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Abstract 

 

Perforated peptic ulcers are a surgical emergency that can be repaired using either laparoscopic 

surgery (LS) or open surgery (OS). No consensus has been reached on the comparative outcomes 

and safety of each approach. 

Using the American College of Surgeons National Surgical Quality Improvement Program (ACS 

NSQIP) database, we conducted a 12-year retrospective review (2005 - 2016) and identified 

6,260 adult patients who underwent either LS (n = 616) or OS (n = 5,644) to repair perforated 

peptic ulcers. To mitigate selection bias and adjust for the inherent heterogeneity between groups, 

we used propensity-score matching with a case (LS):control (OS) ratio of 1:3. We then compared 

intraoperative outcomes such as operative time, and 30-day postoperative outcomes including 

infectious and non-infectious complications, and mortality.  

Propensity-score matching created a total of 2,462 matched pairs (616 in the LS group, 1,846 in 

the OS group). Univariate analysis demonstrated successful matching of patient characteristics 

and baseline clinical variables. We found that OS was associated with a shorter operative time 

(67.0 ± 28.6 minutes, OS vs. 86.9 ± 57.5 minutes, LS; P < 0.001) but a longer hospital stay (8.6 ± 

6.2 days, OS vs. 7.8 ± 5.9 days, LS; P = 0.001). LS was associated with a lower rate of superficial 

surgical site infections (1.5%, LS vs. 4.2%, OS; P = 0.032), wound dehiscence (0.3%, LS vs. 

1.6%, OS; P = 0.030), and mortality (3.2%, LS vs. 5.4%, OS; P = 0.009).  

Fewer than 10% of patients with perforated peptic ulcers underwent LS, which was associated 

with reduced length of stay, lower rate of superficial surgical site infections, wound dehiscence, 

and mortality. Given our results, a greater emphasis should be provided to a minimally invasive 

approach for the surgical repair of perforated peptic ulcers. 
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Introduction 

 

Peptic ulcer disease is a common medical condition worldwide with a reported annual incidence 

between 0.03% to 0.19%.[1] After the introduction of antibiotic therapy and proton-pump inhibitors 

for Helicobacter pylori eradication, the incidence decreased, particularly in Western countries. 

However, temporal trends associated with hospitalization rates and common complications, such 

as perforation, hemorrhage, and obstruction have remained relatively stable.[1–5] Morbidity 

associated with peptic ulcer disease still remains between 10% to 20% ,[6, 7] and although 

hemorrhage is almost eight times more common than an ulcer perforation, perforation is associated 

with increased mortality, accounting for 37% of all peptic ulcer-related deaths.[8] In the United 

States, perforated peptic ulcers were associated with a 5-fold increase in mortality as compared to 

hemorrhage and was the most important contributor to inpatient mortality from 1993 through 2006 

(odds ratio [OR], 12.1; 95% confidence interval [CI], 9.8 to 14.9).[8, 9]  

Surgery remains the standard of care for patients with perforated peptic ulcers and surgical delays 

have consistently been linked to inferior outcomes and higher mortality.[10–12] A number of 

surgical techniques have been described in the literature[6]: primary closure of the perforation with 

interrupted sutures; overlay with an omental pedicle after primary closure; occluding the 

perforation with a pedicled omentoplasty (Cellan-Jones repair)[13]; placing a free omental patch 

(Graham patch as originally described)[14]; and performing a sutureless repair.[15] Laparoscopic 

surgery (LS) to repair perforated peptic ulcers was first described in 1990[16, 17] and has since 

garnered significant interest. However, recent estimates from a U.S. nationwide database[18] 

suggest that fewer than 3% of such repairs today involve LS, and the ideal approach remains the 

subject of considerable debate.[19–22] Few randomized clinical trials[15, 23–26] and  meta-

analyses[27–31] have compared LS to open surgery (OS), evaluating the perioperative and 

postoperative outcomes, however the results have been contradictory. Nearly all randomized 

controlled trials had limited samples sizes with considerable heterogeneity between populations, 

precluding the generalizability of results.[31] Moreover, the majority of trials included in these 

reviews were carried out prior to 2004. There still exists a knowledge gap; larger studies, and more 

clinical data are needed to discern the actual difference between LS and OS in this population.  
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In our study, using a U.S. national surgical outcomes database, we compared intraoperative, and 

30 -day postoperative outcomes between LS and OS, among adult patients with perforated peptic 

ulcers. 
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Methods 

Data Source 

Using the American College of Surgeons National Surgical Quality Improvement Program (ACS 

NSQIP) database, we conducted a 12-year retrospective review (2005 - 2016). The ACS NSQIP 

collects data from more than 250 hospitals in 2010 and 600 hospitals in 2015, all within the United 

States. At each of those hospitals, a trained and certified surgical clinical reviewer collects data on 

more than 150 variables including preoperative risk factors, intraoperative variables, and 30-day 

postoperative mortality and morbidity outcomes, for inpatients and outpatients undergoing major 

surgical procedures. To reduce sampling bias, ACS NSQIP administrators use a systematic 

sampling process. Additionally, to ensure the quality of the data collected, they routinely conduct 

an interrater reliability audit of selected participating hospitals. Those audits have revealed an 

overall disagreement rate of less than 2.5% for all assessed program variables.[32]  

Population of Interest  

We identified all adult patients (age > 17) who underwent either LS or OS to repair perforated 

peptic ulcers from the ACS NSQIP database using the International Classification of Diseases, 

Ninth Revision (ICD-9) [531.1, 531.5, 532.1, 532.5, 533.1, 533.5] and 10th Revision (ICD-10) 

[K25.1, K25.5, K26.1, K26.5, K27.1, and K27.5] diagnostic codes.  

