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Abstract
Background  We compared 30-day outcomes in patients undergoing emergent open and laparoscopic repair of perforated 
peptic ulcers in a large multicenter cohort.
Methods  Prospectively obtained data in the American College of Surgeons National Surgical Quality Improvement Pro-
gram public use files from 2010 to 2016 were reviewed. Perioperative risks and outcomes were compared in unmatched and 
propensity-matched groups using parametric/non-parametric statistical tests as appropriate.
Results  A total of 4210 procedures were identified 345 (8.2%) laparoscopic and 3865 (91.8%) open. Laparoscopic repairs 
increased from 4.5% of 2010 cases to 11.4% of 2016 cases (p < .001). Open repair patients had more acute presentation 
including higher rates of ASA class, hypoalbuminemia, preoperative septic shock, dyspnea, and mechanical ventilation (all 
p < .01). Laparoscopic operations were longer than open procedures (p < .001). Mortality (8.5 vs. 3.5%), median length of 
stay (7 vs. 5 days), transfusion rates (13.7 vs. 7.0%), renal failure (3.7 vs. 1.2%), and respiratory failure (15.5 vs. 5.2%) were 
all worse in the unmatched open group (all p < .01). Propensity matching resulted in 342 laparoscopic and 626 open cases 
of similar ulcer type, demographics, ASA class, preoperative SIRS/sepsis, hypoalbuminemia, and wound class. Mortality 
was similar between matched groups (5.0 vs. 3.5%, p = .331). Median length of stay was longer in the open group (6 vs. 5 
days, p < .001), which also had higher rates of prolonged ventilation/reintubation (9.6 vs. 5.3%, p = .019) and abdominal wall 
wound occurrences (6.2 vs. 2.3%, p = .042). Return to the operating room and 30-day readmissions did not differ between 
the matched groups.
Conclusions  Emergent laparoscopic repair of perforated peptic ulcer is increasingly being performed, is safe relative to open 
repair (in patients without preoperative septic shock), and confers a modest benefit in terms of length of stay, respiratory, 
and abdominal wall wound complications.
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Peptic ulcer disease (PUD) affects six million Americans 
every year [1]. In Kentucky alone, this disease contributes 
to 57 per 100,000 hospitalizations [2]. The etiology of PUD 

is multifactorial: H. pylori, NSAIDs, alcohol use, smoking, 
chronic stress, and older age are major contributing risk fac-
tors [3, 4]. With improved understanding of contributing fac-
tors and targeted medical therapies, the rates of PUD hospi-
talizations have decreased by half over the last three decades 
[5–7]. Common complications of PUD include bleeding, 
perforation, and obstruction. On average, 2–14% of peptic 
ulcers result in perforation [8], most commonly occurring 
in females over the age of 60 and chronic NSAID, alcohol 
or tobacco users. While bleeding is the most frequent com-
plication of PUD, perforation carries a higher rate of surgi-
cal intervention and an associated mortality rate of 10–40% 
[7]. Historically, duodenal perforation was more prevalent; 
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however, due to the aforementioned risk factors, perforated 
gastric ulcers are more common today [8].

Several risk factors increase perioperative mortality in 
PPU patients. The main clinical scoring system used to pre-
dict morbidity and mortality in PPU patients is the Boey 
score. It is typically used in conjunction with the Mannheim 
Peritonitis Index for improved comparison of the severity 
of physiologic derangement. The Boey score is the most 
disease-specific and takes into consideration major medi-
cal illness, preoperative shock, and duration of perforation 
longer than 24 h before surgery [9]. A Boey score of 2 or 
greater indicates mortality of > 30%. Two recently published 
studies examining prognostic factors discovered that pre-
operative hypoalbuminemia and increasing age were also 
important risk factors for predicting mortality in PPU [10, 
11]. Hypoalbuminemia is often associated with underlying 
disease, cancer, or chronic disease, while increasing age may 
correlate with greater postoperative complications and mor-
bidities [10].

