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Abstract
Background Laparoscopic repair is a well-accepted treatment modality for perforated peptic ulcer (PPU). However, intra-
operative conversion to laparotomy is still not uncommon. We aimed to identify preoperative factors strongly associated 
with conversion.
Methods A retrospective review of records of all PPU patients treated between January 2011 and July 2019 was performed. 
Patients were divided into three groups: laparoscopic repair (LR), conversion to laparotomy (CL), and primary laparotomy 
(PL). Patient demographics, operative findings, and outcomes were compared between the groups. Logistic regression 
analyses were performed, taking conversion as the outcome.
Results Of 822 patients, there were 236, 45, and 541 in the LR, CL, and PL groups, respectively. The conversion rate was 
16%. Compared with those in the LR group, patients in the CL group were older (p < 0.001), had higher PULP scores 
(p < 0.001), had higher ASA scores (p < 0.001) and had hypertension (p = 0.003). PULP score was the only independent 
risk factor for conversion. The area under the curve (AUC) for the PULP score to predict conversion was 75.3%, with a best 
cut-off value of ≥ 4. The operative time was shorter for PL group patients than for CL group patients with PULP scores ≥ 4. 
For patients with PULP scores < 4, LR group patients had a shorter length of stay than PL group patients.
Conclusion The PULP score may have utility in predicting and minimizing conversion for laparoscopic PPU repair. Lapa-
roscopic repair is the procedure of choice for PPU patients with PULP scores < 4, while open surgery is recommended for 
those with PULP scores ≥ 4.
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Introduction

Peptic ulcer disease is a common disease worldwide with 
an annual incidence of 0.1–0.3% [1]. Complications related 
to peptic ulcer disease continue to occur, and include bleed-
ing, perforation, and gastric outlet obstruction [2]. Perfo-
rated peptic ulcer (PPU) remains a surgical emergency and 
is still associated with a high mortality rate of approximately 
8.55–30.0% [3–6].

The laparoscopic approach for PPU has become a well-
accepted treatment modality in several centers around the 
world. It has been shown to be a safe and feasible proce-
dure with less postoperative pain and less wound infection 
than laparotomy [7–10]. Hence, some studies have sug-
gested a “laparoscopy-first” approach for PPU to maximize 
the advantages of laparoscopic surgery [11, 12]. However, 
conversion to laparotomy following a laparoscopic attempt 
is not uncommon, and recent data show that the conver-
sion rate is between 7.9% and 44% [13–16]. Most of the 
conversions were decided intraoperatively and were related 
to patient or tissue factors or technical limitations, such as 
hemodynamic instability, large ulcer, difficult ulcer location, 
or poor tissue condition [2, 17]. Nonetheless, conversions 
might be associated with longer operation times, consuming 
additional medical resources that negatively impact hospital 
management flow. Therefore, it is of great importance to 
choose an appropriate treatment modality for each patient.
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Traditionally, a Boey score of 3, age over 70 years, and 
symptoms persisting longer than 24 h have been considered 
contraindications for the laparoscopic management of PPU 
[3, 16, 18]. The objectives of this study were to identify 
additional preoperative factors that are strongly associated 
with conversion to provide a practical guide to facilitate sur-
geons’ decision-making and minimize the need for intraop-
erative conversion.

Materials and methods

Study design and patient selection

This is a single-institution, retrospective case–control 
study that was approved by the Institutional Review Board 
of Chang Gung Memorial Hospital (CGMH) (IRB No. 
202000671B0). The CGMH is a medical center provid-
ing health care to approximately 3.5 million people. The 
incidence of PPU in Taiwan is approximately 6.3/100,000 
persons/year [19]. Information on patients with PPU who 
were admitted to Chang Gung Memorial Hospital between 
January 2011 and July 2019 was retrieved from the data 
bank of the Department of Trauma and Emergency Surgery. 
Electronic medical records were reviewed for information 
on demographics, duration from symptom onset to hospi-
tal admission, duration from emergency room (ER) arrival 
to operation, American Society of Anesthesiologist (ASA) 
score, comorbidities, preoperative laboratory tests, operative 
findings, operation time, blood loss, length of hospital stay, 
ICU stay, complications, and mortality. The peptic ulcer 
perforation (PULP) score and Boey score (Table 1) were 
calculated for each patient [20, 21].

