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To pack or plug: American Association for the Surgery of Trauma
multicenter evaluation of hemorrhage control interventions in

pelvic fracture management

Melike N. Harfouche, MD, Leslie Sult, MS, BSN, RN, Jason D. Sciarretta, MD, Samuel R. Todd, MD,
Christopher F. O'Neil, MD, Jonathan P. Meizoso, MD, Allison McNickle, MD, Douglas Fraser, MD,
Millicent Croman, MD, and Joseph J. Dubose, MD, Baltimore, Maryland

Mortality from pelvic ring fractures (PRFs) complicated by hemorrhagic shock remains high, and there are limited high-quality
data to guide care. We compared two primary hemorrhage control interventions: pelvic angiography +/— embolization (PAE)

A prospective, multicenter, observational study was conducted for individuals with blunt trauma—associated PRF with a systolic
blood pressure of <90 mm Hg who received 24 U of packed red blood cells within 24 hours and/or used a hemorrhage control
intervention (2022-2024). Bivariate comparisons, multivariable regression controlling for several clinical factors, and inverse

Of 948 patients, 524 underwent either PPP (n = 68, 13.0%), PAE (n =390, 74.4%), or both (n = 66, 12.6%) and comprise the study
cohort. Compared with PAE, PPP patients had higher Injury Severity Scores (41 vs. 34, p <0.001) and worse physiology (lowest
systolic blood pressure, 62 vs. 74 mm Hg; lactate, 6.4 vs. 4.3; p < 0.001) and more frequently underwent laparotomy (67.6% vs.
23.6%, p <0.001). In-hospital (47.1% vs. 18.5%, p <0.001) and 24-hour (38.2% vs. 4.1%, p <0.001) mortality were higher in PPP
versus PAE with more earlier deaths (27.9% vs. 0.5% within 3 hours, p <0.001). Preperitoneal pelvic packing was associated with
higher odds of death at 3 hours (odds ratio, 64.0; confidence interval, 8.8-465.1) and 6 hours (odds ratio, 15.1; confidence interval,
4.4-51.7) compared with PAE. Inverse probability treatment weighting analysis demonstrated 19.4% higher probability of death at

Whereas hypotensive patients with PRFs are more likely to undergo PAE, PPP is reserved for patients with more severe hemor-
rhagic shock, which may account for the observed higher mortality. Findings from this study suggest that PAE is an appropriate
first-line therapy for most patients with bleeding pelvic fractures at trauma centers with rapid access to endovascular therapy.

INTRODUCTION:
and preperitoneal pelvic packing (PPP), hypothesizing similar odds of death.
METHODS:
probability treatment weighting analysis were performed. Primary outcomes were 3- and 6-hour mortality.
RESULTS:
6 hours for PPP versus PAE (p < 0.001).
CONCLUSION:
(J Trauma Acute Care Surg. 2026;00: 00—-00. Copyright © 2026 Wolters Kluwer Health, Inc. All rights reserved.)
LEVEL OF EVIDENCE: Therapeutic/Care Management; Level II1.
KEY WORDS: Pelvic fracture; shock; pelvic angioembolization; preperitoneal pelvic packing.

P atients with blunt traumatic pelvic ring fractures (PRFs) who
experience hemorrhagic shock have mortality rates reported
to be between 32% and 36%."? Sources of blood loss for PRFs
include bleeding from bone edges, the pelvic presacral and
paravesical venous plexus, and arterial branches of the internal il-
iac arteries. As with other traumatic bleeding, rapid and definitive
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hemorrhage control is key. The challenge for PRFs, however, is
determining optimal utilization of various hemorrhage control in-
terventions (HCIs) once patients arrive at the trauma center.

In contrast to other sources of traumatic bleeding that have
well-established approaches to hemorrhage control, the manage-
ment of hemorrhagic shock from pelvic fractures includes mul-
tiple interventions that are used in highly variable combinations
across major trauma centers. These interventions include pelvic
angiography +/— embolization (PAE), preperitoneal pelvic pack-
ing (PPP), resuscitative endovascular balloon occlusion of the
aorta (REBOA), and, rarely, direct internal iliac artery ligation.?
The most common of these interventions are PAE and PPP,
which are two vastly different interventions that require different
resources.”

