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ABSTRACT

Introduction. The immediate aim should 
be to identify potentially resuscitative 
acute abdominal pain that requires prompt 
investigation or early surgical interven-
tion. We aimed to evaluate whether serum 
cortisol levels differentiate surgical and 
non-surgical disease in patients with acute 
abdominal pain. 
Materials and methods. In this prospec-
tive cross-sectional study, the primary 
end-point was defined as differences in 
serum cortisol levels between surgically 
and non-surgically treated patients with 
non-traumatic acute abdominal pain. The 
secondary end-point was to compare the 
cortisol levels with defined complete blood 
count (CBC) parameters in those groups. 
Results. One hundred eleven patients with 
acute abdominal pain were included in 
the study. Three most frequent diagnoses 
were nonspecific abdominal pain, acute 
appendicitis and dyspeptic complaints. 
Thirty patients were hospitalized and 22 of 
them were operated. The median cortisol 
level was 23.13 µg/dl in surgically treated 
patients and 13.94 µg/dl in non-surgically 
treated patients (p<0.001). The area under 
the ROC curve using cortisol to detect 
surgical disease was 0.750 (95% CI, 0.659-
0.827) and the accuracy of cortisol to de-
tect surgical disease was not inferior to de-
fined CBC parameters. A cortisol value of 
17.98 µg/dl had a sensitivity of 67.4% and 
a specificity of 77.3% for surgical disease. 
Conclusion. Operated patients had higher 
serum cortisol levels. High serum cortisol 
levels may indicate surgical disease at the 
early stage on admission in ED patients 
with acute abdominal pain and may be 
used as a marker in the prediction of acute 
surgical abdomen.
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INTRODUCTION

Abdominal pain is one of the most com-
mon admission complaints at the emer-
gency departments (EDs). Pain of less than 
one week’s duration that may require ur-
gent surgery is defined as acute abdominal 
pain. Abdominal pain is a condition that 
almost everyone has encountered at least 
once in their lifetime, and has a broad dif-
ferential diagnosis, including benign and 
life-threatening diseases. In 2009, 8% of 
all ED patients in the United States (10.41 
million patients) presented with abdomi-
nal pain. (1) The variability of symptoms 
and clinical features of many serious causes 
of abdominal pain has led to doctors rely-
ing heavily on diagnostic tests. As reported 
in a ED based study, 65% of patients with 
undifferentiated non-traumatic abdominal 
pain received at least one diagnostic test 
during their evaluation. (2) Patients with 
acute abdominal pain are a heterogeneous 
group that consumes a great deal of ED's 
resources. The immediate aim should be 
to identify potentially resuscitative acute 
abdominal pain that requires prompt in-
vestigation or early surgical intervention. 
For life-threatening conditions, timely di-
agnoses and pertinent investigations are 
essential for appropriate intervention and 
management. 
The response of hypothalamic pituitary 
adrenal axis is an important defence factor. 
Cortisol is a principle hormone secreted 
by adrenal glands and essential to regulate 
stressful conditions in human body. Its 
proportional secretion is positively corre-
lated with the degree of illness in hospital-

ized medical patients and already shown in 
research. (3) Also, there are some already 
known clinical elevated cortisol level situ-
ations in literature such as viral infections, 
psychiatric disorders, psychological stress 
or exposure. (4-8) 
To understand the stress response to a 
stressful clinical condition in the patho-
genesis of acute abdomen, we measured 
the cortisol levels on ED admission. We 
hypothesized that higher cortisol levels are 
related to the laparotomy in patients with 
acute abdominal pain.

MATERIALS AND METHODS 

This prospective observational cross-
sectional study was performed in a train-
ing and research hospital ED between 
the dates of November 20, 2013 and De-
cember 5, 2013. The ED has 180000 visits 
annually. Permission for the study was 
approved by the local ethics committee 
(302/16.08.2013). Informed consent was 
obtained from each patient.
The study included consecutive adult pa-
tients admitted to the ED with abdomi-
nal pain of less than one week’s duration. 
Exclusion criteria have been identified 
as: 1. Using any form of steroids, 2. Pres-
ence of diagnosed cortisol-related disease 
(Cushing’s syndrome or disease, pitui-
tary or ectopic tumour, Pseudo-Cushing's 
syndrome, Addison’s disease, Nelson's 
syndrome, Sheehan’s syndrome), 3. Pres-
ence of mental disorder (bulimia nervosa, 
schizophrenia, major depression), 4. Prior 
major surgery within the last six months, 
5. Pregnancy. 6. Trauma-related abdomi-
nal pain.
All subjects were evaluated in the ED tri-
age area and placed in the appropriate 
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triage category regardless of the study set-
tings. Demographics, vital signs, and clini-
cal and laboratory data were noted. The ab-
solute neutrophil count was divided by the 
absolute lymphocyte count to calculate the 
neutrophil-to-lymphocyte ratio (NLR). 
Patients were examined by an emergency 
physician and preliminary diagnosis was 
recorded. Data was collected on an elec-
tronic database. Patients were followed up 
with necessary further investigations as 
was clinically indicated to ascertain the fi-
nal diagnosis. Nonspecific abdominal pain 
(NSAP) was defined as an abdominal pain 
lasting more than six hours and less than 
seven days, without fever, leukocytosis, or 
obvious peritoneal signs and unclear di-
agnosis after physical exam and baseline 
investigations. 

