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Abstract
Background Perforated peptic ulcer (PPU) remain a surgical emergency accounting for 37% of all peptic ulcer-related deaths. 
Surgery remains the standard of care. The benefits of laparoscopic approach have been well-established even in the elderly. 
However, because of inconsistent results with specific regard to some technical aspects of such technique surgeons questioned 
the adoption of laparoscopic approach. This leads to choose the type of approach based on personal experience. The aim of 
our study was to critically appraise the use of the laparoscopic approach in PPU treatment comparing it with open procedure.
Methods A retrospective study with propensity score matching analysis of patients underwent surgical procedure for PPU 
was performed. Patients undergoing PPU repair were divided into: Laparoscopic approach (LapA) and Open approach 
(OpenA) groups and clinical-pathological features of patients in the both groups were compared.
Results A total of 453 patients underwent PPU simple repair. Among these, a LapA was adopted in 49% (222/453 patients). 
After propensity score matching, 172 patients were included in each group (the LapA and the OpenA). Analysis demonstrated 
increased operative times in the OpenA [OpenA: 96.4 ± 37.2 vs LapA 88.47 ± 33 min, p = 0.035], with shorter overall 
length of stay in the LapA group [OpenA 13 ± 12 vs LapA 10.3 ± 11.4 days p = 0.038]. There was no statistically significant 
difference in mortality [OpenA 26 (15.1%) vs LapA 18 (10.5%), p = 0.258]. Focusing on morbidity, the overall rate of 
30-day postoperative morbidity was significantly lower in the LapA group [OpenA 67 patients (39.0%) vs LapA 37 patients 
(21.5%) p = 0.002]. When stratified using the Clavien–Dindo classification, the severity of postoperative complications was 
statistically different only for C–D 1–2.
Conclusions Based on the present study, we can support that laparoscopic suturing of perforated peptic ulcers, apart from 
being a safe technique, could provide significant advantages in terms of postoperative complications and hospital stay.
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The incidence of peptic ulcer disease has decreased, 
particularly in Western countries after the introduction of 
proton-pump inhibitors (PPI) along with antibiotic therapy 

for Helicobacter pylori eradication. Nowadays, peptic ulcer 
disease has a reported annual incidence between 0.03 and 
0.19% worldwide [1–6]. However, although the number 
of patients with ulcer is decreased to less than one third, 
there was no marked decrease in the number of deaths from 
ulcer, and perforated peptic ulcer (PPU) remain a surgical 
emergency associated with increased mortality, accounting 
for 37% of all peptic ulcer-related deaths [7]. This indicates 
that the clinical picture of ulcer became more severe, in 
particular, combined use of LDA (low-dose aspirin) and non-
steroidal anti-inflammatory drugs (NSAIDs) and advanced 
age serve as risk factors for the occurrence of LDA-
induced ulcer and also increase the risk of haemorrhage 
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and aggravation [8–12]. Surgery remains the standard of 
care for patients with PPU. The benefits of laparoscopic 
approach (LA) for patients with perforated peptic ulcer have 
been well-established even in the elderly [13–16]. The first 
laparoscopic repair of PPU was reported by Mouret et al. 
[17]. Laparoscopy is associated with less intraoperative 
blood loss, better pulmonary function, reduced postoperative 
pain, quicker return of bowel function, a shorter hospital 
stay, and a lower incisional hernia incidence when compared 
with standard open surgery [18]. Thereafter, retrospective 
studies found acceptable outcomes of LA for PPU. However, 
because of inconsistent results with specific regard to some 
technical aspects of such technique, i.e., peritoneal lavage, 
surgeons questioned the adoption of laparoscopic approach 
to perform ulcer repair [19, 20]. This leads the surgeons 
to choose the type of approach based on their personal 
experience. The aim of our study was to critically appraise 
the use of the laparoscopic approach in PPU treatment 
comparing it with open procedure.

Material and methods

Study settings and protocol

This research originates from a previous well-consolidated 
experience [21] thus following a similar methodology, a 
new collaborative research group was founded. The IGo-
GIPS (Italian Group for Gastro-Intestinal Postoperative 
Surveillance) is a large, nationwide network created with 
the aim to undertake both prospective and/or retrospective 
studies investigating the perioperative outcomes of specific 
topics mainly concerning gastrointestinal surgery [22]. 
Centres were included on a volunteer basis, and neither 
investigators nor participating hospitals were paid for 
their collaboration. Clinical decisions, including operative 
technique, were always based on the criteria of individual 
centres and staff surgeons. Although procedures were not 
standardised per a study protocol, it is important to note 
that they were likely similar among participating hospitals, 
with some slight technical differences across institutions 
seldom taken into account because they were judged to not 
influence the outcome. The investigators were informed 
about the objectives of the project and asked for complete 
details about the surgical management of patients following 
standard methods and collection protocols as already 
described. Data regarding patients were prospectively 
collected from the study participating centres from January 
2017 to June 2018, while data regarding other patients from 
July 2018 to December 2021 were retrospectively retrieved 
from hospital electronic databases. The former prospective 
study protocol was approved by the Ethics Committee of 
Sapienza University of Rome and of all the centres while 

no formal approval was requested for any other retrospective 
non-interventional study except in case of specific indication 
deemed by a single centre. However, a signed consent for 
the treatment and the analysis of data for scientific purposes 
was obtained from all patients before surgery. This study 
was conducted in accordance with the Declaration of 
Helsinki and its later amendments. All parts of the studies 
and the present manuscript have been checked and presented 
according to the checklist for Strengthening the Reporting 
of Observational Studies in Epidemiology (STROBE) [23].

