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A B S T R A C T

Background: Pediatric short bowel syndrome (SBS) is often secondary to congenital conditions 
such as malrotation with midgut volvulus, intestinal atresia, gastroschisis, or necrotizing 
enterocolitis. Traumatic injury secondary to firearms is a less common cause of SBS encountered 
in the United States. We aim to describe the morbidity affecting four children (ages 9–16 years) 
with SBS secondary to firearm injury.
Case reports: All patients had extensive injury directly to the bowel and/or the intestinal blood 
supply, requiring parenteral and/or enteral nutrition at discharge. All patients had significant 
extra-intestinal manifestations, including peripheral neuropathy and biliary strictures, but did not 
exhibit changes seen with intestinal failure-associated liver disease. Two patients identified issues 
with food insecurity, reliable transportation, and difficulty adhering to the treatment plan due to 
low health literacy. All four had ongoing post-traumatic psychological needs. Two patients had 
encounters with law enforcement after discharge, with one patient requiring physicians advo
cating for continued treatment with parenteral nutrition while incarcerated.
Conclusion: Firearm violence is the leading cause of pediatric death in the United States, but the 
morbidity endured by survivors, particularly those with SBS, is often not described. In addition to 
intestinal failure, we highlight this vulnerable population's medical, social, and psychological 
needs.

Introduction

Short bowel syndrome (SBS) is defined by the physical or functional loss of the small and/or large intestine. In the pediatric 
population, it is often secondary to congenital conditions such as necrotizing enterocolitis, malrotation with midgut volvulus, intes
tinal atresia, or gastroschisis [1]. Children with SBS depend on parenteral and enteral nutrition due to difficulty absorbing essential 
nutrients and require long-term nutritional optimization [1,2]. They often need specialized hormone therapies, extensive preventative 
measures against infections, and long-term clinical management for their intestinal failure (IF) [1,3]. However, with the early 
introduction of intestinal rehabilitation programs and the implementation of multidisciplinary care, many children with early-onset 
SBS have improved overall outcomes and quality of life [4].
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SBS secondary to firearm injury is a unique problem in the United States, where firearm violence is a common cause of pediatric 
death and injury [5]. Since 2020, gun violence has been the leading cause of death in children and teens (ages 1–17), with an average of 
seven children dying every day [6]. Nonfatal injuries by firearms, which occur two to four times as often as fatal injuries, are equally 
concerning in this population, with assault identified as the most common shooting intent, followed by unintentional shootings and 
self-harm [5,7]. Although the physical, psychological, and social consequences following nonfatal injuries have been well documented, 
literature exploring the outcomes among children with trauma-related SBS remains limited, highlighting the need for further inves
tigation. While the fundamental principles of treating children and adolescents with SBS remain the same between the two groups, the 
care for children with SBS secondary to firearm violence is complicated by the concomitant injuries and additional psychosocial 
experiences that these children and their families face. This remains largely undocumented in the literature, limiting our under
standing of long-term prognosis, resource utilization, nutritional dependence, and unique psychosocial support for this vulnerable 
population.

In this case series, we aim to highlight the medical and psychosocial morbidities affecting children who have acquired SBS due to 
gun violence, particularly complications related to hepatobiliary, bladder, limb and other injuries from gun shot wounds (GSW), as 
well as parenteral nutrition, central line infections, growth failure, psychosocial consequences, and societal impact. This manuscript 
was prepared following the CARE guidelines, and consent was obtained. This study was reviewed by the Institutional Review Board 
and given exempt status (LSU IRB #9925).

Case series

Case 1

A 13-year-old male was emergently taken to the operating room following multiple GSW to the abdomen. He required multiple 
exploratory laparotomies with cholecystectomy, transverse colon resection, duodenal repair, liver laceration repair, common bile duct 
repair, greater than 50% small bowel resection, gastric resection, right hemicolectomy, right lower quadrant end ileostomy, followed 
by ileostomy takedown with ileocolic anastomosis, ureteral stent placement, and jejunostomy tube (JT) placement. The patient’s 
overall gastrointestinal (GI) anatomy following all surgical interventions consisted of a partial gastrectomy with Bilroth II recon
struction, small bowel length of 150 cm with an absent ileocecal (IC) valve with ileocolic anastomosis. During his prolonged and 
complicated hospital course, he underwent additional procedures for a ureteral injury and required extensive physical and occupa
tional therapy (PT/OT). He also received inpatient psychiatric care for a new diagnosis of adjustment disorder with depressed mood, 
despite no prior mental health history. He later required outpatient follow-up with a psychologist for increased anxiety and difficulty 
adjusting to having an ostomy bag. He was discharged home with his mother and sister approximately 3 months after sustaining the 
GSW.

