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1. Introduction

Abstract

Pelvic hemorrhage is a major cause of mortality in polytrauma patients with pelvic
fractures. However, studies on stable pelvic fracture and corona mortis requiring
angioembolization (AE) are limited. This study aimed to elucidate the characteristics
of patients with stable pelvic fractures requiring AE and describe the findings related
to corona mortis involvement leading to large pelvic hematomas. We conducted a
retrospective observational study in a level-one trauma center between 2018 and 2023.
We included patients who underwent AE for traumatic pelvic hemorrhage, as indicated
by an initial computed tomography (CT) scan. Patients with unstable pelvic fractures
and negative AE findings were excluded. Demographics, fracture details, arteries
targeted for embolization, and the presence of corona mortis and huge pelvic hematoma
(hematoma rim distance exceeding 5 cm and extending beyond the midline while
compressing the urinary bladder) were evaluated. Clinical outcomes, including 24-h
transfusion requirements and mortality rates, were also evaluated. Our patients included
10 women and one man, with a mean age of 75.6 years. All patients sustained injuries
involving the superior and inferior rami fractures. The internal pudendal (six patients),
obturator (six patients), and aberrant obturator (five patients) arteries required AE. Five
of these aberrant obturator arteries, which developed corona mortis, originated from the
external iliac artery, and four out of five patients with aberrant obturator arteries had
huge pelvic hematomas. We transfused 2.9 units of packed red blood cells on average,
and one patient passed away 2 days after sustaining injuries. Attention should be directed
towards cases with a huge hematoma on the CT scan or hemodynamic instability, even
in the presence of a stable ramus fracture, in old patients. In such situations, evaluating
the external iliac artery for angioembolization of the injured corona mortis is imperative.
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Pelvic hemorrhage is a major cause of mortality in polytrauma
patients with pelvic fractures [1, 2]. The administration of
tranexamic acid, pre-peritoneal packing (PPP), and angioem-
bolization (AE) have been utilized for hemorrhagic control
[1-4]. PPP is effective in hemorrhagic control of venous
and bone bleeding owing to its rapid action [5, 6]. AE has
been utilized for arterial bleeding, mainly for unstable pelvic
fractures. The literature commonly cites the internal iliac
artery and its branches, such as the superior gluteal artery,
internal pudendal artery, and obturator arteries, as targets for
embolization [7, 8]. However, studies investigating AE for
stable pelvic fractures, which generally do not require surgical
stabilization, are limited. The pelvic ring disruption is minimal

in such cases; therefore, the propensity for bleeding may often
be overlooked.

We performed AE in patients with arterial bleeding, even
when the pelvic fracture was stable, if there was evidence of
extravasation on the CT scan. In addition, we anecdotally
observed a severe hemorrhage on the CT scans associated
with corona mortis. Corona mortis, an anatomical variant
representing an anastomosis between the obturator and the
external iliac or inferior epigastric arteries, is well-recognized
in orthopedic surgeries (Fig. 1) [9, 10]. With variation in the lo-
cation and anastomosis vessels, corona mortis is susceptible to
iatrogenic injury during pelvic-acetabular fracture surgery. In
addition, injured corona mortis results in a major hemorrhage,
and achieving effective hemostasis once a hemorrhage occurs
is challenging.
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FIGURE 1. Illustration of the origin of the obturator artery. (a) The obturator artery originates from the internal iliac artery
(normal anatomy). (b) Anastomosis (asterisk) between the obturator and inferior epigastric arteries. If this anastomosis is injured,
it is divided into the obturator artery from the internal iliac artery and the aberrant obturator artery from the inferior epigastric
artery of the external iliac artery. (c) Aberrant obturator artery originating from the inferior epigastric artery of the external iliac
artery. (d) Aberrant obturator artery, which originates directly from the external iliac artery.

However, corona mortis injury in a stable pelvic fracture
is scarcely reported in the literature. Thus, we investigated
patients with stable pelvic fractures who required AE. This
study aimed to elucidate the characteristics of patients with
stable pelvic fractures requiring AE and describe the findings
related to corona mortis involvement leading to huge pelvic
hematomas.

