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Abstract

Introduction : Short-bowel syndrome (SBS) is a common cause of chronic intestinal failure and 

is associated with increased morbidity, mortality, poor quality of life, and an increased burden on 

healthcare costs.

Methods: We used the US Nationwide Inpatient Sample database from 2005 to 2014. We 

identified adult SBS hospitalizations by using a combination of International Classification of 
Diseases, Ninth Revision, Clinical Modification codes. We studied the demographics of the 

patients with SBS and analyzed the trends in the number of hospitalizations, in-hospital mortality, 

and healthcare costs. We also identified the risk factors associated with in-hospital mortality.

Results: A total of 53,040 SBS hospitalizations were identified. We found that SBS-related 

hospitalizations increased by 55% between 2005 (N = 4037) and 2014 (N = 6265). During this 

period, the in-hospital mortality decreased from 40 per 1000 to 29 per 1000 hospitalizations, 

resulting in an overall reduction of 27%. Higher mortality was noted in SBS patients with sepsis 

(6.7%), liver dysfunction (6.2%), severe malnutrition (6.0%), and metastatic cancer (5.4%). The 

overall mean length of stay (LOS) for SBS-related hospitalizations was 14.7 days, with a mean 

hospital cost of $34,130. We noted a steady decrease in the LOS, whereas the cost of care 

remained relatively stable.
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Conclusions: The national burden of SBS-related hospitalizations continues to rise, and the 

mortality associated with SBS has substantially decreased. Older SBS patients with sepsis, 

liver dysfunction, severe malnutrition, and metastatic cancer had the highest risk of mortality. 

Healthcare utilization in SBS remains high. Healthcare utilization; hospitalization trend; mortality; 

research and diseases; short-bowel syndrome

Introduction

Short-bowel syndrome (SBS) is a malabsorptive state that usually results after extensive 

surgical resection of the small intestine. Common indications for massive small-intestinal 

resection include inflammatory bowel disease, such as Crohn’s Disease; vascular 

complications, such as mesenteric ischemia, intra-abdominal trauma, or neoplasm; radiation 

injury; and small-bowel obstruction resulting from other etiologies.1,2 Symptoms of SBS 

usually vary, but commonly, patients present with abdominal pain, diarrhea, dehydration, 

and malnutrition.3 Patients with SBS are known to have macronutrient and micronutrient 

malabsorption, fluid and electrolyte losses, and vitamin and mineral deficiencies.4,5 For this 

reason, the majority of patients with SBS will require specialized nutrition support, and 

more than half of these patients develop permanent intestinal failure(IF), requiring lifelong 

parenteral nutrition (PN) support.2,6

SBS is a relatively rare disease. Because of its multifactorial etiology, the true incidence and 

prevalence of SBS in the US are unknown. Estimates of SBS prevalence are primarily based 

on the historical data published by Howard et al in 1992 who used the data from the North 

American Medicare Home Parenteral Nutrition registry and estimated a yearly prevalence of 

home PN use to be close to 120 per million population.1,7,8 Approximately a quarter of these 

patients were receiving PN because of SBS.7 A more recent US study that utilized the home 

PN data from the Sustain registry found similar results and reported that 24% of patients 

receiving home PN had SBS, which also made SBS the most common indication for home 

PN.9 Interestingly, the reported prevalence of both home PN use and SBS are higher in the 

US compared with other western countries in Europe. Although most SBS studies in the US 

reported data in terms of annual prevalence, European data are available in terms of point 

prevalence. A European multicenter study reported that the point prevalence of home PN in 

Europe is approximately 4 per million general population, and 35% of these patients were 

receiving PN because of SBS.10 As DiBaise et al noted earlier, these substantial differences 

in prevalence between these 2 continents are likely multifactorial and would partially be due 

to differences in methods of prevalence reporting (point prevalence in European studies vs 

annual prevalence in US studies), and it could also be because there are well-established 

and more easily accessible home PN resources in the US.1 This can result in a preferential 

shift toward an early transition to home PN, as it is more cost-effective in comparison with 

remaining in the hospital (or a skilled nursing facility) for PN in the US.1

Literature exploring large databases to study the epidemiology and healthcare utilization 

in SBS is lacking. Pant et al analyzed the US national database for pediatric patients 

called Kids’ Inpatient Database (KID) to estimate the in-hospital mortality and healthcare 

utilization in pediatric patients with SBS.11 They noted higher mortality, higher length of 

stay (LOS), and higher cost associated with SBS hospitalizations.11 Several studies have 

Siddiqui et al. Page 2

JPEN J Parenter Enteral Nutr. Author manuscript; available in PMC 2022 July 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



reported an increase in the use of home PN therapy in the US; however, changes in the 

trends of SBS-related hospitalizations have not been studied yet.12 In this study, we analyzed 

the Nationwide Inpatient Sample (NIS) database from 2005 to2014 to assess the trends in 

SBS-related hospitalizations and in-hospital mortality and to estimate the healthcare burden 

associated with SBS-related hospitalizations in the US.

