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ABSTRACT
Background  The effects of aortic occlusion (AO) on brain 
injury are not well defined. We examined the impact of AO 
by resuscitative endovascular balloon occlusion of the aorta 
(REBOA) and resuscitative thoracotomy (RT) on outcomes 
in the setting of traumatic brain injury (TBI).
Methods  Patients sustaining TBI who underwent RT 
or REBOA in zone 1 (thoracic aorta) from September 
2013 to December 2018 were identified. The indication 
for REBOA or RT was hemodynamic collapse due to 
hemorrhage below the diaphragm. Primary outcomes 
included mortality and systemic complications.
Results  282 patients underwent REBOA or RT. Of these, 
76 had mild TBI (40 REBOA, 36 RT) and 206 sustained 
severe TBI (107 REBOA, 99 RT). Overall, the mean 
(±SD) age was 42±17 years, with an Injury Severity 
Score (ISS) of 40±17 and mean systolic blood pressure 
(SBP) at the time of REBOA or RT of 81±34 mm Hg. 
REBOA patients had a mean SBP at the time of AO of 
78.39±29.45 mm Hg, whereas RT patients had a mean 
SBP of 83.18±37.87 mm Hg at the time of AO (p=0.24). 
55% had ongoing cardiopulmonary resuscitation (CPR) 
at the time of AO, and the in-hospital mortality was 
86%. Binomial logistic regression controlling for TBI 
severity, age, ISS, SBP at the time of AO, crystalloid 
infusion, and CPR during AO demonstrated that the odds 
of mortality are 3.1 times higher for RT compared with 
REBOA. No significant differences were found in systemic 
complications between RT and REBOA.
Discussion  Patients with TBI who receive REBOA may 
have improved survival, but no difference in systemic 
complications, compared with patients who receive RT 
for the same indication. Although some patients are 
receiving RT prior to arrest for extrathoracic hemorrhagic 
shock, these results suggest that REBOA should be 
considered as an alternative to RT when RT is chosen for 
the sole purpose of resuscitation in the setting of TBI.
Level of evidence  4.

INTRODUCTION
Resuscitative endovascular balloon occlusion of the 
aorta (REBOA) has been used as an adjunct to resus-
citation and hemorrhage control in trauma for several 
years. Although the optimum patient selection criteria 
have not been identified by level 1 studies, some 

propensity score matching studies suggest a survival 
benefit in similar patients compared with those who 
do not receive REBOA,1–3 as well as compared with 
similar patients who receive resuscitative thora-
cotomy (RT) for the same indications.4–6

A cohort of patients who receive REBOA for 
exsanguinating hemorrhage also have traumatic 
brain injury (TBI), and the effects of aortic occlu-
sion (AO) on brain injury are not well defined. 
Whether AO occurs with RT or REBOA, cerebral 
blood flow, carotid blood flow, and other measures 
which can affect outcomes have been demonstrated 
to increase.7–9 Because hypotension and hyperten-
sion can be problematic for the injured brain,10–15 
AO must be used with caution. AO increases systolic 
blood pressure (SBP) to prevent cardiovascular 
collapse, or in the case of arrest to achieve return 
of spontaneous circulation (ROSC) by perfusing 
cerebral and coronary circulation. However, the 
SBP increase after AO has not been investigated in 
patients with TBI, nor has the potential effect on 
outcomes. Our aim was to examine the impact of 
AO by REBOA and RT on outcomes in the setting 
of TBI.

METHODS
Data collection
No consent for the REBOA procedure was required. 
Data were collected prospectively and entered by 
volunteer registrars designated by each center into an 
online data collection portal managed by the Amer-
ican Association for the Surgery of Trauma (AAST).

Adult trauma and acute care surgery (aged 18 
years and older) patients with blunt TBI undergoing 
AO zone 1 REBOA or RT with AO after injury 
were enrolled. TBI was identified by head Abbre-
viated Injury Scale (AIS) score of ≥1. The decision 
to perform REBOA was physician-dependent, and 
most patients received REBOA based on at least 
one previously published algorithm. De-identified 
data of patients with TBI who received REBOA 
and RT were obtained from the AAST database 
from September 2013 to December 2018. Patients 
were stratified based on procedure and severity of 
TBI. Mild TBI was defined as head AIS score of 
≤2, whereas severe TBI was defined as head AIS 
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score of ≥3. Patients were excluded if they received REBOA in 
zone 2 (area of visceral vessel origins) or zone 3 (distal abdom-
inal aorta), or if successful AO was not achieved. Patients with 
penetrating injury were also excluded. Captured data included 
patient demographics, admission laboratory vitals, and Injury 
Severity Score (ISS). In addition, physiology at the time of AO 
and response to initial AO (highest SBP within 5 minutes after 
AO) were recorded along with hospital discharge information 
including Glasgow Coma Scale (GCS) and Glasgow Outcome 
Scale Extended (GOSE). Outcomes such as mortality and 
complications were collected.

