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ajor pelvic disruption with hemorrhage has a high rate of lethality. Angiographic embolization remains the mainstay of treat-
ment. Delays to angiography have been shown to worsen outcomes in part because time spent awaiting mobilization of resources
needed to perform angiography allows ongoing hemorrhage. Alternative techniques like pelvic preperitoneal packing and aortic
balloon occlusion now exist. We hypothesized that time to angiographic embolization at our Level 1 trauma center would be longer
than 90 minutes.
METHODS: A
 retrospective review was performed of patients with pelvic fracturewho underwent pelvic angiography at our trauma center over
a 10-year period. The trauma registry was queried for age, sex, injury severity score, hemodynamic instability (HI) on presentation,
and transfusion requirements within 24 hours. Charts were reviewed for time to angiography, embolization, and mortality.
RESULTS: A
 total of 4712 patients were admitted with pelvic fractures during the study period, 344 (7.3%) underwent pelvic angiography.
Median injury severity score was 29. Median 24-hour transfusion requirements were five units of red blood cells and six units
of fresh frozen plasma. One hundred fifty-one patients (43.9%) presented with HI and 104 (30%) received massive transfusion
(MT). Median time to angiography was 286 minutes (interquartile range, 210–378). Times were significantly shorter when strat-
ified for HI (HI, 264 vs stable 309 minutes; p = 0.003), andMT (MT, 230 vs non-MT, 317minutes; p < 0.001), but still took nearly
4 hours. Overall mortality was 18%. Hemorrhage (35.5%) and sepsis/multiple-organ failure (43.5%) accounted for most deaths.
CONCLUSION: P
elvic fracture hemorrhage remains a management challenge. In this series, the median time to embolization was more than
5 hours. Nearly 80% of deaths could be attributed to early uncontrolled hemorrhage and linked to delays in hemostasis. Earlier
intervention by Acute Care Surgeons with techniques like preperitoneal packing, aortic balloon occlusion, and use of hybrid op-
erative suites may improve outcomes. (J Trauma Acute Care Surg. 2017;82: 18–26. Copyright © 2016Wolters Kluwer Health, Inc.
All rights reserved.)
LEVEL OF EVIDENCE: T
herapeutic study, level V.

KEYWORDS: P
elvic fracture; hemorrhage; angiography; time.
T he management of pelvic fracture hemorrhage remains a
significant challenge for the Acute Care Surgeon. Though

multidisciplinary approaches have improved outcomes, mor-
tality in those presenting with hemodynamic instability is
40% to 60%, with nearly a third dying from uncontrolled hem-
orrhage.1–6 These patients often have multiple competing pri-
orities, nearly 90% will have associated injuries, and up to
50% have sources of significant hemorrhage other than the
pelvis.4 Hemorrhage remains the most common cause of early
in-hospital deaths among trauma patients, with most succumbing
within the first 3 hours of admission.7,8 For those who survive
the initial hemorrhage, administration of early large-volume
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transfusions increases the risk of infection, multiple-organ
failure (MOF), and mortality.9–13

Angiography and embolization was first described for
control of pelvic fracture arterial hemorrhage in 1972, and since
that time, its use has been shown to be safe and effective.14–17

Angiography and embolization in combination with temporary
pelvic stabilization has since become widely used for the treat-
ment of pelvic fracture hemorrhage.5,17–21 Early access to angi-
ography has been associated with reduced mortality. However,
delay to angiography greater than 60 to 90 minutes, or to embo-
lization greater than 3 hours are associated with worse out-
comes.16,22,23 Unfortunately, many modern series report times
to angiography that exceed these windows, and time to
angioembolization has been shown to be increased by admission
at night and on weekends.3,16,24–26

As time spent awaiting the mobilization of resources that
are not immediately available at the bedside of unstable patients,
and prolonged procedure times may allow ongoing bleeding,
there has been interest in developing alternative methods to con-
trol pelvic fracture hemorrhage. Preperitoneal pelvic packing
(PPP) has been used to salvage patients in extremis from pelvic
fracture hemorrhage, or as an early intervention in those present-
ing with hemodynamic instability and failure to respond to stan-
dard resuscitation.3,26–30 It has been advocated as either a bridge
J Trauma Acute Care Surg
Volume 82, Number 1
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TABLE 1. Demographics of Patients With Pelvic Fracture
Undergoing Pelvic Angiography

Age, median (IQR) 45 (29–60)

Male, n (%) 247 (71.8)

Mechanism of injury, n (%)

Motor vehicle crash 138 (40.1)

Motorcycle crash 68 (19.8)

Bicyclist/Pedestrian struck 55 (16)

Fall from height 32 (9.3)

Crush 21 (6.1)

Other 30 (8.7)

Origin of admission

Scene, n (%) 257 (74.7)

Transfer, n (%) 87 (25.3)

Injury severity score (ISS)

ISS, median (IQR) 29 (22–41)

ISS ≥ 15, n (%) 299 (87)

Physiology at admission

SBP, median (IQR), mm Hg 115 (95–136)

HR, median (IQR), beats per minute 105 (85–125)

GCS, median (IQR) 15 (11–15)