Methods

Data Source

We used the US NIS database for >10 years, beginning from 2005 to 2014. This data 

base has been developed and is maintained by the Agency of Healthcare Research 

and Quality as a part of their initiative for the Healthcare Cost and Utilization 

Project (HCUP).13 This database is currently the largest publicly accessible, all-payer, 

inpatient, discharge-level healthcare database in the US, and it has been utilized in 

policy- and decision-making targeted at national, state, and community-level healthcare 

issues. The NIS database provides the deidentified data for ~7 million unweighted 

and ~35millionweightedannualUShospitalizations.Thislarge sample of discharge records is 

created from >4000 hospitals from all the states participating in HCUP and covers >97% of 

the US population. NIS provides comprehensive data comprising patient-level and hospital-

level deidentified clinical and nonclinical information. Since multiple hospitalizations for a 

single patient are considered separate discharges, they are entered separately in the database. 

Patient-level clinical data elements are age, sex, race, principal discharge diagnosis and ≤29 

secondary diagnoses, ≤15 inpatient procedures, patient’s insurance status and primary payer 

information, patient’s discharge disposition (in-hospital death or discharge to home or a 

nursing facility), hospital LOS, and hospital charges. Hospital data provided by the NIS 

include the region of the hospital, rural vs urban location, teaching or nonteaching status, 

and bed capacity of the hospital.13

Study Population

SBS does not have a unique International Classification of Diseases, Ninth Revision, 
Clinical Modification (ICD9-CM) code; therefore, we used a previously described 

methodology that identified SBS via a combination of 2 diagnostic ICD-9 codes.11 We 

analyzed the data only for adult patients who were aged ≥18 years. We reviewed previously 

published literature to define the criteria to identify hospitalizations with SBS.11 Any 

hospital discharge with the presence of a combination of ICD-9 codes 579.3 (postsurgical 

nonabsorption) and 99.15 (parenteral infusion of concentrated nutrition substances) was 

considered an SBS hospitalization. We further excluded the cases with missing information 

for in-hospital mortality (N=40). Figure 1 shows the flow diagram of the case selection 

algorithm. The HCUP comorbidity software was used to identify patient comorbidities, such 

as liver dysfunction and metastatic cancer, along with a combination of ICD-9 diagnosis 

codes, which were used to identify patients with malnutrition and sepsis.14 ICD-9 codes are 

listed in Appendix 1.
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Study Objectives and Description of Variables

The primary objective of the study was to analyze the annual trends in the number of 

SBS hospitalizations and changes in the mortality associated with SBS during the defined 

study period. The secondary objectives were to identify the risk factors associated with 

in-hospital mortality and to assess the annual trends in healthcare resource utilization. 

Trends in healthcare resource utilization were measured by changes in the hospital LOS and 

the cost of care. We collected multiple potential confounding variables and accounted for 

them during the analysis. The variables that were collected and utilized were patient’s age; 

sex; race; insurance status and primary payer for the hospitalization; comorbidities, which 

included all 29 Elixhauser comorbidities; hospital characteristics, which included hospital 

region, hospital location and teaching status, and hospital bedsize.14–16 Data elements, 

including patients’ demographics, hospital LOS, and hospitalization charges, were obtained 

directly from the NIS database. HCUP also provides data files for cost analysis by means of 

hospital-specific cost-to-charge ratios files, which are based on all-payer inpatient costs and 

can be utilized to estimate variation across hospitals.17 In the NIS database, both hospital 

charges and hospital costs are presented in US dollars. As our study period extends over the 

period of a decade, it was necessary to adjust the cost for inflation to accurately analyze 

changes in the annual trends in hospital cost.18 We used consumer price index data, which 

are provided by the US Department of Labor Bureau of Labor Statistics, and converted the 

hospital cost to 2014 constant dollars.18 We assessed the comorbidity burden by utilizing 

Elixhauser’s comorbidity index, which is currently the most comprehensive method to 

estimate the burden of patient comorbidity based on ICD9-CM diagnosis codes found in 

administrative data.15,16

Statistical Analysis

All statistical analyses were performed by using IBM SPSS Statistics for Macintosh, version 