Missing data
In assessing missing vitals and blood characteristic data, multiple 
imputation was performed. The Markov Chain Monte Carlo 
method was used to predict missing data within continuous vari-
ables that possessed less than 35% missing data. Variables were 
scanned and analyzed for patterns to assure randomness in missing 
data. Random number generation was then employed to coordi-
nate values to the missing data. These values were iterated three 
times through a linear regression analysis using other demographic 
and correlated variables as predictors. Iterations produced imputed 
data pooled within the range of the original available continuous 
data. The third iteration was then used for statistical analysis.

Statistical analysis
Univariate χ2 analysis with continuity correction was performed 
for comparisons between RT and REBOA patients who achieved 
successful AO. Fisher’s exact test was used for categorical variables 
containing cells with less than 10 events. Continuous variables 
were reported as mean (SD), whereas categorical variables were 
reported by count with corresponding percentages. In assessing 
continuous variables, independent t-test was used in comparing 
means across the two groups examined. Hospital length of stay, 
intensive care unit (ICU) stay, and duration of mechanical venti-
lation were collected. The primary outcomes were mortality and 
complications. Systemic complications were coded into a binary 
variable, resulting in at least one complication, due to the infre-
quent count of each type. Systemic complications were assessed 
separately for patients who survived beyond the operating room. 
This was also reflected in the outcome for the binary logistic regres-
sion model examining complications. Binomial logistic regression 
analyses were then performed to determine difference in odds 
of mortality, discharge GCS, GOSE, and systemic complications 
between RT and REBOA when controlling for covariates such as 
TBI severity, age, ISS, AO initiation SBP, admission lactate, cardio-
pulmonary resuscitation (CPR) during AO, and volume of blood 
transfusions. Models were pre-examined using univariate correla-
tion matrices in assessing correlated variables with mortality that 
need to be controlled for. In assessing cohorts for each TBI severity 
subpopulation, separate models for each subpopulation (mild and 
severe TBI) were also assessed for outcomes of all population 
mortality. Models were validated using the Hosmer and Lemeshow 
significance test in assessing their validity. All statistical analyses 
were conducted using Statistical Package for the Social Sciences 
(SPSS) V.25.

RESULTS
Demographics
There were 282 blunt-injured patients with TBI abstracted from 
the AAST data registry; 147 underwent REBOA and 135 under-
went RT. Of these patients, 76 had mild TBI (40 REBOA, 36 RT) 
and 206 sustained severe TBI (107 REBOA, 99 RT). Overall, the 

mean (±SD) age was 42±17 years, with an ISS of 40±17 and 
mean SBP at the time of REBOA or RT of 81±34 mm Hg. REBOA 
patients had a mean SBP at the time of AO of 78.39±29.45 mm 
Hg, whereas RT patients had a mean SBP of 83.18±37.87 mm 
Hg at the time of AO (p=0.24). Of the patients, 55% had 
ongoing CPR at the time of AO, and the in-hospital mortality 
was 86%. Of the procedures, 76.2% were performed by trauma/
acute care surgery attendings, 12.1% were performed by surgery 
residents, 8.9% were performed by surgery fellows, and 1.1% 
were by vascular surgery attendings.

Univariate analysis
Patients with TBI who underwent REBOA were significantly 
older than RT patients. Admission GCS and hemoglobin were 
significantly higher among REBOA patients, whereas admission 
lactate and base deficit value were significantly higher among 
RT patients (table 1). GCS at AO and post-AO were significantly 
higher among REBOA than RT. Of the RT patients, 82.2% 
had ongoing CPR during AO, whereas only 29.9% of REBOA 
patients needed CPR during AO. SBP post-AO was higher in 
REBOA than RT, and REBOA patients also had significantly 
higher volume of blood transfusions of packed red blood cells, 
fresh frozen plasma, and crystalloid (table 1). Among patients 
with mild TBI, GCS at AO was significantly higher in REBOA 
than in RT patients. However, there were no significant differ-
ences in ISS or other physiologic variables between treatment 
groups within patients with mild TBI. CPR during AO was more 
frequent among RT than REBOA patients in the mild TBI cohort 
(table 2). Among patients with severe TBI, admission GCS and 
heart rate at AO and post-AO were significantly higher within 
REBOA patients than RT patients. CPR at admission and during 
AO were significantly more common among RT patients than 
REBOA patients. Blood transfusion volumes such as packed red 
blood cells and fresh frozen plasma were significantly higher 
among REBOA patients (table 2).

