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Abstract
BACKGROUND 
Short bowel syndrome (SBS) hospitalizations are often complicated with sepsis. There is a significant paucity of 
data on adult SBS hospitalizations in the United States and across the globe.

AIM 
To assess trends and outcomes of SBS hospitalizations complicated by sepsis in the United States.

METHODS 
The National Inpatient Sample was utilized to identify all adult SBS hospitalizations between 2005-2014. The study 
cohort was further divided based on the presence or absence of sepsis. Trends were identified, and hospitalization 
characteristics and clinical outcomes were compared. Predictors of mortality for SBS hospitalizations complicated 
with sepsis were assessed.

RESULTS 
Of 247097 SBS hospitalizations, 21.7% were complicated by sepsis. Septic SBS hospitalizations had a rising trend of 
hospitalizations from 20.8% in 2005 to 23.5% in 2014 (P trend < 0.0001). Compared to non-septic SBS hospitaliz-
ations, septic SBS hospitalizations had a higher proportion of males (32.8% vs 29.3%, P < 0.0001), patients in the 35-
49 (45.9% vs 42.5%, P < 0.0001) and 50-64 (32.1% vs 31.1%, P < 0.0001) age groups, and ethnic minorities, i.e., Blacks 
(12.4% vs 11.3%, P < 0.0001) and Hispanics (6.7% vs 5.5%, P < 0.0001). Furthermore, septic SBS hospitalizations had 
a higher proportion of patients with intestinal transplantation (0.33% vs 0.22%, P < 0.0001), inpatient mortality 
(8.5% vs 1.4%, P < 0.0001), and mean length of stay (16.1 d vs 7.7 d, P < 0.0001) compared to the non-sepsis cohort. 
A younger age, female gender, White race, and presence of comorbidities such as anemia and depression were 
identified to be independent predictors of inpatient mortality for septic SBS hospitalizations.

CONCLUSION 
Septic SBS hospitalizations had a rising trend between 2005-2014 and were associated with higher inpatient 
mortality compared to non-septic SBS hospitalizations.
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Core Tip: Short bowel syndrome (SBS) is a well-known complication of small bowel surgical resection. Sepsis is a well-
documented complication of SBS, particularly in infants and children. However, there is limited data on adult SBS hospital-
izations complicated by sepsis in the United States. In this study, we noted that about one-fifth of SBS hospitalizations were 
complicated by sepsis. There was a higher proportion of men, individuals in the 35-64 age group, and ethnic minorities 
(Blacks and Hispanics) in the septic SBS cohort compared to the non-sepsis cohort. Septic SBS hospitalizations also had a 
higher length of stay and inpatient mortality compared to the non-sepsis cohort. Furthermore, younger age, female gender, 
White race, anemia, and depression were identified to be independent predictors of inpatient mortality for septic SBS hospit-
alizations.
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INTRODUCTION
Short bowel syndrome (SBS) is a well-known complication of surgical resection of the small bowel[1]. Nonsurgical causes 
include inflammatory bowel disease, cancer of the intestine, or ischemic and hemorrhagic vascular diseases of the gut[1,
2]. Sepsis is a well-documented complication of SBS in infants and children, and these recurrent bloodstream infections 
(BSI) have been associated with higher rates of childhood morbidity and mortality[3,4]. The primary pathophysiologic 
mechanism implicated in the development of BSI is bacterial translocation from the gut to the bloodstream during enteral 
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feeding in children with SBS[5].
Most patients with SBS derive their nutrition via parenteral routes using indwelling venous catheters. Hence, these 

patients are at a greater-than-average risk of BSI from skin flora, especially if the indwelling catheter has been placed for a 
prolonged duration[4]. Moreover, parenteral nutrition leads to the impairment of immunological barriers (altered inflam-
matory responses) and physical barriers (secondary to villous atrophy) which may increase the risk of small bowel 
bacterial overgrowth (SBBO)[4,6].

SBS has established itself to be one of the strongest predictors of BSI in the pediatric population. However, there is a 
significant paucity of data on adult SBS hospitalizations complicated by sepsis, both in the United States and across the 
globe. Hence, this study was designed to investigate trends, hospitalization characteristics, predictors, racial disparities of 
Elixhauser co-morbidities, and gender disparities of Elixhauser co-morbidities for septic SBS hospitalizations in the 
United States. Furthermore, we also performed a comparative analysis for trends, hospitalization characteristics, and 
predictors between septic SBS and non-septic SBS hospitalizations.

MATERIALS AND METHODS
Data source
The National Inpatient Sample (NIS) is the largest, publicly available, multi-ethnic, all-payer inpatient database which is a 
part of the healthcare cost and utilization project (HCUP)[7,8]. HCUP is a family of healthcare databases and related 
software tools developed through a unique Federal-State-Industry partnership and sponsored by the Agency for 
Healthcare Research and Quality[9]. The NIS, when weighted, estimates more than 35 million hospitalizations nationally
[7]. HCUP databases are limited data sets, which can be used to generate United States regional and national estimates[7].

Study population, design, and outcomes
We used the International Classification of Diseases, Clinical Modification (ICD-9-CM) codes to identify all adults (≥ 18 
years of age) with SBS from the NIS database for the 2005-2014 period. The precedence of utilization of ICD-9-CM codes 
for SBS hospitalizations has already been established in previous studies[10,11]. Individuals < 18 years of age were 
excluded from the analysis. This study population was further divided based on the presence and absence of sepsis using 
the Clinical Classification Software diagnosis code “2”, which has been used previously in multiple NIS-based studies[12,
13]. We then compared hospitalization characteristics (age, race, and gender), hospital-level characteristics (bed size, 
location, and admission type), and clinical outcomes [length of stay (LOS), all-cause inpatient mortality, and disposition 
status] between septic and non-septic SBS hospitalizations. Furthermore, the rates of comorbidities were calculated using 
Elixhauser Comorbidity Index codes provided by HCUP[14].