Hemodynamic instability*, n (%) 151 (43.9)

Type of pelvic fracture

Anteroposterior compression, n (%) 142 (41.3)

Lateral compression, n (%) 179 (52)

Vertical shear, n (%) 16 (4.7)

Mixed/other, n (%) 7 (2)

Time of Admission

Weekday/Day, n (%) 123 (35.7)

Weekend and night, n (%) 221 (64.3)

*Hemodynamic instability: SBP ≤ 90 mm Hg or HR ≥ 120 beats per minute.
GCS,Glascow coma scale; HR,heart rate in beats per minute.
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to angiography or as a primary treatment modality alone.3,26,28

Resuscitative endovascular balloon occlusion of the aorta
(REBOA) has also been used to rescue patients in extremis from
pelvic fracture hemorrhage and interest in the technique has
been growing.8,31–33 However, neither has been routinely
adopted, and angiography and embolization remain the mainstay
of therapy in North America.1,22,34

The purpose of the current study was to examine the time
to angiography after pelvic fracture in the traumatically injured
patient at a mature trauma center with robust angiographic re-
sources. We hypothesize that the time to angiography for pelvic
fracture hemorrhage would be significantly longer than ex-
pected; exceeding 90 minutes, and that shorter times to angiog-
raphy represent an opportunity for improvements in outcomes.

METHODS

After institutional review board approval, a retrospective
review of patients with pelvic fracture admitted to the R Adams
Cowley Shock Trauma Center and undergoing pelvic angiogra-
phy from July 2002 through July 2012 was performed. Patients
who underwent angiography more than 12 hours after admission
were excluded, as they likely had delayed presentation of indica-
tions for angiography or had prolonged periods of time with op-
erative treatment of multiple injuries. The trauma registry was
queried for patients' demographic and physiologic data includ-
ing age, sex, type of admission (scene vs transfer), time of
admission, hemodynamic instability (HI) on presentation (sys-
tolic blood pressure (SBP) ≤ 90 mm Hg, heart rate ≥ 120 beats
per minute), injury severity score (ISS) and Abbreviated Injury
Scale (AIS), 24-hour transfusion requirements, and massive
transfusion (MT) (>10 units packed red blood cells in 24 hours).
The medical record and radiologic images were reviewed for the
following: pelvic fracture classification; receipt of and time to
computed tomographic (CT) scan; surgical intervention before
angiography; indications for and time to angiography; and time
to hemostasis by embolization, mortality, and cause of death.

Daytime was defined as 7:00 AM through 5:00 PM, and
the weekend as 5:01 PM Friday through 6:59 AMMonday. Time
of imaging and procedures were defined as follows: CT scan,
time of trauma radiologist–dictated report; operation, nursing-
documented start time of procedure and exit of room; angiog-
raphy, documented time of first angiographic image; pelvic
hemostasis, time of last pelvic angiographic image in those
receiving embolization.

Time to angiography was compared between patients with
and without HI and MT, and receipt of CTor operation (OR) be-
fore angiography. The Student t-test was used for continuous
variables of normal distribution, and the Mann-Whitney U-test
was used to compare non-normally distributed variables. Cate-
gorical variables were compared using χ2 and Fisher exact test.
A multivariate logistic regression analysis was performed in a
stepwise fashion evaluating effects of age, ISS, HI at admission,
MT, OR before angiography, and time to angiography onmortal-
ity. Area under the receiver operating curve and odds ratios with
95% confidence intervals (CI), and Hosmer and Lemeshow
Goodness-of-fit tests were calculated for each model in the mul-
tivariate regression analysis. All analyses were performed using
SAS version 9.4 (SAS Institute Inc, Cary, NC).
© 2016 Wolters Kluwer Health, Inc. All rights reserved.
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RESULTS

There were 61,180 trauma admissions over the study pe-
riod. A total of 4,712 (7.7%) sustained a pelvic fracture. Of
those, 379 (8%) underwent pelvic angiography. Thirty-five were
done more than 12 hours from admission and were excluded,
leaving 344 patients in the study population. The median age
was 45 years (interquartile range [IQR], 29–60 years), and
72% were male. The median ISS was 29 (IQR, 22–41), and
68% had an ISS ≥ 25. Most patients had associated injuries
(AIS ≥ 1), with abdominal (80.8%), thoracic (66%), and brain
(44.2%) injuries occurring most commonly. Pelvic embolization
was performed in 212 patients (62% of the study population).
Demographics for the study population are shown in Table 1.

Median SBP and heart rate at admission were 115 mmHg
(IQR, 95–136) and 105 beats per minute (IQR, 85–125), respec-
tively. Hemodynamic instability (HI) was present on admission
in 151 patients (43.9%), and 104 patients (30%) received MT.
Themedian 24-hour transfusion requirements were 5 units (IQR,
0–10.3) of packed red blood cells and 6 units (IQR, 0–14) of
fresh frozen plasma.

