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“Every doctor, faced with a perforated duodenal ulcer of the stomach or intestine, must consider 
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Abstract 

 

Background: 

Perforated peptic ulcer carries a noteworthy mortality, and admission status is a significant 

prognosticator thereof. Laboratory values are objective and readily available and therefore ideal for 

risk stratification. The objective of the study is to calculate the predictive value of admission 

laboratory values in patients with perforated peptic ulcers. 

Methods: 

A retrospective, cohort analytical, observational study was performed. All patients with surgically 

confirmed perforated peptic ulcers at Pelonomi Tertiary Hospital from July 2014 to June 2019 were 

considered. Demographic data and admission laboratory values were collected from hospital and 

laboratory electronic databases and theatre books. Outcomes measured were in-hospital mortality, 

ICU admission and length of stay in ICU and in hospital. The significance of categorical variables 

was calculated by Chi-square and Fisher’s exact test. Logistic regression analysis considered 

univariately statistically significant variables. A p-value of < 0.05 was considered statistically 

significant.  

Results: 

Over the 5 years 188 patients met the inclusion criteria. The median age was 46 years (15-87) with a 

male predominance of 71.3 % (N=134). The median length of hospital stay was 7 days (1-94) and 

31.4% (N=59) of patients were admitted to the Intensive Care Unit. Operative in-hospital mortality 

was 25.0% (N=47).  

Predicting the two categorical outcomes of in-hospital mortality and ICU admission abnormal 

haemoglobin, platelet count, urea, creatinine and potassium were all found to be statistically 

significant in univariate analysis. For in-hospital mortality age (OR 1.03 [95% CI 1.01-1.06]), 

haemoglobin (OR 4.36 [95% CI 0.98-19.39]),) and creatinine (OR 7.76 [95% CI 2.90- 20.74]),) were 

significant in multivariate analysis and for ICU admission age (OR 1.03 [95% CI 1.00-1.05]),), 

platelet count (OR2.94 [95% CI 1.24-7.01]),) and creatinine (OR 6.90 [95% CI 2.87-16.61]),). Urea ≥ 

10.9mmol/L showed a sensitivity of 70.2% and specificity of 82.1% (AUC 0.79) and creatinine ≥ 

109umol/L a sensitivity of 80.9% and specificity of 67.7% (AUC 0.80) in predicting in-hospital 

mortality.  

Conclusions: 

The mortality rate in patients with perforated peptic ulcer disease is still substantial. Admission 

laboratory values shows statistical significance as outcome indicators and are valuable to assist in 
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predicting prognostication. Abnormal high serum creatinine was the strongest single predictor of both 

mortality and ICU admission. 
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CHAPTER 1 

 

Most of the symptomatology already described by Crisp in 1843 for stomach ulcer perforations still 

holds true even today
1
. Peptic ulcer disease is the consequence of a disparity between pepsin and acid 

in the stomach and the defensive barriers of stomach mucosa
2,3

. Annually over 4 million people are 

affected by peptic ulcer disease worldwide
4
. Peptic ulcer disease is complicated by bleeding, 

obstruction, perforation and penetration
5
. These complications come with a significant economic 

burden on the health care system
6
. Perforation is after bleeding, the second most common 

complication
7
.  

The incidence of perforation is 4-10/100 000 population per annum and can be the first hospital 

presentation of patients with peptic ulcer disease
8,9

. In patients known with peptic ulcer disease, the 

lifetime prevalence of perforation is about 5%
2
. Endoscopic management and modern interventional 

radiology techniques have improved outcomes for bleeding ulcers, but outcomes for perforation have 

remained mostly unchanged
10,11

. In 1880 Mikulicz-Radecki described suturing of these ulcers for the 

first time, and the most common operation remains a form of simple closure using sutures
8,11,12

. The 

surgical benchmark is still omental patch repair during explorative laparotomy, with laparoscopic 

surgery considered if expertise is available
2,3,13

. Gastrectomy and gastric resections are considered in 

patients with larger or malignant ulcers, but the outcomes in these patients remain inferior
2,13

. 

Even though surgical therapy has not changed much over the last few decades, perforated peptic ulcer 

disease remains a dangerous surgical condition with morbidity and mortality not to be 

underestimated
14

. Perforation is the cause of more than 70% of deaths associated with peptic ulcer 

disease
14

. Sepsis and septic shock is common and a frequent ultimate cause of mortality
15–17

. 

Perforated peptic ulcer carries a mortality of 1.3% to 40%
5,6,20–25,7,11,13,15–19

. Mortality due to a 

perforated peptic ulcer is ten times greater than other emergency abdominal pathologies like acute 

cholecystitis and acute appendicitis
26

. 

A classic triad of tachycardia, acute onset abdominal pain and abdominal rigidity has been described, 

but patients can present with a wide array of gastrointestinal or systemic symptoms
2,18,24

. Between 

70% and 85% of patients demonstrate free air under the diaphragm on chest X-ray, and CT scan has 

shown a sensitivity of 98% in diagnosing a perforated peptic ulcer
2,14,15,24

. Diagnosis must be made 

early, resuscitation efforts initiated swiftly and rapid surgical intervention initiated to improve patient 

outcome
2,18

. Admission status has been described as a significant prognostic indicator in patients with 

peptic ulcer perforation
19

. Early identification of high-risk patients for an adverse outcome is crucial 

to guide the level of monitoring peri-operatively and targets of treatment
27,28

. 
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Investigations into risk factors for perforation are complicated by the wide variation in demographics, 

socioeconomic status, the prevalence of Helicobacter pylori, and medication and substance use in 

different population groups
24

. Cohorts from other African countries show a male predominance of 6-

13:1 to females
24

. In developing countries, young (predominantly male) smokers make up the most 

significant patient group. In contrast, in the developed world, elderly patients (increase in females) 

with other co-morbidities and use of NSAIDs are more commonly found
2,14,19

. Significant inequality 

in South Africa leads to a broad spectrum of socioeconomic circumstances in our study population, 

and both these population groups might be included
29

. The prevalence of Helicobacter pylori is also 

suspected to be higher in our study population than in the developed world
4
.  

Scoring systems are used to provide an objective description of the patient’s condition at a specific 

stage in the disease process to try and assist the physician with the diagnosis, guide him in the course 

that the disease is taking within the particular patient and help him to follow the appropriate 

management and treatment algorithm
5
. A perforated peptic ulcer is a multifactor disease, and multiple 

scoring systems have been suggested and used as outcome predictors thereof 
7
. Scoring systems range 

from simple to complex (combining demographical data, history, vital signs and clinical findings, 

chosen surgical intervention and management options as criteria), sometimes making practical 

implementation more difficult
5,27

. The ASA and Boey scores are the most regularly validated scores 

for patients with perforated peptic ulcers
2
. The ASA score is the oldest available scoring system and 

not explicitly intended for perforated peptic ulcer patients, but a generic surgical risk score was 

introduced in 1941 to assess patients’ fitness level
7,30,31

. Literature shows that it can predict mortality 

well in different patient groups but has the shortcoming of inter-observer variability as it is not an 

objective score
7,26,30

. The ASA grading is also dependent on whether the acute state of the assessed 

patient is taken into consideration which can lead to underscoring if not considered
10,26

. ICU and other 

standard surgical scores have also been evaluated in patients with perforated peptic ulcers 
24

. 

Replication of original high positive predictive values of used scores has not always been shown in 

other study populations, and there is a lack of external cohort validation 
5,24,27

. There is still no agreed 

standard scoring system, and investigation towards an optimal prediction model in terms of outcome 

for patients with perforated peptic ulcers in today’s setting is still not saturated
10,24

.  The reason for 

none of the multiple scoring systems being widely accepted in clinical practice can be due to the 

complexity, non-specificity or subjective points of these scoring systems
26

. The goals of being easy to 

calculate, accurate in predicting outcomes and being reproducible across different populations have 

not been comprehensively satisfied by any score
30

. Although most scoring systems have the potential 

to be used as a comparison of risk-adjusted mortality across hospitals, prognostication and 

identification of high-risk patients that needs aggressive management protocols can only be done 

using scores based on preoperative criteria
30

. 
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The time from ulcer perforation until surgical intervention is one of the criteria used in the Boey 

score
20

. There is uncertainty about the external validation of the Boey score
7
. It has been described as 

a significant predictor of mortality in some studies
15,19

, but found not to be significant in others
22,27,32

. 

Due to the wide rural drainage area of our hospital, a large number of our patients have a late 

presentation that already falls outside the 24-hour window by the time of theatre. Literature from 

South Africa demonstrates a late presentation in patients with perforated peptic ulcers, outside of the 

24-hour window from onset of symptoms
13

. Cultural beliefs guide the use of alternative medication, 

and symptomatic treatment at primary care centres also contribute to late presentation in the African 

healthcare setting
23

. Record bias in terms of pre-hospital data plays a part in retrospective studies. 