The Western Trauma Association's 2016 management al-
gorithm for hemodynamically unstable pelvic fractures recom-
mends PAE and/or PPP but does not specify which intervention
should be prioritized.” The authors suggest that HCIs can be
combined, as needed, in a complementary fashion. The World
Society of Emergency Surgery guidelines from 2017 state that
PPP and PAE should be viewed as complementary procedures,
without stating which should be done first.® The absence of clear
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guidance from any major trauma society is because research in
this area remains sparse and inconclusive. A recently convened
panel of experts by the Coalition for National Trauma Research
to identify key research priorities in trauma care identified
hemorrhage control for pelvic fractures as a key research
gap that necessitated further study.” The American Associa-
tion for the Surgery of Trauma (AAST) Pelvic Fracture Study
group made significant strides in our understanding of pelvic
fracture management but included only a small number of pa-
tients in shock who received an HCL? Another multicenter,
retrospective study was also inconclusive about the optimal
order and combination of interventions, likely because of
small sample size.®

With this in mind, we developed a prospective, multicen-
ter, observational study to answer some of these key manage-
ment questions. The primary aim of this study, also known as
AAST Hemorrhage control Interventions in Pelvic fractureS
(AAST HIPS), was to determine the optimum timing and com-
bination of HCIs to reduce mortality in trauma patients present-
ing with pelvic fractures and hemorrhagic shock. This analysis
compares PAE and PPP with regard to their association with
hemorrhage-related mortality, with the underlying hypothesis
that the two interventions would have similar risk of death.

PATIENTS AND METHODS

This study was approved by the AAST Multicenter Trials
Committee, and a waiver of consent was granted by each participat-
ing center's institutional review board. Site recruitment, training, in-
stitutional review board and Data Use Agreement approval, and
data coordination were conducted by the coordinating site. Sites en-
tered data into the Research Electronic Data Capture tool hosted at
the coordinating site.” Data were exported into STATA/BE 17,"
where all analyses were performed. Site recruitment occurred on
a rolling basis, with data collection conducted from March 2022
to December 2024. The goal sample size was approximately 350
subjects per group to detect a mortality difference of 10%. How-
ever, the study was closed after 2.5 years because of low recruit-
ment of subjects in the PPP group. A total of 47 sites contributed
data for the study, all of which were designated Level I trauma
centers. Except for two sites located in Newcastle, Australia,
and Calgary, Canada, all other sites were located within the
United States.

Subjects were eligible for inclusion if they had radio-
graphic documentation of a PRF from blunt trauma and a sys-
tolic blood pressure (SBP) of <90 mm Hg within the first hour
of arrival. In addition, eligible patients either underwent use of
a pelvic HCI or underwent transfusion of 24 units of packed
red blood cells or 2 units of whole blood within 24 hours. In-
cluded HCIs were direct internal iliac artery ligation, PAE,
REBOA, or PPP. Patients who arrived in cardiac arrest, died in
the emergency department, or had isolated pubic rami or acetab-
ular fractures were excluded. Detailed clinical characteristics
were obtained from chart review, including admission vital signs
and laboratory tests, Injury Severity Score (ISS), Abbreviated
Injury Scale scores, Glasgow Coma Scale (GCS) score, the
timing and type of HClIs performed, external and internal fixation
of the pelvis, laparotomy, thoracotomy, craniotomy/craniectomy,
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blood transfusion volumes at 6 and 24 hours in liters, complica-
tions, time and location of death, and cause of death.

All subjects who received PPP or PAE were included in
this study. The primary outcomes of interest were 3-hour and
6-hour all-cause mortality, and secondary outcomes of interest
were 24-hour and in-hospital all-cause mortality.