2. Materials and methods

A retrospective observational study was conducted between
April 2018 and March 2023 in a level-one trauma center.
Our institution in Cheongju, Chungbuk Province, South Korea
is a tertiary care university-affiliated hospital with 800 beds,
accommodating 2.5 million people, with almost 450 patients
presenting with an Injury Severity Score (ISS) >15 annually.
This study was approved by our institutional review board. We
included 101 patients who underwent AE for traumatic pelvic

hemorrhage as identified in the initial abdominopelvic (AP)
computed tomography (CT) scan. Patients with Tile B and C
pelvic fractures (AO/OTA 61 B and C [11]) and pathologic,
pediatric, and open fractures were excluded from the study.
Subsequently, patients who had no evidence of pelvic arterial
bleeding in angiography were also excluded, resulting in a final
inclusion of 11 patients (Fig. 2).

Patient data, including demographics, the use of antiplatelet
agents, injury severity scale (ISS) scores, and physiology at ad-
mission, were extracted from medical records. Demographics
included age, sex, mechanism of injury, and origin of admis-
sion. Fall from height, road traffic accidents, and industrial in-
juries were considered “high-energy mechanism of injury” and
simple falls and falls from the ground level were categorized as
“low-energy mechanism of injury” [12]. The abbreviated in-
jury scale scores for the head, chest, abdomen and extremities
were individually evaluated, and ISS scores were subsequently
calculated. Physiology at admission consisted of systolic blood
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AE patients according to inclusion criteria ( n=101)

Excluded ( n=89 )
Unstable pelvic fracture (n=65)
Pathologic fracture (n=4)
Pediatric fracture (n=14)
Open pelvic fracture (n=06)

\ 4

12 patients enrolled after exclusion
(Stable PRI who underwent AE)

1 patient without extravasation
in angiography

11 patients with pelvic arterial bleeding in angiography

5 patient with corona mortis in angiography

Target patients of present study

FIGURE 2. Flow diagram of patient enrollment. AE: angioembolization; PRI: pelvic ring injury.

pressure (SBP), heart rate (HR), Glasgow coma scale (GCS),
and hemodynamic instability. Hemodynamic instability was
defined as SBP of <90 mmHg or HR >120 beats per minute
on arrival.

Details of the fracture were assessed through plain pelvic
radiographs and pelvis CT scans. For ramus fractures, bilater-
ality, complete anterior pelvic ring disruptions (i.e., concurrent
superior and inferior rami fracture), and fracture location were
evaluated. The location of the fracture was evaluated using the
Nakatani system [13]. In this system, fractures medial to the
obturator foramen were classified as Zone I, while those lateral
to the obturator foramen were classified as Zone III. Fractures
between Zones I and III were classified as Zone II. Posterior
pelvic ring involvement (PPRI), characterized by a fracture in
the sacrum or ilium near the sacroiliac joint or any displace-
ment of the sacroiliac joint, was also evaluated. Additionally,
whether patients underwent any surgical intervention for their
pelvic injuries was investigated.

Following our institution’s protocol, AE was performed
whenever there was hemodynamic instability in the pelvic
fracture via radiography, active bleeding was suspected based
on the abdomen and pelvic CT scan regardless of hemody-
namic instability, or ongoing arterial bleeding was strongly
suspected, such as continuous transfusion requirement, re-

gardless of CT findings, even in cases of minor fractures.
After inducing local anesthesia with 2% lidocaine, all patients
underwent transfemoral arterial catheterization. No specific
protocol was followed when patients with pelvic trauma un-
derwent angiography. However, a flush aortography was
often obtained with a pigtail catheter, followed by selective
arterial catheterization. A diagnostic angiogram was con-
ducted when the bleeding focus was selected using a 1.7—
2-F microcatheter, and embolization was performed under
fluoroscopic monitoring depending on observed bleeding signs
or the operator’s preference. We assessed the time intervals
from injury to the CT scan and angiography. The presence
of a huge pelvic hematoma—a hematoma with a rim distance
exceeding 5 cm and extending the midline while compressing
the urinary bladder—on the CT scan was also investigated. An
interventional radiologist reviewed all AE images to analyze
the arterial system of injured patients. Arteries with active
bleeding were treated with AE, and the presence of corona
mortis was assessed. We categorized an obturator artery as
an “aberrant obturator artery” if it originated from the external
iliac artery and crossed the superior ramus. If two or more
arteries were bleeding, all of them were recorded. For patients
with corona mortis, the origin of the artery responsible for
active bleeding was evaluated based on previous literature
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(Fig. 1) [14, 15].

According to the AE findings, we identified patients with
corona mortis and provided detailed descriptions of their find-
ings.