We excluded patients with hemorrhage and obstruction, as well as patients with gastrojejunal ulcers 

secondary to gastric bypass surgery. To reduce the inherent heterogeneity between the LS and OS 

groups, we excluded patients with atypical clinical comorbidities, such as ongoing chemotherapy 

(n = 78, 0.5%), ongoing radiation therapy (n = 35, 0.5%), quadriplegia or paraplegia (n = 15, 0.2%), 

central nervous system tumors (n = 16, 0.3%), history of a cerebrovascular accident with concurrent 

neurologic deficits (n = 16, 0.3%), history of a transient ischemic attack (n = 52, 0.8%), and any 

additional surgical intervention within the same operative interval. Subsequently, using Current 

Procedural Terminology (CPT) codes, we stratified patients into either OS (43840, 44602, and 

49000) or LS (44238 and 43659).  

Missing Data 

Fewer than 8% of all variables that were analyzed had missing values; within these variables, pre-

operative albumin had the highest percentage of missing data (14%). Our missing data analysis 
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revealed no significant patterns, trends, or clusters, so we characterized all such data as missing at 

random. To account for the missing data, we used multiple imputation and constructed regression 

models using the following factors and covariates: patient characteristics, such as age, gender, race, 

and body mass index (BMI); baseline comorbidities, preoperative laboratory values, type of 

surgery, class of infected wounds; and American Society of Anesthesiologists (ASA) score. For 

the parsimony of presentation and subsequent analysis, we created a single imputed dataset. 

Overall, 11 pre-operative laboratory variables were imputed. 

Univariate Analysis of Baseline Variables and Propensity Score Matching 

To compare variables between the LS and OS groups, we performed a univariate analysis. We 

compared clinical comorbidities individually; in addition, we used an ACS NSQIP–specific, 

validated, modified frailty index (m-FI).[33] To measure the differences between the 2 groups, we 

used the χ2 test and the Fisher exact test for categorical variables, the Wilcoxon rank-sum test for 

nonparametric continuous variables, and the independent-sample t-test for parametric continuous 

variables.  

Subsequently, we used propensity-score matching as we have done previously[34], to reduce the 

heterogeneity among the baseline variables. This statistical technique helps estimate the 

independent treatment effect, irrespective of the treatment option, thereby eliminating the effect of 

any underlying selection bias.[35] To calculate propensity scores, we used a logistic regression 

model with a maximum likelihood technique. As independent predictors in that model, we included 

all variables from our univariate analysis that yielded a P value ≤ 0.1. In addition, irrespective of 

their statistical range, we also included as covariates any potential clinical confounders like gender, 

ulcer site, preoperative blood transfusion, and coagulation parameters.  

After we calculated propensity scores, we stratified our study population by type of surgery (LS vs. 

OS); then, within this indication, matched each patient who underwent LS to 3 patients who 

underwent OS (1:3 ratio), according to the closest estimated propensity score. We chose that ratio 

to maximize power.[36] Using the recommended[37] calipers setting of 0.2, we applied a nearest-

neighbor matching technique, without replacement. 
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Assessment of Balance in the Matched sample  

Using analytic methods that accounted for the now-matched (1:3) nature of our data, we assessed 

the balance of baseline variables between the 2 groups.[35, 38] Because matching can lead to an 

artificial decrease in baseline variance between the populations of interest, we used repeated-

measure analysis to evaluate the balance and then to estimate our final treatment effects. To analyze 

dichotomous variables, we used the nonparametric Cochran Q test. To analyze continuous 

variables, we used mixed-effects linear regression. To account for the clustered nature of the data, 

we specified a compound symmetry-repeated covariance structure. In addition to statistical 

hypothesis testing, as recommended[39] we calculated standardized differences, before and after 

matching, for all variables with a P value ≤ 0.1 per our univariate analysis. Because standardized 

differences represent the difference in means between 2 groups in standard deviation units, they 

are an independent value immune to the effect of sample size, and are believed to better estimate 

the balance of data.[39]   

Outcomes of Interest 

Our outcomes of interest included mean operative time, hospital length of stay, 30-day mortality, 

and 30-day morbidity (infectious and noninfectious complications). Each of those variables are 

defined on the ACS NSQIP website.[40]  

Treatment Effects and Adjusting for Residual Bias 

After applying generalized estimating equations to control for residual bias, we calculated final 

adjusted treatment effects. To analyze treatment effects, we modeled multivariable logistic 

regression equations (for dichotomous variables) and multivariable linear regression equations (for 

continuous variables). The models incorporated an exchangeable working variance correlation 

matrix.  

