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Ein Gastbeitrag von Ferdinand Maier, Ulm Blutungen gehdren nach wie vor

zu den haufigsten Todesursachen bei Trauma sowohl in der Zivilbevolkerung als auch bei

den Streitkraften. Die Resuscitative Endovascular Balloon Occlusion of the Aorta

(REBOA) stellt im Gegensatz zu der invasiven Notfallthorakotomie eine minimal-invasive
Technik dar, die als voriibergehende MaBnahme zur Blutungskontrolle bis zur definitiven

chirurgischen Versorgung angewendet werden kann.

In den letzten Jahren hat die Anwendung deutlich zugenommen. Studien zeigen bei
ausgewahlten hamorrhagischen Traumapatienten mit Durchfihrung einer REBOA bessere
Ergebnisse als bei Pateinten, bei denen die Technik nicht angewendet wurde. Dabei ist es
wichtig Patienten zu identifizieren, die von einer REBOA profitieren kdénnen, sowie
Kenntnisse Uber die technischen Aspekte zur Durchfihrung und Positionierung einer
REBOA zu erlangen, um eine maximale Wirksamkeit zu erreichen. Die erste
dokumentierte Anwendung eines endoluminalen Aortenverschlusses geht auf einen
Fallbericht von drei Patienten im Koreakrieg in den 1950er Jahren zuruck. Jahre spater
erweckte diese Technik Interesse zur vorubergehenden Versorgung rupturierter
Bauchaortenaneurysmata, bis in den 1980er Jahren in einer Fallserie zum ersten Mal

blutende Traumapatienten behandelt wurden.

Im Journal of Trauma and Acute Care Surgery veroffentlichten Shaw und Brenner einen

Ubersichtsartikel ahead of print:
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Shaw J, Brenner M
Resuscitative Endovascular Balloon Occlusion of the Aorta: What You Need to Know

Journal of Trauma and Acute Care Surgery 2025

REBOA - Was ist das?

Bei exsanguierenden nicht komprimierbaren Blutungen im Bauchraum oder distal wird
Uber eine der beiden Femoralarterien ein Katheter eingebracht, an dem sich ein Ballon
befindet, der nach erfolgter Platzierung in der Aorta geblockt wird. Die Positionen des

Ballons, in der er zu liegen kommen kann, wird in 3 Zonen (Z1 -Z3) eingeteilt:

e Z1: Abgang linke Arteria (A.) subclavia bis zum Truncus coeliacus

e 7Z2: Truncus coeliacus bis zum Abgang der Aa. renales (hier sollte der Ballon nicht

positioniert werden)

e 73: distal der Aa. renales

Der Ballon wiederum kann ganz oder partiell geblockt werden. Bei partieller Blockung
kann weiterhin ein Blutstrom in die distalen Abschnitte gelangen. Ziel der REBOA ist es,
Blutungen in den distalen Abschnitten zu reduzieren und gleichzeitig in den proximalen

Abschnitten eine ausreichende Perfusion von Gehirn, Lunge und Herz zu erhalten.

Indikationen zur Anwendung

Zum aktuellen Zeitpunkt gibt es keine randomisierte kontrollierte Studie mit definierten
Indikationen. Dennoch werden in der Literatur und anhand Expertengremien, wie z.B.
dem American College of Surgeons Joint Committee on Trauma, Indikationen und

Kontraindikationen sowie Ablauf und Durchfiihrung anhand Algorithmen beschrieben:

Erwachsene Traumapatienten zwischen 18 und 69 Jahren mit folgenden Merkmalen:

o Herz-Kreislaufstillstand mit pulsloser elektrischer Aktivitat (PEA) als Z1 REBOA

e Refraktarer hypovolamischer Schock infolge einer Blutung unterhalb des
Zwerchfells als Z1 oder Z3 REBOA, insbesondere bei:

1. intraabdomineller Blutung durch stumpfes Trauma oder penetrierender
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Verletzungen des Rumpfes (Z1)

2. stumpfem Trauma und Verdacht auf Beckenfraktur und isolierte Beckenblutung
(Z3)

3. penetrierender Verletzungen des Beckens oder der Leiste mit unkontrollierter
Blutung aus einer junktionalen GefaBverletzung (lliakalgefaBBe, gemeinsame
OberschenkelgefaBe), (Z3)

4. Verdacht auf retroperitoneale Blutung (Z1)

Aktuelle Daten gehen von einem idealen systolischen Blutdruck zwischen 60 und 80
mmHg fir die Anlage aus. Die Messung des systemischen Blutdruckes, um die
Entscheidung fir den Einsatz der REBOA zu treffen, soll dabei Uber einen femoralen

arteriellen Katheter erfolgen.

