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ABSTRACT: 
Objectives 
To evaluate perioperative clinical factors associated with morbidity and mortality in emergency operations for acute 
perforated peptic ulcer disease (PUD). 
 
Background 
While the incidence of hospital admissions for PUD may have changed over the decades, peptic ulcer disease remains 
a significant cause for mortality, with perforation having a mortality of approximately 11-16%, and morbidity of 
approximately 30%.  
 
Methods 
We utilized the American College of Surgeons National Surgical Quality Improvement Program (ACS-NSQIP) database 
to study demographic and perioperative variables that may be associated with morbidity and mortality after 
emergent surgical management of acute perforated PUD.  We queried the ACS-NSQIP participant user files (PUF) 
from 2005 to 2013 and extracted only those cases with a postoperative diagnosis of peptic ulcer disease to include 
gastric and duodenal perforations.  Our study population was then narrowed to emergency operations for perforated 
PUD.  Demographic and perioperative factors were noted and compared for mortality.  This study was considered 
exempt by our IRB as the database does not include any patient identifiers. 
 
Results 
5666 cases were extracted between the years of 2005 and 2013 as our study population.  There were 723 deaths 
yielding a 30-day mortality rate of 12.8%.  Significant demographic differences between survivors and non-survivors 
included age (59.4 vs. 72.9, p<0.01), ASA class (2.94 vs. 3.82, p<0.01), female gender (46.5% vs. 55.1%, p<0.01) and 
white race (75% vs. 85.2%, p< 0.01).  Average days from hospital admission to surgery were also significant between 
the groups (0.98 vs. 2.04, p<0.05).  The most significant preoperative risk factors for death were preoperative serum 
albumin less than 3.5 g/dL (OR 6.88, 95% CI 5.45-8.70), disseminated cancer (OR 5.26, 95% CI 3.94-7.09), congestive 
heart failure (OR 4.9, 95% CI 3.58-6.67), renal failure (OR 4.33, 95% CI 3.25-5.78) and dialysis (OR 4.26, 95% CI 2.91-
6.25).  A MELD score greater than 30 increased the risk of death by 5.94 (95% CI 3.35-10.53.  The most significant 
postoperative complications associated with mortality included renal failure (OR 12.22, 95% CI 8.90-16.81) and septic 
shock (OR 8.2, 95% CI 6.80-10.00).  Bleeding requiring a transfusion increased the risk of death by 3.33 (95% CI 2.75-
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4.02).  A multivariate logistic regression model for mortality controlling for age, gender and race predicted the 
highest risks from the preoperative conditions of disseminated cancer (OR 4.20, 95% CI 2.63-6.71), dialysis (OR 3.94, 
95% CI 2.27-6.84), esophageal varices (OR 3.72, 95% CI 1.17-11.84), and a low serum albumin (OR 2.97, 95% CI 2.13-
4.14) and the postoperative complications of comatose state (OR 5.85, 95% CI 1.87-18.18), septic shock (OR 5.67, 
95% CI 4.06-7.93), acute renal failure (OR 4.35, 95% CI 2.61-7.25) and myocardial infarction (OR 4.00, 95% CI 2.00-
8.00). 
 
Conclusion 
This is one of the largest databases of emergent operations for perforated PUD.  According to the ACS-NSQIP 

database between 2005 and 2013 the mortality rate for emergent operations in perforated peptic ulcer disease was 

consistent with prior studies.  In addition to expected post-operative complications, age and preexisting 

comorbidities contributed significantly to outcomes as did timing to operation which also increased the risk for post-

operative complications.  Our results emphasize the need for early operation, aggressive resuscitation to prevent 

renal failure, limiting blood loss and the need to transfuse and controlling perioperative infectious events to reduce 

the risk of sepsis. 

 
INTRODUCTION 
While the incidence of hospital admissions for peptic 
ulcer disease has declined, morbidity and mortality 
remain unchanged from 11-16 %  and 30% respectively1–

3.Complications of PUD include obstruction, hemorrhage 
and perforation as well as increasing the risk for 
malignant transformation.The most common 
complications are hemorrhage, accounting for 73% of 
hospitalizations for PUD, followed by perforation (9.3%) 
and obstruction (2.9%)1,4.  Acute perforated PUD occurs 
in approximately 4-11 cases per 100,000 annually and is 
the most common etiology for pneumoperitoneum 
identified on radiography5.   

ACS-NSQIP is the first nationally validated, risk-
adjusted, outcomes-based program to measure and 
improve the quality of surgical care. It is designed to 
help hospitals improve surgical care through the use of 
risk-adjusted clinical data.  There are currently over 600 
hospitals participating in ACS-NSQIP with all data being 
collected by highly trained Surgical Clinical Reviewers 
(SCR).  They extract over 200 demographic and 
perioperative variables from patient charts including 
demographics, comorbidities, operations, and 30-day 
morbidity and mortality data.  The annual de-identified 
participant user files (PUF’s) compile this risk- and case-
mix-adjusted data from every participating hospital6.  
We utilized the PUF’s from 2005 to 2013 to study 
demographic and perioperative variables that may be 
associated with morbidity and mortality after emergent 
surgical management of acute perforated peptic ulcer  
 

 
disease which included gastric and duodenal ulcers.  Our 
results were then compared to prior studies. 
 
