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Shinjiro Hirosea, Joseph M. Galantea, Alana L. Beresa, Jacob T. Stephensona,c

a:University of California Davis Medical Center, Department of Surgery. Sacramento, CA.

b:University of Texas Health Sciences Center Houston, Department of Pediatric Surgery. Houston, 
TX.

c:Uniformed Services University of Health Sciences, Department of Pediatric Surgery. Bethesda, 
MD.

Abstract

Background: Trauma is the leading cause of death in children. Resuscitative endovascular 

balloon occlusion of the aorta (REBOA) provides temporary hemorrhage control, but its potential 

benefit has not been assessed in children. We hypothesized that there are pediatric patients who 

may benefit from REBOA.

Methods: Trauma patients <18 years old at a level 1 pediatric trauma center between 2009–

2019 were queried for deaths, pre-hospital cardiac arrest, massive transfusion protocol activation, 

transfusion requirement, or hemorrhage control surgery. These patients defined the cohort of 

severely injured patients. From this cohort, patients with intraabdominal injuries for which 

REBOA may provide temporary hemorrhage control were identified, including solid organ injury 

necessitating intervention, vascular injury, or pelvic hemorrhage.

Results: There were 239 severely injured patients out of 6538 pediatric traumas. Of these, 38 had 

REBOA-amenable injuries (15.9%) with 34.2% mortality, accounting for 10.2% of all pediatric 

trauma deaths at one center. Eleven patients with REBOA-amenable injuries had TBI (28.9%). 

Patients with REBOA-amenable injuries represented 0.6% of all pediatric traumas.

Conclusion: Nearly twenty percent of severely injured patients could potentially benefit from 

REBOA. The overall proportion of pediatric patients with REBOA-amenable injuries is similar to 

adult studies.
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Introduction:

Trauma is the leading cause of death for children, with most children dying within 24 

hours of injury [1]. Hemorrhage and traumatic brain injury are the most common causes 

of pediatric trauma mortality, and nearly half of hemorrhagic deaths are thought to be 

preventable [2]. Resuscitative endovascular balloon occlusion of the aorta (REBOA) has 

emerged as a viable intervention for the patient in hemorrhagic shock [3–5], but most reports 

of its use have been in adult patients, with a few small case series reporting on REBOA use 

in adolescent patients [6–9].

REBOA is a minimally invasive form of aortic occlusion used for non-compressible torso 

hemorrhage [10] and significant pelvic trauma [4]. REBOA is placed by obtaining common 

femoral access and inserting an aortic balloon catheter into the intrathoracic or infrarenal 

aorta to occlude distal blood flow, thus limiting ongoing hemorrhage. Although more than 

one thousand cases have been reported in the adult literature [11,12], it has only rarely 

been used in pediatric trauma patients [6,7]. Gap analyses have been performed to identify 

patients with injuries for which REBOA may provide temporary hemorrhage control in 

adult combat casualties [13], civilian adult trauma patients in the United Kingdom [14] and 

the United States [15], and through autopsy reports from patients undergoing resuscitative 

thoracotomy [16]. Estimates of adult patients with injuries amenable to REBOA range from 

0.6% of all civilian adult trauma patients in the US [15] to 18% of combat casualties [13] 

and 45% of trauma patients deceased following resuscitative thoracotomy [16]. While there 

is emerging interest in the application of REBOA in children [17], no such study has been 

performed evaluating the proportion of pediatric trauma patients with injuries that may be 

amenable to hemorrhage control with REBOA.

We hypothesized that there would be a population of severely injured civilian pediatric 

trauma patients with injury patterns that may benefit from temporary aortic occlusion with 

REBOA and that this population would have a higher mortality than other pediatric trauma 

patients.

1. Methods

1.1 Study Design and Setting

Institutional Review Board approval was obtained for this study (IRB # 1582638). We 

queried our institution’s prospectively collected trauma registry for all pediatric trauma 

admissions < 18 years old at a level 1 pediatric trauma center between January 1, 2009 

and March 31, 2019. We included patients who died, had pre-hospital cardiac arrest, 

activation of massive transfusion protocol (MTP), received any transfusions, or underwent 

hemorrhage control surgery as coded by the registry. This group of patients was defined as 

the cohort of severely injured patients. Patients declared dead on arrival without imaging or 

surgical intervention were excluded. Patients who had the MTP activated but did not receive 

any transfusions were excluded if they did not meet one of the other inclusion criteria. 