Computed tomographic scans were obtained in 289 pa-
tients (84%) before angiography, although its use was less
19
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TABLE 3. Indications for Angiography and Rate of Embolization

Indication
Angiography,

n (%)
Embolization,

n (%)

Contrast blush on CT (CB) 111 (32.2) 71 (63.9)

Pelvic hematoma on CT (PH-CT) 102 (29.6) 49 (48)

Pelvic hematoma in OR (PH-OR) 14 (4) 13 (92.8)

Hemodynamic instability (HI) alone 45 (13) 27 (60)

HI + CB 36 (10.4) 30 (83.3)

HI + PH-CT 15 (4.3) 9 (60)

HI + PH-OR 17 (4.9) 12 (70.5)

Unaccounted 4 (1.1) 1 (25)

TABLE 4. Outcomes in Patients Undergoing Pelvic Angiography

Time to diagnostic study or intervention in minutes

CT* (n = 298) 99 (75–130)

OR** (n = 76) 64 (32–135)

Angiography (n = 344) 286 (210–378)

Embolization (n = 212) 344 (262–433)

Embolization procedure time 51 (37–83)

24-hour resuscitation

Packed red blood cells, units 5 (0–10.3)

Tesoriero et al.
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frequent in patients who received angiography in less than
3 hours (51.8%). The median time to CT scan was 99 minutes
(IQR, 75–130). Of patients who presented with HI and of those
who received MT, 78.8% and 70.1%, respectively, underwent
CT before angiography. Forty-seven (62.6%) of those who re-
ceived operative intervention before angiography also underwent
CT before angiography with equal distribution preoperatively
(51.1%) and postoperatively (48.9%). For those who underwent
CT after operative intervention, the median time between OR
and CTwas 29 minutes (IQR, 9–54).

Seventy-five patients (21.8%) had operative intervention
before angiography (Table 2). Median time to OR was
64 minutes (IQR, 32–132) and median operative time was 87
minutes (IQR, 50–146). Sixty-one patients (81.3%) underwent
laparotomy and 26 patients (34.6%) had PPP. Twenty-eight pa-
tients (37.3%) underwent multiple operative procedures. The
most common combination, laparotomy and PPP, occurred in
20 patients (71.4%). The median time to angiography after OR
was 78minutes (IQR, 31–141 minutes) and was longer for those
undergoing CT (n = 22) after OR (160 minutes; IQR, 103–276)
than those who went directly to angiography (46 minutes;
IQR, 25–105).

The most common single indication for angiography was
contrast blush on CT, in 111 patients (32.2%), followed by pel-
vic hematoma on CT in 102 patients (29.6%). Overall,
113 patients (32.8%) had HI as one of the indications for angiog-
raphy (Table 3).

The median time to angiography was 286 minutes
(IQR, 210–378) (Table 4). Time to angiography for those who
underwent embolization was 280 minutes [IQR, 201–367], time
to embolization was 344 minutes (IQR, 262–433), and median
procedure timewas 51 minutes (IQR, 37–83). The time between
CT and angiography was 197 minutes (IQR, 140–278). Times
to angiography were shorter when stratified for HI (HI,
264 minutes vs stable, 309 minutes; p = 0.003), and those re-
ceiving MT (MT, 230 minutes vs non-MT, 317 minutes;
p < 0.001) (Table 5). Times to angiography were shorter in those
who presented during the weekend/night and in those who pre-
sented as an interfacility transfer, but these differences were
not significant. Times were no faster in the last 2 years (278
minutes; IQR, 210–365) than in the first 8 years (297 minutes;
IQR, 210–384) of the study; p = 0.25.
TABLE 2. Surgical Interventions Performed Before Pelvic
Angiography, n = 75 (21.8%)

Surgical Intervention No. of Patients (%)

Laparotomy 61 (81.3)

Preperitoneal pelvic packing 26 (34.6)

Pelvic external fixation 17 (22.6)

Thoracotomy 8 (10.6)

Craniotomy 2 (2.6)

Other* 3 (4)

More than one procedure** 28 (37.3)

*Other procedures included: superficial femoral artery repair (1), above-knee amputa-
tion of leg (1), and thigh fasciotomy (1).

**Most common combination: laparotomy and preperitoneal pelvic packing, n = 20
(71.4% of those undergoing more than one procedure).

20

Copyright © 2016 Wolters Kluwer H
Overall mortality was 18%. Sepsis/MOF (43.5%) and
hemorrhage (35.5%) accounted for most deaths (Table 4). Mor-
tality was higher in those presenting with HI (27.8%; p < 0.001),
in those who received MT (41.3%; p < 0.001), and in those who
underwent operative intervention before angiography (41.3%;
p < 0.001). Forty-three (69.4%) of the patients who died had an
associated severe injury (AIS ≥ 4), with brain (40.3%), thoracic
(38.7%), and abdominal (35.4%) injuries occurring most com-
monly. When considering indications for angiography, the mor-
tality associated with HI (35.4%) was higher than contrast blush
(9%) and pelvic hematoma on CT (7.8%). Mortality in relation
to HI at admission, receipt of MT, and time to angiography are
shown in Table 6. There were 12 deaths (40%mortality) in those
who received angiography within the first 180 minutes, four of
whom went to the OR before angiography. Hemorrhage (75%)
Fresh frozen plasma, units 6 (0–14)

