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peptic ulcer disease associated with high morbidity and 
mortality, often necessitating emergency surgery [2].

In 1946, Taylor described a series of 28 conservatively 
treated PPU cases, reporting a mortality rate of 14% [3]. 
Advances in minimally invasive techniques have introduced 
combined approaches for managing PPU. In the laparoscopy-
endoscopy approach, perforations are endoscopically closed 
with a stent, while lavage and drainage are performed 
laparoscopically [4]. Similarly, the radiologic-endoscopic 
method employs endoscopic stent placement with lavage 
and fluid drainage via a radiological placed drain [5].

Currently, the most common surgical techniques are open 
and laparoscopic surgery. The debate over their relative 
merits has been extensive. Laparoscopy has shown potential 
advantages, including reduced mortality, morbidity, and 
shorter hospital stay [6–10]. However, some studies report 
no significant differences between laparoscopic and open 
surgery regarding overall postoperative complications and 
mortality, concluding that both methods are comparable for 
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Abstract
Purpose  This network meta-analysis (NMA) aims to evaluate surgical and alternative treatment strategies for perforated 
peptic ulcers (PPU) with respect to mortality and other clinically relevant outcomes.
Methods  An NMA was conducted in accordance with PRISMA guidelines to assess treatment approaches for PPU. 
Randomized controlled trials (RCT) were identified through systematic searches of PubMed/MEDLINE, Cochrane Library, 
Embase, CINAHL, ClinicalTrials.gov, and ICTRP databases. Outcomes were analyzed using standardized mean differences 
(SMDs) for continuous data and odds ratios (ORs) for binary data, both presented with 95% confidence intervals (CI) in a 
network meta-analysis framework.
Results  Sixteen studies comprising 1,259 patients were included in this NMA. The laparoscopic approach demonstrated 
significantly reduced mortality (OR 0.36, 95% CI 0.17–0.75, p = 0.0065) and postoperative complications, including wound 
infections (OR 0.15, 95% CI 0.08–0.27, p < 0.0001) and ileus (OR 0.33, 95% CI 0.18–0.59), compared to the open surgical 
approach. 
Conclusions  This NMA, particularly the pairwise analysis, confirms the significant advantages of laparoscopic over open 
surgery, reinforcing its status as the gold standard for PPU. The potential benefits of alternative approaches, are inconclusive 
due to insufficient evidence.
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PPU repair [11]. In emergency settings, laparoscopy may 
present disadvantages, such as longer operative times and 
the requirement of specific surgical expertise [10, 12].

PPU remains a critical health issue due to its significant 
mortality, morbidity, and financial burden [13]. This meta-
analysis aims to compare and evaluate different treatment 
approaches for PPU concerning mortality and other 
clinically relevant outcomes.

Methods and analysis

Literature search and data analysis were conducted in 
accordance with the PRISMA (Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses) guidelines [1]. 
This study was registered in the PROSPERO database (ID: 
CRD42023482932) [2] and its protocol was published a 
priori [3].

Search strategy

We searched the databases Pubmed/MEDLINE, Cochrane 
Library, Embase, CINAHL, ClinicalTrials.gov and ICTRP. 
The search strategy for each database can be found in 
the online supplemental material 1. The literature search 

included all studies that were published between inception 
of the respective databases and December 2023. We repeated 
the search in November 2024. Two authors (JF and EW 
for the initial search, EW and AR for the updated search) 
independently assessed titles and abstracts of eligible 
studies. These studies were coded as “include”, “maybe” 
or “exclude”. For studies marked as “include” or “maybe”, 
full texts were retrieved and assessed for inclusion. In cases 
of discrepancies between the reviewers, a third reviewer 
(AR) was involved in order to reach a consensus. For the 
updated research, JF served as the third author in case no 
consensus could be reached. The study selection process is 
shown in Fig. 1, according to the PRISMA 2020 statement.

Inclusion and exclusion criteria

For inclusion we considered RCTs which compared at 
least two treatment approaches for PPU. The following 
interventions were included: open surgical treatment 
(A), laparoscopic treatment (B), combined endoscopic 
and laparoscopic treatment (C), combined endoscopic 
and interventional radiologic treatment (D), conservative 
treatment (E) (Fig. 2). We included studies on patients with 
confirmed diagnosis of PPU regardless of age, symptoms 
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Fig. 1  PRISMA 2020 flow chart
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or medical history. Non-randomized studies, letters, 
comments, case reports or case series were excluded from 
consideration. There were no language restrictions.

Data collection

Two authors (JF, EW) independently extracted the data from 
the included studies using a standardized data collection 
form. The collected data were then exchanged and reviewed. 
In case of discrepancies or disagreements, a third author 
(AR) was consulted. For the updated data extraction, JF took 
on the role of the third author in case no consensus could 
be reached. Data extraction was completed in November 
2024. The following descriptive data was extracted from 
the studies: author name, publication year, country of 
study, language, study duration, study design, inclusion and 
exclusion criteria, randomization, risk of bias, study duration/
follow-up-period, publication status, contact address, data 
analysis principle, success to close the perforation (yes/no). 
The following participant characteristics were extracted: 
intervention and comparison group size, median or mean 
age, sex, body mass index (kg/m2), concomitant diseases, 
ASA Score (1 to 5) [4], drinking history (yes/no), smoking 
history (yes/no), ulcer history (yes/no), use of Nonsteroidal 
Anti-Inflammatory Drugs (yes/no), APACHE II-Score 
(0–34 points), symptom duration (h), previous upper 
abdominal surgery. Characteristics of the interventions were 
extracted: open surgical (A) or laparoscopic (B), combined 
endoscopic and laparoscopic (C), combined endoscopic 
and radiological intervention (D), or conservative therapy 
(E). The following intraoperative findings were extracted: 
median size of perforation (mm), location of perforation 
(stomach (prepyloric, pyloric), duodenal), median blood loss 
(ml), success to close the perforation (yes/no), conversion to 
open treatment approach (yes/no).

