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Abstract

Objective: Contrast-enhanced ultrasonography (CEU) has been used in critical trauma situa-
tions to visualize extravasation; however, its use is limited in the field of obstetrics. Cases of
ruptured uterine artery pseudoaneurysm (UAP) were analyzed to clarify the efficacy to CEU
during uterine balloon tamponade.

Methods: Cases of ruptured UAP diagnosed at a teaching university hospital from January 2015
to December 2017 were retrospectively analyzed. UAP was diagnosed using color Doppler
ultrasonography. Extravasation was identified using computed tomography and double checked
using CEU with an intravenously administered contrast agent (Sonazoid; Daiichi Sankyo
Company, Ltd., Tokyo, Japan) and an ultrasound instrument (HI VISION Preirus; Hitachi Aloka
Medical, Ltd., Tokyo, Japan). A balloon was then inserted into the uterine cavity and inflated at the
point of bleeding until extravasation ceased.

Results: Three patients exhibited ruptured UAP during the study period. Bleeding points were
successfully identified using CEU in all cases, and hemostasis was achieved using uterine balloon
tamponade. Obliteration of UAP was confirmed using magnetic resonance imaging, and no
patients developed recurrent UAP or any complications.

Conclusion: CEU can be used at the bedside to promptly diagnose ruptured UAP. Moreover, it
precisely facilitates balloon compression at the point of bleeding.
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Introduction

Uterine balloon tamponade (UBT) is a
highly effective technique for controlling
postpartum hemorrhage.' ™ Several
recent guidelines have recommended per-
forming UBT for first-line mechanical
hemostasis because of its simplicity and
cost-effectiveness.® ' However, the success
rate of UBT reportedly ranges from 78.1%
to 97.1%."'" One reasonable explanation
for failed UBT is that the balloon sloughs
off or prolapses from the original fundal
cavity and cannot directly compress the
bleeding point.'">'* Thus, precise assess-
ment of the bleeding point/area is necessary
for reliable hemostasis in patients undergo-
ing UBT.

We previously reported the efficacy of
contrast-enhanced ultrasonography (CEU)
using Sonazoid (Daiichi-Sankyo, Tokyo,
Japan) to assess postpartum hemorrhage.'”
CEU provides a clear view during the vas-
cular and post-vascular phases and was
originally used to diagnose hepatocellular
carcinoma.'® '® The Japanese Ministry of
Health, Labour and Welfare has expanded
the indications for the use of Sonazoid to
diagnosis of breast tumors. Sonazoid has
also been used to visualize extravasation
in patients with other critical conditions,
such as liver trauma and gall bladder per-
foration.'” ' However, its application is
limited in the field of obstetrics. Thus, in
the present study, we evaluated the efficacy
of CEU in UBT procedures to treat patients
with a ruptured uterine artery pseudoaneur-
ysm (UAP).

Patients and methods

This retrospective study was conducted at
Juntendo University Hospital, a tertiary
university hospital located in Tokyo,
Japan. Patients who were diagnosed with
UAP, examined using CEU, and treated
with UBT from January 2015 to December
2017 were eligible for inclusion. UAP was
diagnosed according to the “to-and-fro
pattern”®* or “swirl pattern”® on color
Doppler ultrasonography. Extravasation
was diagnosed using computed tomography
(CT) and double checked using CEU.
Sonazoid was used as the contrast agent
during ultrasonography and was intrave-
nously administered at a dose calculated
according to the patient’s body weight.
Bleeding points were assessed a few minutes
after administering Sonazoid. A Fuji-Metro
balloon (Fuji Latex, Tokyo, Japan),** origi-
nally designed for cervical ripening before
inducing labor, was then inserted at the
bleeding point in the uterine cavity and
inflated until extravasation ceased. The off-
label use of the Fuji-Metro balloon was
approved by the Juntendo University
Hospital Ethics Committee (#18-040). The
HI VISION Preirus (Hitachi Aloka
Medical, Ltd.) was used for CEU. The con-
trast mode, which calculates noise levels to
facilitate a clear view, was used in the assess-
ment. Although the use of Sonazoid is not
contraindicated in lactating women, lacta-
tion was prohibited for 24 hours after inject-
ing Sonazoid because the adverse effects of
this contrast agent on infants have not been
established. The off-label use of Sonazoid
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was approved by the Juntendo University
Hospital Ethics Committee (#25-576), and
written informed consent was obtained
from all patients who participated in this
study. The primary endpoint was the success
rate of UBT. Complications related to
CEU or UBT were assessed as secondary
outcomes.

