
28International Journal of Health Sciences
Vol. 15, Issue 6 (November - December 2021)

Risk factors for the systemic inflammatory response 
syndrome and sepsis following surgical management of 
acute intestinal obstruction

Introduction

Systemic inflammatory response syndrome (SIRS) is a 
defensive body response to nonspecific tissue insults caused 
by either infectious or noninfectious events (e.g., trauma, 
ischemia, or surgery).[1] If SIRS is accompanied by a microbial 
pathogenic insult resulting in acute organ dysfunction, it is 
clinically defined as sepsis.[2] It has been stated that among 
hospitalized patients, 15% met at least two SIRS criteria, in 
which higher mortality rates were reported.[1] Sepsis is also 
a major health concern with high morbidity and mortality. 
Several studies have demonstrated an increase in the 
incidence of sepsis over time, now occurring in 6% of all adult 
hospitalizations and 5% among surgical patients.[3,4]

Non-traumatic acute abdomen (NTAA) accounts for 30% of the 
surgical admissions, among which intestinal obstruction was one 

of the most common diagnoses (7.8%).[5] Among the patients who 
underwent abdominal surgery, 12% had at least one perioperative 
complication; of those, sepsis/septic shock accounted for 32%.[6]

A higher mortality rate was reported in patients diagnosed 
with intestinal obstruction accounting for 69% of the patients 
admitted with acute abdominal pain.[7] A study that was 
conducted on the pediatric population undergoing intestinal 
surgery has found that the presence of heart disease, kidney 
disease, intestinal obstruction, and parenteral nutrition 
dependence represents significant predictors of postoperative 
SIRS.[8] However, there have been no studies addressing 
predictors of postoperative SIRS/sepsis following intestinal 
obstruction surgery in adult populations.

This study aims to estimate the rate of SIRS and sepsis among 
patients who underwent intestinal obstruction surgery and to 
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identify the perioperative risk factors leading to postoperative 
SIRS and sepsis.

Method

This is a retrospective cohort study conducted at King Abdulaziz 
Medical City (KAMC) in National Guard Health Affairs, 
Riyadh, Saudi Arabia. The computer database was searched 
for all patients aged 14 years and older with a diagnosis of 
intestinal obstruction between January 2015 and December 
2020. Intestinal obstruction included small and large bowel, 
partial and complete obstruction, both mechanical and 
functional causes, and only patients who underwent intestinal 
obstruction surgery were included. We excluded patients who 
were preoperatively diagnosed with sepsis or septic shock and 
those who had the operation in other hospitals. The data was 
collected from KAMC using patients’ charts in the BEST Care 
system. Patients’ data included demographic characteristics 
(age, sex, and body mass index), preoperative, intraoperative, 
and 30-day postoperative data. We used the criteria of American 
College of Chest Physicians/Society of Critical Care Medicine, 
which state that SIRS is defined by the presence of two or more 
of the following: a body temperature <36°C or >38°C, heart rate 
>90 beats/min, respiratory rate >20 breaths/min, CO2 partial 
pressure of <32 mm Hg, or a white blood cell count >12,000/
mm3, <4000/mm3, or >10% of band forms. Sepsis was defined 
as SIRS with additional clinical evidence of infection.[2,9] 
All preoperative clinical and laboratory measurements were 
defined as the last reported values taken before the operation, 
while postoperative measurements were defined as the reported 
values are taken 1 day after postoperation. We obtained ethical 
approval from the Institutional Review Board (IRB) at King 
Abdullah International Medical Research Center (KAIMRC).

Statistical analysis
The statistical analysis was implemented using Scientific 
Package for Social Science (PASW Statistics for Windows, 
Version 22.0, Chicago: SPSS Inc.). Continuous variables 
were tested for normality assumption using the Shapiro-Wilk 
test. Normally distributed variables were expressed as 
mean and standared deviation (SD), while non-normally 
distributed variables were reported using median (minimum-
maximum). Categorical variables were expressed as frequency 
(percentage). The chi-squared or Fisher’s exact test was used 
for qualitative variables. Independent samples t-tests and 
Manne-Whitney U tests were used in the bivariate analysis 
between the continuous data and the complication status, 
according to normality. Variables with a high proportion of 
missing data were not included in the analysis. A multiple 
logistic regression using the backward stepwise method was 
applied. All preoperative and operative variables with a P < 0.1 
or clinically important were included in the analysis. The 
model was evaluated using Hosmer-Lemeshow goodness-of-
fit statistic (where P > 0.05 presents a good fit). The variables 
entered in the model were checked for multicollinearity. Odds 

ratios (OR) and 95% confidence intervals (CI) were estimated. 
A P < 0.05 was considered to be statistically significant.

