(Table 2). There was no difference in the mean size of the
perforation between the LR (6.6 mm) and OR (5.2 mm)
(p = 0.23).

Primary Outcomes

All studies reported the incidence of conversions from LR to
OR. A total of 28 patients (9.4%) in the LR group needed a
conversion to OR. The most common reason for conversion to
open repair was failure to repair the perforation either due to
technical difficulties or size of the perforation (n = 16, 57.1%).
This is followed by conversion due to extensive peritoneal
adhesions (n = 6, 21.4%), the patient being unstable during
the operation (n = 5, 17.9%), failure to find the perforation
(n = 4, 14.3%) and indication not defined (n = 2, 7.1%).
These patients were included in the analysis on an intention-
to-treat analysis.

Six studies reported the incidence of post-operative
morbidity.15,17–21 The overall morbidity was significantly
lower in the LR group (8.9%) compared to the OR group
(17.0%), (RR = 0.54, 95% CI = 0.37–0.79, p < 0.01) (Fig. 2,
Table 3). The reported complications in most studies were
wound, respiratory, cardiac, incisional hernia, sepsis, leakage,
intra-abdominal abscess, ileus, urinary tract infection and ce-
rebral vascular accident (Table 3).

Six studies reported the incidence of wound compli-
cations.15,17–21 The wound infection rate was significantly low-
er in the LR arm (n = 14, 2.2%) compared to the OR arm (n =
40, 6.3%) (Table 3, Fig. 3). In the random effects model, the
overall incidence of wound complications was significantly
lower in the LR group (OR = 0.3, 95% CI = 0.17–0.55,
p < 0.01). There was no evidence of statistical heterogeneity
(I2 = 0%, p = 0.87).

Four studies reported the incidence of post-operative
leakage.15,17,19,21 There were 7 (1.1%) patients in the LR
group and 2 (0.3%) patients in the OR group that developed
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leakage post-operatively. In the random effects model, the
incidence of leakage was higher in the LR group, but it was
not statistically significant (Table 3). There was no evidence of
statistical heterogeneity (I2 = 0%, p = 0.64).

Six studies reported the incidence of intra-abdominal ab-
scess (IAA).15,17–21 Six (1%) patients in the LR group and 11
(1.7%) patients in the OR group developed an intra-abdominal
abscess which was not statistically significant (Table 3). There
was evidence of statistical heterogeneity (I2 = 35.59%, p =
0.17). Only two studies reported the incidence of post-
operative sepsis.20,21 Five (0.8%) patients in the LR group
and 3 (0.5%) patients in the OR group developed sepsis

post-operatively. In the random effects model, there was no
significant difference in the incidence of post-operative sepsis
(Table 3). There was no evidence of statistical heterogeneity
(I2 = 0%, p = 0.51).

Four studies reported the incidence of post-operative
ileus.15,17,20,21 Four (0.6%) patients in the LR group and 9
(1.4%) patients in the OR group developed a post-operative
ileus which was not statistically significant (Table 3). There
was no evidence of statistical heterogeneity (I2 = 0%, p = 0.9).

Four studies reported the incidence of incisional
hernia.15,18,19,21 No patients in the LR group developed an
incisional hernia compared to 4 (0. 6%) patients in the OR

Literature search

PubMed, n = 864
EMBASE, n = 681
Cochrane database, n = 60
Total, n = 1605

Full-text ar�cles assessed for eligibility, 
n = 321

Duplicate, n = 1284

Excluded by �tle and abstract, n = 315

Reviews or meta-analyses, n = 45
Non-randomised trials, n = 40
Non compara�ve trials, n = 30
Not on pep�c ulcer, n = 230

Randomised controlled trials 
iden�fied to be included, n = 6

Fig. 1 PRISMA diagram

Table 1 Study comparisons

Author Year No. of pt. Jadad score Age (years) Male gender (%)

Total LR OR LR OR LR OR

Lau15 1996 103 52 51 3 52.3 51.1 42 (80.7) 37 (72.5)

Lau16 1998 22 12 10 1 – – – –

Siu17 2002 121 63 58 3 53.8 56.1 53 (84.1) 45 (77.6)

Bertleff21 2009 101 52 49 3 66 59 29 (55.8) 32 (65.3)

Schietroma18 2013 115 57 58 2 – – 22 (38.6) 22 (37.9)

Shah19 2015 50 25 25 1 50 51 20 (80) 21 (84)

Ge20 2016 119 58 61 3 46.4 46.5 49 (84.5) 54 (88.5)

Total 631 319 312 53.7 ± 7.4 52.8 ± 4.9 215 (67.4%) 211 (67.6%)

620 J Gastrointest Surg (2019) 23:618–625



group. This difference was not statistically significant
(Table 3) and there was no evidence of statistical heterogene-
ity (I2 = 0%, p = 1).