At his initial clinic visit, the patient exhibited signs of dehydration and increased ostomy output, despite tolerating oral intake and 
receiving most of his nutrition through nightly JT feeds. The patient’s regimen upon discharge included high dose loperamide; 
however, he had difficulty adhering to this regimen. Additional education and reimplementation of the medication regimen were 
successful in maintaining the patient’s hydration and adequate ostomy output. At this time, a social evaluation also revealed that his 
primary caregiver was his older sister, as his mother was unable to provide consistent support due to her own ongoing legal issues. The 
state had also initiated a Department of Child and Family Services (DCFS) investigation. In addition, the patient experienced challenges 
in securing home health while beginning homebound education. Following this visit, he required frequent follow-up with pediatric 
surgery, orthopedic surgery, and PT/OT. He subsequently had multiple hospital admissions due to inability to gain weight, malnu
trition, and severe iron deficiency anemia, with one admission requiring multiple blood and iron transfusions.

The patient has since undergone an ileostomy reversal, removal of JT and has become enterally independent. He continues to 
require iron supplementation and close follow-up with hematology to monitor his iron levels on an annual basis. His nutritional 
deficiency and bowel function are monitored at the intestinal rehabilitation clinic, where he is regularly examined by a pediatric 
surgeon, pediatric gastroenterologist, and dietician. The intestinal rehabilitation team monitors routine nutrition labs regularly, which 
includes a complete blood count (CBC), a comprehensive metabolic panel (CMP), triglycerides, coagulation profile, and vitamin and 
mineral levels. Patients also receive a nutrition focused physical exam by both an inpatient and outpatient dietitian to monitor their 
weight.

Case 2

A 14-year-old male was emergently taken to the operating room following a GSW to the abdomen. The patient initially underwent 
an exploratory laparotomy with primary repair of the stomach, resection of the proximal jejunum, and resection of the transverse 
colon, both of which were left in discontinuity. In a subsequent exploration, he was found to have significant ischemic bowel and 
subsequent bowel resection, resulting in 54 cm of remaining small bowel. His hospital course included extensive medical management 
for acute kidney injury, hyperkalemia, and respiratory acidosis requiring re-intubation. Due to his IF, the patient remained dependent 
on total parenteral nutrition (TPN) as he was tolerating less than 50% of his caloric intake enterally.

Three months following the initial GSW, the patient was discharged home to his mother’s care. However, due to his mother’s 
personal, debilitating, and chronic medical condition, as well as a 3 month loss to follow up, DCFS became involved due to concern for 
her ability to care for him and his complex regimen of TPN, GT feeds, and multiple appointments. In addition, the patient and his 
mother were completely reliant on Medicaid transport for all hospital visits, leading to multiple missed appointments. The patient also 
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required homebound schooling and increased home nursing services for management. Due to housing instability, the patient and his 
mother moved out of the state for two months, requiring coordination with social workers and out-of-state hospital systems to establish 
care.

Following the GSW, the patient also underwent extensive psychotherapy for a new diagnosis of adjustment disorder with mixed 
disturbances of emotions and conduct. Prior to his injuries, the patient did not have a psychological or psychiatric history. Medically, 
the patient was hospitalized multiple times due to severe central line-associated bloodstream infections (CLABSI), despite extensive 
teaching, ethanol locks to prevent CLABSI, and home health services. Most recently, the patient was admitted to the hospital for 
methicillin-resistant Staphylococcus epidermidis bacteremia. The patient remains chronically dependent on TPN. Despite initiation of a 
glucagon-like peptide 2 (GLP2) analog, cyproheptadine to help increase appetite, and high calorie supplemental nutrition, the patient 
has not been able to make substantial decreases in his parenteral support.

Case 3

A 16-year-old male was emergently taken to the operating room following GSW to the abdomen for an exploratory laparotomy. At 
that time, he was found to have 2 right colonic injuries, 2 duodenal injuries, a jejunal injury, a pancreatic head injury, superior 
mesenteric artery and vein (SMA/SMV) injuries, and right renal laceration. The patient underwent a right hemicolectomy, a primary 
repair and lateral duodenostomy drained via Malecot catheter, small bowel resection, wide drainage of the pancreas with a Blake 
drain, and reconstruction of the SMA and SMV. In subsequent surgical exploration, the entire small bowel was necrotic requiring 
complete resection, leaving only residual duodenum and 8 cm of jejunum. Furthermore, the patient required multiple abdominal 
washouts, a prolonged open abdomen, and placement of 2 interventional radiology drains due to biliary leak. The patient’s course was 
complicated by multiple CLABSI with Staphylococcus epidermidis, a distal common bile duct stricture requiring stent placement, 
cholangitis, JT placement, and pustular dermatosis.