In our final model, to reduce residual heterogeneity and to estimate the independent treatment 

effects, we adjusted for potential clinical confounders, such as age, year of hospital admission, class 

of infected wound, and ASA score.  For each effect, we calculated the OR and 95% CI; all P values 

were 2-tailed, with a significance of 0.05 to detect a difference. To confirm the validity of each 

multivariable model, we performed appropriate regression diagnostics, including calculating the 

Hosmer-Lemeshow goodness-of-fit test, testing for outliers, and using classification tables to 
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compare the predicted vs. actual outcomes. For all statistical analysis, we used IBM SPSS software 

(version 24.0, Armonk, NY) and R software (version 3.3.1, R Foundation for Statistical Computing, 

Vienna, Austria). 
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Results 

A total of 6,260 patients met our initial inclusion criteria: 5,644 underwent OS, and 616 underwent 

LS.  

Patient Characteristics and Clinical Variables 

The patient characteristics and clinical variables of the LS and OS groups are summarized in Table 

1 Patients in the OS group tended to be slightly older (60.0 ± 17.9 years, OS vs. 57.0 ± 19.0 years, 

LS) and had a higher rate of baseline comorbidities, preoperative sepsis, abnormal preoperative 

laboratory values, as well as higher ASA scores. A lower proportion of African Americans 

underwent LS.   

Table 1. Univariate Analysis of Baseline and Matched Population 

 

  Baseline Population Matched Population 

  Variable Open 

Surgery 

(OS) 

(N=5,644) 

Laparoscopi

c Surgery 

(LS)  

(N=616) 

P-

value 

Open  

Surgery 

(OS) 

 (N=1,842) 

Laparoscop

ic Surgery 

(LS)  

(N=616) 

P-value 

R
a

ce
a
 

American 

Indian/Alaska 

Native  

1.2%(68) 2.1%(13) 0.059 2.0%(36) 2.1%(13) 0.902 

Asian 4.2%(238) 5.5%(34) 0.132 5.0%(92) 5.5%(34) 0.694 

African American 15.6%(885) 9.7%(60) <0.001* 9.9%(182) 9.7%(60) 0.996 

Caucasian 69.4%(391

8) 

71.6%(441) 
0.266 

73.2%(1349) 71.6%(441) 
0.922 

 Other 9.5%(535) 11%(68) 0.213 9.9%(183) 11%(68) 0.714 

D
em

o
g

ra
p

h
ic

s Ageb 60.0 ± 17.9 57.0 ± 19.0 <0.001

* 

57.0 ± 18.3 57.0 ± 19.0 0.928 

Femalea 47.1% 

(2658) 

50.2% (309) 0.158 50.7% (934) 50.2% (309) 0.564 

BMIb 26.5 ± 7.4 27.4 ± 7.4 0.004* 27.6 ± 7.9 27.4 ± 7.4 0.619 

P
re

-o
p

 M
o

rb
id

it
ie

sa
 

Diabetes 13.1%(739) 9.4%(58) 0.009* 10.2%(187) 9.4%(58) 0.835 

Dyspnea       

   At Rest 4.3%(244) 1.0%(6) <0.001

* 

1.1%(21) 1.0%(6) 0.759 

   On Moderate 

Exertion 

6.0%(339) 5.2%(32) 0.418 5.4%(99) 5.2%(32) 0.908 

Functional Status       
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   Partially 

Dependent 

7.4%(420) 5.0%(31) 0.028* 5.9%(108) 5.0%(31) 0.401 

   Totally 

Dependent 

3.8%(216) 1.1%(7) 0.001* 1.5%(27) 1.1%(7) 0.771 

Mechanical 

Ventilation 

4.1%(232) 1.1%(7) <0.001

* 

1.7%(31) 1.1%(7) 0.203 

Smoker 43.9%(247

7) 

35.4%(218) <0.001

* 

35.3%(651) 35.4%(218) 0.833 

COPD 8.7%(492) 6.3%(39) 0.044* 6.3%(116) 6.3%(39) 0.844 

Ascites 7.1%(401) 4.5%(28) 0.018* 4.9%(90) 4.5%(28) 0.889 

Congestive Heart 

Failure 

2.7%(152) 1.3%(8) 0.037* 1.1%(20) 1.3%(8) 0.572 

Pneumonia 1.1%(60) 0.5%(3) 0.174 0.4%(7) 0.5%(3) 0.716 

Renal Disease 4.6%(257) 3.4%(21) 0.190 3.5%(65) 3.4%(21) 0.890 

Hypertension 43.7%(246

7) 