Hemorrhage control surgery became a variable in the database in 2014, and activation 

of MTP and pre-hospital cardiac arrest became variables in the database in 2015 and 

thus are missing for patients prior to those dates. Chart review of these severely injured 
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patients was performed to identify patients with injuries for which REBOA may have 

provided temporary hemorrhage control. This was our primary outcome and was defined 

as solid organ injury necessitating intervention, intraabdominal vascular injury, or pelvic 

hemorrhage. These injuries were identified by review of imaging and operative records. 

Patients were not considered to have REBOA-amenable injuries if they had any of the 

following: solid organ injury managed without intervention, abdominal exploration with 

no evidence of hemorrhage, or injuries which were hemostatic at the time of laparotomy. 

Secondary outcomes included presence of traumatic brain injury (TBI), injury severity score 

(ISS), admission value for Shock Index, Pediatric Age-Adjusted (SIPA), mortality, length of 

stay (LOS), and intensive care unit (ICU) LOS. Admission SIPA was calculated by dividing 

the admission heart rate (HR) by the admission systolic blood pressure (SBP). SIPA is 

validated in patients 4–16 years old and was only calculated for those patients [18]. SIPA 

was not calculated for any patient with an admission HR or SBP of zero. We calculated the 

sensitivity, specificity, positive predictive value, and negative predictive value for SIPA in 

identifying REBOA-amenable injuries. Any missing data from the registry were collected by 

chart review.

Our institution is a level one pediatric and adult trauma center, with 400–500 pediatric 

trauma admissions per year from 2009 to 2013 and 700–900 per year from 2014 to 2019. 

Trauma patients < 6 years old are admitted to the pediatric surgical service and patients ≥ 6 

years old are admitted to the adult trauma surgical service. Data on all trauma activations are 

collected prospectively into an institutional trauma database, including demographics, injury 

mechanism, injury severity, admission vital signs, interventions performed, and outcomes. 

Standardized protocols exist to guide initial management of trauma patients upon arrival to 

the emergency department (ED) but decisions regarding imaging, transfusion, and surgical 

intervention are ultimately up to the attending pediatric or trauma surgeon caring for the 

patient.

1.2 Statistical analysis

Descriptive statistics were performed for baseline characteristics. Categorical data are 

presented as proportion and percentage. All continuous data were non-parametric and are 

presented as median and interquartile range (IQR). Categorical variables were compared 

using chi-square tests or Fisher’s exact test when appropriate. Continuous variables were 

compared with Mann-Whitney-U tests. Demographics and outcomes of patients with 

REBOA-amenable injuries were compared with those of severely injured patients without 

REBOA-amenable injuries, as well as those of severely injured patients to non-severely 

injured patients. Sensitivity, specificity, positive and negative predictive values are presented 

with 95% confidence intervals (CI). The level of significance was set at p< 0.05. Analysis 

was conducted using SAS (SAS, version 9.45; SAS Institute Inc).

2. Results:

2.1 Overall results

From 2009 – 2019 there were 6538 pediatric trauma admissions. The median age of all 

patients was 8 years old (IQR 3–13 years old). They were mostly male (63.6%) and the vast 
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majority sustained blunt trauma (91.0%). The median ISS was 5 (IQR 4–10) and the median 

hospital LOS was 2 days (IQR 1–3 days), with a median of one ICU day for those with ICU 

admissions (IQR 1–3 days). SIPA was elevated in 794 of 4267 patients (18.6%) for which 

it was able to be calculated. SIPA was unable to be calculated in 39 patients with admission 

HR or SBP of zero and in 2232 patients who were out of the age range for which SIPA has 

been validated.

2.2 Severely Injured Patients Compared to the Remainder of the Trauma Cohort

There were 282 patients who met one of more of the following criteria for severely 

injured patients: 128 deaths (2.0%), 42 pre-hospital cardiac arrests (0.6%), 122 MTP 

activations (1.9%), 135 patients who received transfusions (2.1%), and 38 hemorrhage 

control operations (0.6%). There were 27 patients who were declared dead on arrival without 

imaging or surgical intervention, 9 patients who had MTP activated but did not receive any 

transfusion and did not meet other inclusion criteria and 7 patients who sustained no trauma, 

leaving 239 unique severely injured patients for analysis. These were compared to 6,265 

trauma patients who were not severely injured, after excluding patients who were declared 

dead on arrival and who sustained no trauma (Figure 1).