Results

Four hundred eighty-four patients who underwent bowel 
obstruction surgery were recruited between January 2015 
and December 2020. After applying our exclusion criteria, 
213 patients remained. Of these, 119 were male (55.8%). The 
mean age at operation was 56.7 (SD = 20.03) years, and most 
patients (195 [91.5%]) were functionally independent. The 
most common comorbidities were hypertension (100 [46.9%]), 
followed by diabetes mellitus (86 [40.4%]) and cancer (66 
[31%]) [Table 1]. Eighty patients had Colonic mass while 
78 patients had adhesions accounting for 37.5% and 36.6% of 
the causes, respectively. Large percentage of the obstruction 
was at the small bowel (93 [43%]), followed by the left colon 
(61 [28.4%]), right colon (22 [10.2%]), and transverse colon (8 
[3.7%]). Of all patients, 75 (35.2%) underwent adhesiolysis only, 
while 113 (53.1%) had a bowel resection, with the majority done 
through midline laparotomy (133 [61.9%]). Sixty-five of the study 
population (30%) were admitted to the intensive care unit (ICU) 
post-operatively. The median length of hospital stay was 11 days 
(range, 1–130 days), and the mortality rate was 7.5% [Table 2].

Overall, 96 of the patients (45%) developed postoperative 
SIRS/sepsis (53 [55%] SIRS; 43 [45%] sepsis). Patients with 
the American Society of Anesthesiologists Physical Status 
(ASA PS) Scores of >3 were more likely to have SIRS/
sepsis (P = 0.016). Also, those who had increased heart rate 
(mean = 92.9, SD = 18.1 beats/min) and decreased albumin 
level (mean=34.1 g/L, SD=6.6 g/L) preoperatively had a 
significantly higher risk of developing SIRS/sepsis (P < 0.001, 
P = 0.005) [Tables 1 and 3].

Laparotomy midline incision (P = 0.021) was a significant 
factor associated with SIRS/sepsis. Patients with SIRS/sepsis 
had a median operation time significantly longer than those 
with no SIRS or sepsis (120 vs. 150 minutes, P=0.014). No 
significant association between no complications and SIRS/
sepsis groups in terms of site of obstruction and stoma 
formation was found (P = 0.303 and 0.690 respectively) 
[Table 2].

Altered mental status post-operatively has a significant 
association with SIRS/Sepsis (P < 0.001). Increased heart rate 
readings (mean = 96.3, SD = 19.2 beats/min) and respiratory 
rate (mean = 20.7, SD = 4.3) post-operatively were associated 
with a higher risk of developing SIRS/Sepsis (P < 0.001, P = 
0.004). Patients who developed SIRS/sepsis had significantly 
low hematocrit level (mean=0.36 L/L, SD=0.06 L/L) and high 
creatinine levels (median= 68 Umol/L; range, 34–446 Umol/L) 
postoperation (P = 0.022 and 0.011, respectively). Intestinal 
leakage, evident in Computer tomography (CT), and ICU 
admission were seen more with the SIRS/Sepsis group (P = 
0.003 and < 0.001, respectively) [Tables 2 and 4].
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Table 1: Comparisons of patient characteristics 
Variable All (n=213) No complication (n=117) SIRS or Sepsis (n=96) P value

Age, mean (SD) (years) 56.7 (20) 55.4 (19.4) 58.3 (21.2) 0.30

Sex, male 119 (55.8) 63 (52.9) 56 (47.1) 0.51

BMI, mean (SD) (years) 27.2 (7.5) 27.2 (7.6) 27.3 (7.5) 0.98

Smoking 23 (10.8) 14 (60.9) 9 (39.1) 0.54

Functional status 0.66

Independent 195 (91.5) 108 (55.4) 87 (44.6)

Dependent (partial or complete) 18 (8.5) 9 (50) 9 (50)

ASA 0.016

≤3 186 (87.3) 108 (58.1) 78 (41.9)

>3 27 (12.7) 9 (33.3) 18 (66.7)

Hypertension 100 (46.9) 54 (54) 46 (46) 0.79

Diabetes mellitus 86 (40.4) 41 (47.7) 45 (52.3) 0.08

Renal failure 22 (10.3) 10 (45.5) 12 (54.5) 0.34

Steroid use 16 (7.5) 9 (56.3) 7 (43.8) 0.91

Cancer 66 (31) 42 (63.6) 24 (36.4) 0.08
SIRS: Systemic inflammatory response syndrome, BMI: Body mass index, ASA: American Society of Anesthesiologist. Data are expressed as number (percentage) unless otherwise stated

All variables significantly associated with SIRS/sepsis in the 
bivariate analysis were examined using a multiple logistic 
regression model. Both preoperative elevated heart rate 
and decreased albumin levels of < 34 were independently 
associated with developing SIRS/sepsis but odds ratios do not 
indicate strong associations (OR 1.04; P = 0.002 and OR 1.2, 
P = 0.044; respectively). ICU admission post-operation was 
also found to be an independent risk factor associated with 
SIRS/sepsis group (OR 2.82; P = 0.004) [Table 5].

