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Abstract

Purpose: We conducted a meta-analysis to determine diagnostic performance of CT intravenous
contrast extravasation (CE) as a sign of angiographic bleeding and need for angioembolization
after pelvic fractures.

Materials and Methods—A systematic literature search combining the concepts of contrast
extravasation, pelvic trauma, and CT yielded 206 potentially eligible studies. 23 studies provided
accuracy data or sufficient descriptive data to allow 2x2 contingency table construction and
provided 3855 patients for meta-analysis. Methodologic quality was assessed using the
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QUADAS-2 tool. Sensitivity and specificity were synthesized using bivariate mixed-effects
logistic regression. Heterogeneity was assessed using the 12-statistic. Sources of heterogeneity
explored included generation of scanner (64 row CT versus lower detector row) and use of
multiphasic versus single phase scanning protocols.

Results—Overall sensitivity and specificity were 80% (95% CI: 66-90%, 12 = 92.65%) and 93%
(CI: 90-96, 12 = 89.34%), respectively. Subgroup analysis showed pooled sensitivity and
specificity of 94% and 89% for 64- row CT compared to 69% and 95% with older generation
scanners. CE had pooled sensitivity and specificity of 95% and 92% with the use of multiphasic
protocols, compared to 74% and 94% with single-phase protocols.

Conclusion—The pooled sensitivity and specificity of 64-row CT was 94 and 89%. 64 row CT
improves sensitivity of CE, which was 69% using lower detector row scanners. High specificity
(92%) can be maintained by incorporating multiphasic scan protocols.

Introduction

Approximately one in ten blunt trauma victims admitted to level 1 trauma referral centers
sustain pelvic fractures (1). Bleeding pelvic fractures are an immediate life-threatening
injury associated with significant mortality (2-7). Rapid hemorrhage control is associated
with improved survival (2, 8), but surgical decision making remains challenging due to
difficulty determining the bleeding source (2, 4, 9). Hemorrhage can arise from arterial
injury, venous injury, or fractured bone ends (2, 5, 10). Angioembolization and external
fixation are the most common treatment pathways for hemorrhage associated with pelvic
fracture, with each therapy aimed at addressing different sources of bleeding (2, 3, 11). A
central decision point critical to the timely and optimal deployment of appropriate resources
and initial treatment strategies hinges on whether active arterial bleeding is present (2, 3,
12).

Early aggressive trans-catheter arterial embolization (TAE) is well established as an effective
means of reducing transfusion requirement, complications, and mortality from arterial
hemorrhage (2-4, 13-19), whereas low pressure bleeding from the rich pelvic venous plexus
or fractured bone ends is best controlled through splinting, reduction of pelvic volume, and
tamponade using external fixation (2, 3, 19, 20). Contrast enhanced CT is the cornerstone
screening exam for evidence of arterial bleeding in patients with pelvic fractures who are
sufficiently stable for transport to a trauma resuscitation unit CT scanner (19). In a recent
epidemiologic study spanning 11 Level 1 trauma centers, CT was used in up to 85% of
patients admitted in shock (2).

The Eastern Association for the Surgery of Trauma (EAST) practice management guidelines
note that research has primarily focused on two imaging signs for determining need for
TAE- CE and pelvic hematoma volume (19). The latter has been difficult to measure reliably
or efficiently at the point of care using diameter-based or manual segmentation techniques
(21-23). The EAST guidelines therefore emphasize CE as the most useful imaging predictor
of the need for pelvic angiography and TAE in the clinical setting and recommend that
patients with CE be considered for TAE regardless of hemodynamic status (19). A number
of studies have assessed the accuracy of CE for predicting angiopositivity or hemostatic
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intervention with TAE (19), however published sensitivities and specificities are highly
variable (11, 19, 24). Improvements in CT scanner technology should improve detection and
characterization of bleeding, but there is speculation that improved image quality and
temporal resolution with 64-detector row or higher CT scanners might also confound
assessment due to increased detection of small self-limiting foci of CE (5, 9, 20, 24).
Dynamic characterization of CE using multiphase image protocols is thought to improve
diagnostic certainty in such cases, but there are no comparative effectiveness studies
assessing the diagnostic performance benefit of multiphase over single phase protocols. Our
objectives were to a) establish pooled accuracy metrics of CT for predicting angiopositivity
and need for TAE despite the wide variability described in the literature, and b) determine
whether diagnostic performance improves with the use of 64 detector row CT and
multiphasic protocols (9, 22),

We hypothesized that 64- or higher MDCT scanners and multiphasic protocols would
improve diagnostic performance. We also sought to provide more precise estimates of the
diagnostic performance of CE for predicting major arterial injury (defined by positive
angiographic findings and use of TAE for hemorrhage control). Several potentially
confounding aspects of study design were investigated as sources of heterogeneity in the
published results.