METHODS 
Following Institutional Review Board exemption, we 
queried the adult ACS-NSQIP database participant user  
files (PUF) from 2005 to 2013 to examine the outcomes 
of emergent surgical management of acute perforated 
PUD.  We extracted only those cases with a 
postoperative diagnosis of perforated peptic ulcer 
disease from PUFs from 2005 to 2013 (ICD-9 codes 
531.xx to 533.xx) encompassing gastric and duodenal 
ulcers.  Our study population was then narrowed to 
emergency operations for perforated peptic ulcer 
disease.  Only those variables that were collected in all 
years of the PUF from 2005 to 2013 were included.  
Table 1 includes the clinically relevant variables that 
were analyzed organized by demographics, preoperative 
comorbidities, procedures and postoperative 
complications.  The frequency of postoperative 
complications was determined within the study 
population.  Categorical variables were compared using 
Pearson’s χ2 test and continuous variables were 
compared using the Student t-test.  Statistical power 
was calculated and found to be above 0.8, an expected 
result given our large sample size. We also calculated 
univariate odds ratios for mortality and developed a 
binomial logistic regression model for multiple variables 
associated with mortality.  All statistical analyses were 
performed on SPSS for Windows v.23 (IBM, Chicago, IL).  
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This study was considered exempt by our IRB because 
the database contains no patient identifiers. 
 
RESULTS 
For the years between 2005 and 2013 as our study 
period we extracted 9292 cases with a postoperative 
diagnosis of peptic ulcer disease.  Of those cases, 5666 
were emergent procedures and thus constituted our 
study population.  The mean and median age of the 
study population was 61 years with 2960 males (52.2%) 
and 2692 females (47.5%) in the group with 14 cases 
unspecified.  Figure 1 tabulates in decreasing frequency 
the top 90% of principle procedures.  Primary suture 
repair of stomach lesion (56.5%, 3201); primary repair of 
small intestine (8.9%, 506); and distal gastrectomy with 

gastrojejunostomy (4.2%, 238) accounted for 70% of all 
principle procedures.  Of the 5666 procedures, 245 of 
the principle procedures were laparoscopic and were 
included in the analysis.  The emergent procedures 
resulted in 723 deaths yielding a 30-day mortality rate 
of 12.8% over the study period.  Fifteen (2.1% of total 
deaths) underwent a laparoscopic principle procedure.  
Table 2 compares non-survivors and survivors based on 
demographics, ASA classification, days from admission 
to surgery and operative time (initial procedure).  Non-
survivors were older, female and white.  They also had 
higher ASA classifications and were taken to the 
operating room later in their hospital course.  There 
were no pregnant patients in this patient population.   

 

Table 1.  Database variables included in our analysis. 
 

Demographics 
Comorbidities Comorbidities Procedure Complications 

Age Diabetes Weight loss > 10% Principle Death 

Gender Dyspnea Bleeding disorder or 

anticoagulation 

Other procedure 

1 

Surgical Site 

Infections 

Race Ventilator Dependence Preoperative blood 

transfusion 

Other procedure 

2 

Dehiscence 

Body Mass Index (Height & 

Weight) 

Chronic Obstructive 

Pulmonary Disease 

Chemotherapy or 

Radiotherapy 

Blood 

transfusions 

Pneumonia 

Alcohol use Concurrent Pneumonia Sepsis or septic shock Operative time Unplanned 

intubations 

Tobacco use Ascites Prior operation w/in 30d  Mechanical 

ventilation > 48 

hours 

 Esophageal varices Days from hospital 

admission to OR 

 Renal insufficiency 

 Renal failure Preoperative WBC  Renal failure 

 Dialysis Albumin  Urinary Tract 

Infection 

 Impaired sensorium Chronic steroid use  Cerebrovascular 

Accident 

 Comatose > 24h   Comatose > 24h 

 Hemiplegia   Cardiac arrest 

 Transient Ischemic 

Attack or 

Cerebrovascular 

Accident 

  Myocardial infraction 

 Central Nervous System 

tumors 

  Bleeding requiring 

blood transfusion 

 Para or quadriplegia   Deep Venous 

Thrombosis / 

Phlebitis 

 Disseminated cancer   Return to the 

Operating Room. 

 Existing open wound 

infection 
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Figure 1.  Bar graph of principle emergent procedures performed in decreasing frequency.  The most common was 
simple repair of the gastric perforation.  The remaining principle procedures decreased significantly in frequency 
among the study population.  Secondary procedures were also very limited in frequency as discussed in the 
manuscript. 

 
 
 
Table 2.  Preoperative demographic factors between non-survivors and survivors.  Student’s t-test and Chi-squared 
test used for significance. 