Patient recall bias in terms of medical and complaint history can also be possible. Patients with pre-

existing peptic ulcer disease might experience pain or symptoms for some time and are, therefore, 

unable to pinpoint precisely when pain was exacerbated
32

. Accurate patient history might not be 

possible due to the patient’s clinical condition (e.g. Decreased level of consciousness, elderly 

patients), which will influence patient medical history in terms of other comorbidities and medication 

use at the time of admission
26

. All these risk factors have been questioned due to lack of objectivity 

and have been reported to lack sensitivity and specificity 
32

. However, these risk factors still form part 

of scoring systems (PULP score, Mannheim Peritonitis score, Hacettepe score) previously described 

in predicting patient outcome
21,22

.  

Acute renal failure and a WCC of more than 20 x 109/l are significant factors influencing mortality in 

perforated peptic ulcers. With male sex, they contribute 3 out of the 4 scoring criteria used in the 

Hacettepe Score, which showed a predictive accuracy of 93%
22

. WCC and C-reactive protein values 

can increase due to infection or inflammation
2
. A study in Japan found a low WCC (<9.500/mm3) to 

be an age-dependent, significant risk indicator
25

. 

The POMPP score was developed in 2015 as a practical scoring system to assist in calculating 

mortality risk in patients with perforated peptic ulcers. It indicated age, albumin and urea levels to be 

three variables that are statistically relevant in multivariate analysis. This new scoring system 

compared well to ASA,  PULP and Boey scoring systems but was found less complex as it only made 

use of age and two admission laboratory values (albumin and urea)
26

. 

A contemporary study done among an African population in Côte d’Ivoire who had operative 

interventions for perforated peptic ulcer disease showed a high median value of WCC (p < 0.0001), 

low level of natraemia (134 vs 137, p = 0.02) and low potassium (3.6 vs 3.7, p = 0.01) in patients that 

had postoperative complications or mortality compared to those who didn’t. Patients with 

hyponatremia had a twofold increase in the risk of complications or death in this study population
23

. 

Hyponatremia is seen in perforated peritonitis as a consequence of gastroduodenal fluid leakage into 

the peritoneal cavity causing third spacing
33

. 
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Elevated serum creatinine levels can be due to untreated peritonitis or pre-existing renal disease 

(known or unknown before diagnosis). Together with elevated urea level and metabolic acidosis, it 

can be indicative of pre-renal injury and SIRS (Systemic inflammatory Response Syndrome)
2
. With a 

delay in medical attention, there is a deficit in total body water, which leads to hypotension. 

Uninterrupted hypotension can then also progress to acute kidney injury
2
. During construction of the 

Hacettepe Score, serum creatinine concentration of greater than 177mol/L; urea concentration of 

greater than 8.9 mol/L or progressively rising urea concentration with or without oliguria were used as 

criteria for acute renal failure
22

. The POMPP score used an Urea value of > 16,07mmol/L (45mg/dl) 

and the CORES score an Urea of > 14.28mmol/L (≥ 40mg/dl) as scoring criteria 
26,30

. Acute kidney 

injury can be a reflection of dehydration, shock or sepsis and loss of renal function is a poor 

prognostic sign
10,34

. In the development of the Mortality Probability Models (MPM II), patients who 

were admitted to ICU with acute renal failure were 4.4 times more likely to die in the hospital (OR 4.4 

[95% CI 3.7-5.2])
35

. In the era before Proton Pump Inhibitor (PPI) therapy, preoperative serum 

creatinine has already been shown to be the single most important predictor of survival, with patients 

with a normal serum creatinine 25.5 times more likely to survive with a perforated gastroduodenal 

ulcer regardless of the type of surgery that was performed
32

. It has been shown that the ICU mortality 

rate increases with increasing serum creatinine concentration
36

. Elevated serum creatinine was also 

associated with mortality during the Jabalpur prognostic scoring system development and formed one 

of its criteria
37

. Another multivariable regression analysis found hypoalbuminaemia, 

hyperbilirubinaemia, and increased creatinine to be predictive of 30-day post-operative mortality
10

. 

During the development of the PULP score, a nationwide cohort study was performed using a 

collection of prospective information from 2668 patients who were surgically treated for peptic ulcer 

perforations at hospitals in Denmark
21

. It demonstrated a better prediction of 30-day mortality than the 

ASA score and Boey score in the same population group, and elevated serum creatinine (>130 

umol/L) was also one of the factors with the highest prognostic impact
21

. Therefore elevated serum 

creatinine may be an indicator for other underlying factors like pre-existing disease or the state of the 

acute disease
10

. A mortality of 75% has been demonstrated in patients with perforated gastroduodenal 

ulcer and renal failure
25

. 

A model to calculate post-operative risk specifically for emergency surgery (CORES) was developed 

in Japan in 2012. It uses five preoperative variables, including WCC, platelet count and blood urea 

nitrogen as laboratory values, and reproducibly predicted postoperative mortality in the validation and 

multicentre subgroups. It was postulated that the better prediction in the General Surgery patient 

subset compared to the P-POSSUM score could be due to the inclusion of platelet count, as 

thrombocytopenia has been shown as a risk factor for mortality in ICU patients and is the most 

commonly cited manifestation of haematological dysfunction
36,38

. Patients with a high platelet count ( 
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>300,000) interestingly also had higher mortality rates demonstrated in the study used to develop the 

CORES model
38

. 

In a condition such as perforated peptic ulcer disease, electrolyte disturbances, anaemia, 

hypoalbuminaemia, renal failure and leucocytosis can all be described as part of the sepsis syndrome
7
. 

Multi-organ dysfunction progressing to multi-organ failure is known to have a dreadful outcome 

independent of management course
5
. 

A perforated peptic ulcer diagnosis cannot be made using laboratory values in isolation, and these 

values are non-specific
18

. Laboratory values are, however, good indicators of organ dysfunction, local 

and systemic inflammation. They are also used to rule out other pathologies on the differential 

diagnosis, like acute pancreatitis
2,14,24

. Even though admission laboratory values are not as amenable 

to intervention, such as time to operating theatre, they play a crucial role in our approach and 

management of the patient from the time of diagnosis
8
. The most significant advantage for the use of 

laboratory values in risk stratification is that they are objective, routinely done and readily available
10

. 

Laboratory values form part of most perforated ulcer and other prognostic scoring systems used 

currently: 

Table 1: Laboratory values that form part of scoring systems used for prediction models in 

patients with perforated peptic ulcers
7,30

: 

Scoring system used for 

outcome prediction 
Target population 

Outcome 

measured 

Laboratory values used 

as part of scoring system 

Hacettepe score
22

 Patients with 

perforated peptic 

ulcer 

30-day mortality Acute renal failure, White 

blood cell count 

Jabalpur score
37

 Patients with 

perforated peptic 

ulcer 

30-day mortality Serum creatinine 

PULP (Peptic ulcer 

perforation score)
21

 

Patients with 

perforated peptic 

ulcer 

30-day mortality Liver failure, serum- 

creatinine 

POMPP (Prediction of 

mortality in perforated 

peptic ulcer) score 
26

 

Patients with 

perforated peptic 

ulcer 

30-day mortality Albumin, urea 

Mannheim Peritonitis General peritonitis Preoperative Organ failure 
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index prediction of 

outcome 

APACHE II *(Acute 

physiology and chronic 

health evaluation II)
34

 

Critically ill 

patients 

Prediction of 

outcome in ICU 

patients 

White blood cell count, 

creatinine, Potassium, 

Sodium 

SAPS II (Simplified acute 

physiology score II)
39

 

Critically ill 

patients 

Prediction of 

outcome in ICU 

patients 

White blood cell count, 

Bilirubin, Urea, Potassium, 

Sodium 

MPM II (Mortality 

Probability Models)
35

 

Critically ill 

patients 

Prediction of 

outcome for ICU 

patients 

Liver failure, Renal 

insufficiency 

POSSUM (Physiological 

and operative severity 

score for the enumeration 

of mortality and morbidity 

score)
40

 

Surgical patients Prediction of 

mortality 

White blood cell count, 

Haemoglobin, Urea, 

Potassium, Sodium 

CORES (Calculation of 

postoperative risk in 

emergency surgery)
38

 

Patients who 

underwent 

emergency surgery 

In hospital 

mortality 

White blood cell count, 

urea, platelet count 

Multiple organ 

dysfunction score
36

 

Critically ill 

patients 

Prediction of 

mortality and 

outcome for ICU 

patients 

Serum creatinine, platelet 

count 

 

As described, all these scoring systems use a different subset of available laboratory values in an 

attempt to predict mortality. The question remains whether admission laboratory findings are of any 

importance in isolation, and can they be used as a reliable indicator of prognosis? 