The median number of days from surgery to developing 
SIRS/sepsis was 2 days (range, 0–25 days). Patients with 
postoperative SIRS/sepsis had a median hospital stay about 
5 days longer than those who did not develop SIRS/sepsis 
(8 vs. 13.5 days, P < 0.001). Of deceased patients, 15 patients 
(93.8%) had SIRS/sepsis, compared with only one patient 
(6.3%) of those without SIRS/sepsis (P < 0.001).

Discussion

SIRS and sepsis are considered major health concerns, especially 
in surgical patients leading to high morbidity and mortality.[6] 
Knowing the risk factors leading to SIRS and sepsis is essential 
in early management. In our study, we identify the risk factors of 
postoperative SIRS/sepsis following intestinal obstruction surgery. 
We analyzed the data of 213 patients who underwent surgery for 
intestinal obstruction. Based on our data, we concluded that the 
incidence of developing postoperative SIRS/sepsis was 45%, with 
preoperative high heart rate and low albumin levels and admission 
to ICU as the significant predictors. The mortality rate in this 
study was estimated to be 7.5%; of those, 93.8% had SIRS/sepsis.

Gabriel et al. have reported that the incidence of sepsis and 
septic shock following acute abdominal surgery was 2%, with 

intestinal surgeries being one of the highest risk (OR 1.27; CI 
1.12–1.44; P < 0.001).[10] Although it has been conducted in 
the pediatric population, another study has found that surgeries 
for intestinal obstruction have significantly increased the risk 
of postoperative SIRS.[8] This might explain the increased rate 
of postoperative SIRS/sepsis found in this study.

In this study, colonic mass was the most common cause of 
intestinal obstruction accounting for 37.5% of our population. 
This is in contrast with the findings of Khayat et al.[11] and 
Al-Mulhim,[5] where adhesion was the most common cause of 
bowel obstruction. The mean age in those studies was 47 and 
27 years, respectively, while in our study, the mean age was 
56.2 years.[5,11] This might explain the high numbers of colonic 
mass in our population since older patients (>50 years) are at 
higher risk of intestinal malignancy.[12]

It has been reported in previous studies that impaired 
autonomic and cardiovascular function are significantly 
related to the preoperative heart rate of more than 87 beats/
min.[13] This might explain the association between elevated 
preoperative heart rate with a mean of 86 beats/min and the 
high risk of developing sirs/sepsis postoperatively found in this 
study. It has also been proposed that heart rate is a significant 
independent predictor for the overall survival in patients with 
septic shock.[14]

Using data from the National Veterans Administration Surgical 
Risk Study, Gibbs et al. identified low serum albumin level, 
among many other perioperative risk factors, as a significant 
predictor of postoperative morbidity and mortality. In 
addition, after the specific-complication analysis of multiple 
postoperative morbidities, the highest association was found 
in predicting systemic sepsis and infective complications.[15] 
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These findings, along with the results of Kumar, are consistent 
with those reported here.[16] In this cohort, low serum albumin 
levels of less than 34 g\L preoperation were significantly linked 
with postoperative SIRS/sepsis as a risk factor.

Admission to ICU post-operation was a significant predictor for 
developing postoperative SIRS/sepsis. This might be attributed 
to the prolonged hospitalization of ICU admitted patients with 
a mean of 27 days, compared to non-ICU admitted patients 

Table 2: Comparisons of peri-operative variables between patients with and without SIRS or sepsis
Variable All (n=213) No complication (n=117) SIRS or Sepsis (n=96) P value

Type of operation 0.75

Adhesionlysis 75 (35.2) 45 (60) 30 (40)

Hernia repair 21 (9.9) 11 (52.4) 10 (47.6)

Bowel resection 113 (53.1) 59 (52.2) 54 (47.8)

Others* 4 (1.9) 2 (50) 2 (50)

Cause of obstruction 0.33

Hernia 20 (9.4) 8 (40) 12 (60)

Adhesion 78 (36.6) 48 (61.5) 30 (38.5)

Colonic (bowel) mass 80 (37.5) 43 (53.8) 37 (46.3)

Others ** 35 (16.4) 18 (51.4) 17 (48.6)

Site of obstruction 0.30

Small bowel 93 (43.3) 54 (58.1) 39 (41.9)

Left colon 61 (28.4) 30 (49.2) 31 (50.8)

Right colon 22 (10.2) 11 (50) 11 (50)

Transverse colon 8 (3.7) 7 (87.5) 1 (12.5)

unspecified 28 (13) 15 (53.6) 13 (46.4)