Eine REBOA sollte nur dann durchgefiihrt werden, wenn kardiothorakale Ursachen
(Herzbeuteltamponade, (Spannungs-)Pneumothororax) durch eine Untersuchung
oder gar einer Bildgebung mit hoher Wahrscheinlichkeit ausgeschlossen wurden.
Bei Hinweisen auf eine intrathorakale Lokalisation der Blutung sollte die REBOA
aufgrund einer Verschlimmerung der Verletzung (bis hin zur Ruptur der Aorta)
vermieden werden. Sind die Femoralarterien beispielsweise durch eine
GefaBverengung mittels Ultraschall oder durch die Verletzung selbst nicht
darstellbar (aufgrund eines Gewebetraumas), kann die Kanulierung entweder per
Landmarke oder auch durch eine praparative chirursgische GefaBfreilegung

erfolgen.

Technik und Management

Je nach vermuteter Region der Verletzung wird der bendtigte Katheterabstand anhand
von auBeren Orientierungspunkten ndherungsweise bestimmt (Abstand femoraler

Zugang bis zur abgerundeten Spitze des Katheters):

e Z1: Abstand femoraler Zugang bis zur Sternumkerbe

e 73: Abstand femoraler Zugang bis zum Xiphoid
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Es wird empfohlen, die Arteria femoralis communis sonograhisch gestitzt 1 bis 2 ¢cm
unterhalb des Leistenbandes und proximal der Bifurkation zu punktieren. Falls die Gefale
bereits nur noch kollabiert darzustellen sind, soll ein offener Schnitt fir die bessere
Sichtbarkeit und Punktion erfolgen. Das Vorgehen erfolgt in Seldinger Technik. Nach
Kanulierung der Arterie wird Gber die Nadel der Fihrungsdraht eingebracht. Die Nadel
wird entfernt und anschlieBend wird die Einfiihrschleuse (enthalt auch den Dilatator) Gber
den Draht vorgeschoben. Nun wird der Dilatator mit Fihrungsdraht entfernt. Der
systemische arterielle Blutdruck kann Uber den seitlichen Anschluss dieser Schleuse
gemessen werden. Nun wird die Schutzhille tber die abgerundete Spitze des Katheters
geschoben und dieser direkt in die EinfUhrschleuse eingeflihrt. Der Katheter (enthalt
Zentimeter Markierungen) wird bis zur vorher abgemessenen gewlinschten Zone

vorgeschoben.

Am proximalen und distalen Ende des Ballons befinden sich zwei rontgendichte Marker.
Die korrekte Platzierung wird mit einem Rontgengerdt geprift und im Anschluss der
Ballon mit einer 1:4 Mischung aus Kontrastmittel und Kochsalzlésung geblockt. Falls eine
CPR (cardiopulmonary resuscitation) durchgefihrt wird, darf diese dadurch nicht
unterbrochen werden. Die Lagekontrolle kann bei ROSC (return of spontaneous
circulation) erfolgen. Alternativ kann die Lage durch direkte manuelle Palpation bei einer
Laparotomie verifiziert werden. Klinisch auBert sich eine erfolgreiche Anlage durch einen
verbesserten systolischen Blutdruck (SBP systolic blood pressure) proximal des Ballons. In
der Literatur wird eine Okklusion von weniger als 30 Minuten flir Zone 1 und weniger als
60 Minuten flir Zone 3 empfohlen. Eine partielle REBOA kann mit allen von der FDA (Food
and Drug Administration) zugelassenen Kathetern erfolgen. Kleinere Schleusen, wie z.B. 4
French (Fr), kénnen zu Uberwachung auf der Intensivstation belassen werden, wenn die

Untersuchung des distalen Pulses unauffallig ist.

Nach Entfernung des Katheters sollten distale GefaBkontrollen mindestens flir 12 Stunden
stindlich erfolgen, dabei soll der Patient die ersten 6 Stunden nur auf dem Ricken
gelagert werden, jegliche Manipulationen sollten vermieden werden. Eine innerhalb von
48 Stunden durchgefiihrte arterielle  Duplexuntersuchung kann  zusatzliche

Komplikationen ausschlieBen.
Komplikationen
Zugangskomplikationen:

e distale Embolie
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e Pseudoaneurysma

e Hamatombildung

e erschwerte Entfernung des Katheters

Haufigste verfahrensbedingte Komplikationen:

e distale Embolien

e [schamie der unteren Extremitaten

e GefaB- und Zugangskomplikationen

Technische Komplikationen:

e Uber- oder Unterinflation des Ballons

e Fehlplatzierung des Ballon z.B. in den lliakalgefaBen

Folgekomplikationen:

e Kompartmentsyndrom der unteren Extremitaten

Amputation der unteren Extremitaten

mesenteriale Ischamie mit Multiorganversagen

akute Nierenschadigung

akute respiratorische Insuffizienz

Berichte Uber Ischamie des Riickenmarks bei Zone 1 > 30 Minuten

e Aggravierung der genannten Komplikationen nach Entfernung der REBOA

(Reperfusionssyndrom)

Komplikationen in Zusammenhang mit Blutungen sind relativ selten beschrieben. Eine

Uberinflation des Ballons kann bis zur Aortenruptur fiihren. Fir die optimale
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Balloninflation sollten klinische Uberlegungen wie Alter, Geschlecht und Flissigkeitsstatus

des Patienten beriicksichtigt werden.