Bivariate comparisons of injury and clinical characteristics,
and hospital course were made between the PPP, PAE, and PPP-
PAE groups. X * Tests were used for categorical variables. Contin-
uous variables were analyzed using independent-samples ¢ test or
the Wilcoxon rank-sum test, as appropriate. Parametric continu-
ous results are reported as mean + SD, and nonparametric contin-
uous results are reported as median (interquartile range [IQR]). A
multivariable logistic regression analysis controlling for age, sex,
serum lactate level, ISS, GCS score, lowest SBP, abdominal AIS
score, and REBOA use was performed to evaluate the effect of
PPP and PAE on 3-, 6-, and 24-hour mortality. These variables
were selected based on their likelihood of influencing either the
exposure (PPP or PAE) or the outcome (mortality). The magni-
tude of effects was estimated using the area under the receiver op-
erating characteristics (AUROC) curve. Sensitivity analysis was
performed for 3- and 6-hour mortality using the £ value tech-
nique, which determines the minimum strength of association a
confounder would need to have with both treatment and outcome
to explain away the treatment effect.'’ Inverse probability treat-
ment weighting (IPTW) for average treatment effect using the
same variables included in the regression model was also per-
formed to evaluate for 6-hour mortality for those who received
PPP versus PAE. For covariates in the IPTW model, missing
values were accounted for using imputation. This was done by re-
placing the value with 0 if missing and creating a binary variable
(yes/no) for the missing variable. The model was evaluated to en-
sure adequate covariate balance, defined as a standardized mean
difference of <0.2. Subjects receiving a combination of both ther-
apies (PPP +PAE) were excluded from the multivariable regres-
sion and IPTW analyses. Incomplete records, defined as missing
any required field, were excluded from analysis. The STrengthen-
ing the Reporting of OBservational studies in Epidemiology
checklist for cohort studies is included as Supplemental Digital
Content (Supplementary Data 1, http:/links.lww.com/TA/F38).

RESULTS

0Of 980 enrolled subjects, 948 had complete data and were
included in the analysis. A total of 549 patients (58%) received
at least 1 HCI; 441 (80%) received 1, 95 (17%) received 2,
and 13 (2%) received 3 HCIs. From this group, 524 underwent
either PPP (n = 68, 13.0%), PAE (n =390, 74.4%), or a combi-
nation of both (n = 66, 12.6%) and comprise the study cohort. A
flow diagram of the final study population is shown in Figure 1.
Characteristics of each group and the entire study population are
reported in Table 1. The PPP and PPP+PAE groups were more
severely injured and sustained increased injury burden and phys-
iologic derangements, as evidenced by higher ISS (41 and 42.5
vs. 34, p <0.001), lower GCS (10 and 12 vs. 14, p <0.001), de-
creased lowest SBP (62 and 70 vs. 74 mm Hg, p < 0.001), and
higher admission serum lactate (6.4 and 6.9 vs. 4.3 mmol/L,
p <0.001). Subjects in the PPP and PPP+PAE groups received
more median packed red blood cells (2.1 and 2.9 vs. 1.2 L,

© 2026 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2026 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.


http://links.lww.com/TA/F38

| Trauma Acute Care Surg
Volume 00, Issue 00

Harfouche et al.

980 entries

Excluded for
missing data
N=32

948 complete
entries

Excluded
if received
neither PAE nor
PPP
N=424

=
N=390

PPP
N=68

PAE + PPP
N=66

Figure 1. Flowchart of included patients.

p < 0.001), and the PPP group received more median whole
blood transfusions (0.8 vs. 0 L, p = 0.019) at 6 hours from ad-
mission compared with the PAE group.