The patient’s hospital course was further complicated by his TPN dependence with associated hyperglycemia despite no previous 
history of diabetes prior to the bowel resection and pancreatic head injury. Endocrinology was consulted for his hyperglycemia, and 
the patient was given insulin glargine once daily for blood glucose control. The patient’s glucose levels remained within range 
(80–140) with the prescribed insulin regimen, and he did not require the addition of insulin to his TPN. The patient also required long- 
term psychological and psychiatric follow-up throughout his admission, as he was diagnosed with adjustment disorder with depressed 
mood. The patient did not have a previous mental health history prior to admission. He was newly diagnosed with adjustment disorder 
with depressed mood following the patient’s inability to sleep, recurrent nightmares about the incident, hypervigilance, increased 
startle response, and feelings of depression. The patient required medical and psychological intervention, which included sleeping 
medications and low-dose atypical antipsychotics for symptom management.

The patient was discharged from the hospital over 6 months after the initial GSW to his maternal grandmother’s care due to his 
mother’s home sustaining considerable damage following a hurricane. At the time of discharge, the patient’s mother, his primary 
caretaker, also disclosed a need for transportation services and difficulty accompanying the patient to his appointments due to her 
work obligations. The patient also did not qualify for home health due to his ability to perform daily activities. Less than 2 weeks after 
discharge, the patient was admitted for sepsis due to CLABSI growing Enterococcus faecalis. The central line was removed at this time, 
and a peripherally inserted central catheter (PICC) was placed. At the first intestinal rehabilitation clinic following the second 
admission, the patient’s mother reported stopping the patient’s TPN abruptly and refused central venous line (CVL) placement. Despite 
agreeing to resume TPN at that time, the patient was admitted for CLABSI 4 more times in the same year, requiring multiple subsequent 
surgeries to replace the CVL. Although intestinal transplant was considered at this time, it was ultimately deferred due to a lack of 
adequate social support. The patient continued to be TPN dependent but remained unable to maintain weight due to difficulty 
adhering to treatment and ultimately became lost to follow-up after 2 years.

Case 4

A 9-year-old female was emergently taken to the operating room following multiple gunshot wounds from a domestic violence 
situation to the abdomen, pelvis, and buttocks and underwent an exploratory laparotomy, small bowel resection, colon resection, 
bladder repair, and inferior vena cava (IVC) repair. This was followed by 3 additional surgeries and bowel resections, with resultant 
SBS of 50% small bowel resection, ileocecectomy, and end colostomy. She also sustained lumbar sacral plexus injury with right lower 
extremity weakness and required bilateral nephrostomy tube placement for ureteral and bladder injuries. The patient’s GI anatomy 
following all surgical interventions indicates the patient has 50% (44 cm jejunum, 25 cm ileum) of the small bowel and 50% (36 cm) 
colon in continuity, without an IC valve. Her hospital course included intensive emotional and psychiatric support from Child Life 
specialists, psychiatry, and psychology, as well as 1 month of inpatient rehabilitation. She was discharged home with a nasogastric 
tube for supplemental enteral nutrition.

After discharge home to a foster family, the patient was seen at the intestinal rehabilitation clinic for SBS and showed great 
improvement. She began attending school in person and was tolerating TPN with a regular diet supplemented by enteral nutrition by 
mouth, ultimately progressing to having the nasogastric tube removed. She was also able to perform daily personal hygiene needs with 
assistance. The patient was taken to surgery once again for elective transureteroureterostomy and takedown of colostomy. She has 
since presented to the emergency department for CVL dysfunction, but has weaned off TPN at 8 months. To assist in the weaning of 
TPN, her diet was supported with pediatric nutritional supplement and oral rehydration solutions. She also received intermittent 
courses of high dose loperamide, a proton pump inhibitor (PPI), plant based prebiotic fiber, and cyproheptadine to help manage her 
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SBS symptoms. The patient also requires continuous psychological support for her acute stress disorder and attends an outpatient 
behavioral therapist every two weeks. She is currently attending school consistently.

A summary of patients’ medical and surgical care is provided (Table 1).