Eine geringere KathetergroBe (7 Fr) wurde im Vergleich mit einem groBeren Durchmesser
(11-12 Fr) mit einer geringeren Inzidenz von Komplikationen beim GefaBzugang in

Verbindung gebracht. Aktuell sind Katheter bis zu einer GréBe von 4 Fr erhaltlich.

Bei den genannten Komplikationen und Folgeerscheinungen ist es wichtig einen
GefalBchirurgen fir die weitere Behandlung und Kontrolle der Komplikationen zur

Verfligung zu haben.
REBOA vs. Notfallthorakotomie

Vorteile der REBOA:

Durchfiihrung ohne Unterbrechung der CPR

e bei irreversiblem Schadel-Hirn-Trauma Uberbrickende MaBnahme bis zur

Organspende

Hinweise zur Uberlegenheit bei traumatischen Hirnverletzungen (AORTA-Studie)

signifikant hohere Uberlebensrate (Z1 REBOA vs. Thorakotomie, AORTA-Studie)

minimal-invasiv, Thorakotomie erfordert Expertise (groBe, invasive MalBnahme)

Vorteile der Notfallthorakotomie:

e Moglichkeit zur offenen Herzdruckmassage

e Entlastung einer Herzbeuteltamponade

e direkte Reparatur von Gefal3- und Herzverletzungen

Vorteile der REBOA zu traditionellen Methoden

e AAST-AORTA-Studie: REBOA als Teil eines festen Behandlungsalgorithmus ist bei
Patienten mit REBOA mit einer hoheren Uberlebensrate verbunden, als bei
Pateinten, die keine REBOA erhalten haben
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e Harfouche et al: Z3 REBOA bei Patienten mit Beckenfrakturen als alleinige

MaBnahme oder als Erganzung zu herkdmmlichen MaBnahmen (praperitoneales
Becken Packing, Angioembolisation oder externe Fixierung) einsetzbar. Nach
multivariabler Regression war die externe Fixierung mit einer geringeren
Sterblichkeit verbunden

e es gibt Studien mit schlechterem Outcome hinsichtlich der Mortalitat durch die
REBOA. Shaw und Brenner weisen jedoch auf Mangel in der Durchfihrung und

Auswertung bei diesen Studien hin
Weitere dokumentierte Einsatzmoglichkeiten

e nicht-traumatischer Herzkreislaufstillstand, zur Umverteilung des proximalen

Blutflusses, verbessert die myokardiale und zerebrale Perfusion
e nicht-traumatische Blutungen

¢ vorlibergehende Behandlung von peripartalen Blutungen aus dem Plazenta-
Accreta-Spektrum (PAS). Studien zeigen hier geringere Transfusionsraten,
geringeren Blutverlust, kiirzere Aufenthaltsdauer und eine geringe postoperative
lleusrate bei Patienten mit REBOA im Vergleich zu Pateinten, die keine REBOA
erhalten haben. Aktuell existiert eine Leitlinie fir den prophylaktischen Einsatz
einer REBOA bei PAS-Erkrankungen

Prahospitaler Einsatz

Der Einsatz im zivilen prahospitalen Rettungsdienst ist umstritten. Daten zeigen, dass die
meisten Todesfélle infolge traumatischer Blutung innerhalb von 30 Minuten nach der
Verletzung eintreten, bevor der Patient das Krankenhaus erreicht. Der Ziel besteht darin,
das Uberleben von der Verletzung bis zur endgiltigen Behandlung zu verldngern. Der
Mangel an Daten, die einen Mortalitatsvorteil der prahospitalen REBOA belegen, die
Unklarheit der Patientenauswahl und der Indikationen fiir den Einsatz, sowie Bedenken
hinsichtlich der Logistik haben den Einsatz der REBOA in der prahospitalen Umgebung
eingeschrankt. Eine kurzlich veroffentlichte Delphi-Studie deutet darauf hin, dass die
REBOA prahospital eingesetzt werden kann, wenn die Anwender angemessen geschult

und entsprechende Protokolle fiir die Anwendung geschaffen werden.