Outcomes
Overall, mortality was 86.2%, with over a third of those occur-
ring in the ICU, with REBOA patients having lower mortality 
overall than RT patients, 77.6% vs. 95.6% (table  3). Nearly 
70% of all patients died within 6 hours of admission, and RT 
patients died sooner than REBOA patients (table 3). As a result, 
hospital length of stay, ICU stay, and mechanical ventilation 
days were significantly higher among REBOA patients than RT 
patients (p<0.01). Discharge GCS was also significantly higher 
among REBOA patients than RT patients (table 4). There were 
no significant differences in overall complications between RT 
and REBOA. Only bacteremia showed a significantly higher inci-
dence among REBOA patients than RT patients (table 4). Access 
complications in the REBOA group are listed in table 3. When 
isolating patients who had ongoing CPR at the time of AO, there 
was no difference in outcomes, time of death, or complications 
(table  5). Only duration of ventilation for the RT group was 
significantly higher than the REBOA group.

Logistic regression
In assessing the outcome of mortality between RT and REBOA 
patients, we controlled for several significant covariates. Using a 
binomial logistic regression model controlling for TBI severity, 
age, ISS, SBP at AO, admission lactate, crystalloid infusion, 
duration of initial AO, and CPR during AO, RT patients had a 
threefold higher mortality rate than REBOA patients, and severe 
TBI patients were three times more likely to die than those with 
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lesser TBI severity (table  6). There were no significant differ-
ences in mortality between RT and REBOA within mild or 
severe subgroups. After controlling for TBI severity, age, ISS, 

SBP at AO, admission lactate, crystalloid infusion, duration of 
AO, and CPR during AO, there was no difference in discharge 
GCS, GOSE, or systemic complications (table 7).

Table 1  Demographics of all patients with blunt TBI

Total (N=282, 100%) REBOA (n=147, 52.1%) RT (n=135, 48.9%) P value

Age, years, mean (SD) 42.3 (17) 44.7 (17) 39.8 (17) 0.02*

Gender, n (%) 0.47

 � Male 216 (76.6) 110 (74.8) 106 (78.5)

 � Female 66 (23.4) 37 (25.2) 29 (21.5)

ISS, mean (SD) 40.1 (17) 39.4 (16) 41.0 (18) 0.43

Chest AIS score, mean (SD) 3.2 (1) 3.0 (1) 3.3 (2) 0.10

Abdomen AIS score, mean (SD) 2.7 (2) 2.6 (2) 2.9 (2) 0.32

TBI, n (%) 0.92

 � Mild TBI 76 (27.0) 40 (27.2) 36 (26.7)

 � Severe TBI 206 (73.0) 107 (72.8) 99 (73.3)

Admission vital signs, mean (SD)

 � SBP, mm Hg 102.4 (37) 101.1 (35) 103.8 (38) 0.53

 � HR, bpm 112.2 (31) 113.6 (31) 110.7 (31) 0.43

 � GCS 4.4 (3) 4.9 (4) 4 (2) 0.01**

 � Hgb 10.8 (3) 11.2 (2) 10.0 (4) 0.02*

 � InR 1.9 (2) 2.0 (2) 1.8 (1) 0.19

 � pH 7.1 (0.2) 7.1 (0.2) 7.0 (0.2) 0.11

 � Lactate 8.8 (5) 8.2 (5) 9.4 (5) 0.05*

 � Base deficit (−) 13.6 (7) 12.7 (7) 14.6 (7) 0.02*

AO initiation vitals, mean (SD)

 � SBP, mm Hg 80.7 (34) 78.4 (29) 83.2 (38) 0.24

 � HR, bpm 108.8 (31) 112.2 (30) 105.0 (32) 0.05*

 � GCS 3.3 (2) 3.5 (2) 3.0 (0) 0.01*

Response to AO vitals, mean (SD)

 � SBP, mm Hg 114.7 (32) 115.2 (32) 114.1 (32) 0.79

 � HR, bpm 106.0 (31) 108.5 (30) 103.2 (32) 0.15

 � GCS 3.2 (1) 3.4 (2) 3.0 (0.3) 0.04*

Change after AO, mean (SD)

 � Change in SBP, mm Hg 35.0 (44) 39.8 (39) 8.0 (59) 0.01*

 � Change in HR, bpm −0.2 (25) −0.9 (24) 2.1 (27) 0.60

 � Change in GCS −0.1 (0.8) −0.1 (1) 0.03 (0.3) 0.08

Lowest base deficit (−), mean (SD) 14.8 (6) 14.1 (7) 15.6 (6) 0.05

Highest InR, mean (SD) 2.1 (2) 2.1 (3) 2.0 (1) 0.41

Highest lactate, mg/dL, mean (SD) 10.2 (5) 9.8 (5) 10.6 (5) 0.20

Lowest Hgb, g/L, mean (SD) 9.1 (3) 9.3 (3) 8.8 (3) 0.15

Lowest pH, mean (SD) 7.0 (0.2) 7.1 (0.2) 7.0 (0.2) 0.05

CPR in progress on arrival, n (%) 88 (31.2) 33 (22.4) 55 (40.7) <0.01**

 � CPR duration, minutes, mean (SD) 18 (14) 15 (14) 20 (14) 0.02*

CPR during AO, n (%) 155 (55.0) 44 (29.9) 111 (82.2) <0.001**

Duration of initial AO, minutes, mean (SD) 40.0 (47) 47.1 (55) 32.1 (33) 0.02*

Resuscitation products, mean (SD)