Statistical analysis
Statistical Analysis Software 9.3 (SAS Institute, Cary, NC, United States) was used for univariate and multivariate 
analyses. We used weighted values provided by HCUP to produce nationally representative estimates for all variables
[15]. Categorical variables like gender, race, and comorbidities were compared using the Chi-squared (χ2) test, and 
continuous variables like age and LOS were compared using the Wilcoxon rank-sum test. We also created a multivariate 
logistic regression model to determine predictors of inpatient mortality for SBS hospitalizations complicated by sepsis. P 
value ≤ 0.05 was considered statistically significant.

Ethical considerations
A review by our institutional review board was not required as the NIS database is Health Insurance Portability and 
Accountability Act protected and does not contain identifiable patient and hospital-level data[10].

RESULTS
Trends of septic SBS hospitalizations
Between 2005-2014, there were 247097 adult SBS hospitalizations in the United States. Of these, 53550 (21.7%) were 
complicated by sepsis. We noted a rising trend of SBS hospitalizations complicated by sepsis from 20.8% in 2005 to 23.5% 
in 2014 (P < 0.0001) (Table 1).

Hospitalization characteristics and clinical outcomes
Compared to non-septic SBS hospitalizations, septic SBS hospitalizations had a higher proportion of males (32.8% vs 
29.3%, P < 0.0001), and patients in the 35-49 (45.9% vs 42.5%, P < 0.0001), and 50-64 (32.1% vs 31.1%, P < 0.0001) age 
groups. However, within the septic SBS cohort, a female predominance was noted (Table 2).

Racial disparities were also prevalent as we noted a higher proportion of ethnic minorities such as Blacks (12.4% vs 
11.3%, P < 0.0001) and Hispanics (6.7% vs 5.5%, P < 0.0001) in the septic SBS cohort, while there was a higher proportion 
of Whites (80.0% vs 77.3%, P < 0.0001) in the non-septic cohort (Table 2).

From a hospital perspective, large (69.4% vs 64.6%, P < 0.0001), urban teaching (57.3% vs 51.8%, P < 0.0001) hospitals 
had a higher proportion of septic SBS hospitalizations compared to the non-septic cohort. Furthermore, there was a 
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Table 1 Trends for short bowel syndrome hospitalizations and septic short bowel syndrome hospitalizations in the United States from 
2005-2014

Years Short bowel syndrome 
hospitalizations

Septic short bowel syndrome 
hospitalizations

% of sepsis in short bowel syndrome 
hospitalizations

2005 4199 20198 20.8

2006 3908 20206 19.3

2007 4083 20206 20.2

2008 5762 26411 21.8

2009 5869 25810 22.7

2010 5640 25423 22.2

2011 5805 27647 21.0

2012 5780 27015 21.4

2013 6105 26900 22.7

2014 6400 27280 23.5

Total 53550 247097 21.7

higher proportion of emergent or urgent (19.3 vs 18.9%, P < 0.0001) septic SBS hospitalizations compared to the non-septic 
SBS cohort (Table 2).

The all-cause inpatient mortality was significantly higher for septic SBS hospitalizations (8.5% vs 1.4%, P < 0.0001) 
compared to the non-sepsis cohort. Additionally, we noted a longer mean LOS for septic SBS hospitalizations (16.1 d ± 0.4 
d vs 7.7 d ± 0.1 d, P < 0.0001) compared to the non-septic cohort (Table 2).

Predictors of inpatient mortality for septic SBS hospitalizations
For septic SBS hospitalizations, the 18-44 age group had a 5.85 times higher risk of inpatient mortality compared to the ≥ 
85 age group [odds ratio (OR): 5.85; 95% confidence interval (95%CI): 3.95-8.66, P < 0.0001; Table 3]. Hence, the risk of 
inpatient mortality decreased with increasing age. Additionally, women had a higher risk of inpatient mortality as 
compared to men (OR: 1.18; 95%CI: 1.02-1.38, P = 0.03). Race was also identified to be an independent predictor of all-
cause inpatient mortality. Whites were noted to have a higher mortality risk (OR: 1.65; 95%CI: 1.17-2.33, P = 0.005) 
compared to other races. Furthermore, the presence of comorbidities such as deficiency anemias and depression were 
associated with a significantly higher risk of inpatient mortality for septic SBS hospitalizations (Table 3).

Intestinal transplantation and septic SBS hospitalizations
We noted a higher proportion of patients who had transplant of the intestine (TOI) for septic SBS hospitalizations (0.33% 
vs 0.22%, P < 0.0001) compared to the non-septic cohort (Table 1). However, due to limitations of the NIS database, we 
were unable to ascertain whether these hospitalizations took place within a year of undergoing TOI or later.

Racial disparities in exhauster comorbidities for septic SBS hospitalizations
A significantly higher proportion of septic SBS hospitalizations for Whites had comorbidities such as congestive heart 
failure, chronic pulmonary diseases, hypothyroidism, depression, and other psychiatric disorders (Table 4). Meanwhile, 
Blacks had significantly higher rates of comorbidities such as deficiency anemias, drug abuse, hypertension, obesity, and 
renal failure. Furthermore, Hispanics had the highest rates of comorbidities like coagulopathy, uncomplicated diabetes, 
and liver disease (Table 4).

Gender disparities in exhauster comorbidities for septic SBS hospitalizations
Septic SBS hospitalizations for women were noted to have higher rates of comorbidities such as deficiency anemias, 
depression, rheumatic disorders, chronic pulmonary disease, hypothyroidism, and obesity; however, men had higher 
rates of diabetes, drug abuse, liver disease, and renal failure (Table 5).

