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INTRODUCTION
Patients with pelvic bone fractures still present a challenge to 

trauma surgeons despite the development of many diagnostic 
and therapeutic techniques. Many recent studies have reported 
that the overall mortality rates range from 18% to 40% [1-5]. 

Although many treatment guidelines have been established and 
many treatment modalities have been improved, pelvic trauma 
still has a high mortality rate [6,7].

The main problem in patients with hemodynamic unstable 
pelvic fractures is active bleeding. Hemorrhage due to damage 
of pelvic organs and blood vessels is the main cause of death 
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Purpose: Unstable pelvic fracture with bleeding can be fatal, with a mortality rate of up to 40%. Therefore, early de
tection and treatment are important in unstable pelvic trauma. We investigated the early predictive factors for possible 
embolization in patients with hemodynamically unstable pelvic trauma.
Methods: From January 2011 to December 2013, 46 patients with shock arrived at a single hospital within 24 hours after 
injury. Of them, 44 patients underwent CT scan after initial resuscitation, except for 2 who were dead on arrival. Nine 
patients with other organ injuries were excluded. Seventeen patients underwent embolization. A single radiologist 
measured the width (longest length in axial view) and length (longest length in coronal view) of pelvic hematoma on CT 
scans. Demographic, clinical, and radiological data were reviewed retrospectively.
Results: Among 35 patients with hemodynamically unstable pelvic fracture, 22 (62.9%) were men. Width (P = 0.002) and 
length (P = 0.006) of hematoma on CT scans were significantly different between the embolization and nonembolization 
groups. The predictors of embolization were width of pelvic hematoma (odds ratio [OR], 1.07; P = 0.028) and female sex 
(OR, 10.83; P = 0.031). The cutoff value was 3.35 cm. More embolization was performed (OR, 12.00; P = 0.003) and higher 
mortality was observed in patients with hematoma width >3.35 cm (OR, 4.96; P = 0.048).
Conclusion: Patients with hemodynamically unstable pelvic trauma have a high mortality rate. CT is useful for the initial 
identification of the need for embolization among these patients. The width of pelvic hematoma can predict possible 
embolization in patients with unstable pelvic trauma.
[Ann Surg Treat Res 2020;98(3):146-152]
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in these patients [3,8]. Excessive bleeding causes coagulopathy, 
which leads to a lethal triad and is a major cause of death. 
Therefore, early detection and control of pelvic hemorrhage is 
necessary [5,7,9]. A multidisciplinary approach is needed for 
resuscitation, control of bleeding, and management of pelvic 
bone injuries. Therefore, the treatment of pelvic fractures re-
quires integrated treatment by a variety of physicians, including 
trauma surgeons, orthopedic surgeons, and interventional 
radiologists [6].

About 85% of pelvic hemorrhage cases are caused by bony 
structure destruction and venous bleeding, and 10%–15% of 
patients present with arterial bleeding [1,2,6,10,11]. Pelvic 
angiography is the method of choice for controlling arterial 
bleeding. In patients with hemodynamically unstable pelvic 
trauma, angiographic embolization has become an im-
portant part of treatment for bleeding control. Angiographic 
embolization is proven to be a safe and effective treatment 
method in patients with pelvic trauma [12]. For the treatment 
of arterial injury in pelvic fracture, aggressive angiographic 
embolization has a high success rate [1,4-6,12-14]. Nevertheless, 
although many studies have reported on the indications 
for pelvic angiography, precise guidelines have yet to be es-
tablished. Many investigations have been carried out to 
determine the clinical predictors according to clinical or 
radiologic findings such as contrast extravasation on CT or 
fracture pattern on radiography [1,10,14-16]. However, there are 
still controversies in determining the need for angiography and 
embolization [2,17,18].

The purpose of this study was to predict the necessity of 
embolization and the timing of angiography using CT scans.

METHODS
Among 120 patients with major trauma and pelvic bone 

fracture, 46 patients with shock (systolic blood pressure < 
90 mmHg) arrived at a single hospital within 24 hours after 
injury from January 2011 to December 2013. Among these 
patients, 2 were declared dead on arrival. A total of 44 patients 
underwent CT after initial resuscitation. Nine patients with 
other organ injuries were also excluded. A total of 21 patients 
had contrast extravasation on the CT scan, and 2 of them had 
stable vital signs and did not undergo angiography. Nineteen 
patients underwent angiography performed by specialized 
interventional radiologists. Among these patients, 13 underwent 
embolization because of contrast extravasation on angiography. 
On the other hand, 6 patients had no contrast extravasation 
on angiography. However, 4 patients underwent embolization 
owing to the possibility of arterial injury according to the 
judgment of the interventional radiologist, considering the vital 
signs and imaging findings at the time of the procedure. As a 
result, a total of 17 patients underwent embolization (Fig. 1).

