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Abstract

Obstetric hemorrhage is the leading cause of maternal morbidity and mortality world-
wide. At highest risk of massive obstetric hemorrhage, are women with morbidly adher-
ent placenta (MAP). The complications associated with MAP are even more devastating 
in very high-risk obstetrical patients, where blood transfusion is not an option, either 
due to lack of resources or patient refusal, such as for Jehovah’s Witnesses. Resuscitative 
endovascular balloon occlusion of the aorta (REBOA) is a minimally-invasive technique 
used in trauma surgery to control non-compressible hemorrhage. REBOA is emerging 
as useful tool for managing high-risk obstetric surgery for MAP. This review aims to 
provide a framework for use of REBOA in obstetric care in challenging circumstances.

Keywords: accreta, aortic balloon, balloon occlusion, Jehovah’s Witness, morbidly 
adherent placenta, obstetric hemorrhage, percreta, REBOA

1. Introduction

Obstetric hemorrhage is the leading cause of maternal morbidity and mortality worldwide [1]. 

At highest risk of massive obstetric hemorrhage are women with a morbidly adherent placenta 

(MAP). MAP describes the penetration of placental chorionic villi into the uterus to varying 

degrees classified as—placenta accreta, increta, and percreta. The incidence of MAP is increasing. 
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In the United States alone, the rate doubled from 5.4 in 10,000 deliveries to 11.9 in 10,000 over a 

period of 6 years [2]. The most severe form, placenta percreta, in which chorionic villi penetrate 

through the uterine wall and into adjacent organs, has increased 50-fold in the last 50 years [3].

Women with multiple prior cesarean deliveries are at greatest risk for MAP. The risk of MAP 

in patients after one, two, or three prior cesarean deliveries increases 2.9, 4.6 and 12.6-fold, 

respectively [4]. Additional risk factors include prior surgical injury to the myometrium, 

including dilation and curettage, and advanced maternal age.

The potential consequences of obstetric hemorrhage are most dire in women who refuse, or can-

not receive, blood products. For example, the maternal mortality ratio (MMR) due to major obstet-

ric hemorrhage in Jehovah’s Witnesses was 68 per 100,000 live births in one study; 130 times that 

of the general population [5]. Furthermore, in low resource settings, where blood products are 
not readily available, the MMR can be up to 645 per 100,000 live births [6]. Obstetric hemorrhage 

accounts for up to 42% of maternal deaths in low resource settings [7]. With this in mind, new 

strategies for obstetric hemorrhage control are essential for improving transfusion-free survival.

Resuscitative endovascular balloon occlusion of the aorta (REBOA) is an emerging, minimally-

invasive technique to control non-compressible hemorrhage. Although initially developed 

for the management of traumatic hemorrhage, REBOA has been gaining popularity for the 

control of non-traumatic hemorrhage. Early reports of REBOA use in obstetric hemorrhage 

indicate that the approach reduces blood loss, improves maternal outcomes, and decreases 

rates of hysterectomy compared to traditional techniques, such as uterine balloon tamponade, 

and hypogastric or uterine artery occlusion [8–10]. This review describes the potential appli-

cations of REBOA for control of obstetric hemorrhage in high-risk obstetric surgery for MAP.

High-quality evidence to inform management of obstetric hemorrhage when transfusion is 

not an option is generally lacking. Small numbers of patients, clinical heterogeneity, and ethi-

cal principles preclude against randomized studies, so most data are drawn from case series 

and case reports, as well as from physiological principles and expert opinions. REBOA is a 

growing modality with novel applications, as well as technical and technological improve-

ments that are continually evolving. The application of REBOA to obstetric hemorrhage is in 

its infancy, thus comparative data and long-term follow-up are lacking. While this may limit 

the strength of any generalizations that can be drawn from the literature, this review aims 

to provide a framework for use of REBOA in obstetric care in this challenging circumstance.

2. Demographics of high-risk patients

Approximately 60% of women with MAP will experience significant morbidity, including 
blood transfusion, urologic injury, infection, intensive care unit admission, and readmis-

sion. A 15% of obstetric hemorrhage requiring blood transfusion are due to MAP [11]. The 

majority of patients with MAP will undergo invasive procedures, have extensive blood loss 

and require massive blood transfusion [2, 11]. A 90% of patients with placenta percreta who 

undergo cesarean hysterectomy will require blood transfusion due to intraoperative blood 

losses greater than three liters, with median transfusion of 7 units of red blood cells [12, 13]. 
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The morbidity and mortality associated with MAP is even more devastating when blood 

transfusion is not an option, either from lack of resources or patient refusal. Patients decline 

blood transfusions for a variety of reasons, most commonly due to religious grounds, such as 

for Jehovah’s Witnesses. For these patients, the risk of mortality due to obstetric hemorrhage 

is 130 times greater than in the normal population [5].