Materials and Methods

The protocol for this systematic review and meta-analysis was designed in consultation with
an experienced biostatistician and research librarian using the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines (25), and QUADAS-2
background document (26). We determined the pooled diagnostic accuracy of contrast
extravasation (CE) at admission trauma CT for correctly identifying arterial bleeding on
subsequent angiography and need for TAE in patients who have sustained pelvic fractures.
We also conducted sub-analyses based on whether 64-row CT was used and whether single-
or multi-phase CT protocols were employed.

We initially conducted a comprehensive literature search that only included search strings
that combined the concepts of contrast extravasation, pelvic trauma, and computed
tomography, with appropriate synonyms. The following databases were queried: MEDLINE
(PubMed), Embase (Elsevier), Scopus (Elsevier), and Cochrane Central Register of
Controlled Trials (Wiley). A combination of text words and database-specific terminology
(e.g., MeSH) were used. No date or language of publication restrictions were applied, and
there were no limitations on age. All searches were completed on February 14, 2018. Titles
and abstracts of all screened studies were uploaded to a bibliographic database for screening
after filtering for duplicates (EndNote X8; Clarivate Analytics; Philadelphia, PA). Full
details of search strategies are provided in [Online Appendix E1].

Study selection

Titles and abstracts were independently screened by two reviewers (a full-time trauma
radiologist and a senior radiology resident). Discrepancies were arbitrated by an experienced
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interventional radiologist. Eligible entries had to constitute original research. All eligible
manuscripts were accessible online or in print. For inclusion in the meta-analysis, studies
had to report the following information: a) the number of patients with blunt pelvic ring
disruptions/pelvic fractures, b) the number of patients that underwent CT as the index test, c)
numbers of patients with CT scans positive or negative for pelvic intravenous contrast
extravasation, d) numbers of patients with arterial bleeding on angiography, numbers of
patients that underwent TAE, and number of patients with a negative reference test
(conventional angiography negative or not performed). Manuscripts had to provide accuracy
data or sufficient descriptive data to allow 2 x 2 contingency table construction. During
screening, duplicate articles were removed. To complete the search, citation lists, and
reviews were manually cross-checked for additional eligible studies. For publications with
overlapping cohorts, only the study with the largest sample size was included.

Methodologic Quality Assessment

The two diagnostic radiology reviewers independently completed standard Quality
Assessment of Diagnostic Accuracy Studies 2 (QUADAS-2) questionnaires (Bristol
University, Bristol, England) for each study to assess methodological quality (26).
QUADAS-2 methodology has been widely used for meta-analyses and involves
systematically assessing risk of bias in four domains (patient selection, reference standard,
index test, and flow and timing), and applicability concerns in three domains (reference
standard, index test, and patient selection). For each domain, bias and applicability are
individually scored as low, unclear, or high. Disagreements between the two reviewers were
arbitrated by the senior interventionalist reviewer.

Data extraction and processing

Using a standardized data extraction form, two reviewers extracted data on patient
characteristics, study design, and features of the index and reference test. Areas of ambiguity
were resolved in consensus. Data extracted included patient characteristics (total number of
patients, age), study characteristics (inclusion and exclusion criteria, consecutive or non-
consecutive patient selection or case-control design, retrospective versus prospective
design), imaging characteristics (CT make and model; phases of acquisition- arterial, portal
venous and delayed; and whether single or multiple phases were used), features of the index
test (number of patients who underwent CT, time to CT from time of injury or admission,
presence or absence of CT contrast extravasation), and features of the reference test (number
of patients who underwent intervention, findings on angiography, whether
angioembolization was performed; whether any other interventions were performed; timing
between index and reference test, and whether all patients received the reference standard).