Five studies reported the incidence of respiratory
complications.15,17,18,20,21 A total of 1.4% (n = 9) of patients
in the LR group and 2.7% (n = 17) of patients in the OR group
developed post-operative respiratory complications. This in-
cluded eight cases of pneumonia in the LR arm and 13 cases
of pneumonia in the OR arm (Table 3). In the random effects
model, the incidence of respiratory complications was not
significantly different (Table 3). Although there was evidence
of statistical heterogeneity, it was not significant (I2 = 14.39%,
p = 0.32).

Three studies reported the incidence of re-operation.15,17,20

Seven (1.1%) patients in the LR group required re-operation
compared to 3 (0.5%) patients in the OR group with no sig-
nificant difference between the groups (Table 3). There was no
evidence of statistical heterogeneity (I2 = 16.490%, p = 0.49).

Four studies reported the mortality rate15,17,20,21 with 6
(1%) patients in the LR group and 9 (1.4%) patients in the
OR group. There was no significant difference between
groups (Table 3, Fig. 4). There was no evidence of statistical
heterogeneity (I2 = 0%, p = 0.98). The reported causes of

mortality were multi-organ failure, respiratory failure, sepsis,
leakage and cerebral vascular accident.

Secondary Outcomes

The secondary outcomes including operative duration, LOS,
post-operative pain, solid food resumption, NGT duration,
return to daily activities, mean operative time and mean size
of perforation are summarised in Table 4. Seven studies re-
ported the operative duration.15–21 There was no significant
difference between the LR group (mean 72.9 min) and the OR
group (mean 59.6 min) (p = 0.73). Six studies reported the
LOS15,17–21 with the average LOS was significantly lower
for the LR group (5.3 ± 1.5 days) compared to the OR group
(6.9 ± 1.3 days) (p = 0.01). Four studies reported on post-
operative pain.15,17,20,21 Three studies used visual analogue
scale (VAS) on day 1 post-operative.15,17,21 The average
VAS in the LR group is 3.8 compared with 5.2 in the OR
group (p < 0.001). There was no significant difference be-
tween LR and OR for solid food resumption, nasogastric tube
use and return to normal activities (Table 4).

Discussion

Laparoscopic surgery is being used increasingly in many as-
pects of emergency gastrointestinal surgery, including appen-
dectomy and cholecystectomy.22–24 The advantages of lapa-
roscopic surgery include decreased overall morbidity, mortal-
ity, cost, LOS and post-operative pain with an earlier return to
work and resumption of normal daily activity.22–26 The results
of this meta-analysis show a significant benefit in performing
LR in PPU with a significant reduction in the overall post-
operative morbidity, post-operative wound infection and a
shorter LOS in the LR group compared to the OR group.
There was no difference in the mortality rate or in the inci-
dence of respiratory complications, IAA, ileus, incisional her-
nia, cardiac complications and urinary tract infection.
Similarly, there was no significant difference in the length of
NGT insertion, solid food resumption and return to daily ac-
tivities. These results support the premise that LR should be
the routine surgical treatment for PPU.

Three recent meta-analyses have reported a reduced wound
infection rate but did not demonstrate a reduced overall mor-
bidity and LOS for LA.4,7,8 These studies only used three,8

four4 or five7 RCT in their analysis with each study conclud-
ing that more RCTwere required to clarify any benefit for LA.
The addition of two recent RCT19,20 in our analysis has pro-
vided the additional data required to demonstrate the signifi-
cantly reduced overall morbidity and LOS.