For these severely injured patients, the median age was 9 years old (IQR 3–15) and the 

majority were male (70.3%). Most patients sustained blunt trauma (74.5%, n = 178). The 

median ISS was 25 (IQR 16–30). The median hospital LOS was 6 days (IQR 2–13 days) and 

median ICU LOS for patients admitted to the ICU was 4 (IQR 1.8–8 days). SIPA upon ED 

arrival was elevated in 72 of 135 (53.3%). SIPA was unable to be calculated for 8 patients 

due to lack of obtainable vital signs on admission and in 96 patients who were out of the 

validated SIPA age range. Two-thirds of severely injured patients had a TBI (61.5%). The 

mortality rate of severely injured patients was 41.4%. When comparing severely injured 

patients (Table 1) to the remainder of the trauma patients (non-severely injured, n = 6265), 

severely injured patients were more likely to be male (70.3% vs. 63.3%, p = 0.03) and more 

likely to sustain penetrating trauma (25.5% vs. 8.4%, p < 0.0001). They were more severely 

injured (median ISS 25 vs. 5, p < 0.0001), and were more likely to have an elevated SIPA on 

admission (53.3% vs. 17.5%, p < 0.0001).

2.3 Severely Injured Patients with REBOA-Amenable Injuries Compared to Severely 
Injured Patients Without REBOA-Amenable Injuries

Of the severely injured patients, 38 were identified with injuries for which REBOA may 

have provided temporary hemorrhage control (15.9% of severely injured patients and 

0.6% of all pediatric trauma admissions, Table 2). REBOA-amenable injuries identified on 

review of operative reports and imaging included high-grade solid organ injuries which 

required intervention, intraabdominal vascular injuries, retroperitoneal hemorrhage, and 

pelvic hemorrhage (Table 3). Interventions included splenectomy, nephrectomy, hepatic 

packing, angioembolization, and vascular repair. Patients with REBOA-amenable injuries 

were more likely than those without to undergo any surgical intervention (97.4% vs. 67.7%, 

OR 17.7, 95% CI 3.0–183.3, p < 0.0001, Table 4). They were also significantly more 

likely to undergo laparotomy (84.2% vs. 12.4%, OR 37.6, 95% CI 13.9–94.8, p < 0.0001) 

and interventional radiology procedures (23.7% vs. 0.5%, OR 59.7, 95% CI 8.9–657, p 
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< 0.0001). Of the 38 patients with REBOA-amenable injuries, 36 required immediate 

operative interventions for hemorrhage control (94.7%). Severely injured patients without 

REBOA-amenable injuries were more likely to have a TBI (67.7% vs. 29.0%, p < 0.0001) 

and more likely to undergo neurosurgical intervention (34.8% vs. 15.8%, OR 2.9, 95% 

CI 1.2–6.8, p = 0.03). In the REBOA-amenable injury cohort, there were three patients 

with subdural hematomas, one patient with an epidural hematoma, and the remaining 

seven patients had multiple intracranial injuries including subarachnoid hemorrhage (n=5), 

intraparenchymal hemorrhage/contusion (n=2), subdural hematoma (n=2), anoxic brain 

injury (n=2), and diffuse cerebral edema (n=3).

Although there was no statistically significant difference in the proportion of patients 

receiving any transfusion (89.5% of patients with REBOA-amenable injuries vs. 75.1% of 

those without, p = 0.06, Table 4), patients with REBOA-amenable injuries were transfused 

more blood products per kilogram of body weight (median 69.1 ml/kg vs. 18.1 ml/kg, p 

< 0.0001) and more likely to receive massive transfusion, defined as > 40 ml/kg of blood 

products (63.2% vs. 27.8%, OR 4.8, 95% CI 2.3–9.8, p < 0.0001).

When compared to severely injured patients without REBOA-amenable injuries (n = 201), 

they were slightly older (median age 11 vs. 8 years old, p = 0.02). Children with REBOA­

amenable injuries ranged from 11 months to 17 years old, and 26.3% (n = 10) were < 9 

years old. The majority of the patients in the REBOA-amenable injury group sustained blunt 

trauma (71.1%), and the most common blunt mechanisms were motor vehicle collisions 

(n = 13), and pedestrian struck by vehicle (n = 7). Eleven patients sustained penetrating 

trauma, all of which were firearm injuries. There was a similar rate of pre-hospital cardiac 

arrest in both groups (21.1% of REBOA-amenable injuries vs. 20.9% of patients without 

REBOA-amenable injuries, p = 1).