Among the 456 subjects who received pelvic angiography
(with or without PPP), 285 (62.5%) had active contrast extrava-
sation, and 391 (85.8%) underwent angioembolization. The pri-
mary indications reported for angioembolization were ongoing
hemorrhage (n = 309, 79%), active extravasation (n = 67,
17%), large pelvic hematoma (n = 10, 3%), and concerning frac-
ture pattern (n =4, 1%). Angioembolization was deemed to have
definitively controlled hemorrhage in 76% of cases, as com-
pared with PPP where packing was deemed to have controlled

TABLE 2. Comparison of Additional Interventions or Procedures
Performed on Subjects Undergoing PPP Alone, PAE Alone, or PPP-
PAE

Total PPP PAE PPP+PAE
(N=524) n=68) (n=390) (n=66) p*
Pelvic binder 302 (57.6) 34 (50.0) 224 (57.4) 44 (66.7) 0.15
Pelvic external fixation 69 (13.2) 6(8.8) 42 (10.8) 21 (31.8) <0.001
REBOA 38(73) 6(8.8) 23(59) 9(13.6) 0.070
Laparotomy 181 (34.5) 46 (67.6) 92 (23.6) 43 (65.2) <0.001
Thoracotomy 29(5.5) 14(20.6) 10(2.6) 5(7.6) <0.001
Craniectomy/craniotomy 11 (2.1) 1 (1.5) 8(2.1) 2 (3.0) 0.81

*p Values refer to a comparison of PPP, PAE, and PPP-PAE.
All values are reported as number (%).
REBOA, resuscitative endovascular balloon occlusion of the aorta.

hemorrhage in only 35% of cases. The median time to interven-
tion was 76.5 minutes (IQR, 140.5 minutes) for the PPP group
and 206 minutes (IQR, 176 minutes) for the PAE group
(p < 0.001). For the PPP+PAE group, the median time to PPP
was 99.5 minutes (IQR, 139 minutes), and the median time to
PAE was 234 minutes (IQR, 213 minutes). Overall, 75% of sub-
jects underwent PPP before PAE.

When evaluating center-specific practice patterns, it was
evident that all centers performed PAE more commonly than
PPP. The median number of PAE performed per institution
across the study period was 6 (IQR, 8) compared with a median
number of PPP of 1 (IQR, 3). Twenty of the 47 centers (43%) did
not perform any PPP throughout the study period.

Table 2 reports the differences in additional emergent in-
terventions and procedures performed between the PPP and
PAE groups. Notably, the PPP and PPP+PAE groups more often
underwent laparotomy (67.6% and 65.2% vs. 23.6%, p < 0.001)

TABLE 1. Comparison of Baseline Characteristics Between Subjects Receiving PPP Alone, PAE Alone, and PPP+PAE

Total PPP PAE PPP+PAE
(N=15249) (n=68) (n=390) (n=66) p*
Age,y 50+19 46 + 17 51+£19 46 £ 19 0.028
Male sex, n (%) 363 (69.3) 47 (69.1) 265 (67.9) 51(77.3) 0.32
ISS 34 (24-45) 41 (28.5-50) 34 (22-43) 43 (29-50) <0.001
AIS
Head 1(0-3) 2(0-3) 1(0-3) 2 (0-4) 0.023
Chest 3(1-3) 3(14) 3(1-3) 3(0-3) 0.18
Abdomen 3124 324 3(14) 3(24) 0.001
Extremity 4(3-5) 4(3-5) 4(3-5) 5(4-5) 0.011
Admission SBP, mm Hg 98 (80-123) 93 (70-133) 100 (82-123) 89 (74-110) 0.028
Admission HR, bpm 106 (86-127) 108 (91-129) 105 (83-124) 118 (103-140) 0.003
Admission GCS 14 (6-15) 10 (3-14) 14 (7-15) 12 (4-15) <0.001
Lowest SBP, mm Hg 72 (61-82) 62 (53-76) 74 (64-84) 70 (59-77) <0.001
Admission lactate, mmol/L 4.8 3.2-7.5) 6.4 (4.2-8.9) 4.3 (2.9-6.9) 6.9 (4.8-8.6) <0.001
Admission base deficit —6.8 (—-11.0 to —3.0) —8.0(-13.3t0 2.4) —6.0 (—10.0 to —3.0) —8.0 (—13.0 to —2.0) 0.35
pRBCin6 h, L 1.4 (0.7-2.8) 2.1(0.9-4.5) 1.2 (0.6-2.1) 2.9 (1.7-6.8) <0.001
Whole blood in 6 h, L 0(0-1) 0.8 (0-1.5) 0(0-1) 0 (0-1.8) 0.019
*p Values refer to a comparison of PPP, PAE, and PPP-PAE.
Unless specified, values are reported as mean + SD or median (IQR).
AIS, Abbreviated Injury Scale score; bpm, beats per minute; GCS, Glasgow Coma Score; HR, heart rate; ISS, Injury Severity Score; SBP, systolic blood pressure.
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TABLE 3. Outcomes by Subjects Who Underwent PPP Alone, PAE Alone, or PPP-PAE