Factor 
Non-Survivors Survivors p-value 

Age 
72.93 59.42 < 0.01a 

ASA Classification 
3.82 2.94 < 0.01a 

Body Mass Index 
26.73 26.4 NSa 

Female 
55.1% 46.5% < 0.01b 

White Race 
85.2% 75.0% <0.01b 

Days to Operating Room 
2.04 0.98 < 0.01a 

Operative Time 99.4 min SD 70.2 min 88.5 min SD 65.1 NSa 

a) t-test 
b) χ2 test 

Univariate Preoperative Variables 
Table3 lists the preoperative demographic 
characteristics and comorbidities significantly associated 
with mortality in decreasing odds ratios with their 95% 
confidence intervals.  The preoperative patient variables 
with the highest odds of death in a univariate analysis 
included a comatose state (OR 9.8, 95% CI 4.18-23.26) 
defined as a patient who is unconscious or unresponsive 

to stimuli for at least 24 hours prior to the operation, a 
serum albumin less than 3.5 g/dL (OR 6.88, 95% CI 5.45-
8.70) and disseminated cancer (OR 5.26, 95% CI 3.94-
7.09) defined as metastatic disease that is widespread, 
fulminant or near terminal.  Other significant 
preoperative comorbidities included congestive heart 
failure (OR 4.9, 95% CI 3.58-6.67), esophageal varices 
(OR 4.48, 95% CI 1.82-10.99), ventilator dependence (OR 
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4.48, 95% CI 3.61-5.56), impaired sensorium (OR 4.39, 
95% CI 3.30-5.81) defined as acute confusion or delirium 
with response to stimuli in the context of current illness 
within 48 hours preoperatively, age over 60 years (OR 
4.35, 95% CI 3.58-5.29), renal failure (OR 4.33, 95% CI 
3.25-5.78) and the need for dialysis (OR 4.26, 95% CI 
2.91-6.25).  Given the constellation of findings that 
potentially suggest liver insufficiency (esophageal 
varices, hypoalbuminemia and dialysis), we also 
calculated their model for end-stage liver disease 
(MELD) scores to quantify liver function using 
preoperative creatinine, bilirubin and international 
normalized ratio (INR) with this equation, 
 
𝑴𝑬𝑳𝑫 = (𝟗. 𝟓𝟕 𝒙 𝐥𝐧(𝒄𝒓𝒆𝒂𝒕𝒊𝒏𝒊𝒏𝒆) + 𝟑. 𝟕𝟖 𝒙 𝐥𝐧(𝒃𝒊𝒍𝒊𝒓𝒖𝒃𝒊𝒏)

+ 𝟏𝟏. 𝟐 𝒙 𝐥𝐧(𝑰𝑵𝑹)) + 𝟔. 𝟒𝟑 
 

Laboratory values were set to 1.0 if they were less than 
1.0 to eliminate negative scores from the natural log of 
a number less than one.  Any patient on dialysis utilized 
a creatinine of 4.0 mg/dL in this equation7.  In our study 
population, a MELD score greater than 30 increased the 
risk of death by 5.94 (95% CI 3.35-10.53) as did a score 
between 20 and 29 (OR 5.65, 95% CI 4.49-7.11) while a 
score between 10 and 19 doubled their risk of death (OR 
2.06, 95% CI 1.74-2.44). 

Preexisting infectious and immunological 
conditions increasing the risk of death included open 
wound infections (OR 3.48, 95% CI 2.66-4.55), 
pneumonia (OR 3.41, 95% CI 2.31-5.00), sepsis (OR 3.18, 
95% CI 2.71-3.75), chemotherapy (OR 2.56, 95% CI 1.72-
3.79), steroid use (OR 2.42, 95% CI 1.92-3.05) and a 
white blood cell count less than 6x109/L (OR 2.09, 95% 
CI 1.71-2.54) or greater than 20x109/L (OR 1.4, 95% CI 
1.12-1.75). White race also increased the risk of death 
(OR 1.92, 95% CI 1.53-2.41).  Alcohol use (OR 0.53, 95% 
CI 0.37-0.76) and smoking (OR 0.45, 95% CI 0.38-0.54) 
were protective factors against death.  Delayed 
operative intervention beyond 24 hours nearly tripled 
the risk of death (OR 2.99, 95% CI 2.44-3.66).  This delay 
also significantly increased the odds of incurring these 
complications with failure to wean from the ventilator 
(OR 3.59, 95% CI 3.00-4.00) and renal insufficiency (OR 
3.53, 95% CI 2.09-5.96) being the most likely (table 4).  
 
Univariate Postoperative Variables 
The most frequent postoperative complications listed in 
table 5 were failure to wean from the ventilator within 
48 hours (19.3%), death (12.8%), need for blood 
transfusion (12.2%), septic shock (9.8%), pneumonia 
(9.8%), reintubation (9%), abscess (5.1%), and superficial 
wound infections (4.4%).  Table 5 also lists the odds 

ratio of death for Cardiac arrest (OR 26.47, 95% CI 
17.87-39.20), comatose state (OR 18.62, 95% CI 7.26-
47.75), renal failure (OR 12.22, 95% CI 8.90-16.81) and 
septic shock (OR 8.2, 95% CI 6.80-10.00) were most 
highly associated with mortality.  Failure to wean off of 
the ventilator within 48h (OR 5.26, 95% CI 4.44-6.21) 
and reintubation after failed extubation (OR 3.39, 95% 
CI 2.75-4.18) also contributed to the risk of death.  
Postoperative bleeding requiring transfusions more than 
tripled the risk of death (OR 3.33, 95% CI 2.75-4.02) 
while wound dehiscence almost doubled it (OR 1.86, 
95% CI 1.21-2.87).  Infections such as pneumonia (OR 
2.88, 95% CI 2.34-3.55) and organ space surgical site 
infections (OR 1.38, 95% CI 1.00-1.90) also increased the 
risk of mortality.  Also significant was the doubling of 
mortality risk for patients who required an unplanned 
return to the operating room (OR 2.09, 95% CI 1.67-
2.62).  Our analysis did not include the follow-up 
operations performed during those returns. 
 