A single radiologist measured the width and length of the 
pelvic hematoma on CT scans (Fig. 2). We defined the width 
of hematoma as the longest length in the axial view of the CT 
scan and the length of hematoma as the longest length in the 
coronal view.

All medical records and radiographic findings were reviewed 
retrospectively. Demographic data and clinical information 
were collected from electronic medical records.

The Mann-Whitney U-test and Student t-test were used for 
comparing continuous variables. Multiple-group comparisons 
were performed using the Kruskal-Wallis test. A logistic 

Fig. 1. Inclusion criteria of pa
tients in this study. sBP, systolic 
blood pressure.

Contrast extravasation on
CT scan (+) (n = 21)

Observation (n = 2)Embolization (n = 4)Embolization (n = 13)

Contrast extravasation on
angiography (-) (n = 6)

Contrast extravasation on
angiography (+) (n = 13)

Observation (n = 2)Angiography (n = 19)

Dead on arrival (n = 2)
Other organ injury (n = 9)

Contrast extravasation on
CT scan (-) (n = 14)

CT scan (n = 35)

Patients with shock (n = 46) (sBP < 90 mmHg)
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stepwise regression analysis was performed to predict the 
need for possible embolization based on clinical variables 
and radiologic findings. The significance level was set at P < 
0.05. Adjusted odds ratios and 95% confidence intervals were 
derived. Statistical analyses were conducted with the R ver. 3.3.2 
(R Foundation for Statistical Computing, Vienna, Austria; http://
www.R-project.org).

The study was approved by the Institutional Review Board 
(IRB) of Asan Medical Center (IRB No. 2018-0212). This study 
was conducted with a waiver of consent. This trial is registered 
with ClinicalTrials.gov (NCT03519594).

RESULTS
Among 35 patients with hemodynamically unstable pelvic 

fracture, 22 (62.9%) were men and 13 (37.1%) were women. Their 
ages at the time of injury ranged from 17 to 86 years, with a 
mean of 54.51 years. There were 21 patients (60.0%) who had 
traffic accidents. The mean time of arrival after the accident 
was 2.85 hours. A total of 10 patients died. Therefore, the 
mortality rate in our study was 28.6%. The mean time of CT 
scan examination was 98.49 minutes. At the time of admission, 
the mean systolic blood pressure was 69.00 ± 14.01 mmHg, 
which means the patients were in a state of shock. The median 
Glasgow Coma Scale (GCS) score and Injury Severity Score (ISS) 
were 14.0 (8.5–15.0) and 25.0 (22.0–40.5), respectively. Add-
itionally, the mean lactate and hemoglobin levels were 5.97 ± 
3.97 mmol/L and 10.63 ± 2.96 g/dL, respectively. The median 
red blood cell (RBC) transfusion volume was 8.0 (5.0–17.5) packs 
(Table 1).

We divided the patients into 3 groups according to 
radiographic findings based on Tile’s classification and 
compared each clinical variable (Table 2). There were no 
significant differences in other variables except for the amount 
of total packed RBC (pRBC) transfusion and lactate levels. As 
the severity of fracture patterns worsened, the amount of 
pRBC transfusion increased (P = 0.026). However, there was 
no correlation with extravasation on angiography or increased 
mortality according to fracture patterns.

We compared the clinical variables of patients who 
underwent embolization and those who did not (Table 3). There 
were significant differences in width (2.04 ± 2.05 vs. 5.65 ± 
3.89, P = 0.002) and length (4.67 ± 4.65 vs. 8.86 ± 3.81, P = 
0.006) of hematoma on the CT scan on admission and in the 
amount of pRBC transfusion (6.0 [3.0–8.0] vs. 14.0 [6.0–21.0], 
P = 0.010) between the 2 groups. There was no significant 
difference in the CT scan time between the 2 groups (103.9 ± 
96.7 vs. 92.8 ± 69.5, P = 0.700).