3. Traditional hemorrhage mitigation strategies

3.1. Preoperative optimization

During the first prenatal visit, willingness to accept blood products should be addressed and 
alternatives to transfusion discussed. For patients who indicate that they would not accept 

blood transfusion, providers should investigate which, if any, blood products or alternatives 

may be acceptable in the case of an emergency. In addition to establishing patient capacity, 

a thorough discussion of the potential risks and benefits of transfusion is necessary. This 
discussion with patients should be performed privately and confidentially. It must be free of 
coercion and judgment from outside parties [14, 15]. In circumstances of a religious basis for 

blood refusal, patients frequently consult with religious leaders, family and friends prior to 

making a decision, but the final decision must rest in the hands of the patient herself. These 
discussions must be clearly documented in the medical record.

Preoperative optimization of hemoglobin by treating underlying anemia is ideal. Many patients 

who do not accept blood will accept other methods to improve hemoglobin levels. Iron, vitamin 

B12, folate and recombinant erythropoietin can be used preoperatively [14, 15]. Intravenous iron 

is preferred over oral preparations because of faster and more reliable increases in hemoglobin. 

Recombinant erythropoietin can optimize hemoglobin both preoperatively and postoperatively. 

However, there are no clear guidelines on optimal dosing. While studies suggest erythropoietin 

is safe to use in pregnancy, it can increase the risk of venous thromboembolism (VTE), which 

may exacerbate an already hypercoagulable state [16]. Consultation and coordination with a 

hematologist should be considered.

As the pregnancy advances, careful monitoring of the placenta is imperative to understand-

ing the extent of MAP. A plan for delivery in an appropriately-resourced setting is crucial. 
Advanced directives should be established, with legal counsel as necessary. A multidisci-

plinary effort should be assembled to discuss the optimal approach to planned and unplanned 
delivery. Ideally, this team should include members of the surgical obstetric team (which 

may include gynecologic oncology), maternal fetal medicine, neonatology, anesthesia, and 

in-house emergency surgery providers (such as trauma or vascular surgery) as indicated. 

Working with risk management, social services, and the ethics board may be necessary to 

optimize outcomes in these complex, high-risk situations.

3.2. Intraoperative adjuncts

Minimization of intraoperative blood loss and optimization of anemia tolerance improves 

outcomes. While the surgical team focuses on hemostatic techniques to decrease blood loss, 
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the anesthesia team can also support this goal. Patient positioning and ventilation mode can 

alter venous congestion, venous preload, cardiac output and peripheral vascular resistance. 

Normothermia aids in hemostasis. Additionally, intentional hypotension after delivery of the 

fetus may help minimize blood loss. A more detailed description of the anesthetic management 

of patients with MAP is beyond the scope of this article and has been covered elsewhere [16].

Several other methods can improve physiologic tolerance of anemia. Intraoperative volume 

expansion can be achieved through acute normovolemic hemodilution (ANH). With ANH, 

venous blood is removed into citrated bags at the start of surgery. The blood remains in a 

closed circuit with the patient throughout surgery. Crystalloid is administered to increase 

blood volume until hemorrhage is controlled, at which point ANH blood is transfused [17, 18]. 

Survival after more than five liters of blood loss has been documented in Jehovah’s Witness 
patients with placenta percreta using ANH and cell salvage [19].

There is variability in the products that Jehovah’s Witnesses will and will not accept [15]. 

Generally, whole blood products are prohibited, but some patients will accept fractions, such as 

hemoglobin, albumin, cryoprecipitate, clotting factors and platelets. A study of Jehovah’s Witness 
patients found that, although most would decline conventional blood products, 76% would 

accept other blood components [20]. Most will accept crystalloid, colloid, recombinant factor VIIa 

(rFVIIa), factor VIII (FVIII), fibrinogen, tranexamic acid (TXA), and artificial blood substitutes 
[14, 15], but use of individual blood components alone may have limitations. Cryoprecipitate, 

containing FVIII, factor XIII (FXIII), von Willebrand factor (vWF) and fibrinogen, can be used in 
a postpartum hemorrhage to reduce risk of coagulopathy due to hypofibrinogenemia. However, 
it is not a substitute for plasma due to the lack of other coagulation factors. There is limited 

evidence that rFVIIa is helpful in refractory postpartum hemorrhage [21]. Finally, TXA is an anti-
fibrinolytic agent that can be an adjunct for hemorrhage management. A Cochrane review found 
that TXA decreases blood loss and hemorrhage in both vaginal and cesarean deliveries [22]. The 

WOMAN trial found that administering TXA for postpartum hemorrhage within 3 hours of 
delivery decreased the rate of death due to bleeding compared to placebo. The authors found no 

difference in adverse events, including VTE, organ failure, sepsis, and seizure. They also found 
no difference in the rates of hysterectomy in both groups [23].