 � Packed red blood cells 15.9 (15) 17.8 (15) 13.9 (14) 0.03*

 � Fresh frozen plasma 12.5 (14) 14.2 (14) 10.6 (13) 0.03*

 � Platelets 6.3 (12) 7.3 (13) 5.3 (10) 0.14

 � Cryoprecipitate 1.7 (5) 2.0 (7) 1.4 (3) 0.30

 � Crystalloids 4.0 (5) 4.6 (7) 3.3 (3) 0.04*

*P<0.05, **P<0.01.
AIS, Abbreviated Injury Scale; AO, aortic occlusion; bpm, beats per minute; CPR, cardiopulmonary resuscitation; GCS, Glasgow Coma Scale; Hgb, hemoglobin; HR, heart rate; InR, 
international normalized ratio; ISS, Injury Severity Score; REBOA, resuscitative endovascular balloon occlusion; RT, resuscitative thoracotomy; SBP, systolic blood pressure; TBI, 
traumatic brain injury.
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DISCUSSION
The Aortic Occlusion and Resuscitation for Trauma and 
Acute Care Surgery (AORTA) trial has been capturing RT and 
REBOA patients from voluntarily enrolled centers since 2013, 
which has given us a great deal of information regarding the 

implementation, adoption, and evolving use of these proce-
dures. This cohort has similar SBP at the time of AO as the 
REBOA patients. This argues against the theory that RT patients 
are more compromised than patients who receive REBOA, as 
seen in this study and in others from the same database.4 16 The 

Table 2  Demographics of patients by TBI severity

Mild TBI (n=76, 27.0%) Severe TBI (n=206, 73.0%)

REBOA zone 1 (n=40, 52.6%) RT (n=36, 47.4%) REBOA zone 1 (n=107, 51.9%) RT (n=99, 48.1%)

Age, years, mean (SD) 49.9 (17) 45.8 (19) 42.8 (17) 37.6 (16)*

Gender, n (%)

 � Male 31 (77.5) 29 (80.6) 79 (73.8) 77 (77.8)

 � Female 9 (22.5) 7 (19.4) 28 (26.2) 22 (22.2)

ISS, mean (SD) 29.9 (11) 34.0 (19) 42.9 (16) 43.5 (17)

Chest AIS score, mean (SD) 2.8 (1) 3.1 (2) 3.1 (1) 3.4 (2)

Abdomen AIS score, mean (SD) 2.8 (2) 3.1 (2) 2.6 (2) 2.8 (2)

Admission vitals, mean (SD)

 � SBP, mm Hg 105.3 (30) 99.3 (39) 99.5 (37) 105.4 (38)

 � HR, bpm 112.3 (26) 108.5 (29) 114.1 (32) 111.4 (32)

 � GCS 6.8 (5) 4.8 (4) 4.3 (3) 3.5 (2)*

 � Hgb, g/L 11.2 (3) 9.8 (34) 11.2 (2) 10.6 (3)

 � InR 2.2 (3) 1.6 (1) 1.9 (2) 1.8 (1)

 � pH 7.1 (0.2) 7.1 (0.2) 7.1 (0.2) 7.1 (0.2)

 � Lactate 9.1 (5) 11.1 (5) 7.9 (5) 8.8 (5)

 � Base deficit (−) 13.6 (7) 16.6 (7) 12.3 (7) 13.9 (7)

AO initiation vitals, mean (SD)

 � SBP, mm Hg 75.3 (29) 74.0 (33) 79.6 (30) 86.5 (39)

 � HR, bpm 100.6 (32) 95.7 (33) 116.5 (28) 108.5 (30)*

 � GCS 4.3 (3) 3.0 (0)* 3.2 (2) 3.0 (0)

Post-AO vitals, mean (SD)

 � SBP, mm Hg 115.8 (40) 107 (33) 114.9 (28) 116.8 (32)

 � HR, bpm 98.3 (30) 104.1 (34) 112.3 (29) 102.9 (31)*

 � GCS 4.1 (3) 3.0 (0.2) 3.2 (1) 3.0 (0.3)

Change after AO, mean (SD)

 � Change in SBP, mm Hg 49.0 (45) 25.0 (49) 36.5 (36) 0.9 (63)**

 � Change in HR, bpm 5.2 (29) −11.2 (16) −3.2 (22) 5.5 (29)

 � Change in GCS −0.2 (0.9) 0.03 (0.2) −0.1 (1) 0.03 (0.3)

Lowest base deficit (−), mean (SD) 15.3 (6.9) 17.1 (6) 13.6 (7) 15.0 (6)

Highest InR, mean (SD) 1.8 (0.9) 1.8 (1) 2.3 (3) 2.0 (1)

Highest lactate, mg/dL, mean (SD) 10.5 (6) 11.6 (5) 9.6 (5) 10.2 (5)