The predictors for embolization were estimated by 
substituting the following variables, such as GCS, ISS score, 
fracture type, amount of pRBC transfusion, hemoglobin level, 

Fig. 2. Measurement of pelvic 
hematoma on computed tomo
graphy scan. (A) The width of 
hematoma  longest length in 
the axial view, (B) the length of 
hematoma  longest length in the 
coronal view.

A B

<Width of hematoma> <Length of hematoma>

Table 1. Characteristics of patients with hemodynamically 
unstable pelvic fracture (n = 35)

Characteristic Variable

Age (yr)
   ≤20
   21–40
   41–60
   ≥61

1 (2.9)
6 (17.1)

13 (37.1)
15 (42.9)

Male sex 22 (62.9)
Injury mechanism
   Pedestrian TA
   Car TA
   Motorcycle TA
   Fall
   Others

12 (34.3)
5 (14.3)
4 (11.4)

11 (31.4)
3 (8.6)

Time of arrival (hr) 2.85 ± 4.42
Time from door to CT scan (min) 98.49 ± 83.55
Time from door to angiography (min) 280.42 ± 219.40
Mortality 10 (28.6)
Systolic blood pressure (mmHg) 69.00 ± 14.01
Heart rate (beats/min) 101.6 ± 26.1
GCS score 14.0 (8.5–15.0)
ISS 25.0 (22.0–40.5)
Hemoglobin (g/dL) 10.63 ± 2.96
Lactate (mmol/L) 5.97 ± 3.97
Total pRBC transfusion (packs) 8.0 (5.0–17.5)

Values are presented as number (%), mean ± standard deviation, 
or median (interquartile range).
TA, traffic accident; GCS, Glasgow Coma Scale; ISS, Injury 
Severity Score; pRBC, packed red blood cell.
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lactate level, pelvic hematoma width, and pelvic hematoma 
length (Table 4). Moreover, the width of hematoma (OR, 1.06; 
95% CI, 1.02–1.14; P = 0.028) and female sex (OR, 10.83; 95% CI, 
1.51–139.05; P = 0.031) were the only significant variables.

The cutoff value was obtained using the receiver operating 
characteristic curve for pelvic hematoma width (Fig. 3). The 
cutoff value was 3.35 cm (Table 5).

We also compared the incidence of angiographic embolization 
and massive transfusion and the mortality rate. The group with 
pelvic hematoma greater than 3.35 cm had a 12-fold higher 
probability of embolization than the other groups (OR, 12.00; 
95% CI, 2.64–71.60; P = 0.003). Furthermore, the mortality 

rate was increased in the group with hematoma greater than 
3.35 cm (OR, 4.96; 95% CI,1.08–28.13; P = 0.048). There was no 
significant difference in massive transfusion over 5 packs (OR, 
7.54; 95% CI, 1.12–151.18; P = 0.076) (Table 6).

DISCUSSION
Early and aggressive angiographic intervention in pa-

tients with hemodynamically unstable pelvic fractures 
can significantly improve survival. Generally, the reported 
indications for angiographic intervention include hemodynamic 
instability, specific pelvic fracture patterns, and extravasation 
or large pelvic hematoma on the CT scan [7,13,19-22]. Recently, 
many studies have reported the importance of appropriate 
patient selection in therapeutic angiographic embolization.

As mentioned earlier, many studies have reported that 
the prognosis of patients with unstable pelvic fracture can 
be predicted according to the fracture pattern [1,12-16,23]. 
However, in our study, as the severity of pelvic fractures 
increased, the amount of pRBC transfusion also increased, but 
the incidence of arterial hemorrhage or the mortality rate did 
not increase. These results show that there is a limit to setting 
the treatment plan based on radiographic findings only. Owing 
to the development of whole-body CT, CT scans can now be 
taken immediately after the initial resuscitation in patients 
with major trauma. CT scans can confirm the severity of pelvic 
fracture and any coexisting injury to other organs [4,24]. In our 
study, although all patients were hemodynamically unstable, 
they underwent CT after admission. Upon stabilization of vital 
signs to some extent, a whole-body CT scan should be taken as 
soon as possible to help make treatment decisions [3,11,24].