25.0. (IBMCorp; Armonk, NY).We used descriptive statistics to study the demographic 

characteristics of patients hospitalized with SBS. We utilized the Pearson χ2 test and 

performed a bivariate analysis to compare the demographic variables and outcomes of 

interest between the study groups. We calculated and reported a 2-sided P-value for each 

analysis. A P-value of <.05 was considered to be statistically significant. We performed a 

multivariable logistic regression analysis to adjust for the confounding factors and identified 

the independent predictors associated with the risk of in-hospital mortality. We adjusted 

for the confounders, which included patient’s age, sex, race, and comorbidities (which 

included all 29 Elixhauser comorbidities, including liver disease, metastatic cancer, and 

congestive heart failure [CHF], as well as other comorbidities, such as inflammatory bowel 

disease, presence of severe malnutrition, and sepsis).14 We also adjusted for pertinent 

demographic factors, which included patient’s insurance status and primary payer during the 

hospitalization, and hospital factors, including hospital region, hospital location and teaching 

status, and hospital bed-size.
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Results

Patient Demographics

We found a total of 53,080 adult hospitalizations matching our inclusion criteria. After 

excluding patients with missing information for in-hospital mortality (n=40), a final sample 

comprising data from 53,040 hospitalizations was included in the final analysis. A detailed 

flow diagram of the sample selection process is shown in Figure 1. The mean age of 

the study population was 56.6 years, and ~67.8 % of patients were aged >50 years. The 

majority of patients were women (68%), and the most common race was White (78.2%), 

followed by African American (11.7%). Approximately half of the patients had Medicare 

insurance (52.4%), and 31.2% of patients had private insurance. The highest number of 

hospitalizations occurred in the US South region (31.1%), followed by the Midwest (27.6%). 

The Northeast (20.5%) and West (20.8%) regions had a similar hospitalization burden. The 

majority of patients were admitted to urban teaching hospitals (62.7%) with a large hospital 

bed-size (70.6%). The demographic characteristics of SBS hospitalizations are summarized 

in Table S1.

Trends in SBS Hospitalizations and Clinical Characteristics

We found that the number of SBS-related hospitalizations increased from 4037 in 2005 to 

6265 in 2014, resulting in an overall increase of 55% in the number of hospitalizations over 

a period of a decade. The number of hospitalizations for each year included in our study 

period are shown in Table 1.

We found that fluid and electrolyte imbalances were reported in more than half (52.5%) 

of the cases, and the most common electrolyte abnormality was hypokalemia, which was 

reported in 21.3% of patients, followed by hyponatremia (reportedin13.7%of patients) and 

hypomagnesemia (reported in 10.1% of patients). We noted that 18.1% of patients were 

reported to have dehydration, ~15.4% of patients had a concurrent diagnosis of renal failure, 

and 4.1% received hemodialysis during their hospitalization.

Interestingly, a significant proportion of patients were noted to have weight loss (44.6%), 

and similarly, 40.1% of patients were diagnosed with some form of protein-energy 

malnutrition. Overall, 10% of patients with SBS had a concurrent diagnosis of severe 

malnutrition. We found that 38.3% of patients were diagnosed with anemia due to nutrition 

deficiencies, and 29.7% of patients received ≥1 unit of packed red blood cell transfusion 

during their hospitalization.

We found that infection-related complications, such as sepsis and bacteremia, were the 

leading comorbidities in these patients, with ~41.1% of patients having a concurrent 

diagnosis of sepsis or bacteremia, and a few patients (0.3%) were also reported to have 

a central catheter–associated, localized infection. Liver disease was reported as a diagnosed 

comorbid condition in 6.1% of these patients, and 5.4% of patients had metastatic cancer. 

We found that hypertension (32%), diabetes (13.7%), hypothyroidism (12.1%), and CHF 

(8.1%) were other common comorbidities in these patients. Interestingly, a significant 

proportion of SBS patients also had a concurrent diagnosis of psychiatric illness, with 

18.4.%of patientswithdepressionand6.1%of patients with psychoses.
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In-Hospital Mortality

The overall in-hospital mortality for SBS hospitalizations 

was3.8%.Between2005and2014,we noted a steady, consistent decline in the mortality, with 

the Pearson correlation of coefficient (r) for the 10-year mortality trend in our sample to be 

−0.682 (P = .03). Mortality for each year in our study period is summarized in Table 1.

We noted that SBS patients with sepsis had significantly higher mortality compared with 

patients without sepsis (6.7% vs 1.8%; P < .01). Similarly, patients with the concurrent 

diagnosis of liver disease also had significantly higher mortality in compared with patients 

without liver disease (6.2% vs 3.6%; P < .01). Patients with severe malnutrition (6.0% 

vs 3.5%; P < .01) and metastatic cancer (5.4% vs 3.7%; P < .01) also had significantly 

higher mortality compared with SBS patients without these comorbidities. Figure 2 shows 

a graphical presentation of the comparison of in-hospital mortality for these leading 

comorbidities in patients with SBS.