The standard imaging study to make the diagnosis of a 
perforated peptic ulcer was plain chest film and abdominal 
computed tomography. The size, location of the perforated 
ulcer, and the associated findings were recorded according 
to the operative notes. Patients whose pathological diag-
nosis was malignant disease, those who had been operated 
on before for PPU or other gastric surgery, and those who 
underwent conservative treatment without surgery were 
excluded.

The patients were divided into three groups: laparoscopic 
repair (LR), conversion to laparotomy (CL), and primary 
laparotomy (PL) groups. All the operations were performed 
by surgeons of the trauma and emergency service (i.e., 
acute care surgeons) of the hospital. These surgeons are 
both digestive surgery and trauma surgery board-certified. 
Although emergency laparoscopic surgery was introduced in 
the early 2000s and was adopted as a routine procedure for 
applicable trauma and non-trauma patients after 2007, dur-
ing the study period, there were no strict criteria for whether 
the laparoscopic or open approach should be employed for 
PPU. The decision was still made at the surgeons’ discretion 
and according to his own technical feasibility. In general, 
the selection criteria that were respected by the faculty staff 
were as follows: the laparoscopic approach was preferred if 
the patient was younger than 70 years old, was hemodynami-
cally stable, had no prior abdominal surgery, had a Boey 
score of ≤ 1, had an ASA score of ≤ 3, and was admitted to 
the hospital within one day of symptom onset. The decision 
to convert to laparotomy was made by the operating surgeon 
according to intraoperative findings and the patients’ overall 
condition. The reason for conversion was a mandatory item 
in the structured electronic operative note and was docu-
mented for every patient who was converted. The preopera-
tive clinical profiles of the patients, intraoperative findings, 

Table 1  Peptic ulcer perforation 
(PULP) score and Boey’s score

a PULP scores of 0–7 indicate low risk for mortality; scores of 8–18 indicate high risk for mortality [20]
b Mortality rates in Boey’s scores 0, 1, 2, and 3 are 0%, 10%, 45.5%, and 100%, respectively [21, 31]
c Shock is defined as blood pressure < 100 mmHg and heart rate > 100 beats per min [20]

PULP score (0–18)a Boey’s score (0–3)b

Age > 65 years 3
Co-morbidity 1 (Severe medical illness)
 Co-morbid active malignant disease or AIDS 1
 Co-morbid liver cirrhosis 2

Concomitant use of steroids 1
Shockc 1 1
Time from perforation to admission > 24 h 1 1
Serum creatinine > 130 mmol/l 2
ASA score 2 1
ASA score 3 3
ASA score 4e 5
ASA score 5 7
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surgical outcomes, and lengths of hospital and ICU stay 
were compared between the groups.

Statistical analysis

SPSS 24.0 (SPSS Inc., Chicago, IL, USA) was used for 
statistical analysis. Descriptive statistics are presented as 
numbers and percentages for categorical variables and as 
means, standard deviations, minima, and maxima for numer-
ical variables. For comparisons between the two groups, the 
independent T test was used for numerical variables, while 
the Pearson chi-square test was used for large-sample-sized 
categorical variables and Fisher’s exact test was used for 
small-sample-sized categorical variables. Univariate and 
multiple logistic regression analyses were performed tak-
ing “conversion to laparotomy” as the outcome measure. 
The collinearity of the variables in multiple logistic regres-
sion analysis was assessed by the variance inflation factor 
and was less than 10, suggesting that there was no signifi-
cant collinearity among these variables. The accuracy of 
the outcome prediction of various preoperative factors was 
evaluated by receiver-operating characteristic (ROC) curve 
analysis, and the corresponding area under the curve (AUC) 
values was compared. The Youden index was used to deter-
mine the best cut point. To minimize potential selection bias 
between the groups, we also employed propensity score 
matching (PSM) with a 1:1 or 1:2 ratio based on the case 
numbers of each group. A p value < 0.05 was considered 
statistically significant.

