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Contrast blush on CT is a poor predictor of active
bleeding on pelvic angiography
Andrew S. Do, BS, Benjamin R. Childs, BS, Sarah Gael, MD, Heather A. Vallier, MD∗
Abstract
Objective: Determine if contrast extravasation (CE) on computed tomography (CT), also called CT blush, is a reliable predictor of
clinically relevant arterial bleeding from pelvic ring injury.

Design: Retrospective cohort.

Setting: Single level I trauma center.

Patients/participants: A total of 189 patients who underwent pelvic angiography between 1999 and 2015.

Intervention: Demographic and injury data, including Young–Burgess fracture classification, Injury Severity Score (ISS), Glasgow
Coma Scale (GCS), and clinical data including hypotension and heart rate upon presentation were recorded. Charts, radiographs,
and interventional radiology reports and studies were reviewed.

Mainoutcomemeasurements:CE on CT scan was noted from reports. Angiography studies were reviewed for active arterial
bleeding.

Results:Mean age was 49 years, with 64% male. CE was noted in 111 patients (66%), with increasing frequency over the study
period. Patients under age 55 were less likely to have CE (P< .001). GCSwas higher and ISS lower in patients with CE (both P< .05).
For CE as predictor of active bleeding, sensitivity was 67%, specificity 34%, and positive predictive value (PPV) was 58% (P= .95). For
CE as predictor of overall mortality, the sensitivity, specificity, and PPV were 67%, 33%, and 16%, respectively (P=1.0). However,
hypotension had sensitivity of 83% for active bleeding and 97% for mortality, both P< .001.

Conclusions:While CT blush was neither a sensitive nor specific predictor of active bleeding on pelvic angiography, hypotension
was a sensitive indicator of both bleeding and mortality. These findings suggest that CE is not an independently sufficient indication
for pelvic angiography.
Level of Evidence: Level III

Abbreviations: APC = anterior posterior compression, CE = contrast extravasation, CMI = combined mechanism of injury, CT =
computed tomography, GCS = Glasgow Coma Scale, GSW = gunshot wound, ISS = Injury Severity Score, LC = lateral
compression, LOS= length of stay, MCC=motorcycle crash, MVC=motor vehicle collision, NPV= negative predictive value, PED=
pedestrian struck, PPV = positive predictive value, SBP = systolic blood pressure, SD = standard deviation,VS = vertical shear

Keywords: angiography, contrast extravasation, CT blush, hypotension, pelvic ring injury, pelvis fracture, predictive
Introduction

Arterial bleeding from pelvic ring fracture is associated with high
rates of morbidity and mortality.[1–4] Due to concomitant
injuries, multidisciplinary treatment, and time constraints,
hemorrhage control from pelvic fracture can be particularly
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challenging. While angiographic embolization is a widely utilized
treatment approach for hemorrhage in pelvic fracture patients
with suspected arterial bleeding, there is still ongoing discussion
regarding which patients are the best candidates for interven-
tional radiology.[5]

In a review of 25 studies by Karadimas et al,[6] there was great
variation in the therapeutic rates of embolization for angiogra-
phy, ranging from 10% to 100% and averaging 71%. Previous
studies have investigated different possible predictors and
indications for patients that would most benefit from angio-
graphic embolization, including hypotension upon admission,
fracture pattern, hematoma, and CE.[4,7,8] CE on contrast-
enhanced CT, also referred to as contrast blush, is commonly
used to diagnose arterial bleeding related to pelvic fracture and is
considered an important indication for pelvic angiography. The
2011 Eastern Association for Surgery of Trauma (EAST)
guidelines recommend pelvic angiography for patients with CE
on pelvic CT, regardless of hemodynamic status.[5,9–11] Accu-
rately identifying sites of active bleeding via non-invasive imaging
studies may guide interventionalists to the anatomic location
requiring hemostasis.[12] However, some studies have found CT
contrast blush to have low positive predictive value. These
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authors suggest that not all patients with blush require
intervention and caution against using it as the sole indication
for invasive intervention.[13–17] Furthermore, less than half of
patients with contrast blush required angiographic embolization
in several studies.[1,13–17] Clearly, there is much discrepancy
between various institutions and practices, making it difficult to
draw conclusions. With conflicting observations, the question
remains: in trauma patients with pelvic fracture, does CE on CT
indicate an active arterial hemorrhage that warrants angio-
graphic evaluation for embolization?
The purpose of this study is to investigate if CE on CT is a

clinically useful predictor for arterial hemorrhage requiring
therapeutic angiographic embolization. In addition, we explored
demographic, injury, and admission characteristics that may be
associated with active bleeding or in-hospital mortality. We
hypothesized that contrast blush on CT in isolation is not a
reliable predictor of clinically significant arterial bleeding.
Methods