Multivariate Mortality Model 
A multivariate logistic regression model for mortality 
was developed controlling for age, gender and race with 
results shown in table 6 in order of decreasing odds 
ratios.  The Pearson goodness of fit was significant with 
a χ2of 931.83 (p<0.01).  The model accurately predicted 
96.7% of survivors but only 32.5% of non-survivors with 
an overall accuracy of 87.9%.  Cardiac arrest as a 
postoperative complication was excluded from this 
model.   We also excluded preoperative MELD score as it 
was a derived variable incorporating several 
independent variables.  The variables most likely to 
result in death included postoperative comatose state 
(OR 5.85, 95% CI 1.87-18.18), postoperative septic shock 
(OR 5.67, 95% CI 4.06-7.93), postoperative renal failure 
(OR 4.35, 95% CI 2.61-7.25) and myocardial infarction 
(OR 4.00, 95% CI 2.00-8.00).  The remaining significant 
factors were preoperative conditions of disseminated 
cancer (OR 4.20, 95% CI 2.63-6.71), dialysis (OR 3.94, 
95% CI 2.27-6.84), esophageal varices (OR 3.72, 95% CI 
1.17-11.84) and malnutrition quantified by an albumin 
less than 3.5 g/dL (OR 2.97, 95% CI 2.13-4.14) and a 
greater than 10% weight loss (OR 1.83, 95% CI 1.14-
2.92).  Ascites (OR 2.04, 95% CI 1.45-2.86) may suggest 
either hepatic insufficiency, metastatic disease or a 
degree of malnutrition.  Significant demographic factors 
included age over 60 years (OR 2.48, 95% CI 1.54-4.02) 
and white race (OR 1.66, 95% CI 1.16-2.39) while female 
gender was not significant (OR 1.25, 95% CI 0.96-1.63).   
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Table 3.  Univariate odds of death for demographic characteristics and preoperative comorbidities in descending 
order of significance. 

Variable 
OR of DEATH 95% CI 

Coma 9.8 4.18-23.26 

Albumin < 3.5 g/dL 6.88 5.45-8.70 

MELD score > 30 5.94 3.35-10.53 

Disseminated cancer 5.26 3.94-7.09 

Congestive Heart Failure 4.9 3.58-6.67 

Esophageal varices 4.48 1.82-10.99 

Ventilated 4.48 3.61-5.56 

Impaired sensorium 4.39 3.30-5.81 

Age > 60 years 4.35 3.58-5.29 

Renal failure 4.33 3.25-5.78 

Dialysis 4.26 2.91-6.25 

CNS tumor 4.15 1.71-10 

Wound infection 3.48 2.66-4.55 

Pneumonia 3.41 2.31-5.00 

Ascites 3.31 2.69-4.08 

Sepsis 3.18 2.71-3.75 

Bleeding disorder 3.15 2.55-3.91 

Dyspnea 3.08 2.57-3.69 

Hospital admission to Surgery > 1d 2.99 2.44-3.66 

Chronic Obstructive Pulmonary Disease (COPD) 2.65 2.13-3.29 

Prior transfusions 2.62 2.02-3.40 

Hypertension treated with medications 2.56 2.16-3.01 

Chemotherapy 2.56 1.72-3.79 

Peripheral Vascular Disease 2.46 1.40-4.31 

Steroids 2.42 1.92-3.05 

Weight Loss > 10% 2.37 1.73-3.25 

Cerebrovascular Accident 2.35 1.51-3.65 

Angina 2.31 1.22-4.37 

Transient Ischemic Attack 2.31 1.44-3.70 

Myocardial Infarction 2.13 1.23-3.70 

WBC < 6x109/L 2.09 1.71-2.54 

Prior cardiac catheterization 2.05 1.40-3.02 

White race 1.92 1.53-2.41 

Diabetic 1.79 1.41-2.27 

WBC > 20x109/L 1.4 1.12-1.75 

WBC < 10x109/L 1.35 1.15-1.59 

Female gender 1.41 1.20-1.65 

Prior cardiac surgery 1.08 0.92-1.26 

Alcohol use 0.53 0.37-0.76 

Tobacco use 0.45 0.38-0.54 
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Table 4.  Odds of postoperative complications if surgical intervention was delayed more than 24 hours from 
admission in descending order of risk. 