Results

From January 2011 to July 2019, 1060 patients were 
admitted to the hospital with an initial diagnosis of PPU. 
Two hundred and thirty-seven of them were excluded 
according to the exclusion criteria. Among the remain-
ing 822 patients, 541 underwent PL, 236 underwent LR, 
and 45 underwent CL following a laparoscopic attempt 
(Fig. 1). The conversion rate was 16%.

Compared to the LR group, patients in the CL group 
were significantly older (63 ± 16.4 vs. 51.1 ± 16 years, 
p < 0.001), had significantly higher PULP scores (5.4 ± 2.4 
vs. 3.3 ± 2.0, p < 0.001), had higher ASA scores (3.0 ± 0.3 
vs. 2.7 ± 0.5, p < 0.001), and were more likely to have 
hypertension (42.2% vs. 21.6%, p = 0.003). The average 
Boey score was similar between both groups, and none of 
the patients had a Boey score higher than 2. In addition, 
the percentage of patients who had a prolonged interval 
between symptom onset and hospital admission and the 
percentage of patients who were hypotensive upon admis-
sion were similar between the LR and CL groups and were 
not associated with conversion (Table 2).

The average ulcer size was significantly larger in the 
CL group than in the LR group [1.6 ± 1.4 vs. 0.7 ± 0.4 cm, 
p < 0.001]. All patients in the LR group underwent simple 
closure of the perforated ulcer, while 11 (24.4%) of the 
patients in the CL group underwent a gastric resection pro-
cedure. The operation time was significantly longer in the 
CL group [134.7 ± 41.3 vs. 196.2 ± 72.4 min, p < 0.001]. 
In addition, the average amount of blood loss was greater 

Fig. 1  Patient numbers and 
grouping of patients. A total of 
1060 patients were included in 
the current study, 237 of whom 
were excluded according to the 
exclusion criteria. The remain-
ing 822 patients were divided 
into 3 groups according to the 
surgical procedure they under-
went. A total of 541 patients 
underwent primary laparotomy, 
and 236 were treated with 
laparoscopic repair. There were 
45 patients who were initially 
managed by a laparoscopic 
approach, but were then con-
verted to laparotomy

Primary laparotomy (PL)
N = 541

Laparoscopic repair (LR)
N = 236

Converted to laparotomy (CL)
N = 45

N = 822

1. Malignancy
2. Recurrent perforated

peptic ulcer
3. Previous gastric resection
4. Initially operated on in

other hospital
5. Conservative or seal PPU

N = 237

Excluded

2011.01-2019.07
Admitted with initial

impression of perforated
peptic ulcer
N = 1060
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for the CL group patients [63.8 ± 95.3 vs. 17.0 ± 29.8 ml, 
p = 0.002], and significantly more patients in the CL group 
required intraoperative blood transfusion [15.6% vs. 2.1%, 
p = 0.001]. The mean length of hospital stay of the CL 
group patients was significantly longer than that of the LR 
group patients (13.6 ± 9.8 vs. 8.6 ± 7.3 days, p = 0.02). In 

addition, the CL group patients had higher wound infection 
and leakage rates than the LR group patients (Table 3).

Univariate analysis followed by stepwise multiple logistic 
regression analysis revealed that, among the preoperative 
factors, the PULP score was the only factor that was strongly 
associated with conversion (Table 4). The variance inflation 
factor for this analysis was less than 10, suggesting that there 

Table 2  Preoperative 
characteristics of patients in the 
laparoscopic and conversion 
groups

a Including Child class B and class C liver cirrhosis
b Including chronic kidney disease of stage 3 or more

Laparoscopic repair (n = 236) Conversion to lapa-
rotomy (n = 45)

p value

Age 51.1 ± 16.0 (18–88) 63.0 ± 16.4 (30–90)  < 0.001
Sex 0.086
 Male 194 (82.2%) 32 (71.1%)
 Female 42 (17.8%) 13 (28.9%)