Results

Three patients exhibited a ruptured UAP
during the study period, and all patients
developed genital bleeding from the uterus
that could not be controlled with uterotonic
agents. Extravasation of the ruptured UAP
was diagnosed using CT (Figure 1) and was
also observed using color Doppler and
CEU. The balloon was inserted into the
uterine cavity and inflated at the point of
bleeding using 30 to 200mL of saline.”’
Bleeding was successfully stopped in all
cases. In two of three patients, extravasation
ceased using UBT on the first attempt; how-
ever, UAP recurred after 7 and 11 days,
respectively. The patients were informed
about the possibility of the need for repeat
UBT or for hysterectomy or uterine artery
embolization. UBT was attempted again for
both patients, and the balloons were inserted
into the uterine cavity again. Gross bleeding

Figure |. Computed tomography image of a
ruptured uterine artery pseudoaneurysm. Contrast
agent was extravasated toward the uterine cavity.

ceased in one patient; however, slight extrav-
asation was observed using CEU. Therefore,
an extra 20mL of saline was added to the
balloon (Video 1 (available as online supple-
mentary materials)). The balloons were
deflated and removed at least 2 days after
insertion, and obliteration of UAP was con-
firmed using magnetic resonance imaging
(MRI) (Figure 2). No complications were
observed in any cases. All patients were fol-
lowed up in the outpatient clinic, and none
of them developed recurrent UAP.

Discussion

To our knowledge, this is the first report to
describe the use of UBT to control ruptured
UAP using CEU. The moment when hemo-
stasis was achieved was captured using
video imaging. Compared with CT or
MRI, CEU can be used at the bedside for
prompt diagnosis of UAP. The use of con-
trast agent during ultrasonography has an
obvious advantage given that the latter two
patients did not undergo CT before balloon
tamponade because the extravasations were
obvious with CEU, and CT would have
taken more time with an increase in the
amount of bleeding. (However, MRI was
performed to confirm obliteration of the
ruptured pseudoaneurysm [imaging data
not shown]).

The mechanism of hemostasis in UBT is
believed to involve direct compression of
the pseudoaneurysm by the balloon at the
bleeding point, leading to coagulation at
the rupture point. A ruptured UAP usually
exhibits extravasation at a single rupture
point with massive arterial bleeding. The
conventional UBT method involves blind
insertion of the balloon into the uterine
cavity without direct confirmation of the
balloon actually contacting the bleeding
point. As such, UBT performed with CEU
guidance can address these time-consuming
problems.
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Figure 2. Magnetic resonance (MR) image of a uterine artery pseudoaneurysm (UAP). (a) MR image
captured 2 days before UAP (arrow) rupture. (b) MR image captured 9 days after UAP rupture. No
pseudoaneurysm is apparent. A uterine myoma is evident at the anterior wall of the uterus.

This study had several limitations, the
first of which was the small number of
patients. Second, contrast agents are diffi-
cult to observe in detail unless a dedicated
contrast mode is used in a dedicated ultra-
sound device. One limitation of color
Doppler is its low sensitivity to detect
extravasation compared with CEU. Color
Doppler loses track of slow-flowing blood;
thus, the sensitivity of the color Doppler
mode is limited to approximately 5 to
10cm/s for slow-flow measurement. CEU
can detect slow blood flow that is otherwise
imperceptible on gross examination without
CEU. Moreover, detectability is very low
for blood flowing in a direction perpendic-
ular to the probe. Although CT, MRI, and
angiography have higher detection capabil-
ity than color Doppler, they are difficult
to perform in all facilities, especially
during night shifts and/or off-peak
hours. Moreover, these imaging modalities
are time-consuming. Conversely, contrast

agents are clearly visualized with slow
blood flow in any direction; thus, it is
casier to identify the rupture point than
when using any other method.

In conclusion, CEU can be used to locate
the bleeding site of a ruptured UAP at the
bedside, and hemostasis can be confirmed
using UBT.
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