DISCUSSION
After surgical resection of the bowel in adults, there is a significant alteration of the nutritional, fluid, and electrolyte 
homeostasis, along with significant changes in the gut microbiome. These changes may lead to malabsorptive diarrhea, 
micronutrient deficiency, malnutrition, and SBBO[16]. Disruption of the intestinal microbiome seen in patients with SBBO 
impacts the production of antimicrobial peptides and immunomodulatory cells[17]. Furthermore, commensal bacteria 
dysbiosis may disrupt intestinal permeability leading to bacterial translocation in surrounding areas, thereby increasing 
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Table 2 Baseline hospitalization characteristics and clinical outcomes for septic and non-septic short bowel syndrome hospitalizations 
in the United States from 2005-2014

Variable Non-septic short bowel syndrome 
hospitalizations % Septic short bowel syndrome 

hospitalizations % P value

Number of obs. (n) 193547 78.30 53550 21.70

Age, yr (mean ± SE) 58.0 ± 0.3 - 57.9 ± 0.2 -

Age, yr < 0.0001

18-34 41979 21.70 10000 18.70

35-49 82308 42.50 24561 45.90

50-64 60113 31.10 17333 32.40

≥ 65 9149 4.70 1655 3.10

Gender < 0.0001

Male 56601 29.30 17545 32.80

Female 136916 70.80 36005 67.20

Race < 0.0001

White 130004 80.00 35660 77.30

Black 18436 11.30 5730 12.40

Hispanic 8866 5.50 3091 6.70

Others 5274 3.20 1651 3.60

Hospital location < 0.0001

Rural 22155 11.50 4576 8.60

Urban nonteaching 70692 36.70 18187 34.10

Urban teaching 99780 51.80 30509 57.30

Hospital bed size < 0.0001

Small 22978 11.90 5107 9.60

Medium 45289 23.50 11219 21.10

Large 124360 64.60 36946 69.40

Admission type 0.0100

Elective 157070 81.20 43201 80.70

Emergent or Urgent 36477 18.90 10349 19.30

Intestinal Transplant 430 0.22 178 0.33 < 0.0001

Disposition status < 0.0001

Home 156802 81.10 34439 64.40

Facility 33898 17.50 14497 27.10

Inpatient mortality 2724 1.40 4537 8.50 < 0.0001

LOS, d (mean ± SE) 7.7 ± 0.1 - 16.1 ± 0.4 - < 0.0001

LOS: Length of stay.

the risk of sepsis[17]. Despite known alteration of the intestine, current literature lacks data to support the routine use of 
antibiotics in SBS patients to prevent inflammatory gut changes[16]. Management for these patients is primarily focused 
on nutrition. However, patients with SBS who rely on parenteral nutrition are at increased risk of sepsis from catheter-
associated infections, leading to increased hospitalizations[16]. This finding was highlighted in our study as we noted a 
rising trend of septic SBS hospitalizations from 20.8% in 2005 to 23.5% in 2014.

The utilization of prebiotics, probiotics, or antibiotics in SBS patients is controversial[16]. Intestinal transplantation is 
indicated in SBS patients with recurrent sepsis or those who are unable to receive total parenteral nutrition due to end-
stage liver disease or end-stage loss of venous access[18]. Intestinal transplant significantly improves intestinal transit 
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Table 3 Predictors of mortality for septic short bowel syndrome hospitalizations in the United States from 2005-2014

Characteristics/co-morbidities Odds ratio (95% confidence interval) P value

Age (yr)

18-44 5.85 (3.95-8.66) < 0.0001

45-64 3.30 (2.37-4.59) < 0.0001

65-84 1.75 (1.27-2.41) 0.001

≥ 85 Reference

Gender

Male Reference

Female 1.18 (1.02-1.38) 0.030

Race

White 1.65 (1.17-2.33) 0.005

Black 1.28 (0.86-1.90) 0.220

Hispanic 1.22 (0.79-1.88) 0.360

Others Reference

Hospital bed size

Small 1.16 (0.90-1.51) 0.250

Medium 1.10 (0.92-1.31) 0.320

Large Reference

Hospital type

Rural 1.05 (0.79-1.38) 0.360

Urban non-teaching 0.94 (0.80-1.10) 0.420

Teaching Reference

Median household income

Quartile 1 Reference

Quartile 2 0.96 (0.78-1.18) 0.690

Quartile 3 1.03 (0.83-1.27) 0.800

Quartile 4 1.18 (0.94-1.47) 0.150

Co-morbidities

Deficiency anemias 1.58 (1.35-1.85) < 0.0001

Rheumatic disorders 1.20 (0.80-1.79) 0.380

Depression 1.66 (1.30-2.13) < 0.0001

Drug abuse 1.51 (0.95-2.40) 0.090

Hypertension 1.16 (0.98-1.36) 0.080

Hypothyroidism 1.06 (0.83-1.34) 0.650

Lymphoma 2.48 (0.99-6.21) 0.050

Valvular disease 1.02 (0.73-1.41) 0.920

time, peristalsis, and the absorptive functions of the gut[19]. However, like any transplant, post-operative care for these 
patients requires lifelong immunosuppression, which imminently increases the risk for subsequent infections and sepsis. 
Expectedly, in our study, we noted a higher proportion of patients who had TOI in septic SBS hospitalizations compared 
to the non-sepsis cohort (Table 1).

Traditionally, sepsis tends to affect the elderly. However, a multicenter longitudinal cohort study in California from 
2008-2015 noted that the highest overall increase in rates of sepsis and severe sepsis were for patients 18-44 years of age
[20]. Although there were higher incidence rates of sepsis in the elderly, there was a notable increase in the relative risk of 
sepsis among young adults[20]. This was consistent with the findings in our study. In the septic SBS cohort, the 35-49 age 
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Table 4 Racial distribution of Elixhauser co-morbidities for septic short bowel syndrome hospitalizations in the United States from 
2005-2014