Transfusion requirement, the success of embolization,
length of hospital stay, and mortality were evaluated for
clinical outcomes. Transfusion requirements were monitored
for 24 h after ER admission. The success of embolization was
defined as the stabilization of the hemodynamic statuses of
the patients without the need for surgical intervention during
their hospital stay.

3. Results

Our patients included 10 women and one man, with a median
age of 78 years. Nine patients suffered injuries from high-
energy incidents, with a median ISS of 25. Five patients
experienced hemodynamic instability, and Table | describes
the additional details.

TABLE 1. Patient demographics, injury severity scale,
and physiologic profile.

Parameter
(n=11) Value (median, IQR)
Age 78 (69-79)
Female Sex 10 (91%)
Mechanism of injury
High-energy 9 (82%)
Low-energy 2 (18%)
Origin of admission
Scene 7 (64%)
Transfer 4 (36%)
Antiplatelet drug 3 (27%)
ISS 25 (16-29)
Head AIS >3 5 (45%)
Chest AIS >3 2 (18%)
Abdominal AIS >3 2 (18%)
Extremity AIS >3 10 (91%)
Physiology at admission
SBP 90 (80-159)
HR 84 (71-103)
GCS 15 (11-15)
Hemodynamic instability 6 (55%)

Hemodynamic instability was defined as SBP of <90 mmHg
or HR > 120 beats per minute on arrival.

IQR: interquartile range; ISS: Injury Severity Scale; AIS:
abbreviated injury scale; SBP: systolic blood pressure; HR:
heart rate; GCS: Glasgow coma scale.

Among the patients, three had bilateral pubic ramus frac-
tures, and all of them had complete anterior pelvic ring dis-
ruptions. The locations of the fractures were as follows: five
patients with Zone I, two with Zone II, and four with Zone I11.
Ten patients had PPRI, showing anterior cortical disruptions
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with minimal or no displacement. Two patients underwent
surgical management of their pelvic fractures, one involving
external fixation lasting 6 weeks and the other involving ex-
ternal fixation and percutaneous sacroiliac (SI) screw. The
median time from injury to CT scan was 71 min, and the
median time from injury to angiography was 167 min. Four
patients had huge pelvic hematomas on their CT scans. Three
main arteries had active bleeding, including internal pudendal
(six patients), obturator (six patients), and an aberrant obturator
artery originating from the external iliac artery (five patients).
One patient experienced bleeding in the lateral sacral artery
(Table 2).

TABLE 2. Details for fracture and angioembolization.
Value
3 (27%)
11 (100%)

Fracture profile
Bilateral ramus fracture
Complete anterior pelvic ring disruption

Ramus fracture location

Zone 1 5 (45%)

Zone 11 2 (18%)

Zone 111 4 (36%)
Posterior pelvic ring injury 10 (91%)
Surgery for pelvic fracture 2 (18%)
Details for angioembolization

Time to CT from injury (min) 71 (59-99)

Time to angiography from injury 167 (146-280)

(min)
Huge pelvic hematoma on CT 4 (32%)
Arteries for embolization

Internal pudendal 6 (55%)
Obturator 6 (55%)
Aberrant obturator artery (originated 5 (45%)
from EIA)

Lateral sacral 1 (9%)

CT: computed tomography, EIA: external iliac artery.

The median transfusion requirement within the first 24 h
was two units of packed red blood cells (PRBC). Ten patients
underwent embolization successfully. However, one patient
passed away two days after the injury. The median length of
hospital stay was 20 days (Table 3).

TABLE 3. Clinical outcome.

Parameter Value
24-h transfusion (PRBC units) 2 (0-5)
Success of embolization 10 (91%)
Mortality 1 (9%)
Length of stay
Hospital, days 20 (12-69)
Intensive care unit, days 2 (2-4)

PRBC: packed red blood cells.
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For the five patients with corona mortis, we have provided
detailed findings in Table 4. Ramus fractures were located
in Zone I (four patients) or II (one patient), and all these
patients had PPRI. The obturator artery was identified as the
source of active bleeding in all patients with huge pelvic
hematoma. However, there were differences in the origin of
the obturator arteries (Fig. 1). Three patients (Patients 3, 4
and 7) had anastomosis between the obturator artery and the
inferior epigastric artery. This anastomosis was injured and
divided into the obturator artery from the internal iliac artery
and the aberrant obturator artery from the inferior epigastric
artery of the external iliac artery. One patient (Patient 6) had
an aberrant obturator artery with active bleeding that originated
directly from the external iliac artery, while another (Patient 9)
had an aberrant obturator artery originating from the inferior
epigastric artery of the external iliac artery (Fig. 3). Neither
patient had any trace of the obturator artery from the internal
iliac artery. One patient underwent surgical management for
the pelvic fracture, involving 6 weeks of external fixation
and a percutaneous SI screw, and all angioembolizations were
considered successful.