A retrospective review of a single level I trauma center included
189 skeletally mature patients between 1999 and 2015 who
underwent angiography following pelvic trauma. This accounted
for 10.3% of all patients with pelvic ring fractures treated during
that time. Patient data including age, sex, mechanism of injury,
ISS, and GCS were abstracted from medical records. Plain
radiographic images and CT scans of the pelvis were reviewed to
classify fractures as described by Young and Burgess.[18,19] It is
standard practice at this institution to perform pelvic CT scans
for pelvic ring injuries after major blunt trauma. CE was reported
within the pelvis CT scan. In some cases, it was not necessarily at
a location of fracture or fracture displacement. This study did not
attempt to link the location of CE with the proximity of active
bleeding on angiography.
Indications for pelvic angiography included clinical signs and

radiographic findings suggestive of active bleeding. The decision
for pelvic angiography was at discretion of the attending trauma
surgeon after initial circumferential pelvic reduction and
administration of an intravenous fluid bolus. Possible clinical
signs of ongoing bleeding included persistent hypotension,
anteroposterior compression (APC) pattern, and/or pelvic
hematoma, and CE on CT. Hypotension was defined as systolic
blood pressure <90 mm Hg. Blood pressure was measured upon
presentation to the emergency department and at a minimum of
15 minute intervals thereafter. Patients who demonstrated
hypotension were all identified within the first 90 minutes after
presentation. Sixteen (8.7%) of all angiography patients
underwent emergent laparotomy followed by angiography,
without a prior CT scan and were, therefore, excluded from
the study.
Findings and interventions of angiography were acquired from

interventional radiology procedure reports and review of studies.
Findings were categorized as either “no bleeding seen” for
negative angiography or “active bleeding” for positive angiogra-
phy findings, which was determined by the presence or absence of
bleeding on angiography. Other angiographic findings and
morphologic descriptions, such as pseudoaneurysms or small
intimal tears, were categorized as “no bleeding seen.” Specific
arterial embolization was accomplished using microcoils while
nonspecific embolization employed Gelfoam pledgets (Pfizer,
Kalamazoo, MI).
Statistical analysis was performed with IBM SPSS Statistics

24 software, using student t-test for continuous variables and
2

chi-square or one-way ANOVA for categorical variables where
appropriate. Microsoft Excel 2016 was used to calculate
sensitivity, specificity, and positive predictive value (PPV).
Graphs and charts were also generated using SPSS or Excel.
The P-value level for significance was set at P< .05.
Results

Mean age was 49 years, and 121 patients (64%)were male. The 3
most common mechanisms of injury were motor vehicle collision
(MVC) 32%, motorcycle crash (MCC) 18%, and pedestrian
struck bymotor vehicle 16%.Mean ISS was 29 (range, 9–50) and
mean GCS was 12 (range, 3–15). Fracture patterns included APC
(n=57), lateral compression (LC, n=55), vertical shear (VS, n=
16), and combined mechanism of injury (CMI, n=5). Thirty-five
patients had an acetabulum fracture without pelvic ring injury; all
had patterns with fracture of the sciatic buttress and medializa-
tion of the affected hemipelvis, consistent with potential injury to
adjacent vascular structures.
Over the course of the entire study period, 111 (66%)

angiography patients demonstrated CE on CT scan, with an
upward trend in CE observed over the years. Prior to 2003, there
were more CT scans that were negative for CE than scans that
were positive. However, after 2003 we observed more CT scans
that were positive for CE than negative (Figs. 1–3).
Overall in-hospital mortality was 16%. Mean hospital length
of stay (LOS) was 15 days.
Around 72% of all patients presented with hypotension not

responsive to resuscitation. Persistent hypotension and in-
hospital mortality were both related to finding active bleeding
on pelvic angiography (P= .001 and 0.006, respectively) (see
Table 1). The mean age of patients with active bleeding on
angiography was significantly higher than those with no bleeding
seen (55 vs 46 years, P= .035). Patients with active bleeding on
angiography had higher mean ISS (31 vs 14, P= .045) but no
differences in GCS, sex, or LOS. No complications or adverse
events, directly related to the angiography procedure were
identified.
CE on CT was reported in 111 patients (66%), with increasing