The following predefined outcomes were extracted: mor-
tality (in hospital, 30 days, 90 days) as main outcome, addi-
tional outcomes: morbidity (Clavien-Dindo-Classification) 
[5], operation time (minutes), postoperative length of hospi-
tal stay (days), postoperative pain (predefined in each study), 
leakage (all, blue dye test postoperative, contrast medium), 
nasogastric tube duration (days), time to resume diet (days), 
reoperation/reintervention (yes/no), decrease in CRP level 
and leukocyte count (before intervention to four days after 
intervention), perioperative analgesic requirement (number of 
patients), postoperative opiate use (days), cosmetic outcome 
(VAS score for scar appearance), total cost (Euro, USD), 
return to normal physical activity (days), intravenous fluid 
administration (days).

For each study, the risk of bias was assessed using 
the Cochrane Handbook for Systematic Reviews of 
Interventions and version 2 of the Cochrane “risk of bias” 
tool (RoB2) [6, 7].

The following characteristics were reviewed:

	● Bias due to the randomization process.
	● Bias due to deviations from the intended interventions.
	● Bias due to missing outcome data.
	● Bias in measurement of the outcome.
	● Bias due to selection of the reported outcome.

The potential risk of bias was classified as either “low”, 
“some concerns” or “high”.

Statistical analysis and data synthesis

This was an exploratory meta-analysis and an attempt to create 
a first overview of possible treatment options. Hence, summary 
statistics and pooled effects were reported though pooling to 
attain definitive evidence may not be advisable in this setting.

For all binary outcomes, treatment effects were expressed 
as ORs comparing an intervention and the corresponding 
control group and reported alongside a 95% CI. ORs for the 
pairwise meta-analyses were attained using Peto’s approach 
which is preferred for sparse event settings such as this one 
[8]. For the NMA the continuity correction (adding 0.5) 
was applied for study arms with zero events [9], since those 
served mostly illustrative purposes and are used to gather a 
general overview.

Continuous endpoints were analyzed as a mean 
difference alongside a 95% CI as summary measures.

To analyze the research question presented, a NMA was 
conducted to estimate treatment effects compared to the 
baseline effect of an open surgical control group. Due to the 
low occurrence of the interventions C, D, and E, the NMA was 
followed by a conventional pairwise meta-analysis assessing 
the effects of open (A) versus laparoscopic surgery (B).

Fig. 2  Network graph of direct evidence between interventions
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Study characteristics, patient characteristics and out-
comes are shown in Supplemental Material 2.

Publication biases were assessed using funnel plots, with 
findings reported through forest plots and summary of findings 
Table (13), which can be found in Supplemental Material 3.

The network for the main outcome is shown in Fig. 3. 
The networks for the additional outcomes can be seen in 
Supplemental Material 3.

In terms of the main outcome mortality, the laparoscopic 
approach significantly reduced mortality compared to 
open surgery (OR: 0.36; 95% CI 0.17 to 0.75; p = 0.0065), 
as shown in 14 studies (Table  1; Fig.  4). The combined 
laparoscopic-endoscopic and radiologic-endoscopic 
treatment approaches appear to favour lower mortality 
compared to open surgery. For the laparoscopic-endoscopic 

The frequentist method based on graph theory for data 
synthesis was employed and the τ2 and I2 –statistics were 
used to assess between-trial variance [10]. Heterogeneity 
within designs and inconsistency were quantified by the Q 
statistic [11].

For the study by Lau et al. (1996), the arms A1 and A2 
were condensed into a combined arm A, and B1 and B2 
were combined into B, as our definition of the interventions 
did not distinguish between A1 and A2 or B1 and B2 [12]. 
In some of the trials, patients who were randomized into a 
laparoscopic group required switching to an open surgical 
treatment, marked as A/B in the extracted data. Patients who 
fell into that category were evaluated as patients from the 
laparoscopic group in accordance with the intention to treat 
principle (ITT). This might lead to a conservative estimate 
for the effect of laparoscopic intervention compared to open 
surgery when it comes to endpoints typically expected to be 
higher in the latter group (infections etc.).

Missing data

If any data were missing, we reached out to the respective 
authors to request the necessary information.

Negm et al. compared the combined radiologic and 
endoscopic treatment approach with the surgical approach 
[14]. The surgical approach consisted of open and 
laparoscopic surgery. To improve the statistical calculation of 
the network, we solicited and received details regarding the 
number of participants in the open and laparoscopic groups, 
as well as data on gender distribution, mortality, postoperative 
complications (pneumonia, leakage, abdominal collection, 
renal failure, incisional hernia), length of hospital stay, and 
duration of surgery for each group. For this reason, this study 
was broken down into “A/B” (surgical group) as well as “A” 
(open surgical approach) and “B” (laparoscopic approach) 
in supplemental material 2. It was included in the pairwise 
analysis A versus B.