In einer Beobachtungsstudie wurde bei Patienten, die einen nicht-traumatischen Herz-

7 von 9 24.02.2025, 09:43



8 von 9

REBOA - Aktuelle Erkenntnisse tiber Einsatz, Technik und Management

Kreislaufstillstand erlitten hatten, die REBOA zur Kreislaufunterstiitzung eingesetzt,
wahrend sie eine CPR erhielten. Bei diesen Patienten wurde festgestellt, dass die REBOA
den endtidalen CO2-Gehalt erhoht. Dies deutet auf eine verbesserte Organzirkulation
wahrend der CPR und auch auf die erfolgreiche Durchfiihrbarkeit der Technik bei
laufender CPR hin.

In einer anderen prospektiven Beobachtungsstudie war der Einsatz einer partiellen Z1

REBOA mit einem friihen Uberleben assoziiert, ging aber mit einer signifikante Inzidenz

fur ein spates Versterben einher.

Zusammenfassung

Patienten, die eine REBOA erhalten oder bendtigen, sind kritisch krank und haufig
polytraumatisiert. Zum typischen Verletzungsmuster gehdren ein Schadel-Hirn-
Trauma, ein Herz-Kreislaufstillstand mit CPR, sowie Verletzungen des Thorax, des
Beckens und des Abdomens durch stumpfe oder penetrierende Mechanismen.
Diese Verletzungen gehen haufig mit erheblichen metabolischen und
hamodynamischen Veranderungen einher. Bei der REBOA-Anlage spielen die
Kompetenz des Anwenders, das Team und eine rechtzeitige definitive operative
Intervention eine entscheidende Rolle fir das Outcome. In Traumazentren, in
denen die REBOA Teil eines standardisierten Behandlungsalgorithmus ist, wird sie
mit einer erhéhten Uberlebensrate im Vergleich zu Patienten, die keine REBOA
erhalten, in Verbindung gebracht. Die REBOA stellt nur ein Uberbrickendes
Verfahren bis zur definitiven operativen Versorgung dar. Die Durchfiihrung kann
von jedem geschulten Anwender erfolgen und erfolgt am besten in einem
multidisziplindren Team, um die endglltige Blutstilung zu erreichen und

Komplikationen zu beherrschen.

Kommentar
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Background

Resuscitative Endovascular Balloon Occlusion of Aorta (REBOA) has been gaining popularity
over the past decade as an endoluminal adjunct to resuscitation in non- compressible sub-
diaphragmatic torso hemorrhage (NCTH). Despite promising evidence that it can provide cir-
culatory support in patients with hemorrhagic shock [1, 2], the use of REBOA has proven to
be controversial as there is a lack of high quality evidence of clear survival benefit.

The current evidence base consists of large population studies using national trauma regis-
tries which demonstrate conflicting outcomes in terms of mortality of trauma patients treated
by REBOA. A study by Norii and colleagues, using the Japanese trauma bank, utilized propen-
sity score matching to compare trauma patients who received REBOA to those who did not
and demonstrated that REBOA treatment results in mortality three times higher than controls
[3]. In contrast, another group which used the same database but with a different propensity
model demonstrated that severely injured patients treated with REBOA had a higher survival
rate than those who did not receive REBOA [4]. Another study by a group that used the
national American College of Surgeons Trauma Quality Improvement Program data set
(ACS-TQIP) found that mortality was doubled in REBOA patients compared to no REBOA
[5].

There is ongoing clinical uncertainty with regards to the use of REBOA in management of
trauma patients. The evidence base is currently lacking data with a suitable control group from
an experienced Level 1 Trauma Center. The aim of this study was to use the local trauma regis-
try of one high-volume Level 1 Trauma Center to compare outcomes between trauma patients
who were managed with REBOA and those who received standard treatment without REBOA.

Methods
Study population and data extraction

A retrospective review of the trauma registry at our institution was performed after obtaining
University of Maryland Institutional Review Board approval. Request for waiver of documen-
tation of informed consent was approved prior to study initiation. The trauma registry was
developed for purposes of quality improvement and data monitoring and is a requirement for
Level 1 trauma verification of our institution by the state of Maryland. It is a prospectively col-
lected database that captures hundreds of variables ranging from demographic information to
clinical presentation and outcomes. The findings are merged with databases from other
trauma centers and used for national trauma outcomes reporting.

Patients were stratified into two groups: the REBOA group and the no-REBOA group.
Within the no-REBOA group, historic (H = 2000-2012) and contemporary (C = 2013-2019)
subgroups were created. The contemporary group was treated at a time when REBOA was
available at our institution, whereas during the historic period it was not available. The use of
historical controls was intended to mitigate selection bias, as unknown factors may have influ-
enced the use of REBOA during the contemporary period. The rationale for a contemporary
no-REBOA group was to control for bias associated with improvements in resuscitation and
critical care management that would not have been available to the patients in the historic
group. Although REBOA was being used in our institution as early as 2013, patients were
included in the study starting in year 2015 to reduce poor outcomes being partially due to a
learning curve after the device was initially introduced. In addition, more complete informa-
tion regarding REBOA was available from 2015 onwards through the American Association
for the Surgery of Trauma Aortic Occlusion for Resuscitation in Trauma and Acute Care Sur-
gery (AORTA). Demographic characteristics as well as injury, physiology and outcome data
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were collected from the registry. Variables not available in the trauma registry were identified
through chart review, when available. Cause of death and laboratory values could not be
obtained from the electronic medical record for the historic group. Specific information
regarding indications, complications, and outcomes of REBOA was obtained from the local
AORTA registry. Patients <16 years, as well as those in cardiac arrest upon arrival to the hos-
pital were excluded. In addition, individuals missing data for any of the variables used to calcu-
late the propensity score were excluded.