The diagnosis of perforated peptic ulcer disease is made using a combination of history, clinical and 

radiological findings. Surgical intervention with explorative laparotomy, ulcer biopsy, primary repair 

and omentoplasty is the preferred surgical source control and management of perforated peptic ulcers 

in our institution, followed by postoperative Proton Pump Inhibitor and Helicobacter Pylori 

eradication therapy. 
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The study’s primary aim is to use in-hospital mortality as a comparative outcome, with secondary 

aims being ICU admission and length of stay in hospital and ICU. In-hospital mortality is defined as 

any death occurring during or after surgical intervention before hospital discharge. 

The objective of the study is to calculate the predictive value in terms of surgical outcomes of 

different routine admission laboratory values in patients with perforated peptic ulcers. Secondary 

outcomes are the predictive value of demographic data, comparison of predictive value between 

laboratory results, and the prediction of length of ICU and hospital stay. 

The study hypothesis is that routine admission laboratory values can be used in isolation to accurately 

predict surgical outcomes in patients with perforated peptic ulcers that were confirmed and managed 

via explorative laparotomy. 

The research findings will assist in the practical usage of readily available laboratory values in 

predicting outcomes in patients with perforated peptic ulcers. It can lead to better clinical decisions 

and cost-benefit strategies, promote optimal management and facilitate better assignment of resources. 

Patients identified as higher risk could have earlier access to organ support, intensive care and more 

aggressive resuscitation. Outcomes can then be improved based on individual risk stratification. It has 

been proven that extra perioperative care and management protocols for high-risk patients improve in-

hospital mortality
16,26

. Results will also enhance patient counselling in terms of risks, possible 

complications and outcome expectations. The surgeon’s knowledge of significant independent risk 

factors will assist in confident judgment about operative planning and appropriateness
22

. Naturally, an 

individual predictor can’t be ascribed to a single patient, but the presence of a significant or more than 

one risk factor presents a much higher mortality risk in contrast to patients with none
10

. 

These findings can also be used in combination with other preoperative information or in further 

prospective studies to develop appropriate prediction and scoring systems for this health care setting 

or used in different populations as a comparison. Most of the studies available in the literature were 

done mainly in western and Asian countries
23

. In the era of hand-held devices and smartphones, more 

complex scoring systems might be easier to calculate at the bedside than before
30

. It might be 

challenging to develop a universally reproducible scoring system due to geographical variation in age, 

gender and patterns of presentation
24

. However, laboratory values have the advantage of being an 

objective variable not influenced by subjective interpretation and therefore ideal for validation 

between different patient cohorts and demographic regions
10

. 

Limitations of this study are that it is a retrospective, single-centre study. Laboratory values might be 

indicators for other underlying factors like chronic disease
26

. Therefore, further investigation into 

causality from the findings in the study might be warranted at a later stage. Long term outcome after 

hospital discharge for our patient group was also not assessed. 
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To minimise bias in terms of our literature review, we tried to include and evaluate all the recognised 

scoring systems. We included up to date and older studies of proposed outcome predictors that were 

still used popularly or acknowledged in high regard.  
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Abstract 

Purpose: 

The objective of the study is to calculate the predictive value of admission laboratory values, as they are 

objective and ideal for risk stratification, in patients with perforated peptic ulcers. 

Methods: 

A retrospective, cohort analytical, observational study was performed. All patients with surgically confirmed 

perforated peptic ulcers over 5 years were considered. Demographic data and admission laboratory values were 

collected from hospital electronic databases. Outcomes measured were in-hospital mortality, ICU admission and 

length of stay. The significance of categorical variables was calculated by Chi-square and Fisher’s exact test. 

Logistic regression analysis considered univariately statistically significant variables. A p-value of < 0.05 was 

considered statistically significant.  

Results: 

Over the 5 years, 188 patients met the inclusion criteria. The median age was 46 years (15-87) with a male 

predominance of 71.3 % (N=134). The median length of hospital stay was 7 days (1-94) and 31.4% (N=59) of 

patients were admitted to the Intensive Care Unit. Operative in-hospital mortality was 25.0% (N=47). Predicting 

the categorical outcome of in-hospital mortality abnormal haemoglobin, platelet count, urea, creatinine and 

potassium were all found to be statistically significant in univariate analysis; age (OR 1.03), haemoglobin (OR 

4.36) and creatinine (OR 7.76) were significant in multivariate analysis. 

Conclusions: 

The mortality rate in patients with perforated peptic ulcer disease is still substantial. Admission laboratory 

values shows statistical significance as outcome indicators and are valuable to assist in predicting 

prognostication. Abnormal high serum creatinine was the strongest single predictor of both mortality and ICU 

admission. 

Keywords 

Perforation, mortality, laboratory values, emergency surgery 
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Background 

Annually over 4 million people are affected by peptic ulcer disease worldwide [1]. Peptic ulcer disease is 

complicated by bleeding, obstruction and perforation [2]. Perforation is after bleeding the second most common 

complication [3].  

The incidence of perforation is 4-10/ 100 000 population per annum and can be the first hospital presentation of 

patients with peptic ulcer disease [4, 5]. Endoscopic management and modern interventional radiology 

techniques have improved outcomes for bleeding ulcers, but outcomes for perforation have remained mostly 

unchanged [6, 7].  

Perforation is the cause of more than 70% of deaths associated with peptic ulcer disease [8]. Sepsis and septic 

shock are common and a frequent ultimate cause of mortality [9–11]. Perforated peptic ulcer carries a mortality 

of 1.3% to 40% [2, 3, 16–21, 7, 9–15].  

Admission status has been described as a significant prognostic indicator in patients with peptic ulcer 

perforation [13]. The diagnosis must be made early, resuscitation efforts initiated swiftly and rapid surgical 

intervention initiated to improve patient outcome [12, 22]. 

In a condition such as perforated peptic ulcer disease, electrolyte disturbances, anaemia, hypoalbuminaemia, 

renal failure and leucocytosis can all be described as part of the sepsis syndrome [3]. The diagnosis of a 

perforated peptic ulcer cannot be made by using laboratory values in isolation and these values are non-specific 

[12]. Laboratory values are however good indicators of organ dysfunction, local and systemic inflammation. 

They are also used to exclude other pathologies, like acute pancreatitis [8, 18, 22]. The biggest advantage for the 

use of laboratory values in risk stratification is that they are objective in nature, routinely done and readily 

available [6].  

 

Table 1: Laboratory values that form part of scoring systems used for prediction models in patients with 

perforated peptic ulcers [3,23] 

Scoring system used for 

outcome prediction 
Target population Outcome measured 

Laboratory values used as 

part of scoring system 

Hacettepe score [16] Patients with 

perforated peptic 

ulcer 

30-day mortality Acute renal failure, White 

blood cell count 

Jabalpur score [24] Patients with 

perforated peptic 

ulcer 

30-day mortality Serum creatinine 

PULP (Peptic ulcer 

perforation score) [15] 

Patients with 

perforated peptic 

ulcer 

30-day mortality Liver failure, serum- 

creatinine 

POMPP (Prediction of 

mortality in perforated peptic 

ulcer) score [25] 

Patients with 

perforated peptic 

ulcer 

30-day mortality Albumin, urea 



16 
 

Mannheim Peritonitis index General peritonitis Preoperative 

prediction of outcome 

Organ failure 

APACHE II (Acute 

physiology and chronic 

health evaluation II) [26] 

Critically ill patients Prediction of 

outcome in ICU 

patients 

White blood cell count, 

creatinine, Potassium, 

Sodium 

SAPS II (Simplified acute 

physiology score II) [27] 

Critically ill patients Prediction of 

outcome in ICU 

patients 

White blood cell count, 

Bilirubin, Urea, Potassium, 

Sodium 

MPM II (Mortality 

Probability Models) [28] 

Critically ill patients Prediction of 

outcome for ICU 

patients 

Liver failure, Renal 

insufficiency 

POSSUM (Physiological and 

operative severity score for 

the enumeration of mortality 

and morbidity score) [29] 

Surgical patients Prediction of 

mortality 

White blood cell count, 

Haemoglobin, Urea, 

Potassium, Sodium 

CORES (Calculation of post-

operative risk in emergency 

surgery) [30] 

Patients who 

underwent emergency 

surgery 

In hospital mortality White blood cell count, urea, 

platelet count 

Multiple organ dysfunction 

score (MODS) [31] 

Critically ill patients Prediction of 

mortality and 

outcome for ICU 

patients 

Serum creatinine, platelet 

count 

 

Scoring systems are used to provide an objective description of the patient’s condition at a specific stage in the 

disease process to try and assist the physician with the diagnosis, give guidance  in the course that the disease is 

taking in the specific patient and help the surgeon to follow the appropriate management and treatment 

algorithm [2]. These scoring systems use different subsets of available laboratory values in an attempt to predict 

mortality. Our question was whether admission laboratory findings are of any value in isolation, and could they 

be used as a reliable indicator of prognosis. 