frequency over the study period. When comparing the patients
with and without CE on CT, patients with CE had greater
mean age (53 vs 43 years, P= .003), lower ISS (28 vs 33,
P= .049), and a higher GCS (13 vs 11, P= .015). Pelvic fracture
patients age ≥ 55 years were more likely to have CE (84%,
P< .001).
Age, sex, ISS, GCS, and LOS had no significant relationships

with active bleeding in patients without CE. Patients with both
CE and active bleeding had a higher mean age at 57 years old
(P= .048). Interestingly, men were more likely than women to
have an angiogram negative for active bleeding despite showing
CE on CT scan (P= .039). 71% of patients with APC fracture
patterns had active bleeding on angiography without having CE
on CT (P= .004). Hypotension and mortality were both more
likely in patients showing both CT blush and active bleeding on
angiography (P= .016 and P= .003, respectively), see Table 2.
The presence of CE on CT had no effect on the type of vessel
embolized during angiography, or if an intervention was
performed at all (P= .83, Table 3).
Of the patients with CE on CT, the most common mechanisms

were MVC, fall from height, and MCC. The 3 most common
fracture patterns were APC, LC, and VS. However, we did not
observe a correlation between CE and mechanism or fracture
pattern (both P= .60, Table 4).
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Figure 1. Number of patients with pelvis ring injury each year, and number who underwent pelvic angiography. On the left y-axis, the number of pelvic
angiographies performed per year in the setting of pelvic trauma were plotted. The right y-axis contains the number of pelvic fractures recorded per year.
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CE was analyzed as a predictor of hypotension, active
bleeding, or overall mortality. No significant correlations were
identified. Sensitivity, specificity, and PPV for CE on CT scan as
indicator of active bleeding were 67%, 34%, and 58%,
respectively. Hypotension’s sensitivity, specificity, and PPV for
predicting an active bleed were all better: 83%, 40%, and 62%,
respectively (all P< .001). Hypotension also predicted mortality
at 97%, 33%, and 25%, respectively (all P< .001, Table 5).
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Discussion

CE on CT has been considered an important independent
indication for angiography in blunt trauma pelvic fracture
patients. At our institution, it is standard practice to obtain a CT
scan of pelvis in the setting of pelvic ring injury. In accordance
with EAST guidelines, pelvic angiographies may have been
performed for CE in pelvic fracture patients, regardless of
2009 2010 2011 2012 2013 2014 2015

Year

actures by year. R2 of line of best fit (dotted line) is 0.0789.
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Figure 3. The presence of CE versus number of pelvic angiographies per year.
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hemodynamic status. However, some studies have suggested
CE to have poor sensitivity or PPV for active bleeding during
angiography.[10,15,17] We sought to investigate the efficacy of CE,
or CT blush, in predicting active bleeding on angiography.
CEwas noted in 111 (66%) patients, and 118 (73%) presented

with hypotension. The patients who had angiography after CE on
CT were on average older than age 55 years and less injured,
with a lower ISS and higher GCS, than patients without CE.
Many of the older patients who underwent angiography for CE
were noted to have fractures after low energy fall, frequently with
LC-1 pattern, and were unlikely to have active bleeding on
angiography.
Not surprisingly, patients with active bleeding on angiography

were also on average older, and were more severely injured, and
more hypotensive than those with no bleeding seen.[4,9] This may
be due to older patients having weaker, fragile vasculature with
Table 1

Characteristics of angiography patients.

CE on CT scan (n=1

All patients (n=189) No (n=56) Yes (n

Mean age, years 49 43 5
Age group Age <55 118 (62%) 45 (80%) 56 (

Age ≥55 71 11 5
Sex Male 121 (64%) 38 (68%) 73 (

Female 68 18 3
Mean ISS 29 33 2
Mean GCS 12 11 1
LOS 15 15 1
Hypotension No 45 (27%) 9 (20%) 29 (

Yes 118 37 7
In-hospital mortality 31 (16%) 9 (16%) 18 (

Percentages represent the percent of patients in that column with that feature. Patients are described re
angiography.