Crystalloid, mL 9,500 (5,950–13,535)

Massive transfusion†, n (%) 104 (30.2)

Length of stay

Hospital, days 11 (6–23)

Intensive care unit, days 5 (0–13)

Mortality

Overall, n (%) 62 (17.7)

Hemorrhage, n (%)‡ 22 (35.5)

Sepsis/organ failure, n (%)‡ 27 (43.5)

Traumatic brain injury, n (%)‡ 10 (16.1)

Other, n (%)‡ 3 (4.8)

All values reported as median (interquartile range) unless otherwise indicated.
*Patients undergoing computed tomography scan (CT) before angiography.
**Patients undergoing operative intervention (OR) before angiography.
†Patients receiving ≥10 units packed red blood cells in the first 24 hours.
‡Attributable percentage of total mortality.

© 2016 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 5. Impact of Admission Factors, Interventions, and
Patient Physiology on Time to Angiography in Patients With
Pelvic Fracture

Time to Angiography
Minutes (IQR) P*

All (n = 344) 286 (210–378) NA

Embolized (n = 212) 280 (201–367) NA

Time of admission

Weekday (n = 123) 306 (222–402) 0.27

Night/Weekend (n = 221) 279 (208–372)

Origin of admission

Scene (n = 257) 296 (224–390) 0.07

Transfer (n = 87) 266 (184–364)

Interventions before angiography

No OR prior (n = 269) 291 (217–373) 0.23

OR prior (n = 75) 278 (207–421)

CT prior (n = 289) 307 (242–390) <0.0001

No CT prior (n = 55) 183 (137–390)

Patient physiology

HI at admission (n = 151) 265 (199–343) 0.003

HS** at admission (n = 193) 309 (234–401)

Massive transfusion (n = 104) 230 (172–306) <0.0001

No massive transfusion (n = 240) 317 (244–404)

*p values are in relation to All time to angiography.
**HS,hemodynamically stable.

TABLE 6. Mortality in Relation to Hemodynamics at
Presentation, Receipt of Massive Transfusion, and Time
to Angiography

Mortality

Overall
n (%)

Hemorrhage
n (%)

Sepsis/MODS*
n (%)

All (n = 344) 62 (17.7) 22 (35.5) 27 (43.5)

Embolized (n = 212) 40 (18.8) 13 (32.5) 17 (42.5)

HI at admission (n = 151) 42 (27.8) 15 (35.7) 19 (45.2)

Massive transfusion (n = 104) 43 (41.3) 19 (44.2) 14 (32.5)

Time to angiography, minutes

≤90 (n = 3) 2 (66.7) 2 (100)

91–120 (n = 21) 5 (23.8) 4 (80) 1 (20)

121–180 (n = 30) 5 (16.7) 3 (60) 2 (40)

181–240 (n = 58) 19 (32.8) 7 (36.8) 11 (57.9)

241–300 (n = 72) 15 (20.8) 4 (26.7) 6 (40)

>300 (n = 160) 16 (10) 2 (12.5) 7 (43.8)

*MODS,multiple-organ dysfunction syndrome.

J Trauma Acute Care Surg
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and sepsis/MOF (25%) accounted for all of these deaths. There
were documented sources of significant hemorrhage other than
the pelvis in 50% of the patients. Two additional patients who
went to angiography without other intervention or diagnostic
study died of cardiac arrest after completion of angiography
but before further evaluation, and their death was likely due to
hemorrhage from secondary sources. The highest mortality rates
were seen in those who received angiography in less than
90 minutes (66%) and between 181 and 240 minutes (32.8%).
In no model of the multivariate regression analysis was time to
angiography associated with mortality. The model most corre-
lated with mortality (area under the receiver operating curve,
0.869; 95% CI, 0.8237–0.9144, Lemeshow Goodness-of-fit,
2.193; p = 0.9746) included age, HI, ISS ≥ 25, OR before angi-
ography, MT, and time to angiography. The odds ratio of time to
angiography in this model was 1.00 (95% CI, 0.996–1.002;
p < 0.0001).

DISCUSSION

Management of pelvic fracture hemorrhage is challeng-
ing; most patients in North America continue to be treated by
resuscitation with blood products, temporary mechanical stabili-
zation, and pelvic angioembolization.1,14,16,17,22,26 More than
80% of pelvic fracture hemorrhage is venous or bony in origin
and generally responds well to temporary stabilization with ex-
ternal fixation or circumferential compression with a pelvic
binder or sheet wrapping.26,34 Angiography and embolization
address pelvic arterial hemorrhage, is required in 3% to 15%
of patients with pelvic fracture, and is successful in 85% to
100% of cases.5,15,16,18,28,34,35 Despite its effectiveness, several
© 2016 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2016 Wolters Kluwer H
studies have reported mortality rates of approximately 50% after
successful arterial embolization.4,16,36 The rates of angiography
(8%), embolization, and mortality in those with HI (35.5%) in
this series are similar to previously reported series.

