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Introduction

Obstetric haemorrhage remains one of the most common causes 
of maternal death and accounts for around 25% of maternal 
deaths worldwide.1,2 It is also associated with significant 
maternal morbidity and often results in adverse fetal outcomes. 
Medical management of obstetric haemorrhage is well known. 
This review will focus on endovascular interventions in obstetric 
haemorrhage.

Postpartum haemorrhage

Uterine atony is the most common reason for postpartum 
haemorrhage (PPH), followed by abnormal placentation. 
Disseminated intravascular coagulation (DIC) and amniotic fluid 
embolism (AFE) are medical causes of bleeding.3 Risk factors 
include a history of PPH (very strong predictor), previous uterine 
surgery, fibromas, anticoagulant use, fertility treatment, anaemia, 
severe preeclampsia, HELLP syndrome, and multiple pregnancy. 

Anticipated major obstetric haemorrhage

Abdominal pregnancy and the conditions associated with 
abnormal placentation, such as placenta praevia, vasa praevia, 
and the placenta accreta spectrum (PAS), have the potential 
for massive bleeding/major obstetric haemorrhage (MOH). The 
bleeding may be difficult to control due to the uterus’s rich 
blood supply, particularly to the placenta. Blood loss in placenta 
percreta can be more than 3 000 ml in 90% of cases.4 

Placenta accreta spectrum

Patients with PAS should deliver at a specialist centre. Furthermore, 
a multidisciplinary approach to the management of PAS is 
critically important. Members of this team include experienced 
obstetricians, neonatologists, interventional radiologists, trauma 
surgeons, urologists, surgeons with expertise in complex pelvic 
surgery, anaesthetists, and intensivists.5 There must be 24-hour 
access to a blood bank with the capacity to activate a massive 
blood transfusion protocol. A colorectal and vascular surgeon 
may be needed if placenta percreta is present. 

The urologist inserts double-J stents into the ureters to make 
them easily identifiable during the surgery. The team must 

decide on whether and what endovascular modality will be 

used to control torrential bleeding should it occur. Cell salvage 

with a leucodepleted filter is useful to minimise the number of 

autologous blood products needed. 

The role of the anaesthetist is crucial in managing the patient 

with potential haemorrhagic shock. They need to understand 

the considerations of obstetric haemorrhage and the technical 

aspects of endovascular procedures to manage the physiological 

changes appropriately.

Almost half of the patients with PAS deliver before 34-week 

gestation. Multidisciplinary discussion and planning need to 

occur early, and the team must be available on short notice in 

case an emergency delivery is needed.5

Risk factors for PAS:5-7

•	 Asherman syndrome

•	 Endometrial ablation

•	 In vitro fertilisation

•	 Maternal age > 35

•	 Multiparity

•	 Placenta praevia

•	 Previous caesarean delivery

•	 Previous dilatation and cerclage

•	 Previous uterine surgery

The role of the anaesthetist in the management of 
placenta accreta spectrum

Early evaluation by an anaesthetist is valuable to identify 

any clinical conditions that can be optimised before surgery. 

Referral to the relevant specialists should take place if significant 

comorbidities are present. Coagulation studies and a full 

blood count must be done, and any abnormalities addressed. 

Haemoglobin levels should be optimised. The blood bank should 

be informed that a massive blood transfusion protocol with the 

inclusion of cryoprecipitate may be activated. Cross-matched 

blood should be available immediately. The recommendation is 
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to have four units of red pack cells and four units of fresh frozen 
plasma available in theatre.7

Intraoperative management should consider the risk of massive 
bleeding. Two large bore (14 or 16 G) intravenous lines and intra-
arterial blood pressure monitoring are standard requirements. 
A central venous catheter is not routinely sited and would 
depend on the clinical picture, the expected blood loss, and the 
possibility that inotropic support may be needed. Cell salvage 
should be available.5,7 Tranexamic acid is given at the onset of 
bleeding and repeated if blood loss exceeds 1 500 ml. 