4. Discussion

In this study, several consistent characteristics were observed
among patients who underwent AE for stable pelvic fractures.
Most of these patients were old women, and they had PPRI,
although the displacement was none or minimal. The arteries
with active bleeding were mainly the internal pudendal and
obturator arteries. However, patients with corona mortis had
an aberrant origin of the obturator artery from the external iliac
artery, leading to the development of huge pelvic hematomas.
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In addition, three out of four patients with huge hematomas
experienced hemodynamic instability upon admission. Thus,
remaining vigilant even while dealing with structurally stable
pelvic fractures in old patients is crucial, as arterial bleeding
with huge pelvic hematoma from corona mortis can occur.

The high risk of bleeding in old patients has been extensively
studied [16]. Old patients often have arteries with atheroscle-
rosis, limiting the ability of injured vessels to spontaneously
stop bleeding by vasospasm [17]. In addition, the tamponade
effect provided by the surrounding tissue is decreased due
to the diminished turgor in frail soft tissues. Furthermore,
while old patients may experience changes in their hemostatic
systems that increase the risk of thromboembolism, they also
face a bleeding risk associated with antithrombotic therapy,
especially when combined with multiple morbidities [ 18]. An-
tiplatelet agents, administered to three of the patients in our
study, had no independent effect on morbidity or mortality in
pelvic fracture [19]. However, there was an increased likeli-
hood of receiving PRBC for patients with antiplatelet therapy.
Dietz et al. [20] reviewed eight case reports on hemorrhage
in fragile pelvic fractures and concluded that anticoagulants,
such as warfarin, seem to increase hemorrhage risk. This
study had a high proportion of female patients (91%, 10/11).
There were 55 male patients (54%) of a total of 101 in the
initial enrollment; however, it was not presented as data in
the manuscript. After excluding patients with unstable pelvic
ring injury, the proportion of female patients increased. We
presumed that the reason the stable pelvic ring injury occurred
as a fragility fracture in the patients included in this study was
related to osteoporosis [21].

In the literature, the main trunk and branches of the internal
iliac artery, including the internal pudendal, obturator, and

TABLE 4. Details for patients with corona mortis.

Ramus fracture 12l e
Age Sex Mechanism of Injury ~ ISS . PPRI admission
Location
(mmHg)
Patient 3 67 F High 26 Zone 11 Yes 80
Patient 4 79 F Low 16 Zone 1 Yes 70
Patient 6 82 M High 22 Zone 1 Yes 159
Patient 7 79 High 19 Zone 1 Yes 159
Patient 9 78 F Low 25 Zone 1 Yes 80
HRD (mm)  Huge pelvic Artery for embolization Origin of the Surgical Success of
hematoma embolized artery management  embolization
. Obturator ITA
Patient 3 33 Yes Aberrant obturator IEA form EIA No Yes
. Obturator A
Patient 4 119 Yes Aberrant obturator IEA form EIA No Yes
Patient 6 56 Yes Aberrant obturator EIA No Yes
Internal pudendal
Obturator A
Patient 7 39 No Aberrant obturator ITA Yes Yes
IEA from EIA
Patient 9 116 Yes Aberrant obturator EIA No Yes

ISS: Injury Severity Scale; PPRI: posterior pelvic ring involvement,; SBP: systolic blood pressure; HRD: Hematoma rim distance;
1IA: internal iliac artery; IEA: inferior epigastric artery; EIA: external iliac artery.
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FIGURE 3. Case example. A female patient aged 78 years injured from a fall was admitted to the emergency department
with a systolic blood pressure of 80 mmHg. (a) An enhanced abdominal CT scan demonstrated extravasation, resulting in a
huge hematoma (white arrow), which extends beyond the midline while compressing the urinary bladder (black arrow). (b)
Angiography of the external iliac artery revealed active bleeding of the aberrant obturator artery (white circle), which was
controlled with embolotherapy. (c) One week after the injury, pelvic CT revealed a huge hematoma with a rim distance of
110 mm. (d) Symptomatic hematoma was drained with a percutaneous pigtail catheter, and the abdominal discomfort improved.