Discussion

Firearm violence in the pediatric population is the most common cause of mortality and morbidity in the United States [5]. 
Compared to other high-income countries, children in the United States are up to 23 times more likely to die from firearms, while 50% 
of children who survive firearm injuries are discharged from the hospital with a new disability [8]. Data on the proportion of children 
who sustain GSWs resulting in IF is currently unknown, as it is a rare situation seen in a country with a mature trauma system, 
economic ability to support home TPN, and high rates of firearm injury.

Our case series highlights the distinct psychological and social support that children with SBS secondary to GSW have compared to 
children who have lived with SBS since infancy. Although children in both groups experience emotional challenges related to their 
condition, often citing feelings of sadness and isolation, our case studies show that children with acquired SBS often have an added 
psychological and social component directly related to the trauma associated with the gun violence they experienced [9,10]. Three of 
the four children endured nightmares, hypervigilance, and feelings of guilt associated with their trauma that required both inpatient 
and outpatient mental health support aimed at processing their traumatic experience. Furthermore, in comparison with neonates with 
congenital conditions leading to SBS, children with traumatic/firearm injuries leading to SBS require significant psychosocial support, 
as this is a significant shift in lifestyle for both the patients and their families. Patients and their families must learn how to navigate the 
healthcare system with multiple appointments with several subspecialties and home health support. They must be educated and able to 
manage home parenteral support through invasive lines. This also likely alters their social life for both patient and family.

Children with SBS secondary to GSW also face additional psychosocial challenges that extend beyond the physical demands of IF. 
Two of the four children were initially treated at an adult trauma hospital, where age-appropriate emotional care may not have been 
available (for example, child life specialists). All 4 patients were diagnosed with or treated for adjustment disorder, acute stress 
disorder, depression, or post-traumatic stress disorder during hospitalization, and some continued treatment outpatient. All patients 
had no history of psychiatric or psychological disorders prior to their GSWs, indicating that these children often have an added 
psychological component directly related to the trauma associated with the gun violence.

Both patients and their families/caregivers often had a challenging time adjusting to these new diagnoses. Patients had a difficult 
time adjusting and remaining adherent to TPN, especially the older children who were TPN dependent. All 4 patients required pro
longed dependence on TPN during hospitalization, with 3 remaining TPN dependent. Two of the patients had difficulty adapting to the 
need for TPN, requiring frequent adjustments to their regimen. Barriers included the continuous nature of therapy, limited parental 
health literacy, and difficulty obtaining TPN supplies consistently. All patients required vitamin supplementation, with 2 patients 
requiring additional iron tablets. TPN for these patients typically includes a full dose daily multivitamin and trace elements. Any 
additionally prescribed oral supplements were in addition to what was given through TPN. One patient no longer requires parenteral 
nutrition and has been able to maintain his weight through per os intake only. This patient is prescribed vitamin D, zinc, magnesium, 
and folic acid in addition to his multivitamin. This was a major change to both patient and family lifestyles that requires significant 
multidisciplinary support.

Furthermore, all patients had social issues, including unstable home environments, requiring DCFS involvement due to ill parents, 
the death of a parent, or legal challenges of the parent. One patient had difficulty with housing and relocated with their parent for 2 
months, disrupting care. Patients had other social issues, including difficulty with food insecurity, transportation, and home health. 
Although efforts to coordinate subspecialty follow-up visits on the same day were made, even minor scheduling inconsistencies made it 
difficult for families to receive care. Health literacy of the caregivers also proved to be of utmost importance for these medically 
complex cases. Two patients had encounters with law enforcement after discharge; one of these patients required a physician advo
cating for continued treatment of TPN while incarcerated. Lastly, all four of these children were non-White; a further look into racial 
disparities and the minority stress model in these children is warranted.

Interestingly, whereas patients with SBS secondary to congenital conditions are likely to suffer from intestinal failure-associated 
liver disease (IFALD), thus far in their care, none of the patients in our cohort have developed IFALD per our workup and post
operative monitoring of liver dysfunction from TPN which may be secondary to their age at time of injury [11–13]. In the intestinal 
rehabilitation clinic, serial serum tests are performed, including comprehensive metabolic panels, complete blood counts, coagulation 
profiles, liver function tests and vitamin and mineral levels. Aspartate aminotransferase, alanine aminotransferase, and bilirubin levels 
were within normal range throughout their treatment course despite long-term TPN use and significant bowel resection. If any ab
normalities are seen on routine blood work, other serologic tests (to rule out other infectious causes) and imaging are performed as 
needed. All four of our patients have had liver ultrasounds with elastography, which have been unremarkable. However, none of our 
patients received a liver biopsy which is the gold standard in the diagnosis of IFALD as lab work and imaging did not warrant this 
invasive intervention. At the intestinal rehabilitation clinic, these patients are closely monitored, and several provisions are taken to 
mitigate IFALD, including precisely managing individual patients’ TPN requirements, optimizing enteral nutrition to stimulate in
testinal adaptation, adding GLP-2 analogs when needed or able. This highlights the importance of a multidisciplinary approach for 
these complex, unique patients.