The objective of the study was to calculate the predictive value in terms of surgical outcome (in-hospital 

mortality as well as ICU admission, length of stay in ICU and length of stay in hospital) of different routine 

admission laboratory values in patients with perforated peptic ulcers.  

Methods 

A retrospective, cohort analytical, observational study was performed. All consecutive patients from July 2014- 

June 2019 with surgically confirmed (during laparotomy) perforated peptic ulcer (gastric or duodenal) disease 

and available demographic and admission laboratory data were enrolled. Pelonomi Tertiary Hospital provides 

the bulk of the acute care surgical and trauma services for the Free State Province in South Africa. 

Exclusion criteria were: 
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- Histological confirmed malignant perforations 

- Traumatic or iatrogenic perforations 

- Perforations due to caustic ingestion or foreign bodies  

- Perforations found during autopsy 

- Patients managed conservatively without surgical intervention 

- Patients who had surgery but no confirmation of perforated ulcer 

- Patients younger than 13 years 

In-hospital mortality was defined as any death occurring during or after surgical intervention before hospital 

discharge. 

Data was collected for all patients who met the inclusion criteria. Demographic data was collected from 

Pelonomi Hospital’s electronic database (Meditech) and matched to National Health Laboratory Service 

database (Labtrak). The University of the Free State Department of Surgery Statistical Database and Pelonomi 

Hospital theatre record books were used to verify concordance of collected data. 

Demographic data included age and sex. 

The following laboratory values on admission were collected from the NHLS database (Labtrak): 

- Full blood count (Haemoglobin, Haematocrit, White cell count, Platelets) 

- Renal function (Urea and Creatinine) 

- Electrolytes (Sodium and Potassium) 

- Inflammatory markers (C-reactive Protein- CRP) 

- Albumin 

The reference range for normal laboratory values used by the South African NHLS (see additional file 1, 

Appendix F) was applied to the laboratory values with values outside normal range categorised as abnormal low 

or abnormal high. 

Data captured was recorded on the approved data sheet by the researcher and onto an Excel sheet that served as 

a second copy of all data.  

Analysis was done by the Department of Biostatistics University of Free State. Numerical variables were 

summarised by medians and interquartile ranges (IQR) due to skew distributions and categorical variables by 

frequencies and percentages. Chi-square and Fisher’s exact tests were used to assess the significance of 

associations of categorical variables with categorical outcomes. Logistic regression analysis with backward 

elimination was performed using variables identified as statistically significant on univariate analyses. Risk was 

presented as an odds ratio (OR) with 95% CI. A p-value of < 0.05 was considered statistically significant. 

Calculation of sensitivity, specificity, positive and negative predictive values were done. 
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Results 

Over the 5-year study period, we identified 194 patients of whom 188 met the inclusion criteria. Three patients 

were excluded due to missing admission laboratory values, two due to confirmed malignancy and one due to 

surgery for suspicion of PPU without confirmation of perforation. Demographic characteristics showed our 

patient cohort had a median age of 46 years with a range between 15 and 87 years. The gender distribution 

showed a male predominance of 134 (71.3%) versus 54 (28.7%) female patients. 

The median values and interquartile ranges (IQR) of laboratory variables on admission as well as cases with in-

hospital mortality and ICU admission are shown in Table 2. 

Table 2: Admission laboratory values   

Laboratory variable Median (N) Median: In-hospital 

mortality (N) 

Median: ICU admission 

(N) 

Hemoglobin (g/dL) 14.30 (N=188) 12.60 (N=47) 12.60 (N=59) 

IQR: 12.10-16.15 IQR: 10.90-15.20 IQR: 10.80-15.60  

Haematocrit (L/L) 0.44 (N=184) 0.41 (N=47) 0.41 (N=59) 

IQR: 0.38-0.50 IQR: 0.34-0.48 IQR: 0.34-0.48 

WCC (x109/L) 10.96 (N=188) 9.72 (N=47) 9.26 (N=59) 

IQR: 7.17-15.33 IQR: 6.43-14.02 IQR: 5.82-15.25 

Platelet count (x109/L) 324 (N=188) 341 (N=47) 332 (N=59) 

IQR: 231.50-408.50 IQR: 227.00-452.00 IQR: 234.00-457.00 

Urea (mmol/L) 8 (N=187) 13 (N=47) 12.6 (N=58) 

IQR: 4.90-12.70 IQR: 9.10-20.70 IQR: 8.00-20.00 

Creatinine (umol/L) 95 (N=177) 181 (N=47) 176.50 (N=58) 

IQR: 71.00-162.00 IQR: 118.00-293.00 IQR: 118.00-293.00 

Sodium (mmol/L) 137 (N=188) 137 (N=47) 137 (N=59) 

IQR: 133.00-141.50 IQR: 133.00-142.00 IQR: 133.00-143.00 

Potassium (mmol/L) 4.30 (N=186) 4.90 (N=47) 4.90 (N=59) 

IQR: 3.90-5.00 IQR: 4.00-5.40 IQR: 4.00-5.40 

C-reactive protein (mg/L) 170 (N=150) 246 (N=35) 246 (N=45) 

IQR: 63.00-280.00 IQR: 136.00-305.00 IQR: 181.00-302.00 

Albumin (g/L) 25.0 (N=119) 20.0 (N=43) 19.0 (N=58) 

IQR: 17.00-32.00 IQR: 14.00-29.00 IQR: 14.00-26.00 

 

The median length of hospital stay was 7 days (range 1-94) and 59 (31.4%) patients were admitted to the 

Intensive Care Unit. Operative in-hospital mortality was found to be 25.0% (N=47). Age, mortality and ICU 

admission distribution are illustrated in Chart 1. The mortality for patients admitted to the Intensive Care Unit 

was 64.4% (N=38). 



19 
 

 

Figure 1: 

In terms of predicting the two categorical outcomes of in-hospital mortality and ICU admission abnormal 

haemoglobin, platelet count, urea, creatinine and potassium were all found to be statistically significant in 

univariate analysis. Abnormal albumin showed a statistical significance in predicting ICU admission but not in-

hospital mortality. The different P-values as well as percentage of patients according to outcome categories of 

in-hospital mortality and ICU admission are shown in Table 3 and 4. 

Table 3: P-values calculated for prediction of in-hospital mortality by categorised laboratory values 

Laboratory variable % Low (N) % Normal (N) % High (N) p value 

Haemoglobin   Mortality 68.1% (32) 19.2 % (9) 12.8% (6) 0.0016 

 Survived 43.3% (61) 48.9% (69) 7.8% (11)  

Haematocrit  Mortality 57.5% (27) 31.9% (15) 10.6% (5) 0.0996 

 Survived 40.9% (56) 49.6% (68) 9.5% (13)  

WCC Mortality 14.9% (7) 38.3% (18) 46.8% (22) 0.2169 

 Survived 7.1% (10) 36.2% (51) 56.7% (80)  

Platelets Mortality 14.9% (7) 48.9% (23) 36.2% (17) 0.0067 

 Survived 4.3% (6) 70.9% 100) 24.8% (35)  

Urea Mortality 2.1% (1) 12.8% (6) 85.1% (40) <.0001* 

 Survived 0% (0) 54.3% (76) 45.7% (64)  

Creatinine Mortality 4.3% (2) 12.8% (6) 83.0% (39) <.0001 

 Survived 18.5% (24) 48.5% (63) 33.1% (43)  

Sodium Mortality 40.4% (19) 51.1% (24) 8.5% (4) 0.8207 
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 Survived 35.5% (50) 56.0% (79) 8.5% (12)  

Potassium Mortality 6.4% (3) 53.2% (25) 40.4% (19) 0.0008 

 Survived 10.1% (14) 75.5% (105) 14.4% (20)  

C reactive peptide Mortality - 5.7 % (2) 94.3% (33) 0.7331* 

 Survived - 8.7% (10) 91.3% (105)  

Albumin Mortality 90.7% (39) 9.3% (4) - 0.0996 

 Survived 79.0% (60) 21.1% (16) -  

* P-value derived from Fisher’s Exact Test all others derived from Chi-square 

 