The operative management for perforated peptic ulcer 
(PPU) includes control of intraperitoneal contamination, 
closure and/or buttress of perforation, and distal feeding tube 
placement. The choice of surgical technique, laparoscopy vs. 
laparotomy, varies depending on the patient’s preop clinical 
status, surgeon expertise/preference, and location of defect. 
It has been widely reported that open abdominal surgery 
increases postoperative pain and is associated with higher 
morbidity (ventral incisional hernia rate, surgical site infec-
tion, postoperative respiratory compromise) as compared 
to laparoscopic surgery. Some studies have shown laparos-
copy to lessen these postoperative variables and are associ-
ated with fewer complications (i.e., surgical site infection, 
length of stay) than open repair [12, 13]. Still, others point 
to laparotomy as the better treatment, especially for repairing 
ulcers larger than 9 mm [14, 15]. A recent meta-analysis of 
randomized clinical trials comparing laparotomy to laparo-
scopic repair found no difference in morbidity or mortality 
between the two procedures [16]. Thus, current evidence 
remains inconclusive for favoring one surgical procedure 
over the other. More research is needed to determine the 
long-term efficaciousness of each technique.

The purpose of our study was to compare short-term out-
comes of laparoscopic and laparotomy techniques in PPU 
repair using the American College of Surgeons’ National 
Surgical Quality Improvement Program (ACS NSQIP) pub-
lic use files.

Methods

This study was a retrospective review of the adult ACS NSQIP 
national public use files from 2010 to 2015. The ACS NSQIP 
collects data for patients aged 18 years and older undergoing 

major surgical procedures at over 600 medical centers in the 
United States and abroad. Admissions for traumatic injury 
are excluded. The ongoing prospective protocol includes over 
135 variables, including demographic and preoperative clini-
cal risk factors, intraoperative variables, and 30-day postop-
erative morbidity and mortality outcomes. Data are collected 
in a standardized fashion according to strict clinical defini-
tions by reviewers who undergo annual interrater reliability 
testing. 30-day follow-up data are obtained from the medical 
record and through patient contact. Sites are audited for com-
pliance with clinical definitions. This study was designated 
non-human-subjects research by the University of Kentucky 
Institutional Review Board and waived from further review.

Emergent repairs of perforated peptic ulcers were selected 
from the dataset using Current Procedural Terminology 
(CPT™) codes, emergent case designations, and International 
Classification of Diseases versions 9 and 10 (ICD-9™ or ICD-
10™) codes. The CPT™ code 43659, “Unlisted laparoscopic 
procedure stomach,” was used to identify laparoscopic repair 
given that there is as-yet no specific CPT™ code for this pro-
cedure. CPT™ code 43840 identified the open repairs. Diag-
noses of perforated gastric, duodenal, peptic, and gastrojejunal 
ulcers were selected using the ICD-9™ or ICD-10™ codes 
shown in the “Appendix.” Ulcer size was not available in the 
dataset. Procedures with complex secondary resections other 
than the ulcer repair were excluded by CPT codes. Superficial 
surgical site infection (SSI), deep SSI, and wound dehiscence 
outcomes were combined into an abdominal wall wound 
occurrence outcome, while organ/space SSI, sepsis, and sep-
tic shock were combined into an intra-abdominal infection 
outcome.

Patient preoperative, intraoperative, and postoperative 
variables were compared between initially unmatched groups 
using Mann–Whitney, Fisher’s Exact, Chi-square, and t-tests 
as appropriate. Significance was set at p < .01. Laparoscopic 
cases were then matched with two open cases of similar clini-
cal profile using propensity score matching (randomly within 
a caliper of 0.2). The clinical variables used in the propen-
sity match included ulcer type (gastric, duodenal, gastroje-
junal, or peptic), age in years, sex, minority race, body mass 
index group (underweight, normal, overweight, obese), pre-
operative sepsis (none, SIRS, sepsis, or septic shock), CDC 
wound class, ASA Class (grouped: I–II, III, IV–V), albu-
min < 3 g/dL, BUN > 40 mg/dL, creatinine > 1.2 mg/dL, and 
sodium < 135 mmol/L. Significance was set at p < .05 for the 
matched cohort comparisons given the pseudo-randomization 
of the propensity score matching.
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Results

