
228

pISSN 2288-6575 • eISSN 2288-6796
https://doi.org/10.4174/astr.2021.100.4.228
Annals of Surgical Treatment and Research

ORIGINAL ARTICLE
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INTRODUCTION
The incidence of peptic ulcers decreases each year, but 2%–14% 

of ulcer patients develop perforations due to ulcers [1]. Peptic 
ulcer perforations are associated with mortality rates that 
range from 10% to 30% [2], with a previous report finding that 
duodenal ulcer perforation results in postoperative mortality 
rates of 2.7%–13.8% [3].

In practice, several surgical methods are recommended 

depending on the size of the duodenal ulcer perforation [4]. 
According to the Sabiston textbook [4], primary repair with 
omentopexy is recommended when the size of the perforation 
is less than 1 cm. It is also reported that primary repair can 
be performed through laparoscopic surgery. Some studies 
indicate that laparoscopic surgery results in shorter operating 
time, less postoperative pain, and faster recovery compared to 
open surgery [5,6]. Therefore, most clinical physicians prefer to 
perform laparoscopic primary repair as an emergency surgical 
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Purpose: Primary repair is the standard surgical method for treating duodenal ulcer perforations, with very good results 
usually anticipated because of the simplicity of the associated surgical techniques. Therefore, this study aimed to analyze 
the risk factors that affect laparoscopic primary repair outcomes for duodenal ulcer perforation.
Methods: Between June 2010 and June 2020, 124 patients who underwent laparoscopic primary repair for duodenal ulcer 
perforations were reviewed. Early surgical outcomes were evaluated and risk factors for postoperative complications were 
assessed.
Results: All surgeries were performed laparoscopically without open conversion. Multivariate analysis showed that 
the elderly (over 70 years), and perforations that needed more than 2 stitches for closure were risk factors for overall 
postoperative complications. Perforations that needed more than 2 stitches and perforations on the superior side of the 
duodenum were major risk factors for severe postoperative complications. Severe postoperative complications occurred in 
6 of the patients, and 1 of them died of multiorgan failure.
Conclusion: Based on our results, we suggest that laparoscopic primary repair can be safely performed in duodenal 
ulcer perforation. However, more careful surgery and postoperative care are needed to improve the surgical outcomes 
of patients who need more than 2 stitches to close their perforation or who have perforations on the superior side of the 
duodenum.
[Ann Surg Treat Res 2021;100(4):228-234]
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method for treating duodenal ulcer perforations.
There are several known risk factors for postoperative 

complications of peptic ulcer perforation treatment [7-9]. In 
particular, there is controversy over applying laparoscopic 
surgery as the procedure of choice for duodenal ulcer 
perforation [5,10-14]. According to a recent meta-analysis, 
laparoscopic primary repair can be applied in low-risk patients 
[10].

In actual clinical practice, most emergency surgeries with 
low severity are performed by inexperienced surgeons who 
are not experts [15]. For these reasons, it is not easy to apply 
laparoscopic surgery as a top choice for duodenal ulcer 
perforation. Especially, laparoscopic surgery requires a long 
learning period. 

Therefore, this study was designed to analyze the risk factors 
associated with laparoscopic duodenal ulcer perforation surgery 
by evaluating the surgical outcomes of laparoscopic primary 
repair performed by a single gastric surgery expert.

METHODS

Patients
We retrospectively reviewed and prospectively collected data 

for 180 patients who underwent surgery for duodenal ulcer 
perforations between June 2010 and June 2020 at Hanyang 
University Guri Hospital. This study enrolled 124 patients who 
underwent laparoscopic primary repair. All surgeries were 
performed by a single surgeon who is an expert in laparoscopic 
gastric surgery [16,17]. Laparoscopic primary repair was 
attempted in all patients, regardless of previous abdominal 
surgical history. 

Forty-eight patients who underwent other types of surgical 
methods including gastrectomy were excluded from this 
study. In addition, 8 patients who were forced to undergo 
only primary repair due to unstable hemodynamic conditions 
were also excluded from this study. Among patients who had 
hypotension in the emergency department, patients who 
returned to normal blood pressure in response to simple fluid 
therapy were enrolled in this study. 

Approval for this study was obtained from the Institutional 
Review Board of Hanyang University Guri Hospital in Guri, 
Korea (No. 2020-05-007). The requirement for informed consent 
was waived because of the retrospective nature of the study.