37.8%(233) 0.005* 39.4%(725) 37.8%(233) 0.091 

Cancer 2.5%(141) 1.9%(12) 0.401 2.2%(41) 1.9%(12) 0.568 

Open wound 3.8%(217) 1.9%(12) 0.017* 2.5%(46) 1.9%(12) 0.623 

Steroid use 7.1%(403) 5.8%(36) 0.238 6.5%(120) 5.8%(36) 0.907 

Weight loss 3.1%(176) 1.9%(12) 0.106 2.0%(37) 1.9%(12) 0.996 

Bleeding Disorder 7.2%(408) 4.7%(29) 0.020* 4.5%(82) 4.7%(29) 0.939 

Blood Transfusion 2.4%(136) 1.9%(12) 0.474 1.5%(27) 1.9%(12) 0.546 

Modified Frailty 

Index (mFI-5) 

0.16 ± 0.2 0.12 ± 0.2 <0.001 0.12 ± 0.2 0.12 ± 0.2 0.390 

U
lc

e
r 

S
it

e
a
 Gastric Ulcer 44.6%(251

7) 

47.1(290) 

0.213 

46.6%(859) 47.1(290)  

 

0.711 Duodenal Ulcer 51.9(2928) 48.5(299) 49.3%(908) 48.5(299) 

Peptic Ulcer (Site 

Unknown) 

3.5%(199) 4.4%(27) 4.1%(75) 4.4%(27) 

P
re

o
p

 S
ep

si
sa

 

None 44.7%(252

5) 

51.3%(316) 

<0.001

* 

51.6%(951) 51.3%(316) 

0.910 

Sepsis 27.6%(155

7) 

30.2%(186) 28.9%(533) 30.2%(186) 

Septic Shock 9.7%(548) 4.2%(26) 4.7%(87) 4.2%(26) 

SIRS 18.0%(101

4) 

14.3%(88) 14.7%(271) 14.3%(88) 

P
re

-o
p

 L
a

b
sb

 

Sodium 136.7 ± 4.6 137.2 ± 4.0 0.006* 137.3 ± 4.2 137.2 ± 4.0 0.597 

BUN 24.6 ± 18.4 20.9 ± 14.2 <0.001

* 

21.1 ± 14.0 21.0 ± 14.2 0.851 

Creatinine 1.3 ± 0.9 1.2 ± 0.9 <0.001

* 

1.2 ± 0.8 1.2 ± 0.9 0.969 

Albumin 3.6 ± 0.8 3.7 ± 0.7 <0.001

* 

3.7 ± 0.7 3.7 ± 0.7 0.901 

Bilirubin 0.9 ± 0.9 0.8 ± 0.6 0.011* 0.8 ± 0.6 0.8 ± 0.6 0.919 

SGOT 24(18, 35) 23(17,33) 0.091 23(18, 32) 23(17,33) 0.696 
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ALP 77(60,100) 75(60,99) 0.489 75(60,97) 75(60,99) 0.671 

WBC 12.8 ± 7.1 12.5 ± 6.1 0.206 12.4 ± 6.1 12.5 ± 6.1 0.820 

Hematocrit 39.9 ± 7.3 40.1 ± 6.9 0.421 40.2 ± 6.7 40.1 ± 6.9 0.384 

Platelet Count 290.0 

±120.3 

283.8 ± 

103.8 

0.107 284.3 ±106.1 283.8 ± 

103.8 

0.916 
W

o
u

n
d

 C
la

ss
a
 Clean-I 1.9%(110) 2.4%(15) 

 
2.4%(45) 2.4%(15)  

0.724 Clean/Cont-II 13.8%(779) 10.7%(66) 0.002* 10.4%(192) 10.7%(66) 

Contaminated-III 18.5%(104

4) 

14.1%(87) 
 

13.7%(252) 14.1%(87) 

Infected-IV 65.7%(371

1) 

72.7%(448) 
 

73.5%(1353) 72.7%(448) 

A
S

A
 S

co
re

a
 

1 3.3%(185) 7.1%(44) 
 

6.6%(121) 7.1%(44)  

2 26.5%(149

8) 

33.4%(206) 
 

34.2%(630) 33.4%(206)  

3 43.3%(244

2) 

43.8%(270) <0.001

* 

43.6%(804) 43.8%(270) 0.997 

4 24.4%(137

7) 

14.1%(87) 
 

13.8%(254) 14.1%(87)  

5 2.5 %(142) 1.5 %(9) 
 

1.8 %(33) 1.5 %(9)  

 

BMI= Body Mass Index, COPD= Chronic obstructive pulmonary disease, SIRS= Systemic inflammatory response 

syndrome, BUN= Blood Urea Nitrogen, SGOT= Serum glutamic oxaloacetic transaminase, ALP= Alkaline 

phosphatase, WBC= White blood cell count, ASA Score = American Society of Anesthesiologists score. 

*Two tailed P Value ≤0.05 

aCategorical variables measured as count and percentages. 

bContinuous variables as measured in the ACS NSQIP Participant user file[40]     

 

Propensity Score Matching and Balance of Baseline Variables 

The median propensity score for the whole cohort was 0.21 (range, 0.02 to 0.3), indicating that the 

overall probability of undergoing LS was low). The Hosmer-Lemeshow test demonstrated good fit 

of the data (P = 0.512). After propensity-score matching, statistical testing and standardized 

difference analysis (Figures 1A and 1B) demonstrated successful matching on all baseline patient 

characteristics, clinical variables, and preoperative laboratory values (Table 1). Propensity-score 

matching created a total of 2,462 matched pairs (616 in the LS group, 1,846 in the OS group). 