Predictors of need for angiography in pelvic fracture in-
clude HI, contrast blush on CT, presence of pelvic hematoma
>500 cm3, and advanced age.34 Contrast extravasation on CT
seems to have a sensitivity of 60% to 84% and specificity of
85% to 98%.34 Fracture pattern does not seem to predict the
need for angiography, although it may help guide the location
of angioembolization.34 In this series, HI was the most common
indication for angiography, and most received embolization. At
35%, the mortality rate in unstable patients was significantly
higher than in stable patients who had only anatomic indications
for angiography. These unstable patients represent a group in
whom earlier intervention may improve outcomes.

Time to control of pelvic arterial hemorrhage in patients
with HI would be expected to improve mortality, and several
studies support this hypothesis. Agolini et al.16 reported that em-
bolization within 3 hours improved survival from 25% to 86%.
Balogh et al.22 showed that an institutional protocol improving
time to angiography to less than 90 minutes decreased mortality
from 35% to 7%. More recently, Schwartz et al.25 showed that
delays to angiography in after-hours admissions were associated
with higher mortality (32% vs. 21%).Tanizaki et al.23 reported
that angiography within 60minutes was associated with a reduc-
tion in mortality from 64.7% to 14.3%.

Despite the suggestion that time to angiography improves
mortality, most reported series document considerable delays. In
a reviewof the available literature, Gannslen et al.37 reported that
the average time between admission and angiographic emboliza-
tion was 10.7 hours. Schwartz et al.25 reported times to angiog-
raphy between 3 and 5 hours depending on time of admission.
Morozumi et al.24 found that while times to angiography could
be improved with a mobile angiography suite, time to interven-
tion was more than 90 minutes, and completion of embolization
required nearly 3 hours. Osborn et al.3 compared angiography to
21
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PPP and found that more than 2 hours was required to obtain an-
giography. The current series demonstrates similar times to angi-
ography. The nearly 5 hours to reach the angiography suite in
this study is comparable to the after-hours group reported by
Schwartz et al.25 Although times were faster in those who pre-
sented with HI or received MT, the intervals between admission
and angiography were still nearly 4 hours with delays often due
to need for operative intervention before angiography. Even
when obtained postoperatively, when advanced notification of
need for angiography was likely, the median time to intervention
was more than 1 hour. Unlike previous reports,25 after-hours ad-
mission did not worsen time to angiography in this series.

Even with institutional protocols and increased access to
angiography, patients with pelvic fracture hemorrhage and insta-
bility continue to have mortalities between 40% and 60%.1–5

The reasons for this are unclear. Although theymay include poor
trauma center compliance with recommendations for early angi-
ography, it is likely reflective of the multiple competing priori-
ties present in patients with major pelvic fracture.38 Up to 30%
of these patients will have significant associated abdominal in-
jury, and nearly 50% of patients who die have multiple sources
of hemorrhage.4,39,40 Intuitively, prompt control of the most se-
rious cause of hemorrhage should improve outcomes. However,
it is unclear which source of hemorrhage should take prece-
dence. Eastridge et al. reported that patients with pelvic fracture
hemorrhagewho required both laparotomy and angiography had
a higher chance of mortality when undergoing laparotomy first,
but others have shown the opposite.5,18 Irrespective of the major
source of hemorrhage, it seems that intra-abdominal injuries are
often a significant contributor to mortality.25 Although the over-
all mortality in our series was 18%, the rates in those presenting
with HI and receiving MTwere significantly higher. When con-
sidering that transfusion has been directly linked to infection and
MOF, nearly 80% of mortality in this series can be attributed to
early uncontrolled hemorrhage and directly linked to delays in
hemostasis. There was a nearly 70% rate of major extrapelvic
injury in those who died, including a 35% rate of significant
intra-abdominal injury, and many patients had multiple sites of
hemorrhage. These numbers are remarkably similar to the rates
reported in the literature, and it is likely that these factors in ad-
dition to pelvic hemorrhage and times to angiography contribute
to the increased mortality.

Unfortunately, identifying the leading cause of hemor-
rhage in patients with pelvic fracture remains difficult. Focused
assessment with sonography in trauma (FAST) has a low speci-
ficity and negative predictive value when pelvic fractures are
present, and negative FAST does not seem to predict whether
laparotomy or angiography is needed in these patients presenting
with HI.34,41 For some, a positive FAST due to minor intra-
abdominal injury or rupture of a preperitoneal pelvic hematoma
will lead to laparotomy and delays to angiography. The desire for
definitive diagnosis of injury leads to the frequent use of CT in
trauma patients, and the study is sometimes obtained even in the
face of HI. Cook et al.42 reported that the use of CT in selected
hemodyamically unstable patients with positive FASTexamina-
tions did not worsen mortality and resulted in decreased odds
of emergency surgery. However, the nearly three times increased
24-hour mortality in the group of unstable positive FAST pa-
tients who went directly to the operating room suggests
22
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differences in the two groups not reflected in the matched ISS.
Huber-Wagner et al.43 showed that whole body CT in select un-
stable patients improved outcomes compared to those who did
not receive the study. Despite these studies' findings, the inher-
ent delays to definitive care due to the acquisition of CT have
the potential to negatively affect outcomes. Computed tomogra-
phy was obtained before angiography in 84% of the patients in
the current series. Even when patients presented with HI or re-
ceived MT, CT was obtained before angiography more than
70% of the time. Although time to CTwas similar to previous
large studies,25 the time spent obtaining these images represents
potential significant delays to definitive care.