We studied the hospital factors associated with mortality and found that patients with 

SBS admitted to the hospitals in the Midwest had the lowest mortality (3.0%; P < .01) 

compared with other regions in the US. Overall in-hospital mortality was similar in SBS 

patients admitted to rural (4.1%) and nonteaching urban hospitals (4.1%). We found that the 

mortality was lower in SBS patients hospitalized in urban teaching hospitals (3.6%; P = .03). 

Figure 3 shows a graphical presentation of the comparison of in-hospital mortality between 

different hospital regions and hospital characteristics.

We performed the multivariable logistic regression analysis and identified the independent 

risk factors associated with in-hospital mortality in hospitalized SBS cases. We found that 

age >65 years (adjusted odds ratio [aOR], 3.49; 95% CI, 2.68–4.56; P < .001) and the 

presence of sepsis (aOR, 3.38; 95% CI, 3.02–3.78; P < .001) were the 2 most important 

risk factors for in-hospital mortality. Other independent risk factors that were associated 

with high in-hospital mortality were concurrent CHF (aOR, 2.64; P < .001), concurrent liver 

disease (aOR, 2.36; P < .001), and age 51–65 years (aOR, 2.18; P < .001). Patients with 

severe malnutrition (aOR, 1.64; P < .001) and metastatic cancer (aOR, 1.53; P < .001) also 

had a significantly higher risk of mortality. We did not find a significant association with 

mortality risk of other demographic factors, such as sex, race, patient’s insurance status, 

and hospital region or bed-size. There was no significant difference between mortality risk 

between urban teaching and nonteaching hospitals; however, we did note that the mortality 

risk was higher for patients with SBS who were admitted to rural hospitals (aOR, 1.41; P 
< .001). Results of our multivariable logistic regression analysis are listed in Table 2, and 

a graphical presentation with a forest plot of the most important predictors of mortality is 

shown in Figure 4.

Healthcare Resource Utilization

We found that the mean LOS in patients hospitalized with SBS was 14.7 days. With the 

exception of the years 2008 and 2009 when the reported LOS was >15 days (15.9 and 

16.3 days, respectively), the overall mean LOS remained <15 days. Over the period of the 

last decade, we noted a gradual overall decrease in the LOS. No difference in LOS was 
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noted between age groups; however, LOS was longer in men compared with women (15.5 

vs 14.4 days; P < .01) and in Asian or Pacific Islander (17.6 days), Hispanic (17.0 days), 

and African American (16.5 days) patients compared with White patients (14.4 days; P < 

.01), as well as in those who had Medicaid insurance (17.3 days) compared with Medicare 

(14.5 days) and private insurance (13.8 days; P < .01). Patients with comorbidities, such as 

sepsis (18.1 vs 12.4 days; P < .01), liver disease (16.0 vs 14.6 days; P < .01), and severe 

malnutrition (17.9 vs 14.4 days; P < .01), also had longer a LOS. Figure 5 shows the trends 

in LOS during the study period.

The overall mean hospital cost for SBS hospitalizations was $34,130. This cost is in 2014 

constant dollars after adjustments for the consumer price index. We noted that the hospital 

cost increased between 2005 and 2009 and thereafter remained stable in the last few years. 

Similar to our observation for LOS, we noted that cost of care was significantly higher in 

patients with sepsis ($41,502 vs $25,198; P < .01), liver disease ($38,136 vs $31,521; P < 

.01), and severe malnutrition ($39,639 vs $31,053; P < .01). Figure 5 shows the yearly trends 

in the hospital cost in 2014 constant dollars.

Discussion

Since the late 1960s, when a team of pioneers developed the technique for intravenous 

feeding to support patients with IF, there has been substantial progress in both medical and 

surgical management of SBS.19–22 Over the past decades, we have seen the development of 

home PN programs and nutrition support teams dedicated to providing care for patients with 

SBS.23 This has led to the development of several single and multicenter registries to study 

clinical outcomes in patients receiving home PN.7,9,24–26 However, there is limited literature 

exploring the hospitalization trends and inpatient outcomes in patients with SBS.27 Pant 

et al studied the KID and reported the epidemiology and healthcare utilization associated 

with hospitalized children with SBS; however, the adult hospitalization data from the NIS 

database have not yet been studied to analyze the epidemiologic trends and outcomes in SBS 

hospitalizations within the US.11 In the current study, we used 10 years of hospitalization 

data across the US and studied the trends in SBS hospitalizations, as well as assessed the 

burden of associated in-hospital mortality and healthcare resource utilization.