Variable OR 95% CI 

Mechanical ventilation > 48h 3.59 3.00-4.30 

Renal insufficiency  3.53 2.09-5.96 

Coma > 24h  3.31 1.29-8.47 

Bleeding requiring transfusion 2.65 2.15-3.26 

Pneumonia 2.56 2.04-3.21 

Cardiac arrest 2.54 1.70-3.80 

Renal failure  2.52 1.73-3.66 

Return to Surgery 2.38 1.87-3.01 

Deep Venous Thrombosis 2.2 1.45-3.33 

Wound dehiscence 2.18 1.40-3.40 

Organ space Surgical Site Infection 1.91 1.39-2.62 

Septic shock 1.77 1.39-2.27 

Reintubation 1.58 1.22-2.06 

 
Table 5.  Odds of death with the incidence of postoperative complications in descending order of risk.  Percent of 
patients is incidence of the complication among the study population. 
 

Variable % of patients (N) OR 95% CI 

Cardiac arrest  2.6% (146) 26.47 17.87-39.20 

Coma 0.4% (22) 18.62 7.26-47.75 

Renal failure  3.0% (171) 12.22 8.90-16.81 

Septic shock  9.7% (554) 8.2 6.80-10.00 

Renal insufficiency  1.3% (71) 6.94 4.33-11.11 

Cerebrovascular Accident w/ deficits 0.7% (38) 6.29 3.31-11.90 

Mechanical ventilation > 48h 19.4% (1099) 5.26 4.44-6.21 

Myocardial infarction 1.6% (93) 4.71 3.08-7.18 

Reintubation 8.9% (504) 3.39 2.75-4.18 

Bleeding requiring blood transfusion 12.3% (697) 3.33 2.75-4.02 

Pneumonia 9.7% (553) 2.88 2.34-3.55 

Return to Surgery 9% (510) 2.09 1.67-2.62 

Deep Venous Thrombosis 2.6% (148) 1.93 1.29-2.87 

Wound Dehiscence 2.3% (128) 1.86 1.21-2.87 

Organ Space Surgical Site Infection 5.1% (290) 1.38 1.00-1.90 
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Table 6.  Multinomial logistic regression odds ratios of mortality in descending order of risk with p-value for 
significance. 
 

Variable 
OR 95% CI p-value 

Coma Postop 5.85 1.87-18.18 .002 

Septic Shock Postop 5.67 4.06-7.93 .000 

Acute Renal Failure Postop 4.35 2.61-7.25 .000 

Disseminated Cancer 4.20 2.63-6.71 .000 

Myocardial Infarction Postop 4.00 2.00-8.00 .000 

Dialysis Preop 3.94 2.27-6.84 .000 

Esophageal Varices 3.72 1.17-11.84 .026 

Albumin < 3.5 g/dL Preop 2.97 2.13-4.14 .000 

Congestive Heart Failure history 2.49 1.54-4.02 .000 

Age > 60 years 2.48 1.81-3.39 .000 

Transient Ischemic Attack history 2.38 1.32-4.29 .004 

Impaired Sensorium Preop 2.08 1.42-3.07 .000 

Ascites 2.04 1.45-2.86 .000 

Cerebrovascular Accident Preop 1.98 1.09-3.58 .025 

Weight Loss > 10% 1.83 1.14-2.92 .012 

Bleeding Disorder history 1.81 1.29-2.53 .001 

White Race 1.66 1.16-2.39 .006 

Female Gender 1.25 0.96-1.63 .099 

Organ Space Surgical Site Infection Postop 0.40 0.21-0.79 .008 

 
DISCUSSION 
The earliest known case of perforated peptic ulcer 
disease was a duodenal perforation found in a 
preserved body of 167 BC in China, found by To Cheng in 
1984. King Charles I’s daughter, Henriette-Anne, died 
from a perforated gastric ulcer in 1670.  Then, Edward 
Crisp reported the first case series of perforated peptic 
ulcers in 1843 when he was able to construe an accurate 
description of the clinical signs and symptoms of 
perforation8.  America saw the famous heartthrob 
Rudolph Valentino die in 1926 after perforation of a 
peptic ulcer occurred9.  

In the early 1900’s, explanations of causes of 
perforated peptic ulcers ranged from the ingestion of 
coarse food to oral sepsis to hemoglobinanemia10,11.  
Based on these explanations, the standard treatment for 
perforation was suture the opening closed and perform 
a gastro-enterostomy to prevent further occurances10.  
Surgeons debated whether the most effective method 
included excision of the ulcer before closure, 
invagination of the ulcer, or if the gastro-enterostomy 
was necessary at all12–15.  For the latter approach a 
posterior or anterior approach were the options 
considered (it was eventually decided that a posterior  

 
approach is preferred)13.  Patients were then 
recommended to avoid course foods and keep their oral 
cavities clean. 

