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Surgical Steps

1. Insert the catheter for epidural anesthesia.
↓

2. Insert the sheath introducer from both sides of the
inguinal region and place the balloon in the common
iliac artery.
↓

3. Place the patient in the surgical position and check
vital signs and monitors.

↓

4. Insert the catheter in both ureters to prevent ureteral
damage during the surgery.
↓

5. Grasp theuterine cervixwith theforceps transvaginally.
↓

6. Induce general anesthesia.
↓

7. Start the cesarean section with a vertical abdominal
incision.
↓

8. Before incising the uterus, confirm the placental mar-
gin by ultrasonography to determine the incision site.
↓
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Abstract Cesarean section for placenta previa accreta spectrum carries a significant risk of
massive hemorrhage. Hence, it is necessary to understand the various hemostatic
procedures, damage control surgery and resuscitation for massive hemorrhage, and
systemic management against hypovolemic shock and coagulopathy. In cases of
placenta previa with previous cesarean section, the operation should be performed
in a tertiarymedical facility with well-trained staff and blood availability for transfusion.
Preoperative placement of an intra-arterial balloon occlusion catheter in the common
iliac artery or aorta is useful for preventing massive hemorrhage.
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9. Make a uterine incision and deliver the baby.
↓

10. Decide whether a consecutive hysterectomy is
necessary.
↓

11. Cut and ligate the round ligament and then the proper
ligament of the ovary and the fallopian tube. Expand
the retroperitoneal space.
↓

12. Cut and ligate the uterine artery and vein, and then cut
and suture the uterosacral ligament and the cardinal
ligament.
↓

13. Infuse 3,000 units of unfractionated heparin intrave-
nously, immediately before balloon dilation.
↓

14. Dilate the balloon in both common iliac arteries.
↓

15. Confirm that the internal iliac artery pulsation
becomes weak in the surgical field and that the pulse
wave attenuates but does not disappear completely
using oxygen saturationmonitors attached to both the
big toes.
↓

16. Separate the urinary bladder from the uterus.
↓

17. Perform hysterectomy and close the amputation
stump of the vagina.
↓

18. Deflate the balloon.
↓

19. If necessary, use protamine sulfate for heparin
neutralization.
↓

20. Search for bleeding points and stop them. Close the
incision of the abdomen.
↓

21. Remove the balloon and sheath introducers.

Cesarean Section Strategy for Placenta
Previa Accreta Spectrum with Intra-arterial
Balloon Occlusion

In the cases of placenta previa accreta spectrum (placenta
previa complicatedwith placenta accreta, increta, or percreta),
obstetriciansmay be required tomake the difficult decision of
performing a hysterectomy during the cesarean section.1–3

However, cesarean hysterectomy (CH) in these cases may
occasionally be accompanied by fatal massive bleeding.

Our hospital has had the experience of managing 60
patients with placenta previa accreta who had undergone
CH with diagnosed invasion of the placenta pathologically.
After examining these cases retrospectively, we found that
we had encountered cases of massive bleeding in association
with placenta percreta and placenta accretawhenwe tried to
separate the placenta from the uterus. Furthermore, we

attempted to ligate the internal iliac artery in some cases
after delivering the baby and before starting the hysterecto-
my to reduce blood loss. However, we could not find any
statistically significant differences in blood loss between the
cases with or without the ligation. In unsuccessful cases, it
was observed that collateral blood flow to the uterus had
immediately developed after the internal iliac artery liga-
tion.4 In addition, it has been reported that using internal
iliac artery balloon occlusionwith CH could control bleeding
rapidly compared with ligation; however, prophylactic in-
travascular balloon catheters did not benefit women with
placenta accreta undergoing CH.5 These results suggest that
we may not be able to control the hemorrhage volume of CH
by blocking the internal iliac artery because of collateral
blood flows.

In contrast, there is another strategy inwhich after deliver-
ing the baby, the obstetricians close the surgical incision,
including the uterus, without separating the placenta and
then perform hysterectomy several weeks later.6 This is a
very sensiblemethod becausewe can start hysterectomy after
the blood flow of the uterus has decreased. However, if the
placenta separates unexpectedly during the first surgery, we
might not be able to avoid the risk of massive bleeding.