By utilizing the largest all-payer hospitalization database in the US, extending over the 

period of a decade, we were able to study a comparatively large sample of 53,040 SBS 

hospitalizations. We noted that the average age of a hospitalized patient with SBS was 56.6 

± 15.8 years. Our findings are consistent with previously reported data from Sustain registry, 

which consisted of home PN data from 29 centers across the US and reported that the 

mean age at the time of enrollment in their database was 51.3 years.9 Similar findings were 

also reported in a multicenter European study of 688 patients, and the majority of them 

were patients with SBS with an overall mean age of 52.9 years.28 A study from France 

reported similar results for patients with nonmalignant SBS, and the mean age of their 

268-patient cohort was 52.5 years.29 However, there are several differences in the reporting 

methods: longitudinal studies that analyzed data from home PN registries usually report 

patient demographics and age when patients were first enrolled into the registry, whereas 

the cross-sectional studies reported age when the cohorts are selected.9,30 One such recent 
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study, which sampled the SBS cohort from inpatient and outpatient interventional radiology 

visits from the Japanese national database, reported the mean overall age of patients in the 

SBS cohort to be older (59.2 years).30 They also noted that patients who developed SBS 

as a consequence of malignancy were much older (67.2 years) than noncancer patients with 

SBS (51.5years).30 Thompson et al studied a retrospective cohort of 210 patients with SBS 

and reported that patients who developed SBS after undergoing bowel resection for intestinal 

obstruction or mesenteric ischemia were also relatively younger, with a mean age of 48 

years.31 In the current study, we found that almost two-thirds of hospitalizations were >50 

years. We also noted that more than two-thirds of all hospitalizations were women, which 

is consistent with a previously estimated higher prevalence of SBS among women.28,30–32 

Nightingale et al pointed out earlier that the reason for the higher prevalence of SBS 

in women could be attributed to shorter bowel length in women.33 This sex correlation 

with bowel length was noted in other recent studies as well; however, they concluded that 

this correlation was likely due to differences in the heights and weights between the 2 

sexes.34,35 We also found that the majority of hospitalizations were of patients who were 

White, which is consistent with the observations made earlier from the data from the Sustain 

registry.9 Interestingly, despite the age group of 51–65 years being the largest, we noted 

that Medicare was the payer for the majority of the hospitalizations, followed by private 

insurance. The reasons for this may be that according to section 5.07 of the Social Security 

Act, SBS is considered a condition with a disability, and therefore, these patients are 

eligible for Medicare benefits in the US despite being age <65 years.36 We observed that 

majority of the hospitalizations occurred at large urban hospitals, which is likely due to the 

multidisciplinary, multispecialty inpatient care required for these patients.

Our study found a consistent increase in the overall number of annual hospitalizations in 

adult patients with SBS in the US. We observed an overall 55% increase in the number 

of SBS hospitalizations. Our study confirms the trend that has been reported globally 

that the prevalence of patients utilizing home PN has considerably increased over the 

last few decades, a substantial proportion of which consists of patients with SBS.9,26,27 

As Brandt et al speculated earlier, this finding likely reflects increased knowledge of SBS-

associated IF among medical providers and awareness regarding the management tools that 

are readily accessible in developed countries, which includes home PN.26,37 The incidence 

and prevalence of medical comorbidities necessitating bowel resection are also on the rise, 

which include inflammatory bowel disease,38 the burden of vascular diseases and associated 

complications,39 intra-abdominal malignancies, specifically colorectal cancers,40 pancreatic 

cancers,41 and uterine42 and prostatic cancers,43 as well as the total number of patients 

receiving radiation therapy for these malignancies, has also increased.44 Additionally, the 

surgical catastrophes of postoperative vascular and obstructive complications leading to 

massive intestinal resection also seem to be increasing.31 However, this observed increase 

in hospitalizations can also be due to better outcomes in terms of prolonged survival in 

patients with SBS, as home PN has been reported to provide better long-term survival and 

quality of life at a lower cost.45–47 Overall 5-year survival in patients with SBS has been 

reported to be as high as 78%–87%.6,46,47 Although identification of causes for an increase 

in hospitalizations is beyond the scope of the current study, it seems that a significant 

proportion of patients are relatively younger when they are diagnosed with SBS and survive 
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longer, which could be the cause of an increase in the number of hospitalizations.31,48 

We noted that majority of patients hospitalized with SBS had higher severity of illness 

and (as Jeppesen had pointed out previously) that during last several years, the indication 

of home PN has been expanded to cover all causes of SBS, which includes benign and 

malignant causes in all age groups and specifically includes many elderly patients with 

malignant diseases.26,37 Several studies have reported that more patients with advanced 

malignancy are also being discharged with home PN.49,50 Consideration of these changes 

in the characteristics of patient population is important for better understanding of these 

demographic changes. It has also been reported that patients with chronic diseases of 

the gastrointestinal system with a higher comorbidity burden are also more likely to be 

hospitalized.27,51 During last several years, involvement of hospitalists and internists in the 

clinical care of patients receiving PN has also increased, and they play an active role in the 

initiation of PN, as well as the smooth transition to an outpatient PN care plan.52,53