PULP score 3.3 ± 2.0 (0–11) 5.4 ± 2.4 (1–12) < 0.001
Boey score 0.3 ± 0.6 (0–2) 0.5 ± 0.8 (0–2) 0.180
ASA score 2.7 ± 0.5 (1–4) 3.0 ± 0.3 (2–4) < 0.001
Use of steroid 5 (2.1%) 1 (2.2%) 1.000
Diabetes mellitus 22 (9.3%) 7 (15.6%) 0.281
Hypertension 51 (21.6%) 19 (42.2%) 0.003
Congestive heart failure 2 (0.8%) 0 (0.0%) 1.000
Liver  cirrhosisa 3 (1.2%) 1 (2.2%) 0.505
Chronic kidney  diseaseb 4 (1.7%) 3 (6.7%) 0.084
Abdominal operation history 20 (8.5%) 7 (15.6%) 0.165
Onset to hospital > 24 h 25 (10.6%) 7 (15.6%) 0.337
Shock upon admission 2 (0.8%) 1 (2.2%) 0.409

Table 3  Operative findings and outcomes of the laparoscopic and conversion groups

a Including complications with Clavien–Dindo Classification III and IV
b Including pneumonia, empyema, pleural effusion, and pulmonary edema

Laparoscopic repair (n = 236) Conversion to laparotomy (n = 45) p value

Operation method  < 0.001
 Simple closure 236 (100%) 34 (75.6%)
 Gastrectomy 0 (0%) 11 (24.4%)

Ulcer size (cm) 0.7 ± 0.4 (0.2–2.5) 1.6 ± 1.4 (0.3–8.0) < 0.001
Operation time (mins) 134.7 ± 41.3 (56–292) 196.2 ± 72.4 (86–361) < 0.001
Intraoperative blood loss (ml) 17.0 ± 29.8 (0–250) 63.8 ± 95.3 (0–400) 0.002
Intraoperative blood transfusion 5 (2.1%) 7 (15.6%) 0.001
Length of hospital stay (days) 8.6 ± 7.3 (4–87) 13.6 ± 9.8 (6–7) 0.020
Length of ICU stay (days) 0.8 ± 3.7 (0–41) 3.2 ± 7.8 (0–39) 0.054
Mortality 1 (0.4%) 2 (4.4%) 0.068
Complication Classification III and  IVa 10 (4.2%) 4 (8.9%) 0.251
Wound infection 0 (0.0%) 5 (11.1%) 0.000
Residual abscess 5 (2.1%) 1 (2.2%) 1.000
Leakage 5 (2.1%) 6 (13.3%) 0.003
Wound disruption 1 (0.4%) 1 (2.2%) 0.295
Pulmonary  complicationsb 10 (4.2%) 5 (11.1%) 0.072
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was no significant collinearity between these preoperative 
factors. Furthermore, ROC curve analysis showed that the 
AUC of the PULP score to predict conversion was 75.3%. 
Overall, it was the best independent predictor of conversion. 
The best cut-off value according to the Youden index was 
PULP score ≥ 4, which had a sensitivity and specificity of 
71.1% and 70.3%, respectively (Fig. 2).

To validate the advantages of the PULP score as a pre-
dictor of conversion, within a subgroup of patients in the 
LR and PL groups with PULP score < 4 was further ana-
lyzed by propensity score matching, matched based on 
age in a 1:1 ratio. The PULP score, Boey score, and ASA 

score were similar between the patients of these two sub-
groups. However, more patients in the PL group required 
intraoperative blood transfusion [6.3% vs. 0.0%, p = 0.029], 
and the average length of hospital stay was also longer 
[8.3 ± 2.9 vs. 7.2 ± 1.8 days, p = 0.003] (Table 5). In addi-
tion, by comparing the subgroups of CL and PL patients 
with PULP score ≥4, we found that the PL group had signifi-
cantly higher PULP scores [7.7 ± 2.2 vs. 6.5 ± 2, p = 0.004], 
Boey scores [1.0 ± 0.8 vs. 0.6 ± 0.9, p = 0.019], and ASA 
scores [3.3 ± 0.5 vs. 3.0 ± 0.2, p < 0.001] than the CL group. 
When both subgroups were further propensity matched by 
the PULP, Boey and ASA scores in a 1:2 ratio, our results 
revealed that the average operation time of the CL group 
patients was significantly longer than that of the PL group 
patients (205 ± 72.2 vs. 164 ± 85 min, p = 0.022). All the 
other outcome measures were similar between the groups 
(Table 6).