Results

The initial search identified 1530 potentially relevant 
studies (Fig. 1). After checking the full texts, 16 studies 
were finally included in the network meta-analysis [12, 
14–28]. The studies, originated from 8 countries and 
were published between 1989 and 2023. 1259 patients 
were included in these studies (A: 549, B: 521, A/B: 
15, C: 13, D: 50, E: 40). We included four studies that 
were not indexed in the searched databases but were 
identified through other sources. Heterogeneity results for 
each analysis are shown in the corresponding figures in 
Supplemental Material 3.

Table 1  Network meta-analysis including OR with 95% CI and 
p-value for mortality
Treatment OR 95%-CI p-value
A - - -
B 0.3596 [0.1720; 0.7515] 0.0065
C 0.1171 [0.0043; 3.2116] 0.2043
D 0.1192 [0.0066; 2.1640] 0.1504
E 1.0000 [0.1375; 7.2719] 1.0000
A, open surgical approach; B, laparoscopic approach; C, combined 
laparoscopic – endoscopic approach; CI, confidence interval; D, com-
bined endoscopic-radiologic approach; E, conservative approach, 
OR, odds ratio; ORs, odds ratios

Fig. 3  Net graph depicting comparisons for the primary endpoint mor-
tality.  A  open surgical approach; B  laparoscopic approach; C  com-
bined endoscopic - laparoscopic approach; D  combined radiologic - 
endoscopic approach; E conservative approach
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open surgical approach (OR 0.15, 95% CI 0.08–0.27, 
p < 0.0001) (Table 2; Fig. 5).

No statistically significant differences were observed 
for the endpoints of hospital stay or postoperative 
complications, including leakage, pneumonia, abscess, 
ileus, hernia, organ failure, and chest complications 
(Supplemental Material 3). The combined radiologic- 
endoscopic treatment approach appears to favour lower 
rates of pneumonia (OR 0.09, 95% CI 0.005–1.84, 
p = 0.12), abscess (OR 0.09, 95% CI 0.003–2.55, p = 0.16), 
and hernia (OR 0.13, 95% CI 0.007–2.43, p = 0.17) 
(Supplemental Material 3). However, these findings were 
not statistically significant and were based on data from a 
single study. For the NMA, statistical analysis could not be 
performed for the endpoints “patients with complications” 
and ileus due to insufficient data availability.

Given that 14 RCTs compared the open with the 
laparoscopic approach, we conducted separate pairwise 
meta-analyses as sensitivity analysis. While the network 
was highly unstable, the pairwise meta-analysis showed 
consistent and robust results, with low heterogeneity 
across studies.

Comparison of both approaches revealed a significantly 
lower mortality with the laparoscopic approach (OR 0.36, 
95% CI 0.17–0.75, p = 0.0065) (Supplemental Material 3).

The laparoscopic approach is associated with 
significantly fewer overall complications (OR 0.38, 95% 
CI 0.21–0.70) (Supplemental Material 3).

The laparoscopic approach is also associated with 
significantly lower probabilities of specific postoperative 
complications, including ileus (OR 0.33, 95% CI 0.18–0.59) 
and wound infection (OR 0.18, 95% CI 0.12–0.26), compared 
to the open surgical approach (Supplemental Material 3).

No statistically significant differences were observed for 
specific postoperative complications, including leakage, 
pneumonia, abscess, hernia, organ failure, and chest 
complications. Similarly, no statistically significant results 
were found for the endpoint of postoperative hospital stay 
(Supplemental Material 3).

Statistical analyses were not performed for several 
outcomes due to insufficient data availability, as fewer than 

approach, the OR was 0.12 (95% CI 0.004–3.2, p = 0.20), 
while for the radiologic-endoscopic approach, the OR 
was 0.12 (95% CI 0.007–2.16, p = 0.15). However, these 
differences are not statistically significant (Table 1; Fig. 4).

When compared to open surgery, the conservative 
treatment approach shows no measurable difference in 
mortality, with an OR of 1.00 (95% CI 0.14–7.27, p = 1).

Only two studies assessed morbidity using the Clavien-
Dindo classification. Consequently, we evaluated all 
reported postoperative complications. Due to limited data 
availability, statistical analysis could not be performed 
for complications such as fever, respiratory insufficiency, 
ARDS, cardiac issues, sepsis, fascia dehiscence, urinary 
tract infections, incisional hernia, cerebrovascular events, 
dysphagia, and abdominal collections. Detailed findings are 
provided in Supplemental Material 2.