 

Treatment Effects 

Adjusted outcomes are highlighted in Table 2.  OS was associated with a significantly shorter 

operative time (OR < 0.1; 95% CI, 0.001 to 0.006, P < 0.001) but a longer hospital stay (OR, 2.3; 
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95% CI, 1.4 to 3.7, P < 0.001). Moreover, the rate of superficial surgical site infections was 2 times 

higher in the OS group than in the LS group (OR, 2.2; 95% CI, 1.1 to 4.5, P = 0.032). The rate of 

deep incisional infections was also higher in the OS group, but the difference was not statistically 

significant (OR, 6.9; 95% CI, 0.9 to 15.3, P = 0.064). The 2 groups had similar rates of organ space 

infections (6.0%, LS vs. 6.2%, OS). But the rate of wound dehiscence (OR, 4.9, 95% CI, 1.1 to 7.8, 

P = 0.030) and the rate of prolonged ventilatory support (OR, 1.5; 95% CI, 1.1 to 2.3, P = 0.018) 

were both higher in the OS group.  

We found no significant difference between the 2 groups in the rate of other postoperative 

infectious complications, such as pneumonia, urinary tract infections, sepsis, and septic shock. Also 

similar were the rate of perioperative blood transfusion and the rate of postoperative morbidity, 

including reintubation, progressive renal insufficiency, and acute renal failure. As well, the 

incidence of thromboembolic events (including pulmonary embolism, stroke, deep venous 

thrombosis, and myocardial infarction) was comparable. The 30-day reoperation rate was similar 

between the 2 groups (OR, 1.1; 95% CI, 0.7 to 1.7, P = 0.547), but the overall 30-day mortality rate 

was nearly twice as high in the OS group than in the LS group (OR, 1.9 95% CI, 1.1 to 3.3, P = 

0.009). 

Figure 1. A. Forest plot depicting standardized differences before (white dots) and after (black 

dots) propensity score matching of all variables with a P value ≤0.1 on univariate analysis. B. 

Density distributions of standardized differences before and after matching. C. Mean operative 

time for laparoscopic repair of perforated peptic ulcer repair plotted from 2005- 2016. 
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ASA score = American Society of Anesthesiologists Score, SIRS = Systemic inflammatory response syndrome, BMI 

=Body mass index, mFI-5= Modified frailty index 5, Am. = American, Af = African, FS= Functional status, COPD = 

Chronic obstructive pulmonary disease, CHF = Chronic heart failure, BUN = Blood Urea Nitrogen, SGOT = Serum 

glutamic oxaloacetic transaminase, WBC = White blood cells 
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Table 2. Adjusted Treatment Effects 

 

Outcome Variablea  Open 

Surgery 

(OS) 

(N=1846) 

Laparoscopic 

Surgery 

(LS) (N=616) 

Adjusted 

OR 

Adjusted  

OR (95% 

CI) 

P-Value 

Operative Time(mins) 67.0 ± 28.6 86.9 ± 57.5 <0.1 0.001-0.006 <0.001* 

Total Length of 

Hospital Stay (days) 

8.6 ± 6.2 7.8 ± 5.9 2.3 1.4-3.7 0.001* 

Postoperative Infectious 

Complications 

    

Superficial Surgical 

Site Infection  

4.2% (78) 1.5% (9) 2.2 1.1-4.5 0.032* 

Deep Incisional 

Infection 

1.2% (23) 0.2% (1) 6.9 0.9-15.3 0.064 

Organ Space Infection 6.2% (115) 6.0% (37) 0.9 0.6-1.4 0.741 

Wound Dehiscence  1.6% (29) 0.3% (2) 4.9 1.1-7.8 0.030* 

Pneumonia 5.7% (106) 4.9% (30) 1.0 0.7-1.6 0.986 

Urinary Tract 

Infections 

1.4% (25) 1.5% (9) 1.1 0.5-2.3 0.844 

Sepsis 11.8% (217) 14.4% (89) 0.8 0.6-1.1 0.130 

Septic Shock 7.5% (139) 6.8% (42) 1.1 0.8-1.6 0.481 

Postoperative Non-Infectious 

Complications 

    

Prolonged Ventilation  

(>48 hours) 

8.8% (162) 6.0 (37) 1.5 1.1-2.3 0.018* 

Unplanned Re-

intubation 

5.8% (107) 4.2% (26) 1.1 0.7-1.7 0.666 

Progressive Renal 

Insufficiency 

1.1 (9) 0.2% (1) 4.4 0.6-33.5 0.156 

Acute Renal Failure 2.3% (9) 1.1% (7) 1.5 0.7-3.5 0.336 

Pulmonary Embolism 0.7% (13) 0.8% (5) 0.7 0.2-2.0 0.478 

Cardiac arrest 

requiring CPR 

1.6% (30) 0.6% (4) 2.9 0.9-8.4 0.090 

Myocardial Infarction 1.0% (18) 0.6% (4) 1.8 0.4-8.7 0.166 

DVT requiring 

therapy  

1.6% (29) 1.6% (10) 0.8 0.4-1.7 0.534 

Blood Transfusion 

(Intra/Postoperative 

period) 