Lowest Hgb, mean (SD) 9.6 (2.9) 8.0 (4) 9.2 (3) 9.1 (3)

Lowest pH, mean (SD) 7.0 (0.2) 7.0 (0.2) 7.1 (0.2) 7.0 (0.2)

CPR in progress on arrival, n (%) 9 (22.5) 13 (36.1) 24 (22.4) 42 (42.4)**

CPR duration, minutes, mean (SD) 16 (19) 16 (12) 14 (12) 22 (15)**

CPR during AO, n (%) 14 (35.0) 30 (83.3)** 30 (28.0) 81 (81.8)**

Duration of initial AO, minutes, mean (SD) 34.8 (32) 31.4 (22) 52.5 (62) 32.4 (36)*

Resuscitation products, mean (SD)

 � Packed red blood cells 17.8 (16) 16.4 (14) 17.8 (15) 13.9 (14)*

 � Fresh frozen plasma 13.9 (15) 13.3 (14) 14.3 (13) 9.6 (13)**

 � Platelets 10.1 (19) 4.9 (9) 6.3 (10) 5.4 (10)

 � Cryoprecipitate 3.3 (9) 1.3 (3) 1.5 (6) 1.4 (3)

 � Crystalloids 3.7 (2) 2.9 (3) 5.0 (7) 3.5 (4)

*P<0.05, **P<0.01.
AIS, Abbreviated Injury Scale; AO, aortic occlusion; bpm, beats per minute; CPR, cardiopulmonary resuscitation; GCS, Glasgow Coma Scale; Hgb, hemoglobin; HR, heart rate; InR, 
international normalized ratio; ISS, Injury Severity Score; REBOA, resuscitative endovascular balloon occlusion; RT, resuscitative thoracotomy; SBP, systolic blood pressure; TBI, 
traumatic brain injury.
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value of SBP at the time of AO is the most important measure-
ment of physiologic demise from hemorrhage and solidifies the 
similarity between these two groups of patients. ISS, admission 
SBP, heart rate, and pH were also not different between the 
groups. Admission lactate and GCS were significantly different; 
however, these were not obtained at the time of AO and thus 
may not be the most accurate depiction of physiology. Another 
important variable which can confound baseline comparisons 
between the groups is ongoing CPR at the time of AO. Because 
fewer REBOA patients had ongoing CPR at the time of AO than 
RT patients, this variable was included in the logistic regression 
models. The finding that not all patients were in arrest at the 
time of RT (almost 20%) has been consistently demonstrated by 
this database. It appears that although outcomes from RT have 
not improved during the past decades,17 it is still the choice for 
AO in some patients in the absence of thoracic hemorrhage.

Similar mean increases in post-AO SBP and mean post-AO 
SBP have been demonstrated in other AORTA studies, 
confirming the effectiveness of RT and REBOA in improving 
proximal arterial pressure.4 16 Studies have documented worse 
outcomes in patients with TBI with hypotension,10–14 which 
AO can mitigate. In the setting of TBI, the peak post-AO SBP 
could be particularly concerning, as hypertension has been 
shown to worsen TBI.11–15 Guidelines from the Brain Trauma 
Foundation (BTF) recommend keeping SBP >100 mm Hg for 
patients 50 to 69 years old and >110 mm Hg or above for 
patients 15 to 49 years old or  >70 years old.18 The mean 
post-AO SBP values (which are peak values) for both RT and 
REBOA patients in this study are in keeping with the guide-
lines and may not worsen TBI. One study using continuous 
vital sign monitoring investigated hemodynamics before, 
during, and after AO with REBOA and found that, although 

Table 3  Outcomes and complications of REBOA and RT overall

Outcomes Total (N=282, 100%) REBOA zone 1 (n=147, 52.1%) RT (n=135, 48.9%) P value

In-hospital mortality, n (%) 243 (86.2) 114 (77.6) 129 (95.6) <0.01**

 � ICU, n (%) 90 (31.9) 51 (34.7) 39 (28.9) <0.01**

 � Operating room, n (%) 80 (28.4) 29 (19.7) 51 (37.8)

 � Emergency room, n (%) 70 (24.8) 32 (21.8) 38 (28.1)

 � Interventional radiology, n (%) 1 (0.2) 1 (0.7) 0 (0)

 � Other, n (%) 2 (0.7) 1 (0.7) 1 (0.7)

Death hours after admission, mean (SD) 3.2 (4) 4.1 (4) 2.6 (3) 0.01**

 � <6, n (%) 196 (69.5) 86 (58.5) 110 (81.5) 0.07

 � 6–12, n (%) 33 (11.7) 18 (12.2) 15 (11.1)

 � 12–18, n (%) 13 (4.6) 10 (6.8) 3 (2.2)

 � 18–24, n (%) 1 (0.4) 0 (0.0) 1 (0.7)