The retrospective nature of this review made it difficult to
delineate the specific reason for delays. Aswewere unable to de-
termine the time that the interventional radiology service was
consulted, it is difficult to know howmuch of the time to angiog-
raphy was due to delays in recognition of its need and delayed
consultation. However, in some instances, CT may have been
obtained while awaiting the mobilization of the angiographic
team. This is almost certainly the case in those who underwent
CT after operative intervention but before angiography. Delay
to angiography overall seemed to be multifactorial, including di-
agnostic decisions made by the Trauma team (frequent use of
CT scan), factors dictated by patients' disease (need for operative
intervention in unstable patients), and delays in mobilization of
the resources needed for angioembolization.

In an effort to expedite hemorrhage control, PPP was first
described in 1994 and has since been widely used in Europe
for salvage of unstable patients with pelvic fracture hemor-
rhage.29,30 Its use in North America increased after Cothren et al.
reported 2 series of patients in whom primary treatment with
PPP was used as part of an institutional protocol for the early
management of patients with pelvic fracture and HI.6,26 Signifi-
cantly, they reported an 85% rate of additional operative inter-
ventions at the time of PPP, and a mortality of 21%, with none
due to acute hemorrhage. The need for post-PPP angiography
was uncommon in this series, suggesting that most arterial hem-
orrhage was controllable with PPP. Osborn et al.3 showed that
median times to intervention for PPP were significantly shorter
than for early angiography and were associated with a lower
mortality and no deaths due to hemorrhage. In the current series,
PPP was used in 34.6% of those who underwent operative inter-
vention before angiography and more than 75% underwent lap-
arotomy at the time of PPP. The mortality in this cohort was
50%, suggesting that patients were multiply injured and that
PPP was used as a salvage technique rather than as early primary
management. Given the association of improved mortality rates
compared to series of unstable patients undergoing angiography,
PPP has been proposed as a primary management strategy for
patients with pelvic fracture and instability.3,4,6,26–28

Resuscitative endovascular balloon occlusion of the aorta
was originally described for the treatment of shock44 in 1954. It
has the potential for improvement in outcomes of patients pre-
senting with noncompressible torso hemorrhage by rapidly
controlling abdominal and pelvic blood loss and improving
central perfusion pressure while allowing time to definitive
hemorrhage control.8 It is minimally invasive relative to ED tho-
racotomy and establishes access for catheter-based techniques of
hemorrhage control. Martinelli et al.31 reported the successful
© 2016 Wolters Kluwer Health, Inc. All rights reserved.
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use of intra-aortic balloon occlusion in 13 patients with pelvic
fracture and such critically uncontrollable hemorrhagic shock
that they were unable to be safely transported from the emer-
gency department. Morrison et al.32 compared the use of aortic
balloon occlusion to packing with kaolin-impregnated gauze in
a swine model of arterial pelvic hemorrhage with dilutional co-
agulopathy and found that placement of REBOA significantly
improved SBP and was associated with lower mortality. Brenner
et al.33 found REBOA to be feasible for both blunt and penetrat-
ing mechanisms when performed by nonvascular trained acute
care surgeons. These reports have generated interest in the
technique and have led to the development of several training
courses for acute care surgeons.45,46 The current series predates
the use of REBOA at our institution. However, given the
protracted time required to mobilize angiography and the high
rate of associated injury in most series, REBOA offers the bed-
side acute care surgeon the ability to temporarily control ongoing
pelvic hemorrhage and address other sites of noncompressible
torso hemorrhage in a minimally invasive fashion.

Trauma hybrid operating rooms may represent the next
step forward in the management of these difficult patients. The
combination of surgical, angiographic, and advanced imaging
capabilities in a single site provides flexibility and the potential
simplification of patient care algorithms and surgical decision
making while allowing clinical specialists to come to the patient,
thus minimizing the transport of unstable patients.8 Acute care
surgeons could use a trauma hybrid operating room in combina-
tion with initial inflow controlwith REBOA or PPP to temporize
bleeding. It would provide a single location for resuscitation and
allow basic and advanced operative intervention while allowing
time for those with expertise in advanced catheter-based tech-
niques to arrive.

This study includes the inherent limitations of retrospec-
tive work. It is unclear at what time the decision to pursue angi-
ography was made and the reported indications were inferred
based on chart review. It is likely that some patients with HI
quickly responded to resuscitation, had delays to angiography,
but were included in the analysis of HI patients. Other initially
stable patients may have developed subsequent instability and
contributed to delays in angiography. Transfusion registry data
were missing for a number of patients and is likely under-
reported. The possibility of selection bias exists, as only patients
who underwent angiography were included and those who died
before proceeding to angiography may have been missed, thus
affecting mortality rates. Additionally, overall reported times in
the study included a number of stable patients whose indications
for angiography were purely anatomic in nature. Although the
10-year period is a potential limitation, there were no significant
changes in facilities or interventional radiology staffing, and this
is reflected in the times and mortality in the final 2 years being
similar to the study as a whole.