Discussion

For decades, laparoscopic surgery has gradually proven 
its safety and feasibility to treat PPU [11, 22]. In selected 
patients, laparoscopic simple closure with or without omen-
tal coverage has become the procedure of choice [23]. Com-
pared to those who underwent conventional laparotomy, 
patients who underwent laparoscopic repair had significant 
advantages, including less postoperative pain, lower overall 
complication rates, fewer wound infections and dehiscence, 
shorter lengths of hospital stay, and earlier return to normal 
life [8, 9, 11, 13]. In the 2020 WSES guidelines, the lapa-
roscopic approach is suggested to be the first-line treatment 
for stable patients with small ulcers as long as surgeons are 
familiar with the skill and appropriate equipment is avail-
able [2].

Therefore, the “laparoscopy-first” policy has been 
adopted in many centers. Under some circumstances, con-
version becomes inevitable, and it is not surprising that a 
certain rate of conversion can be expected [14, 23, 24]. The 
most common reasons for conversion are severe peritoni-
tis, large ulcer size, inadequate ulcer localization, or shock 
during operation; all of these are part of the intraoperative 
findings, meaning that most of the decisions to covert can 
only be made during the operation [14, 16, 24]. Such uncer-
tainty of surgical planning is a potential stress not only to 
patients but also to the entire surgical team; moreover, it 
may also result in unnecessarily prolonged operation times 
and the additional consumption of medical supplies. Thus, 
a simple way to identify patients who initially appear to be 
suitable for laparoscopic surgery but are at risk of conversion 
would facilitate surgeons’ decision-making for the operation 
and simplify the process of communication with patients. 

Table 4  Multivariate regression analysis for risk factors of conversion 
from laparoscopic to open repair

Hosmer and Lemeshow test: 0.695
Collinearity between each factor was measured by the variance infla-
tion factor, and all of them were less than 10

Odds ratio p value

Age 1.005 (0.974–1.038) 0.750
Sex (male) 0.889 (0.390–2.028) 0.780
PULP score 1.432 (1.096–1.872) 0.008
ASA score 1.025 (0.329–3.188) 0.966
Hypertension 1.134 (0.507–2.536) 0.760
Chronic kidney disease 

(grade 3)
1.498 (0.255–8.784) 0.654
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Fig. 2  Receiver-operating characteristic (ROC) curve analysis with 
the area under the curve (AUC) of the PULP score in predicting con-
version. The ROC curve analysis showed that the AUC of the PULP 
score in predicting conversion was 75.3%. The best cut-off value 
obtained by the Youden index was PULP ≥ 4, with a sensitivity and 
specificity of 71.1% and 70.3%, respectively
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Table 5  Subgroup analysis of patients who underwent primary laparotomy or laparoscopic repair with PULP score < 4 points after propensity 
score matching with age

a Including complications with Clavien–Dindo Classification III and IV
b Including pneumonia, empyema, pleural effusion, and pulmonary edema

Primary laparotomy (n = 95) Laparoscopic repair (n = 95) p value

Age 48.9 ± 11 (17–65) 46.9 ± 12.2 (18–65) 0.221
PULP score 2.3 ± 1 (0–3) 2.2 ± 0.9 (0–3) 0.761
Boey score 0.2 ± 0.4 (0–1) 0.2 ± 0.5 (0–2) 1.000
ASA score 2.6 ± 0.5 (1–3) 2.6 ± 0.5 (1–3) 0.891
Operation method
 Simple closure 95 (100%) 95 (100%) –