Unmatched cases

A total of 4210 repairs, 345 (8.2%) laparoscopic, and 33,865 
(91.8%) open, were identified. Patients were 48.7% female, 
30.8% minority race, with mean age of 59.0 years (SD 
17.7). The proportion of laparoscopic repairs increased sig-
nificantly from 4.5% in 2010 to 11.4% in 2016 (Fig. 1, Chi-
square test for linear trend p < .001). Duodenal repair was 
disproportionately performed via an open approach, while 
gastrojejunal repair was disproportionately performed lapa-
roscopically; gastric and peptic ulcers were similarly repre-
sented in both groups (Table 1, Chi-square p < .001). Open 
repair patients had higher rates of clinical factors indicating 
increased acuity including ASA class, preoperative septic 
shock, dyspnea, and mechanical ventilation (Table 1, all 
p < .01). The average duration of the operation was 19 min 
higher (p < .001) in the laparoscopic group, and the percent 
transferred from another healthcare facility was higher as 
well (Table 1, laparoscopic 27.2%, open 20.3%, p = .004). 
Open procedures more often required transfusion (13.7 vs. 
7.0%, p < .001). Preoperative variables that did not differ 
significantly between groups included functional status, dia-
betes, smoking status, treatment with anti-hypertensives, and 
history of CHF.

Outcomes are compared between the unmatched groups 
in Table 2. Length of stay, mortality, renal failure/insuffi-
ciency, and respiratory outcomes are all worse in the open 
group. While wound dehiscence was higher in the open 
group, surgical site infection was not.

Propensity‑matched groups

After matching 342 laparoscopic cases with 626 open cases, 
the two groups had similar ulcer type, age, sex, race, ASA 
class, preoperative sepsis, hypoalbuminemia, wound class, 
and several laboratory variables (Table 3). The matched 
sample excluded a significant portion of the open cases 
with preoperative septic shock given the relative rarity in 
the laparoscopic group. Operative duration remained 19 min 
longer (p < .001) in the laparoscopic group. Length of stay 
was 1 day longer in the open group, and prolonged venti-
lation/reintubation occurred about twice as often (Table 4, 
open 9.6% vs. laparoscopic 5.3%). Abdominal wall wound 
occurrences were reduced in the laparoscopic group (lapa-
roscopic 2.3% vs. open 6.7%, p = .042) while no difference 
was observed in intra-abdominal infection not present at the 
time of surgery (laparoscopic 5.6% vs. open 4.3%, p = .430). 
Although significantly different in the overall dataset, after 
propensity matching there was no difference in 30-day all-
cause mortality, re-operation rate, and readmission rate 
between the two groups.

Discussion

Historically, PPU repair has been done most frequently via 
exploratory laparotomy. In 1992, Lagoo et al. proposed that 
laparoscopy should be routinely considered in the manage-
ment of perforated duodenal ulcer [17]. For the following 
20 years, open surgery remained the primary approach for 
multiple reasons: surgeon inexperience with laparoscopy, 
acute care surgeon preference to do open operations, and 
inadequate evidence attesting safety of laparoscopic repair. 
Within the last two decades, we have seen rapid application 
of laparoscopic surgery for elective procedures such as chol-
ecystectomy, appendectomy, anti-reflux, and hernia repair. 
The literature demonstrates minimally invasive surgery pro-
vides significant benefit over open operation with decreased 
hospital length of stay, time to return of bowel function, 
and postoperative pain, among other variables. These out-
comes directly lead to decreased cost and increased patient 
satisfaction. The present study demonstrates that within the 
United States ACS NSQIP population, the proportion of 
laparoscopic PPU repairs has nearly tripled from 4.5% in 
2010 to 11.4% in 2016 (p < .001). These results indicate that 
more surgeons are utilizing laparoscopic approach to repair 
PPUs. This can be attributed to generally decreased mor-
bidity associated with laparoscopic surgery and increased 
study data pertaining to safety and efficacy of the technique. 
Several trials performed within the last 5 years have assessed 
the feasibility and outcomes of laparoscopic repair of PPU 
[12, 13, 17–20]. Institutions across the globe have published 
their outcomes data regarding emergent laparoscopic PPU 