Statistical Analysis

2x2 tables of true positives, false positives, true negatives, and false negatives were used to
determine or confirm reported sensitivity, specificity, and confidence intervals using the
reference standard provided (angiopositivity or use of TAE). Forest plots were generated to
show heterogeneity in sensitivity and specificity between studies, together with pooled
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results. Results were also plotted on a summary receiver operating characteristic curve.
Variation across studies was explored using the inconsistency index (/) and Cochran Q
statistic for the parameters of interest (27, 28). For the Cochran Q statistic, p-values with a
threshold below 0.05 were considered statistically significant. /2 values exceeding 50% were
considered indicative of substantial heterogeneity. The possible presence of small study
publication bias was assessed using a Deeks funnel plot asymmetry test, with p-values < 0.1
indicative of significant bias (29).

Sensitivities and specificities were synthesized using mixed-effects bivariate logistic
regression for the following parameters: whether 64-section CT or higher detector row
scanners were explicitly used; whether multiphase protocols were employed; definition of a
positive test (angiopositivity, versus performance of TAE); absolute prevalence of positive
reference tests (threshold of 10%), and study size (threshold of 50 patients). Note that if
scanner make and model was not provided, 64-section or higher MDCT was assumed not to
have been used. All statistical analyses were performed using Stata/SE version 15 (Stata,
College Station, TX).

Study identification and selection

Our search initially yielded 205 unique references, of which 57 were deemed potentially
relevant following review of titles and abstracts and were assessed for eligibility through
detailed manual review of full text articles. 34 manuscripts that asked a different study
question, had absent or incomplete accuracy data, or did not allow reconstruction of a 2x2
contingency table were eliminated. One article in Japanese was included after using online
machine translation software (Google Translate; Google LLC, Mountainview, CA). One
additional article was included following manual checking of references cited in the
reviewed full texts, bringing the final tally of screened references to 206. 23 studies were
ultimately included for further review and analysis. The screening and selection process is
illustrated as a flowchart in Figure 1.

Data extraction and study characteristics

Study characteristics are shown in Table 1. The 23 studies included a total of 3855 patients
with pelvic fractures that underwent CT (3-5, 9, 11, 20, 22, 24, 30-44). Year of publication
ranged from 1996 to 2017. 21 of the 23 studies were carried out retrospectively and all
studies were conducted at single centers. Seven of the 23 studies described the use of 64-
section MDCT (20, 24, 30-32, 36, 38), and three of the seven reported the use of
multiphasic CT protocols with at least arterial and portal venous phases (30, 31, 38). 16
studies either reported use of less than 64-section CT scanners (10 studies) (9, 11, 22, 37,
39-44) or did not report the manufacturer and model or number of detector rows (3-5, 24,
33, 34). One study that described use of 1-16 detector row scanners also employed a
multiphasic scan protocol (9).

For the reference standard, 13 studies employed arterial injury on angiography as the
positive reference test (3-5, 9, 20, 22, 31, 34, 36, 38, 40, 44) while 10 employed decision to

Am J Emerg Med. Author manuscript; available in PMC 2021 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Dreizin et al.

Page 6

perform TAE (8 studies) (11, 32, 33, 35, 37, 39, 42, 43). Two of the latter studies noted other
hemostatic interventions to control arterial injury in addition to TAE (24, 41). Seven studies
had prevalence of a positive reference test of < 10% (9, 20, 35, 36, 39, 42, 43) and six
studies included < 50 patients (3, 22, 33, 34, 41, 44).

Quality Assessment

There were no major concerns regarding applicability and no studies were excluded from the
analysis on the basis of quality assessment. The Deeks funnel plot did not demonstrate
strong small study bias in the form of significant asymmetry in the data (p = 0.62) (figure 2).
QUADAS-2 scores of risk of bias and concerns regarding applicability for each included
study is shown in figure 3. Four of 23 studies had a high risk of bias attributable to patient
selection, namely exclusion of patients with hypotension (3); poor quality CT scans or
concomitant sources of bleeding outside of the pelvis (30); exclusion of patients with low
energy falls (33); and inclusion of only patients with pelvic fractures deemed severe (40). In
one study, case-control study design was considered to bias tabulation of the reference
standard (33).

