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ABSTRACT

Background Mortality in hypotensive patients requiring
laparotomy is reported to be 46% and essentially
unchanged in 20 years. Resuscitative endovascular
balloon occlusion of the aorta (REBOA) has been
incorporated into resuscitation protocols in an attempt
to decrease mortality, but REBOA can have significant
complications and its use in this patient group has

not been validated. This study sought to determine

the mortality rate for hypotensive patients requiring
laparotomy and to evaluate the mortality risk related
to the degree of hypotension. Additionally, this study
sought to determine if there was a presenting systolic
blood pressure (SBP) that was associated with a sharp
increase in mortality to target the appropriate patient
group most likely to benefit from focused interventions
such as REBOA.

Methods The trauma registry at a level | trauma
center was reviewed for patients undergoing emergent
laparotomy from January 2007 to June 2020.

Data included demographics, mechanism of injury,
physiological data, Injury Severity Score, blood products
transfused, and outcomes. Group comparisons were
based on initial SBP (0 to 50 mm Hg, 60 to 69 mm Hg,
70 to 79 mm Hg, 80 to 89 mm Hg, and =90 mm Hg).
Results During the study period, 52016 trauma
patients were treated and 1174 required laparotomy
within 90 min of arrival; 424 had an initial SBP of
<90mm Hg. The overall mortality rate was 18%, but
mortality increased as SBP decreased (=90=9%, 80

t0 89=20%, 70 to 79=21%, 60 to 69=48%, 0 to
59=66%). Mortality increased sharply with SBP of
<70mm Hg.

Discussion Mortality rate increases with worsening
hypotension and increases sharply with an SBP of
<70mm Hg. Further study on focused interventions such
as REBOA should target this patient group.

Level of evidence Therapeutic/care management,
level I1I.

INTRODUCTION

In 2002, Clarke et al published data describing
mortality rates of 40% for trauma patients
requiring laparotomy who arrived hypotensive
with a systolic blood pressure (SBP) less than
90mm Hg.' Since the publication of that study,
numerous advancements in the care of hypotensive
trauma patients have occurred, including further
advancements in damage control laparotomy,
balanced resuscitation, massive transfusion

protocols, bedside ultrasonography, angioembo-
lization, correction of coagulopathy and, most
recently, the widespread implementation of
resuscitative endovascular balloon occlusion of
the aorta (REBOA).> In light of these changes,
Harvin et al conducted a similar study at ten level
I trauma centers across the USA in 2017 to inves-
tigate whether mortality had changed in 15 years.?
Surprisingly, the results revealed an essentially
unchanged mortality rate of 46% for the hypo-
tensive patient population, with two-thirds of
these deaths attributed to hemorrhage. A similar
study of mortality with laparotomy for hypoten-
sive trauma patients performed in the UK in 2018
showed a 48% mortality rate for civilian trauma.”

However, hypotension is not a binary variable
(less than or greater than 90mm Hg), and the
mortality for hypotensive trauma patients requiring
laparotomy is likely more nuanced than a single
threshold number. REBOA has recently been incor-
porated into some trauma resuscitation protocols.
One such protocol recommends consideration of
REBOA for patients arriving with SBP of <90 mm
Hg who are transient or non-responders to initial
crystalloid resuscitation.® These algorithms have
been proposed primarily based on comparison data
with emergency department (ED) thoracotomy and
have not been otherwise validated.®’®

The use of REBOA is not without risks. Major
complications including injury to femoral vessels,
arterial thrombus/embolus, limb loss, need for
fasciotomy, balloon rupture, and mesenteric isch-
emia with prolonged deployment have all been
reported.’” "' Brenner et al published the largest
single-center experience with REBOA use and
found significant complications in 29%.'2 Joseph
et al reported a greater rate of acute kidney injury
and increased lower extremity amputation and
mortality in patients with REBOA usage versus a
matched cohort without REBOA in a study of the
American College of Surgeons Trauma Quality
Improvement (TQIP) database.!