Inclusion and exclusion criteria and collected data 
confirmation

For the aim of the present study, we initially retrieved 
records of all patients having > 18 years with ICD-9-CM 
code ranging from 531.× to 534.× requiring emergency 
surgery from January 2017 to December 2021. Furthermore, 
bleeding ulcer, neoplastic perforation, sole endoscopic 
procedures, and emergency operations during the course of 
any other elective surgery were discarded. Other exclusion 
criteria were the following: age < 18 years; location other 
than stomach or duodenal bulb; previous upper GI surgery; 
lack of informed consent for the study participation, if 
requested; patients participating in other randomised 
or interventional clinical trials. Submissions made by 
unconfirmed participants, duplicate submissions, records 
with more than 5% of missing data were also excluded. 
Although the patient's demographic information was 
collected, all data were anonymized before analysis even 
for centre identification.

Patients’ characteristics, preoperative variables 
and objectives of this study

Data collected included patient demographic characteristics 
and clinical variables, procedure details, and outcomes. 
Demographics variables and clinical data included: age, 
gender, weight, height, body mass index (BMI), Glasgow 
Coma Scale (GCS), heart rate, systolic blood pressure, 
medical and surgical history (comorbidities), common 
preoperative biochemical blood examination (including 
C-Reactive Protein [CPR], and arterial blood gas analysis). 
Procedure details included: site and size of the ulcer, type 
of surgical approach and procedure performed, timing, 
conversion rate, peritoneal contamination). Comorbidity 
was recorded if the condition was being medically treated 
at the time of admission, or if previous treatment for the 
condition was described in the admission report. The Age-
adjusted Charlson Comorbidity Index (age-CACI) was 
calculated and a score ≥ 6 was used to categorise patients 
having a severe comorbid condition. Preoperative risk was 
assessed with anaesthesiologist-assigned American Society 
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of Anaesthesiologists (ASA). Furthermore, Systemic 
inflammatory response syndrome (SIRS) was evaluated 
according to the original consensus study (Sepsis-1) 
[24]. SIRS criteria ≥ 2 met the definition of SIRS. When 
appropriated, the Frailty profile was investigated by the 
5-modified Frailty Index (5-mFI) and the Emergency 
Surgery Frailty Index (EmSFI). As previously described 
[21], the assessment of Activities of Daily Living and 
the Fried Frailty criteria was considered and in order to 
simplifying the concerning statements, the item “Altered 
autonomy” should be referred to the assessment of activities 
of daily living, while the item “Altered mobility” has been 
used to outline some of the Fried’s frailty criteria. When 
statistical analysis was performed, 5-mFI ≥ 0.4 score was 
used for categorising frailty as a binary variable according 
to current literature [25]. Sepsis was evaluated according 
to the qSOFA score. The Shock index, the Age-Shock 
Index, the Boey score, the Mannheim Peritonitis Index 
(MPI), the PULP Score, and the Jabalpur score were 
also calculated. Postoperative complications have been 
reported and categorised according to the Clavien–Dindo 
classification system by the study leader in each of the 
participating centres and the Comprehensive Complication 
Index was also calculated [26, 27]. Furthermore, morbidity 
was divided into three groups named as follows: C–D 1–2, 
C–D 3, and C–D 4. Although morbidity and mortality have 
been considered as the 30-day standard period definition, 
adverse outcomes have been reported regardless of the time 
elapsed from the surgical procedure if reasonably related 
to it and occurred during the hospitalisation following the 
main emergency procedure. First, the entire study cohort 
was investigated by analysing the initial approach selected 
regardless of the procedure performed. Furthermore, only 
the suture repair was taken into account because it was the 
most common technique adopted. Patients undergoing PPU 
repair were divided into two groups named Laparoscopic 
approach (LapA) and Open approach (OpenA) and clinical-
pathological features of patients in the both groups were 
compared. The laparoscopic group included all patients 
who underwent an attempted pure laparoscopic procedure. 
An open conversion was defined as when a procedure was 
attempted via the minimally invasive approach but required 
an open incision to be completed. Patients who required 
conversion to laparotomy were included and analysed on an 
intention-to-treat basis. Leakage was defined as when bile or 
gastric content was detected in the drain output or by means 
of CT scan with oral water-soluble contrast. No routine use 
of the latter or of the methylene blue test was adopted. As 
well as stated above, due to the multicentre observational 
design of the study, there was not a uniform standardised 
protocol neither for the suture technique performed nor 
for the suture material used. However, because the simple 
suture, the suture plus omental flap, and suture with omental 

patch were equally distributed in both groups, the lack of 
uniformity in the technique and material used was not 
considered as a bias.