Table 4: P-values calculated for prediction of ICU admission by categorised laboratory values 

Laboratory variable % Low (N) % Normal (N) % High (N) p-value 

Haemoglobin   ICU  64.4% (38) 27.1 %(16) 8.5% (5) 0.0167 

 No ICU 42.6% (55) 48.1% (62) 9.3% (12)  

Haematocrit ICU  55.9% (33) 33.9% (20) 10.2% (6) 0.0959 

 No ICU 40.00%(50) 50.4% (63) 9.6% (12)  

WCC ICU  15.3% (9) 40.7% (24) 44.1% (26) 0.0583 

 No ICU 6.2% (8) 34.9% (45) 58.9% (76)  

Platelets ICU  11.9% (7) 49.2% (29) 39.0% (23) 0.0052 

 No ICU 4.7% (6) 72.9% (94) 22.5% (29)  

Urea ICU  0% (0) 17.2% (10) 82.8% (48) <.0001 * 

 No ICU 0.8% (1) 55.8% (72) 43.4% (56)  

Creatinine ICU  3.5% (2) 17.2 (10) 79.3% (46) <.0001 

 No ICU 20.2% (24) 49.6% (59) 30.3% (36)  

Sodium ICU  35.6% (21) 54.2% (32) 10.2% (6) 0.8557 

 No ICU 37.2% (48) 55.0% (71) 7.8% (10)  

Potassium ICU  6.8% (4) 54.2% (32) 39.0% (23) 0.0002 

 No ICU 10.2%(13) 77.2% (98) 12.6% (16)  

C reactive peptide  ICU  - 6.7 % (3) 93.3% (42) 1.0000 * 

 No ICU - 8.6% (9) 91.4% (96)  

Albumin ICU  93.1% (54) 6.9% (4) - 0.0048 

 No ICU 73.8% (45) 26.2% (16) -  

* P-value derived from Fisher’s Exact Test all others derived from Chi-square 

Logistic regression analysis was applied to the above mentioned statistically significant outcomes using age and 

gender as confounders. P-values, estimated Odds Ratios and 95% Confidence Intervals of logistic regression 

analysis for in-hospital mortality and ICU admission are shown in Tables 5 and 6.  

For in-hospital mortality age (p = 0.0091) haemoglobin (p = 0.0432) and creatinine (p < .0001) were significant 

in multivariate analysis. For ICU admission albumin was excluded from the model due to a large number of 

missing values and there was no clear independent relation to outcome. Multivariate analysis significant 

parameters for ICU admission were age, gender, platelet count and creatinine.  
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Table 5: Logistic regression analysis using age and gender as confounders for in-hospital    mortality 

Variable Odds Ratio 95% CI for OR p value 

Age 1.03 1.01-1.06 0.0091 

Abnormal low Hemoglobin 2.88 1.15-7.20 
0.0432 

Abnormal high Hemoglobin 4.36 0.98-19.39 

Abnormal high Creatinine 7.76 2.90- 20.74 <.0001 

 

Table 6: Logistic regression analysis using age and gender as confounders for ICU admission 

Variable Odds Ratio 95% CI for OR p value 

Age 1.03 1.00-1.05 0.0441 

Gender male vs. female 0.37 0.15-0.93 0.0352 

Abnormal low Platelet count 2.21 0.58-8.43 
0.0409 

Abnormal high Platelet count 2.94 1.24-7.01 

Abnormal high Creatinine 6.90 2.87-16.61 <.0001 

 

The sensitivity, specificity and predictive values of different cut off values of the laboratory variables were 

calculated for predicting in-hospital mortality and ICU admission. Values with highest success in prediction are 

demonstrated in Tables 7 and 8. 

Table 7: Success in predicting in-hospital mortality of a value greater or equal to mentioned value for Urea and 

Creatinine 

Variable Value PPV NPV Sensitivity Specificity AUC 

Urea 10.9mmol/L 56.9% 89.2% 70.2% 82.1% 0.79 

Creatinine 109umol/L 47.5% 90.7% 80.9% 67.7% 0.80 

PPV: Positive predictive value; NPV: Negative predictive value; AUC: Area under the ROC curve 

 

Table 8: Success in predicting ICU admission of a value greater or equal to mentioned value for Urea and 

Creatinine and a value smaller or equal for Albumin 

Variable Value PPV NPV Sensitivity Specificity AUC 

Urea 8.9mmol/L 55.3% 85.6% 72.4% 73.6% 0.74 

Creatinine 136umol/L 66.2% 86.7% 74.1% 81.5% 0.82 

Albumin 30g/L 61.7% 78.9% 86.2% 49.2% 0.78 

PPV: positive predictive value; NPV: Negative predictive value; AUC: Area under the ROC curve 

 

Secondary outcome analyses for length of hospital and ICU stay showed urea (p=0.0048), creatinine (p=0.0055) 

and albumin (p=0.0416) to be statistically significant in predicting length of ICU stay. Although all subgroups 

for these three variables had median ICU stay of 0 days, some differences were observed regarding 75
th
 

percentiles and differences were due to differences in ICU admission (as shown in Table 4). Potassium 

(p=0.0167) and Albumin (p=0.213) were statistically significant in predicting length of hospital stay.  Patients 
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with low potassium had median hospital stay of 8 days (IQR 6 to 11 days), those with high potassium levels 

median stay of 8.5 days (IQR 6 to 11 days) and those with normal potassium levels median hospital stay of 6 

days (IQR 5 to 9 days). Patients with low albumin levels had median stay of 8 days (IQR 6 to 15 days) 

compared to patients with a normal albumin level who had median stay of 7 days (IQR 4 to 8 days). These were 

calculated for patients who did not die in hospital. 
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Discussion 

The diagnosis of perforated peptic ulcer disease is made using a combination of history, clinical and radiological 

findings. Surgical intervention with explorative laparotomy, ulcer biopsy, primary repair and omentoplasty is 

the preferred surgical management of perforated peptic ulcers in our institution. This is followed by post-

operative Proton Pump Inhibitor and Helicobacter Pylori eradication therapy in all patients. 

Our study included all presenting patients in the defined population with no selection in referral; therefore we 

expected our mortality rate (25%) to be similar to mortality reported in the literature (1.3-40%) [2, 3, 16–21, 7, 

9–15]. 

Investigations into risk factors for perforation are complicated by the wide variation in demographics, 

socioeconomic status, Helicobacter pylori prevalence as well as medication and substance use in different 

population groups [18]. Cohorts from other African countries shows a male predominance of 6-13:1 to females 

[18]. In developing countries young (predominantly male) smokers make up the biggest patient group whereas 

in the developed world elderly patients (increase in females) with other co-morbidities and associated use of 

NSAIDs are more commonly found [8, 13, 22]. Significant inequality in South Africa leads to a wide spectrum 

of socio-economic circumstances in our study population and both these population groups might have been 

included [32]. Our age distribution, with median of 46 years (range 15-87), was similar to other South African 

study demographics as compared to an older age distribution found in most literature [21]. We had a male 

predominance (2.48:1) but it was not as high as similar patient groups in South African and other African series 

and closer to distribution in the rest of  the literature [18, 21]. Our median length of hospital stay of 7 days 

(range 1-94) was similar to other studies [33, 34]. 

Perforated peptic ulcer is multifactorial and multiple scoring systems have been suggested and used as outcome 

predictors thereof [3]. Scoring systems range from simple to complex (combining demographical data, history, 

vital signs and clinical findings, chosen surgical intervention and management options as criteria) sometimes 

making practical implementation thereof more difficult [2, 35]. The ASA (American Society of 

Anaesthesiologist physical status classification system) and Boey score are the most commonly used validated 

scores for patients with perforated peptic ulcers [22]. ICU and other standard surgical scores have also been 

evaluated in patients with perforated peptic ulcers [18]. Replication of original high positive predictive values of 

used scores has not always been shown in other study populations and there is a lack of external cohort 

validation [2, 18, 35]. There is still no agreed standard scoring system and investigation towards an optimal 

prediction model in terms of outcome for patients with perforated peptic ulcers in today’s setting is still not 

saturated [6, 18].  The reason for none of the multiple scoring systems being widely accepted in clinical practice 

can be due to the complexity, non-specificity or subjective points of these scoring systems [25]. The goals of 

being easy to calculate, accurate in predicting outcome and being reproducible across different populations have 

not been comprehensively satisfied by any score [23].  