Both neuraxial and general anaesthesia has been used in 
cases with PAS.6,8 The benefits of general anaesthesia are that 
the haemodynamics are easier to manipulate in the setting 
of uncontrolled bleeding, and airway management is done 
electively and not when the patient is haemodynamically 
unstable. Surgery is often prolonged, and a neuraxial anaesthetic 
may need to be converted if the spinal block wears off or the 
patient becomes uncomfortable. A combined spinal-epidural 
provides immediate anaesthesia with the benefit of maintaining 
anaesthesia via the epidural catheter and extending analgesia 
into the postoperative period. 

Neuraxial anaesthesia has the benefits of allowing the mother 
to participate in the birth of her baby, decreased airway and 
aspiration risks, decreased fetal exposure to anaesthetics and 
minimal uterine atony. If the mother wishes to be awake for the 
delivery, there is the option to start the case under neuraxial 
and convert to general anaesthesia once the baby is delivered.6 

A neuraxial technique, in addition to general anaesthesia, is 
associated with a decreased length of hospital stay.9 The neuraxial 
procedure must be done before inserting any endovascular 
devices, as these devices preclude hip flexion.

Patients with MOH need monitoring in the postoperative period 
for ongoing bleeding, anaemia, DIC, organ dysfunction and fluid 
overload. Postoperative pain requires a multimodal approach. 
Intrathecal morphine is highly recommended. Truncal blocks 
done at the end of surgery is an alternative. Simple paracetamol 
and nonsteroidal anti-inflammatory drugs should be routine.7 

Patients who have endovascular interventions done should be 
monitored for intervention-specific complications. 

Uterine blood supply10,11

The uterus has a dual blood supply and receives blood primarily 
from the left and right uterine arteries, with contributions from 
the left and right ovarian arteries. Ovarian arteries can contribute 
to uterine bleeding in around 12% of cases with PPH.12 The uterine 
arteries are branches of the anterior division of the internal iliac 
arteries. The ovarian arteries most commonly arise directly from 
the descending aorta between the renal and inferior mesenteric 
arteries, while the left ovarian artery also commonly arises from 
the left renal artery. The round ligament arteries come from 
the inferior epigastric artery and form an intricate network of 
anastomoses with the ovarian artery.

The uterus has collateral supply from the ovarian, round ligament, 
internal pudendal, and inferior mesenteric arteries.

The uterine arteries enter the uterus around the isthmus and 
branch into an ascending and descending part. The ascending 
branch of the uterine artery becomes torturous as it travels 
cephalad on the side of the uterus, where it also anastomoses 
with the ovarian artery. It moves into the myometrium and 
divides into the arcuate, radial, spiral, and basal arteries.

During pregnancy, the uterine arteries almost double in size13 

and become a low-resistance system. The uterine blood supply 
towards the end of pregnancy increases to around 700– 
800 ml/min.13 Uncontrolled bleeding from the uterus rapidly 
becomes life-threatening.

Endovascular interventional modalities

Endovascular haemorrhage control can be achieved through 
balloon occlusion of arteries or by injecting embolising material 
into an artery to encourage the formation of a blood clot within 
the artery. Sheaths are inserted under fluoroscopy using regional 
anaesthesia. Arterial access is via the femoral arteries. It is best 
achieved using ultrasound, especially in a shocked patient 
whose femoral pulse may be faint.14 For arteries below the aortic 
bifurcation, both femoral arteries are cannulated to facilitate 
bilateral arterial occlusion. Balloon occlusion of the abdominal 
aorta requires only one side to be cannulated.

Prophylactic endovascular interventional management of 
PAS is associated with a decrease in blood loss, a decrease 
in hysterectomy rate, and a decrease in surgical time.15-17 

Endovascular balloon occlusion of the abdominal aorta is 
associated with the lowest hysterectomy rate, the least amount 
of blood loss, the least number of complications and the lowest 
maternal and fetal radiation doses. However, it requires a bigger 
insertion port with the resultant need for a vascular closure 
device.