The laparoscopic approach is associated with 
significantly fewer wound infections compared to the 

Table 2  Network meta-analysis including OR with 95% CI and p-value 
for wound infection
Treatment OR 95%-CI p-value
A - - -
B 0.1494 [0.0824; 0.2707] < 0,0001
E 1.0000 [0.1375; 7.2719] 1.0000
A, open surgical approach; B, laparoscopic approach; C, combined 
laparoscopic – endoscopic approach; CI, confidence interval; 
D, combined endoscopic-radiologic approach; E, conservative 
approach, OR, odds ratio

Fig. 5  Forest plot of OR with 
95% CI for wound infection
 

Fig. 4  Forest plot of OR with 95% CI for mortality. A open surgical 
approach; B  laparoscopic approach; C combined laparoscopic – 
endoscopic approach; CI, confidence interval; D combined endoscopic-
radiologic approach; E, conservative approach; OR, odds ratio
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analyzed based on the ITT, “as-treated” or “per-protocol” 
approach. Therefore, we applied the ITT principle, which 
is considered to be the gold standard, to the analysis of data 
from these other studies.

All studies were categorized with “low risk of bias” for the 
domain “missing outcome data” and domain “measurement 
of the outcome” except Saim et al. because they did not 
show statistical methods used to measure the outcomes [21]. 
For the domain “selection of reported result”, study by Ge et 
al. was categorized with “low risk of bias”, while all other 
studies were categorized with “some concerns”, as they did 
not publish a study protocol in advance [18].

Discussion

The results of this network meta-analysis indicate that the 
laparoscopic approach significantly reduces mortality compared 
to open surgery and is associated with fewer wound infections 
and postoperative complications, making it a favorable option 
for managing PPU. These findings were further confirmed 
through pairwise comparisons, which validated the advantages 
of the laparoscopic approach over open surgery in reducing 
mortality and specific complications. In addition to these 
results, the combined radiologic and endoscopic approach 
appears to favor lower rates of postoperative complications, 
such as pneumonia, abscess, and hernia, compared to open 
surgery. However, these findings are based on data from a 
single study, limiting their reliability and generalizability. 
For other outcomes, such as leakage, hospital stay, and chest 
complications, no statistically significant differences were 
observed across the various treatment approaches.

The most recent meta-analysis comparing the laparoscopic 
approach with open surgery included nine studies with a 
total of 670 patients [30]. This analysis demonstrated the 
superiority of laparoscopic treatment over open surgery, 
showing lower rates of mortality (RR 0.37, 95% CI 0.15–
0.90, p = 0.03), postoperative ileus (RR 0.43, 95% CI 0.20–
0.95, p = 0.04), wound complications (RR 0.36, 95% CI 
0.23–0.57, p < 0.0001), and a shorter hospital stay (MD −2.37, 
95% CI −3.64 to −1.10, p = 0.0003). Our findings align with 
this meta-analysis regarding mortality, postoperative ileus, 
and wound complications. Moreover, our network meta-
analysis expands on these results by incorporating alternative 
approaches and including additional studies comparing open 
surgery with laparoscopic techniques.

In another meta-analysis, Li et al. further demonstrated 
the advantages of laparoscopic treatment over open surgery 
in a comprehensive study comprising 29 studies with 
17,228 patients, including four RCTs and 25 retrospective 
studies. Their results largely align with ours, reporting lower 
mortality (OR 0.36, 95% CI 0.27–0.49, p < 0.001), reduced 

three RCTs provided data for each. These outcomes include 
morbidity (Clavien-Dindo classification), postoperative 
complications (patients, fever, respiratory insufficiency, 
ARDS, cardiac problems, sepsis, fascia dehiscence, urinary 
tract infection, incisional hernia, cerebrovascular events, 
dysphagia, chest infections, abdominal collection), operation 
time, postoperative pain, nasogastric tube duration, time to 
resume diet, reoperation/reintervention, median blood loss, 
success in closing the perforation, conversion to open surgery, 
perioperative analgesic requirement, reduction in CRP levels 
and leukocyte count, postoperative opiate use, cosmetic 
outcomes, total cost, return to normal physical activity, and 
intravenous infusion administration. These outcomes are 
presented descriptively in the Supplemental Material 2.

Bias analysis

For each study, the risk of bias was assessed using Cochrane 
Handbook for Systematic Reviews of Interventions and 
version 2 of the Cochrane “Risk of bias” tool (RoB2) [6, 7] 
(Supplemental Material 4).

Seven studies were classified as having “some concerns” 
regarding overall bias. Nine studies were classified as 
having “high risk of bias”.

For the domain “Randomization process” six studies 
where categorized with “some concerns” because critical 
patients were randomized to the less invasive treatment 
method, or there was no information on whether the 
allocation order was concealed until participants were 
enrolled and allocated to interventions [15, 20, 21, 24, 26, 
27]. Two studies were categorized with “high risk of bias” 
because no random component, such as computer-generated 
numbers or sealed envelopes, was used [22, 28].

For the domain “Deviations from intended interventions” 
one study was categorized with “low risk of bias” [16]. Seven 
studies were categorized as “some concerns” because they 
did not specify their data analysis principle, although they 
described how they evaluated the participants who changed 
the intervention group or made a appropriate adjustment 
[15, 18, 22–24, 26, 29]. Eight studies were categorized with 
“high risk of bias” because they did not specify their data 
analysis and analyzed participants in the wrong intervention 
group or did not provide any information on whether 
analyzing participants in the wrong intervention group had 
a potential impact on the outcome [12, 14, 17, 19–21, 27, 
28]. Bertleff et al. and Siu et al. explicitly reported analyzing 
their data according to the intention-to-treat (ITT) principle 
in their respective studies [16, 23]. Khedr et al. and Lau et 
al. (1998) reported their data potentially according to the 
as-treated and per protocol principles, respectively [19, 
20]. The remaining studies did not specify their analytical 
methodology, leaving it unclear whether the data were 
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operation times and thus time to definite closure of the 
PPU might be longer, and higher costs remain a significant 
barrier [43–45].