Data analysis

The primary analysis showed that the pooled sensitivity and specificity of contrast
extravasation on CT for predicting major arterial injury was 80% (95% CI: 66—-90%) and
93% (95% CI: 90-96%) respectively (Table 2). The area under the hierarchical summary
receiver operating characteristic curve (AUC) revealed overall excellent accuracy of 95%
(95% CI: 93-97%) (Figure 4). Forest plots (Figure 5) indicate that heterogeneity (/) was
high, exceeding 50% for both sensitivity and specificity.

Subgroup analyses were performed to explore sources of heterogeneity related to use of 64-
row CT, multiphasic protocols, as well as study characteristics including use of
angiopositivity versus TAE as the reference test, sample size, and prevalence of the positive
reference test. Subgroup analyses (Table 3) showed that studies that reported use of 64-row
MDCT had significantly higher combined sensitivities compared to studies that did not, with
non-overlapping 95% confidence intervals (94% (86—97%) versus 69% (51-82%)). There
was a trend toward lower specificity with the use of 64-section MDCT (89% (81-93%)
versus 95% (92-97%)), however combined specificity was high when multiphasic protocols
were employed (92% (84-97%)).

There were no significant effects on diagnostic performance related to the choice of
angiopositivity versus decision to perform TAE as the reference standard. Studies with lower
prevalence of major arterial injury or larger sample size had significantly higher pooled
specificities (P < 0.001).

Discussion

Pelvic fracture-related hemorrhage is life-threatening but potentially reversible with timely
and appropriately chosen intervention (2, 45). TAE is the most common definitive method of
hemorrhage control in patients with arterial sources of bleeding, while external fixation is
used to control low pressure venous or bone bleeding through splinting of sharp bone ends,
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reduction of pelvic volume, and tamponade (2). In current practice, the great majority of
patients with pelvic fractures undergo CT on admission. CE on computed tomography
should be both a sensitive and specific sign of subsequent angiographic bleeding to ensure
appropriate triage to angiography or external fixation (19). False negative CT exams could
cause delay to definitive therapy with angioembolization, while false positive CT exams may
result in unnecessary activation of the angiography suite, an invasive procedure associated
with potential complications, and potential delay in controlling venous sources of
hemorrhage through external fixation. An increasing number of patients with pelvic
fractures and hemodynamic instability are undergoing admission contrast-enhanced trauma
CT (2). In this context, there are several possible physiologic causes of false negative exams
that can reduce sensitivity and adversely affect the utility of CE as a sign for ruling out
arterial injury requiring hemostatic intervention. These include transient arterial spasm,
hypotension, thrombosis, and tamponade (46-48).

In the overall analysis, pooled specificity of CE was high (93% (90-96%)), while sensitivity
was limited (80% (66-90%)). Pooled sensitivity of CE was significantly higher in studies
that described use of 64-row CT (94% (86-97%) versus 69% (51-82%)). There was a trend
toward lower specificity with the use of 64-section MDCT (89% (81-93%)) than without
(95% (92-97%)), with marginally overlapping confidence intervals. There appears to be a
trade-off wherein increased sensitivity of higher detector row scanners, at some threshold,
leads to increased detection of small, self-limiting, clinically insignificant arterial bleeding.

CT is a static exam. However, multiphase protocols provide at least one other time point for
detecting potentially transient hemorrhage. Multiphasic protocols also improve
characterization of bleeding by allowing assessment of dynamic changes in size of blush
between phases (38). Increasing size and decreasing density of contrast blush confirms
active bleeding from an arterial source (38), while blush that doesn’t appear to change in
size between phases may represent a pseudoaneurysm or focus of self-limiting arterial bleed.
In this way, improved characterization of the bleeding source using multiphasic scanning can
potentially mitigate against the diagnostic uncertainty caused by increased detection of small
self-limiting foci of CE with newer scanner technology. Multiphasic protocols maintained
both high sensitivity (95% (83-99%)) and specificity (92% (84-97%)). The findings of our
meta-analysis suggest that multiphasic protocols should be routinely employed with 64-
detector row or higher CT scanners.