Shih et al published a case report describing that they
performed CH using common iliac artery balloon occlusion
(CIABO) to reduce the hemorrhage volume in a patient with
placenta percreta.7 Since then,wehave startedusingCIABO for
CH and have had 30 cases since 2005. We succeeded in
significantly decreasing thehemorrhage volume in these cases
using CIABO for CH rather than internal iliac artery ligation.8,9

Recently, advances in medical device engineering have
made the balloon and sheath introducer thinner (�10 Fr),
which has allowed for safer balloon placement inside the
abdominal aorta. Therefore, this has contributed to an in-
creased number of reports on the usefulness of abdominal
aorta balloon occlusion (AABO) to reduce blood loss in
patients undergoing CH.10 AABO has the advantage that it
needs only one sheath introducer for the occlusion balloon
catheter; however, it also has the disadvantage that the
balloon cannot be expanded before CH, and it may block
the branch of the inferior mesenteric artery (►Fig. 1).

Preoperative Preparation

The patients in whom placenta previa accreta is strongly
suspected would be managed during hospitalization after
30 weeks of gestation. Four hundred milliliter of blood is
generally collected under the observation of fetal heart rate
patterns and uterine contractions from 3 weeks prior to the
planned date of cesarean section, and a total of 1,200mL of
blood is stored for autologous blood transfusion. Owing to
the strong collaboration with other specialists, including
pediatricians, radiologists, urologists, and anesthesiologists,
we usually plan to perform CH at approximately 35 to
36 weeks of gestation. If the circumstances of each hospital
do not allow this schedule, CHmay be planned at 34weeks of
gestation because we should avoid performing CH in an
emergency situation as much as possible.
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Informed Consent

We need to explain the following details to the patients and
their families and inform them our outcomes using CH with
CIABO; written informed consent is then obtained before
hospitalization. Among the cases in which the placenta is on
a prior uterine scar, half of the cases develop complicated
placenta accreta pathologically. Accurate preoperative pre-
diction of placenta accreta is said to be difficult. Therefore,
we often decide whether the hysterectomy is necessary,
depending on the actual perioperative findings inside the
abdomen. In some cases of hysterectomy, placenta accreta
may not be diagnosed by pathology. Depending on the
findings during the surgery, we may decide to end it with
the placenta still inside the uterus and perform an arterial
embolization using the already-available catheter. In this
case, we will plan to perform hysterectomy at a later date.

The patients should be informed about the details of the
risks associated with inserting CIABO, such as maternal
lower limb ischemia and crush syndrome, thrombosis, in-
guinal hematoma, and damage to the artery.

Tips and Warnings

If a patient is eagerly hoping to avoid hysterectomy, we
should understand the following:

• Separation of the placenta may cause massive bleed-
ing. If we cannot control the bleeding by banding or

pressure hemostasis, we will have to perform
hysterectomy.

• It is reported that with conservative management,
hysterectomy can be avoided. In this method, after
the delivery of the baby, the surgery is ended with the
placenta still inside the uterus, andwewill wait for the
spontaneous disappearance of the placenta. We have
used this method for three cases; however, we ulti-
mately could not avoid the hysterectomy because of
postoperative bleeding or infection. In one of the cases,
there was a postoperative massive blood loss of
17,000mL.

Explanation of the Procedures

1. Insert the catheter for epidural anesthesia.
Inserting the catheter for epidural anesthesia will help in

pain control during the procedures of inserting the sheath
introducer and balloon catheter and inserting the catheter in
both ureters. However, in one of our cases, when a patient
was in the lateral decubitus position, sudden heavy bleeding
occurred from the uterus, requiring prompt cesarean section.
From this experience, we have learned to pay attention even
during the induction of anesthesia.

2. Insert the sheath introducer from both sides of the
inguinal region and place the balloon in the common iliac
artery.

Fig. 1 Cesarean section strategy for placenta previa accreta spectrum using common iliac artery balloon occlusion.
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It is common to perform magnetic resonance imaging
before the surgery in the cases of placenta previa accreta. We
recommend evaluating the diameter and length of the
common iliac artery. Normally, a 10-mm diameter balloon
should be adequate to occlude the artery.

When we used a balloon made of latex, we noticed that it
was damaged after three placements. Therefore, we have
started using a new balloon made of a polyurethane resin,
which is more preferable (►Fig. 2).