Ulcer size (cm) 0.7 ± 0.5 (0.2–3) 0.6 ± 0.3 (0.2–2) 0.135
Operation time (min) 124.5 ± 58.7 (47–524) 133.9 ± 43.6 (56–278) 0.211
Intraoperative blood loss (ml) 24.1 ± 46.8 (0–300) 14.6 ± 25.6 (0–150) 0.084
Intraoperative blood transfusion 6 (6.3%) 0 (0.0%) 0.029
Length of hospital stay (days) 8.3 ± 2.9 (5–22) 7.2 ± 1.8 (4–17) 0.003
Length of ICU stay (days) 0.3 ± 1.2 (0–8) 0.1 ± 0.5 (0–4) 0.053
Mortality 0 (0.0%) 0 (0.0%) –
Complication Classification III and  IVa 5 (5.3%) 3 (3.2%) 0.721
Wound infection 4 (4.2%) 0 (0.0%) 0.121
Residual abscess 3 (3.2%) 0 (0.0%) 0.246
Leakage 0 (0.0%) 0 (0.0%) -
Wound disruption 2 (2.1%) 0 (0.0%) 0.497
Pulmonary  complicationsb 3 (3.2%) 4 (4.2%) 1.000

Table 6  Subgroup analysis of 
patients who underwent primary 
laparotomy or converted 
laparotomy with PULP score ≥ 4 
points after propensity score 
matching with PULP, Boey, and 
ASA scores

a Including complications with Clavien–Dindo Classification III and IV
b Including pneumonia, empyema, pleural effusion, and pulmonary edema

Primary laparotomy (n = 64) Conversion to lapa-
rotomy (n = 32)

p value

Age 70.6 ± 13.7 (38–98) 69 ± 14.2 (34–90) 0.604
PULP score 6.5 ± 1.6 (4–11) 6.5 ± 2 (4–12) 0.967
Boey score 0.5 ± 0.8 (0–3) 0.6 ± 0.9 (0–2) 0.600
ASA score 3.1 ± 0.3 (3–4) 3 ± 0.2 (3–4) 0.198
Operation method 0.046
 Simple closure 55 (85.9%) 22 (68.8%)
 Gastrectomy 9 (14.1%) 10 (31.3%)

Ulcer size 1.5 ± 1.3 (0.1–8) 1.9 ± 1.6 (0.4–8) 0.225
Operation time (mins) 164 ± 85 (73–547) 205 ± 72.2 (116–361) 0.022
Intraoperative blood loss 73.4 ± 167.7 (0–950) 73.9 ± 99.4 (0–400) 0.988
Intraoperative blood transfusion 14 (21.9%) 5 (15.6%) 0.469
Length of hospital stay 16.5 ± 13.8 (2–82) 14.8 ± 10.7 (8–52) 0.554
Length of ICU stay 4.5 ± 7.5 (0–38) 4.3 ± 9.1 (0–39) 0.894
Mortality 7 (10.9%) 2 (6.3%) 0.713
Complication Classification III and  IVa 9 (14.1%) 3 (9.4%) 0.119
Wound infection 6 (9.4%) 4 (12.5%) 0.727
Residual abscess 5 (7.8%) 1 (3.1%) 0.660
Leakage 7 (10.9%) 5 (15.6%) 0.527
Wound disruption 2 (3.1%) 1 (3.1%) 1.000
Pulmonary  complicationsb 10 (15.6%) 4 (12.5%) 0.768
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A well-developed and accepted scoring system might play 
such a role quite well.

The PULP score was initially designed to predict 30-day 
mortality in patients operated on for PPU [20, 25]. It com-
prises eight variables, and the score ranges from 0 to 18 
points. The cut-off value for mortality prediction is a score 
of 7 points. Patients could be classified as low-risk patients, 
with a less than 25% risk of mortality (a score of ≤ 7 points), 
and high-risk patients, with a greater than 25% risk of mor-
tality (a score of > 7 points). Furthermore, according to our 
results, PULP score ≥ 4 predicted conversion with a sen-
sitivity and specificity of 71.1% and 70.3%, respectively. 
Although both the Boey score and ASA score have also been 
proposed as potential scoring systems to predict mortality 
[26], our results showed that, following logistic regres-
sion analysis, neither of these scores was able to predict 
conversion.