Fig. 1   The percentage of emergent repairs of perforated peptic ulcers 
performed laparoscopically increased from 4.5% in 2010 to 11.4% in 
2016 in the ACS NSQIP national public use files (test for linear trend 
p < .001)
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repair and have shown it to be a safe and effective operation 
with reduced surgical site infection, postoperative compli-
cations, and hospital length of stay [13, 18–20]. Addition-
ally, a recent meta-analysis of five randomized controlled 
trials examined laparoscopic vs. open repair of PPU (549 
patients). They demonstrated that laparoscopic outcomes 
were comparable to open surgery in regard to re-operation 
and mortality, while laparoscopic repair was associated with 
significant reduction in surgical site infection, faster time to 
diet and less postoperative pain [21]. Our study affirms a 
few of these associations, as the propensity matched cohort 
demonstrated a statistically significant reduction in hos-
pital length of stay, postoperative mechanical ventilation, 

superficial/fascial wound occurrences, and unplanned intu-
bations for the laparoscopic group. This finding is very 
important in that reduction in these unfavorable postopera-
tive outcomes have potential for cost savings. Further studies 
are needed to quantify and validate this benefit.

Patient selection: laparoscopic or open approach

As previously discussed, while the number of laparoscopic 
PPU repairs have increased, open repair remains the most 
common. As more research affirms laparoscopy as a safe 
and effective approach, developing criteria for patient selec-
tion for either technique is vital. In our retrospective review, 

Table 1   Pre- and intraoperative 
characteristics that differed 
between patients undergoing 
emergent laparoscopic and 
open repair of perforated peptic 
ulcers

Variable Laparoscopic Open p Value

No. of cases 345 3865
Ulcer type/location based on diagnosis code, n (%) < .001
 Gastric 148 (42.9%) 1673 (43.3%)
 Duodenal 84 (24.3%) 1889 (48.9%)
 Gastrojejunal 104 (30.1%) 183 (4.7%)
 Peptic 9 (2.6%) 120 (3.1%)

Age, mean year ± SD 54 ± 18 60 ± 18 < .001
Female, n (%) 222 (64.3%) 1828 (47.3%) < .001
Minority race, n (%) 74 (21.4%) 1223 (31.6%) < .001
ASA class, n (%) < .001
 I–II 135 (39.1%) 1094 (28.3%)
 III 165 (47.8%) 1689 (43.7%)
 IV–V 45 (13.0%) 1082 (28.0%)

Body mass index, kg/m2, n (%) < .001
 ≤ 18.5, underweight 11 (3.2%) 227 (5.9%)
 18.6–25.0, normal 141 (40.9%) 1949 (50.4%)
 25.1–30.0, overweight 97 (28.1%) 838 (21.7%)
 > 30, obese 96 (27.8%) 851 (22.0%)

Preoperative SIRS/sepsis, n (%) < .001
 SIRS 37 (10.7%) 515 (13.3%)
 Sepsis 117 (33.9%) 1322 (34.2%)
 Septic shock 6 (1.7%) 369 (9.5%)

Dyspnea, n (%) 15 (4.3%) 323 (8.4%) .006
Preop mechanical ventilation, n (%) 1 (0.3%) 136 (3.5%) .003
BUN > 40 mg/dL, n (%) 17 (5.3%) 507 (13.5%) < .001
Albumin < 3 g/dL, n (%) 37 (10.7%) 680 (17.6%) .001
Creatinine > 1.2 mg/dL, n (%) 62 (18.0%) 1274 (33.0%) < .001
Sodium < 135 mmol/L, n (%) 57 (16.5%) 1021 (26.4%) < .001
Transferred from other healthcare facility, n (%) 94 (27.2%) 785 (20.3%) .004
Operative duration, mean min ± SD 90 ± 53 72 ± 46 < .001
Wound class, n (%) .080
 1-Clean 4 (1.2%) 87 (2.3%)
 2-Clean/contaminated 39 (11.3%) 450 (11.6%)
 3-Contaminated 43 (12.5%) 648 (16.8%)
 4-Dirty/infected 259 (75.0%) 2680 (69.3%)