7.7% (143) 5.8% (36) 2.1 0.7-6.1 0.255 

Re-operation  5.4% (99) 4.7% (29) 1.1 0.7-1.7 0.547 

Mortality 5.8% (106) 3.2% (20) 1.9 1.1-3.3 0.009* 

Clavien-Dindo grading of postoperative compilations    

Grade I 8.8% (162) 6.0 (37) 1.5 1.1-2.3 0.018* 

Grade II 23.4% (1321) 13.3% (82) 1.4 1.1-1.8 0.017* 
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Grade III 9.7% (178) 9.6% (59) 1.0 0.7-1.4 0.970 

Grade IV 22.9% (422) 23.7% (146) 1.1 0.8-1.3 0.639 

Grade V 5.4% (100) 3.2% (20) 1.9 1.1-3.3 0.009* 

 

OR= Odds Ratio, CI= Confidence Interval, CPR= Cardio-pulmonary resuscitation. 

*Two tailed P Value ≤0.05 

a30 day post-operative outcomes, all categorical variables measured as number of events and percentages, all scale 

variables measured as mean and standard deviation. 

bClavien-Dindo grading: Grade I: Prolonged ventilation(>48hours), Grade II: Superficial surgical site infection + Deep 

Incisional Infection + Wound dehiscence + Pneumonia +Urinary tract infections + Progressive renal insufficiency + 

Blood transfusion (Intra/Postoperative period) + DVT requiring therapy, Grade III: Organ space infections + Re-

operation, Grade IV: Sepsis + Septic Shock + Unplanned re-intubation +Acute renal failure + Pulmonary embolism + 

Cardiac arrest requiring CPR + Myocardial Infarction, Grade V: Death  
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Discussion 

In this 12-year study of the ACS NSQIP database focusing on patients with perforated peptic ulcers, 

we found that LS was associated with a lower rate of infectious complications, wound dehiscence, 

and postoperative mortality. Given the low incidence of perforated peptic ulcers in the general 

population, evaluating accurate treatment effects has been challenging.[1, 30] To date, 5 

randomized clinical trials[15, 23–26] primarily from Asia and Europe, have been published. These 

5 studies had a pooled sample size of 406 patients (n = 208, LS, and n = 198, OS), with rather 

equivocal results. A few meta-analyses have also compared LS vs. open surgery (OS) and have had 

contradictory results. The first meta-analysis[27] noted that LS was associated with significantly 

lower rates of wound infection, as well as reduced postoperative pain and analgesic use, but a longer 

operating time and a higher rate of reoperation. Another review[28] found that LS was associated 

with a significant increase in surgical site leakage. But 2 reviews[29, 30] found no statistically 

significant differences in postoperative morbidity and mortality between LS and OS. Another 

updated meta-analysis[31] found a lower rate of postoperative complications and reoperation with 

LS. Most nonrandomized, high-quality studies have had significant heterogeneity among their 

surgical cohorts, precluding the generalizability of results.[31]  To overcome this drawback, we 

attempted to maximize statistical power using a 1:3 LS:OS matching ratio. Univariate analysis of 

our original cohort demonstrated potential bias, in that OS was more commonly performed in older 

and more ill patients; however, our propensity-score matching successfully mitigated this presumed 

selection bias. This technique not only helped to substantially reduce population variances between 

both surgical cohorts but also helped us control for numerous clinical confounders. With this we 

were able to match all patients who underwent LS to patients who underwent OS, as well as 

adequately control for various demographic and clinical confounders like age, race, gender, and 

disease severity scores.  

We refrained from using traditional comorbidity scores, such as the Charlson Comorbidity Index 

(CCI)[41] or the modified CCI,[42, 43] as previous studies have disputed their validity and use 

with the ACS NSQIP database.[44] A substantial proportion of variables that were originally 

collected by the database, and arguably critical to computation of those indices, have been 

subsequently discontinued. Therefore, we instead calculated and adjusted for each comorbidity 

individually; in addition, we used an ACS NSQIP–specific, validated, modified m-FI.[33] 
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Operative Time 

In our study, LS was associated with a longer operative time than OS. With limited operative space 

and restricted intraabdominal mobility, performing a copious intraabdominal lavage and 

meticulous surgical closure can be time-consuming. Broad consensus has been reached on the need 

for peritoneal lavage in the surgical management of perforated peptic ulcers, yet the benefits of 

generous irrigation are contested.[45]  Operative time can be heavily dependent on the quantity of 

fluid used to irrigate the peritoneum, and additionally, on the caliber of the suction 

device.[25].However, the advent of high-volume abdominal irrigation systems might limit   any 

such delay.[28]  