This review is the first one summarizing the entire 
evidence regarding approaches for the treatment of PPU. As 
such, it provides a valuable insight in an understudied field 
and presents a useful overview for the current state of the 
art with regard to multiple clinically relevant outcomes The 
strength of this study lies in its comprehensive inclusion 
of all relevant RCTs, offering more focused insights into 
alternative treatment approaches. To date, only meta-
analyses and systematic reviews comparing laparoscopic 
and open surgical approaches had been conducted. No 
NMA had yet incorporated all currently available RCTs to 
provide a comprehensive evaluation of different treatment 
approaches for perforated peptic ulcers. This base of 
evidence is a good starting point to motivate further clinical 
trials addressing the efficacy of treatments combined 
endoscopic-laparoscopic, combined radiologic-endoscopic, 
and conservative approach.

The study landscape with regard to approaches for the 
treatment of PPU is characterized by a high degree of 
heterogeneity which made pooling effects and estimating 
overall treatment efficacy more unreliable. The networks 
also suffered from an imbalance, with most available 
comparisons being between open and laparoscopic 
surgery. There was one study of each of the other treatment 
approaches. Therefore, these statements could not be 
supported by a large number of studies, and the treatment 
effects for these approaches remained imprecise and 
unreliable due to the limited evidence. Additionally, a high 
risk of bias was identified in this analysis, necessitating 
caution when interpreting and applying the findings. 
Moreover, many older studies were included, conducted at 
a time when standards for medical research were not yet 
well established. It is also possible that different clinical 
standards applied back then than today.

As a consequence, pairwise meta-analyses between open 
and laparoscopic surgery were conducted as sensitivity 
analyses, as well as treatment comparison of major interest 
was added.

No other comparisons were performed in the pairwise 
analysis. These pairwise meta-analyses demonstrated high 
stability and low heterogeneity, reinforcing the reliability of 
the observed treatment effects. Moreover, the two treatments 
in question had some flow of patients between them, as 
it is standard practice to resort to open surgery should the 
laparoscopic approach prove unfeasible mid-treatment. Since 
we conducted all analyses according to the ITT principle, 
some patients were counted towards laparoscopic intervention 
in reality ended up having open surgery. This might have led 
to a rather conservative effect estimate of the laparoscopic 

rates of wound infections (OR 0.20, 95% CI 0.17–0.24, 
p < 0.001), and pneumonia (OR 0.59, 95% CI 0.41–0.87, 
p = 0.01), as well as shorter hospital stays and less blood 
loss with the laparoscopic approach [31]. Notably, our 
study identified significant benefits regarding postoperative 
ileus, which was not reported as significant in the analysis 
by Li et al., highlighting an additional advantage of the 
laparoscopic approach.

Currently, there are no meta-analyses or systematic 
reviews that directly compare alternative or conservative 
treatment approaches with each other or with open 
surgery. This highlights a critical gap in the literature and 
underscores the need for further high-quality RCTs to 
evaluate these alternative strategies comprehensively. The 
conservative approach according to the Taylor regimen 
consists of treatment with nasogastric suction, intravenous 
administration of antibiotics, intravenous administration 
of analgesics, adequate hydration, electrolyte balancing, 
intravenous administration of H2 receptor blockers or 
PPI [17, 32]. There is ongoing discussion in the literature 
regarding the effectiveness of this approach. Studies have 
shown that patients can achieve acceptable results in 
terms of mortality and morbidity with the conservative 
method [33–37]. We could not demonstrate any statistically 
significant results regarding the conservative management.

The combined approach of laparoscopy and endoscopy 
is scarcely represented in the literature. A few older case 
series and studies described this combination as promising 
[38–40]. For instance, Bergström et al. reported the 
use of self-expanding metal stents alongside drainage, 
suggesting that this combination, along with laparoscopic 
diagnosis, could be an alternative to surgery, particularly 
for ulcers that are difficult to close or in patients with 
severe comorbidities [40]. However, our study did not yield 
statistically significant results, likely reflecting the limited 
evidence supporting the success of this approach.

Regarding the combination of laparoscopy and 
radiological intervention, no other studies could be 
identified in the current literature apart from the RCT 
included in our analysis [5]. As discussed, this approach 
may offer advantages in terms of mortality and morbidity, 
but these findings require validation through additional 
high-quality RCTs.

Robot-assisted surgery is increasingly utilized in 
clinical practice. Studies highlight advantages such as 
three-dimensional visualization and greater freedom of 
movement [41, 42]. In the treatment of perforated ulcers, 
robot-assisted procedures may provide benefits compared 
to laparoscopy, including reduced blood loss, lower 
complication rates, and shorter hospital stay. However, the 
available evidence is limited, its application in emergency 
general surgery is still uncommon, preparation and 

1 3

Page 7 of 9    266 



Langenbeck's Archives of Surgery         (2025) 410:266 

manuscriptJK: critical revision of manuscriptAR: study conception 
and design, analysis and interpretation of data, critical revision of 
manuscript.