Hospital LOS, days, mean (SD) 6.4 (14) 9.7 (17) 2.9 (9) <0.01**

ICU stay, n (%) 148 (52.5) 92 (62.6) 56 (41.5) <0.01**

ICU days, mean (SD) 6.4 (9) 8.0 (10) 3.82 (7) 0.01**

Ventilator days, n (%) 214 (75.9) 116 (78.9) 98 (72.6) 0.17

Ventilator days, mean (SD) 4.4 (8) 6.3 (10) 2.1 (4) <0.01**

Discharge GCS, mean (SD) 5.1 (4) 6.1 (5) 3.7 (2) <0.01**

Discharge GOSE, mean (SD) 1.6 (1) 1.8 (1) 1.5 (1) 0.10

Discharge disposition, n (%) <0.01**

 � Rehabilitation/nursing facility 30 (10.6) 26 (17.7) 4 (3.0)

 � Home 6 (2.1) 5 (3.4) 1 (0.7)

 � Missing 4 (0.9) 2 (1.4) 2 (1.5)

Lower extremity amputation, n (%) 2 (0.7) 2 (1.4) 0 (0.0) 0.50

Systemic complications, n (%) 62 (22.0) 45 (30.6) 17 (12.6) <0.01**

 � Acute kidney injury 36 (12.8) 27 (18.4) 9 (6.7) 0.01**

 � Pneumonia 25 (8.9) 19 (12.9) 6 (4.4) 0.02*

 � ALI or ARDS 22 (7.8) 15 (10.2) 7 (5.2) 0.18

 � Multi-organ dysfunction syndrome(MODS) 22 (7.8) 15 (10.2) 7 (5.2) 0.18

 � Sepsis or septic shock 13 (4.6) 9 (6.1) 4 (3.0) 0.26

 � AKI - dialysis required 13 (4.6) 10 (6.8) 3 (2.2) 0.09

 � Bacteremia 11 (3.9) 11 (7.5) 0 (0.0) 0.01**

 � Stroke 5 (1.8) 3 (2.0) 2 (1.5) 0.99

 � Paraplegia 4 (1.4) 4 (2.7) 0 (0.0) 0.12

 � Myocardial infarction 1 (0.4) 1 (0.7) 0 (0.0) 0.99

Systemic complications include having at least one of the following: AKI, pneumonia, ALI or ARDS, MODS, sepsis, AKI - dialysis required, bacteremia, paraplegia, stroke, and 
myocardial infarction.
*P<0.05, **P<0.01.
AKI, acute kidney injury; ALI, acute lung injury; ARDS, acute respiratory distress syndrome; GCS, Glasgow Coma Scale; GOSE, Glasgow Outcome Scale Extended; ICU, intensive 
care unit; LOS, length of stay; REBOA, resuscitative endovascular balloon occlusion; RT, resuscitative thoracotomy.
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SBP can vary after AO, during the majority of the duration 
of AO the mean SBP stays within the BTF guidelines.19 The 
complex shifts in blood flow after sudden AO are related 
to a complex interplay between arterial and venous capaci-
tance, vasoconstriction, and cardiac function.20 These resul-
tant compensations are more pronounced with higher levels 
of AO. The fluctuations in SBP that may occur with AO and 
then release of AO/balloon deflation may be just as delete-
rious to TBI as singular episodes of hypotension or hyperten-
sion. Unfortunately, the values for post-AO SBP correspond 
to one maximum value within 5 minutes after occlusion, and 
thus the SBP values throughout the duration of AO are not 
captured.

The logistic regression analysis, which controlled for 
factors potentially affecting outcomes, found RT to worsen 
the odds of survival threefold. The survival benefit of REBOA 
has been demonstrated in patients without TBI compared 
with RT patients from the AAST AORTA database in previous 
publications4 19; however, this is the first to demonstrate the 
same benefit in patients with brain injury. No correlation 
to specific aspects of REBOA can be identified as factors 
resulting in improved survival, and further study is needed 
to identify cause and effect. Discharge GCS was also found 
to be higher in REBOA patients than RT patients, which is 
a positive outcome in all patients, and patients with TBI in 
particular. Differences in systemic complications were not 
significant between groups, and the rates of extremity isch-
emia and amputation from REBOA are similar to prior studies 
from the same database.

This study does not answer the question of whether AO 
harms patients with TBI. A propensity-scored matching 
study from Japan showed that patients with TBI who receive 
REBOA fare worse than those who do not receive REBOA,21 
but translational data show that increases in intra-cranial pres-
sure (ICP) and carotid flow do not correlate with progression 

of TBI on imaging.7 22 Furthermore, blood resuscitation was 
found to worsen TBI more than REBOA.