Surgical techniques 
Three trocars were used for laparoscopic primary repair, 

and the size of the perforation was measured using surgical 
suture material. One or more stitches were used to close the 
perforation site. We did not select the size of perforation as a 
variable factor, because the size of an ulcer is not proportional 
to the size of the perforation hole. Instead of the size, we 

used the number of stitches needed to close the perforation. 
Black silk (3-0, 26 mm, 75 cm; Mersilk, Ethicon, Sommerville, 
NJ, USA) was used to close the site. Following closure of the 
perforation site, peritoneal irrigation was undertaken with 
a large volume of saline (usually 1- or 2-L) to minimize any 
infection source. A large mass of omentum was then placed 
above the primary suture site. We have previously published a 
paper that detailed these surgical techniques [18]. 

Primary repair has not been selected as a treatment method 
in the following cases. First, it is impossible to close the 
perforation despite multiple stitches due to a large perforation 
size. The second is when the ulcer tissues are crushed during 
the primary repair process, resulting in a larger hole. 

 In this study, shock was defined as a state of low blood 
pressure (systolic blood pressure below 90 mmHg or a diastolic 
blood pressure below 60 mmHg) in the emergency room. 
Laparoscopic surgery has been tried in all patients who were 
hemodynamically stable. Open surgery was applied in all 
hemodynamically unstable patients who required inotropic 
agents.

Surgical outcomes
Clinical data obtained from medical records included patient 

age, sex, body mass index, history of previous major abdominal 
surgery, American Society of Anesthesiologists (ASA) physical 
status (PS) classification, and others. Early surgical outcomes 
included operation time, postoperative complications, day of 
commencement of a soft diet, and postoperative hospital stay. 
The location of the perforation was defined as the superior side 
when it occurred toward the hepatoduodenal ligament (Fig. 1).

Postoperative surgical complications were graded according 
to the Clavien-Dindo classification. Postoperative mortality was 
defined as any death, regardless of cause, that occurred within 
30 days after surgery [19,20].

Statistical analysis
Statistical analyses were performed using IBM SPSS Statistics 

for Windows ver. 21.0 (IBM Corp., Armonk, NY, USA). All values 
are expressed as mean ± standard deviation. Categorical 
variables were assessed with the chi-square test and all 
continuous variables were assessed using the Student t-test, 
depending on the data. Multivariate analyses were performed 
to identify prognostic factors associated with postoperative 
complications. The Cox proportional hazards model was 
employed for multivariate regression analysis. Hazard ratios 
with 95% confidence intervals were estimated for each variable 
in the multivariate analysis. A P-value of <0.05 was considered 
statistically significant.
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RESULTS

Preoperative and intraoperative clinical 
characteristics
Patient clinical characteristics are presented in Table 1. 

Median age was 53.0 years and most patients (78.2%) were 
male. About half of the patients had comorbidities. Thirteen 
patients (10.5%) had histories of ulcer treatment. Twenty-
three patients (18.5%) were taking NSAIDs. Forty-two patients 
(33.9%) were heavy drinkers, and 77 patients (62.1%) were heavy 
smokers. Forty patients (32.3%) had an ASA PS classification 
of 3 or higher. Twenty-one patients (16.9%) arrived at the 
emergency department 2 days after the onset of symptoms. 
Twenty-two patients (17.7%) had ulcer perforations on the 
superior side of the duodenum. Fourteen patients (11.3%) 
showed hypoalbuminemia and 8 patients (6.5%) had an elevated 
creatinine level (over 1.5 mg/dL).

Surgical outcomes
One stitch was sufficient to close the perforation site 

in all patients except for 21 patients. The mean operation 
time was 40.9 minutes. There were no cases of conversion 
to open surgery. Postoperative complications occurred in 11 

patients (8.9%). Eight of 11 patients had severe postoperative 
complications. One patient died within 1 month after surgery 
(Table 2).   

Univariate analysis of postoperative complications
Table 3 lists the risk factors for early surgical outcomes. A 

statistically significant postoperative complication rate was 
observed in patients who were elderly, females, patients 
with comorbidities, NSAIDs users, patients with high ASA 
PS classification, delayed operation times, low albumin 
levels, over 2 stitches, and superior perforations. The rate of 
severe postoperative complications was significantly higher 
in perforations which needed more than 2 stitches, and 
perforations on the superior side of the duodenum. 