Uterine artery embolisation2

An aortogram is done to determine the position of the uterine 
and ovarian arteries and excludes extravasation of contrast. 
A catheter is directed into the targeted arteries, and gelatine 
sponge particles are injected. The sponge particles are absorbed 
over three to six weeks, and the artery will subsequently undergo 
recanalisation, providing a chance for future fertility. 

Bilateral uterine arteries are embolised first. The anterior divisions 
of the internal iliac arteries are embolised if the uterine arteries 
cannot be cannulated or if bilateral Uterine artery embolisation 
(UAE) is unsuccessful. Another aortogram is done to identify 
any other arteries that feed into the uterus. Other arteries that 
may contribute to uterine bleeding include the ovarian, vaginal, 
round ligament, obturator, deep circumflex iliac, pudendal, 
middle rectal, median sacral, iliolumbar arteries and superior 
rectal arteries that arise from the inferior mesenteric arteries.1 

These arteries must also be embolised if they contribute to the 
bleeding. 
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A warning sign that UAE alone may not be sufficient to arrest 
the bleeding is when the ovarian arteries are direct branches 
of the aorta. Additional ovarian artery embolisation (OAE) may 
be warranted. OAE is technically challenging and may not be 
achievable in a patient who is bleeding heavily. There should be 
no delay in proceeding to a hysterectomy in such cases. OAE can 
result in ovarian ischaemia that compromises fertility in patients 
where a hysterectomy is averted. Thus, the patient should 
be fully informed regarding the risks and benefits of arterial 
embolisation.

The success rate of UAE may be as high as 90%1 but may fail 
under certain conditions. In addition to blood supply from 
other arteries, another reason for failure is the presence of 
DIC.18 The gelatine sponges used in the embolisation process 
form a physical barrier to blood flow and provide a scaffold for 
the formation of a blood clot.19 Sugai et al.18 postulate that the 
deficiency of clotting factors in DIC contributes to the failure 
to form the blood clot. A different material known as N-butyl 
cyanoacrylate (NBCA) can be used to overcome this problem. 
NBCA results in permanent occlusion in the vessel, whereas 
gelatine sponges result in recanalisation of the artery in about 
two to six weeks.

Complications of arterial embolisation:

•	 Lower extremity deep vein thrombosis

•	 Dissection of internal iliac artery

	◦ Haemoperitoneum

•	 Endometriosis

•	 Uterine necrosis

•	 Damage to a persistent sciatic artery (rare anomaly)

	◦ Irreversible ischaemic damage to lower limb

•	 Altered menstruation

•	 Uterine artery dissection

•	 Post-embolisation syndrome

	◦ Fever

	◦ Abdominal pain

	◦ Mild leucocytosis

•	 Puncture site haematoma

The role of the anaesthetist in UAE is to provide analgesia and 
sedation for the endovascular procedure that takes place in the 
angiography suite, followed by the anaesthetic management 
of the caesarean delivery and hysterectomy. An epidural 
catheter is usually inserted before the UAE procedure, and a 
low dose of local anaesthetic is administered. The anaesthetic 
considerations for the surgical procedure include the need for 
invasive haemodynamic monitoring, aspiration prophylaxis, 
airway management, blood transfusion management and 
complications associated with massive blood loss. 

Intra-arterial balloon occlusion

The success of intra-arterial balloon occlusion depends on the 
vessel in which the balloon is inflated. The arteries that can be 

occluded include bilateral internal iliac arteries, bilateral uterine 
arteries, bilateral common iliac arteries, and the abdominal 
aorta.17 Occlusion at the level of the internal iliac vessels often 
fails due to the presence of collateral blood supply to the 
uterus. Balloon occlusion in the common iliac arteries has been 
used successfully.20 Another option is balloon occlusion of the 
abdominal aorta (AABO). AABO risks occluding the inferior 
mesenteric artery with resultant bowel ischaemia. 

Resuscitative endovascular balloon occlusion of the 
aorta

The earliest use of resuscitative endovascular balloon occlusion 
of the aorta (REBOA) dates back to the 1950s when it was used 
in the Korean War on two moribund patients.21 A decade later, it 
was also used in a ruptured abdominal aorta aneurysm.22 There 
has been renewed interest in the concept in the last few years, 
especially in locations where trauma is common and blood 
resources scarce.