Funding  Open Access funding enabled and organized by Projekt 
DEAL.

Data availability  Yes, I have research data to declare. The data used in 
the manuscript consist of both self-generated data and data extracted 
from previously published articles. Where applicable, the relevant 
sources and references are provided in the manuscript. The data 
underlying the findings of this study are not publicly accessible due to 
privacy constraints but can be provided upon reasonable request to the 
corresponding author.

Declarations

Competing interests  The authors declare no competing interests.

Open Access   This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit ​h​t​t​p​​:​/​/​​c​r​e​a​​t​i​​v​e​c​​o​m​m​o​​n​s​.​​o​
r​g​​/​l​i​c​e​n​s​e​s​/​b​y​/​4​.​0​/.

References

1.	 Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, 
Mulrow CD (2021) The PRISMA 2020 statement: an updated 
guideline for reporting systematic reviews. BMJ 29 n71.

2.	 PROSPERO International prospective register of systematic 
reviews. PROSPERO: International prospective register of 
systematic reviews

3.	 Wadewitz E, Friedrichs J, Grilli M, Vey J, Zimmermann S, Kleeff 
J (2024) u. A. Approaches for the treatment of perforated peptic 
ulcers: A.network meta-analysis of randomised controlled trials – 
study protocol. BMJ Open März 14(3):e082732

4.	 Doyle DJ, Hendrix JM, Garmon EH American Society of 
Anesthesiologists Classification. In: StatPearls [Internet]. 
Treasure Island (FL): StatPearls Publishing; 2024 [zitiert 17. 
August 2024]. Verfügbar unter: ​h​t​t​p​​:​/​/​​w​w​w​.​​n​c​​b​i​.​​n​l​m​.​​n​i​h​​.​g​o​​v​/​b​o​
o​k​s​/​N​B​K​4​4​1​9​4​0​/

5.	 Dindo D, Demartines N, Clavien PA (2004) Classification of 
surgical complications. Ann Surg August 240(2):205–213

6.	 Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page 
MJ, Welch VA (eds) (2023) Cochrane Handbook for Systematic 
Reviews of Interventions. Cochrane

7.	 Sterne JAC, Savović J, Page MJ, Elbers RG, Blencowe NS 
Boutron I, RoB 2: a revised tool for assessing risk of bias in 
randomised trials. BMJ. 28. August 2019;l4898.

8.	 Bradburn MJ, Deeks JJ, Berlin JA, Russell Localio A (2007) 
Much ado about nothing: a comparison of the performance of 
meta-analytical methods with rare events. Stat Med 15 Januar 
26(1):53–77

treatment versus the open surgical approach, which was 
tolerable since a more conservative estimate is preferable to a 
biased one towards a more extreme treatment effect.

Another limitation comes through the relative rarity 
of some of the events in question. We tried to account 
for this problem by using methods that have proven to be 
robust in rare events settings, yet sparse data must always 
be considered a limiting factor in meta-analysis. The funnel 
plots for each outcome either appear unremarkable or are not 
conclusive due to the small number of studies. They should 
serve as orientation when assessing robustness of results.

Despite all these challenges and issues regarding the data 
in question we are confident that this review has merit as an 
exploratory insight into the presented field. Whilst overall 
treatment effects presented here should not be used as the 
sole argument for treatment decisions they do serve as a 
good overview and might aid decision-making in the face 
of uncertainty.

Conclusions

This network meta-analysis demonstrates that the 
laparoscopic approach is associated with lower mortality, 
fewer postoperative complications overall, and reduced 
rates of specific complications such as wound infections 
and ileus compared to the open surgical approach. There 
appears to be a suggestion that the combined endoscopic 
and radiologic approach favors lower risks of mortality 
and complications such as pneumonia, abscess, and hernia 
compared to open surgery. However, the evidence is 
insufficient to draw definitive conclusions, and further RCTs 
are required. The benefits of the combined laparoscopic-
endoscopic approaches remain unclear, emphasizing 
the need for further research to determine their specific 
indications and potential advantages.

Supplementary Information  The online version contains supplementary 
material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​4​2​3​-​0​2​5​-​0​3​8​4​8​-​9.

Acknowledgements  We greatly thank Prof. Sterne for providing 
valuable insights and guidance in the application of the ROB2 tool. 
Additionally, we are deeply thankful to Dr. Said Negm for generously 
sharing detailed information regarding his study, which significantly 
contributed to the success of our work.

Author contributions  EW: Drafting of manuscript, acquisition of data, 
analysis and interpretation of data, critical revision of manuscriptJF 
acquisition of data, analysis and interpretation of data, critical 
revision of manuscriptMG: acquisition of data, critical revision of 
manuscriptJV: analysis and interpretation of data (statistical analysis), 
critical revision of manuscriptSZ: analysis and interpretation of 
data (statistical analysis), critical revision of manuscriptYS: critical 
revision of manuscript, analysis and interpretation of data (bias 
analysis)JK: critical revision of manuscriptUR: critical revision of 

1 3

  266   Page 8 of 9

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://www.ncbi.nlm.nih.gov/books/NBK441940/
http://www.ncbi.nlm.nih.gov/books/NBK441940/
https://doi.org/10.1007/s00423-025-03848-9