Due to the wide rural drainage area of our hospital, a large number of our patients have a late presentation that 

already falls outside the 24 hour window period at time of theatre. Literature from South Africa demonstrates a 

late presentation in patients with perforated peptic ulcers, outside of the 24h window from onset of symptoms 

[21]. Record bias in terms of pre-hospital data plays a part in retrospective studies. Patient recall bias in terms of 
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medical and complaint history can also be possible and patients with pre-existing peptic ulcer disease might 

experience pain or symptoms for some time and are therefore unable to pinpoint exactly when pain was 

exacerbated [36]. Accurate patient history might not be possible due to the clinical condition of the patient (e.g. 

Decrease in level of consciousness, elderly patients). This will influence patient medical history in terms of 

other co morbidities and medication-use at the time of admission [25]. All these risk factors have been 

questioned due to lack of objectivity and have been reported to lack sensitivity and specificity [36]. However, 

these risk factors still form part of scoring systems (PULP score, Mannheim Peritonitis score, Hacettepe score) 

previously described in the prediction of patient outcome [15, 16]. 

The POMPP score was developed in 2015 as a practical scoring system to assist in calculating mortality risk in 

patients with perforated peptic ulcers. It indicated age, albumin and urea levels to be three variables that are 

statistically relevant in multivariate analysis. This new scoring system compared well to ASA,  PULP and Boey 

scoring systems but was found less complex as it only made use of age and two admission laboratory values 

(albumin and urea).[25] We found urea (p < 0.0001) to be significant in predicting mortality and ICU admission 

and albumin (p = 0.0048) to predict ICU admission in univariate analysis. Due to a large number of missing 

albumin values (n=69) in our study it could unfortunately not be included in the multivariate analysis. 

A model to calculate postoperative risk specifically for emergency surgery (CORES) was developed in Japan in 

2012. It uses five preoperative variables which include white blood cell count (WCC), platelet count and blood 

urea nitrogen as laboratory values and were able to reproducibly predict postoperative mortality in the validation 

and multicentre subgroups. It was postulated that the better prediction in the General Surgery patient subset 

compared to the P-POSSUM score can be due to the inclusion of platelet count, as thrombocytopenia has been 

shown as a risk factor for mortality in ICU patients and is the most commonly cited manifestation of 

haematological dysfunction [30, 31]. Patients with a high platelet count (>300,000) interestingly also had higher 

mortality rates demonstrated in the study used to develop the CORES model [30]. We found thrombocytopenia 

(OR 2.212 [95% CI 0.581-8.427]) and thrombocytosis (OR 2.942 [95% CI 1.235-7.009]) both to be significant 

variables after multivariate analysis in predicting ICU admission. 

A contemporary study done among an African population in Côte d’Ivoire who had operative interventions for 

perforated peptic ulcer disease, showed a high median value WCC (p < 0.0001), low level of natraemia (134 vs. 

137, p = 0.02) and low potassium (3.6 vs. 3.7, p = 0.01) in patients that had postoperative complications or 

mortality compared to those without. We did not find WCC or sodium to be significant variables in our patient 

group, but did find abnormal potassium (p = 0.0008) to be significant in predicting mortality in univariate 

analysis. 

Development of CORES, Hacettepe, PULP and Jabalpur scores all demonstrated elevated creatinine as a 

significant risk factor [15, 16, 24, 30]. We found abnormal high creatinine to be the strongest single predictor of 

outcome in patients with perforated peptic ulcers. It demonstrated an OR of 7.755 [95% CI 2.899-20.740; p 

<0.0001] in predicting in-hospital mortality and an OR of 6.900 [95% CI 2.866-16.609; p <.0001] in predicting 

ICU admission. This is much higher than the odds ratios demonstrated in developing the PULP score (OR 2.25 

[95% CI 1.78-2.84]) [15].  
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Our study demonstrated urea ≥ 10.9mmol/L had a sensitivity of 70.21% and specificity of 82.14% (AUC 0.79) 

and creatinine ≥ 109umol/L a sensitivity of 80.85% and specificity of 67.69% (AUC 0.80) in predicting in-

hospital mortality. 

The PULP score demonstrated an OR of 1.13 [95% CI 0.80-1.61] for a haemoglobin < 6 mmol/L in predicting 

mortality [15]. Our study demonstrated abnormal low (OR 2.877 [95% CI 1.149-7.201]) and high (OR 4.363 

[95% CI 0.982-19.386]) haemoglobin levels both to be significant in predicting in-hospital mortality. 

Our study also validated age as a significant prognosticator. It showed an OR of 1.034[95% CI 1.008-1.061]; p 

= 0.0091 for predicting in-hospital mortality and an OR of 1.025 [95% CI 1.001-1.051]; p = 0.0441 for 

predicting ICU admission. The importance of advanced age as an independent risk factor remains as valid as in 

literature [3, 7, 9, 25, 33]. 

A large part of our study validated previously identified outcome predictors found in literature in our specific 

patient cohort. Discrepancies can most likely be accounted for by differences in demographical factors and 

mortality in other settings. These research findings will assist in the practical usage of easily available laboratory 

values in predicting outcomes in patients with perforated peptic ulcers. It can lead to better clinical decisions 

and cost-benefit strategies. This will promote optimal management as well as facilitate better assignment of 

resources such as theatre space and consultant coverage. Limited ICU bed availability in most health care 

settings emphasizes the importance of individual risk stratification. Scoring systems should be easy to calculate 

and have a high degree of accuracy in predicting adverse outcomes, which have been proven difficult to 

materialise in this patient group as seen in the literature. Patients identified as higher risk could have earlier 

access to organ support, intensive care and more aggressive resuscitation. Outcomes can then be improved based 

on individual risk stratification. It has been proven that extra perioperative care and management protocols for 

high risk patients improve in-hospital mortality [10, 25]. Knowledge of significant independent risk factors by 

the surgeon will assist in confident judgement about operative planning and appropriateness [16]. This 

awareness will also improve patient counselling in terms of risks, possible complications and outcome 

expectations. Naturally, an individual predictor can’t be ascribed to a single patient, but the presence of a 

significant or more than one risk factor presents a much higher mortality risk in contrast to patients with none 

[6]. 

These findings can also be used in combination with other preoperative information or in further prospective 

studies to develop appropriate prediction and scoring systems for this health care setting or used in different 

populations as a comparison. Most of the studies available in the literature were done mainly in western and 

Asian countries [17]. In the era of hand-held devices and smartphones more complex scoring systems might be 

easier to calculate at the bedside than before [23]. It might be difficult to develop a universally reproducible 

scoring system due to geographical variation in age, gender and patterns of presentation [18]. Laboratory values 

however have the advantage of being an objective variable not influenced by subjective interpretation and 

therefore ideal for validation between different patient cohorts and demographic regions [6]. 

Although the study involved a consecutive cohort a limitation of this study is that it is a retrospective, single 

centre study. An additional limitation was that both gastric and duodenal ulcers have been grouped under the 

umbrella of peptic ulcer disease, as information with regards to anatomical location during surgery of these 
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ulcers was not available, even though etiological factors and pathophysiological processes may differ. An 

advantage is that we had minimal missing data due to consistent laboratory records. This might be more of a 

problem in future studies using other perioperative variables depending on pre hospital and hospital records. 

Laboratory values might just be indicators for other underlying factors like chronic disease. Further 

investigation into causality from the findings in the study might therefore be warranted at a later stage. The long 

term outcome after hospital discharge for our patient group was also not assessed. Logical regression was used 

to minimise confounding variables. Some of the calculated 95% Confidence intervals are wide, which indicates 

low statistical precision. Other reference ranges for abnormal values and definitions or categorizations of 

demographic variables might have produced different results. 

Conclusion 

All laboratory values might not be exact in predicting mortality but we found that routine admission laboratory 

values does most certainly contribute to building a risk stratification model for this patient group in our health 

care setting. A local risk prediction model should be developed and validated in future prospective studies with 

inclusion of other risk factors. This study simply questioned whether admission laboratory values in isolation 

can be trusted to assist with predicting outcomes. Admission laboratory values are valuable in predicting 

surgical outcomes and they play a crucial role in our approach and management of the patient from the time of 

admission. 