REBOA is a bridging intervention used in uncontrolled bleeding 
until bleeding can be controlled with surgical or endovascular 
measures. It maintains cerebral and coronary perfusion in an 
otherwise haemodynamically unstable patient.23 It has been 
used successfully in trauma cases and ruptured abdominal 
aorta aneurysms (rAAA) and is now employed in other 
non-compressible bleeding cases. These other indications 
include obstetric haemorrhage, pelvic bleeding, and massive 
gastrointestinal bleeding. 

There are three types of REBOA occlusion. The first is complete 
REBOA where there is no flow past the balloon. Partial REBOA 
(P-REBOA) allows for some continuous flow past the balloon 
to allow some perfusion to organs distal to the occlusion, and 
intermittent REBOA where there is repeated inflation and 
deflation of the balloon.24

Blood loss is significantly decreased in PAS cases where REBOA 
are used.25-27 REBOA also causes a significant increase in systolic 
blood pressure (SBP) in haemodynamically unstable patients. 
Two recent systematic reviews and meta-analyses28,29 show an 
increase between 50–80 mmHg depending on the indication 
for the REBOA. Twenty-four-hour and in-hospital mortality is 
decreased.28-30

Aortic zones for the deployment of the resuscitative 
endovascular balloon occlusion of the aorta

The descending aorta is divided into three zones. Zone 1 starts 
at the left subclavian until the coeliac trunk. Zone 2 stretches 
from the coeliac trunk to the lower of the two renal arteries, 
and zone 3 from the renal arteries to the aortic bifurcation. The 
level at which the REBOA is deployed depends on the area of 
bleeding. Bleeding from the uterus can usually be controlled by 
inflating the REBOA in the distal part of zone 3 below the inferior 
mesenteric artery and the aortic bifurcation. The deployment 
distal to the inferior mesenteric artery allows blood flow to the 
ovaries and bowel. Balloon occlusion in zone 2 is contraindicated 
due to the high risk of bowel ischaemia.24
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Resuscitative endovascular balloon occlusion of the aorta 
catheter designs31

The ideal REBOA catheter would be safe to use in injured blood 
vessels with a low risk of aorta injury or rupture, resistant to 
migration, easy and quick to insert, and amenable to use in the 
pre-hospital environment.32 There are a few different types of 
REBOA catheters currently on the market. Each new product on 
the market aims to improve on previous designs to improve the 
device’s safety and make it easier to use.

Currently, some of the market leaders in REBOA catheter design 
are Tokai Medical Products™, Prytime Medical™ (ER-REBOA™) and 
Frontline Medical Technologies™ with its newest addition, the 
COBRA-OS™. A prominent feature is a soft, flexible tip that allows 
for easy insertion without the need for a guidewire or imaging 
to confirm placement. The ER-REBOA™ has a trademarked ‘P-tip’ 
that has an extra curl compared to the ‘J-tip’ found in the COBRA-
OS™. The function of the ‘P-tip’ is to mitigate the risk of catheter 
migration. 

The Prytime™ device has a built-in arterial line port that can 
be connected to a transducer to monitor the pressure in the 
proximal aorta. Without such a port, the radial or brachial arterial 
line is used for proximal blood pressure monitoring. Blood 
pressure monitoring in the distal aorta (below the balloon) can 
be measured by attaching another transducer to the fluid line on 
the access port.