Institutional setting

The R Adams Cowley Shock Trauma Center serves as a quaternary care center for the state of
Maryland, functioning as an enhanced level 1 trauma center. The institution admits between
6000 and 7000 trauma patients annually. An endovascular trauma service staffed by trauma
surgeons with vascular surgery training is available 24/7 to assist and support hemorrhage con-
trol endeavors [6]. REBOA use is governed by an institutional guideline and is a part of a well-
coordinated hemorrhage control strategy. It is used primarily to bridge patients with NCTH
or junctional hemorrhage to definitive hemorrhage control. The technique is performed only
by highly trained operators who have been appropriately trained and certified in its use [7].
The device is deployed on average 3-5 times per month, or 30-60 times per year. There have
been no changes to indications for REBOA placement during the study period.

Data management and statistical analysis

Univariate analyses comparing demographic and clinical factors between the REBOA and no-
REBOA groups (historic and contemporary) was performed using chi-square testing for cate-
gorical variables and the student’s T-test for continuous variables. A logistic regression model
was then used to assign a propensity score for each patient based on pre-treatment variables
that were found to be significant on univariate comparison of REBOA to no-REBOA patients.
These variables were: age, sex, race, mechanism of injury, injury severity score (ISS), lowest
systolic blood pressure (SBP) and Glasgow Coma Score (GCS) within the first hour after
arrival, and body region Abbreviated Injury Scale (AIS) score (brain, thorax, abdomen/pelvis
and upper and lower extremities). Patients in the historic and contemporary groups were pro-
pensity matched 2:1 to the REBOA group (R =2015-2019) using the nearest neighbor method
to give the closest possible match in pre-specified criteria. A match tolerance of 0.001 was
used. The Kaplan-Meier estimate was used to assess survival to 30 days in each group. Post-
match univariate analyses were performed between the REBOA and no-REBOA groups for
primary and secondary outcomes. The primary outcome of interest was in-hospital mortality.
Secondary outcomes were 24-hour mortality, 30-day survival, length of stay, total blood prod-
ucts transfusion, acute kidney injury and lower limb complications. R statistical package ver-
sion 3.0.1 was used for analysis and the Matchit package version 3.0.2 was used for the
propensity scoring. P value of <0.05 was considered statistically significant.

Results

A total of 130,651 patients were identified from the registry within the study period

(H =105,134, C = 25,410, R = 107). Patients were excluded due to age <16 (n = 2,518), arrival
in cardiac arrest (n = 6,985) and incomplete data (n = 18,667). Incomplete data was missing at
random, pertaining mostly to the Injury Severity Score and lowest SBP variables, and removal
of these patients did not affect the overall averages of the variables used to calculate the propen-
sity score in either no-REBOA group. Forty-eight patients were removed from the REBOA
group due to arrival in cardiac arrest, and 2 had missing variables.
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A total of 102,481 patients were included in the study (H = 88,545, C = 13,879, R = 57).
Comparison of the REBOA group to the no-REBOA contemporary and historic groups by
demographic, injury and physiology data is presented both pre- and post-match in Tables 1
and 2, respectively. Prior to matching, the REBOA group was significantly more likely to be
male (R =90% v C = 67% and H = 70%), have a higher body-region AIS and overall ISS
(R=34vC=10and H = 11), lower systolic blood pressure (R = 67mmHg v C = 113 and
H =127) and lower GCS (R = 5v C =14 and H = 14) than the no-REBOA groups. When com-
pared to the no-REBOA patients, the REBOA patients tended to be of younger age (R =37y v
C =47y, H = 40y, p<0.001), and were more likely to have a penetrating mechanism (R = 23%
v C=13%, H=13% p<0.001).

114 patients each in the contemporary and historic groups were matched to 57 REBOA
patients. To determine if patients had been appropriately matched, baseline characteristics
were compared. As demonstrated in Tables 1 and 2, patients in both the contemporary and
historic groups did not differ in pre-treatment variables when compared to patients in the
REBOA group after matching was complete. There were no differences in median levels of lac-
tate (R = 6.1 vs C = 4.8, p = 0.073) or base deficit (R = 6.8 vs C = 7.6, p = 0.33) upon arrival
between the REBOA and contemporary groups after matching.