List of abbreviations 

ASA American Society of Anaesthesiologist physical status classification system 

CI   Confidence interval 

CORES score  Calculation of post-operative risk in emergency surgery 

HSREC   Health Science Research Ethics Committee 

ICU   Intensive Care Unit 

IQR    Interquartile range 

Meditech  Medical technology system data storage 

NSAIDs   Non-steroidal anti-inflammatory drugs 

OR   Odds Ratio 

POMPP score Prediction of mortality in perforated peptic ulcer 

PPI   Proton Pump Inhibitor 

P-POSSUM score  Portsmouth Physiological and operative severity score for the enumeration of 

mortality and morbidity (Portsmouth modification of the original POSSUM score) 

PPU   Perforated peptic ulcer 

PULP score  Peptic Ulcer Perforation score 

UFS   University of the Free State 

WCC   White Blood Cell Count 
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2. INTRODUCTION 

Peptic ulcer disease results from an imbalance between pepsin and acid in the stomach and 

defensive barriers of stomach mucosa1. Annually over 4 million people are affected by 

peptic ulcer disease worldwide 2. Peptic ulcer disease is complicated by bleeding, 

obstruction and perforation 3. The incidence of perforation is 4-10/ 100 000 population per 

annum and the most common operation is simple closure 4. Even though the surgical 

therapy has not changed much over the last few decades, perforated peptic ulcer disease 

remains a dangerous surgical condition with a morbidity and mortality not to be 

underestimated5. More than 70% of deaths associated with peptic ulcer disease are due to 

perforation 5. Perforated peptic ulcer carries a mortality of 1.3% to 30% 6-8. A classic triad of 

tachycardia, sudden onset abdominal pain and abdominal rigidity has been described, but 

patients can present with a wide array of gastrointestinal or systemic symptoms1 6. 

Admission status has been described as a significant prognostic factor in patients with 

peptic ulcer perforation 8. 

Perforated peptic ulcer is a multifactor disease and multiple scoring systems have been 

suggested and used as outcome predictors thereof 9. Investigations into risk factors for 

perforation are complicated by the wide variation in demographics, socioeconomic status, 

prevalence of Helicobacter pylori as well as medication and substance use in different 

population groups 6. Scoring systems range from simple to complex (combining 

demographical data, history, vital signs and clinical findings, chosen surgical intervention 

and management options as criteria) sometimes making practical implementation thereof 

more difficult. Replication of original high positive predictive values of some scores has also 

not always been shown in other study populations3 10. There is still no agreed standard and 

investigation towards an optimal prediction model in terms of outcome for patients with 

perforated peptic ulcers in today’s setting is still not saturated 6 11. The reason for none of 

the multiple scoring systems being widely accepted in clinical practise can be due to the 

complexity, non-specificity or subjective points of these scoring systems 12. None have been 

able to comprehensively satisfy goals of being easy to calculate, accurate in predicting 

outcome and being reproducible across different populations.13  

The time period from ulcer perforation until surgical intervention is one of the criteria used 

in the Boey score7. It has been described as a significant predictor of mortality in some 
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studies 8 14, but found not to be significant in others 15 16. Due to the wide rural drainage area 

of our hospital, a large number of our patients have a late presentation that already falls 

outside the 24 hour window by time of theatre. Use of alternative medication according to 

cultural beliefs and symptomatic treatment at primary care centres also contribute to late 

presentation in an African healthcare setting 17. Record bias in terms of pre hospital data 

plays a part in retrospective studies. Patient recall bias in terms of medical and complaint 

history can also be possible and patients with pre-existing peptic ulcer disease might 

experience pain or symptoms for some time and are therefore unable to pinpoint exactly 

when pain exacerbated 16. Accurate patient history might not be possible due to the clinical 

condition of the patient (e.g. Decrease in level of consciousness, elderly patients). This will 

influence patient medical history in terms of other co morbidities and medication- use at 

the time of admission12. All these risk factors have been questioned due to lack of 

objectivity and have been reported to lack sensitivity and specificity 16. However, these risk 

factors still form part of scoring systems (PULP score, Mannheim Peritonitis score, 

Hacettepe score) previously described in the prediction of the patient’s outcome 15 18.  

Acute renal failure and a white blood cell count (WCC) of more than 20 x 109/l have been 

shown to be significant factors influencing mortality in perforated peptic ulcers. With male 

sex they contribute 3 out of the 4 scoring points used in the Hacettepe Score which showed 

a predictive accuracy of 93% 15. A study in Japan found a low white blood cell count to be a 

significant risk indicator, and it was dependant on age 19. 

A practical scoring system of mortality in patients with perforated peptic ulcer (POMPP) was 

developed in 2015, indicating age, albumin and urea levels to be three variables that are 

statistically relevant in multivariate analysis. This new scoring system compared well to ASA 

(American Society of Anaesthesiologist physical status classification system), PULP (Peptic 

Ulcer Perforation score) and Boey scoring systems but was found less complex as it only 

made use of age and two admission laboratory values (albumin and urea) 12. 

A contemporary study done among an African population in Côte d’Ivoire who had surgery 

for perforated peptic ulcer disease, showed a high median value of WCC (P < 0.0001) and 

low level of natraemia (134 vs 137, P = 0.02) in patients that had post operative 
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complications or mortality compared to those without. Patients with hyponatremia had a 

twofold increase in the risk of complications or death in this study population 17. 

Elevated serum creatinine levels can be due to untreated peritonitis or pre existing renal 

disease (known or unknown before diagnosis). Together with elevated urea level and 

metabolic acidosis it can be indicative of prerenal injury and SIRS (Systemic inflammatory 

Response Syndrome) 1.With delay in medical attention there is deficit in total body water 

which leads to hypotension. Uninterrupted hypotension can then also progress to acute 

kidney injury 1. Acute kidney injury can be a reflection of dehydration, shock or sepsis and 

loss of renal function is a poor prognostic sign 11 20. In the development of the Mortality 

Probability Models (MPM II) patients who were admitted to ICU with acute renal failure 

were 4.4 times more likely to die in the hospital (OR 4.4 [95% CI 3.7-5.2]) 21. In the era 

before Proton Pump Inhibitor (PPI) therapy, pre operative serum creatinine has already 

been shown to be the single most important predictor of survival, with patients with a 

normal serum creatinine 25.5 times more likely to survive 16. It has been shown that ICU 

mortality rate increases with increasing serum creatinine concentration 22. Elevated serum 

creatinine was also associated with mortality during development of the Jabalpur prognostic 

scoring system and forms one of its criteria 23. Another multivariable regression analysis 

found hypoalbuminaemia, hyperbilirubinaemia and increase creatinine all to be predictive 

of 30-day post-operative mortality 11. During development of the Peptic Ulcer Perforation 

(PULP) score, which had a better prediction of 30 day mortality than the ASA score and Boey 

score in the same population group, elevated serum creatinine was also one of the factors 

with the highest prognostic impact 18. Elevated serum creatinine in itself may therefore be 

an indicator for other underlying factors like pre- existing disease or the state of the acute 

disease 11. A mortality of 75% has been demonstrated in patients with perforated 

gastroduodenal ulcer and renal failure 19. 

A model to calculate post-operative risk in emergency surgery (CORES) was developed in 

Japan in 2012. It uses five preoperative variables which include WCC, platelet count and 

blood urea nitrogen and were able to reproducibly predict post-operative mortality in the 

validation and multicentre subsets. It was postulated that the better prediction in the 

General Surgery patient group compared to the P-POSSUM score (Physiological and 

operative severity score for the enumeration of mortality and morbidity) might be due to 
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the inclusion of platelet count, since thrombocytopenia has been reported as a risk factor 

for mortality in ICU patients and is the most commonly cited manifestation of 

haematological dysfunction 22 24.  

In a condition such as perforated peptic ulcer disease, electrolyte disturbances, anaemia, 

hypoalbuminaemia, renal failure and leucocytosis can all be seen as part of the sepsis 

syndrome 9. 

The diagnosis of a perforated peptic ulcer cannot be made by using laboratory values in 

isolation. Laboratory values are however good indicators of organ dysfunction and 

inflammation. They are also used to rule out other pathologies on the differential diagnosis, 

like pancreatitis 1 5 6. Laboratory values form part of most perforated ulcer and other 

prognostic scoring systems used currently (Table 1) 9 13: 

Table 1: 

Scoring system used for 

outcome prediction 
Target population 

Outcome 

measured 

Laboratory values used as 

part of scoring system 

Hacettepe score15 Patients with 

perforated peptic 

ulcer 

30 day mortality Acute renal failure, White 

blood cell count 

Jabalpur score23 Patients with 

perforated peptic 

ulcer 

30 day mortality Serum creatinine 

PULP (Peptic ulcer 

perforation score)
18

 

Patients with 

perforated peptic 

ulcer 

30 day mortality Liver failure, serum- 

creatinine 

Mannheim Peritonitis index General peritonitis Preoperative 

prediction of 

outcome 

Organ failure 

APACHE II *(Acute physiology 

and chronic health 

evaluation II)20 

Critically ill patients Prediction of 

outcome in ICU 

patients 

White blood cell count, 

creatinine, Potassium, 

Sodium 

SAPS II (Simplified acute 

physiology score II)
25

 

Critically ill patients Prediction of 

outcome in ICU 

patients 

White blood cell count, 

Bilirubin, Urea, Potassium, 

Sodium 

MPM II (Mortality Probability Critically ill patients Prediction of Liver failure, Renal 
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Models)21 outcome for ICU 

patients 

insufficiency 

POSSUM (Physiological and 

operative severity score for 

the enumeration of mortality 

and morbidity score)26 

Surgical patients Prediction of 

mortality 

White blood cell count, 

Haemoglobin, Urea, 

Potassium, Sodium 

CORES (Calculation of post 

operative risk in emergency 

surgery) 
24

 

Patients who 

underwent 

emergency surgery 

In hospital mortality White blood cell count, urea, 

platelet count 

Multiple organ dysfunction 

score 22 

Critically ill patients Prediction of 

mortality and 

outcome for ICU 

patients 

Serum creatinine, platelet 

count 

 

As described all these scoring systems uses a different subset of available laboratory values 

in an attempt to predict mortality. The question remains whether admission laboratory 

findings are of any value in isolation, and can they be used as a reliable indicator of 

prognosis? 