The use of laparoscopic surgical techniques in emergency
surgery was controversial in the early 1990s due to concerns
of risk of bacteraemia and endotoxaemia in the presence of

Table 2 Patient co-morbidities and operative findings comparing LA
with OR

LR OR p value

ASA 1 75 (23.5%) 67 (21.5%) 0.6

ASA 2 75 (23.5%) 81 (26%) 0.75

ASA 3 24 (7.5%) 27 (8.7%) 0.7

ASA 4 4 (1.3%) 2 (0.6%) 0.65

ASA = not defined 141 (44.2%) 135 (43.2%) n/a

Previous PUD 41 51 0.55

Use of NSAID 53 44 0.41

Site = duodenum 169 (53%) 143 (45.8%) 0.74

Site = gastric 41 (12.6%) 56 (17.9%) 0.59

Site = juxtapyloric 41 (12.6%) 38 (12.2%) 0.63

Site = not defined 68 75 n/a

Mean size of perforation (mm) 6.6 5.2 0.23

Fig. 2 Forest plot of overall post-operative morbidity. The OR = 0.54
which favours LA (95% Cl = 0.37–0.79, p < 0.001)
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abdominal sepsis.25 It was thought that establishing carbon
dioxide pneumoperitoneum increased the risk of bacteraemia
due to the increased in abdominal pressure.25 This was a par-
ticular concern in PPU where patients generally present with
abdominal sepsis and generalised peritonitis. However, this
theory was disproved in studies assessing the laparoscopic
treatment of generalised peritonitis.27,28 The current study
demonstrates no significant difference in the incidence of sep-
sis or intra-abdominal collections between LR and OR. Based
on the current study results, an RCT to demonstrate a 30%
reduction in sepsis or intra-abdominal abscess in LR would
require 722 patients in each group.

Elective laparoscopic gastrointestinal surgery is invariably
associated with a reduction in post-operative respiratory com-
plications credited to reduced post-operative pain.29–31

However, the present study did not reveal the expected reduc-
tion in respiratory complications despite being associated with
significantly less post-operative pain. This may be due to in-
sufficient case numbers. A more likely explanation is the

established peritonitis pre-operatively is a major contributor
to post-operative respiratory complications, a contributing
factor that is the same for LR and OR.

Another concern for LR in PPU was the higher leakage
rate and subsequent formation of IAA persistent post-
operative sepsis requiring further interventions reported in
early studies.1,2 Our study found no significant difference
in the rate of leakage, sepsis and reoperation between the
LR and OR groups. The rate of leakage (1.1%) in our study
was much lower than that reported in earlier studies (3.8 to
6.9%).32,33 An explanation for the reduction in reported
leak rates includes improved laparoscopic techniques, im-
proved equipment and increased laparoscopic surgical ex-
pertise. Prior to 2000, the incidence and reports of complex
laparoscopic procedures such as pancreatic resection, gas-
trectomy and complex colonic surgery was low. Twenty
years later, these elective laparoscopic resections are con-
sidered commonplace and routine.34–36 A recent meta-
analysis demonstrated a steady, ongoing reduction in post-
operative morbidity over time for emergency laparoscopic
surgery.37 Similarly, laparoscopic surgery for complicated

Table 3 Primary outcomes
comparing LAwith OR Morbidity LR (%) OR (%) OR 95% Cl p value

Overall morbidity 8.9 17.0 0.54 0.37–0.79 < 0.01

Total wound complications 2.9 7.9 0.3 0.17–0.55 < 0.01

Wound infection 2.2 6.3 0.3 0.16–0.59 < 0.01

Wound dehiscence 0.6 1.6 0.4 0.13–1.2 0.1

Leakage 1.1 0.3 2.23 0.52–9.53 0.28

Post-operative sepsis 0.5 0.8 1.64 0.36–7.38 0.51

Intra-abdominal abscess 1.0 1.7 0.69 0.16–2.98 0.62

Post-operative ileus 0.6 1.4 0.48 0.16–1.48 0.2

Incisional hernia 0 0.6 0.32 0.06–1.62 0.17

Total respiratory complications 1.4 2.7 0.63 0.23–1.75 0.38

Pneumonia 1.3 2.1 0.83 0.25–2.78 0.76

Other respiratory complications 0.2 0.6 n/a n/a n/a

Cardiac complications 0.6 0.8 0.77 0.2–2.99 0.71

UTI 0.5 0.8 0.72 0.18–2.96 0.65

Reoperations 1.1 0.5 1.48 0.34–6.54 0.6

Mortality 1 1.4 0.63 0.21–1.9 0.41

Fig. 3 Forest plot for wound infections. The OR= 0.3 which favours LA
(95% Cl = 0.16–0.5, p < 0.001)