Many studies have been conducted to determine whether 
the need for therapeutic angiography and embolization could 
be predicted using CT findings, such as contrast blush or a 
large hematoma. However, there have been many controversies 
about making therapeutic decisions based on those CT 

Table 2. Clinical outcomes according to fracture patterns based on Tile’s classification (n = 35)

Variable Type 1 (n = 11) Type 2 (n = 17) Type 3 (n = 7) Pvalue

Hemoglobin (g/dL) 11.9 ± 1.6 10.0 ± 3.2 10.1 ± 3.7 0.166
Lactic acid (mmol/L) 4.0 ± 2.9 6.0 ± 4.0 8.8 ± 4.1 0.011
Total pRBC transfusion (pack) 5.0 (3.5–7.0) 8.0 (6.0–17.0) 20.0 (12.0–25.5) 0.026
GCS score 15.0 (13.5–15.0) 14.0 (3.0–14.0) 11.0 (4.5–14.5) 0.156
ISS 25.0 (20.5–27.0) 25.0 (20.0–34.0) 42.0 (30.5–46.0) 0.195
Hematoma width on CT scan (cm) 2.26 ± 2.42 4.54 ± 3.84 4.61 ± 4.00 0.130
Hematoma length on CT scan (cm) 4.65 ± 5.11 8.02 ± 4.58 6.74 ± 3.67 0.253
Extravasation on angiography 2 (18.2) 8 (47.1) 3 (42.9) 0.285
Death 1 (9.1) 6 (35.3) 3 (42.9) 0.210

Values are presented as mean ± standard deviation, median (interquartile range), or number (%).
pRBC, packed red blood cell; GCS, Glasgow Coma Scale; ISS, Injury Severity Score.

Table 3. Clinical features: embolization group vs. nonembo
lization group (n = 35)

Variable Nonembolization 
(n = 18)

Embolization  
(n = 17) Pvalue

Systolic blood 
pressure (mmHg)

70.6 ± 13.3 67.3 ± 14.9 0.492

Heart rate  
(beats/min)

102.1 ± 28.5 101.1 ± 24.1 0.917

Hemoglobin (g/dL) 8.1 ± 7.9 9.9 ± 3.4 0.144
Lactic acid  

(mmol/L)
5.2 ± 4.0 6.8 ± 3.8 0.299

Total pRBC trans
fusion (packs)

6.0 (3.0–8.0) 14.0 (6.0–21.0) 0.010

GCS score 14.0 (13.0–15.0) 13.0 (3.0–14.0) 0.121
ISS 24.0 (20.0–34.0) 26.0 (22.0–47.0) 0.274
Hematoma width 

on CT scan (cm)
2.04 ± 2.05 5.65 ± 3.89 0.002

Hematoma length 
on CT scan (cm)

4.67 ± 4.65 8.86 ± 3.81 0.006

Time from door  
to CT scan (min)

103.9 ± 96.7 92.8 ± 69.5 0.700

Values are presented as mean ± standard deviation or median 
(interquartile range).
pRBC, packed red blood cell; GCS, Glasgow Coma Scale; ISS, 
Injury Severity Score.

Hak-Jae Lee, et al: The size of pelvic hematoma on CT scan
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findings. Blackmore et al. [21] measured the volume of pelvic 
hematoma by using a special software called ImageJ, and found 
that the outcome could be predicted using the hematoma 
size. Our study also showed that if the hematoma width is 
greater than 3.35 cm on the CT scan, embolization should be 
performed. However, it should be noted that Blackmore et 
al. [21] used special software and it is difficult to apply such 
measurements in an emergency situation. In our study, we 
could easily measure the hematoma width by using the longest 
length in the axial view of CT scan, and it was useful enough to 
predict outcome easily in an emergency situation. Dreizin and 
Bodanapally [25] reported a comparative study of our longest-
diameter measurement method and a manual segmentation 
method in which hematoma volume is measured through 
semiautomated segmentation. Our method showed a higher 
correlation with the semiautomated segmentation method 
than with other methods. However, it is also difficult to have 
this measurement software in all hospitals, and there may be 
limitations in using this software in emergency situations.

Brown et al. [22] recommended immediate angiography in 
patients with a large pelvic hematoma or contrast extravasation 
on the CT scan. Moreover, they reported that active bleeding 
could not be ruled out even if there was no extravasation on 
the CT scan. Because hypotension or arterial spasm can cause 
contrast extravasation not to appear on CT scans, it cannot 
be assumed that there is no active bleeding in the absence 
of extravasation. In our study, when the pelvic hematoma 
width was greater than 3.35 cm, angiographic embolization 
was performed more frequently and the mortality rate also 
increased. Therefore, more aggressive angiographic embolization 
is recommended if the pelvic hematoma size measured on the 
CT scan is greater than 3.35 cm.