In conclusion, pelvic fracture hemorrhage remains a sig-
nificant management challenge. Although significant time de-
lays to angiography have been a consistent finding in previous
reports, as have increased mortality due to those delays, angiog-
raphy continues to be the mainstay of treatment in North
America. This is the largest series to date reporting on time to
angiography, comes from an institution with robust angio-
graphic resources, and accurately reflects the daily operations
© 2016 Wolters Kluwer Health, Inc. All rights reserved.
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at a busy trauma center. In this study, the mortality of those pre-
senting with HI and significant hemorrhage is similar to the
mortality rates in other published series and remains high, in part
due to multiple sources of hemorrhage present in these patients.
Although times to angiography were faster in the highest-risk
patients, they still required almost 4 hours to reach angiography.
Delays were multifactorial and included the use of CT scan, the
frequent need for operative intervention for other sources of
hemorrhage before angiography, and the inherent delay of mobi-
lizing resources not readily present in the hospital. Although
times to angiography were not a significant contributor to mor-
tality after adjusting for injury severity, most patients who
underwent angiography early and died had a second source of
hemorrhage andmay have benefited from a strategy that allowed
for control of multiple sites of bleeding in parallel.

While strategies such as mobile angiography suites and
dedicated trauma angiography teamsmay improve times to angi-
ography, they do not address the extrapelvic sources of hemor-
rhage that are commonly present in these patients. The current
paradigm of addressing these competing sources of hemorrhage
in series allows for ongoing hemorrhage from the nonaddressed
site. Perhaps the question should not be “can we get to the angi-
ography suite faster” but “should we be there at all?”Novel tech-
niques like PPP, REBOA, and the use of trauma hybrid operating
rooms require additional study but offer the acute care surgeon
tools to obtain immediate hemostasis of multiple sites of hemor-
rhage simultaneously and may improve outcomes.
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DISCUSSION
Dr. John B. Holcomb (Houston, Texas): First, let me say

I’m a believer in this problem. We started doing REBOA at our
center exactly for this issue. Dr. Dianne Schwartz published a
paper describing our IR time to embolization experience where
we documented a much longer time to embolization on nights
and weekends, which was associated with increased mortality.

I agree totally with the authors. Hemorrhage control is im-
portant and four hours for a life-saving intervention is unaccept-
able. So the question is, what do we do to solve the problem?
The authors have provided a little bit of an exploration of this
problem at the end of their presentation. And I will just make
some comments.

Trauma centers were established in the ’60s and ’70s and
were designed largely for penetrating injury. Move forward four
to five decades and I think we all recognize most of our patients
don’t have that problem.

Who enjoys going from the ED, the OR, the ICU, to CT
scan, back and forth to IR in that travel that happens at two
o’clock in the morning? It’s very painful for patients, staff,
and is associated with increased mortality and largely associated
with the multi-system blunt injured patient.

Wouldn’t it be nice to go from the ED to one place, like a
trauma hybrid OR, and solve all these problems in one place and
then deposit the patient safely in the ICU, or some variation on
that theme?

I am aware of the Baltimore group’s interest in hybrid
ORs and the REBOA technology. Dr. Brenner has a paper at this
meeting describing the acute care surgeon’s approach to emer-
gency angiography and embolization and 11 of her cases were
in pelvic embolization.

Is this the answer? Or can we suggest the IR physicians
take in-house IR call? Not at my center. Can we enforce the
30-minute response time? Who came up with 30 minutes when
somebody is really bleeding hard? That’s too long.

Isn’t it time to make time-to-embolization, and impor-
tantly, time-to-hemostasis for these patients a quality indicator
for all trauma centers just like time to time to thrombolytic ther-
apy is for hospitals taking care of acute MI and stroke patients?

For the massively injured blunt trauma patient I think the
answer is we take the patient to one location in the hospital and
take care of the patients with a scalpel and a sheath, as Dr. Brenner
proposes in her paper tomorrow. This is the future of acute care
surgery and I hope we can all craft our specialty along these lines.

So I have just a few questions.
Ten years is a long time for a retrospective review, intro-

ducing substantial change in the practice. Did you see a change
in IR times during this time period? Andwere any of the changes
in times during the time period associated with differences in
mortality?

Was there a change in IR faculty’s approach to the prob-
lem? And did something change in theway they did this because
you guys used to talk about very rapid IR times at your facility.

And I didn’t notice the use of REBOA in your data. Can
you explain that? Thank you for the opportunity to review the
paper and the privilege of the podium.

Dr. Eileen M. Bulger (Seattle, Washington): While I
agree with you that the future is the hybrid operating room, a
lot of hospitals don’t have that capability. I think it’s really
© 2016 Wolters Kluwer Health, Inc. All rights reserved.
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important to think about how we can address these systems is-
sues in our current environment as we work towards the future.

I think there are two key things that come out of your pre-
sentation to me. One is we should stop taking unstable patients
to the CT scanner. We talk about it and then we do it anyway. I
think we need to address that as a system. You talked about the
unreliability of a FASTexam,maybe the DPL shouldn’t be dead.