Elixhauser co-morbidity Whites Blacks Hispanics Others P value

Acquired immunodeficiency syndrome 0.0 1.0 0.3 0.0 < 0.0001

Alcohol abuse 1.6 2.4 0.8 1.4 < 0.0001

Deficiency anemias 38.8 49.0 45.4 37.6 < 0.0001

Rheumatic disorders 4.3 4.1 2.9 4.0 0.0040

Chronic blood loss anemia 2.1 2.1 2.3 3.2 0.0200

Congestive heart failure 11.2 10.8 8.6 9.8 < 0.0001

Chronic pulmonary disease 19.7 14.6 10.6 18.4 < 0.0001

Coagulopathy 15.4 16.9 19.1 16.9 < 0.0001

Depression 18.0 10.9 14.2 11.5 < 0.0001

Uncomplicated diabetes 11.4 14.4 17.7 17.0 < 0.0001

Diabetes with chronic complications 2.8 5.8 5.4 5.0 < 0.0001

Drug abuse 4.8 6.6 4.4 5.0 < 0.0001

Hypertension 32.4 42.5 34.5 34.6 < 0.0001

Hypothyroidism 13.5 10.4 8.8 8.6 < 0.0001

Liver disease 5.8 7.0 9.9 6.9 < 0.0001

Lymphoma 1.1 1.1 1.2 0.9 0.7500

Fluid and electrolyte disorders 57.5 62.5 61.2 58.2 < 0.0001

Metastatic cancer 4.5 4.4 5.2 8.6 < 0.0001

Neurological disorders 8.8 8.3 6.7 7.9 0.001

Obesity 5.6 6.3 5.7 6.9 0.0300

Paralysis 2.3 3.3 4.2 4.9 < 0.0001

Peripheral vascular disorders 6.8 7.4 7.0 6.5 0.4300

Psychiatric disorder 6.1 5.5 5.6 4.1 0.0030

Pulmonary circulation disorders 4.0 5.5 2.3 3.4 < 0.0001

Renal failure 21.2 30.7 16.7 18.8 < 0.0001

Solid tumor without metastasis 2.6 2.8 2.9 5.2 < 0.0001

Peptic ulcer disease excluding bleeding 0.1 0.1 0.1 0.0 0.3400

Valvular disease 5.2 4.8 3.8 5.3 0.0050

Weight loss 40.4 40.9 39.3 47.9 < 0.0001

group had the highest proportion of patients, while the ≥ 65 age group had the lowest proportion of patients (Table 2). On 
comparative analysis, septic SBS hospitalizations had a higher proportion of patients between the ages of 35-64 compared 
to the non-septic cohort. The exact reasons for the higher hospitalization rates of septic SBS younger patients are currently 
unknown, but may, in part, be due to a greater degree of awareness of sepsis in this subset population prompting them to 
seek immediate care or due to complications from comorbidities not previously common in this age group[20]. 
Nonetheless, additional prospective studies are needed to further investigate these findings.

A prospective observational cohort study of critically ill patients from 2011-2014 showed similar rates of sepsis and 
mortality between men and women[21]. However, there was a greater degree of endothelial cell activation in young 
women compared to men[21]. Increased gut permeability, often seen in patients with SBS, coupled with increased 
endothelial disruption of the vasculature may lead to the transportation of antigens and commensal gut microbiota from 
the intestine to the blood, making females even more prone to sepsis[22]. The findings of our study aligned with this 
current literature as females made up more than two-thirds of the total septic SBS hospitalizations in the United States.

The study by Siddiqui et al[2] reported that Whites made up 78% of all SBS hospitalizations in the United States. We 
report similar findings as septic SBS hospitalizations had a higher proportion of Whites (77.3%) compared to other ethnic 
minorities such as Blacks or Hispanics (Table 2). However, on comparative analysis, septic SBS hospitalizations had a 
higher proportion of Blacks (12.4% vs 11.3%, P < 0.0001) and Hispanics (6.7% vs 5.5%, P < 0.0001) compared to the non-
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Table 5 Gender distribution of elixhauser co-morbidities for septic short bowel syndrome hospitalizations in the United States from 
2005-2014

Elixhauser co-morbidity Male Female P value

Acquired immunodeficiency syndrome 0.3 0.1 < 0.0001

Alcohol abuse 2.9 1.0 < 0.0001

Deficiency anemias 36.8 39.7 < 0.0001

Rheumatic disorders 2.0 5.1 < 0.0001

Chronic blood loss anemia 1.9 2.1 0.0800

Congestive heart failure 10.7 10.8 0.9000

Chronic pulmonary disease 16.7 19.0 < 0.0001

Coagulopathy 16.8 15.0 < 0.0001

Depression 12.4 18.1 < 0.0001

Uncomplicated diabetes 12.6 11.6 0.0010

Diabetes with chronic complications 3.9 2.7 < 0.0001

Drug abuse 5.1 4.5 0.0010

Hypertension 33.6 32.1 0.0010

Hypothyroidism 6.0 14.9 < 0.0001

Liver disease 7.4 5.3 < 0.0001

Lymphoma 1.4 0.9 < 0.0001

Fluid and electrolyte disorders 56.6 57.9 0.0030

Metastatic cancer 4.9 4.4 0.0020

Neurological disorders 7.0 8.8 < 0.0001

Obesity 3.8 6.4 < 0.0001

Paralysis 3.5 2.1 < 0.0001

Peripheral vascular disorders 8.1 5.9 < 0.0001

Psychiatric disorder 4.7 6.3 < 0.0001

Pulmonary circulation disorders 4.2 3.8 0.0400

Renal failure 26.3 18.8 < 0.0001

Solid tumor without metastasis 2.6 2.7 0.5900

Peptic ulcer disease excluding bleeding 0.0 0.1 < 0.0001

Valvular disease 5.2 4.7 0.0100

Weight loss 39.1 40.9 < 0.0001

septic cohort. This may, in part, be due to lack of healthcare facilities, and awareness about SBS among ethnic minorities 
leading to a progression of their disease and further complications by sepsis. Hence, we advocate for the need for urgent 
interventions to improve healthcare access, increase awareness about sepsis in SBS, and improve outpatient follow-up for 
these high-risk populations.

The all-cause inpatient mortality for SBS hospitalizations was found to be 1.4%. However, when these hospitalizations 
were complicated by sepsis, the all-cause inpatient mortality increased to 8.5%. This was in line with current literature 
which reports increased inpatient mortality for septic SBS hospitalizations[2]. Moreover, the presence of a greater number 
of comorbidities is also associated with higher rates of mortality in patients with sepsis[23]. A cohort study evaluating 
adult sepsis survivors identified age, sex, race, severe comorbidities, and site of initial infection to be long-term risk 
factors for mortality[24]. Similarly, in our study, independent risk factors that increased inpatient mortality for septic SBS 
hospitalizations are as follows.

Age
In our study, the risk of inpatient mortality was almost six times higher in the 18-44 age group compared to individuals ≥ 
85 years of age. In 2013, a Quality and Cost of Primary Care study reported that younger patients were more likely to visit 
a healthcare provider for both mental and physical health conditions compared to the elderly population[25]. The 
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increased health awareness, highly accurate provider evaluation in younger adults without non-specific baseline 
symptoms, and presence of additional comorbidities which were previously not common in this age group may have led 
to increased diagnosis and associated inpatient mortality.