Transfusion w/in 72 h or during operation, n (%) 24 (7.0%) 531 (13.7%) < .001
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there is an association between patients who underwent open 
surgery and statistically significant higher rates of clinical 
factors indicating increased acuity. We define “high acuity” 
as ASA 4 or greater, preoperative respiratory failure or sep-
tic shock. For the “high acuity” population, clinical decision 
to pursue open repair could be attributed to our finding of 
significantly shorter operative time (19 min, p < .001), or 
improved exposure, mobilization, and intraperitoneal lav-
age. Additionally, in the hemodynamically unstable or shock 
patient developing the lethal triad of hypothermia, increased 
coagulability, and instability, the damage control strategy 
may be utilized, which is supported by several emergency 
surgery practice management committees [22, 23]. Mean-
while, in our propensity matched cohort, the majority of 
the high acuity patients were filtered out, thus the matched 
cohort represented lower acuity patients. A majority of 
patients were either SIRS or sepsis, with only 3% in septic 
shock as compared to 9% in the unmatched group, ASA 3 or 
less. Interestingly, there was no statistical difference in ASA 
criteria, mortality, or 30-day readmission or re-operation 
rates between the two approaches in the matched group. This 
could suggest that laparoscopic repair is still underutilized 
in the lower acuity population. More studies are required to 
validate this idea.

While there is a definite role for open and laparoscopic 
approach to perforated ulcer repair, careful evaluation of all 
perioperative characteristics and preoperative clinical status 
will determine which technique is best. Although open sur-
gery is currently the more frequent option, a strong argument 
can be made that for selected patients, laparoscopy is a safe 
alternative.

Limitations

This study has several limitations associated with it being 
a retrospective review of archival registry data. Patients 
have unknown treatment bias that may be confounding the 
results. We have attempted to mitigate this limitation with 
pseudo-randomized propensity matching using the clinical 
and perioperative variables available in the dataset. The 
number of cases is very large for this patient population 
and they come from numerous sites and surgical practices, 
also helping to mitigate the treatment bias. However, we 
are unable to specify type of surgeon (general, minimally 
invasive, bariatric, etc.)

Additionally, coding is an obvious issue with the laparo-
scopic procedure. Although we do have precise diagnosis 
coding for perforated gastric, duodenal, and gastrojejunal 

Table 2   30-day outcomes in patients undergoing emergent laparoscopic and open repair of perforated peptic ulcers

IQR interquartile range, SSI surgical site infection, UTI urinary tract infection, DVT deep venous thrombosis
a NSQIP started tracking readmissions in 2012, so the readmission data are from 2012 to 2016

Variable Laparoscopic Open p Value

No. of cases 345 3865
All-cause mortality, n (%) 12 (3.5%) 329 (8.5%) < .001
Median length of stay, day (IQR) 5 (4–7) 7 (5–11) < .001
Abdominal wall wound occurrence, n (%) 8 (2.3%) 259 (6.7%) .001
 Superficial SSI, n (%) 6 (1.7%) 144 (3.7%) .067
 Deep SSI, n (%) 2 (0.6%) 53 (1.4%) .319
 Wound dehiscence, n (%) 0 (0.0%) 76 (2.0%) .002
 Intra-abdominal infection not present at time of surgery, n (%) 19 (5.5%) 260 (6.7%) .430
 Organ/space SSI, n (%) 28 (8.1%) 278 (7.2%) .516
  Not present at time of surgery 6 (1.7%) 57 (1.5%) .643

 Sepsis, n (%) 54 (15.7%) 524 (13.6%) .288
  Not present at time of surgery 6 (1.7%) 74 (1.9%) 1.000

 Septic shock, n (%) 18 (5.2%) 448 (11.6%) < .001
  Not present at time of surgery 9 (2.6%) 150 (3.9%) .301

Pneumonia, n (%) 11 (3.2%) 349 (9.0%) < .001
Mechanical ventilation > 48 h or unplanned intubation, n (%) 18 (5.2%) 598 (15.5%) < .001
UTI, n (%) 6 (1.7%) 76 (2.0%) 1.000
Renal failure or insufficiency, n (%) 4 (1.2%) 144 (3.7%) .009
Cardiac arrest, acute myocardial infarction, or stroke w/deficit, n (%) 9 (2.6%) 162 (4.2%) .198
Treated DVT or pulmonary embolism, n (%) 8 (2.3%) 113 (2.9%) .616
Any re-operation, n (%) 22 (6.4%) 252 (6.5%) 1.000
Any readmission, n (%) (N = 298, 3035)a 24 (8.1%) 237 (7.8%) .822
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ulcers, some coders have used the term “peptic ulcer” which 
encompasses both gastric and duodenal ulcer by definition. 
Also, ulcer size was not available.