In-hospital mortality was significantly lower in the REBOA group (19.3%) when compared
to the contemporary (35.1%, p = 0.024) and historic (44.7%, p = 0.001) groups. Kaplan-Meier
estimates of survival over time to 30 days demonstrated higher survival in the REBOA group
compared to the historic (p = 0.035) and contemporary (p = 0.020) groups (Fig 1). Chi-square

Table 1. REBOA to No-REBOA contemporary group before and after propensity-matching*.

Before Matching After Matching
No-REBOA (n = 13,879) REBOA (n =57) p No-REBOA (n = 114) REBOA (n =57) P

Age,y 47 £21 37+ 14 <0.001 42 +£20 37+14 0.194

Sex n (%) <0.001 0.050
Male 9326 (66.9%) 51 (89.5%) 83 (72.8%) 51 (89.5%)

Female 4607 (33.1%) 6 (10.5%) 31 (27.2%) 6 (10.5%)

Race n (%) <0.001 0.050
White 4814 (34.5%) 24 (42.1%) 36 (31.6%) 24 (42.1%)
African-American 7917 (56.8%) 23 (40.4%) 72 (63.2%) 23 (40.4%)

Other 1205 (8.6%) 10 (17.5%) 6 (5.3%) 10 (17.5%)

Mechanism n (%) <0.001 0.764
Blunt 11509 (80.8%) 38 (66.7%) 81 (73%) 38 (66.7%)

Penetrating 1806 (12.8%) 13 (22.8%) 18 (16.2%) 13 (22.8%)
Other 564 (6.4%) 6 (10.6%) 12 (10.8%) 6 (10.6%)

Injury Severity Score 10+ 10 34+15 <0.001 38+ 14 34+15 0.420

Lowest SBP, mmHg 113 £ 22 67 £18 <0.001 67 £21 67 £18 0.382

Lowest GCS, mmHg 14+1 5+3 <0.001 4+2 5+3 0.399

Body Region AIS

Brain 1 0.003 2 2 0.100

Thorax 1 <0.001 2 2+ 0.222

Abdominal <0.001 3 3 0.600

Upper Extremity <0.001 1 1+ 0.709

Lower Extremity 1+1 2+1 <0.001 2+ 2+1 0.587

*All values reported as median + interquartile range unless otherwise stated.

https://doi.org/10.1371/journal.pone.0265778.t001
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Table 2. REBOA to No-REBOA historic group before and after propensity-matching*.

Before Matching After Matching
No-REBOA (n = 88,545) REBOA (n = 57) P No-REBOA (n = 114) REBOA (n = 57) p

Age,y 40+ 19 37+14 <0.001 38+17 37+14 0.969

Sexn (%) <0.001 0.050
Male 62,161 (70.2%) 51 (89.5%) 80 (70.2%) 51 (89.5%)

Female 26,367 (29.8%) 6 (10.5%) 33 (28.9%) 6 (10.5%)
Unknown 17 (0%) 0 (0%) 1(0.9%) 0 (0%)

Race n (%) <0.001 0.313
White 52,352 (59.1%) 24 (42.1%) 31 (27.2%) 24 (42.1%)
African-American 29,746 (33.6%) 23 (40.4%) 72 (63.2%) 23 (40.4%)

Other 6,447 (7.3%) 10 (17.5%) 11 (9.6%) 10 (17.5%)

Mechanism n (%) <0.001 0.236
Blunt 71,166 (80.4%) 38 (66.7%) 80 (70.2%) 38 (66.7%)

Penetrating 11,380 (12.9%) 13 (22.8%) 18 (15.8%) 13 (22.8%)
Unknown 5,999 (6.6%) 6 (10.6%) 16 (14.1%) 6 (10.6%)

Injury Severity Score 11+10 34+15 <0.001 33+ 16 34+ 15 0.553

Lowest SBP, mmHg 127 + 18 67 £18 <0.001 69 £ 21 67 +18 0.636

Lowest GCS, mmHg 14+3 5+3 <0.001 4£2 53 0.479

Body Region AIS

Brain <0.001 0.589

Thorax <0.001 2+2 2+1 0.178

Abdominal <0.001 3+2 3+2 0.498

Upper Extremity <0.001 1+1 1+1 0.992

Lower Extremity 2+1 <0.001 2+1 2+1 0.773

*All values reported as median * interquartile range unless otherwise stated.

https://doi.org/10.1371/journal.pone.0265778.t002

comparison of mortality at 24 hours between the REBOA and no-REBOA historic group dem-
onstrated lower mortality in the REBOA group (12% vs 28%, p = 0.014). There were no differ-
ences in 24-hour mortality when compared to the contemporary group (Table 3). Primary

REBOA Survival
100
— REBOA(R)
Contemporary (C)
g ----- Historic (H)
e
E Log-Rank Test
= R vs C p=0.040
- R vs H p=0.006
40 T T T T T 1
0 5 10 15 20 25 30

Time from Intervention (Days)

Fig 1. Kaplan-Meier estimates of survival over time to 30 days by group (REBOA, contemporary and historic).
https://doi.org/10.1371/journal.pone.0265778.9001
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Table 3. Primary and secondary outcomes in REBOA and no-REBOA groups (contemporary and historic)*.