The precise surgical technique introduces some additional heterogeneity. Simple closure, for 

example, requires a shorter operative time than either omental patches or overlays.[46] Zhou et 

al.[31] noted that omental patches offered no additional benefits; their finding were echoed by other 

studies.[15, 22, 46–48] Furthermore, Zhou et al.[31] noted that, even though LS was associated 

with a longer operative time, operative time progressively shortened when patients were stratified 

by the year of surgery. Zhou et al.[31] attributed that trend to increased exposure, over time, to LS, 

coupled with the rapid technological advancements in equipment and technique. However, in our 

study, we did not find such an association (Figure 1C); instead, operative times remained relatively 

stable. Still, several recent studies[22, 24, 49] also noted a shorter operative time with LS, 

translating into lower exposure to anesthesia and CO2 pneumoperitoneum, theoretically improving 

postoperative outcomes.  

Length of Stay 

In our study, postoperative hospital length of stay favored LS; clinically, after adjusting for baseline 

health status using various health indicators, we found that OS doubled hospital length of stay (OR, 

2.3; 95% CI, 1.4 to 3.7). A minimally invasive approach can improve pain control, augment 

gastrointestinal motility and function, promote pulmonary toilet, enhance overall postoperative 

recovery, and thereby accelerate hospital discharge. Similar trends have been found in several other 

studies.[24, 31] 
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Postoperative Morbidity 

Infectious Complications 

Multiple studies[28, 30] have found that rates of postoperative morbidity favored LS, but most of 

the differences were not statistically significant, despite strong trends. Given the heterogeneity 

among studies and a strong concern for selection bias, the authors exercised caution to the broader 

exposition of their results. In our study, the rate of postoperative wound infections was lower with 

LS, particularly for superficial surgical site infections. The rate of deep surgical site infections was 

also low with LS, but the singularity of this event may have precluded the model from accurately 

delineating treatment effects with confidence limits, resulting in sparse data bias.[50] Organ space 

infection rates and other infectious complications such as rates of pneumonias, UTI’s and sepsis 

were comparable between groups. 

Some authors[51] have been skeptical about LS in patients with prolonged peritonitis, given the 

higher rates of pneumonia associated with LS. Several experimental animal studies[52, 53] found 

that increases in intraabdominal pressures, caused by CO2 pneumoperitoneum, were associated 

with a higher risk of subsequent bacteremia and sepsis. Pneumoperitoneum can increase bacterial 

translocation and thereby increase the rate of systemic sepsis. However, there is no clinical 

evidence to support these experimental animal findings.[54]  

Noninfectious Complications 

Noninfectious complication rates favored LS, but for most outcomes, the difference was not 

statistically significant. However, OS did significantly increase dependence on mechanical 

ventilation and the rate of wound dehiscence. A larger incision coupled with a higher rate of wound 

infection may explain these findings. The views regarding those outcomes are largely contradictory 

in the literature: a few studies have found no difference,[28, 30, 55] but a few others have found 

fair evidence in favor of LS.[31] Even though most meta-analyses have found trends in favor of 

LS, those trends were limited to the few studies that collected those endpoints, once again limiting 

external validity. 

Reoperation Rates and Leakage from the Ulcer Repair Site  

In our study, the 30-day reoperation rates were similar in the LS and OS group. Leakage from the 

perforated ulcer repair site is often deemed a major cause of reoperations,[27, 28, 56] and hence 
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this variable could potentially suffice as a surrogate marker for such leakage. A number of studies 

have expressed concern about the safety of LS regarding such leaks. A meta-analysis by Lunevicius 

et al.[28] in 2004 found a higher rate of leakage associated with LS. The friability of tissue, 

restricted mobility, limited intraoperative space, and need to mobilize and secure the omentum over 

the perforation with intracorporal knots can all contribute to the complexity of LS. However, with 

advances in instrumentation, improvement of surgeons’ laparoscopic skill, and wider adoption of 

sutureless and knotless techniques, the rate of leakage and subsequent reoperations may have 

become more congruent between LS and OS. In fact, more recent studies[31] have found a similar 

rate for both approaches. 

Mortality Rate 

Among patients who have undergone surgery for perforated peptic ulcers, the reported mortality 

rate has varied considerably; the geographic variation in etiology might play a role.[57] 

Sonnenberg[58] demonstrated a relatively stable mortality rate of 10% in Europe, but the rate 

reported in the United States has varied from 3% to 15%.[7] The source of data might also 

contribute to the varied mortality rate. Administrative datasets, such as the National Inpatient 

Sample[59] of the United States and the Health Insurance Claims Registry in Korea[60], have 

yielded a lower mortality rate of around 3%. In our study, after performing propensity-score 

matching for various clinical confounders and then, in our final model, controlling for clinical 

severity with indices such as the ASA score, we observed that LS was associated with a 

significantly lower mortality rate than OS. Most other studies analyzing mortality have had several 

limitations, such as smaller sample sizes, significant heterogeneity between populations, 

predominant inclusion of patients with low ASA scores of 1 or 2,[61] and very limited sampling of 

critically ill patients with ASA scores ≥ 3.  