Statistical analysis

Statistical analysis was carried out using StataCorp 
2019 STATA Statistical Software: release 16 (College 
Station,TX: StataCorp LLC). Dichotomous data and counts 
were presented in frequencies, whereas continuous data 
were presented as mean values ± standard deviations (SD) 
and/or median with 25–75 Interquartile Range (IQR) and 
minimum–maximum range. Differences between means 
were compared using the independent sample Student’s 
T-test or the Mann–Whitney U test when indicated. Fisher’s 
exact test or χ2 test, with or without Yates correction, 
were used to compare differences in frequencies. After 
an initial entire cohort summary description, the patients 
managed with gastric resection and those with lavage and 
drainage were excluded and a deeper statistical analysis 
was performed only on the patients who underwent the 
simple suture repair. Firstly, the accuracy of the morbidity 
and mortality prediction of MPI, Boey score, PULP score, 
and Jabalpur score was evaluated by receiver-operating 
characteristic (ROC) curve analysis, and the corresponding 
area under the curve (AUC) values was compared. 
Univariate analysis was performed in order to assess the 
Odds Ratio of any factor for suture leak and conversion 
to open. Odds Ratio was calculated by means of a 2 × 2 
Contingency table for binary variables while by means of 
logistic regression for those continuous. All variables with 
a p value < 0.10 at univariate analysis were entered into a 
backward stepwise logistic regression model. If needed, 
receiver-operating characteristic (ROC) curve analysis was 
performed to calculate the cut-off value corresponding to 
the maximum Youden’s index of continuous variables in 
order to clarify the potential clinical relevance of such Odds 
Ratio values.

Thereafter, a propensity score matching was carried out. 
The Italian Version of IBM Corp. Released 2012. IBM SPSS 
Statistics for Macintosh, Version 21.0. IBM Analytics (Italy, 
Segrate, Milan) integrated with SPSS R Essentials for R 
Statistical Software version 2.14.2 (Foundation for Statistical 
Computing, Vienna, Austria) was used. The model was 
constructed to eliminate selection bias between groups 
and was reported according to the recommendations of 
Lonjon et al. [28]. Variables influencing decision regarding 
surgical approach and variables with potential influence on 
outcomes were assigned propensity scores using a bivariate 
logistic regression model. The final model included the 
following variables: sex as exact, age, ASA score, Age-
Shock Index, and Age-CACI. We matched propensity scores 
1:1 with the use of the nearest neighbour methods without 
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replacement using the closest callipers width to achieve the 
maximum number of cases without statistical differences 
in confounders. In this instance, the calliper width was set 
at 0.2. All tests were two-tailed and a p value ≤ 0.05 was 
considered statistically significant.

Result

Entire cohort

A total of 509 patients fulfilling the inclusion criteria were 
evaluated (Fig. 1). The overall mean age was 62.9 ± 17.4 
(range 18 to 100  years), 273 (53.6%) were male. A 
laparoscopy approach (LA) was performed in 212 patients 
(41.6%) while an open approach (OA) was performed in 
276 patients (54.2%). The overall conversion rate was 4.1% 
(21 patients). Four hundred and fifty-three patients (89.0%) 
underwent simple repair with or without an omental patch, 
50 patients (9.8%) underwent gastric resection, while a 
peritoneal lavage and drainage was performed in 6 (1.2%) 
patients. Table  1 reports demographics, clinical and 
operative data stratified by the type of approach.

Simple repair group data

A total of 453 (89%) patients underwent PPU simple repair. 
Among these, a LA was adopted in 49% (222/453 patients) 
defined as “LapA group” with a conversion rate of 7.2% 
(16/222 patients), while an open approach was adopted in 
51% (231/453 patients) defined as “OpenA group”.

Table 2 summarises demographics features and clinical 
data of simple repair patients before and after propensity 
score matching. The rate of male patients was similar 
between the groups as well as the BMI. The ASA score 
was significantly higher in the OpenA group [OpenA 123 
patient (53.2%) vs LapA 95 patients (43.0%), p = 0.030]. 
No differences were found between the groups in terms of 
preoperative laboratory value (Hb, lactate, glycemia, WBC, 
PLT CRP) except for creatinine which was significantly 
higher in the OpenA patients (OpenA 1.3 ± 1.2 vs LapA 
1.0 ± 0.7 p = 0.001). Regarding the scores that reflect patient 
general status such as shock index, CACI, EmSFI, and 
qSOFA only the last one was higher in the OpenA group 
than in the LapA group (qSofa: OpenA 64 ± 3.2 vs LapA 
0.41 ± 2.60. p = 0.001). SIRS was anyway more frequent in 
the OpenA group [OpenA 108 patients (47.0%) vs LapA 
71 patients (32.0%) p = 0.001]. Moreover, patients in the 
OpenA group were more fragile as reflected by a lower 
independency in daily activity and a higher EmSFI index. 

Fig. 1  Flow chart of clinical 
study design. (PSM propensity 
score matching, Lap. 
laparoscopy)
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Operative details and postoperative outcomes before and 
after propensity score matching are summarized in Table 3.