REBOA Contemporary P Historic p
24-hour mortality, n(%) 7 (12.3%) 22 (19.3%) 0.175 32 (28.1%) 0.014
In-hospital mortality, n(%) 11 (19.3) 40 (35.1) 0.024 51 (44.7) 0.001
30-day mortality, n(%) 4 (7%) 18 (15.8%) 0.081 19 (16.7%) 0.062
Total length of stay, d* 29 £29 20 £20 0.030 9+9 < 0.001
Total pRBC transfusions 18+ 18 19+18 0.533 17 £ 14 0.498
Acute Kidney Injury, n(%) 13 (22.8%) 28 (25%) 0.455 27 (23.7%) 0.530

*All values reported as median + interquartile range unless otherwise stated, “Includes in-hospital deaths.

https://doi.org/10.1371/journal.pone.0265778.1003

cause of death was mainly due hemorrhage in both the contemporary (n = 19, 48.7%) and
REBOA (n =7, 70%) groups, followed by traumatic brain injury (R =1 [10%], C =17
[43.6%]), and multifactorial (R = 2 [20%], C = 3 [7.7%]). Total length of stay was longer in the
REBOA group by 20 days when compared to the historic group (p<0.001) and by 9 days when
compared to the contemporary group (p = 0.03). There were no differences in acute kidney
injury and total transfusions of packed red blood cells (pRBCs) between groups.

The overall incidence of lower extremity complications was low. A review of lower extrem-
ity complications in patients who underwent REBOA placement did not show any difference
in rates of lower extremity amputation, exploration, fasciotomy or thrombectomy when com-
pared to no-REBOA patients (Table 4).

When evaluating additional hemorrhage control procedures performed in each group, indi-
viduals in the REBOA group were more likely to undergo laparotomy than the contemporary
or historic groups (79% vs 46.5% & 57%, respectively, p = 0.0003). Individuals in the contem-
porary group were more likely to undergo thoracotomy (C = 14.9% vs R = 7% & H = 2.6%,

p = 0.004), and individuals in the historic group were more likely to undergo angiography
(H=29.8%vs C=14% & R =22.8%, p = 0.016). Amongst 53 patients for which data was avail-
able, zone of REBOA deployment was zone 1 for most individuals (N = 41, 77.4%) and zone 3
for the remainder (N = 12, 22.6%).

Discussion

This is the first study from a high-volume trauma center in the U.S with considerable experi-
ence with REBOA that compares REBOA outcomes to a similar control group undergoing
standard measures for hemorrhage control. Our findings demonstrate lower in-hospital mor-
tality and improved 30-day survival in patients for which REBOA was used as compared to
both a historical and contemporary cohort matched on injury severity, injury pattern and
physiology. REBOA patients did not have increased acute kidney injury or lower extremity
complications when compared to the no-REBOA groups. These findings underscore that
REBOA is a valuable hemorrhage control tool that can reduce mortality when used in severe
states of hemorrhagic shock.

Table 4. Lower extremity complications in REBOA patients by lower extremity AIS score vs No-REBOA patients.

REBOA Contemporary p Historic P
Lower Extremity Amputation 3 (5.3%) 1 (0.9%) 0.075 2 (1.8%) 0.203
Lower Extremity Exploration 8 (14.0%) 8(7.1%) 0.143 8 (7.0%) 0.143
Fasciotomy 4 (7.0%) 3 (2.6%) 0.181 8(7.1%) 0.976
Thrombectomy 2 (3.5%) 2 (1.8%) 0.445 5 (4.4%) 0.571

https://doi.org/10.1371/journal.pone.0265778.t1004
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REBOA patients also experienced lower 24-hour mortality when compared to the historic
group and demonstrated a trend towards reduced 24-hour mortality when compared to the
contemporary patients which did not reach statistical significance. Concepts such as balanced
blood product resuscitation, permissive hypotension and damage control surgery were newly
entering practice during the historic period, which may have contributed to increased survival
in both the REBOA and contemporary groups when compared to the historic group. Low
overall numbers may have also influenced the non-significance of the comparison of 24-hour
mortality between the REBOA and contemporary group. Greater blood transfusion require-
ments in the REBOA group are likely due to longer survival in these patients.