The authors of a more recent review[31] noted that, after they excluded studies done before 2004, 

LS offered a survival benefit. Our study is concordant with their findings. Mortality and morbidity 

in patients with perforated peptic ulcers are inextricably linked to sepsis and inflammation; we 

believe that a minimally invasive approach enhances postoperative recovery and thus minimizes 

the systemic inflammatory response, reducing postoperative mortality. 

We acknowledge the limitations of our study, most of which are inherent to a retrospective review 

of ACS NSQIP data. Because the quality of the data collected depends on the accuracy of the 

coding, it is possible that an error in coding could have biased our results. In addition, procedural 
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codes for LS may be non-specific, additionally, they do not distinguish between the technique 

employed, a simple repair or an omentoplasty, nor do they permit identification of patients who 

converted from LS to OS. Ideally, according to the intention-to-treat principle, to provide 

conservative estimates of treatment effects, irrespective of the conversion status, patients who 

received a laparoscopic intervention should be analyzed with the LS group, but we could not discern 

that information and it is possible that some patients who converted from LS to OS may have been 

analyzed with the OS group. Despite making efforts to minimize selection bias, we know that our 

findings are susceptible to the effects of unmeasured covariates, such as the size of the perforation, 

surgical technique and the surgeon’s ability and experience. Several reports have noted that 

perforations ≥ 2cm may benefit from an excision, a distal gastrectomy, a diverting 

gastrojejunostomy, or placement of a T-tube.[2, 62, 63] Our exclusion of all such procedures from 

our study might have contributed to some unaccounted bias. Time from diagnosis to surgery has 

been shown to impact outcomes[11, 64, 65]; scoring systems such as the Boey score[10, 64], that 

predict mortality using clinical variables such as the time from perforation to surgery, systolic blood 

pressure, and the presence of comorbidities,  have been used to account for this variability. The 

absence of the variables used to calculate the Boey score from the ACS NSQIP database, precluded 

its evaluation. Despite this, we were able to adjust for the ASA score, which has previously been 

validated as a predictor of postoperative mortality and morbidity, with a sensitivity and a specificity 

similar to that of the Boey score.[66, 67] Moreover, a systematic review by Møller et al[68], that 

reviewed 37 different pre-operative prognostic factors in 29,782 patients, noted that in an adjusted 

analysis, delay in surgery, or time from perforation to surgery is a surrogate marker for the 

underlying propensity to develop sepsis. In our model, in addition to matching for pre-operative 

sepsis and various clinical grades of sepsis, we estimated our final treatment effects after adjusting 

for pre-operative sepsis, hence we believe final treatment effects are reliable. Finally, we were 

unable to evaluate the precise cause for mortality, and other outcomes of interest—such as level 

and duration of pain control, return of bowel function, and the rate of long-term complications like 

hernia and bowel obstruction. However, evaluating 30-day surgical outcomes (morbidity and 

mortality) is common practice in the literature and is an accepted standard. Similarly, mortality 

outcomes are irrefutably associated, either directly or indirectly, to the underlying surgical 

intervention and hence drawing temporal and causal associations between them may be 

permissible. 
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Despite those limitations, our study has several strengths. To our knowledge, it is the largest 

retrospective cohort study in the United States on outcomes of perforated peptic ulcer repair over 

the last decade. The ACS NSQIP dataset encompasses a large, heterogeneous patient population 

that reflects the general trends of care. Keeping the infrequency of the diagnosis in perspective, it 

is difficult to perform a well-powered randomized controlled trial; furthermore, the restrictive 

inclusion criteria of such trials limit the generalizability of outcomes to a larger population. Our 

statistical approach—using propensity-score matching with several predefined, perioperative 

variables—provided us with more robust estimates and, after adjusting for residual bias, enabled 

us to compute final treatment effects. Moreover, we matched 100% of the LS patients in our 12-

year study period, maintaining a higher 1:3 LS:OS match ratio that improved our power to detect 

differences. 

In conclusion, in our 12-year study, we found that the patients with perforated peptic ulcers who 

underwent LS (fewer than 10% of our study population) experienced a lower rate of postoperative 

morbidity and mortality, as compared with OS. The availability of large, high-quality health care 

databases, such as the ACS NSQIP database, has clearly enhanced the ability to perform health 

outcomes research using more sophisticated statistical models. Given our results, and those of 

another recent inquiry into this subject[31], a greater emphasis should be provided to a minimally 

invasive approach for the surgical repair of perforated peptic ulcers. Future research should 

evaluate individual provider-level characteristics and broader hospital-based attributes, this may 

help in identifying those factors that lower the propensity to perform this procedure 

laparoscopically. Additionally, this may be particularly useful from an education and intervention 

point-of-view. Developing high and low fidelity surgical simulators may be quintessential to 

imparting skill; our initial experience with developing a low fidelity simulator was met with much 

enthusiasm at our department. In addition to improving patient outcomes, a minimally invasive 

technique may be a cost-effect solution, improving pain control, augmenting gastrointestinal 

motility and function, promoting pulmonary toilet and enhancing overall postoperative recovery.  
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