superior gluteal arteries, were the major sources of arterial
bleeding in pelvic fractures [3]. Similarly, in our study, the
internal pudendal and obturator arteries were the main arteries
that actively bled in angiography. Considering the anatomy of
the superior gluteal artery, which traverses through the greater
sciatic notch, this artery was possibly not injured in our study
[22]. Meanwhile, in patients with corona mortis, we observed
active bleeding from an aberrant obturator artery originating
from the external iliac artery. Clinically, the internal iliac
artery is typically targeted for pelvic embolization, and AE of
the external iliac artery is not a routine procedure for inter-
ventional radiologists [23]. Without a thorough understand-
ing of the anatomy of corona mortis, the bleeding from an
artery originating from the external iliac artery can be missed.
Although not presented in the manuscript, corona mortis was
identified in 13 of the 65 patients with unstable pelvic fractures
who were excluded from present study. Among them, five
patients had bilateral corona mortis. Therefore, if a patient has
a ramus fracture and hematoma with active bleeding, checking
whether variant arteries are visible in an enhanced CT scan
and systematically visualizing the internal and external iliac
arteries using angiography are necessary.

Classifying stable pelvic fractures according to PPRI can
be controversial [24]. Clinically, we consider the fractures
investigated in this study as stable pelvic fractures because
the PPRI was limited to anterior cortical disruption without

displacement, and most of the patients did not undergo surgical
treatment, except for two patients who underwent external
fixation, which was removed after 6 weeks. In this study,
most patients sustained high-energy injuries, which explains
why AE was performed despite the stable pelvic fractures.
However, two patients sustained low-energy injuries resulting
in fragile pelvic fractures associated with huge hematomas.
We inferred that vascular injury itself, rather than the in-
jury mechanism, is crucial to active bleeding and hematomas.
Thus, considering the possibility of pelvic hemorrhage even in
cases of stable pelvic fractures, regardless of the mechanism
of injury, is crucial. Our indications for AE (hemodynamic
instability with pelvic fracture, active bleeding observed using
a CT scan, and suspected ongoing arterial bleeding regardless
of'the CT scan findings) may detect these cases with substantial
hemorrhage in stable pelvic fracture, although not validated in
this study.

Symptomatic hematomas can be large enough to compress
other organs. However, no evidence-based treatment guide-
line for managing symptomatic hematoma currently exists.
Hagiwara et al. [25] reported a case in which brain death
occurred due to abdominal compartment syndrome developed
from a huge pelvic hematoma. Wang and Wang recommended
tailoring treatment selection after blunt injury based on factors
such as anatomical position, visceral injury, and hemodynamic
status [26]. We did not perform any intervention for hematoma
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after embolization in all patients except for one. This exception
arose because the patient complained of persistent abdominal
pain for 1 week, leading to us inserting a pigtail catheter
to drain the hematoma (Fig. 3). However, this is a special
case, and treatment selection should depend on the size of the
hematoma and the presence of symptoms.

This study has several limitations. First, the sample size
was relatively small. Specifically, only five cases of active
bleeding originating from corona mortis were included. How-
ever, noting that not many reports exist on AE in stable pelvic
fractures is essential. Most studies on AE of corona mortis
have been conducted on cases of unstable pelvic fractures
[27], where the focused examination of hematoma arising from
corona mortis can be complicated by other injuries. Thus, the
findings in our study hold significance despite the limited num-
ber of cases. Second, volumetric analysis was not performed
for hematomas. While we used rim distance measurements
to define huge hematomas, we did not measure the actual
hematoma volume, which would provide a more accurate
estimate of the actual bleeding volume. Further studies should
consider analyzing the relationship between hematoma volume
and hemodynamic status.

5. Conclusions

Despite old patients having structurally non-displaced pelvic
fractures, these fractures may still exhibit extravasation requir-
ing AE. Furthermore, in patients with corona mortis, a huge
hematoma can develop, potentially leading to hemodynamic
instability. Our study’s results should be interpreted with
caution, owing to the small sample size and lack of volu-
metric analysis for hematoma. However, remaining vigilant
and considering the possibility of AE when there is a huge
hematoma on a CT scan or observing hemodynamic instability,
even with stable ramus fractures, is imperative. In such cases,
the external iliac artery should be checked for potential AE of
the injured corona mortis.
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