We recommend the procedure during which the bal-
loons are placed by crossing over to the common iliac artery
on the opposite sides, that is, a catheter inserted from the
right femoral artery is used to place a balloon in the left
common iliac artery and a catheter inserted from the left
femoral artery is used to place a balloon in the right
common iliac artery (►Fig. 3). This is done because after
delivering the baby, the position of the balloons may have
changed to a more peripheral side than expected, and
occasionally, the balloon may enter the external iliac artery,
especially in patients who have shorter common iliac
arteries. Since these balloons are inserted retrogradely,
their position is easily changed because of the blood flow.
Thus, this is a sensible method because the balloons are in
the antegrade blood flow.

Since the baby is inside the uterus, trial dilation of the
balloon should be performed one by one before surgery, and
the fetal heart rate must be monitored.

6pt?>Themaximumradiationexposurewasapproximately
70mGy during this procedure. Since the exposure value of the

fetus is expected to be lower than this value, the balloon
placement procedure can be performed under the threshold
value.

In recent years, several hospitals have added a hybrid
operating room that combines an operating room with a
cardiocerebral vascular radiography room. If the apparatus is
present in this room, the proceduremight be performed after
delivering the baby. However, since we have experienced
three cases of massive bleeding before delivery, we think it
would bebetter to perform this procedurebefore starting the
surgery.

3. Place the patient in the surgical position and check vital
signs and monitors.

Since there are procedures to insert the urethral catheter
and mark the uterine cervix afterwards, the patients need to
be placed in the lithotomy position. However, the flexion of
the hip joint may cause damage to the sheath introducer and
the balloon. Therefore, we place the patients in a position
with legs apart and hips extended using a levitator (MIZUHO
Corporation, Japan). We monitor the pulse wave and oxygen
saturation of both the big toes during surgery to evaluate the
effect of balloon occlusion and avoid lower-limb ischemia.
Furthermore, we establish intravenous lines in both arms

Fig. 2 Intra-arterial balloon occlusion catheter made of polyurethane
resin. (Reproduced with permission from Murayama Y, Seki H, Itakura
A, Takeda S. Placenta previa accreta spectrum; approach to reduce
blood loss: intra-arterial balloon occlusion. In: Konishi I, Hiramatsu Y,
Sakuragi N, Takeda S, eds. Surgery for Pregnancy with Placenta Previa
and Placenta Accreta: Careful Preparation and Critical Management.
OGS NOW, No.9 (in Japanese). Tokyo: Medical View; 2012:100–109.
Copyright © Medical View).

Fig. 3 The balloon in the left common iliac artery, which was inserted
from the right femoral artery, is inflated. The balloon catheter
placement is performed on the contralateral side to the puncture site,
passing across the aortic bifurcation and placing antegradely. When
inflating the balloon, do not fully inflate the balloon; instead, inflate
with slight blood flow remaining toward the femoral artery to avoid
excessive ischemia. In addition, it is recommended to determine the
catheter placement site at slightly proximal to the target place
because the balloon may move slightly toward the distal side due to
blood flow. (Reproduced with permission from Murayama Y, Seki H,
Itakura A, Takeda S. Placenta previa accreta spectrum; approach to
reduce blood loss: intra-arterial balloon occlusion. In: Konishi I,
Hiramatsu Y, Sakuragi N, Takeda S, eds. Surgery for Pregnancy with
Placenta Previa and Placenta Accreta: Careful Preparation and Critical
Management. OGS NOW, No.9 (in Japanese). Tokyo: Medical View;
2012:100–109. Copyright © Medical View).
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using 18- to 14-gauge needles and an intra-arterial line
prepared for massive bleeding.

We prepare the autologous blood transfusion from
3 weeks prior to the planned date of cesarean section, and
a total of 1,200mL is stored. In addition to this, we prepare 20
units each of red blood cell concentrates and fresh frozen
plasma for CH.

4. Insert the catheter in both the ureters to prevent ureteral
damage during the surgery.

The uterus of the placenta previa accreta has a swollen
bottom-like structure resembling the shape of a snowman
as the same as the huge cervical myoma that leaves no
intrapelvic space and prevents palpation and identification
of the ureters. So, you will feel that it is difficult to visually
confirm the uterine arteries and the ureters. The catheters
inside both the ureters make it easier to confirm the
position of the ureters even in a tense situation when the
bleeding increases.

In the prototype of the CH strategy, we performed this
procedure the day before surgery. However, because of pain
control and bleeding from the bladder, we have recently
started performing it immediately before the CH.