Boeys score, MPI and Jabalpur score were not different 
between-groups while Pulp score was slightly lower in the 
LapA group (OpenA 5 ± 3.4 vs LapA 4 ± 3.0). The mean 
operative time was 86.1 ± 31.3  min in the LapA group 
and 98.3 ± 40.1 in the OpenA group. The difference was 
statistically significant (p = 0.001). Mean diameter of the 
perforation and site were similar between the groups and no 

difference in terms of leak rate was retrieved. The overall 
morbidity rates was higher in the OpenA group [OpenA 93 
patients (40.3%) vs LapA 49 patients (22.1%) p < 0.001] as 
well as the postoperative 30-day mortality rate [OpenA 45 
patients (19.5%) vs LapA 19 patients (8.6%) (p = 0.001)]. 
As concern morbidity, MPI, Boey score, PULP score, and 
Jabalpur score showed no discrimination ability [AUC 0.491 
(95% CI 0.433–0.548), 0.523 (95% CI 0.468–0.578), 0.562 
(95% CI 0.507–0.617), and 0.501 (95% CI 0.442–0.560), 

Table 1  Demographics characteristics and clinical data

Data that are statistically significant are in bold
LA laparoscopic approach, OA open approach

Entire cohort (509) Laparoscopy (209) Open surgery (278) Converted (22) p value

Gender, male n. (%) 273 (53.6%) 110 (52.6%) 147 (52.9%) 16 (72.7%) 0.185
Mean age, (range) 62.9 ± 17.4 (18–100) 59.8 ± 17.2 (18–92) 64.0 ± 17.7 (18–100) 64.7 ± 12.6 (35–89) 0.025
BMI 24.8 ± 4.4 25.1 ± 4.3 24.6 ± 4.5 25.0 ± 4.7
ASA ≥ 3 257 (50.5) 87 (42.0) 156 (56.1) 14 (63.6) 0.003
Site 0.751
 Gastric 223 (43.8) 91 (43.5) 124 (44.6) 8 (36.4)
 Duodenal/pyloric 286 (56.2) 118 (56.5) 154 (55.4) 14 (63.6)
 Size (mm) 8.5 ± 3.6 7.6 ± 2.0 8.9 ± 1.0 10.8 ± 7.2  < 0.001

Surgical procedure  < 0.001
 Simple repair 453 (89.0) 206 (45.5) 231 (51.0) 16 (3.5)
 Resection 50 (9.8) 0 (0) 45 (90.0) 5 (10.0%)
 Lavage and drainage 6 (1.2) 6 (2.9) – –

Operating time (minutes) 102.9 ± 54.1 84.1 ± 30.8 114.26 ± 61.5 137.1 ± 70.0  < 0.001
Hemoglobin 13.4 ± 3.0 13.7 ± 2.4 13.1 ± 3.0 13.4 ± 2.6 0.155
WBC 1311 ± 6.0 13.2 ± 4.9 13.0 ± 6.3 14.6 ± 8.1 0.348
PLT 291.4 ± 116.8 275.2 ± 90.2 299.6 ± 113.2 340.4 ± 97.0 0.005
Glycemia 138.6 ± 50.5 134.0 ± 36.1 139.2 ± 55.6 175.4 ± 81.0 0.029
Creatinine 1.2 ± 1.0 1.0 ± 1.0 1.3 ± 1.1 1.4 ± 1.2 0.001
Lactate (mmol/L) 3.4 ± 6.0 2.7 ± 2.3 3.2 ± 4.1 11.6 ± 22.7  < 0.001
C-Reactive Protein 6.7 ± 7.4 6.5 ± 7.3 6.9 ± 7.5 6.8 ± 6.6 0.803
BOEY score 1.3 ± 1 1.2 ± 1 1.3 ± 1 1.4 ± 2 0.301
Mannheim Peritonitis Index (MPI) 17.7 ± 8 16.5 ± 8 18.3 ± 8 21.5 ± 8 0.006
Pulp Score 4.6 ± 3.2 3.3 ± 0.1 3.4 ± 0.2 3.0 ± 0.6  < 0.001
Jabalpur Score 3.3 ± 2 3.2 ± 1.5 3.4 ± 1.8 4.1 ± 2.4 0.212
CACI 2.9 ± 2.6 2.5 ± 2.3 3.2 ± 2.7 2.8 ± 1.9 0.012
CACI ≥ 6 80 (15.7) 25 (12.0) 53 (19.1) 2 (9.1) 0.070
SIRS 214 (42) 61 (29.2) 138 (49.6) 15 (68.2)  < 0.001
qSOFA 0.6 ± 3.2 0.4 ± 2.7 0.7 ± 3.7 0.4 ± 0.7 0.001
Shock Index 0.73 ± 0.2 0.7 ± 0.2 0.8 ± 0.3 0.8 ± 0.3  < 0.001
Age-Shock Index 46.2 ± 22.6 40.1 ± 17.0 50.3 ± 25.1 52.3 ± 22.1  < 0.001
LOS (days) 12.0 ± 11.0 9.7 ± 10.0 13.2 ± 11.4 14.0 ± 11.3  < 0.001
Morbidity 168 (32.8) 45 (21.5) 113 (40.6) 10 (45.5)  < 0.001
 Clavien-Dindo 1–2 116 (22.8) 30 (14.3) 80 (28.8) 6 (27.2)
 Clavien-Dindo 3 27 (5.3) 9 (4.3) 15 (5.4) 3 (13.6)
 Clavien-Dindo 4 25 (4.9) 6 (2.9) 18 (6.5) 1 (4.5)