Cortisol measurements

When it was decided that a patient should 
be included in the study, a blood sample 
for cortisol level testing was drawn. Blood 
samples were collected with 0.5 ml volume 
in red top tube via standard venipuncture 
techniques. If gross hemolysis or visible 
lipemia were seen, blood sample was re-
peated. The serum was stored at -800C 
until assayed. Serum cortisol levels were 
measured with an immunochemistry ana-
lyser (XP, Siemens Healthcare Diagnostics, 
Erlangen, Germany) using a solid-phase 
competitive method. 

Outcome measurements

The primary end-point was defined as dif-
ferences in serum cortisol levels between 
surgical and non-surgical treated ED pa-
tients with acute abdominal pain. The 
secondary objective was to compare the 
accuracy of cortisol with defined complete 
blood count (CBC) parameters [white 
blood cell (WBC) count, neutrophil count 
and percentage, NLR] in predicting surgi-
cal treatment in those groups.

Statistical analysis

Findings were analysed with patients cat-
egorized in operated and non-operated 
groups. All calculations were performed 
using SPSS version 15.0 statistical software 
package (IBM, Armonk, NY). Descriptive 
statistics were reported, including mean, 
standard deviation, and frequency. The 
Kolmogorov-Smirnov test was used to 
check the normality assumption. Continu-
ous data was analysed using the unpaired 
t-test or Mann-Whitney U test, depending 
on whether the data was normally distrib-

uted. Differences in medians were com-
puted with 95% confidence intervals (CIs). 
The p values for comparisons of categorical 
variables were generated by the chi-square 
test. If the relationship between numeri-
cal variables did not provide a parametric 
test condition, Spearman correlation was 
performed. Also, cut off values were calcu-
lated, and ROC curve analysis performed. 
Area under the receiver operating char-
acteristic curve (AUC) was used to quan-
tify prognostic accuracy. All the statistical 
analysis was done with 95% CIs and if the p 
value was 0.05 or lower, the result was con-
sidered as statistically significant. 

RESULTS 

A total of 203 consecutive patients were 
assessed for eligibility; 92 were excluded 
for the reasons described in figure 1, and 
111 subjects were enrolled in the study. 
Of them, 53 (47.7%) were female and the 
median age was 45 (IQR 31-59.5). The 
baseline characteristics of study partici-
pants are presented in Table 1.  Three most 
frequent diagnoses were NSAP (36.6%), 
acute appendicitis (9.9%) and dyspeptic 

complaints (9.9%), such as gastritis, gastro 
oesophageal reflux or peptic ulcer. Eighty-
one patients were discharged from the ED. 
Thirty patients (27%) were hospitalized 
and 22 of them (73.3%) were operated. 
The diagnoses of operated patients were: 

acute appendicitis (9 patients), acute chol-
ecystitis (4 patients), bowel obstruction (3 
patients), perforated viscus (2 patients), 
ectopic pregnancy-ovarian cyst rupture 
(2 patients), upper GI (gastrointestinal) 
bleeding (1 patient), and ruptured ab-
dominal aortic aneurysm (1 patient). All 
patients’ median serum cortisol level was 
16.63 µg/dl (IQR: 9.65 to 23.92 µg/dl). Per-
formance characteristics of laboratory pa-
rameters in surgically and non-surgically 
treated patients are presented in Table 2. 
The median cortisol level was 23.13 µg/dl 
(IQR: 22.5-50.2 µg/dl) in surgically treated 
patients and 13.94 µg/dl (IQR: 13.7-29.7 
µg/dl) in non-surgically treated patients 
(p<0.001). Additionally when evaluated 
defined CBC parameters separately; the 
medians were found in surgically treated 
patients and in non-surgically treated pa-
tients, 12.95 109L (IQR: 7.43-14.84) and 
8.05 109L (IQR: 6.53-10.94) (p=0.003) 
for WBC; 10.32 109L (IQR: 5.29-11.94) 
and 5.37 109L (IQR: 4.01-7.20) (p=0.001) 
for neutrophil count; 74.65% (IQR: 69.1-
84.30) and 69.04 % (IQR: 58.6-75.6) 
(p=0.007) for neutrophil percentage; 5.23 
(IQR:3.15-10.13) and 3.43 (IQR:1.89-6.00) 
(p=0.011) for NLR, respectively.