4

less physiologic reserve. Previous literature suggests differing
variables as predictors of active bleeding on angiography. A study
by Salim et al,[8] found independent predictors of hemorrhage to
be duration of hypotension, sacroiliac joint disruption, and
female gender. While finding significant correlations, other
studies did not identify a single variable that was strong predictor
of pelvic fracture-related arterial bleeding, and noted that
demographics, mechanism of injury, and fracture pattern had
poor predictive value, which is consistent with our findings.[4,20]

Our study did not find mechanism of injury or fracture pattern
alone to be associated with the presence of CT blush. However,
there was a discrepancy between CE onCT and angiography, and
we noted a significant association between fracture pattern and
active bleeding in patients without CE on CT, with 71% of
patients with no CT blush yet positive angiography having APC
fracture pattern. The majority of APC injuries with active
68) Angiography findings (n=187)

=112) P No bleed (n=84) Bleed (n=103) P

3 .003 46 52 .04
50%) <.001 57 (68%) 60 (58%) .18
6 27 43
65%) .73 54 (64%) 67 (65%) .91
9 30 36
8 <.05 27 31 <.05
3 .015 12 12 .36
6 .72 15 16 .65
29%) .25 30 (40%) 15 (17%) .001
3 45 73
16%) .008 7 (8.3%) 24 (23%) .006

garding presence or absence of CE on pelvis CT scan, and by presence of active bleeding on pelvic

http://www.otainternational.org


Table 2

Demographics versus CE on CT and angiography findings.

No CE (n=56) CE on CT (n=112)

No bleeding (n=24) Active bleeding (n=32) P No bleeding (n=47) Active bleeding (n=64) P

Mean age, years 42 44 .46 48 57 .048
Age group Age <55 20 (83%) 25 (78%) .63 27 (57%) 29 (45%) .400

Age ≥55 4 7 20 35
Sex Male 14 (17%) 24 (75%) .19 36 (77%) 37 (58%) .039

Female 10 8 11 27
ISS 29 35 .36 26 29 .18
GCS 11 11 .68 13 13 .65
LOS 15 15 .59 15 16 .48
Young–Burgess APC 3 (16%) 17 (71%) .004 13 (37%) 24 (44%) .82

LC 11 (58%) 5 (21%) 15 (43%) 23 (43%)
VS 4 (21%) 2 (8%) 5 (14%) 5 (9%)
CMI 1 (5%) 0 (0%) 2 (6%) 2 (4%)

Hypotension No 6 (29%) 3 (12%) .16 18 (41%) 11 (19%) .016
Yes 15 22 26 47

Mortality 4 (17%) 5 (16%) 2 (4.3%) 16 (25%) .003

Percentages represent the percent of patients in that column with that feature. Patients are first described regarding presence or absence of CE on pelvis CT scan, and then categorized further by presence of
active bleeding on pelvic angiography.

Table 3

CT blush versus angiographic intervention performed.

CT blush

Arterial embolization No Yes P value
N (%) N (%)

No bleeding seen 24 (43%) 46 (41%) .83
Nonspecific embolization and unnamed vessels 11 (20%) 26 (23%)
Embolization of named artery 20 (36%) 35 (32%)
Death

∗
1 (2%) 4 (4%)

Total 56 (34%) 111 (66%)
∗
Patients expired during pelvic angiography procedure.

Table 4

Presence of CT blush by mechanism of injury and fracture pattern as classified by Young and Burgess.

CT Blush

All Patients No Yes

N N % N % P value

Mechanism
MVC 52 20 39% 32 62% .58
MCC 27 8 30% 19 70%
Pedestrian MVC 29 12 41% 17 59%
High-energy fall 26 6 23% 20 77%
Low-energy fall 18 4 22% 14 78%
Industrial injury 8 2 25% 6 75%
GSW 3 1 33% 2 67%
Other 5 3 60% 2 40%

Fracture pattern
APC 57 20 35% 37 65% .55
LC 55 16 29% 39 71%
VS 16 6 38% 10 63%
CMI 5 1 20% 4 80%
No pelvis fracture 35 13 37% 22 63%

Do et al. OTA International (2018) e009 www.otainternational.org
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Table 5

Accuracy of admission characteristics as predictive factors.