The second issue is, as John alluded to, this needs to be a
QA metric for us. Just like we measure door-to-balloon time for
a STEMI we need to measure door-to-puncture time or door-to-
hemostasis time in these patients.

We’ve been doing that in our center and it has driven our
interventional radiologists to be more responsive and more en-
gaged and our times are no where near the four hours that you
are describing.

I think we need to think about these system solutions to
these problems as we move to the future of the hybrid OR.
Thank you.

Dr. Matthew Wall, Jr. (Houston, Texas): I enjoyed your
presentation with the message that even in well-run centers it
takes us longer to do things than we think sometimes.

My question is do you think a hybrid suite is required?
Our service at a county hospital doesn’t have a hybrid suite.
For a few critically-unstable patients we have brought them to
the operating room to lap them and do pelvic packing.

Simultaneously, the acute care surgeon could get access
and do a flush aortogram and that gives time for the vascular sur-
geon to come in to do the embolization.

The C-arm also have the advantage that you are not tied to
a given room that might be busy when you need it. So one might
argue that a hybrid suite might not be mandatory.

Dr. David Harrington (Providence, Rhode Island): Right
after this long period of study, what was the rate of needing an
internal ligation of artery? I know we don’t like to think about
“unleashing the hounds” and getting that retroperitoneal hemor-
rhage going, but did it change over time?

I would also, as Dr. Bulger mentioned, not advocate taking
hypotensive patients to CT scan. If you just move quickly
though, I know as we can’t bring our VIR colleagues alone,
sometimes we have to do what is right for the patient and even
though it is not the ideal the old-fashioned laparotomy and clos-
ing off the internal iliacs is an option. Did that change over time
in your study?

Dr. Babak Sarani (Washington, D.C.): As Dr. Holcomb
alluded, the OrangeManual now stipulates a 30-minute response
time for an interventional radiologist to be physically present at
the bedside—and I think state verification standards will shortly
follow suit. So my question is there really a need to further pur-
sue this?

At 30 minutes time, whether it is an acute care surgeon
performing the angio or an interventional radiologist performing
the angiowewill have hemorrhage control. Thirty minutes is not
very long when you are trying to resuscitate a patient.

Dr. Ronald Tesoriero (Baltimore, Maryland): I would
like to thank Dr. Holcomb for his insightful comments and ques-
tions and all the questions from the floor.

In response, ten years is a long time for a retrospective re-
view. But we wanted to make sure we had enough patients for a
problem that occurs only about three times per month.
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Over that entire study period there was really no signif-
icant times in the response times to interventional radiology/
angiography. And if you look at the 60 patients that were admitted
in the last two years of the study, there was no difference.

Their ISS was the same. Their transfusion rate was the
same. Their hemodynamic instability was the same. And the
times were exactly the same with the same rates of mortality
and the same rates of outcomes.

There has been really no difference in the approach that I can
find to our interventionalists to how they approach this problem.

We are staffed with six interventional radiologists who ac-
tually cover four different hospitals so we have two interven-
tional radiologists at our institution during the days and one at
night who is covering more than one institution.

We have five angio suites with one specific trauma suite.
And that really hasn’t changed during the study time period.

And I think, frankly, we were quite surprised that our times
were this long. And I think most people that would have looked at
this are surprised that their times are as long as they are.

In response to Dr. Bulger’s question, we should stop tak-
ing unstable patients to the CT scan but it’s really a reflection
of our, how good we are at resuscitating the patients. We often
resuscitate them to some degree of stability for a period of time.

It’s also a reflection of our desire not to bewrong. Nobody
wants to be in the angio suite if we need to be in the operating
room and vice versa.

FAST isn’t very good. And I think, as your point is, DPA
is underutilized in our series and probably in most series at iden-
tifying these patients.
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In response to Dr. Wall’s question, most patients aren’t
going to have a hybrid operating room and a hybrid operating
room is what you make it. It can be an OR with a C-arm and the
ability to do angiography; although I will say it is technically diffi-
cult to do advanced embolization techniques using just a C-arm.

Additionally, there are, you know, the series out of
Denver Health have shown that peritoneal pelvic packing is a vi-
able alternative embolization. They showed a low mortality and a
low rate of requirement for subsequent embolization in those
patients.

What we don’t know is long-term outcomes. We know
that they have about a 15% rate of pelvic infection after the pro-
cedure but we have no ideawhat the ultimate rates are on urinary
or sexual dysfunction when you pack a bunch of rags against the
nerves in that region.

In regard to Dr. Harrington’s question, there are very few
patients that underwent internal artery ligation. It was generally
patients that were so unstable when they got to the operating
room that their pelvic hematoma had ruptured and necessitated
direct arterial intervention.

And as far as Dr. Sarani’s question, I think one of the
points I wanted to bring out in this presentation is that howmany
of these patients that die have a source of hemorrhage other than
the pelvis.

Even if you can get them to angio in 30 minutes they often
need to be someplace else. And so I think the right place for all
of these patients is the operating room where you can be ex-
tremely flexible in what decisions you make and which way
you go in your algorithm to care for these patients.
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