This cohort of patients was medically complex, requiring careful coordination of a multidisciplinary approach. They all had 
multiple complicated surgeries, all with high complication rates. All four children had multiple emergency room visits or readmissions 
due to CVL infections, access issues, anemia, or symptoms of dehydration or malnutrition. Patients required multiple visits with 
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Table 1 
Patient characteristics, short bowel syndrome secondary to GSW.

Patient/Case 1 2 3 4
Age/Sex at Injury 13-year-old boy 14-year-old boy 16-year-old boy 9-year-old girl
Race AA AA AA Asian
Etiology GSW to abdomen GSW to abdomen GSW to abdomen GSW to abdomen, pelvis
Operative Outcome > 50% small bowel resection 

Right hemicolectomy 
End ileostomy 
JT 
CVL

> 50% small bowel resection 
Transverse colon resection 
GT 
CVL

Duodenal repair 
Complete small bowel resection 
Right hemicolectomy 
Bile duct stricture 
JT 
CVL

50% small bowel resection 
Colon resection 
Bladder repair 
IVC repair 
End colostomy 
PICC

Psychiatric Needs Inpatient psychiatry: adjustment disorder, depression Adjustment disorder, mixed 
disturbances of emotions & 
conduct

Inpatient psychology & psychiatry: 
adjustment disorder, depressed 
mood

Emotional/psych support – Child life, psychiatry, psychology, 
continuous psych support for acute stress disorder, seeing 
outpatient behavioral therapist q2 wks

Discharge 
Disposition

Home with parent Home with parent Home with grandmother Home with foster family

Outpatient Social 
complications

Parent unable to support due to legal issues 
DCFS 
Home school 
Encounter with law enforcement

Mother unable to take care due 
to personal medical conditions 
DCFS 
Transportation difficulty 
Home school 
Home health 
Encounter with law 
enforcement

Transportation difficulties 
Home damaged from hurricane 
Stopped TPN

DCFS due to loss of both parents

Outpatient Medical 
complications

High output ileostomy/dehydration, readmissions for 
inability to gain weight, iron deficiency anemia 
requiring blood transfusions

PICC infections, CLABSI Readmitted multiple times for sepsis 
2/2 CLABSI, unable to maintain 
weight

CVL dysfunction

Final Outcome Enterally independent 
High school graduate

Remains TPN dependent on 
GLP-2 analog

Lost to follow up 
TPN dependent

Enterally independent 
Attending school

*GSW – gunshot wound, AA – African American, JT – jejunostomy tube, GT – gastrostomy tube, PICC – peripherally inserted central catheter, CVL – central venous line, IVC – inferior vena cava, DCFS – 
Department of Child Family Services, TPN – total parenteral nutrition, CLABSI – central line-associated bloodstream infection, GLP-2 - Glucagon-Like Peptide-2, q2 wks – every 2 weeks.
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pediatric surgery, gastroenterology, hematology/oncology, nutrition, psychology, psychiatry, and other surgical subspecialties, 
depending on their concomitant injuries. These patients require extensive psychosocial support in addition to significant medical 
support for their complex needs. Having psychology as a part of the multidisciplinary team is crucial for these children [14]. Forming 
strong multidisciplinary teams to work with these vulnerable patients is imperative to their lifelong success.

As with any case series, this one is limited by a small sample size, making it challenging to generalize our findings. The experiences 
of our patients may not represent the experiences of other children with SBS secondary to GSWs in other hospital systems and regions 
of the United States. While we found that these children required additional psychosocial support, it is difficult to assess the long-term 
benefits and disadvantages of extensive psychotherapy beyond the follow-up period. We hope to continue to follow up with this cohort 
to examine long-term analysis of their psychosocial experience, as well as expand this to other institutions to expand our cohort. 
Despite these limitations, the case series highlights the distinct challenges for children who have acquired IF following GSWs and 
demonstrates the need for a multi-institutional analysis to better support this vulnerable population.
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