CCI (Comprehensive Complication Index) 23.56 ± 35.16 13.28 ± 27.88 30.09 ± 37.83 38.58 ± 38.33  < 0.001
Mortality 77 (15.1) 16 (7.7) 56 (20.1) 5 (22.7)  < 0.001
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Table 2  Demographics 
characteristics and clinical data 
of simple repair patients before 
and after propensity score 
matching

Data that are statistically significant are in bold

Before propensity score 
matching

p value After propensity score 
matching

p value

LapA (222) OpenA (231) LapA (172) OpenA (172)

Age, year 60 ± 17.6 63.6 ± 18.0 0.024 61.2 ± 16.3 60.1 ± 18.1 0.567
Male sex n (%) 121 (54.5) 118 (51.1) 0.510 97 (56.4) 97 (56.4) 1.000
BMI, kg/m2 25.0 ± 4.3 24.8 ± 4.5 0.396 25.1 ± 4.1 25.0 ± 4.1 0.290
ASA ≥ 3 95 (43.0) 123 (53.2) 0.030 77 (45.0) 78 (45.3) 1.000
Lactate (mmol/L) 3.1 ± 0.7 2.9 ± 0.1 0.502 3.3 ± 6 2.7 ± 1.4 0.163
Glycemia 136.4 ± 42.1 136.1 ± 48.3 0.420 137.6 ± 4 134.0 ± 42 0.438
Creatinine 1.0 ± 0.7 1.3 ± 1.2 0.001 1.0 ± 0.6 1.2 ± 1.1 0.404
Hemoglobin (g/dL) 13.7 ± 2.4 13.3 ± 2.6 0.140 13.6 ± 2.4 13.4 ± 2.6 0.470
WBC  (109/L) 13.5 ± 5.0 13.0 ± 6.4 0.234 13.6 ± 5 13.4 ± 2.6 0.680
PLT 277.6 ± 89.0 296.6 ± 134.0 0362 281 ± 88 292.4 ± 117 0.306
C-Reactive Protein (mg/L) 6.4 ± 7.3 6.7 ± 7.6 0.971 6.6 ± 7.4 6.2 ± 7.2 0.252
CACI 2.5 ± 2.3 3.2 ± 2.7 0.007 2.6 ± 2.4 2.7 ± 2.5 0.895
CACI ≥ 6 26 (11.7) 45 (19.5) 0.028 22 (12.8) 26 (15.1) 0.534
Shock Index 0.67 ± 0.18 0.75 ± 0.26 0.004 0.67 ± 0.18 0.68 ± 0.18 0.481
Age-Shock Index 40.6 ± 17.2 48.9 ± 25.1 0.003 41.6 ± 17.1 41.6 ± 18.1 0.740
SIRS 71 (32.0) 108 (47.0) 0.001 60 (35.0) 74 (43.0) 0.150
qSofa 0.41 ± 2.6 0.64 ± 3.2 0.001 0.24 ± 0.4 0.41 ± 0.6 0.003
EmSFI 3.8 ± 1.2 4.3 ± 1.9  < 0.002 3.8 ± 1.1 4.1 ± 1.9 0.262
5-Item frailty index 0.13 ± 0.19 0.15 ± 0.21 0.254 0.14 ± 0.20 0.13 ± 0.20 0.600
Frailty yes (5-mFI ≥ 0.4) 43 (19.4) 52 (22.5) 0.412 38 (22.1) 35 (20.3) 0.692
Altered autonomy 3 (1.4) 21 (9.1)  < 0.001 3 (1.7) 13 (7.6) 0.010
Altered motility 26 (11.7) 29 (12.5) 0.784 20 (11.6) 17 (9.9) 0.602

Table 3  Operative details and postoperative outcomes before and after propensity score matching

Data that are statistically significant are in bold

Before propensity score matching p value After propensity score matching p value

LapA (222) OpenA (231) LapA (172) OpenA (172)

Operative time (min), mean ± SD 86.1 ± 31.3 98.3 ± 40.1 0.001 88.47 ± 33 96.4 ± 37.2 0.035
Site 0.777 0.664
 Duodenal/pyloric n. (%) 125 (56.3) 126 (54.5) 99 (57.6) 94 (54.7)
 Stomach Ulcer n. (%) 97 (44.0) 105 (45.5) 73 (42.4) 78 (45.3)