Furthermore, in our study, angiographic embolization was 
more frequently done in female patients. The reason for the 
high incidence of embolization in female patients is that the 
pelvis is wider in women than in men, and hemostasis by 
pressure may not be sufficient. Some studies have also reported 

Table 4. Univariate and multivariate logistic regression for embolization prediction

Variable
Univariate analysis Multivariate analysis

Odds ratio (95% CI) Pvalue Odds ratio (95% CI) Pvalue

Age 1.00 (0.96–1.04) 0.843
Female sex 7.14 (1.62–40.21) 0.014 10.83 (1.51–139.05) 0.031
GCS score 0.90 (0.77–1.04) 0.161
ISS 1.03 (0.99–1.08) 0.199
Fracture type 1.57 (0.61–4.32) 0.357
Total pRBC transfusion 1.10 (1.02–1.22) 0.047 1.12 (1.00–1.30) 0.082
Hemoglobin 0.83 (0.64–1.05) 0.147
Lactate 1.12 (0.94–1.36) 0.228
Width of hematoma 1.07 (1.02–1.13) 0.013 1.06 (1.02–1.14) 0.028
Length of hematoma 1.02 (1.01–1.04) 0.013

CI, confidence interval; GCS, Glasgow Coma Scale; ISS, Injury Severity Score; pRBC, packed red blood cell.

Table 5. Sensitivity and specificity of the cutoff values of 
pelvic hematoma width

Sensitivity Specificity Cutoff value (cm)

Width 0.706 0.833 3.35

Table 6. Clinical outcomes according to cutoff values of 
pelvic hematoma width (3.35 cm)

Variable Odds ratio (95% CI) Pvalue

Embolization 12.00 (2.64–71.60) 0.003
Death 4.96 (1.08–28.13) 0.048
Massive transfusion (>5 pRBCs) 7.54 (1.12–151.18) 0.076

CI, confidence interval; pRBCs, packed red blood cells.

1.0 0.8 0.6 0.4 0.2 0

1.0

0.8

0.6

0.4

0.2

0

ACU: 0.822

Fig. 3. Area under curve (AUC) of pelvic hematoma width 
(AUC = 0.822).
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female sex as a predictor for angiography [13].
In our study, there was no angiographic extravasation in 6 

patients and 4 of them underwent prophylactic embolization. 
The vital signs at the time of the procedure were unstable 
and intrapelvic hemorrhage was suspected; thus, prophylactic 
embolization was performed and the vital signs improved 
thereafter. Embolization was mainly performed in the internal 
iliac artery, which is located near the fracture site. Hymel et al. 
[2] reported that prophylactic embolization despite negative 
angiograms was helpful in hemorrhage control for patients 
who are being actively transfused. In our study, similar results 
were obtained, and patients who underwent prophylactic 
embolization were included in the embolization group.

This study has several limitations. First, this study has the 
inherent limitations of retrospective studies. At the time of the 
study, angiography was done according to the patient’s vital 
signs or the trauma surgeon’s judgment at that time rather than 
the size of the pelvic hematoma, and these may have affected 
the classification of the embolization group. For more accurate 
results, prospective studies should be conducted to compare 
the clinical outcomes of the embolization group according 
to the hematoma width measured at the time of admission. 
Second, there is a limit to the interobserver correlation because 
a single radiologist measured the width of the pelvic hematoma 

while reviewing the CT findings. As a rough measurement 
of the longest diameter on the CT scan was done, there may 
be differences depending on the observer. It is necessary to 
perform additional studies to compare interobserver correlation 
in the existence of 2 or more observers.

In conclusion, hemodynamically unstable pelvic fracture 
remains a significant challenge in providing appropriate 
treatment. The safety and efficacy of angiographic embolization 
in patients with unstable pelvic fracture has already been 
proven. Therefore, angiographic embolization is recommended 
depending on the patient’s condition. Moreover, the trauma 
surgeon’s judgment is an important factor in the treatment. 
With the advances in CT, even if the patient’s vital signs are 
somewhat unstable, rapid examination is possible and the 
severity of pelvic fracture can be evaluated. CT is useful for the 
initial identification of the need for embolization. The width 
of pelvic hematoma can predict possible embolization. If the 
width of pelvic hematoma on the CT scan is greater than 3.35 
cm, more aggressive embolization should be considered.
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