Total PPP PAE PPP+PAE
(N =524) (n=68) (n=390) (n = 66) p*
Ventilator days** 4 (0-10) 6 (3-12.5) 3 (0-8) 8.5 (5-21.5) <0.001
Hospital LOS** 23 (14-39) 10.5 (1-27) 18 (10-33) 21.5 (6-43) <0.001
ICU LOS** 8 (4-18) 10 (7-15) 7 (4-16) 19 (10-28.5) <0.001
Mortality, n (%)
At3h 21 (4.0) 19 (27.9) 2(0.5) 0 (0) <0.001
At6h 28(5.3) 21 (30.9) 7(1.8) 0 (0) <0.001
At24h 50 (9.5) 26 (38.2) 16 (4.1) 8(12.1) <0.001
In-hospital 130 (24.8) 32 (47.1) 72 (18.5) 26 (39.4) <0.001

*p Values refer to a direct comparison between PPP, PAE, and PPP+PAE.
**Reported values are for survivors only (n = 394).

and thoracotomy (20.6% and 7.6% vs. 2.6%, p < 0.001) com-
pared with the PAE group.

In-hospital mortality was 24.8%, with death occurring in 47%
of subjects in the PPP group, 39% of subjects in the PPP+PAE
group, and 18.5% of subjects in the PAE group (Table 3). At
3, 6, and 24 hours after admission, the PPP group had signifi-
cantly higher mortality than the PAE group. A stable hematocrit,
defined as a 3% or less difference in hematocrit on two checks at
least 6 hours apart, was achieved in 56% of subjects in the PPP
group, 67% of subjects in the PPP-PAE group, and 82% of sub-
jects in the PAE group (p <0.001). The median time to achieve a
stable hematocrit was 40 hours (IQR, 63.5 hours) in the PPP
group, 71.5 hours (IQR, 79.5 hours) in the PPP+PAE group,
and 42 hours (IQR, 76 hours) in the PAE group. When investiga-
tors were queried as to whether ongoing pelvic hemorrhage con-
tributed to death, they responded affirmatively in 47% of PPP
cases, 42% of PPP+PAE cases, and 10% of PAE cases.

On multivariable regression analysis for risk of mortality,
when compared with PAE, PPP was associated with a 64-fold
greater odds of death at 3 hours (confidence interval [CI],
8.8-465.1; AUROC, 0.95), 15 times greater odds of death at
6 hours (CI, 4.4-51.7; AUROC, 0.89), and 10 times greater odds
of death at 24 hours (CI, 3.7-24.9; AUROC, 0.87) (Table 4).
Sensitivity analysis for 3- and 6-hour mortality demonstrated

that a confounder would need to have an odds ratio of 17 and
6, respectively, while accounting for all the other covariates in
the model to explain away the association between PPP versus
PAE and mortality. For the IPTW analysis, only serum lactate
had missing values (n = 129), which were imputed using the pre-
viously described method. Results demonstrated a 19.4% higher
probability of death at 6 hours for subjects in the PPP versus
PAE group, with an estimated baseline mortality of 1.9% if all
subjects had received PAE (p < 0.001).