Dr. Graham began the use of gastrocolic 
omentum to repair these perforations in 1937 by simply 
inserting a piece of abdominal fat into the enteral 
opening16. With this closure technique, which evolved 
into the modern Graham Patch, he concluded that 
routine gastro-enterostomy was unnecessary.  The 
omental patch is still used today to repair perforated 
peptic ulcers.  The 1960’s and 70’s witnessed elective 
gastro-enterostomies and vagotomies performed on 
patients with perforated peptic ulcers in order to stem 
the production of gastric acid thought to be the major 
contributor to the disease process.  This was followed by 
the first major change in treatment at the end of the 
1970’s: use of histamine H2 receptor antagonists.  
Gastric acid suppression was further utilized as a 
treatment when proton-pump inhibitors (PPI’s) use 
began at the end of the 1980’s17.  Treatment of 
perforated peptic ulcers was once again radically altered 
in 1982 after Barry J. Marshall and Robin Warren 
identified the significant role of Helicobacter pylori in 
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the development of peptic ulcers18.  Surgeons could now 
perform a simple closure of the perforation via plugging 
the opening with an omentum patch and prevent most 
recurrences with post-operative administration of PPI’s 
or H2-receptor antagonists and antibiotics. Laparoscopic 
approach to perforated peptic ulcer closure was first 
described in 198919.  Repair through open laparotomy is 
the gold standard approach, but laparoscopy has 
become standard procedure in practice.  Patients with 
recurrent severe ulcer disease are still treated more 
aggressively with parietal cell vagotomy and 
pyloroplasty or gastro-enterostomy20.   

However, the standard of care has clearly 
transitioned throughout history as our understanding of 
the disease has evolved, from primary closure with 
gastro-enterostomy as a routine procedure to today 
buttressing the repair with a vascularized omental 
pedicle followed by gastric acid suppression and 
eradication of H. pylori in disease that is refractory to 
medical management.  The management of peptic ulcer 
disease (PUD) has also evolved from a primarily 
surgically managed disease to a medically managed one 
with advances in endoscopic therapies and treatment of 
H. pylori infection21,22.   

Our present analysis of the ACS-NSQIP database 
is the largest sample in the literature of emergent 
operations for perforated peptic ulcer disease.  Overall 
mortality (12.8%) was similar to previously published 
studies.  Statistically preoperative demographics and 
comorbidities contributed significantly to mortality; 
however, more postoperative complications contributed 
to mortality in our binomial logistic regression model.  
Non-survivors were older, female and white with worse 
ASA scores.  ASA classification while subjective, is a 
surrogate for severity of disease at presentation that 
incorporates patient status and comorbidities.  Perhaps 
alternative classification models could be used such as 
the SOFA (Sepsis-related Organ Failure Assessment) and 
APACHE (Acute Physiology and Chronic Health 
Evaluation) scores. Preexisting malignancy and 
comatose mental status portended the worst prognoses 
but almost any other comorbidity increased the odds of 
death by 2 to 3 times.  The degree of immune response 
to injury as reflected by the inability to mount a WBC > 
5x109/L also predicted outcome.   

Novel findings include the predilection for 
survival among males, non-whites and tobacco smokers 
and alcohol drinkers.  The clinical significance of these 
statistical findings are unclear but one could argue that 
poor preoperative conditional states lead to an 
increased risk of complications and death; i.e. weight 
loss and low serum albumin.  However, lifestyle choices 

such as smoking and drinking alcohol still appear to be 
protective.  This is a caveat of any database analysis 
where a statistically significant correlation has no clear 
clinical reasoning and maybe due to undocumented 
convoluted variables.  Additionally, a recent large meta-
analysis determined that female gender was a 
statistically significant predictor of mortality (RR 1.7) 
while tobacco use (RR 0.6) was predictive of survival23.  
Furthermore, the ACS-NSQIP database does not quantify 
the amount of tobacco smoked or alcoholic drinks 
consumed, both of which correlate directly with disease 
severity24,25.  Female gender has been shown to 
significantly increase the risk of mortality in non-
emergent AAA repair in a March 2016 NSQIP study.  
However, this risk was reduced after controlling for 
aortic size index (aortic diameter/body surface area), 
implying that unique anatomy rather than gender was 
the significant predictive variable26.  Without more 
detailed analysis of gender-specific physiologic or 
surgical differences, we cannot understand completely 
the differences in mortality risk between men and 
women in this study.  It is also notable that the 
constellation of preoperative variables that comprise 
the MELD score were also highly predictive of death in 
the univariate analysis.  The odds of death in our study 
population at different tiers of the MELD score, 
however, are higher than that predicted for this 
population with liver disease7.  This may validate this 
scoring system as a global prognostic indicator and 
suggests that these comorbidities contribute to a higher 
rate of death in this population.  More focused study of 
these correlations is needed.  The increased risk of 
death for whites in our study may be confounded by the 
fact that they make up 69% (3927) of the population.  A 
2013 ACS-NSQIP analysis by Causey et al analyzed the 
impact of race on outcomes following emergency 
surgery.   Evaluating 75,280 patients over a 4-year time 
span undergoing emergency abdominal surgery, they 
demonstrated a 1.25-fold (p < 0.001) increase in 
complications for blacks but no difference in mortality 
compared to whites (p = 0.168).  When combining all 
minority groups in comparison with the white cohort, 
overall complications were higher (OR 1.059, 95% CI 
1.004 - 1.12; p = 0.034) for minorities though mortality 
was reduced by 1.7-fold (95% CI 1.07 to 1.34; p < 0.01)27.  
Taking patients to surgery more than one day after 
admission predicted a much higher risk of death and 
was significantly associated with other complications 
that also predicted death.  Expectedly, severe 
postoperative complications such as cardiac arrest and 
comatose mental status predicted a poor outcome, but 
renal complications were some of the most lethal 

http://www.siftdesk.org/


SDRP JOURNAL OF ANESTHESIA & SURGERY January 2, 2017 

 

Salman Ahmad, MD                                                    www.siftdesk.org          Page 48  

clinical complications.  Infections after operations also 
contributed significantly to mortality including septic 
shock, pneumonia and surgical site infections.   