The purpose of this study was to determine the
mortality rate for hypotensive patients requiring
laparotomy in a level I trauma center and to eval-
uate mortality risk related to degree of hypotension.
Additionally, this study sought to determine if there
was a presenting SBP that was associated with a
sharp increase in mortality to target the appropriate
patient group most likely to benefit from focused
interventions such as REBOA.
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METHODS

The Community Regional Medical Center is a 650-bed, Amer-
ican College of Surgeons-verified level I trauma center in Fresno,
California, with approximately 4000 trauma admissions per
year. The trauma registry was retrospectively reviewed for all
trauma patients who underwent emergent laparotomy from
January 2007 to June 2020. Patients undergoing non-emergent
laparotomy (>90min after arrival) and those missing data for
SBP on arrival were excluded. Data recorded included demo-
graphics, mechanism of injury, physiological data on initial
arrival, presenting laboratory values, Injury Severity Score (ISS),
time to laparotomy (arrival to incision), blood products trans-
fused, and outcomes. Group comparisons were based on initial
SBP categories (0 mm Hg to 59 mm Hg, 60 mm Hg to 69 mm
Hg, 70 mm Hg to 79 mm Hg, 80 mm Hg to 89 mm Hg, and
=90mm Hg), which were defined as the first manual blood
pressure obtained by the hospital staff in the trauma bay. The
primary outcome was in-hospital mortality.

Continuous data are presented as median (IQR) and categor-
ical data are presented as percentages. Data were analyzed using
x? and Kruskal-Wallis tests with significance attributed to a p
value of <0.05. Statistics were performed using the Statistical
Package for Social Sciences V.23.0.

RESULTS

During the study period, 52016 trauma patients were treated at
Community Regional Medical Center and 2400 required lapa-
rotomies; 1162 underwent laparotomy greater than 90 min after
arrival and 64 had missing initial SBP and were excluded from
analysis. This left a study cohort of 1174 patients. The majority
of patients were male (84%) with a median age of 30 years (IQR
22 years to 44 years). Penetrating trauma was the most common
mechanism of injury (60%), and patients had a median ISS of
19 (IQR 10 to 29). Most patients arrived by ambulance (72%),
followed by helicopter (23%) and private vehicle (5%). Median
transport time was 11 min (IQR 7 min to 18 min). The ED length
of stay (LOS) was 44 min (IQR 31 min to 60min). The time to
the start of laparotomy was 50 min in the normotensive group
(IQR 37 min to 66 min) and slightly less in the hypotensive
group at 42 min (IQR 32 min to 55 min) (p<0.001).

There were 425 patients (36%) with an initial SBP of less than
90mm Hg. The majority of patients requiring emergent lapa-
rotomy in this group had a blunt mechanism of injury (58%) and
an ISS of 26 (IQR 17 to 38).

Damage control procedures were performed in 218 patients
(19%), 89 (129%) in normotensive patients and 129 (30%) in the

hypotensive cohort (p<0.001). The overall mortality rate for all
patients requiring emergent laparotomy was 18% (215), 9% in
normotensive patients and 35% in the cohort with an initial SBP
of <90mm Hg (p<0.001).

The base deficit, Glasgow Coma Scale score, and ED LOS all
decreased with decreasing category of SBP and the ISS increased.
Patients with lower initial SBP had higher chest and abdominal
ISSs (table 1).

The number of blood products transfused increased as SBP
decreased (p<0.001) (table 2) and mortality increased with
each interval decrease in blood pressure (p<0.001) (figure 1).
The overall mortality for all patients with an admission SBP of
<70mm Hg was 59%.

Of the 215 mortalities, the cause of death was attributed
to hemorrhage in 108 (50%), traumatic brain injury/central
nervous system in 54 (25%), multisystem organ failure/sepsis in
42 (20%), cardiac (myocardial infarction and air embolus) in 7
(3%), and respiratory failure/acute respiratory distress syndrome
in 4 (2%). In patients with an SBP of <70 mm Hg on admission,
66% of the deaths were attributed to hemorrhage.

There were 12 patients with REBOA use, with four deaths.
The average SBP on arrival was 72 mm Hg (range 50 mm Hg to
92 mm Hg), with a BD of —12 and an ISS of 29.