Patients with REBOA-amenable injuries had higher injury severity scores (median ISS 29 

vs. 25, p = 0.0005). SIPA was more commonly elevated in severely injured patients with 

REBOA-amenable injuries than those without (76.9% vs. 47.7%, p = 0.009). Nearly all 

patients who survived out of the ED were admitted to the ICU (100% of patients with 

REBOA-amenable injuries and 91.4% of patients without REBOA-amenable injuries), with 

a median ICU LOS of 5 days (IQR 3–9 days) and 3 days (IQR 1–8) respectively (p = 

0.06). The vast majority of deaths overall were due to TBI (88.9%), with 7 deaths due to 

hemorrhage. Of the 13 deaths in patients with REBOA-amenable injuries, 4 of these deaths 

were due to hemorrhage (30.8%), 2 were due to hemorrhage and TBI (15.4%), 6 were due 

to TBI (46.2%), and 1 was due to respiratory arrest on hospital day 33. In total, hemorrhage 

contributed to or caused 46.2% of deaths in patients with REBOA-amenable injuries.

2.4 Utility of SIPA in Identifying Patients with REBOA-Amenable Injuries

In the population of severely injured patients for whom SIPA was able to be calculated 

(n=145), the sensitivity, specificity, positive predictive value (PPV), and negative predictive 

value (NPV) of an elevated SIPA in identifying REBOA-amenable injuries was calculated 

(Table 5). The sensitivity was 76.9% (95% CI 56.4%−91.0%) and the specificity was 52.3% 

(95% CI 42.5%−62.0%). The PPV was 27.8% (91% CI 17.9%−39.6%), and the NPV was 

90.5% (95% CI 80.4% – 96.4%).

Theodorou et al. Page 5

J Pediatr Surg. Author manuscript; available in PMC 2022 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



3. Discussion:

This is the first study evaluating the potential utility of REBOA in the pediatric trauma 

population. In this review of all pediatric trauma admissions at a single level one pediatric 

trauma center over ten years, 0.6% of patients were identified with injuries for which 

REBOA may provide temporary hemorrhage control. Furthermore, patients with REBOA­

amenable injuries accounted for 16% of severely injured pediatric trauma patients and made 

up 10% of all pediatric trauma deaths. Hemorrhage was a rare cause of death in severely 

injured pediatric trauma patients (4.9% of patients) but contributed to 46.2% of deaths 

in patients with REBOA-amenable injuries. Patients with REBOA-amenable injuries were 

more likely have an elevated SIPA on admission, to sustain penetrating trauma, and were 

more severely injured. SIPA had a high sensitivity (76.9%) and a high negative predictive 

value (90.5%), indicating a non-elevated SIPA may be useful in identifying patients at low 

risk for REBOA-amenable injuries. TBI was present in one-third of patients with REBOA­

amenable injuries.

We found that the proportion of children with REBOA-amenable injuries was comparable 

to that reported in adult gap analysis studies, 0.6% of all pediatric trauma patients [15]. 

In studies of combat-injured adult patients, the proportion with REBOA-amenable injuries 

was much higher at 18.5% [13]. Potentially preventable battlefield deaths are nearly all 

due to hemorrhage [19] and pediatric patients accounted for 1 in 10 admissions to U.S. 

and coalition military hospitals in Iraq and Afghanistan between 2007–2016 [20]. The 

proportion of combat-injured children with REBOA-amenable injuries is likely much higher 

than the 0.6% that we found in a civilian population, due to higher rates of penetrating 

trauma [21]. Importantly, REBOA has been used as a successful bridge to definitive care 

in the resource-limited environment of the battlefield [22]. Given similar rates of REBOA 

amenable injuries in adults and children, our work provides evidence of the potential utility 

of pediatric-sized REBOA devices in the stabilization of severely injured children in need of 

definitive hemorrhage control both in the civilian and combat environments. However, the 

overall proportion of pediatric trauma admissions sustaining REBOA-amenable injuries is 

still very low, and it may be necessary to maintain proficiency with the procedure through 

cadaveric or simulation-based training sessions.

The largest reported use of REBOA in pediatric trauma patients comes from one 

retrospective cohort study of 54 Japanese patients younger than 18 years old, of which 

72% were between the ages of 15 and 18 years [6]. The data from the rest of the world 

is even more limited. One case series from the United States reported 7 cases of REBOA 

use in adolescent trauma patients between 14–18 years old with a 43% survival rate [8]. 