Langenbeck's Archives of Surgery         (2025) 410:266 

27.	 Srivastava V, Singh G, Singh SK (2018) Laparoscopic repair of 
perforated peptic ulcers without omental patch versus conven-
tional open surgery. Int Surg J 5(3)

28.	 王耿泽张书俊 (2015) 腹腔镜与开腹胃十二指肠溃疡穿孔修补
手术的临床应用. 世界华人消化杂志. 18. Mai ;23(14):2318–22

29.	 Abdullah AAK, Sinha R, Syed A, Lokhande A (2024) To Study 
the Perforation Peritonitis Cases, Diagnosis and Management. J 
Popul Ther Clin Pharmacol 31(4):198–205

30.	 Sokhal BS, Mohamedahmed A, Zaman S, Wuheb AA, Abdalla 
HE, Husain N (2024) Laparoscopic versus open repair for pep-
tic ulcer perforation: a systematic review, meta-analysis and trial 
sequential analysis of randomised controlled trials. Time to con-
clude! Ann R coll Surg engl. 3. ;rcsann20240082.

31.	 Li ZW, Tong Y, Liu F, Liu XR, Lv Q, Tang KL (2023) u. A. A 
comparative study on laparoscopic A.d open surgical A.proaches 
for perforated peptic ulcer repair: efficacy A.d outcomes A.alysis. 
Langenbecks Arch Surg 14 November 408(1):435

32.	 Taylor H (1946) Perforated Peptic Ulcer Treated Without Opera-
tion. Lancet 248(6422):441–444

33.	 Oulhaci W (2007) Results of Conservative treatment for perfo-
rated gastroduodenal ulcers in patients not eligible for surgical 
repair. Swiss Med Wkly 16 Juni 137(2324):337–340

34.	 Songne B, Jean F, Foulatier O, Khalil H, Scotté M (2004) Trait-
ement Non opératoire des perforations d’ulcère gastroduodénal. 
Résultats d’une étude prospective. Ann De Chirurgie Dezember 
129(10):578–582

35.	 Roy A, A Prospective Study On Conservative Management of 
Perforated Peptic Ulcer in a Tertiary Care Hospital. pnr [Internet]. 1. 
Januar 2022 [zitiert 5. Dezember 2023];13(S01). Verfügbar unter: ​h​
t​t​p​​s​:​/​​/​p​n​r​​j​o​​u​r​n​​a​l​.​c​​o​m​/​​i​n​d​​e​x​.​​p​h​p​​/​h​o​m​​e​/​​a​r​t​​i​c​l​e​​/​v​i​​e​w​/​​1​1​4​7​/​9​2​4

36.	 Karabulut K Non-operative Management of Perforated Peptic 
Ulcer: A Single Center Experience. Ulus Travma Acil Cerrahi Derg 
[Internet]. 2019 [zitiert 12. November 2024]; Verfügbar unter: ​h​t​t​p​s​
:​​​/​​/​j​a​​g​.​j​​o​u​r​​n​a​l​​a​g​e​n​​​t​.​​c​​o​​m​/​t​r​​a​v​​m​​a​/​​p​​d​f​​s​/​​U​​T​​D​_​​​2​5​​_​​6​_​5​8​​5​_​5​8​8​.​p​d​f

37.	 Cao F, Li J, Li A, Fang Y, Wang Y, jun, Li F (2014) Nonoperative 
management for perforated peptic ulcer: who can benefit? Asian J 
Surg Juli 37(3):148–153

38.	 Malkov IS, Zaynutdinov MA, Veliyev AN, Tagirov MR, Merrell 
RC (2004) Laparoscopic and endoscopic management of perfo-
rated duodenal ulcers1. J Am Coll Surg März 198(3):352–355

39.	 Alvarado-Aparicio HA, Moreno-Portillo M (2004) Management 
of duodenal ulcer perforation with combined laparoscopic and 
endoscopic methods. Surg Endosc September 18(9):1394–1394

40.	 Bergström M, Vázquez JAA, Park PO (2013) Self-expandable 
metal stents as a new treatment option for perforated duodenal 
ulcer. Endoscopy 45(3):222–225

41.	 Wong SW, Crowe P (2023) Visualisation ergonomics and robotic 
surgery. J Robotic Surg 19 Mai 17(5):1873–1878

42.	 Wilson EB (2009) The evolution of robotic general surgery. 
Scand J Surg Juni 98(2):125–129

43.	 Charland N, Hadaya J, Mallick S, Tran Z, Cho NY, Le N (2024) 
u. A. National trends A.d outcomes of robotic emergency general 
surgery in the united States. Surg September 176(3):835–840

44.	 Anyomih TTK, Mehta A, Sackey D, Woo CA, Gyabaah EY, Jab-
ulo M (2024) u. A. Robotic versus laparoscopic general surgery in 
the emergency setting: A.systematic review. J Robotic Surg 5 Juli 
18(1):281

45.	 Lunardi N, Abou-Zamzam A, Florecki KL, Chidambaram S, Shih 
IF, Kent AJ (2024) u. A. Robotic technology in emergency gen-
eral surgery cases in the era of minimally invasive surgery. JAMA 
Surg 1 Mai 159(5):493–499