DISCUSSION

This large, multicenter observational study aimed to eval-
uate outcomes of preperitoneal pelvic packing versus pelvic
angioembolization in patients with hemorrhagic shock due to
PRFs. Results demonstrate that PAE remains the predominant
HCI used for patients with PRFs and hemorrhagic shock at
Level I trauma centers. Although PPP is used infrequently, it is
typically reserved for patients in the most severe states of hem-
orrhagic shock, who have markedly lower survival. This is evi-
denced by higher ISS scores, greater transfusion volumes, and
more severe physiological and laboratory abnormalities among
individuals who received PPP. When used in combination, PPP
is often applied first, followed by PAE if there is ongoing

TABLE 4. Multivariable Logistic Regression Model Estimating the Effect of PPP Versus PAE on Mortality at 3, 6, and 24 Hours*

Death at3 h Deathat6 h Death at 24 h
OR CI )/ OR Cl P OR CI P
PPP** 64.0 8.8-465.1 <0.001 15.1 4.4-51.7 <0.001 9.6 3.7-24.9 <0.001
Age 1.0 0.99-1.09 0.061 1.0 1.0-1.1 0.018 1.04 1.01-1.07 0.003
Sex 1.1 0.24-5.2 0.897 0.7 0.2-2.5 0.608 0.8 0.3-2.1 0.699
Lactate 1.2 1.0-1.37 0.048 1.2 1.0-1.3 0.027 1.11 1.00-1.23 0.044
ISS 1.0 0.9-1.1 0.887 1.0 1.0-1.1 0.473 1.03 1.00-1.07 0.040
Abdomen AIS 0.9 0.5-1.6 0.807 0.9 0.6-1.3 0.492 0.97 0.7-1.3 0.893
Lowest SBP 1.0 0.9-1.0 0.175 1.0 0.9-1.0 0.158 1.0 0.97-1.03 0.263
Admission GCS 1.0 0.9-1.2 0.845 0.9 0.8-1.1 0.364 0.9 0.8-1.0 0.067
REBOA 7.0 0.8-55.6 0.066 55 1.2-24.2 0.026 2.8 0.8-10.3 0.112

*Subjects receiving PPP+PAE were excluded.
**The PAE group was used as a reference.

AIS, Abbreviated Injury Scale score; CI, confidence interval; ISS, Injury Severity Score; GCS, Glasgow Coma Score; OR, odds ratio; REBOA, resuscitative endovascular balloon occlusion

of the aorta; SBP, systolic blood pressure.
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bleeding. In addition, patients are more likely to undergo PPP as
opposed to PAE at the time of laparotomy and/or thoracotomy,
further underscoring the multicompartmental nature of injuries
sustained by pelvic fracture patients and the limitations of per-
forming PAE in individuals who have additional sources of hem-
orrhage that require surgical control.

Results from the multivariable logistic regression model
evaluating 3- and 6-hour all-cause mortality suggest that, for all-
comers, PAE is an effective method of controlling hemorrhagic
shock due to PRFs. The vast differences in physiology between the
PAE and PPP groups, however, obfuscate any direct comparison of
the two interventions. The lower mortality of individuals who re-
ceived combined PAE and PPP over PPP alone is likely an indicator
of survival bias rather than the superiority of PAE over PPP.

The use of 3- and 6-hour all-cause mortality endpoints for
this study is in line with the current recommendation by the Na-
tional Institutes of Health as the preferred primary outcomes for
studies evaluating hemostatic interventions in trauma patients
with hemorrhagic shock.'? This is owing to the fact that most
hemorrhagic shock—associated deaths occur within 6 hours,
whereas later deaths are due to non-hemorrhage-related causes
(traumatic brain injury, sepsis, respiratory failure, etc.). A recent ret-
rospective analysis of HCIs in pelvic fracture management in the
American College of Surgeons Trauma Quality Improvement Pro-
gram database also identified positive outcomes with regard to
PAE. This study, published by Anand et al.,' found that only PAE
was associated with a reduction in in-hospital mortality, whereas
PPP was associated with a higher odds of major complications.