There are also three additional case reports of balloon occlusion of the aorta in children for 

a blunt aortic laceration [9], an intraabdominal vascular injury [7], and an aorto-esophageal 

fistula following foreign body removal [23]. Although pediatric trauma patients infrequently 

require emergency intervention for traumatic injuries [24–28], we have demonstrated that 

a small population of severely injured pediatric trauma patients with hemorrhagic injuries 

exists and they have a high mortality rate. Although there is controversy surrounding the 

ideal indications for REBOA use [29], it is an additional tool for physicians in the care of 

these severely injured patients. In adult patients, REBOA has been successfully used to limit 
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blood loss following severe intraabdominal trauma [30], patients with pre-hospital arrest due 

to trauma [31], non-traumatic abdominal hemorrhage [32], and obstetrical hemorrhage [33].

Concern has been raised regarding the use of REBOA in patients with TBI, as proximal 

hypertension may contribute to worsening intracranial hypertension and worsening TBI [34]. 

This is a major concern in pediatric trauma patients, as TBI is the leading cause of morbidity 

and mortality in children [35]. In our cohort of children with REBOA-amenable injuries, 

29% had a TBI as well. Thus, the safety of aortic occlusion in pediatric patients with TBI 

must be established. Although the primary purpose of balloon occlusion of the aorta is to 

limit exsanguination from points of injury distal to the balloon, it also augments proximal 

blood flow to the heart and brain. REBOA has been shown to reduce blood loss in both adult 

[36] and pediatric [37] animal models, but it may also cause proximal hypertension [38], 

which may result in cardiac injury [39] and intracranial pressure elevations [40]. However, 

in adult swine models of aortic occlusion, progression of TBI with REBOA use was not 

evident on serial head imaging [34]. The true effects of REBOA on pediatric patients with a 

TBI remain unknown.

Access for REBOA is obtained through the common femoral artery (CFA) and access 

vessel size must be considered for the use of REBOA in pediatric patients. The diameter 

of the CFA ranges from 2.1–4.4 mm in children weighing less than 12 kg and 3.1–7.1 

mm in children weighing greater than 12 kg. In pediatric patients undergoing cardiac 

catheterization, there is an increased risk of loss of distal pulses in that extremity when 

the catheter outer diameter is > 50% of the diameter of the arterial lumen [41]. The 

most common device in use is the commercially available ER-REBOA catheter which is 

inserted through a 7 French introducer sheath which has a 2.95 mm outer diameter. This 

suggests that a common femoral artery diameter of 5.9 mm would permit REBOA access 

without increasing the risk of arterial injury or limb ischemia, which corresponds to a 

minimum patient weight of 30 kg [42]. This is the weight of a 9–10-year-old child at the 

50th percentile of weight [43,44], which is slightly younger than the youngest reported 

REBOA patients [7,9]. In this study, we found that the median age of a patient with 

a REBOA-amenable injury was 11 years, but 26.3% of patients with REBOA-amenable 

injuries were younger than 9 years old, indicating an ongoing need for a REBOA catheter 

that can be deployed through a smaller sheath.

The use of REBOA is not without risk. One of the potential risks of REBOA use is vascular 

access site complications, including arterial dissection, thrombosis, or occlusion resulting 

in distal ischemia. These risks have been found to be minimized by use of a 7 French 

introducer sheath when compared to older, larger-bore sheaths [45]. Due to the smaller size 

of pediatric blood vessels, it is possible that the risk of vascular complications may be 

higher. Even with smaller introducer sheaths and aortic occlusion devices, providers who 

use REBOA in pediatric patients must be vigilant in monitoring for potential complications. 

Additionally, inadvertent balloon inflation distal to aortic bifurcation can result in injury 

to or rupture of the iliac arteries. Although rare, over-inflation of the balloon may injure 

the aorta. Inflation of the balloon for too long a duration may result in irreversible 

distal ischemia, and REBOA should only be used as an immediate bridge to hemorrhage 

control, and not as a prolonged intervention. During balloon deflation, recirculation of 
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blood from temporarily ischemic regions of the body can result in reperfusion injury with 

significant hypotension and thus must be coordinated carefully with the anesthesia team 

[46]. Additionally, there is some evidence of worsening of cardiac injury with complete 

aortic occlusion via REBOA [39]. These potential adverse events must be considered with 

each case, and care taken to minimize these risks.