Gender
In 2011, a prospective clinical trial of intensive care unit patients reported that females with sepsis had higher mortality 
rates than males with sepsis[26]. Another study by Wilcox et al[27] noted similar gender outcomes. Similarly, in our 
study, septic SBS female patients had higher rates of all-cause inpatient mortality compared to males. Furthermore, we 
noted higher rates of deficiency anemias and depression in females compared to males, which was also independently 
associated with higher mortality rates in septic SBS hospitalizations.

Race
We noted that White septic SBS hospitalizations had a 1.65 times greater risk of inpatient mortality compared to other 
races. A study of Caucasians with acute respiratory distress syndrome (ARDS) secondary to pneumonia evaluated the 
FER rs4957796 TT genotype as a means of determining 90-d mortality risk[28]. Although this study specifically assessed 
ARDS patients and their survival in the setting of pneumonia, interestingly the FER gene is known to play a key role in 
the regulation of intestinal barrier function[29]. White septic SBS hospitalizations may have a higher mortality risk due to 
the absence of FER protein which may exacerbate intestinal dysfunction and increase bacterial translocation into the 
bloodstream leading to a greater severity of sepsis. However, additional prospective studies are needed to further vali-
date our findings.

Comorbidities
In our study, deficiency anemias and depression were found to coincide with significantly greater mortality risk in septic 
SBS hospitalizations. Deficiency anemias are highly prevalent in SBS patients due to altered anatomy[30-33]. In septic SBS 
hospitalizations, deficiency anemia can negatively impact the host’s defense and immunomodulatory response, incr-
easing the severity of sepsis and overall mortality risk. Furthermore, severe depression has a known association with 
increased BSI, leading to sepsis and higher mortality rates[34,35]. Depression ultimately leads to decreased immune 
function and disruption of the brain-gut-microbiome axis, which may increase the host’s risk for sepsis and adverse 
clinical outcomes.

Limitations
A key strength of this study is the study population which has been derived from one of the biggest, national, diverse, 
multi-ethnic databases in the United States. Through our analysis over 10 years, we are able to provide meaningful infor-
mation on the trends of septic SBS hospitalizations. Furthermore, we also perform a unique comparative analysis between 
septic and non-septic SBS hospitalizations and identify predictors of inpatient mortality for septic SBS hospitalizations to 
give gastroenterologists real-world data on the patients at the highest risk of adverse clinical outcomes. However, we do 
acknowledge all the limitations associated with our study. We were unable to perform a detailed analysis after the 2014 
study period as the NIS changed from ICD-9-CM to ICD-10-CM coding at the beginning of October 1, 2015. Converting 
ICD-9 to ICD-10 is an extremely challenging process as there are differences in the structure and granularity of codes. 
Hence, it would be impossible to find the exact matches for the codes with a high level of confidence Additionally, the 
NIS database lacks information on the time from hospitalization to diagnosis of sepsis, hospital course, treatment aspects, 
inpatient procedures, and pharmacological aspects of management. Lastly, the NIS is an administrative database. 
Therefore, the possibility of coding errors cannot be excluded. Despite these limitations, we believe that our study helps 
fill the current knowledge gaps for SBS hospitalizations complicated by sepsis in the US as this entity has not been 
studied extensively. We hope that the findings of our study can serve as a foundation for future prospective studies and 
randomized controlled trials.

CONCLUSION
In conclusion, SBS is a well-known complication of surgical resection of the intestine. Due to their dependence on pare-
nteral nutrition using indwelling venous catheters, these patients are at increased risk of BSI and sepsis from bacterial 
translocation from the gut to the bloodstream during enteral feeding. In the United States from 2005-2014, we noted a 
rising trend of septic SBS hospitalizations with a significant female predominance. Compared to the non-septic cohort, 
septic SBS hospitalizations had a higher proportion of patients with TOI, higher all-cause inpatient mortality, and longer 
mean LOS. Independent predictors of mortality for septic SBS hospitalizations included White race, female gender, 
younger age, and those with associated comorbidities such as deficiency anemias and depression.

FOOTNOTES
Author contributions: Dahiya DS, Wachala J, Solanki S, and Jafri SM contributed to the conception and design; Dahiya DS, Solanki S, 
Kichloo A, and Jafri SM contributed to the administrative support; Dahiya DS, Wachala J, Solanki S, Solanki D, Kichloo A, Holcomb S, 
Mansuri U, Haq KS, Ali H, Gangwani MK, and Shah YR contributed to the provision, collection, and assembly of data; Dahiya DS, 



Dahiya DS et al. Sepsis during short bowel syndrome hospitalizations

WJGP https://www.wjgnet.com 10 April 22, 2024 Volume 15 Issue 1

Wachala J, Solanki S, Solanki D, Kichloo A, Holcomb S, Mansuri U, Haq KS, Ali H, Gangwani MK, Shah YR, Varghese T, Khan HMA, 
Horslen S, Schiano TD, and Jafri SM contributed to the review of literature and drafting the manuscript; Dahiya DS, Wachala J, Solanki S, 
Solanki D, Kichloo A, Holcomb S, Mansuri U, Haq KS, Ali H, Gangwani MK, Shah YR, Varghese T, Khan HMA, Horslen S, Schiano TD, 
and Jafri SM contributed to the revision of key components of the manuscript and final approval of manuscript; Dahiya DS, Wachala J, 
Solanki S, Solanki D, Kichloo A, Holcomb S, Mansuri U, Haq KS, Ali H, Gangwani MK, Shah YR, Varghese T, Khan HMA, Horslen S, 
Schiano TD, and Jafri SM are accountable for all aspects of the work.

Institutional review board statement: The National Inpatient Sample lacks specific patient and hospital identifiers. Hence, our analysis 
did not require institutional review board (IRB) approval as per guidelines put forth by our institutional IRB for the analysis of national 
databases.

Informed consent statement: The National Inpatient Sample lacks specific patient identifiers. Hence, informed consent was not required.

Conflict-of-interest statement: Authors declare no conflict of interests for this article.