As with any procedure, there is risk of conversion from 
laparoscopic to open. Due to lack of NSQIP tracking con-
version and no specific CPT code, we are unable to identify 
the conversion rate. However, an analysis of laparoscopic 
repair performed by Teoh et al., demonstrated that higher 
risk patients (hemodynamic instability, ulcer > 1 cm, and 
ASA grade > 3) had statistically significant higher rate of 
conversion from laparoscopy to open surgery [24]. In future 
studies, conversion needs to be captured to better delineate 
complexity of performed cases.

Conclusion

In conclusion, we have shown in a contemporary, large mul-
ticenter cohort of patients that emergent laparoscopic repair 
of perforated peptic ulcer is increasingly being performed, 
is safe relative to open repair (in patients without preopera-
tive septic shock), and confers a modest benefit in terms of 
length of stay and respiratory complications.

Compliance with ethical standards 

Disclosure  Dr. Bernard has a consulting relationship with Atos Bio 
for clinical trial data adjudication and does expert witness case review 

Table 3   Pre- and intraoperative 
characteristics of a propensity-
matched sample of patients 
undergoing emergent 
laparoscopic and open repair of 
perforated peptic ulcers

Variable Laparoscopic Open p Value

No. of cases 342 626
Ulcer type/location, n (%) .308
 Gastric 146 (42.7%) 288 (46.0%)
 Duodenal 84 (24.6%) 167 (26.7%)
 Gastrojejunal 104 (30.4%) 155 (24.8%)
 Peptic 8 (2.3%) 16 (2.6%)

Age, mean year ± SD 54.0 ± 18.3 53.9 ± 17.1 .922
Female, n (%) 219 (64.0%) 391 (62.5%) .676
Minority race, n (%) 74 (21.6%) 142 (22.7%) .747
ASA class, n (%) .656
 I–II 132 (38.6%) 235 (37.5%)
 III 165 (48.2%) 295 (47.1%)
 IV–V 45 (13.2%) 96 (15.3%)

Body mass index, kg/m2, n (%) .984
 ≤ 18.4 11 (3.2%) 21 (3.4%)
 18.5–24.9 141 (41.2%) 264 (42.2%)
 25.0–29.9 95 (27.8%) 167 (26.7%)
 30.0+ 95 (27.8%) 174 (27.8%)

Preoperative SIRS/sepsis, n (%) .263
 SIRS 37 (10.8%) 78 (12.5%)
 Sepsis 116 (33.9%) 228 (36.4%)
 Septic shock 6 (1.8%) 20 (3.2%)

Dyspnea, n (%) 15 (4.4%) 40 (6.4%) .245
Preop mechanical ventilation, n (%) 1 (0.3%) 11 (1.8%) .066
BUN > 40 mg/dL, n (%) 17 (5.0%) 41 (6.5%) .396
Albumin < 3 g/dL, n (%) 37 (10.2%) 68 (12.6%) .382
Creatinine > 1.2 mg/dL, n (%) 62 (18.1%) 137 (21.9%) .183
Sodium < 135 mmol/L, n (%) 57 (16.7%) 115 (18.4%) .539
Transferred from other healthcare facility, n (%) 94 (27.5%) 160 (25.6%) .541
Operative duration, mean min ± SD 90 ± 53 71 ± 34 < .001
Wound class, n (%) .845
 1-Clean 4 (1.2%) 7 (1.1%)
 2-Clean/contaminated 39 (11.4%) 83 (13.3%)
 3-Contaminated 43 (12.6%) 82 (13.1%)
 4-Dirty/infected 256 (74.9%) 454 (72.5%)