Lastly, identifying the pediatric patient who may have injuries for which REBOA may be 

of use is an additional challenge. SIPA, or Shock Index, Pediatric Age-Adjusted, has been 

found to be more accurate than age-adjusted hypotension [47] or shock index not adjusted 

for age [48] in identifying severely injured pediatric patients. Our findings add support to 

the use of SIPA as one tool in helping to identify pediatric trauma patients at high risk for 

intra-abdominal injury, as 81% of patients with injuries amenable to REBOA use had an 

elevated SIPA on admission, compared to 44% of severely injured children without REBOA­

amenable injuries and 17.7% of non-severely injured patients. The high sensitivity and high 

NPV indicate that a non-elevated SIPA may be used to indicate a lower risk of REBOA­

amenable injury in severely injured children, but that an elevated SIPA is poorly predictive 

of a REBOA-amenable injury due to its low specificity (53.9%) and PPV (29.3%). In adult 

patients, suspicion of non-compressible torso hemorrhage and hemodynamic instability 

are used as indications for REBOA placement, but pediatric-specific guidelines must be 

developed.

3.1 Future Directions

Further research is needed to guide the use of REBOA in pediatric trauma patients. Given 

the size discrepancies of adult and pediatric vasculature, smaller-profile REBOA catheters 

are needed to be used in patients younger than adolescents. Identifying the appropriate 

indications for REBOA use in the pediatric population is needed to accurately identify 

patients who may benefit from REBOA. In our cohort, elevated SIPA was not predictive of 

REBOA-amenable injuries, but other pediatric risk predictors were not evaluated. Although 

REBOA was not shown to worsen progression of TBI in a previously performed adult 

animal model, the monitoring period of the study was short, and long-term effects of 

REBOA on TBI progression are currently unknown. Additionally, it is unknown if these 

results can be applied to a pediatric population. As TBI is a leading cause of morbidity 

and mortality in children [35], further research is indicated to establish the effects of aortic 

occlusion specifically on pediatric patients with traumatic brain injury. Specifically, the 

effect of aortic occlusion on intracranial hypertension and worsening of brain injury, as 

well as neurologic functional outcomes, should be studied in pediatric animal models prior 

to the use of aortic occlusion in children with TBI. Additionally, partial REBOA is an 

emerging technology which has been shown in animal models [49] to reduce blood loss 

without causing increases in carotid arterial flow, lending support to its potential use in the 

exsanguinating trauma patient with TBI. Pediatric animal models of partial REBOA should 

be compared to complete REBOA to determine if either mode of aortic occlusion is feasible 

in severely injured children.
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3.2 Limitations

Our study has several limitations. This is a single-center retrospective review and may not 

be reflective of the broader pediatric trauma population. Additionally, these conclusions are 

drawn from 239 patients we identified as severely injured, and 38 patients in whom we 

identified injuries that may benefit from REBOA. As such, the population is very limited, 

and these patients reflect a very small percent of the pediatric trauma population. Although 

the information in the trauma database at our institution is prospectively collected, there may 

be coding inaccuracies. The use of surgery for hemorrhage control was not added to the 

database until 2013, and activation of MTP and pre-hospital cardiac arrest were not variables 

in the database until 2015, which means there are likely patients from 2009–2015 who met 

those criteria for inclusion but were not able to be identified; thus, the true incidence of 

severely injured pediatric trauma patients is likely higher than stated here.

4. Conclusion:

Nearly 20% of severely injured pediatric patients had injuries for which REBOA may 

provide temporary hemorrhage control, and half of deaths in this patient population were 

attributable to hemorrhage. Although the rate of children with REBOA-amenable injuries 

was low overall at 0.6% of all pediatric trauma activations, this is comparable to estimates 

from adult gap analyses. Further research should focus on accurately identifying children at 

risk for death from hemorrhage and adapting currently available REBOA catheters for use in 

pediatric patients.
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Figure 1: Determination of cohort of patients with REBOA-amenable injury from all pediatric 
trauma admissions.
MTP: Massive transfusion protocol; DOA: declared dead on arrival.
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Table 1:

Comparison of Severely Injured Patients to Not Severely Injured Patients

Variable Severely Injured (n = 239) Not Severely Injured (n = 6265) p-value

Age, years: median (IQR) 9 (3–15) 8 (3–13) 0.11

Sex: % male (n) 70.3% (168) 63.3% (3966) 0.03*

Blunt trauma: % blunt (n) 74.5% (178) 91.6% (5739) < 0.0001*

ISS: median (IQR) 25 (16–30) 5 (4–10) < 0.0001*

Hospital LOS, days: median (IQR) 5 (1.5–9) 1 (1–3) < 0.0001*

Elevated SIPA: % (n) 53.3% (72/135) 17.5% (722/4129) < 0.0001*

IQR: interquartile range; ISS: injury severity score; LOS: length of stay; SIPA: Shock Index, Pediatric Age-Adjusted.