Conversion, n. (%) 16 (7.2) n.a 15 (8.7) n.a
Ulcer size (mm), mean ± SD 7.6 ± 2.0 7.8 ± 2.2 0.310 7.7 ± 2.1 7.8 ± 2.2 0.840
Boey Score 1.2 ± 1 1.2 ± 1 0.514 1.2 ± 1 1.1 ± 1 0.191
Mannheim Peritonitis Index (MPI) 16.8 ± 8 18.1 ± 8 0.111 40.3 ± 148.6 41 ± 148.5 0.975
Pulp score 4 ± 3.0 5 ± 3.4 0.002 4.2 ± 3 4.2 ± 3 0.972
Jabalpur score 3.3 ± 1.6 3.4 ± 1.8 0.725 3.2 ± 1.7 3.3 ± 1.7 0.727
Leak 12 (5.4) 16 (7.0) 0.561 10 (5.8) 8 (4.7) 0.809
30 days morbidity (Clavien–Dindo I–IV) (n, %) 50 (22.1) 93 (40.3)  < 0.001 37 (21.5) 67 (39.0) 0.001
 Clavien-Dindo 1–2 33 (15.0) 70 (30.3)  < 0.001 25 (14.5) 50 (29.1) 0.002
 Clavien–Dindo 3 11 (5.0) 9 (4.0) 0.767 8 (5.0) 6 (3.5) 0.785
 Clavien–Dindo 4 6 (2.7) 14 (6.1) 0.131 4 (2.4) 11 (6.8) 0.110

CCI (Comprehensive Complication Index) 14.64 ± 29.14 28.85 ± 37.46  < 0.001 16.29 ± 31.30 24.01 ± 34.65  < 0.001
Length Hospital Stay (days, median) 10.0 ± 10.4 13.0 ± 11.6  < 0.001 10.3 ± 11.4 13 ± 12 0.038
Postoperative 30-day mortality, n (%) 19 (8.6) 45 (19.5) 0.001 18 (10.5) 26 (15.1) 0.258
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respectively; p = 0.174] (Fig. 2). As regard to mortality 
Boey score e Jabalpur score exhibited poor discrimination 
ability [AUC 0.663 (95% CI 0.592–0.733), 0.604 (95% CI 
0.528–0.680), respectively] while the accuracy of PULP 
score and MPI was acceptable [AUC 0.860 (95% CI 
0.817–0.904), 0.740 (95% CI 0.674–0.807), respectively; 
p < 0.001] (Fig.  3). After propensity score matching, 
172 patients were included in each group (the LapA and 
the OpenA). The analysis revealed that the pre-operative 
variables found to be significantly different before matching 
(i.e., age, ASA, CACI, EmSFI) were then well-balanced 
between both groups (Table 2) except for qSofa and altered 
autonomy, which have remained higher in the OpenA group. 
Outcomes of the propensity score matching demonstrated 
increased operative times in the OpenA (OpenA: 96.4 ± 37.2 
vs LapA 88.47 ± 33 min, p = 0.035), with shorter overall 
length of stay in the LapA group (OpenA 13 ± 12 vs LapA 

10.3 ± 11.4 days p = 0.038), and more frequent discharge to 
home (OpenA 81.3% vs LapA 72.6%, p = 0.017) (Table 3). 
Moreover, there was no statistically significant difference 
in mortality [OpenA 26 (15.1%) vs LapA 18 (10.5%), 
p = 0.258]. While focusing on morbidity, the overall rate of 
30-day postoperative morbidities was significantly lower 
in the LapA group than in the OpenA group [OpenA 67 
patients (39.0%) vs LapA 37 patients (21.5%) p = 0.002]. 
When stratified using the Clavien–Dindo classification, the 
severity of postoperative complications was statistically 
different only for C–D 1–2. However, it is important to 
note that when C–D 4 was taken into account the statistical 
analysis showed an Odds Ratio for OpenA almost three times 
[OR 2.870; (95% Conf. Interval) 0.888–9.265]. The results 
of regression analysis concerning suture leak and conversion 
to open surgery are shown in Table 4. Multivariate analysis 
revealed that pyloric/duodenal site, Boey score, and Age-
Shock Index were the variables statistically related to 
suture leak while SIRS, platelet, serum lactate, MPI, and 
dimension were significantly associated with conversion to 
open surgery.

Discussion

The surgeons’ greater experience in laparoscopic surgery and 
the remarkable development of various laparoscopic surgical 
equipment and new anaesthesiology techniques had led to 
the improvement of the safety and feasibility of laparoscopic 
procedures. As a consequence, a large diffusion of minimally 
invasive approaches for the execution of more complex and 
demanding operations has been seen also in the emergency 
setting [18, 29, 30]. The surgical approach to perforated 
peptic ulcer has changed dramatically in recent decades. 
In the 1970s, vagotomy and pyloroplasty, with the whole 
risks associated with this type of surgery, was the procedure 
more frequently performed. In the following decade, a less 
aggressive approach was recommended: simple suture with 
or without omentoplasty [31]. In the last decades, many 
studies have reported the safety and the efficacy of LA 
for the treatment of PPU [16, 32]. Nevertheless, clinical 
reality differs from the results of randomised studies by 
a complex series of non-objectionable real-world data 
influencing treatment plans. In light of this, it is pivotal 
to define which patients are suitable for a laparoscopic 
approach. Laparoscopic repair of a PPU was described as 
early as 1990, but rates of adoption of this approach have 
been un-clear. Some international studies have reported a 
laparoscopic repair rate ranging from 41 to 76% and our 
series resulted in line with this findings [33, 34]. Moreover, 
in the 2020 WSES guidelines, the laparoscopic approach is 
suggested to be the first-line treatment for stable patients 
with small ulcers as long as surgeons are familiar with the 