Multivariate analysis of postoperative surgical 
complications
The results of multivariate analysis of complication risk 

factors are listed in Table 4. Being elderly, and a perforation 
which needed more than 2 stitches were significant risk factors 
for overall postoperative complications. Perforations which 
needed more than 2 stitches and perforations on the superior 
side of the duodenum were significant risk factors for severe 
postoperative complications. 

Details of severe postoperative complications
Severe postoperative complications occurred in 6 of all 

patients (Table 5). Except for one, most of the patients had 
comorbidities. Two patients who underwent reoperation had 
comorbidities and their perforation sites were on the superior 
side of the duodenum. Especially, 1 of them underwent 
choledocojejunostomy due to common bile duct injury caused 
by the suturing process. Eventually, he did not recover after 
reoperation and died of septic shock and multiorgan failure.

Table 1. Pre- and intraoperative characteristics of patients 
who underwent laparoscopic primary repair

Variable Data

No. of patients 124
Age (yr) 53.0 (15–97)
   >70 yr 27 (21.8)
Sex
   Male 97 (78.2)
   Female 27 (21.8)
Comorbidity 63 (50.8)
Body mass index (kg/m2) 22.6 ± 3.6
History of ulcer treatment 13 (10.5)
History of major abdominal surgery 4 (3.2)
Current NSAID user 23 (18.5)
Alcohol consumption, >3 bottles/wka) 42 (33.9)
Smoking consumption, >20 cigarette/day 77 (62.1)
ASA PS classification
   I or II 84 (67.7)
   ≥III 40 (32.3)
Duration from symptom onset to surgery, >24 hr 21 (16.9)
Location
   Superior part 22 (17.7)
   Others 102 (82.3)
Serum albumin levelb), <3.5 g/dL 14 (11.3)
Serum creatinine levelc), >1.5 mg/dL 8 (6.5)

Values are presented as number only, median (range), number 
(%), or mean ± standard deviation. 
a)Alcohol contents, 21%; 360 mL per bottle. b)Normal > 3.5.  
c)Normal < 1.0.

Table 2. Short- and long-term outcomes of patients who 
underwent laparoscopic primary repair

Variable Data (n = 124)

No. of stitches required to close perforation 1.2 ± 0.3
   >2 stitches 21 (16.9)
Operation time (min) 40.9 ± 9.6
Conversion to open surgery 0 (0)
Time to resume a soft diet (day) 6.4 ± 3.3
Overall postoperative complication 11 (8.9)
Severe postoperative complication 5 (4.0)
Postoperative mortality (within 30 days) 1 (0.8)
Postoperative hospital stay (day) 9.8 ± 6.1

Values are presented as mean ± standard deviation or number (%). 
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Table 3. Univariate analysis of risk factors for postoperative complications

Variable No. of patients Overall complication, n (%) P-value Severe complication, n (%) P-value

Age (yr)
<70 97 4 (4.1) <0.001 4 (4.1) 0.503
≥70 27 8 (29.6) 2 (7.4)

Sex
Male 97 5 (5.2) 0.004 5 (5.2) 0.749
Female 27 7 (25.9) 1 (3.7)

Presence of comorbidity
Yes 63 10 (15.9) 0.018 5 (7.9) 0.088
No 61 2 (3.3) 1 (1.6)

Ulcer history
Yes 13 1 (7.7) 0.792 1 (7.7) 0.636
No 111 11 (9.9) 5 (4.5)

History of NSAID use
Yes 23 6 (26.1) 0.004 1 (4.3) 0.902
No 101 6 (5.9) 5 (5.0)

Alcohol consumption (bottle/wk)
≥3 42 4 (9.5) 0.967 4 (9.5) 0.093
<3 82 8 (9.8) 2 (2.4)

Smoking consumption (cigarette/day)
≥20 77 5 (6.5) 0.131 4 (5.2) 0.811
<20 47 7 (14.9) 2 (4.3)

ASA PS classification
≥III 40 9 (22.5) 0.001 3 (7.5) 0.356
<III 84 3 (3.6) 3 (3.6)

Time from symptom to surgery (hr)
≥24 21 5 (23.8) 0.031 3 (14.3) 0.055
<24 103 7 (6.8) 3 (2.9)