Transfusion w/in 72 h of or during operation, n (%) 24 (7.0%) 58 (9.3%) .277
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and provides testimony in medical malpractice cases. Dr. Bernard is 
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Appendix

ICD-9™ codes used to identify perforated peptic ulcers:

531.1-Acute Gastric Ulcer With Perforation
531.10-Acute Gastric Ulcer With Perforation Without 
Obstruction
531.11-Acute Gastric Ulcer With Perforation With 
Obstruction
531.2-Acute Gastric Ulcer With Hemorrhage And Per-
foration
531.20-Acute Gastric Ulcer With Hemorrhage And Per-
foration Without Obstruction
531.21-Acute Gastric Ulcer With Hemorrhage And Per-
foration With Obstruction

531.5-Chronic Or Unspecified Gastric Ulcer With Per-
foration
531.50-Chronic Or Unspecified Gastric Ulcer With Per-
foration Without Obstruction
531.51-Chronic Or Unspecified Gastric Ulcer With Per-
foration With Obstruction
531.6-Chronic Or Unspecified Gastric Ulcer With Hem-
orrhage And Perforation
531.60-Chronic Or Unspecified Gastric Ulcer With 
Hemorrhage And Perforation Without Obstruction
531.60-Chronic Or Unspecified Gastric Ulcer With 
Hemorrhage And Perforation With Obstruction
532.1-Acute Duodenal Ulcer With Perforation
532.10-Acute Duodenal Ulcer With Perforation With-
out Obstruction
532.11-Acute Duodenal Ulcer With Perforation With 
Obstruction
532.2-Acute Duodenal Ulcer With Hemorrhage And 
Perforation
532.20-Acute Duodenal Ulcer With Hemorrhage And 
Perforation Without Obstruction
532.21-Acute Duodenal Ulcer With Hemorrhage And 
Perforation With Obstruction

Table 4   30-day outcomes in a 
propensity-matched sample of 
patients undergoing emergent 
laparoscopic and open repair of 
perforated peptic ulcers

IQR interquartile range, SSI surgical site infection, UTI urinary tract infection, DVT deep venous thrombo-
sis
a NSQIP started tracking readmissions in 2012, so the readmission data are from 2012 to 2016

Variable Laparoscopic Open p Value

No. of cases 342 626
Median length of stay, days (IQR) 5 (4–7) 6 (5–9) < .001
All-cause mortality, n (%) 12 (3.5%) 31 (5.0%) .331
Abdominal wall wound occurrence, n (%) 8 (2.3%) 39 (6.2%) .042
 Superficial SSI, n (%) 6 (1.8%) 24 (3.8%) .082
 Deep SSI, n (%) 2 (0.6%) 8 (1.3%) .508
 Wound dehiscence, n (%) 0 (0.0%) 8 (1.3%) .056
 Intra-abdominal infection not present at time of surgery, n (%) 19 (5.6%) 27 (4.3%) .430
 Organ/space SSI, n (%) 28 (8.2%) 38 (6.1%) .231
  Not present at time of surgery 6 (1.8%) 4 (0.6%) .179

 Sepsis, n (%) 54 (15.8%) 81 (12.9%) .244
  Not present at time of surgery 6 (1.8%) 9 (1.4%) .787

 Septic shock, n (%) 18 (5.3%) 42 (6.7%) .406
  Not present at time of surgery 9 (2.6%) 16 (2.6%) .000