5. Grasp the uterine cervix with the forceps transvaginally.
The pregnant uterine cervix becomes softer than the

nonpregnant uterus, making it difficult to palpate the posi-
tion of the vaginal fornix. If the bladder was over-separated
from the vagina, it would be hard for hemostasis to occur.
Therefore, grasping the uterine cervix transvaginally with
the grasping forceps helps to palpate the position of the
vaginal fornix. We have never experienced uterine bleeding
using this procedure.

6. Induce general anesthesia.
In the past, for a brief period, we tried performing CH by

spinal anesthesia becausewewanted the patients to hear the
first cry of their babies. However, because of the sheath
introducer and the balloons, the patients could not maintain
thebent posture required for spinal anesthesia. Furthermore,
we also observed that a patient suddenly started bleeding
heavily from the uterus during the spinal anesthesia, requir-
ing us to start the cesarean section urgently without using
the ureteral catheters. It is important to perform the proce-
dures exactly as planned to reduce the risks of CH. Therefore,
we perform CH using general anesthesia. In addition, since
patients with placenta previa accreta are usually in extreme
tension, general anesthesia may be considered the best
choice for them.

7. Start the cesarean section with a vertical abdominal
incision.

It should be a consensus that the vertical abdominal
incision is a sensible method of creating enough space for
CH. Since we make the transverse incision of the fundus of
the uterus (Kotsuji method) with reference to the report,11

the abdominal incision may be extended to the navel.
8. Before incising the uterus, confirm the placental margin

by ultrasonography to determine the incision site.
Massivebleeding tends to occur if the placenta is detached

before or soon after delivering the baby in the case of
placenta previa accreta. The uterine incision should be

made superior to the placenta at some distance to avoid
causing spontaneous placental detachment. After the ab-
dominal incision, we think it is important to identify the
placental margin by ultrasonography before choosing the
incision site (►Fig. 4).

9. Make a uterine incision and deliver the baby.
Care should be taken if a vertical uterine incision was

made because the incision may be extended to the placenta-
tion site when the baby is delivered, causing massive bleed-
ing (►Fig. 5).

10. Decide whether a consecutive hysterectomy is
necessary.

We assess the placental invasion more than the pla-
centa increta and decide to proceed with hysterectomy
when the uterus showed findings such as extensive ab-
normal growth of new blood vessels in the vesicouterine
pouch, bulging of the placentation site with the prolifera-
tion of blood vessels, or if the placenta can be seen
through the serosa.

The uterus of the strictly defined placenta accretamay not
express these findings prominently. In those cases, we
consider it appropriate to determine whether hysterectomy
should be performed based on the presence or absence of
signs of spontaneous detachment of the placenta. If the
placental invasion is partial, perform the following steps
before hysterectomy. First, the placenta is removed manual-
ly, while conducting pressure hemostasis with a towel or
gauze covering the intrauterine surface where the placenta
detached and then suturing directly at the bleeding points
and/or conducting uterine compression sutures.

Fig. 4 Ultrasonographic image taken during cesarean hysterectomy.
(Reproduced with permission from Murayama Y, Seki H, Itakura A,
Takeda S. Placenta previa accreta spectrum; approach to reduce blood
loss: intra-arterial balloon occlusion. In: Konishi I, Hiramatsu Y,
Sakuragi N, Takeda S, eds. Surgery for Pregnancy with Placenta Previa
and Placenta Accreta: Careful Preparation and Critical Management.
OGS NOW, No.9 (in Japanese). Tokyo: Medical View; 2012:100–109.
Copyright © Medical View).
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We have had four patients in whomwe performed hemo-
static sutures from the serosa side to the detached placenta
surfacewith CIABO to avoid hysterectomy.We diagnosed the

patients with placenta previa accreta clinically; however, we
could not diagnose them pathologically using the placentas.
If the patients were eagerly hoping to avoid hysterectomy,
we could attempt it. However, since extensive placental
invasion may cause massive bleeding, even in the case of
strictly diagnosed placenta accreta, there should be no
hesitation in performing hysterectomy at that time. Because
intrauterinebleeding at the placenta detachment site is often
from the vein, CIABO may be less effective than arterial
bleeding (►Fig. 6).

11. Cut and ligate the round ligament and then the proper
ligament of the ovary and the fallopian tube. Expand the
retroperitoneal space.