DISCUSSION

Mortality in trauma patients requiring laparotomy has been an
area of significant concern for decades. In 1975, Cowley noted
that delays in treatment led to higher mortality and referred to
the ‘golden hour’."* Meizoso et al noted that time to hemorrhage
control for hypotensive patients with gunshot wounds to the
torso was critical and proposed the ‘golden 10 min’." Clarke et
al demonstrated an overall mortality rate of 40% but also noted
an increasing mortality with every 10 mm Hg decrease in blood
pressure at time of presentation.! The mortality rate was similar
to the present study for patients with SBP of <70mm Hg.
However, the present study included patients with SBP of 0 on
admission (55). For patients in shock with an SBP of 70-89 mm
Hg, the mortality in Clarke et al’s study was significantly greater
(38% vs 20%, p<0.001).!

The study by Harvin et al> showed essentially no change
from the seminal paper by Clark et al' despite almost 20 years
of trauma center and system development. However, mortality
rates for these hypotensive patients at the various trauma centers
had a wide range (25% to 80%).2 That report spurred a similar
study from the UK, with 46% mortality in hypotensive patients
requiring laparotomy.” The overall mortality for patients

Table 1 Patient demographics by initial systolic blood pressure

=90 mm Hg 80-89mm Hg 70-79 mm Hg 60-69mm Hg 0-59mm Hg

(n=749) (n=157) (n=108) (n=64) (n=96) P value
Age (years), median (IQR) 29 (21-40) 32 (22-48) 35 (24-48) 31 (22-49) 34 (26-50) <0.001
Male sex, n (%) 651 (87) 121 (77) 84 (78) 48 (75) 78 (81) 0.002
Blunt injury, n (%) 223 (30) 91 (58) 57 (53%) 40 (62) 57 (59) <0.001
GCS, median (IQR) 15 (15-15) 15 (10-15) 14 (7-15) 13 (3-15) 3(3-8) <0.001
Base deficit, median (IQR) -4 (-6 to -2) —6 (-9 to —4) -8 (=11 to -5) -8 (-11to -5) —10 (=15 to —6) <0.001
ED LOS (min), median (IQR) 47 (32-65) 44 (31-58) 37 (28-49) 41 (26-56) 34 (26-44) <0.001
ISS, median (IQR) 16 (9-26) 25 (16-34) 25 (17-34) 32 (19-47) 30 (20-41) <0.001
AIS head, median (IQR) 0(0-0) 0(0-2) 0(0-2) 0 (0-4) 0(0-2) <0.001
AIS chest, median (IQR) 0(0-3) 2(0-3) 2 (0-3) 3 (2-4) 3 (0-4) <0.001
AlIS abdomen, median (IQR) 3 (2-4) 3 (2-4) 3(2-4) 3(2-4) 4 (3-5) <0.001

AIS, Abbreviated Injury Scale; ED, emergency department; GCS, Glasgow Coma Scale; ISS, Injury Severity Score; LOS, length of stay.
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Table 2 Outcomes by initial systolic blood pressure

=90 mm Hg 80-89mm Hg 70-79mm Hg 60-69mm Hg 0-59mm Hg

(n=749) (n=157) (n=108) (n=64) (n=96) P value
Blood products (first 24 hours), median (IQR) 0(0-8) 13 (4-26) 16 (6-30) 14 (7-37) 24 (16-57) <0.001
Mortality, n (%) 67 (9) 31 (20) 23 (21) 31 (48) 63 (66) <0.001
Mortality from hemorrhage, n (%) 21 (31) 13 (42) 13 (57) 10 (32) 51 (81) <0.001
Time to death (hours), median (IQR) 29 (4-184) 37 (4-151) 6 (2-35) 44 (4-138) 2 (1-6) <0.001
ICU LOS (survivors), median (IQR) 0(0-3) 4 (0-10) 6 (2-15) 7(1-23) 12 (4-25) <0.001
Hospital LOS (survivors), median (IQR) 6 (4-13) 13 (7-22) 17 (8-28) 12 (7-34) 27 (13-46) <0.001

ICU, intensive care unit; LOS, length of stay.