We noted a gradual overall decrease in all-cause in-hospital mortality during our 10-year 

study period, which likely reflects an improvement in survival and other prognostic 

outcomes in patients with SBS.29,46,47 There has been a substantial development in 

both medical and surgical therapeutic interventions that are available for patients with 

SBS.24,54–60 For the last several decades, many scholars across the globe have reported 

and highlighted the importance of nutrition in these patients, as a result of which the 

nutrition support for SBS has seen a remarkable transformation.1,2,61 Home PN care is 

easily accessible in the majority of developed countries, including the US, and patients 

can self-care and infuse the PN at home.23,62 However, because of medical advancements, 

PN is no longer considered the final option for management of these patients, and newer 

medications, which include enterohormonal therapy with glucagon-like peptide analogs such 

as teduglutide, have shown promising results and are now available for management of 

SBS.63–66 Bowel-lengthening procedures, including serial transverse enteroplasty procedure 

and intestinal transplants, are also increasingly being utilized.57 There has been a substantial 

increase in the knowledge of complications associated with IF and PN use.67–69 Patients 

are closely monitored for some of these major complications, which include catheter-related 

infection and IF-associated liver disease (IFALD), and measures are taken to limit the 

consequences of them.70–72 The spectrum of care provided to these patients has further 

expanded and now encompasses many other aspects of their care, including quality of life 

and psychosocial support via multidisciplinary approaches.54,63,73–76 Several professional 

organizations from North America and Europe, such as the American Society for Parenteral 

and Enteral Nutrition and the European Society for Clinical Nutrition and Metabolism, 

and nonprofit organizations, such as the Oley Foundation, Crohn’s and Colitis Foundation, 

Short Bowel Syndrome Foundation, and National Organization of Rare Diseases, have also 

dedicated a significant amount of their resources to improve the outcomes in patients with 

SBS.77,78 Formations of online communities of medical professionals specializing in IF 

management have also streamlined various aspects of the medical and surgical care of these 

patients by bringing together several experts of the field on 1 platform.79 As a result of the 

combined impact of these efforts, the overall mortality in patients with SBS seems to have 

trended down despite the increase in the severity of their illness and comorbidities.26
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We also identified the independent risk factors associated with in-hospital mortality by 

performing a multivariable logistic regression analysis and adjusted for demographic factors 

and all major patient comorbidities, including the Elixhauser comorbidities. We found that 

hospitalized older patients with SBS were at a significantly higher risk of mortality, with 

patients aged >65 years having the highest risk. Our findings are consistent with previously 

reported data from longitudinal studies.29,46 Amiot et al analyzed 10-year follow-up data 

of 268 patients with nonmalignant SBS and reported that the relative risk of death was 

significantly low in patients aged <60 years.29 In another study of 68 patients, Vantini et al 

found that home PN patients aged <45 years had 100% 4-year survival in contrast to only 

44% 4-year survival in patients aged >45 years.46 Interestingly, apart from age, we did not 

find significant differences in mortality between other demographic factors, such as sex and 

ethnicity, and insurance status (Medicare, Medicaid, and private insurance).

Previous studies have reported that mortality in patients with SBS who have relatively 

shorter survival is likely due to their underlying disease, whereas in patients who have 

a longer survival, a substantial proportion of mortality is attributed to chronic IF and 

PN-related complications.26,29,46,47,80 We found that PN-related complications and patient 

comorbidities, such as sepsis, liver dysfunction, solid tumor with metastasis, and severe 

malnutrition, were associated with a significantly high independent risk of in-hospital 

mortality. Patients with SBS have an increased risk of sepsis because of several reasons, 

which include having a surgical site infection after gastrointestinal surgery, an ileostomy 

or an anastomotic bowel leak, intra-abdominal abscesses, and a central venous catheter for 

prolonged periods.81–84 Central line–associated bloodstream infections (CLABSIs) are one 

of the most common complications of home PN.84–86 Dreesen et al conducted a multicenter, 

multinational survey of home PN patients from 8 countries and found that catheter-related 

infection was perceived as the most important indicator of quality of their care by patients 

receiving home PN.87 During the last decade, many strategies have been implemented to 

reduce the rate of catheter-related infections, including utilization of tunneled catheters, 

ethanol, and taurolidine lock therapy in combination with extensive patient education 

surrounding hygienic practices paired with closer nursemonitoring.70,88,89 As a result of 

heightened awareness and continuous efforts for infection prevention, rates of CLABSI 

have significantly improved.70,84,90–92 Our study confirms that sepsis is the most important 

modifiable risk factor to prevent in-hospital mortality in patients with SBS, and therefore, 

home PN programs should continue their efforts to maintain the lowest possible infection 

rates.93,94

Liver disease is also a common complication in patients with IF.72 Studies have reported 

that abnormal levels of liver enzymes have been observed in many patients receiving home 