Although all the variables of the PULP score are fac-
tors related to the severity of the physical illness of a 
patient, our results showed that the size of the perforated 
ulcer was significantly different between those with PULP 
score < 4 and those with PULP score ≥ 4. The mean ulcer 
sizes were 0.7 ± 0.5 cm and 1.4 ± 1.0 cm for patients with 
PULP scores < 4 and ≥ 4, respectively. Further investigation 
is needed to clarify whether this was a coincidental finding 
or a true association; nonetheless, this finding provided some 
evidence for why the PULP score can be a potential pre-
dictor of conversion. According to the propensity-matched 
comparison between the subgroups of PL and LR patients 
with PULP score < 4, the mean ulcer sizes were 0.7 ± 0.5 cm 
and 0.6 ± 0.3 cm for the PL and LR groups, respectively 
(Table 5). This finding suggested that for patients with PULP 
score < 4, those who were managed by laparotomy might 
also be suitable for the laparoscopic approach, because most 
of these patients had an ulcer size less than 1 cm [7, 14, 
27]. Furthermore, in terms of the requirement for intraop-
erative transfusion and length of hospital stay, the outcomes 
of PULP score < 4 patients were significantly better if they 
were managed by the laparoscopic approach. These results 
were consistent with those of many reports in the literature 
[13, 17, 28], demonstrating the potential utility of the PULP 
score to assist in selecting an appropriate surgical procedure 
for patients.

On the other hand, for patients with PULP score ≥ 4, the 
operation time was significantly longer for the CL group than 
for the PL group (Table 6). Even though our results were in 
line with those reported in the literature that conversion did 
not negatively affect patient outcomes when compared to PL 
[14, 23], the prolonged operation time required for conver-
sion and higher costs incurred by the need for additional 
instruments were still negative impacts on operation room 
management. Some may favor the “laparoscopy-first” policy 
that as long as conversion does not increase the risk of major 

complications, the longer operation time and higher cost for 
conversion do not outweigh the benefit of a successful lapa-
roscopic surgery [29, 30]. However, according to our results, 
PULP score ≥ 4 had a sensitivity and specificity higher than 
70% in predicting conversion, and the rationale to insist on 
a laparoscopic approach for such patients did not seem to be 
strong enough.

Our study had some limitations. This was a retrospec-
tive single-center study, and the surgical procedure for PPU 
patients was based on a general principle but not a strict 
guideline. An inherent patient selection bias might exist, 
as the laparoscopic approach was generally preferred if the 
patient was younger than 70 years old, was hemodynami-
cally stable, had no prior abdominal surgery, had a Boey 
score of ≤ 1, had an ASA score of ≤ 3, and was admitted to 
the hospital within 1 day of symptom onset. However, even 
with such preoperative thinking in the surgeons’ minds, our 
results still showed that for the laparoscopy-first groups (the 
LR and CL groups), patients in the CL group were signifi-
cantly older and had higher PULP and ASA scores than the 
LR group. Furthermore, following multiple logistic regres-
sion analysis, PULP score appeared to be the only inde-
pendent risk factor of conversion. These results suggested 
the potential use of PULP score as a potential conversion 
index for laparoscopic PPU surgery. Nonetheless, the num-
ber of patients in the conversion group was relatively small, 
with an overall conversion rate of 16% in the current study. 
A prospective study is needed to confirm the utility of the 
PULP score to further reduce the conversion rate. Finally, 
external validation, such as a multi-institutional study, might 
also be needed.

Conclusion

In the era of minimally invasive surgery, appropriate patient 
selection is important to avoid unnecessary intraoperative 
conversion. We observed that the PULP score, a well-known 
risk evaluation tool, has the potential to predict and mini-
mize conversion for laparoscopic PPU repair. Laparoscopic 
repair is the procedure of choice for PPU patients with PULP 
score < 4, while open surgery is recommended for those with 
PULP score ≥ 4.
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