Fig. 2  Comparison of receiver-operating characteristic (ROC) curve 
of MPI, Boey score, PULP score and Jabalpur score for overall 
morbidity

Fig. 3  Comparison of receiver-operating characteristic (ROC) curve 
of MPI, Boey score, PULP score and Jabalpur score for mortality
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skill and appropriate equipment is available [35]. In clinical 
practice, the patients who undergo a laparoscopic approach 
compared to an open approach have different characteristics, 
in terms of clinical presentation and comorbidities [36–39]. 
Our study shows that LapA patients are less fragile (lower 
CACI and EmSFI) and have a better overall general and 
inflammatory status (i.e., lower qSofa, lower rate of SIRS, 
and lower MPI). However, after propensity model only 
altered autonomy and qSofa were found to be statistically 
higher in the OpenA group. The main clinical scoring 
systems used to predict morbidity and mortality in PPU 
patients are Boey score, PULP Score and Jabalpur score [37, 
38]. They are often used in conjunction with the Mannheim 
Peritonitis Index and ASA for improved comparison of the 
severity of physiologic derangement [38, 40, 41]. The Boey 
score seems to be the most disease-specific and is simple to 
calculate taking into consideration major medical illness, 
preoperative shock, and duration of perforation longer than 
24 h before surgery. It is reported that a Boey score of 2 or 

higher indicates mortality rate greater than 30% [42–44]. 
Similarly to what performed by other authors, having many 
collected data, we retrospective calculated several common 
scores. The overall mean of the scores was similar between 
the OpenA and LapA groups both before and after propensity 
score matching. A large English population-based cohort 
study of Leusink et al. confirmed that laparoscopic repair 
of PPU is associated with a significant reduction in 30-day 
and 90-day mortality, postoperative pneumonia, and length 
of hospital stay [15]. A recent meta-analysis of randomized 
clinical trials comparing laparotomy to laparoscopic repair 
found no difference in morbidity or mortality between the 
two procedures [45]. Although previous cohort studies 
have compared outcomes between LA and OA, the matched 
nature of this study makes the findings more informative for 
the surgeon's daily activities. We found that the benefits of a 
laparoscopic approach include a shorter operative time and 
length of stay and a slightly lower mortality rate. According 
to the literature, perforation carries an associated mortality 

Table 4  Univariate and multivariate analysis for Leakage and for Conversion to open surgery

Data that are statistically significant are in bold

Leakage Conversion to open surgery

OR (95% CI) 
univariate

p OR (95% CI) 
multivariate

p OR (95% CI) 
univariate

p OR (95% CI) 
multivariate

p

Age 1.024 (1.000–
1.048)

0.050 Sex (M) 2.400 (0.895–
6.432)

0.072

Site (Pyloric/
Duodenal)

2.099 (0.901–
4.890)

0.078 2.516 (1.044–
6.061)

0.040 ASA ≥ 3 2.454 (0.977–
6.164)

0.048

Hypertension 2.254 (1.035–
4.904)

0.035 SIRS 5.199 (1.957–
13.810)

 < 0.001 4.524 (1.462–
13.995)

0.009

Peripheral 
vascular 
disease

3.082 (1.081–
8.783)

0.043 2.952 (1.000–
8.705)

0.050 Creatinine 1.644 (1.070–
2.525)

0.023

Chronic kidney 
failure

2.777 (1.054–
7.314)

0.067 Glycemia 1.015 (1.006–
1.024)

0.001

Frailty 
(5-mFI ≥ 0.4)

2.222 (0.985–
5.011)

0.048 Platelets 1.006 (1.002–
1.011)

0.003 1.007 (1.001–
1.013)

0.025

Altered 
autonomy

3.375 (1.060–
10.735)

0.052 Altered 
autonomy

10.350 (1.329–
80.560)

0.005

CACI ≥ 6 2.298 (0.965–
5.469)

0.094 Dimension 
(mm)

1.274 (1.087–
1.494)

0.003 1.339 (1.107–
1.617)

0.003

Serum Lactate 1.074 (1.004–
1.148)

0.035 Serum Lactate 1.149 (1.021–
1.292)

0.021 1.132 (1.007–
1.272)

0.037

Boey Score 1.889 (1.255–
2.842)

0.002 1.578 (1.017–
2.450)

0.042 MMPI 1.080 (1.021–
1.142)

0.006 1.097 (1.015–
1.186)

0.020

Shock Index 8.863 (2.443–
32.144)

0.001 Shock Index 14.045 (2.316–
85.169)

0.004

AGE-Shock 
Index

1.025 (1.011–
1.039)

 < 0.001 1.022 (1.007–
1.037)

0.004 AGE-Shock 
Index

1.032 (1.010–
1.054)

0.004

PULP Score 1.127 (1.002–
1.267)

0.045 PULP Score 1.274 (1.089–
1.490)

0.002

Jabalpur Score 1.344 (1.058–
1.708)