Risk factors for mortality previously reported in 
the literature for this population include advanced age, 
hypoalbuminemia, hyperbilirubinemia, elevated 
creatinine, active malignancy, delay to surgery and ASA 
classification1,2,28,23.  analyses may compare other risk 
factors with race such as comorbidities and the 
incidence of postoperative complications.  The authors 
would conclude from our results that early surgical 
intervention, limiting blood transfusion, controlling 
infection and aggressive resuscitation in an ICU setting 
may improve the outcomes for this surgical population. 
 
LIMITATIONS 
While the sample size allows for robust statistical 
analysis, it may lead yield type I errors by being 
overpowered.  This analysis did include the laparoscopic 
procedures as an alternative approach to surgical repair, 
however, with less than 200 cases the sample size may 
have been too small to affect the results.  Future studies 
could perform a separate analysis of laparoscopic 
procedures only.  Procedure classification for this 
condition was heterogeneous and made procedure-
related analyses difficult. This reflects sampling error 
and not necessarily the incidence of penetration of this 
approach within the surgical community.  The PUF’s are 
not procedure-directed and thus contain limited patient 
information.  There may be other variables that 
contributed significantly to outcomes that were not 
recorded in this database such as medications and past 
surgical history.  There may still be coding errors or 
variance for the same procedure which make exact 
surgical management difficult to assess in detail.  The 
data only consist of a sample of operations for 
perforated peptic ulcer disease and cannot be used to 
track the incidence or predominance of any one 
procedure.  One other criticism of our study is the 
assumption that postoperative complications are 
independent events not related to preoperative 
comorbidities.  Previous work with the ACS-NSQIP 
database have made similar assumptions29. Future 
analysis could correlate the risk of a specific 
complication; i.e. renal failure with its preoperative 
condition of dialysis or renal insufficiency.   
 
CONCLUSION 
According to the ACS-NSQIP database between 2005 
and 2013 the mortality rate for emergent operations in 
perforated peptic ulcer disease is consistent with prior 
studies.  Older, white females are at a higher risk of 

death.  Poor nutritional status, preoperative 
comorbidities and certain post-operative complications 
decrease the likelihood of survival.  Our results 
emphasize the need for early operation, aggressive 
resuscitation, limiting blood loss and need to transfuse 
and controlling perioperative infectious events. 

The American College of Surgeons National 
Surgical Quality Improvement Program and the hospitals 
participating in the ACS NSQIP are the source of the data 
used herein; they have not verified and are not 
responsible for the statistical validity of the data analysis 
or the conclusions derived by the authors. 
 
REFERENCES 
1. Wang YR, Richter JE, Dempsey DT. Trends and 
outcomes of hospitalizations for peptic ulcer disease in 
the United States, 1993 to 2006. Ann Surg. 
2010;251(1):51-58. 
doi:10.1097/SLA.0b013e3181b975b8. 
2. Thorsen K, Søreide JA, Kvaløy JT, Glomsaker T, Søreide 
K. Epidemiology of perforated peptic ulcer: age- and 
gender-adjusted analysis of incidence and mortality. 
World J Gastroenterol. 2013;19(3):347-354. 
doi:10.3748/wjg.v19.i3.347. 
3. Svanes C. Trends in perforated peptic ulcer: incidence, 
etiology, treatment, and prognosis. World J Surg. 
2000;24(3):277-283. doi:10.1007/s002689910045. 
4. Feinstein LB, Holman RC, Yorita Christensen KL, 
Steiner CA, Swerdlow DL. Trends in hospitalizations for 
peptic ulcer disease, United States, 1998-2005. Emerg 
Infect Dis. 2010;16(9):1410-1418. 
doi:10.3201/eid1609.091126. 
5. Kumar A, Muir MT, Cohn SM, Salhanick M a, Lankford 
DB, Katabathina VS. The etiology of pneumoperitoneum 
in the 21st century. J Trauma Acute Care Surg. 
2012;73(3):542-548. 
doi:10.1097/TA.0b013e31825c157f. 
6. Pope G. American College of Surgeons National 
Surgical Quality Improvement Program. 
https://www.facs.org/quality-programs/acs-
nsqip/about. Published 2016. Accessed January 25, 
2016. 
7. Wiesner R, Edwards E, Freeman R, et al. Model for 
end-stage liver disease (MELD) and allocation of donor 
livers. Gastroenterology. 2003;124(1):91-96. 
doi:10.1053/gast.2003.50016. 
8. Prabhu V, Shivani A. An Overview of History, 
Pathogenesis and Treatment of Perforated Peptic Ulcer 
Disease with Evaluation of Prognostic Scoring in Adults. 
Ann Med Health Sci Res. 2014;4(1):22-29. 
doi:10.4103/2141-9248.126604. 

http://www.siftdesk.org/


SDRP JOURNAL OF ANESTHESIA & SURGERY January 2, 2017 

 