Pneumonia, n (%) 11 (3.2%) 37 (5.9%) .087
Mechanical ventilation > 48 h or unplanned intubation, n (%) 18 (5.3%) 60 (9.6%) .019
UTI, n (%) 6 (1.8%) 10 (1.6%) 1.000
Renal failure or insufficiency, n (%) 4 (1.2%) 16 (2.6%) .165
Cardiac arrest, acute myocardial infarction, or stroke w/deficit, n (%) 9 (2.6%) 20 (3.2%) .697
Treated DVT or pulmonary embolism, n (%) 8 (2.3%) 20 (3.2%) .549
Any re-operation, n (%) 22 (6.4%) 27 (4.3%) .168
Any readmission, n (%) [N = 295,495]a 24 (8.1%) 41 (8.3%) 1.000
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532.5-Chronic Or Unspecified Duodenal Ulcer With Per-
foration
532.50-Chronic Or Unspecified Duodenal Ulcer With 
Perforation Without Obstruction
532.51-Chronic Or Unspecified Duodenal Ulcer With 
Perforation With Obstruction
532.6-Chronic Or Unspecified Duodenal Ulcer With 
Hemorrhage And Perforation
532.60-Chronic Or Unspecified Duodenal Ulcer With 
Hemorrhage And Perforation Without Obstruction
532.61-Chronic Or Unspecified Duodenal Ulcer With 
Hemorrhage And Perforation With Obstruction
533.1-Acute Peptic Ulcer Of Unspecified Site With Per-
foration
533.10-Acute Peptic Ulcer Of Unspecified Site With Per-
foration Without Obstruction
533.11-Acute Peptic Ulcer Of Unspecified Site With Per-
foration With Obstruction
533.2-Acute Peptic Ulcer Of Unspecified Site With Hem-
orrhage And Perforation
533.20-Acute Peptic Ulcer Of Unspecified Site With 
Hemorrhage And Perforation Without Obstruction
533.21-Acute Peptic Ulcer Of Unspecified Site With 
Hemorrhage And Perforation With Obstruction
533.5-Chronic Or Unspecified Peptic Ulcer Of Unspeci-
fied Site With Perforation
533.50-Chronic Or Unspecified Peptic Ulcer Of Unspeci-
fied Site With Perforation Without Obstruction
533.51-Chronic Or Unspecified Peptic Ulcer Of Unspeci-
fied Site With Perforation With Obstruction
534.1-Acute Gastrojejunal Ulcer With Perforation
534.10-Acute Gastrojejunal Ulcer With Perforation With-
out Obstruction
534.11-Acute Gastrojejunal Ulcer With Perforation With 
Obstruction
534.2-Acute Gastrojejunal Ulcer With Hemorrhage And 
Perforation
534.20-Acute Gastrojejunal Ulcer With Hemorrhage And 
Perforation Without Obstruction
534.21-Acute Gastrojejunal Ulcer With Hemorrhage And 
Perforation With Obstruction
534.5-Chronic Or Unspecified Gastrojejunal Ulcer With 
Perforation
534.50-Chronic Or Unspecified Gastrojejunal Ulcer With 
Perforation Without Obstruction
534.51-Chronic Or Unspecified Gastrojejunal Ulcer With 
Perforation With Obstruction
534.6-Chronic Or Unspecified Gastrojejunal Ulcer With 
Hemorrhage And Perforation
534.60-Chronic Or Unspecified Gastrojejunal Ulcer With 
Hemorrhage And Perforation Without Obstruction
534.61-Chronic Or Unspecified Gastrojejunal Ulcer With 
Hemorrhage And Perforation With Obstruction

ICD-10™ codes used to identify perforated peptic ulcers:

K25.1-Acute gastric ulcer with perforation
K25.2-Acute gastric ulcer with both hemorrhage and 
perforation
K25.5-Chronic or unspecified gastric ulcer with per-
foration
K25.6-Chronic or unspecified gastric ulcer with both 
hemorrhage and perforation
K26.1-Acute duodenal ulcer with perforation
K26.2-Acute duodenal ulcer with both hemorrhage and 
perforation
K26.5-Chronic or unspecified duodenal ulcer with per-
foration
K26.6-Chronic or unspecified duodenal ulcer with both 
hemorrhage and perforation
K27.1-Acute peptic ulcer, site unspecified, with per-
foration
K27.2-Acute peptic ulcer, site unspecified, with both 
hemorrhage and perforation
K27.5-Chronic or unspecified peptic ulcer, site unspeci-
fied, with perforation
K27.6- Chronic or unspecified peptic ulcer, site unspec-
ified, with both hemorrhage and perforation
K28.1-Acute gastrojejunal ulcer with perforation
K28.2- Acute gastrojejunal ulcer with perforation, with 
both hemorrhage and perforation
K28.5-Chronic or unspecified gastrojejunal ulcer with 
perforation
K28.6-Chronic or unspecified gastrojejunal ulcer, with 
both hemorrhage and perforation
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