PN; however, specific diagnostic criteria for the diagnosis of IFALD is lacking, which 

has resulted in variability in the reported prevalence.95,96 A prospective cohort study by 

Cavicchi et al observed that the risk of PN-related liver disease increased with a longer 

duration of PN, and 65% of patients had chronic cholestasis after 6 months of home 

PN, whereas 41.5% of patients developed complicated liver disease with either extensive 

fibrosis or cirrhosis over 37 months of home PN.97 In addition to the duration of PN, 

other factors associated with a higher risk of IFALD are shorter length of the remaining 

bowel,98 small intestinal bacterial overgrowth,99,100 and overfeeding of glucose and lipid,101 
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as well as underfeeding, which could result in nutrient deficiencies, such as essential 

fatty-acid, choline, and vitamin E deficiencies.68,101 Several guidelines from nutrition 

societies are established for the prevention and management of IFALD, including frequent 

monitoring of liver function, cycled feeding, and limiting the dose of soybean oil–based 

lipid infusions, which can help clinicians in decision-making and can potentially decrease 

excess mortality.101–104 We found that mortality in patients who have SBS secondary to 

inflammatory bowel disease is relatively lower, which is consistent with reported higher 

survival rates in this patient population in recent multicenter studies.105 We found that severe 

malnutrition also increased the risk of mortality, which highlights the importance of early 

protein-energy optimization of these patients to decrease this excess mortality risk.

We did not find significant differences in mortality between hospitals of different bed sizes 

and teaching vs nonteaching hospitals. However, mortality in rural hospitals was higher 

compared with urban hospitals. This could perhaps be because these patients might not have 

a personal desire or a potential of benefitting from further advanced surgical and intestinal 

rehabilitation that would be available in an urban tertiary center. Interestingly, we also found 

that mortality in the Midwest was relatively lower compared with other regions in the US. 

Our study is not designed to explore this further; however, it should be noted that there 

is a substantially higher number of centers for SBS specialty care located in this region 

compared with other geographic regions in the US.106 Alternatively, this perceived lower 

mortality could also be due to a higher rate of hospitalizations in this geographic region.

We found that hospitalizations in patients with SBS were associated with a substantially 

high healthcare utilization, with the average hospital LOS and hospitalization cost being 

14.7 days and $34,130 (in 2014 constant US dollars), respectively. Thus, the average 

healthcare utilization in patients with SBS is 3-fold higher compared with the overall 

mean LOS and hospital cost reported for the hospitalizations across the US.107 We found 

that the LOS in patients with SBS is gradually decreasing, which likely reflects a trend 

toward the early transition from hospital to home care because well-established home PN 

resources are now easily accessible across the US.108 We noted that the inflation-adjusted 

mean hospital cost for SBS hospitalizations has remained relatively stable during the last 

several years. This trend is particularly promising, since the inflation-adjusted mean cost 

per hospitalization for all other inpatient stays has increased by 12.7% during the same 

time period.109 This decrease in healthcare utilization and hospital costs, with a concurrent 

decrease in in-hospital mortality, suggests an improvement in overall healthcare delivery in 

patients with SBS in the US.

There are several limitations to our study. This is a retrospective, large-database study 

consisting of discharge-level medical records of inpatient hospitalizations; therefore, 

individual chart review is not possible, and validity of analysis depends on the accuracy 

of diagnoses and procedures documented by utilizing the ICD-9 coding system at the 

time of hospitalization. Although te accuracy of discharge-level data is high, ranging from 

80%–95% sensitivity,110 it is susceptible to inaccurately entered and missing codes, which 

could decrease its accuracy for comorbidities.111 The HCUP provides limited data elements; 

therefore, clinical information, such as length of remaining bowel, type and specifics of PN 

formula, and type of intravenous catheters, were not available. It is possible that our case 
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selection criteria could underestimate the true number of SBS cases and may not account 

for patients with SBS who are not receiving PN. It should be noted that ICD-9 code 579.3 

is a heterogenous group, and it could include patients with limited small-bowel resection 

or gastrectomy or patients who underwent bariatric operative procedures. Also, some 

comorbidities, such as hypomagnesemia, are more likely to be susceptible to undercoding, 

and our estimates may not reflect exact prevalence of these electrolyte disturbances. The 

NIS database does not provide access to the laboratory values at the time of hospitalization; 

therefore, accurate estimation of these electrolytes abnormalities could not be made. We 

limited our analysis until 2014 because the ICD-10 coding system was introduced in 2015, 

and therefore, the data from 2015 have a mixture of codes from both coding systems. To 

maintain a higher reliability in measuring yearly trends, it was important to limit this study 

to a single uniform coding system throughout the study period. Since this is an observational 

study, an association does not imply a causal relationship between the variables. Our 

mortality analysis is limited to in-hospital mortality, and we were not able to estimate a 

30- or 90-day mortality because the NIS data do not follow patients after their discharge 

from the hospital. Although we utilized a robust regression model and adjusted for all of the 

possible confounders, there is still the risk of residual confounding.