Data sharing statement: The National Inpatient Sample (NIS) is a large, publicly available, all-payer inpatient care database in the United 
States containing data on millions of hospital stays per year. The large sample size derived from the NIS database provides sufficient 
data for analysis of common diseases, uncommon disorders, and procedures. The NIS is publicly available at: https://www.hcup-us.
ahrq.gov/

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers. 
It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to 
distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the 
original work is properly cited and the use is non-commercial. See: https://creativecommons.org/Licenses/by-nc/4.0/

Country/Territory of origin: United States

ORCID number: Dushyant Singh Dahiya 0000-0002-8544-9039; Shantanu Solanki 0000-0001-9563-2470; Hassam Ali 0000-0001-5546-9197; 
Manesh Kumar Gangwani 0000-0002-3931-6163; Thomas D Schiano 0000-0003-1878-5101; Syed-Mohammed Jafri 0000-0001-8108-7408.

S-Editor: Chen YL 
L-Editor: A 
P-Editor: Zhao YQ

REFERENCES
1 Massironi S, Cavalcoli F, Rausa E, Invernizzi P, Braga M, Vecchi M. Understanding short bowel syndrome: Current status and future 

perspectives. Dig Liver Dis 2020; 52: 253-261 [PMID: 31892505 DOI: 10.1016/j.dld.2019.11.013]
2 Siddiqui MT, Al-Yaman W, Singh A, Kirby DF. Short-Bowel Syndrome: Epidemiology, Hospitalization Trends, In-Hospital Mortality, and 

Healthcare Utilization. JPEN J Parenter Enteral Nutr 2021; 45: 1441-1455 [PMID: 33233017 DOI: 10.1002/jpen.2051]
3 Kurkchubasche AG, Smith SD, Rowe MI. Catheter sepsis in short-bowel syndrome. Arch Surg 1992; 127: 21-4; discussion 24 [PMID: 

1734846 DOI: 10.1001/archsurg.1992.01420010027004]
4 Miko BA, Kamath SS, Cohen BA, Jeon C, Jia H, Larson EL. Epidemiologic Associations Between Short-Bowel Syndrome and Bloodstream 

Infection Among Hospitalized Children. J Pediatric Infect Dis Soc 2015; 4: 192-197 [PMID: 26336089 DOI: 10.1093/jpids/piu079]
5 Weber TR. Enteral feeding increases sepsis in infants with short bowel syndrome. J Pediatr Surg 1995; 30: 1086-8; discussion 1088 [PMID: 

7472938 DOI: 10.1016/0022-3468(95)90347-x]
6 Terra RM, Plopper C, Waitzberg DL, Cukier C, Santoro S, Martins JR, Song RJ, Gama-Rodrigues J. Remaining small bowel length: 

association with catheter sepsis in patients receiving home total parenteral nutrition: evidence of bacterial translocation. World J Surg 2000; 24: 
1537-1541 [PMID: 11193720 DOI: 10.1007/s002680010274]

7 Healthcare Cost and Utilization Project (HCUP).   Overview of National (Nationwide) Inpatient Sample (NIS). [cited 1 March 2024]. 
Available from: https://hcup-us.ahrq.gov/nisoverview.jsp

8 Healthcare Cost and Utilization Project (HCUP).   NIS Database Documentation. Volume 2020: Healthcare Cost and Utilization Project 
(HCUP). [cited 1 March 2024]. Available from: https://hcup-us.ahrq.gov/nisoverview.jsp

9 Hoffman RD, Danos DM, Lau FH. National health disparities in incisional hernia repair outcomes: An analysis of the Healthcare Cost and 
Utilization Project National Inpatient Sample (HCUP-NIS) 2012-2014. Surgery 2021; 169: 1393-1399 [PMID: 33422347 DOI: 
10.1016/j.surg.2020.11.028]

10 Healthcare Cost and Utilization Project (HCUP).   Healthcare Cost and Utilization Project Data Use Agreement Course. [cited 1 March 
2024]. Available from: https://hcup-us.ahrq.gov/tech_assist/dua.jsp

11 Limketkai BN, Parian AM, Chen PH, Colombel JF. Treatment With Biologic Agents Has Not Reduced Surgeries Among Patients With 
Crohn’s Disease With Short Bowel Syndrome. Clin Gastroenterol Hepatol 2017; 15: 1908-1914.e2 [PMID: 28666947 DOI: 
10.1016/j.cgh.2017.06.040]

12 Papolos A, Narula J, Bavishi C, Chaudhry FA, Sengupta PP. U.S. Hospital Use of Echocardiography: Insights From the Nationwide Inpatient 
Sample. J Am Coll Cardiol 2016; 67: 502-511 [PMID: 26846948 DOI: 10.1016/j.jacc.2015.10.090]

13 Mansuri U, Patel A, Shah H, Chauhan K, Poojary P, Saha A, Dave M, Hazra A, Mishra T, Annapureddy N, Nadkarni G, Chan L. Trends and 
outcomes of sepsis hospitalizations complicated by acute kidney injury requiring hemodialysis. J Crit Care 2017; 38: 353-355 [PMID: 
27986342 DOI: 10.1016/j.jcrc.2016.10.012]

https://www.hcup-us.ahrq.gov/
https://www.hcup-us.ahrq.gov/
https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0002-8544-9039
http://orcid.org/0000-0002-8544-9039
http://orcid.org/0000-0001-9563-2470
http://orcid.org/0000-0001-9563-2470
http://orcid.org/0000-0001-5546-9197
http://orcid.org/0000-0001-5546-9197
http://orcid.org/0000-0002-3931-6163
http://orcid.org/0000-0002-3931-6163
http://orcid.org/0000-0003-1878-5101
http://orcid.org/0000-0003-1878-5101
http://orcid.org/0000-0001-8108-7408
http://orcid.org/0000-0001-8108-7408
http://www.ncbi.nlm.nih.gov/pubmed/31892505
https://dx.doi.org/10.1016/j.dld.2019.11.013
http://www.ncbi.nlm.nih.gov/pubmed/33233017
https://dx.doi.org/10.1002/jpen.2051
http://www.ncbi.nlm.nih.gov/pubmed/1734846
https://dx.doi.org/10.1001/archsurg.1992.01420010027004
http://www.ncbi.nlm.nih.gov/pubmed/26336089
https://dx.doi.org/10.1093/jpids/piu079
http://www.ncbi.nlm.nih.gov/pubmed/7472938
https://dx.doi.org/10.1016/0022-3468(95)90347-x
http://www.ncbi.nlm.nih.gov/pubmed/11193720
https://dx.doi.org/10.1007/s002680010274
https://hcup-us.ahrq.gov/nisoverview.jsp
https://hcup-us.ahrq.gov/nisoverview.jsp
http://www.ncbi.nlm.nih.gov/pubmed/33422347
https://dx.doi.org/10.1016/j.surg.2020.11.028
https://hcup-us.ahrq.gov/tech_assist/dua.jsp
http://www.ncbi.nlm.nih.gov/pubmed/28666947
https://dx.doi.org/10.1016/j.cgh.2017.06.040
http://www.ncbi.nlm.nih.gov/pubmed/26846948
https://dx.doi.org/10.1016/j.jacc.2015.10.090
http://www.ncbi.nlm.nih.gov/pubmed/27986342
https://dx.doi.org/10.1016/j.jcrc.2016.10.012