REBOA was originally described by Lieutenant Carl Hughes in 1954 as a method for con-
trolling intra-abdominal hemorrhage during the Korean war [8]. However, due to limited
availability of this device, it was not readily adopted at the time [9]. Since 2011, when it was re-
introduced into clinical practice [10], its use has grown across trauma centers nationwide and
its role in the management of NCTH has been met with both appraise [11, 12] and criticism
[3, 5]. Despite the growth in utilization of the technique, there is a paucity of evidence evaluat-
ing REBOA from high-volume centers within the United States with an adequate control
group. Much of the literature that exists to date are from international sites [4], national data-
bases that include both low and high-volume centers [5] and national registries that do not
provide a suitable control group, if any [13, 14].

The importance of evaluating REBOA outcomes in experienced centers cannot be over-
stated. A recent review of the American Association for the Surgery of Trauma (AAST) Aortic
Occlusion for the Resuscitation in Trauma (AORTA) registry found that low-volume centers
had a longer time to initiation of REBOA placement, longer time to aortic occlusion and lower
odds of successful placement when compared to high-volume centers [15]. Critical to success-
ful deployment of REBOA is early and expedient common femoral artery access [16], which
can be challenging in a hypovolemic patient and is a technique that must be practiced regu-
larly. Although REBOA volume by center has yet to be directly liked to clinical outcomes, the
relationship between experience and performance has been demonstrated in several other pro-
cedural techniques. Given the introduction of the technique into the trauma landscape only 10
years prior, worldwide experience with REBOA is still building, and most centers are low-vol-
ume and still on the learning curve.

Recent reviews of REBOA have been conducted using large database analyses and/or in other
countries, which has yielded results that are not highly applicable to high-volume centers in the
United States. The study by Joseph et. al that demonstrated worse outcomes using REBOA used
the Trauma Quality Improvement Program (TQIP) database from 2015-2016, which draws infor-
mation from hundreds of Level I -III trauma centers across the US, many of which only recently
started using REBOA [5]. Reports from the Japan Trauma Data Bank have been mixed regarding
outcomes using REBOA, but their database includes a large rural population with trained ED pro-
viders deploying REBOA [3, 17]. Our institution is a Level I trauma center located in an urban set-
ting with a high volume of penetrating trauma and high acuity blunt trauma, which is vastly
different than the settings for REBOA use in Japan and other trauma centers in the US.

It is crucial that REBOA be a part of a coordinated hemorrhage-control strategy, whether
that utilizes endovascular or open hemorrhage control techniques. At our institution, we pro-
vide 24/7 endovascular coverage by trauma-trained, vascular surgeons as part of an Endovas-
cular Trauma Service which has resulted in faster times to hemorrhage control [6]. Similarly,
we have a dedicated hybrid operating room for trauma which allows for rapid performance of
concomitant endovascular and open procedures on patients who have undergone REBOA
placement, if needed [18]. These resources ensure that REBOA is used in quick succession
with other hemorrhage control techniques.
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This study has some limitations that must be noted. Despite the superior ability of propen-
sity matching to minimize bias and compare similar groups amongst highly heterogenous
populations when compared to multivariable linear regression, it is still a retrospective, non-
randomized analysis and can only determine associations rather than direct causation. It can-
not control for unknown covariates that may influence the primary outcome, such as addi-
tional factors that affected the decision to place or not place a REBOA catheter, which may
have resulted in selection bias. Another caveat of propensity matching is that all fields used for
creating the propensity score must be filled. In this study, a high proportion of patients were
removed due to missing data. This can unduly influence the results, as the characteristics of
the study population are biased towards individuals that have all data available. By excluding
patients who differ in their pre-treatment characteristics from the REBOA population, the
findings demonstrate the average effect on the treated, which is a severely injured group in
hemorrhagic shock, and not the entire study population. Hence, the results are only applicable
to individuals with similar injury characteristics. Due to data limitations and the single center
design, this is a small study that only includes 57 patients in the treatment group which should
be taken into consideration when interpreting the results.

This study cannot determine the institution-specific factors that may have contributed to
improved outcomes with REBOA, as these were not captured in the retrospective data. We can
only speculate that high-volume REBOA users at our institution may have played a role in
improving survival in the REBOA group. These same experienced surgeons also treated the
patients who did not receive REBOA. The study results are applicable to centers that have a
similar patient population, level of experience with REBOA, and resource availability to expe-
diently manage subdiaphragmatic torso hemorrhage.

Conclusion

This single-institution, propensity-matched, retrospective study comparing REBOA use to no-
REBOA use in contemporary and historic cohorts demonstrated lower in-hospital mortality
and improved 30-day survival for REBOA when compared to both contemporary and historic
no-REBOA groups, and lower 24-hour mortality when compared to the historic group. Lower
extremity complications were similar across groups. In a high-volume center where its use is
part of a coordinated hemorrhage control strategy, REBOA is associated with improved sur-
vival in patients with noncompressible torso hemorrhage.
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