The catheters have radio-opaque lines adjacent to the balloon 
to indicate its position on fluoroscopy or X-ray. They also have 
length markers to assist in positioning the balloon in the correct 
area of the aorta. The landing area for zone 3 placement is 
typically around 28 cm from the insertion site, while those in 
zone 1 catheters are around 48 cm in the average patient.31

Physiological effects of resuscitative endovascular 
balloon occlusion of the aorta

The physiological effects of employing the REBOA depend on 
the level of occlusion of the aorta and whether it is completely 
or partially occluded.33 Zone 1 occlusions are associated with 
more severe physiological effects and a more significant risk for 
complications. Mean arterial pressure proximal to the occlusion 

in zone 1 is associated with an increase of 172% over baseline in 
a swine model, while the change in zone 3 is a mere 10%.33 

Balloon occlusion increases the afterload and results in supra-
physiological perfusion pressures to organs proximal to the 
occlusion, while organs distal to the occlusion are deprived 
of blood flow and become ischaemic.34 Microcirculatory 
compromise is most pronounced in the colon and small 
bowel after zone 1 occlusion, while microcirculation in the 
intraabdominal organs and extremities is unchanged during 
zone 3 occlusion.33

A study in swine34 shows an increase in end-diastolic pressure 
(ESP) while the end-systolic volume stays the same. REBOA also 
causes resolution of the reverse coronary artery blood flow that 
is characteristic of the shock state. However, the coronary blood 
flow shows a massive supraphysiological increase above baseline 
values, which persists even on partial REBOA. There is a clinically 
significant increase in lactate from baseline to post-REBOA and a 
significant decrease in pH. Troponin levels did not change from 
baseline to post-REBOA.

Complications of resuscitative endovascular balloon 
occlusion of the aorta

Iatrogenic injuries range from 2.6% in rAAA to 5.3% in non-
traumatic bleeding, which includes obstetric bleeding.28 The 
best outcomes are associated with using REBOA in specialised 
high-volume centres35 with clear protocols for the indications 
and management of the patient in whom REBOA is used. These 
protocols are developed in consultation with vascular surgeons. 
Risk factors associated with an increased risk of complications are 
practitioners who are insufficiently trained in its management, 
practitioners with limited experience, limited resources, and the 
necessity of using REBOA in high-stakes emergency situations. 

It is suggested that REBOA should only be used in PPH if medical 
management and uterine balloon occlusion have failed.36

Complications can be divided into perfusion-related injuries and 
procedure-related problems.24

Perfusion-related complications:24,37,38

•	 Organ dysfunction

•	 Reperfusion injury

•	 Tissue ischaemia, including spinal cord injuries with balloon 
placement in zone 1

Procedure-related complications:24,37,38

•	 Access site complications

	◦ Arterial disruption

	◦ Arterial rupture

	◦ Bleeding

	◦ Dissection

•	 Embolic complications

•	 Femoral artery thrombosis

•	 Iatrogenic aorta or iliac artery injuries
Figure 1: Prytime Medical™ ER-REBOA™
© Prytime Medical Devices, Inc. All rights reserved. Reprinted with permission.



S102

Endovascular interventions in massive obstetric haemorrhage control

South Afr J Anaesth Analg 2022; 28(5)Supplement http://www.sajaa.co.za

•	 Intimal tears

•	 Loop formation (catheter kinking on itself )

•	 Migration of the catheter

•	 Pseudo-aneurysm

•	 Retroperitoneal bleeding

•	 Ruptured balloon

•	 Vascular access failure

Placement of resuscitative endovascular balloon 
occlusion of the aorta

The REBOA device should be inserted by practitioners trained 
and qualified to manage the device. Ideally, the surgeon or 
interventional radiologist responsible for controlling the 
bleeding should do the insertion.37 A practitioner that can stop 
the bleeding should be available immediately to decrease the 
ischaemic time. 

The femoral artery is cannulated, and an access port is inserted. 
The size of the access points depends on the type of REBOA 
catheter used and ranges between 4 French (COBRA-OS™) and 
12 French (COBRA™). The catheter is inserted and positioned at 
the desired level. The balloon is slowly inflated according to the 
manufacturer’s recommendations, starting with an initial lower 
volume and titrating to the desired volume. The systolic blood 
pressure response is observed, and tiny volumes are added 
to the balloon until there is an improvement in the proximal 
haemodynamics. The catheter then needs to be secured to avoid 
migration.39,40

Weaning from resuscitative endovascular balloon 
occlusion of the aorta to partial resuscitative 
endovascular balloon occlusion of the aorta23