Albumin level (g/dL)
<3.5 14 5 (35.7) 0.004 1 (7.1) 0.687
≥3.5 110 7 (6.4) 5 (4.5)

Creatinine level (mg/dL)
>1.5 8 2 (25.0) 0.190 1 (12.5) 0.372
≤1.5 116 10 (8.6) 5 (4.3)

No. of stitches to close
1 104 6 (5.8) 0.003 2 (1.9) 0.004
≥2 20 6 (30.0) 4 (20.0)

Perforation site
Superior 22 5 (22.7) 0.039 4 (18.2) 0.006
Others 102 7 (6.9) 2 (2.0)

ASA, American Society of Anesthesiologists; PS, physical status.

Table 4. Multivariate analysis of risk factors for postoperative complications

Variable
Overall postoperative complication Severe postoperative complication

RR 95% CI P-value RR 95% CI P-value

Old age, ≥70 yr 5.912 1.137–26.136 0.019
No. of stitches, >2 4.951 1.161–21.114 0.031 7.925 1.216–51.656 0.030
Perforation site, superior vs. others 6.707 1.276–88.035 0.047

RR, relative risk; CI, confidence interval.
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DISCUSSION
Up to now, many papers have been published on surgical 

methods, surgical outcomes, and risk factors for duodenal 
ulcer perforation. Based on the evidence of several published 
reports and the views of surgeons, primary repair is strongly 
recommended for duodenal ulcer perforations with small 
perforation size [5,18].

Combining the results of several studies [2,3,21-24], high 
ASA PS classification (over 3), elderly status (65 years), large 
perforation size (over 0.9–1.0 cm), shock on admission, and 
blood test abnormalities are considered to affect postoperative 
complications and mortality. Our analyses also showed similar 
results compared with previous studies.

Our multivariate analysis confirmed that elderly patients 
(over 70 years old), and perforations which needed more than 
2 stitches were significant risk factors for overall postoperative 
complications. Especially, it was confirmed that perforations 
which needed more than 2 stitches, and perforations on the 
superior side of the duodenum were major significant risk 
factors for severe postoperative complications.

There are some reports that complication rates of primary 
repair can be increased when perforation size is greater 
than 1.0–1.5 cm [24,25]. Therefore, most surgeons consider 
primary repair to be a very safe procedure if the size of the 
perforation is less than 1 cm. In this study, we did not use 
length of perforation as an objective variable factor. It is very 
difficult to measure the perforation size laparoscopically in 
emergency situations. Moreover, the size of a perforation is 
not proportional to the size of a duodenal ulcer. There was a 
report that simple closure with or without omental patch is a 
safe surgical procedure in duodenal ulcer perforations up to 2 
cm in size [26]. In practice, we experienced that a perforation 
larger than 1.0 cm can be closed easily with 1 stitch, or even a 
perforation smaller than 1.0 cm can be closed by over 2 stitches.

Several authors suggested their perforation cutoff sizes 
predicted conversion to open surgery [5,8,24]. They proposed 
a cutoff perforation size of 1 cm. However, we have never 
experienced conversion to open surgery. Therefore, we 
are confident that the size of perforation is not related to 
conversion to open surgery. In practice, most cases of primary 
repair were performed by trainee surgeons [27,28]. On the other 
hand, our surgeries (more than 100 cases) were performed by a 
single expert surgeon. 

Our study suggests a new risk factor that differs from those 
of previous studies. It was confirmed that the location of the 
duodenal perforation could be an important risk factor for 
severe postoperative complications. From the experiences of 
124 laparoscopic primary repair cases, we have found that 
a perforation on the superior side needs to be closed very 
carefully. Especially, injury to the common bile duct may occur 
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during the suturing process due to severe adhesion of the 
perforation site. Therefore, if the perforation occurs on the 
superior side of the duodenum (Fig. 1), the duodenum including 
the ulcer should be separated from the hepatoduodenal 
ligament area to expose the perforation site. After that, 
the degree of perforation should be re-evaluated and the 
appropriate surgical method must be selected.

Based on our experiences and analysis of surgical outcomes, 
we suggest that the primary duodenal ulcer repair method can 
be safely performed laparoscopically. However, more careful 
surgical techniques and postoperative care are needed to 
improve surgical outcomes of patients who need more than 2 
stitches to close a perforation or who have a perforation on the 
superior side of the duodenum.
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