Despite these limitations, this study has many strengths. Our study consists of 10 years 

of hospitalization data from across the US, which enabled us to study a large sample size 

with a higher statistical power. The utilization of the national data also eliminates the bias 

generated from a single-center or small multicenter study, and therefore, our findings are 

more generalizable. This is also the first study in the literature that utilizes the NIS data to 

study the hospitalization outcomes in adult patients with SBS. The HCUP data also enabled 

us to study the trends in mortality as well as healthcare utilization, including the LOS and 

hospital cost of care.

In conclusion, by analysing 10 years of national data, our study finds an increase in 

the number of hospitalizations in patients with SBS and a decrease in their in-hospital 

mortality. Demographic and clinical factors, such as older age, sepsis, liver dysfunction, 

severe malnutrition, and metastatic cancer, were associated with a higher risk of mortality. 

We found a trend that reflected an overall improvement in the healthcare delivery in patients 

hospitalized with SBS, which was evident from decreased healthcare utilization in terms of 

decreasing LOS and of relatively stable cost of care.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Appendix 1: List of ICD-9 Diagnosis and Procedure Codes

Multivariable Logistic Regression Analysis of Factors Associated With In-Hospital 

Mortality in Cases Admitted With SBS
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Diagnosis or Procedure Name ICD-9th-CM Codes

Postsurgical nonabsorption 579.3

Parenteral infusion of nutrition 
substances

99.15

Congestive heart failure 398.91, 402.01, 402.11, 402.91, 404.01, 404.03, 404.11, 404.13, 404.91, 
404.93, 425.4–425.9, 428.x

Diabetes, complicated 250.4–250.9

Sepsis 038.0, 038.10, 038.11, 038.12, 038.19, 038.2, 038.3, 038.40, 038.41, 038.42, 
038.43, 038.44, 038.49, 038.8, 038.9, 995.91, 995.92, 999.39, 790.7, 785.52, 
112.5, 112.81, 999.31, 999.32, 999.33

Liver disease 070.22, 070.23, 070.32, 070.33, 070.44, 070.54, 070.6, 070.9, 456.0–456.2, 
570.x, 571.x, 572.2–572.8, 573.3, 573.4, 573.8, 573.9, V42.7

Metastatic cancer 196.x–199.x

Fluid and electrolyte disorders 253.6, 276.x

Psychoses 293.8, 295.x, 296.04, 296.14, 296.44, 296.54, 297.x, 298.x

Depression 296.2, 296.3, 296.5, 300.4, 309.x, 311
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Clinical Relevancy Statement

Clinical care of short-bowel syndrome (SBS) has substantially evolved during the 

last few decades. Several studies on single-center and multicenter registries of home 

parenteral nutrition have reported an overall increase in the number of patients with 

SBS concurrently with improved survival. We report the first study in the literature 

that analyzes the demographic trends in hospitalizations and in-hospital mortality over 

a 10-year study period. We used the Nationwide Inpatient Sample database, which is 

the largest database containing US inpatient hospitalization records. Our study assesses 

the effectiveness of the overall healthcare delivery to patients with SBS. We also 

identified the risk factors associated with in-hospital mortality, which can help clinicians 

in identifying patients at higher risk of mortality.
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Figure 1. 
Flow diagram of case selection.
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Figure 2. 
In-hospital mortality in leading comorbidities among patients admitted with short-bowel 

syndrome.
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Figure 3. 
In-hospital mortality differences in geographic region and hospital setting among patients 

admitted with short-bowel syndrome. *P = .03
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Figure 4. 
Forest plot for factors associated with in-hospital mortality. *P > .05.
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Figure 5. 
Trends in (A) hospital length of stay and (B) hospital cost.
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Table 1.

Yearly Hospitalizations and All-Cause In-Hospital Mortality.

Year Number of hospitalizations Number of deaths In-hospital mortality, %

2005 4037 160 4.00

2006 3663 167 4.60

2007 3826 179 4.70

2008 5368 260 4.80

2009 6010 210 3.50

2010 5517 181 3.30

2011 6064 207 3.40

2012 6040 245 4.10

2013 6250 225 3.60

2014 6265 180 2.90

Overall 53,040 2014 3.80
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