In terms of clinical recommendations, the difficulty is 
being able to identify patients with TBI prior to AO. Patients 
in shock from hemorrhage often have decreased GCS, as do 
most patients with more than mild TBI. So in most cases it is 
difficult to diagnose TBI without imaging. REBOA and RT 
patients usually do not travel to the CT scanner until after AO 
and hemorrhage control. This makes guidelines for use of AO 
in patients with TBI a challenge. It is most often a secondary 
finding after hemorrhagic shock that we find TBI well after the 
decision to perform AO has occurred. Even in the setting of 
non-survivable TBI and exsanguinating hemorrhage, REBOA 
has allowed a patient to survive to organ donation in at least 
one published institutional series.23 The key for patients with 
TBI and exsanguinating hemorrhage is treatment of the most 
life-threatening injury first and foremost. This may require 
AO by RT or REBOA to control hemorrhage, which may 
delay or halt coagulopathy and reduce the burden of primary 
and secondary brain injury. These results suggest REBOA may 
be a superior alternative to RT in this setting.

There are several limitations to this study, including its 
voluntary and observational nature. Not all variables for all 
patients were available, and multiple imputation was used to 
correct for this. Neither cause of death nor organ donation 
was captured. The patients in this database only represent 
some of the institutions performing REBOA and RT, including 
high-volume REBOA centers. The results may not translate 
to low-volume REBOA centers. The indications for using RT 
or REBOA were based on physician discretion, although life-
threatening hemorrhage below the diaphragm was the indica-
tion for use in all patients. The study period spans different 
time periods of REBOA evolution, including the early days 
and exponential learning curves with larger devices at some 
centers, and later more refined use of REBOA with a smaller 

Table 4  Complications of REBOA and RT in patients who survived beyond the operating room

Outcomes Total (n=132, 100%) REBOA zone 1 (n=86, 65.2%) RT (n=46, 34.8%) P value

Access complications, n (%) 7 (5.3) 7 (8.1) – NA

 � Pseudoaneurysm 1 (0.8) 1 (1.2) – NA

 � Distal embolism 4 (3.2) 4 (4.7) – NA

 � Extremity ischemia 5 (4.0) 5 (5.8) – NA

 � Lower extremity amputation 1 (0.8) 1 (1.2) 0 (0.0) 0.65

Systemic complications, n (%) 58 (43.9) 42 (48.8) 16 (34.8) 0.17

 � Acute kidney injury 33 (25.0) 24 (27.9) 9 (19.6) 0.40

 � Pneumonia 25 (18.9) 19 (22.1) 6 (13.0) 0.24

 � ALI or ARDS 22 (16.7) 15 (17.4) 7 (15.2) 0.81

 � Multi-organ dysfunction syndrome (MODS) 20 (15.2) 14 (16.3) 6 (13.0) 0.41

 � Sepsis or septic shock 12 (9.1) 9 (10.5) 3 (6.5) 0.34

 � AKI - dialysis required 13 (9.8) 10 (11.6) 3 (6.5) 0.54

 � Bacteremia 11 (8.3) 11 (12.8) 0 (0.0) 0.01**

 � Stroke 5 (3.8) 3 (3.5) 2 (4.3) 0.57

 � Paraplegia 4 (3.0) 4 (4.7) 0 (0.0) 0.18

 � Myocardial infarction 1 (0.8) 1 (1.2) 0 (0.0) 0.65

Access complications include having at least one of the following: pseudoaneurysm, distal embolism, and extremity ischemia.
Systemic complications include having at least one of the following: AKI, pneumonia, ALI or ARDS, MODS, sepsis, AKI - dialysis required, bacteremia, paraplegia, stroke, and 
myocardial infarction.
**P<0.01.
AKI, acute kidney injury; ALI, acute lung injury; ARDS, acute respiratory distress syndrome; NA, not applicable due to open surgical technique vs. endovascular technique; REBOA, 
resuscitative endovascular balloon occlusion; RT, resuscitative thoracotomy.
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Table 5  Outcomes of REBOA and RT for patients who required CPR at AO

Outcomes Total (n=155, 100%) Zone 1 (n=44, 28.4%) RT (n=111, 71.6%) P value

In-hospital mortality, n (%) 150 (96.8) 42 (95.5) 108 (97.3) 0.56

Duration of initial AO, mean (SD) 27 (23) 25 (26) 28 (22) 0.64

Hours dead after admission, mean (SD) 2.5 (3) 2.1 (3) 2.6 (3) 0.49

 � <6 hours dead after admission, n (%) 129 (83.2) 38 (86.4) 91 (82.0) 0.38

 � 6–12 hours dead after admission, n (%) 17 (11.0) 3 (6.8) 14 (12.6)

 � 12–18 hours dead after admission, n (%) 3 (1.9) 1 (2.3) 2 (1.8)

 � 18–24 hours dead after admission, n (%) 1 (0.6) 0 (0.0) 1 (0.9)