The diagnosis of perforated peptic ulcer disease is made using a combination of history, 

clinical and radiological findings. Surgical intervention with laparotomy, biopsy, primary 

repair and omentoplasty is the preferred surgical management of perforated peptic ulcers in 

our institution. This is followed by post operative Proton Pump Inhibitor and eradication 

therapy. 

3. RESEARCH QUESTIONS, AIMS AND OBJECTIVES 

To calculate the predictive value in terms of surgical outcome of different admission 

laboratory values in patients with perforated peptic ulcers. 

4. METHODOLOGY 

 

4.1 Study design 

 

This is a retrospective, cohort analytical, observational study. All patients with confirmed 

peptic ulcers which were surgically treated will be considered for the study 
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Predictive value in terms of outcome will be assessed and compared. 

 

4.2 Sample/ study participants 

 

A mortality figure similar to the mortality reported in our literature review (1-30%) is 

expected in our study population. We anticipate approximately 150-250 patients to meet 

our inclusion criteria over the five year period. 

 

Inclusion criteria: 

- All consecutive patients at Pelonomi Regional Hospital from July 2014- June 2019 in 

both sexes with surgically confirmed (during laparotomy) perforated peptic ulcer 

(gastric or duodenal) disease and available demographic and admission laboratory data. 

Pelonomi Regional Hospital provides the bulk of the acute care surgical and trauma 

services for the Free State province in South Africa 

 

Exclusion criteria: 

- Histological confirmed malignant perforations 

- Traumatic or iatrogenic perforations 

- Perforations due to caustic ingestion or foreign bodies  

- Perforations found during autopsy 

- Patients managed conservatively without surgical intervention 

- Patients who had surgery but no confirmation of perforated ulcer 

- Patients younger than 13 years 

 

4.3 Measurement 

 

Data will be collected for patients who meet the inclusion criteria  

 

Demographic data will be collected from Pelonomi hospital’s electronic database (Meditech) 

and matched to NHLS database (Labtrak). Department of Surgery statistics database and 

theatre record books will be used as backup measure to ensure no patient that meets 

inclusion criteria is excluded from data collection. 
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Demographic data will include age and sex. 

 

Laboratory values will be values collected from National Health Laboratory Service database 

(Labtrak). The following values on admission will be used: 

- Full blood count (Haemoglobin, Haematocrit, White cell count, Platelets) 

- Renal function (Urea and Creatinine) 

- Electrolytes (Sodium and Potassium) 

- Inflammatory markers (C-reactive Protein- CRP) 

- Albumin 

All data will be captured on a data sheet (See appendix) 

Patient endpoint: 

Primary comparative outcome measure: In hospital mortality- all deaths during stay of 

admission 

 

Secondary endpoints: 

ICU admission 

Time of stay in ICU 

Time of stay in hospital 

 

Study outcome: 

1. Accurate predictive value of laboratory values 

2. Secondary outcomes: 

-  Predictive value of demographic data 

- Comparison of predictive value between laboratory results 

- Prediction of ICU or hospital stay 

 

4.4 Methodology and measurement errors 

Due to the fact that this is a retrospective study, incomplete or missing records from the 

National Health Laboratory Service (labtrak) or the hospitals electronic database (Meditech) 

may be problematic and lead to bias. Incomplete records will need to be evaluated carefully 
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and compared to information in the Department of Surgery’s statistical data base as control 

measure. 

As stated in the introduction, laboratory values might just be indicators for other underlying 

factors like chronic disease. Further investigation into causality from the findings in the 

study might therefore be warranted at a later stage. 

In order to minimise bias in terms of our literature review we tried to include and evaluate 

all the recognised scoring systems and included up to date as well as older studies of 

proposed outcome predictors that were still used popularly or acknowledged in high regard.  

Multivariate techniques will be used to minimise confounding variables as far as possible  

5. DATA CAPTURING AND ANALYSIS 

Data will be captured on an Excel spreadsheet from the data sheets. Captured data will be 

analysed by researchers and the department of Bio-statistics at the University of the Free 

State. 

Logistic regression analysis will be used to assess the significance of the risk factors. P 

values, odds ratios, predictive value, sensitivity and specificity will be calculated with a P-

value of <0,05 considered significant. Receiver operating characteristic (ROC) curve will be 

created and Area under ROC curve (AUC) will be calculated. 

6. IMPLEMENTATION OF FINDINGS 

 

This study will be used as part of the MMed curriculum and handed in to be marked as a 

MMed dissertation. 

 

The findings will assist in the practical usage of easily available laboratory values in 

predicting outcome in patients with perforated peptic ulcers. It can lead to better clinical 

decisions and cost-benefit strategies. This will promote optimal management as well as 

facilitate better assignment of resources. Patients identified as higher risk could have earlier 

access to organ support, intensive care and more aggressive resuscitation. Outcome can 

then be improved based on individual risk stratification. It will also improve patient 

counselling and operative planning. 



46 
 

 

These findings can also be used in combination with other preoperative information or in 

further prospective studies to develop appropriate prediction and scoring systems for this 

health care setting or used in different populations as comparison. 

 

7. PROPOSED TIME SCHEDULE 

 

Writing of Protocol    October- December 2018 

Submission to ethics committee January 2019 

Data capturing   November 2019- April 2020 

Submission of data for analysis May 2020 

Submission of completed article November 2020  

 

8. BUDGET 

 

Travel and stationary costs to be covered by researchers (< R1000) 

No sponsors will be used in this study 

No other expenses are budgeted for  

 

9. ETHICAL ASPECTS 

 

The study protocol will be submitted to the Health Sciences Research Ethics Committee of 

the University of the Free State.  

 

Permission for the study will be obtained from Dr N Pearce, Head of department of General 

Surgery, University of the Free State as well as the Free State Department of Health. 

Permission from the National Health Laboratory Service for use of their database will also be 

obtained. 

  

Study will only commence once ethical approval has been obtained as well as permission 

from other relevant parties as mentioned above. 
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All retrospectively collected patient data will be treated as confidential. Patient names and 

hospital numbers will be changed to new study numbers to insure confidentiality. Patient 

identifier-depleted data will be stored on a password controlled computer on a secure 

server. Only the researchers will have access to the patient records.  
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11. APPENDICES 

DATA CAPTURE SHEET: 

 

 

 

  

DEMOGRAPHIC DATA

1

Gender M 1 F 2 2

Age 3

LABORATORY VALUES

FULL BLOOD COUNT

Hb , 4 ,

Haematocrit , 5 ,

WCC , 6 ,

Plt 7

Urea , 8 ,

Creat 9

10

, 11 ,

Crp 12

OTHER

Albumin 13

OUTCOME

Y 1 N 2 14

Y 1 N 2 15

days 16

days 17Days in Hospital

Potassium (K)

INFECTIVE MARKERS

In Hospital Mortality

ICU admission

Days in ICU

years

Study number

RENAL FUNCTION

ELECTROLYTES

Sodium(Na)
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Appendix F – South African National Health Laboratory Service 

(NHLS) Reference Ranges for Laboratory Values 

 

Hemoglobin 14.3-18.3 g/dL 

Haematocrit 0.43-0.55 L/L 

WCC 4.0-10.0 x 109 /L 

Platelet count 171-388 x 109/L 

Urea 2.1-7.1 mmol/L 

Creatinine 64-104 umol/L 

Sodium 136-145 mmol/L 

Potassium 3.5-5.1 mmol/L 

C-reactive protein 0-5 mg/L 

Albumin 35-52 g/L 
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Appendix G – Instructions to Authors of the European Journal of 
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Trauma and Emergency Surgery 
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