Dahiya DS et al. Sepsis during short bowel syndrome hospitalizations

WJGP https://www.wjgnet.com 11 April 22, 2024 Volume 15 Issue 1

14 Healthcare Cost and Utilization Project (HCUP).   Elixhauser Comorbidity Software, Version 3.7. Volume 2021. [cited 1 March 2024]. 
Available from: https://hcup-us.ahrq.gov/toolssoftware/comorbidity/comorbidity.jsp

15 Healthcare Cost and Utilization Project (HCUP).   Trend Weights for HCUP NIS Data. Volume 2020. [cited 1 March 2024]. Available 
from: https://hcup-us.ahrq.gov/db/nation/nis/trendwghts.jsp

16 Parrish CR, DiBaise JK. Managing the Adult Patient With Short Bowel Syndrome. Gastroenterol Hepatol (N Y) 2017; 13: 600-608 [PMID: 
29230136]

17 Fay KT, Ford ML, Coopersmith CM. The intestinal microenvironment in sepsis. Biochim Biophys Acta Mol Basis Dis 2017; 1863: 2574-2583 
[PMID: 28286161 DOI: 10.1016/j.bbadis.2017.03.005]

18 Höllwarth ME. Surgical strategies in short bowel syndrome. Pediatr Surg Int 2017; 33: 413-419 [PMID: 28039510 DOI: 
10.1007/s00383-016-4043-6]

19 Kaufman SS, Avitzur Y, Beath SV, Ceulemans LJ, Gondolesi GE, Mazariegos GV, Pironi L. New Insights Into the Indications for Intestinal 
Transplantation: Consensus in the Year 2019. Transplantation 2020; 104: 937-946 [PMID: 31815899 DOI: 10.1097/TP.0000000000003065]

20 Wardi G, Tainter CR, Ramnath VR, Brennan JJ, Tolia V, Castillo EM, Hsia RY, Malhotra A, Schmidt U, Meier A. Age-related incidence and 
outcomes of sepsis in California, 2008-2015. J Crit Care 2021; 62: 212-217 [PMID: 33429114 DOI: 10.1016/j.jcrc.2020.12.015]

21 van Vught LA, Scicluna BP, Wiewel MA, Hoogendijk AJ, Klein Klouwenberg PMC, Ong DSY, Cremer OL, Horn J, Franitza M, Toliat MR, 
Nürnberg P, Bonten MMJ, Schultz MJ, van der Poll T; MARS Consortium. Association of Gender With Outcome and Host Response in 
Critically Ill Sepsis Patients. Crit Care Med 2017; 45: 1854-1862 [PMID: 28806220 DOI: 10.1097/CCM.0000000000002649]

22 Assimakopoulos SF, Triantos C, Thomopoulos K, Fligou F, Maroulis I, Marangos M, Gogos CA. Gut-origin sepsis in the critically ill patient: 
pathophysiology and treatment. Infection 2018; 46: 751-760 [PMID: 30003491 DOI: 10.1007/s15010-018-1178-5]

23 Rhee C, Jones TM, Hamad Y, Pande A, Varon J, O’Brien C, Anderson DJ, Warren DK, Dantes RB, Epstein L, Klompas M; Centers for 
Disease Control and Prevention (CDC) Prevention Epicenters Program. Prevalence, Underlying Causes, and Preventability of Sepsis-
Associated Mortality in US Acute Care Hospitals. JAMA Netw Open 2019; 2: e187571 [PMID: 30768188 DOI: 
10.1001/jamanetworkopen.2018.7571]

24 Shankar-Hari M, Harrison DA, Ferrando-Vivas P, Rubenfeld GD, Rowan K. Risk Factors at Index Hospitalization Associated With Longer-
term Mortality in Adult Sepsis Survivors. JAMA Netw Open 2019; 2: e194900 [PMID: 31150081 DOI: 10.1001/jamanetworkopen.2019.4900]

25 Thompson AE, Anisimowicz Y, Miedema B, Hogg W, Wodchis WP, Aubrey-Bassler K. The influence of gender and other patient 
characteristics on health care-seeking behaviour: a QUALICOPC study. BMC Fam Pract 2016; 17: 38 [PMID: 27036116 DOI: 
10.1186/s12875-016-0440-0]

26 Nachtigall I, Tafelski S, Rothbart A, Kaufner L, Schmidt M, Tamarkin A, Kartachov M, Zebedies D, Trefzer T, Wernecke KD, Spies C. 
Gender-related outcome difference is related to course of sepsis on mixed ICUs: a prospective, observational clinical study. Crit Care 2011; 15: 
R151 [PMID: 21693012 DOI: 10.1186/cc10277]

27 Elizabeth Wilcox M, Donnelly JP, Lone NI. Understanding gender disparities in outcomes after sepsis. Intensive Care Med 2020; 46: 796-798 
[PMID: 32072302 DOI: 10.1007/s00134-020-05961-3]

28 Hinz J, Büttner B, Kriesel F, Steinau M, Frederik Popov A, Ghadimi M, Beissbarth T, Tzvetkov M, Bergmann I, Mansur A. The FER 
rs4957796 TT genotype is associated with unfavorable 90-day survival in Caucasian patients with severe ARDS due to pneumonia. Sci Rep 
2017; 7: 9887 [PMID: 28851893 DOI: 10.1038/s41598-017-08540-7]