The area under the ROC curve using cor-
tisol to detect surgical disease was 0.750 
(95% CI, 0.659-0.827). A cortisol value of 
17.98 µg/dL had a sensitivity of 67.4% and 
a specificity of 77.3% for predicting surgi-
cal disease. Also, a ROC curve analysis was 

Figure 1. The patient flow diagram
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performed to determine the accuracy of 
WBC, neutrophil count, neutrophil per-
centage and NLR for predicting surgical 
disease; the AUCs were calculated as 0.706 
(95% CI, 0.611-0.789), 0.721(95% CI, 
0.627-0.803), 0.683 (95% CI, 0.587-0.769) 
and 0,677 (95% CI, 0.580-0.763) respec-
tively (table 3).  The accuracy of cortisol for 
discriminating surgical disease wasn’t infe-
rior to WBC, neutrophil count, neutrophil 
percentage and NLR. 

DISCUSSION 

Abdominal pain is a common chief com-
plaint in EDs. Medical history, physical 
examination, repeated bedside observa-
tions and imaging studies are the most im-
portant factors for differential diagnosis of 
acute abdomen. The key clinical decision 
is to determine whether the condition is 

urgent and early surgical intervention is 
required. The literature shows that, while 
individual laboratory studies taken in iso-
lation rarely determine a diagnosis, the 
results of laboratory studies do frequently 
affect tenancy or treatment in the ED. Cor-
tisol is a surrogate for direct assessment 
of cytokine generation, which is triggered 
by most forms of inflammation, infection, 
and tissue injury. It can be valuable tool in 
diagnostic assistance, confirming the exist-
ence of inflammation, assessing severity, 
and monitoring the response to treatment 
and the development of complications. In 
the present hypothesis-generating study, 
we demonstrated that elevated serum cor-
tisol levels are associated with increased 
risk of surgical disease in adult ED patients 
with non-traumatic acute abdominal pain. 
This study has two main findings. First, pa-
tients in surgically treated group had high-
er serum cortisol levels. Second, the accu-

racy of cortisol to detect surgical disease 
was not inferior to WBC count, neutrophil 
count, neutrophil percentage and NLR, 
which have been used almost routinely for 
acute abdominal pain evaluation. 
Clinical applications of serum cortisol in 
different disease entities have been pub-
lished. The studies showed that high serum 
cortisol levels can predict adverse out-
come in patients with severe community 
acquired pneumonia, cardiac event risk 
in chronic heart failure, survival state in 
resuscitated cardiopulmonary arrest, mor-
tality risk in chronic haemodialysis, and 
development of postoperative cognitive 
dysfunction following cardiac surgery. (9-
15) To our knowledge, this is the first study 
to investigate the association between cor-
tisol levels and surgical abdominal pain. 
It’s an important problem to estimate 
surgical disease in patients with abdomi-
nal pain, especially at the early stage of 

Table 1. The characteristics of study participants 
Characteristic Non-surgically treated Surgically treated p
Age, year (median, IQR) 45 (31-60) 37 (31-54) 0,482
Gender, male (n, %) 49 (84.5) 9 (15.5) 0,234
Systolic blood pressure, mmHg (median, IQR) 130 (118-140) 122.5 (116-135) 0.140
Diastolic blood pressure, mmHg (median, IQR) 70 (65-78) 66 (62-76) 0.182
Heart rate, beats in a minute (median, IQR) 78 (72-90) 77.5 (74-94) 0.433
Respiratory rate, breaths in a minute (median, IQR) 14 (12-16) 14 (13-15) 0.908
Body temperature, oC (median, IQR) 36.3 (36.1-36.6) 36.4 (36.1-36.7) 0.342
Duration of pain, hours (median, IQR) 10 (5-48) 12 (4-24) 0.595
Hospitalization, yes (n, %) 8 (26.7) 22 (73.3) <0.001
IQR, Interquartile Range.