There were no major effects on diagnostic performance based on whether angiopositivity or
decision to perform angioembolization were used as the reference test. We did find that
study size and absolute prevalence of positive reference tests were important sources of
heterogeneity.

Our study had several limitations, including the relatively small number of included studies.
Furthermore, other imaging predictors, such as presence of large pelvic hematomas and
unstable patterns of high-energy pelvic ring disruption are less well studied but known
independent predictors of angiopositivity and decision to perform TAE (4, 11, 21, 22, 33, 35,
46). It is unclear to what extent additional features such as the pelvic fracture pattern and
hematoma volume may have contributed to heterogeneity, however, these additional features
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can help resolve instances where CE may be falsely positive or negative. For example, the
probability that absence of CE is due to vasospasm or hypotension increases with the size of
pelvic hematoma and and the degree of pelvic instability (46). Future studies should evaluate
diagnostic performance of multiple concurrent CT imaging features given the inherently
multifactorial nature of these injuries. Automated or semi-automated quantitative
visualization tools may ultimately result in more granular and objective probabilistic
personalized decision support and outcome prediction (23, 46, 49-52). It remains unclear
why so few studies on this topic have incorporated 64-row or higher MDCT and multiphasic
imaging. Similar observations regarding the paucity of studies using 64-row CT (a
technology that has been commercially available since 2004) (12) have been made for
disparate traumatic injuries such as penetrating wounds involving the diaphragm (53). The
imaging of trauma remains an understudied area, and the acquisition of CT scanners at
trauma centers likely lags considerably behind the current state of the art.

Conclusion

The sensitivity of CE for angiographic evidence of bleeding and need for TAE is
significantly improved with the use of 64-detector row scanners (94%). High specificity
(92%) can be maintained by incorporating multiphasic scan protocols. Missed or delayed
diagnosis of arterial injury and false positives resulting in unnecessary angiography will still
occur with some frequency. Additional predictors of bleeding including pelvic hematoma
and fracture severity should be taken into account.
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Preferred reporting items for systematic reviews and meta-analyses (PRISMA) study

selection flow diagram.
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Figure 2.—.

Deeks funnel plot shows no significant asymmetry in the data to suggest publication bias (p

= 0.62). ESS = effective sample size. Circled numbers refer to study number.
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QUADAS-2 methodological assessment for bias and applicability for each study included in

the meta-analysis.
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Figure 4.—.

Hierarchical summary ROC (SROC) curve for the diagnostic performance of CT contrast
extravasation for determining major arterial injury after pelvic fracture. The curve illustrates
sensitivities achieved at different levels of specificity, with the diamond in the top left corner
indicating optimal sensitivity (SENS) and specificity (SPEC) estimates. Values in brackets
represent 95% confidence intervals and dashed circle represents the 95% confidence
contour. Circled numbers refer to the study number.

Am J Emerg Med. Author manuscript; available in PMC 2021 November 01.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Dreizin et al.

Studyld

Yoshikawa_2017
Lai 2017
Juem_2017
Kuo_2016
Verbeek_2014
Fu_2014
Brun_2014
Anandaku_2013
Tanizaki_2012
Bozeman_2012
Mohseni_2011
Salim_2008
Kamaoui_2008
Anderson_2008
Brasel_2007
Brown_2005
Ryan_2004
Nakajima_2003
Miller_2003
Yao_2001
Pereira_2000
Stephen_1999

Cerva_1996

COMBINED

——

Figure 5.—.
Forest plots show diagnostic performance estimates (sensitivity and specificity [dotted

squares]) of CT contrast extravasation for major arterial injury after pelvic fractures with
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represent pooled summary estimates of sensitivity and specificity. Heterogeneity (/2 and
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Table 2.—

Pooled statistics of the diagnostic performance of CT contrast extravasation for major arterial injury

Parameter

Total no. of studies 23

Sensitivity (%) 80 (66, 90)

P (%) 92.65 (90.55, 94.75)
Specificity (%) 93 (90, 96)

P (%) 89.34 (85.94, 92.74)

F (%) 83.59 (83.59, 91.78)
Diagnostic odds ratio 59 (24, 146)

F (%) 100.00 (100.00, 100.00)

Area under the curve  0.95 (0.93, 0.97)

Note: data are pooled estimates with 95% confidence intervals in parentheses.
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