Fig. 4 Forest plot for mortality. There is no significant difference between
LA and OA (OR= 0.63, 95% Cl = 0.21–1.9, p = 0.41)
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(gangrenous or perforated) appendicitis was initially asso-
ciated with a higher morbidity, particularly for IAA,38,39

whereas recent studies have shown laparoscopic surgery
has a reduced morbidity and no difference in IAA rate.40,41

An early criticism of LR for PPU was the longer average
operating time (OT) associated with LR. Although in this
study, the average OT was 13 min longer in the LR group,
this was not statistically significant (p = 0.73). When the av-
erage OTwas further subcategorised to before and after 2000,
there was a reduction in average OT after 2000 in the LR
group (61.4 min) compared with the OR group (74.3 min).
This reflects the increasing use of laparoscopic techniques in
gastrointestinal surgery and the improved laparoscopic exper-
tise of surgeons. It is reasonable to expect the average OT of
LR to be comparable with OR in coming years as occurred in
appendectomy and cholecystectomy,23,24,37 and therefore, a
prolonged operating time is no longer a valid argument against
LR.

The conversion rate in this study is 9.4% which was much
lower than conversion rates reported in earlier studies (12.4–
19.1%).32,33 The most common cause of conversion was an
inability to repair the ulcer due to either technical difficulties
or size of perforation. As with post-operative morbidity rates,
the conversion rates have reduced with better laparoscopic
skills and experience. This has been demonstrated in other
emergency gastrointestinal surgeries such as laparoscopic
cholecystectomy for acute cholecystitis where conversion
rates in the 1990s were over 20%42 and now range between
2.6 to 7.7%.43,44

Potential confounding factors are the patients’ co-
morbidities and the nature of disease resulting in a bias that
may favour either LR or OR. As expected for an RCT, all
patients’ characteristics in both groups were similar including
gender, age, ASA scores and APACHE II scores. There were
no significant differences in the history of non-steroidal anti-
inflammatory drug (NSAID) usage or history of previous pep-
tic ulcer. The most common place of perforation was duode-
nal, followed by gastric and juxtapyloric, with the same dis-
tribution between the 2 procedures. The average size of per-
foration was the same for LR and OR.

The average mortality in both LA (1%) and OA (1.4%) is
much lower than that reported in population-based studies

where the mortality ranges from 25 to 30%.45–47 This may
indicate that all seven RCT had an inherent bias of selecting
patients with a lower risk of morbidity and mortality for
randomisation. The number of cases with perforated ulcer
disease not selected or randomised was not provided in any
of the RCT. Neither were the reasons or outcomes of patients
not randomised reported. The overall morbidity (LA = 8.9%
and OA = 17%) is lower than that reported in recent
studies48,49 adding further evidence to a selection bias. The
lower average age of around 53 years compared to the
population-based studies ranging 60 to 80 years is further
evidence of a selection bias in the RCT. Older age groups have
been noted to be an independent predictor of morbidity and
mortality in PUD.50,51 Although there may be a selection bias
for entry into the RCT that explains the variance in outcomes
compared to various case series, it is most unlikely to change
the conclusions from this meta-analysis. The improved out-
comes for laparoscopic surgery in the current results are most
likely to prevail in older patients with more co-morbidities.

Our meta-analysis provides clear evidence that LR is a safe
method in treating PU perforation compared with the tradi-
tional OR. There is no increased incidence of post-operative
leak, sepsis or abscess formation. Furthermore, LA has re-
duced morbidity, wound infection and LOS. LR should be
considered the routine approach for patients presenting with
PPUD.

Conclusion

LR is a safe option for treating PPU. It is better than ORwith a
lower incidence of post-operative morbidity, wound infection
and shorter LOS. The laparoscopic approach should be con-
sidered the treatment of choice for PPU.
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