Hospital LOS, days, mean (SD) 2.3 (7) 3.2 (12) 2.0 (4) 0.34

ICU stay, n (%) 57 (36.8) 14 (31.8) 43 (38.7) 0.50

ICU days, mean (SD) 3.3 (4) 3.1 (5) 3.4 (6) 0.85

Ventilator days, n (%) 110 (71.0) 25 (56.8) 85 (76.6) 0.02*

Ventilator days, mean (SD) 2.4 (6) 3.4 (9) 2.1 (4) 0.32

Discharge GCS, mean (SD) 3.5 (2) 3.8 (3) 3.4 (2) 0.47

Discharge GOSE, mean (SD) 1.5 (1) 1.5 (1) 1.5 (1) 0.90

Discharge disposition, n (%) 0.34

 � Rehabilitation/nursing facility 3 (1.9) 2 (4.5) 1 (0.9)

 � Home 1 (0.6) 0 (0.0) 1 (0.9)

 � Missing 2 (1.3) 0 (0.0) 2 (1.8)

Need for amputation, n (%) 1 (0.6) 1 (2.3) 0 (0.0) 0.28

Systemic complications, n (%) 18 (11.6) 5 (11.4) 13 (11.7) 0.60

 � Acute kidney injury 10 (6.5) 3 (6.8) 7 (6.3) 0.58

 � Pneumonia 5 (3.2) 1 (2.3) 4 (3.6) 0.56

 � ALI or ARDS 5 (3.2) 0 (0.0) 5 (4.5) 0.18

 � Multi-organ dysfunction syndrome (MODS) 8 (5.2) 1 (2.3) 7 (6.3) 0.28

 � Sepsis or septic shock 3 (1.9) 0 (0.0) 3 (2.7) 0.36

 � AKI – dialysis required 4 (2.6) 1 (2.3) 3 (2.7) 0.68

 � Bacteremia 1 (0.6) 1 (2.3) 0 (0.0) 0.28

 � Stroke 3 (1.9) 1 (2.3) 2 (1.8) 0.64

 � Paraplegia 0 (0.0) 0 (0.0) 0 (0.0) –

 � Myocardial infarction 0 (0.0) 0 (0.0) 0 (0.0) –

Systemic complications include having at least one of the following: AKI, pneumonia, ALI or ARDS, MODS, sepsis, AKI - dialysis required, bacteremia, paraplegia, stroke, and 
myocardial infarction.
*P<0.05.
AKI, acute kidney injury; ALI, acute lung injury; AO, aortic occlusion; ARDS, acute respiratory distress syndrome; CPR, cardiopulmonary resuscitation; GCS, Glasgow Coma Scale; 
GOSE, Glasgow Outcome Scale Extended; ICU, intensive care unit; LOS, length of stay; REBOA, resuscitative endovascular balloon occlusion; RT, resuscitative thoracotomy.

Table 6  Mortality overall and by severity controlling for age, gender, ISS, AO initiation SBP, admission lactate, duration of initial AO, crystalloid 
infusion, and CPR during AO

Independent covariates
All patients with TBI mortality OR (95% CI)

Mild TBI mortality OR (95% CI) Severe TBI mortality OR (95% CI)

RT vs. zone 1 3.14 (1.03 to 9.64)* 2.49 (0.30 to 20.9) 4.21 (0.91 to 19.5)

Severe vs. mild TBI 3.03 (1.06 to 8.63)* NA NA

Age 1.05 (1.02 to 1.08)† 1.05 (1.01 to 1.11)* 1.05 (1.01 to 1.09)*

ISS 1.03 (0.99 to 1.06) 1.01 (0.94 to 1.09) 1.03 (0.99 to 1.08)

AO initiation SBP 1.00 (0.98 to 1.01) 0.98 (0.95 to 1.00) 1.01 (0.98 to 1.03)

Admission lactate 1.21 (1.07 to 1.37)† 1.43 (1.11 to 1.85)† 1.16 (0.99 to 1.35)

Crystalloids 0.96 (0.91 to 1.01) 0.78 (0.55 to 1.11) 0.97 (0.91 to 1.02)

CPR during AO 7.39 (2.26 to 24.2)† 1.28 (0.16 to 10.4) 23.7 (2.7 to 212)†

Duration of initial AO 1.00 (0.99 to 1.02) 0.98 (0.95 to 1.01) 1.01 (0.99 to 1.03)

*P<0.05
†**P<0.01.
AO, aorta occlusion; CPR, cardiopulmonary resuscitation; ISS, Injury Severity Score; NA, not applicable due to stratification by TBI severity; RT, resuscitative thoracotomy; SBP, 
systolic blood pressure; TBI, traumatic brain injury.
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device at other centers. Whether these factors impact the 
results is unknown, but the data do represent both low-
volume and high-volume centers, large and small devices, and 
both early and evolving AO practice patterns.

CONCLUSION
Patients with TBI who receive REBOA in zone 1 may have 
improved survival, but no difference in systemic complica-
tions, compared with patients who receive RT for the same 
indication. Although some patients are receiving RT prior 
to arrest for extrathoracic hemorrhagic shock, these results 
suggest that REBOA should be considered as an alternative to 
RT when RT is chosen for the sole purpose of resuscitation in 
the setting of TBI.
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