*
denotes statistical significance at p < 0.05.
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Table 2:

Comparison of Severely Injured Patients with REBOA-Amenable Injuries to Severely Injured Patients Without 

REBOA-Amenable Injuries

Variable REBOA-amenable injuries (n = 38) No REBOA-amenable injuries (n = 201) p-value

Age, years: median (IQR) 11 (8–16) 8 (2–14) 0.02*

Sex: % male (n) 57.9% (22) 72.6% (146) 0.08

Mechanism of injury: % blunt trauma (n) 71.1% (27) 75.1% (151) 0.7

ISS: median (IQR) 29.5 (22–43) 25 (14–29) 0.0002*

Hospital LOS, days: median (IQR) 9.5 (2–18) 5 (2–11) 0.07*

Elevated SIPA: % (n) 76.9% (20/26) 47.7% (52/109) 0.009*

TBI: % (n) 29.0% (11) 67.7% (136) <0.0001*

Mortality: % (n) 34.2% (13) 42.8% (86) 0.4

IQR: interquartile range; ISS: injury severity score; LOS: length of stay; SIPA: Shock Index, Pediatric Age-Adjusted; TBI: traumatic brain injury; 
REBOA: Resuscitative Endovascular Balloon Occlusion of the Aorta.

*
denotes statistical significance at p < 0.05.
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Table 3:

Details of REBOA-Amenable Injuries in 38 Severely Injured Pediatric Trauma Patients

Injury Type* Details

Solid organ injury (n = 35) Liver lacerations (n = 20)
Splenic lacerations (n = 11)
Renal lacerations (n = 4)

Intraabdominal vascular injury (n = 10) External iliac artery
Internal iliac vein
Ileocolic artery
Adrenal artery
Mesenteric arteries
Inferior vena cava (n = 3)

Retroperitoneal hemorrhage (n = 7)

Pelvic hemorrhage (n = 7)

*
Numbers add up to greater than 38 as some patients had multiple injuries. REBOA: Resuscitative Endovascular Balloon Occlusion of the Aorta.

J Pediatr Surg. Author manuscript; available in PMC 2022 August 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Theodorou et al. Page 17

Table 4:

Interventions Required in Severely Injured Patients

Interventions: n (%) REBOA-amenable injury 
(n=38)

No REBOA-amenable injury 
(n=201)

p-value

Any intervention: n (%) 37 (97.4) 136 (67.7) <0.0001*

Resuscitative thoracotomy: n (%) 3 (7.9) 6 (3.0) 0.16

Sternotomy: n (%) 2 (5.3) 1 (0.5) 0.07

Laparotomy: n (%) 32 (84.2) 25 (12.4) <0.0001*

Neurosurgical intervention: n (%) 6 (15.8) 70 (34.8) 0.03*

Orthopedic intervention: n (%) 9 (23.7) 28 (13.9) 0.14

Interventional radiology: n (%) 9 (23.7) 1 (0.5) <0.0001*

Any transfusion: n (%) 35 (89.5) 151 (75.1) 0.06

Massive transfusion: n (%) 24 (64.9) 55 (27.6) <0.0001*

Transfusion volume per kg of body weight: median 
(IQR)

69.1 (24.6–123) 18.1 (0–42.6) <0.0001*

REBOA: Resuscitative Endovascular Balloon Occlusion of the Aorta; IQR: interquarterile range.
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Table 5:

Utility of SIPA in Identifying Patients with REBOA-Amenable Injuries

REBOA-amenable injury No REBOA-amenable injury Total patients

SIPA elevated 20 52 72

SIPA not elevated 6 57 63

Total patients 27 108 135

SIPA: Shock Index, Pediatric Age-Adjusted; REBOA: Resuscitative Endovascular Balloon Occlusion of the Aorta.
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