Sensitivity Specificity PPV P value

Contrast blush at predicting:
Active bleeding 67% 34% 58% .95
Mortality 67% 33% 16% 1.0
Hypotension 76% 34% 28% .25

Hypotension at predicting:
Active bleeding 83% 40% 62% .001
Mortality 97% 33% 25% .001
Contrast blush 72% 20% 66% .25

Age > 55 at predicting:
Active bleeding 42% 68% 61% .18
Mortality 39% 63% 17% .89
Contrast blush 50% 80% 84% <.0001
Hypotension 43% 69% 79% .16

Do et al. OTA International (2018) e009 www.otainternational.org
bleeding on angiography were APC-3, suggesting posterior pelvic
ring displacement is more likely associated with arterial injury,
which is consistent with prior reports.[3,4,8]

The presence or absence of CT blush had no association with
the angiographic findings or intervention, in terms of emboliza-
tion of named or unnamed vessels. We next investigated if CE
was a predictor of positive angiography in our patient cohort. In
our study, the sensitivity was 67%, specificity was 34%, and PPV
was 58%. Several studies have reported variable but somewhat
promising sensitivity, specificity, PPV, and negative predictive
value (NPV) for CT blush.[5,12,21] In addition, a recent study that
proposes a predictive score of massive hemorrhage in pelvic ring
fractures utilizes pelvic CE on CT as the most weighted risk
factor.[22]

Other studies question the efficacy of CT blush with lower PPV
but emphasize a high specificity and NPV.[10,15] Juern and
colleagues[15] showed the sensitivity, specificity, positive predic-
tive value, and negative predictive value of CE onCTwere 100%,
88%, 23%, and 100%, respectively. While some other studies
show both higher and lower therapeutic rates, a recent paper by
Tesoriero et al,[23] with a similar number of patients, showed only
8% undergoing angiography, with 56% having therapeutic
embolization.[1,7,12,13,23] Similarly, our study’s overall therapeu-
tic embolization rate over the study period in patients who
underwent CT before angiography was 59%. Alternatively,
hypotension had a higher sensitivity and PPV, at 83% and 62%,
respectively, than CE. This information, along with the CE and
angiography discrepancies, suggest that CE is not as useful of an
independent predictor of arterial hemorrhage in pelvic fracture
patients as previously contended, and may not be sufficient as the
sole indication for pelvic angiography.
Over the course of the study period, there was an increase in

number of angiographies performed per year, as well as a higher
proportion of CE detected on CT scans after 2004, contrary to
another study.[15] The possible explanations include utilization of
a more sensitive CT scanner with better resolution, detecting
more CE. Our hospital had the same brand and model of CT
scanners during the 1999 to 2011 time period, although another
CT scanner with reportedly better resolution was added in 2011.
Scanning thicknesses for pelvic protocols were the same
throughout the study period, and both old and new CT units
were used. We were not able to identify which scans were
performed on which scanner, which is a weakness of this study.
Alternatively, with increasing attention to the CE phenomenon,
radiologists may have become more attentive to possible
6

extravasation. Newer radiologists employed during that time
frame may have a different threshold as to what they describe as
extravasation. We are unable to provide an objective measure-
ment of the volume of hemorrhage denoted by CE on CT scan.
More recently, physicians may also be ordering more CT scans

rather than plain films to evaluate elderly patients with low-
energy fractures.With a higher percentage of patients getting CTs
we could be noticing a higher number of CT scans with CE, and
therefore more resultant angiographies. Because of the retro-
spective design of this study, it is subject to other inherent
limitations and biases. Another limitation of our study is that we
were unable to accurately calculate the NPV, as we were unable
to identify all patients with negative CT blush who did not
undergo angiography. Nor were we able to determine the total
number of patients who had some hypotension in association
with pelvic ring injury. The primary focus of this study was to
determine if the presence of CT blush would be a good indicator
of active bleeding on angiography, therefore emphasizing
sensitivity and PPV. Furthermore, there was no set treatment
protocol for these pelvic fracture patients, as the decision for
angiography was at the attending trauma surgeon’s discretion.
Conclusion

Over the study period, there was an increasing trend in number of
CT CE reported. CE (or CT blush) was neither a sensitive nor
specific predictor of active bleeding on pelvic angiography in the
setting of pelvic trauma. Alternatively, hypotension was a better
indicator for pelvic angiography, with a sensitivity of 83% for
active bleeding compared to 67% for CE. Our findings suggest
that CE is not independently a sufficient indication for pelvic
angiography. CE may present more often in older patients with
less clinically alarming sources of arterial bleeding. Avoiding
pelvic angiography when CT blush is the only indication would
prevent unnecessary interventions, reduce costs, and ease patient
burden.
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