Altered mental status pre-operation 7 (3.3) 3 (42.9) 4 (57.1) 0.70

Altered mental status post-operation 28 (13.1) 6 (21.4) 22 (78.6) <0.001

Type of surgical incision 0.021

Laparotomy Midline 133 (61.9) 64 (48.1) 69 (51.9)

Laparotomy Transverse 19 (8.8) 11 (57.9) 8 (42.1)

Laparoscopy 54 (25.1) 38 (70.4) 16 (29.6)

Prophylactic antibiotic given 191 (89.7) 107 (56) 84 (44) 0.34

Stoma 68 (31.9) 36 (52.9) 32 (47.1) 0.69

Post-operative leakage 11 (5.2) 1 (9.1) 10 (90.9) 0.003

Post-operative ICU admission 65 (30.5) 20 (30.8) 45 (69.2) <0.001

Operation time, median (min-max) (minutes)  120 (30–492) 120 (30–492) 150 (30–480) 0.014

Days to operation, median (range) 2 (0–26) 2 (0–26) 3 (0–24) 0.16

Length of stay, median (min-max) (days) 11 (1–130) 8 (2–52) 13.5 (1–130) <0.001

Death 16 (7.5) 1 (6.3) 15 (93.8) <0.001
Data are expressed as number (percentage) unless otherwise stated. SIRS=systemic inflammatory response syndrome *Others: revision of stoma and exploratory laparotomy. **Others: Stricture, Peritoneal 
carcinomatosis, pancreatic collection, intussusception, closed-loop obstruction and gallstone ileus

Table 3: Comparison of clinical and operative measurements pre-operation
Variables All (n=213) No complication (n=117) SIRS (n=96) P‑value

Mean arterial pressure pre-operation (mmHg) 90.4 (12.6) 91.6 (12.3) 88.9 (12.7) 0.29

Heart rate pre-operative (beats/min) 87.7 (16.6) 83.4 (13.8) 92.9 (18.1) <0.001

Respiratory rate pre-operation (breaths/min) 19.9 (2.22) 18.6 (1.3) 20.2 (2.9) 0.07

Oxygen saturation pre-operation (%) 96.7 (2.20) 96.8 (2.1) 96.5 (2.3) 0.36

Temperature pre-operation (*C) 36.9 (0.33) 36.8 (0.28) 36.9 (0.39) 0.47

Hematocrit pre-operation (L/L) 0.40 (0.07) 0.39 (0.07) 0.41 (0.07) 0.52

Creatinine pre-operative, median (range) (Umol/L) 67 (39-586) 64 (40-586) 70.5 (39-369) 0.06

Albumin (g/L) 35.6 (6.65) 36.8 (6.4) 34.1 (6.6) 0.005
Mean(SD) are reported unless otherwise stated. 
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with a mean of 12 days observed in this study. Therefore, 
this will make ICU-admitted patients more prone to develop 
nosocomial infections. These findings are supported by those 
of other studies, as surgical patients admitted to ICU have a 
higher incidence of sepsis and mortality.[4,17]

This study is subject to multiple limitations. It is an 
observational study, and the significant associations found 
between the different variables do not represent causality. The 
data were collected retrospectively, which makes it subject to 
selection and input bias. The variation in data documentation 
between different surgeons during the study period might have 
contributed to the unavailability of some measurements. This, 
together with the missing variables of some included cases, 
is another limitation. The study population predominantly 
included patients of older age, and this abnormal distribution 
might have inflated the overall incidence of SIRS and sepsis 
of this study.

Broader applicability of the study results might be limited 
owing to the different evolving definitions of systemic sepsis 
in clinical practices and previous studies. Another limitation 
was the variation of the time in which vital signs are taken. 
Some studies collected the last heart rate measurement before 
induction of anesthesia, while others considered the heart 
rate that is measured at the preoperative clinic visit.[18,19] The 
reported data of this study does not demonstrate the effect of 
nonoperative management of bowel obstruction, which can 
be considered as a limitation. Multiple additional variables, 
including preoperative C reactive protein and erythrocyte 
sedimentation rate values, preoperative showering, and 
preoperative shaving, could not be analyzed due to significantly 
insufficient data. Larger prospective future studies to stratify 
the results and identify causality are recommended.

Conclusion

The development of postoperative SIRS and sepsis among 
patients undergoing intestinal obstruction surgery is linked 
with a considerable increase in the 30-day mortality rate. The 
independent predictors of post-operative SIRS/sepsis were pre-
operatively elevated heart rate, low albumin level, and admission 
to ICU post-operatively. Identifying modifiable risk factors will 
potentially minimize post-surgical complications and mortality. 
Furthermore, differentiating the patients according to those risk 
factors will help with their management. Consequently, predicting 
and evaluating ICU stay, hospital length of stay, economic costs, 
and clinical outcomes are more likely to be achieved.
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