undergoing emergency trauma laparotomy in the current study
was 18%, which is similar to that previously reported (21%).
However, in the current study, the mortality rate for the hypo-
tensive subset of patients (35%) was less than the rate reported
by Harvin et al (46%),> despite similar ISSs. Additionally, the
number of patients with hemorrhage as the cause of death (50%)
was also significantly less (60%, p=0.021).> The current study
suggests that, while still substantial, the mortality rate for hypo-
tensive trauma patients requiring laparotomy has improved
from the early 2000s. Additionally, the data show that the risk
of mortality in patients requiring emergent laparotomy after
trauma increases in proportion to the degree of hypotension.
Additionally, there is a significant inflection point with rapid
increase in mortality with an initial SBP f <70 mm Hg.

Efforts to improve outcomes in trauma laparotomy have
included damage control resuscitation and limiting crystal-
loid,* in addition to seeking ‘novel interventions in the field
or ED...to lengthen that critical window to allow greater time
to operative hemorrhage control’.2 One such intervention is
REBOA, which has had an increased interest for use in hypo-
tensive trauma patients.” '2'* A suggested algorithm for REBOA
use recommends that trauma patients with an SBP of <90 mm
Hg are possible candidates for REBOA use.®'°'¢ This algorithm
has found some acceptance in the trauma community, but, to
our knowledge, there is no literature validating this treatment
algorithm or proposing possible evidence-based improve-
ments. Validation of this algorithm is needed, as studies have
demonstrated both significant rates and severity of complica-
tions associated with REBOA. In recent studies, Joseph et al
reported a greater rate of acute kidney injury (10.7% vs 3.2%,
p=0.02), greater lower extremity amputation (3.6% vs 0.7%,
p=0.04) and higher mortality (35.7 vs 18.9%, p=0.04) in
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Figure 1 Degree of hypotension and mortality.

patients with REBOA usage versus a matched cohort without
REBOA in a study of the American College of Surgeons TQIP
database. '

Brenner et al found complications in 29% of patients with
REBOA use in the largest single institution study to date,
including a death from bowel necrosis, lower extremity ampu-
tations (3 after fasciotomy and attempted limb salvage), need
for vascular repair/reconstruction (2 patch angioplasty and 1
bifurcated graft), ipsilateral thrombectomies (9 patients), fasci-
otomy (11 patients), and balloon rupture (2 patients).'> Addi-
tionally, Brenner et al noted REBOA balloons malpositioned and
requiring adjustment in 12 patients, not included in this compli-
cation rate.

Morbidity and mortality are not equivalent, but the significant
risk of complication associated with REBOA and the non-binary
correlation of mortality with hypotension need to be considered
when proposing an algorithm for the use of REBOA. Indeed,
Bulger et al noted that no high-grade evidence demonstrates that
REBOA improves outcomes or survival compared with standard
treatment of severe traumatic hemorrhage and that REBOA
carries a significant risk of life-threatening and limb-threatening
complications.!”

This is a single-center study and prone to all the limitations of
a retrospective analysis. The multicenter trial that spurred this
study was performed over 2 years at 12 level I trauma centers but
used the same methodology.? This study period spans 14 years,
and a number of the improvements in trauma care (balanced
resuscitation, massive transfusion protocols, and access to angio-
embolization) occurred during this time. However, the outcomes
at our institution for this patient group were stable over the
study period. The use of REBOA in our institution was limited
and direct comparisons to complication rates in other institu-
tions could not be made. The rates of REBOA-related complica-
tions vary widely in published reports, from 0% to 29%,8° 12 15-21
but can be significant. Again, morbidity and mortality are not
equivalent, but consideration needs to be given to the group of
patients most likely to benefit from high-risk interventions.

CONCLUSIONS

This study demonstrates that the overall mortality rate for
emergency trauma laparotomy is 18%, and in patients arriving
at the trauma center with an SBP of <90 mm Hg, mortality is
35%. Mortality rate increases with worsening hypotension and
increases sharply with an SBP of <70 mm Hg. Further study on
focused interventions such as REBOA should target this patient

group.
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