The cut end of the uterine side and the distal side should
be tightly ligated. It is said about all ligaments that bleeding
from the cut end of the uterus side should not be ignored
while performing hysterectomy during pregnancy because
of increased circulatory blood volume. It is important that
all cut ends should be ligated carefully to ensure that the
knots do not slip. The peritoneum of the anterior lobe of the
broad ligament should be incised up to a site near the
bladder, and the posterior lobe of the broad ligament should
be separated and incised in the direction toward the site of
attachment of the uterosacral ligament to obtain a sheet of
peritoneum. The location of the ureter should be definitely
confirmed.2,3

12. Cut and ligate the uterine artery and vein and then cut
and suture the uterosacral ligament and the cardinal ligament.

Fig. 6 Pictures of findings strongly suggesting invasion of the placenta. All the photos were from different patients who underwent
hysterectomy and were diagnosed with placenta increta or percreta pathologically. (Reproduced with permission from Murayama Y, Seki H,
Itakura A, Takeda S. Placenta previa accreta spectrum; approach to reduce blood loss: intra-arterial balloon occlusion. In: Konishi I, Hiramatsu Y,
Sakuragi N, Takeda S, eds. Surgery for Pregnancy with Placenta Previa and Placenta Accreta: Careful Preparation and Critical Management. OGS
NOW, No.9 (in Japanese). Tokyo: Medical View; 2012:100–109. Copyright © Medical View).

Fig. 5 Transverse incision of the fundus of the uterus (Kotsuji
method11). (Reproduced with permission from Murayama Y, Seki H,
Itakura A, Takeda S. Placenta previa accreta spectrum; approach to
reduce blood loss: intra-arterial balloon occlusion. In: Konishi I,
Hiramatsu Y, Sakuragi N, Takeda S, eds. Surgery for Pregnancy with
Placenta Previa and Placenta Accreta: Careful Preparation and Critical
Management. OGS NOW, No.9 (in Japanese). Tokyo: Medical View;
2012:100–109. Copyright © Medical View).
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The parametrium should be separated and cut with an
electric cautery device, allowing the courses of the uterine
artery and vein to be confirmed. The uterine artery and vein,
including the upper part of the carinal ligament, should be
cut and suture-ligated doubly with a 1–0 absorbable thread.
Then, the uterosacral ligament and the remaining portion of
cardinal ligament should be cut and suture-ligated,
respectively.2,3

13. Infuse 3,000 units of unfractionated heparin intrave-
nously, immediately before balloon dilation.

We infused 3,000 units of unfractionated heparin intra-
venously immediately before balloon dilation to prevent
thrombosis of the lower limbs. In our experience, using
6,000 units of unfractionated heparin before balloon dilata-
tion may compromise blood coagulation, hence we now
recommend 3,000 units of unfractionated heparin.

14. Dilate the balloon in both common iliac arteries.
The toughest procedures in CH are to separate the bladder

and the uterus to cut the vaginal fornix. We inject the
unfractionated heparin intravenously and dilate each side
of the balloons in turn, just before starting to separate the
bladder. With reference to the tourniquet guide in orthope-
dic surgery, we think that approximately 1hour of occlusion
can be tolerated; however, we deflate the balloons every
30minutes just in case.

15. Confirm that the internal iliac artery pulsation becomes
weak in the surgical field and that the pulse wave attenuates
but does not disappear completely by oxygen saturation
monitors attached to both the big toes.

The purpose of this procedure is to make sure that the
balloons are correctly positioned in the common iliac
artery. If the balloon enters the external iliac artery and
is inflated there, it will increase the blood flow of the
internal iliac artery and blood loss will also increase. In
addition, it may cause unexpected lower limb ischemia. The
point of using CIABO is that the blood flow to the intrapelvic
region is significantly decreased, while that to the lower
limbs is maintained at a low rate. Therefore, it is not
necessary to dilate the balloons until the pulse wave
completely disappears. The hemorrhage volume in the
surgical field will decrease even when the wave attenuates.
Conversely, if the pulse wave disappeared completely, it
must be determined whether the balloons entered the
external iliac artery.

16. Separate the urinary bladder from the uterus.
In cases of previous cesarean section complicated by

placenta previa accreta, the placentas attach to the prior
cesarean section scar, and there is abnormal vessel growth in
the vesicouterine pouch. When these vessel growths are
relatively mild, the completion of this procedure and hyster-
ectomy in a short timewill result in relatively low blood loss.
In contrast, when the vessels swell extensively, this proce-
dure should be performed carefully as follows. First, separate
the sparse connective tissue between the uterine cervix and
the bladder gently with the fingers; next, hold the clamp on
the firm tissue between the fundus of the bladder and the
uterine cervix; and then, cut and ligate it. Forced separation
even if you feel a resistancemay cause damage to the bladder.