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

9.	 Sweeting J, Sutton MJ, Lambert AC (2004) What to add to 
nothing? Use and avoidance of continuity corrections in meta-
analysis of sparse data. Stat Med 15 Mai 23(9):1351–1375

10.	 Rücker G (2012) Network meta-analysis, electrical networks and 
graph theory: NETWORK META-ANALYSIS USING GRAPH 
THEORY. Res Syn Meth Dezember 3(4):312–324

11.	 Krahn U, Binder H, König J (2013) A graphical tool for locating 
inconsistency in network meta-analyses. BMC Med Res Methodol 
Dezember 13(1):35

12.	 Lau WY, Leung KL, Kwong KH, Davey IC, Robertson C, 
Dawson JJW (1996) u. A. A randomized study comparing 
laparoscopic versus open repair of perforated peptic ulcer using 
suture or sutureless technique: annals of surgery. 224(2):131–138

13.	 Chaimani A, Salanti G (2012) Using network meta-analysis to 
evaluate the existence of small‐study effects in a network of 
interventions. Res Synthesis Methods Juni 3(2):161–176

14.	 Negm S, Mohamed H, Shafiq A, AbdelKader T, Ismail A, Yassin 
M (2022) u. A. Combined endoscopic A.d radiologic intervention 
for management of A.ute perforated peptic ulcer: A.randomized 
controlled trial. World J Emerg Surg 24 Mai 17(1):24

15.	 Arroyo Vázquez JA, Khodakaram K, Bergström M, Park PO 
(2021) Stent treatment or surgical closure for perforated duodenal 
ulcers: a prospective randomized study. Surg Endosc Dezember 
35(12):7183–7190

16.	 Bertleff MJOE, Halm JA, Bemelman WA, Van Der Ham AC, Van 
Der Harst E, Oei HI (2009) u. A. Randomized clinical trial of 
laparoscopic versus open repair of the perforated peptic ulcer: the 
LAMA trial. World J Surg Juli 33(7):1368–1373

17.	 Crofts TJ, Park KG, Steele RJ, Chung SS, Li AK (1989) A 
randomized trial of nonoperative treatment for perforated peptic 
ulcer. N Engl J Med 13 April 320(15):970–973

18.	 Ge B, Wu M, Chen Q, Chen Q, Lin R, Liu L (2016) u. A. A 
prospective randomized controlled trial of laparoscopic repair 
versus open repair for perforated peptic ulcers. Surg Februar 
159(2):451–458

19.	 Khedr EM, Awad SS, Salem A, Alzahrani A, Asiri M, AlThomali 
M (März 2023) u. A. The assessment of the perioperative outcome 
of laparoscopic versus open management of gastroduodenal 
perforation. Our Two-Center comparative experience. Surgery, 
gastroenterology A.d oncology. 31. 28(2):96

20.	 Lau JY, Lo SY, Ng EK, Lee DW, Lam YH, Chung SC (1998) A 
randomized comparison of acute phase response and endotoxemia 
in patients with perforated peptic ulcers receiving laparoscopic 
or open patch repair. Am J Surg April 175(4):325–327

21.	 Saim M, Akbar M, Brohi S, Memon SK, Nadeem R, Zubair 
M (2023) Outcome of laparoscopic repair of duodenal ulcer 
perforation compared with open technique. PJMHS 5 März 
17(2):369–371

22.	 Shah FH, Mehta SG, Gandhi MD (2015) Saraj. Laparoscopic 
peptic ulcer perforation closure: the preferred choice. Indian J 
Surg Dezember 77(S2):403–406

23.	 Siu WT, Leong HT, Law BKB, Chau CH, Li ACN, Fung KH 
(2002) u. A. Laparoscopic repair for perforated peptic ulcer. Ann 
Surg März 235(3):313–319

24.	 Zedan AM, Head MH, Hussein BG (2020) Conservative versus 
surgical treatment of perforated peptic ulcer. Annals Trop Med 
Public Health 23(12)

25.	 Ahmed Negm MD, ESA MD; M, Basheer MD, MS MD; AE-R, 
El-Bahy MD, HEG MD; A, Abbas MD, AAEM I, Dawoud MD 
MA MD (2018) Laparoscopic versus Open Repair of Perforated 
Peptic Ulcer: Comparative Study. The Medical Journal of Cairo 
University. 86(6):1767–75

26.	 Saleem AEAA, Arafa MW, Galal AM (2023) A comparative 
study of laparoscopic versus laparotomy repair of perforated pep-
tic ulcer: A prospective study. Egypt J Surg 42(2):385–401

1 3

Page 9 of 9    266 

https://pnrjournal.com/index.php/home/article/view/1147/924
https://pnrjournal.com/index.php/home/article/view/1147/924
https://jag.journalagent.com/travma/pdfs/UTD_25_6_585_588.pdf
https://jag.journalagent.com/travma/pdfs/UTD_25_6_585_588.pdf

	﻿Approaches for the treatment of perforated peptic ulcers: a network meta-analysis of randomized controlled trials
	﻿Abstract
	﻿Introduction
	﻿Methods and analysis
	﻿Search strategy

	﻿Inclusion and exclusion criteria
	﻿Data collection
	﻿Statistical analysis and data synthesis
	﻿Missing data

	﻿Results
	﻿Bias analysis

	﻿Discussion
	﻿Conclusions
	﻿References