29 Qi W, Ebbert KV, Craig AW, Greer PA, McCafferty DM. Absence of Fer protein tyrosine kinase exacerbates endotoxin induced intestinal 
epithelial barrier dysfunction in vivo. Gut 2005; 54: 1091-1097 [PMID: 16009680 DOI: 10.1136/gut.2004.061887]

30 Liu Q, Wu J, Zhang X, Wu X, Zhao Y, Ren J. Iron homeostasis and disorders revisited in the sepsis. Free Radic Biol Med 2021; 165: 1-13 
[PMID: 33486088 DOI: 10.1016/j.freeradbiomed.2021.01.025]

31 Sun H, Weaver CM. Decreased Iron Intake Parallels Rising Iron Deficiency Anemia and Related Mortality Rates in the US Population. J Nutr 
2021; 151: 1947-1955 [PMID: 33834234 DOI: 10.1093/jn/nxab064]

32 Alker W, Haase H. Zinc and Sepsis. Nutrients 2018; 10 [PMID: 30060473 DOI: 10.3390/nu10080976]
33 Wolffenbuttel BHR, Heiner-Fokkema MR, Green R, Gans ROB. Relationship between serum B12 concentrations and mortality: experience in 

NHANES. BMC Med 2020; 18: 307 [PMID: 33032595 DOI: 10.1186/s12916-020-01771-y]
34 Askim Å, Gustad LT, Paulsen J, Reitan SK, Mehl A, Mohus RM, Dewan A, Damås JK, Solligård E, Åsvold BO. Anxiety and Depression 

Symptoms in a General Population and Future Risk of Bloodstream Infection: The HUNT Study. Psychosom Med 2018; 80: 673-679 [PMID: 
29923889 DOI: 10.1097/PSY.0000000000000619]

35 Thorkildsen MS, Laugsand LE, Nilsen TIL, Mohus RM, Høvik LH, Rogne T, Solligård E, Damås JK, Gustad LT. Insomnia symptoms and 
risk of bloodstream infections: prospective data from the prospective population-based Nord-Trøndelag Health Study (HUNT), Norway. J 
Sleep Res 2023; 32: e13696 [PMID: 36068650 DOI: 10.1111/jsr.13696]

https://hcup-us.ahrq.gov/toolssoftware/comorbidity/comorbidity.jsp
https://hcup-us.ahrq.gov/db/nation/nis/trendwghts.jsp
http://www.ncbi.nlm.nih.gov/pubmed/29230136
http://www.ncbi.nlm.nih.gov/pubmed/28286161
https://dx.doi.org/10.1016/j.bbadis.2017.03.005
http://www.ncbi.nlm.nih.gov/pubmed/28039510
https://dx.doi.org/10.1007/s00383-016-4043-6
http://www.ncbi.nlm.nih.gov/pubmed/31815899
https://dx.doi.org/10.1097/TP.0000000000003065
http://www.ncbi.nlm.nih.gov/pubmed/33429114
https://dx.doi.org/10.1016/j.jcrc.2020.12.015
http://www.ncbi.nlm.nih.gov/pubmed/28806220
https://dx.doi.org/10.1097/CCM.0000000000002649
http://www.ncbi.nlm.nih.gov/pubmed/30003491
https://dx.doi.org/10.1007/s15010-018-1178-5
http://www.ncbi.nlm.nih.gov/pubmed/30768188
https://dx.doi.org/10.1001/jamanetworkopen.2018.7571
http://www.ncbi.nlm.nih.gov/pubmed/31150081
https://dx.doi.org/10.1001/jamanetworkopen.2019.4900
http://www.ncbi.nlm.nih.gov/pubmed/27036116
https://dx.doi.org/10.1186/s12875-016-0440-0
http://www.ncbi.nlm.nih.gov/pubmed/21693012
https://dx.doi.org/10.1186/cc10277
http://www.ncbi.nlm.nih.gov/pubmed/32072302
https://dx.doi.org/10.1007/s00134-020-05961-3
http://www.ncbi.nlm.nih.gov/pubmed/28851893
https://dx.doi.org/10.1038/s41598-017-08540-7
http://www.ncbi.nlm.nih.gov/pubmed/16009680
https://dx.doi.org/10.1136/gut.2004.061887
http://www.ncbi.nlm.nih.gov/pubmed/33486088
https://dx.doi.org/10.1016/j.freeradbiomed.2021.01.025
http://www.ncbi.nlm.nih.gov/pubmed/33834234
https://dx.doi.org/10.1093/jn/nxab064
http://www.ncbi.nlm.nih.gov/pubmed/30060473
https://dx.doi.org/10.3390/nu10080976
http://www.ncbi.nlm.nih.gov/pubmed/33032595
https://dx.doi.org/10.1186/s12916-020-01771-y
http://www.ncbi.nlm.nih.gov/pubmed/29923889
https://dx.doi.org/10.1097/PSY.0000000000000619
http://www.ncbi.nlm.nih.gov/pubmed/36068650
https://dx.doi.org/10.1111/jsr.13696


Published by Baishideng Publishing Group Inc 

7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA 

Telephone: +1-925-3991568 

E-mail: office@baishideng.com 

Help Desk: https://www.f6publishing.com/helpdesk 

https://www.wjgnet.com

© 2024 Baishideng Publishing Group Inc. All rights reserved.

mailto:office@baishideng.com
https://www.f6publishing.com/helpdesk
https://www.wjgnet.com

	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Data source
	Study population, design, and outcomes
	Statistical analysis
	Ethical considerations

	RESULTS
	Trends of septic SBS hospitalizations
	Hospitalization characteristics and clinical outcomes
	Predictors of inpatient mortality for septic SBS hospitalizations
	Intestinal transplantation and septic SBS hospitalizations
	Racial disparities in exhauster comorbidities for septic SBS hospitalizations
	Gender disparities in exhauster comorbidities for septic SBS hospitalizations

	DISCUSSION
	Age
	Gender
	Race
	Comorbidities
	Limitations

	CONCLUSION
	FOOTNOTES
	REFERENCES