Nevertheless, attention should be paid to the uterine mus-
cular wall during this procedure to avoid damage. However,
the procedure often causes damage to the bladder at the
adhesion site. In such a case, the adhesion area and the wall
of the bladder can be identified and there is no need to panic.
We perform double-layer closure using absorbable surgical
suture for the bladder injury as follows: the first layer is
sutured one by one so that the mucosal and muscular layers
are aligned; the second is a retention suture of the muscle
that prevents the wound separation.

Regarding hysterectomy, it has also been reported that
the posterior vaginal fornix is first opened from the Douglas
fossa, the cardinal ligament and the uterine artery are
ligated retrogradely, and finally, the uterus and bladder
are separated. This method is effective to prevent damaging
the bladder. However, in CH, since the uterus of placenta
previa accreta has a swollen bottom resembling the shape
of a snowman, the approach from the Douglas fossa is rather
difficult.

►Fig. 7 shows that the bladder separation is performed
laterally in a patient with proliferative vessels of the perito-
neum in the vesicouterine pouch. The incision of the anterior
lobe of the broad ligament of the uterus is extended to the
inguinal direction while avoiding the proliferated vessels in
the vesicouterine pouch (►Fig. 7A).When separating the
sparse connective tissue between the uterine cervix and
the bladder, it is important to feel the presence of the uterine
cervix and detach it gently with the fingers, while avoiding
the elastic (the bladder) and firm (adhesion) tissues.►Fig. 7B

shows that the separation finger going between the uterine
cervix and the bladder meets in the middle. ►Fig. 7C shows
the further separation of the bladder from the uterus.We can
see the bulging placenta through the uterus
(►Fig. 7C). ►Fig. 7D shows the end of the separation of the
bladder except for the peritoneum and the proliferative
vessel of the vesicouterine pouch. The area of firm adhesion
between the bladder and the penetrated placenta is dissect-
ed and held with a clamp (►Fig. 7E). When cutting the
adhesive area, the cut end should be confirmed to be
adequately apart from the fundus of the bladder. ►Fig. 7F

shows the ventral side of the removed uterus. The red and
black bulge is the adhesion site of the placenta to the
previous cesarean section scar. The pathological diagnosis
is placenta percreta (►Fig. 7F).

17. Perform hysterectomy and close the amputation stump
of the vagina.

The incision of the anterior vaginal fornix was performed
using the palpation with the grasping forceps at the uterine
cervix as a guide. We ligated the capillary plexus on the
lateral side of the vagina and performed closed sutures of the
amputation stump of the vagina. The surface of the bladder
after separation from the uterus can have the over-swelling
vessels. Therefore, care should be taken not to injure these
vessels.

18. Deflate the balloon.
The balloons should be deflated on each side one after the

other because this may cause hyperkalemia if the lower limb
blood flow is completely blocked. After deflation of the
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balloons, it is necessary tomonitor the changes inT-waves on
electrocardiogram and evaluate the potassium level of the
arterial blood gas over time.

19. If necessary, use protamine sulfate for heparin
neutralization.

If the activated coagulation time (ACT) value extends>140
seconds afterdeflating theballoons, you should consider using
protamine sulfate for the neutralization of heparin.

20. Search for bleeding points and stop them. Close the
incision of the abdomen.

After deflating the balloons, you should pay attention to
bleeding from the cut end of the serosa or the cardinal
ligament and from the bladder away from the uterus. If
you find some bleeding points, perform hemostasis by liga-
tion or electrocoagulation. After confirming that hemostasis
has occurred, irrigate the surgical field with saline and then
indwell the drain for the intrapelvic region before closing the
abdominal incision.

21. Remove the balloon and sheath introducers.
We remove the balloon catheter soon after the end of CH

(usually in the operating room) and remove the sheath intro-
ducer after ACT test to confirm no coagulation abnormality
(usually in the patients’ room). Hemostasis is performed by
manually pressing the central side of the puncture site for
>10minutes. Subsequently, pressure hemostasis is continued
using a sandbag for 5hours. Since there is a case report of
sudden hemorrhagic cardiac arrest due to internal hemor-
rhage from the femoral artery puncture site accumulating in
the retroperitoneum, attention should be paid to changes in

the blood pressure and heart rate by continuous monitoring
and also to the condition of the puncture site, such as a
hematoma and subcutaneous bleeding.
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