Salman Ahmad, MD                                                    www.siftdesk.org          Page 49  

9. Roy Macbeth Pitkin M. Whom the Gods Love Die 
Young: A Modern Medical Perspective on Illnesses That 
Caused the Early Death of Famous People. RoseDog 
Books; 2008. 
10. Robson AW. Peptic Ulcer of the Jejunum. Med Chir 
Trans. 1904;87:339-348.  
11. Turck FB. Further Observations On The Etiology And 
Pathology Of Peptic Ulcer. Br Med J. 1907;1(2416):922-
926. 
12. Willis WM. A case of repeated abdominal section for 
perforation of gastric ulcers. Br Med Journal1. 
1907;1(2416):926. 
13. Bourne AW. After-History of Gastro-enterostomy for 
Peptic Ulcer. Br Med Journal1. 1913;1(2722):438-441. 
14. Eloesser L. Surgery of Peptic Ulcer. Cal State J Med. 
1914;12(9):366-373.  
15. M.D. HPBJ. Perforation of Peptic Ulcer. Ann 
surgery1. 1929;89(2):209-217. 
16. Graham RR. The Treatment of Perforated Duodenal 
Ulcers. Surgery, Gynecol Obstet. 1937:235-238. 
17. Zittel TT, Jehle EC, Becker HD. Surgical management 
of peptic ulcer disease today - indication, technique and 
outcome. Langenbeck’s Arch Surgery2. 2000;385:84-96.  
18. Watts G. Nobel prize is awarded to doctors who 
discovered H pylori. BMJ. 2005;331(7520):795. 
doi:10.1136/bmj.331.7520.795. 
19. Dimou F, Velanovich V. Perforations of the 
Esophagus and Stomach: What Should I Do? J 
Gastrointest Surg  Off J Soc Surg Aliment Tract2. 
2015;19(2):400-406. 
20. Doherty GM. Current Diagnosis and Treatment: 
Surgery. 13th ed. McGraw-Hill; 2010. 
21. Hermansson M, Ekedahl A, Ranstam J, Zilling T. 
Decreasing incidence of peptic ulcer complications after 
the introduction of the proton pump inhibitors, a study 
of the Swedish population from 1974-2002. BMC 
Gastroenterol. 2009;9:25. doi:10.1186/1471-230X-9-25. 
22. Sung JJ, Chung SC, Ling TK, et al. Antibacterial 
treatment of gastric ulcers associated with Helicobacter 
pylori. N Engl J Med. 1995;332(3):139-142. 
doi:10.1056/NEJM199501193320302. 
23. Moller M, Adamsen S, Thomsen R. Preoperative 
prognostic factors for mortality in peptic ulcer 
perforation: a systematic review. Scand J Gastroenterol. 
2010;45:785-805. 
24. Andersen IB, Jørgensen T, Bonnevie O, Grønbaek 
MN, Sørensen TI. [Tobacco and alcohol are risk factors 

of complicated peptic ulcers. A prospective cohort 
study]. Ugeskr Laeger. 2001;163(38):5194-5199.  
25. Rosenstock S, Jørgensen T, Bonnevie O, Andersen L. 
Risk factors for peptic ulcer disease: a population based 
prospective cohort study comprising 2416 Danish adults. 
Gut. 2003;52:186-193. 
26. Deery SE, Soden PA, Zettervall SL, et al. Sex 
differences in mortality and morbidity following repair 
of intact abdominal aortic aneurysms. J Vasc Surg. 2016. 
doi:10.1016/j.jvs.2016.08.100. 
27. Causey MW, McVay D, Hatch Q, et al. The impact of 
race on outcomes following emergency surgery: an 
American College of Surgeons National Surgical Quality 
Improvement Program assessment. The American 
Journal of Surgery.  
28. Thorsen K, Søreide JA, Søreide K. What is the best 
predictor of mortality in perforated peptic ulcer 
disease? A population-based, multivariable regression 
analysis including three clinical scoring systems. J 
Gastrointest Surg. 2014;18(7):1261-1268. 
doi:10.1007/s11605-014-2485-5. 
29. Lee DY, Chung EL, Guend H, Whelan RL, Wedderburn 
R V, Rose KM. Predictors of mortality after emergency 
colectomy for Clostridium difficile colitis: an analysis of 
ACS-NSQIP. Ann Surg. 2014;259(1):148-156. 
doi:10.1097/SLA.0b013e31828a8eba. 
 
ABBREVIATIONS 
ACS-NSQIP American College of Surgeons National 
Surgical Quality Improvement Program 
APACHE Acute Physiology and Chronic Health 
Evaluation 
ASA American Society of Anesthesiologists 
CNS Central Nervous System 
COPD Chronic Obstructive Pulmonary Disease 
GD Gastroduodenostomy 
GJ Gastrojejunostomy 
ICD International Classification of Diseases 
INR International Normalized Ratio 
MELD Model for End-Stage Liver Disease 
PPI Proton Pump Inhibitor 
PUD Peptic Ulcer Disease 
PUF Participant User File 
SCR Surgical Clinical Reviewer 
SOFA Sepsis-related Organ Failure Assessment 
WBC White Blood Cell 
 

 

http://www.siftdesk.org/