The maximum safe occlusion time is not clearly defined. A 
general guide is that ischaemic time with REBOA in zone 1 
should not exceed 30 min or 60 min if deployed in zone 3. 
P-REBOA is a technique where the balloon is slowly deflated and 
titrated to allow a small amount of blood to pass the balloon. 
It still allows perfusion pressure to the brain and heart while 
creating a permissive hypotensive state below the balloon. It 
creates a balance between limiting blood loss and maintaining 
some distal perfusion. P-REBOA lessens the magnitude of the 
reperfusion injury and the supraphysiological haemodynamic 
values in the proximal aorta. It has a cardioprotective effect.34 

It is recommended that full REBOA be transitioned to P-REBOA 
as soon as is feasible, provided that the proximal mean arterial 
pressure is decent and that the necessary resuscitation and 
haemostatic control are ongoing. Enough time should be 
allowed for clot stabilisation before partial flow is restored to the 
distal aorta.23 

The proximal and distal aortic blood pressure measurements are 
needed to guide transitioning to P-REBOA. The ER-REBOA™ has 
an integrated port to measure arterial pressure in the proximal 
aorta. For other catheters, it is acceptable to use the arterial 
blood pressure from the radial or brachial arterial line. For 

distal invasive blood pressure monitoring, a second transducer 
is attached to the flush port of the access device. Alternatively, 
the contralateral femoral artery is cannulated. A monitor that 
can show both arterial blood pressure traces simultaneously 
is needed. The scale on the trace that monitors blood pressure 
below the balloon is decreased to 0–30 mmHg so that very low 
pressures can be displayed. The distal tracing still shows a low 
pressure even during complete occlusion, and this is due to 
collateral flow to the distal aorta. There can be a small pulsatile 
waveform, but it is usually not the case in a severely volume-
depleted patient.

The balloon port is attached to a 20 ml syringe to inflate the 
balloon. A 3-way tap is inserted between the port and the 20 ml, 
and an empty 3 ml or 5 ml syringe is attached to the 3-way tap. 
The transitioning is started by withdrawing 0.5 ml incrementally 
from the balloon until a pulsatile pressure wave is observed. Time 
is allowed to assess haemodynamics proximal to the balloon. If 
the blood pressure in the proximal aorta remains acceptable, 
more fluid is withdrawn from the balloon in tiny increments. 
After each withdrawal, at least 30 seconds are given to allow 
observation of the proximal blood pressure. The target systolic 
blood pressure in the distal aorta is between 20–50 mmHg.40  
The surgery is then completed under P-REBOA. If the patient 
starts bleeding again, the balloon can be inflated at any time.

Resuscitative endovascular balloon occlusion of the aorta 
removal

When the REBOA is no longer required, the balloon is deflated 
slowly to allow for gradual reperfusion and attenuation of the 
reperfusion injury. The balloon is deflated until the SBP distal to 
the balloon has increased by 50%. A five-minute period is given 
to allow for equilibration before the balloon is deflated again. 
The aim again is a 50% increase from the previous value. After 
complete deflation, extra negative pressure is applied to the 
balloon port to ensure complete deflation and the 3-way tap is 
closed to avoid reinflation of the balloon while it is withdrawn 
from the artery.40

Neurovascular monitoring is done for 24 hours to timeously 
detect lower limb and vascular access site complications.40

In some cases, arterial embolisation is performed after REBOA.14 

The same access port can be used with contralateral access also 
needed for bilateral embolisations. 

Reperfusion

Deflation of the balloon is associated with reperfusion to 
ischaemic organs distal to the occlusion. Reperfusion injury 
is worse when REBOA is deployed in zone 1 but can still 
occur in zone 3 occlusion. The effects of reperfusion include 
a drop in pH, an increase in lactate levels, hyperkalaemia, 
hypocalcaemia, hypotension, and persistent hypoglycaemia.41 A 
significant reperfusion injury and lactic acidosis depress cardiac 
performance, which can contribute to hypothermia. The triad 
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of hypothermia, coagulopathy and acidosis can be lethal in a 
patient with haemorrhagic shock.41
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