Table 2. Performance characteristics for parameters
Parameter Non-surgically treated Surgically treated p
Cortisol, µg/dl (median, IQR) 13.94 (8.39-21.45) 23.13 (18.08-30.01) <0.001
WBC, 109/L (median, IQR) 8.05 (6.53-10.94 ) 12.95 (7.43-14.84) 0.003
Neutrophil count, 109/L (median, IQR) 5.37 (4.01-7.20) 10.32 (5.29-11.94) 0.001
Neutrophil percentage, % (median, IQR) 69.04 (58.60-75.60) 74.65 (69.10-84.30) 0.007
NLR (median, IQR) 3.43 (1.89-6.00) 5.23 (3.15-10.13) 0.011
IQR, Interquartile Range; NLR, Neutrophil to Lymphocyte Ratio; WBC, White Blood Cell Count.

Table 3. Receiver operating characteristic curve of parameters
Parameter Cut-off value AUC Sensitivity Specificity CI
Cortisol 17.98 µg/dl 0.750 77.3% 67.4% 0.659-0.827
WBC 12.50 109/L 0.706 54.6% 87.4% 0.611-0.789
Neutrophil count 9.99 109/L 0.721 59.1% 88.5% 0.627-0.803
Neutrophil ratio 64.8% 0.683 90.9% 44.8% 0.587-0.769
NLR 2.87 0,677 86,4% 44,8% 0.580-0.763
AUC, Area Under the Curve; CI, Confidence Interval; NLR, Neutrophil to Lymphocyte Ratio; WBC, White Blood Cell Count.
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admission and we found that cortisol lev-
els were significantly higher in surgically 
treated patients. In our opinion, it is likely 
that the stress response to pain represents 
an exclusive trigger for surgical abdomen 
occurrence; however, recent findings in-
dicate that interdependent mechanisms, 
such as inflammatory and stress responses, 
through interaction effects, may be in-
volved in the pain pathogenesis. (16,17)
Many diagnostic tests have been evaluated 
in research to make differential diagnosis 
and identify emergent conditions in ED 
patients with acute abdominal pain. The 
most common laboratory tests ordered in 
the ED are CBC (34.1%), blood urea nitro-
gen (BUN/creatinine) (20.1%), electrolytes 
(19.1%), cardiac enzymes (19%), and liver 
function tests (11.5%). (18) Traditionally, 
CBC is the most widely used and guided 
test in abdominal pain evaluation. As em-
phasized in many studies in the literature, 
Abbas et al. reported that important fac-
tors which predict acute surgical pathology 
was found related raised WBC, tachycar-
dia, guarding and vomiting. (19) However, 

in one study, 25% of the patients with an 
elevated WBC did not have different re-
sults than those with normal WBC. (20)
Parker et al. examined the utility of the 
WBC and liver function tests in elderly ED 
patients with acute abdominal pain and 
demonstrated that the tests do not distin-
guish surgical from non-surgical disease. 
(21) NLR is a predictor of acute inflamma-
tion and was recently studied in many clin-
ical conditions for the diagnosis or prog-
nosis. In literature, there are studies that 
report NLR predict surgical abdomen and 
also there are studies reporting the oppo-
site. (22-24) In the present study, defined 
CBC parameters, NLR and cortisol lev-
els were significantly higher in surgically 
treated patients. Additionally, the accuracy 
of serum cortisol level to distinguishing 
surgical from non-surgical disease in acute 
abdominal pain was not inferior to defined 
CBC parameters and NLR. 
Important limitations must be stated. Our 
study has been performed with a small 
number of patients and in a single cen-
tre. The collected information doesn’t re-

flect the prevalence of general population. 
Further studies should be conducted with 
larger groups. We could not appropriately 
reach sample size of different diagnostic 
subgroups and we could not determine 
their cortisol levels changes (i.e., acute 
appendicitis, acute cholecystitis, bowel 
obstruction). Only a single cortisol level 
was measured on admission in each pa-
tient's hospital course, so we didn’t know 
any information about cortisol level peaks 
and treatment response.  Finally, in some 
conditions, treatment alternatives may be 
very diversely based on facilities and ca-
pabilities of the institutions (operation or 
observation). 
In conclusion, serum cortisol levels are 
higher in surgically treated patients. High 
serum cortisol levels may indicate surgical 
disease at the early stage on admission in 
ED patients with non-traumatic acute ab-
dominal pain and may be used as a marker 
in the prediction of surgical disease.
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