0.015
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rate of 10–40%; our overall mortality rate is approaching 
the lower limit and we evidenced that the rate of death after 
laparoscopic surgery was similar to the rate of the open 
surgery. These findings are in line with the literature: a recent 
Danish propensity analysis with a large study population 
failed to demonstrate a lower mortality in the laparoscopic 
group [46]. Only one English retrospective population-
based study, and a meta-analysis with non-randomized 
studies included in the analysis, were able to demonstrate 
the benefits of laparoscopy in terms of mortality [15]. In 
a meta-analysis, Zhou et al. found significant differences 
in hospital mortality between the laparoscopic repair and 
open repair groups in the high quality non-randomized 
studies, but not in the clinical trials [47]. Like Mirabella 
et al., we believe that mortality depends more on the risk 
factors of the patient and the aggressiveness of the ulcer 
than on the surgical approach [48]. Focusing on morbidity, 
literature reports that postoperative complications usually 
occur in 30% of cases. Our morbidity rate is in line with the 
literature with an overall morbidity rate of 30.2% that drops 
to 21% in case of laparoscopic approach with simple repair. 
Moreover, the severity of postoperative complications was 
statistically different only for C–D 1–2, but it is important to 
note that when C–D 4 was taken into account the Odds Ratio 
for OpenA group was almost three times. The predictive 
value of morbidity of all the analysed scores was very low, 
equivalent to chance. On the contrary, when the accuracy 
of the scores was evaluated in predicting mortality, our 
series showed that PULP score and MPI had acceptable 
accuracy with the former having the highest AUC value. 
The main cause for reoperation following surgical repair 
is suture leak. Proposed explanations, based on current 
literature data, include the difficulty in laparoscopic knot 
tying, ulcer diameter (> 2 cm) and abdominal contamination 
[49, 50]. Based on our multivariate analysis the factors 
associated with leak were ulcer site (pyloric/duodenal), 
higher Boey Score and higher Age-shock index while 
PULP score revealed his statistically significant association 
with leakage only at the univariate analysis. A number of 
studies have reported the utility of Boey score and PULP 
score in predicting conversion of laparoscopic PPU repair 
while Muller et al. stated that the conversion to an open 
approach could only be assessed intraoperatively [51, 
52]. In our series, as regards conversion to open surgery, 
PULP score and Jabalpur score were identified as risk 
factors only at univariate analysis while Boey score was not 
associated with conversion. Furthermore, our multivariate 
analysis showed that SIRS, platelet, serum lactate, MPI, 
and ulcer dimension were statistically risk factors and this 
is unanimous with the literature where is reported that 
the main reasons for conversion are a posterior location 
that did not allow a proper inspection of the ulcer, a large 
perforation size (> 2 cm), severe inflammatory involvement 

of the surrounding tissue, adhesions, and suspected tumours 
[51, 53]. In light of this, investigating our series, we were 
not able to determine the actual causes which required 
conversion to laparotomy because the data collected did 
not include enough information about this item. However, 
a brief survey allowed us to detect that the main cause of 
conversion was the ulcer size followed by anaesthesiologist 
decision for medical reasons and by technical difficulty due 
to adhesions. Consequently, we agree that a conversion to 
an open procedure should only be assessed intraoperatively.

Limitations

As it clearly derives from above, this study has several 
limitations. First, it is a mixed prospective and retrospective 
multi-centre study with not previously established common 
treatment protocol. Although data were collected following 
a homogeneous method, decisions regarding the timing 
and the choice of approach might differ among institutions 
or even in the same hospital due to attending surgeon 
preference and expertise or intra- and inter-hospital settings 
and instrumental availability in not a referral centre or 
after-hours. In addition, the suture technique could be 
slightly different by the surgeon’s preference. Therefore, 
the analysis was not stratified by participating surgeons or 
institutions because the protocol did not enable a separate 
comparison of data for obvious professional ethical reasons. 
Another issue to take into account is that a part of the study 
included patients treated during the COVID-19 pandemic, 
which has dramatically altered the clinical practice also 
in emergency surgery. This is why in this study there is a 
high risk of patient selection bias. However, the number of 
cases recruited along with the large amount of collected data 
provided a good sample size for multiple logistic analyses 
mitigating these limitations. Moreover, a multicentre 
study allows better generalisation of results than a single 
centre, while the propensity score model let us to compare 
two similar restricted groups excluding confounders and 
correcting for undetectable selection bias. Furthermore, in 
order to evaluate the potential benefits of the laparoscopic 
approach, it is remarkable that postoperative pain was not 
assessed because medical records did not always provide 
this data. Lastly, no details about long-term outcomes such 
as incisional hernia or recurrence of PPU or bleeding were 
evaluated.

Conclusion

Despite the promising results of laparoscopy and the 
suggestion of literature guidelines, the open approach is still 
widely adopted as our research also witnesses. Based on the 
results of the present study, we can support that laparoscopic 
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suturing of perforated peptic ulcers, apart from being a safe 
technique, could provide significant advantages in terms 
of postoperative complications and hospital stay showing 
its non-inferiority when compared with open approach. 
Therefore, we advocate that laparoscopy should be always 
used as first choice in stable patients in order to confirm 
the diagnosis, localise the site and size of the perforation, 
determine the extent of peritonitis, and try to perform suture 
even with the use of barbed knotless suture.
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