It is important to note, however, that, although PAE ap-
pears to be the preferred first-line HCI in this study population,
there are significant clinical differences between the PPP and
PAE cohorts that cannot be entirely mitigated with a regression
model. There is no standardized definition for hemodynamic in-
stability, and the inclusion criteria for this study were broad
enough that almost half of the study population stabilized with-
out an HCI. Close to a quarter of patients who received PAE did
so for active contrast extravasation or pelvic hematoma on axial
imaging, which implies lower severity of bleeding, as opposed to
ongoing hemorrhage.'® This contrasts with the PPP cohort, all
of which received packing for the purposes of hemorrhage con-
trol. It is possible that there is a subgroup of patients with severe
uncontrolled hemorrhage that may benefit from PPP over PAE,
especially given the lack of delays associated with waiting for
an endovascular specialist when proceeding directly to PPP. A
single-center retrospective review found that median time to pel-
vic angiography was nearly 5 hours, with 35% of deaths attrib-
utable to ongoing hemorrhage.'* A separate study evaluating
outcomes among patients who received Zone III REBOA for
the management of bleeding due to pelvic fractures in the AAST
Aortic Occlusion for Resuscitation in Trauma and Acute Care
Surgery database found similar rates of mortality for PPP
(38.6%) and PAE (32.1%), with PPP used more often than
PAE."® In-hospital mortality for these patients was 37.7%, con-
siderably higher than in our study. A retrospective, propensity-
matched study using American College of Surgeons Trauma
Quality Improvement Program found no difference in mortality
between PAE and PPP.'® These findings highlight the need to
further define and study the subpopulation of patients with blunt
pelvic fractures and severe hemorrhagic shock.

© 2026 Wolters Kluwer Health, Inc. All rights reserved.

The risks and benefits of the two interventions are varied,
which play a role in their adoption and acceptability across
trauma centers.'” Whereas PPP requires a surgical incision and
a minimum of two trips to the operating room, PAE offers a less
invasive and more definitive option. Concerns regarding hard-
ware infections and surgical site infections have pushed centers
away from adopting PPP as a more routine practice.'® Aggres-
sive PAE, however, has been posited to be associated with pelvic
ischemia and gluteal necrosis, although this was disproven in a
recent study.'” Most importantly, the delay in access to an endo-
vascular specialist who can perform PAE as opposed to a trauma
surgeon who can perform PPP lends itself to the latter interven-
tion being reserved for patients who need rapid hemorrhage con-
trol.'"* The differences in resource requirements, engrained
trauma center preferences, and lack of national guidelines as it
pertains to PPP and PAE further complicate research efforts.

There are several limitations to this study that must be
noted. All centers that participated in this study were Level I cen-
ters with the ability to access endovascular services within
1 hour. Centers that do not have this capability may need to pro-
ceed to PPP in the setting of significant hemorrhage, even if PAE
might be preferred. In this study, PAE was performed more fre-
quently than PPP at all participating centers, with PPP being
used rarely, if at all, at some centers. Although the technique
of PPP is not difficult, lack of experience with the technique
and/or clear protocols regarding its use might have adversely af-
fected outcomes. High-volume users of PPP, which have previ-
ously published their success with the procedure in conjunction
with concomitant external fixation,”*?! may have better out-
comes with PPP than were reported in this study. As is true with
all observational studies, there may be additional confounders
that were not collected and/or unknown that could have influ-
enced the primary outcomes (mortality), which can only be con-
trolled with a randomized clinical trial.

CONCLUSION

In this multicenter, observational study of patients with
blunt PRFs presenting in shock, we found that PAE, compared
with PPP, is the predominant intervention used for hemorrhage
control. Preperitoneal pelvic packing is used for patients with
a greater degree of hemorrhagic shock who ultimately have
lower survival. After accounting for known confounders using
a multivariable regression model, recipients of PPP had 15
times greater odds of death at 6 hours than recipients of PAE.
These findings suggest that, at centers with rapid access to
endovascular specialists, PAE is an appropriate first-line inter-
vention for the majority of patients with significant bleeding
from blunt PRFs, with PPP reserved for those in severe, persis-
tent hemorrhagic shock or requiring other major operative inter-
ventions. Further clinical trials are needed to determine which
subpopulation of patients with shock from PRFs would benefit
from PPP over PAE as first line therapy.
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