Cell salvage has become an important component of operative hemorrhage management for 

high-risk patients. However, there are important limitations of the cell salvage to consider. Cell 

salvage can only utilize blood collected into the canister, must have a minimum of 500 ml of blood 

before the cells can be washed, and returns at most 50% of the washed blood volume back to the 

patient. Furthermore, this technique does not allow for easy collection of vaginal blood loss, and 

therefore has limited utility in many obstetric hemorrhage cases. Safe use of the cell-saver has 

been demonstrated in obstetric patients, particularly when no future pregnancy is planned [24].

3.3. Traditional invasive hemorrhage control techniques

Definitive management for MAP is to complete a cesarean hysterectomy. A more conservative 
approach is to leave the placenta and uterus in situ after cesarean delivery of the infant. Follow 

up plans include observation with or without methotrexate, delayed hysteroscopic resection 

or interval hysterectomy several weeks later [25, 26]. Although conservative management is 
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successful in 78.4% of cases, this treatment carries an increased risk of postoperative sepsis 

and hemorrhage, which could necessitate emergent hysterectomy, further increasing the risk 

of more serious complications [25, 27]. In patients where the placenta is left in place, a risk 

of bleeding and infection exists for up to 5 months [28]. The risks of this approach may be 

prohibitively high in patients who cannot accept blood transfusion [25].

Traditional vascular methods of hemorrhage control during cesarean hysterectomy include 

intraoperative hypogastric artery ligation, uterine artery balloon occlusion with or without 

embolization, and temporary balloon occlusion of the hypogastric arteries. These methods have 

come under criticism after studies failed to demonstrate a significant reduction in blood loss 
or transfusion volumes compared to cesarean hysterectomy without these measures [29–31].

Ligation of the hypogastric arteries theoretically reduces pulse pressure to the uterus; how-

ever, it is successful in reducing operative blood loss in fewer than 50% of cases. Furthermore, 

ligation is estimated to be even less useful in MAP involving the bladder [32]. The literature 

regarding prophylactic intravascular hypogastric balloon occlusion during cesarean hysterec-

tomy with MAP is mixed. Some studies suggest this technique reduces intraoperative blood 

loss and transfusion requirements [33], but others have found no difference in blood loss even 
in combination with uterine artery embolization, concluding that prophylactic intravascular 

balloon catheters yield no significant benefit [29–31]. These disparate findings are most likely 
explained by the persistent proximal collateral circulation to the uterus which contributes to 

venous hemorrhage during surgery [34, 35].

Aortic cross-clamping can aid in hemorrhage control when hypogastric artery occlusion is 

insufficient [36]. Once surgical hemostasis has been maximized, damage control techniques 

such as packing and temporary abdominal closure may be useful in cases of disseminated 

intravascular coagulation.

3.4. Management of postoperative anemia

Postoperative management centers around reducing further hemorrhage and providing sup-

portive care for profound anemia. Intensive care monitoring may be required. Hematology 

consultation may provide guidance regarding hemoglobin optimization with use of high dose 

erythropoietin, intravenous iron, and other adjuncts [16]. Using pediatric blood collection 

tubes and avoiding unnecessary lab draws are helpful strategies. In extreme cases, measures 

to reduce oxygen demand and increase oxygen delivery, including intubation, sedation, and 

hyperbaric oxygen, may be beneficial [16, 37]. Finally, providers must weigh the risks and 

benefits of anticoagulation causing increased bleeding against the risk of VTE.

4. Novel hemorrhage mitigation strategies

4.1. Resuscitative endovascular balloon occlusion of the aorta (REBOA)

REBOA is a catheter-based alternative to aortic cross clamping that can be used proactively 

prior to hemodynamic collapse and even prior to anticipated hemorrhage. Endoluminal aortic 
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occlusion to control non-compressible torso hemorrhage was first described in 1954 [38]. The 

technique was popularized decades later when advances in endovascular technology made 

catheter-based vascular control more commonplace for repair of aortic aneurysms. Recently, 

the REBOA catheter has been modified to be percutaneous, wireless, and fluoroscopy-free, 
leading to its wider adoption for non-compressible hemorrhage control [39].

Despite advancements in technology, the general principles of performing REBOA have 

remained largely unchanged (Table 1). Most published data about REBOA come from trauma 

literature, but its use in obstetric emergencies and high-risk surgeries is expanding [8–10, 40]. 

Our institution has successfully documented the use of REBOA in a Jehovah’s Witness patient 

with placenta percreta [41]. This section will discuss the unique considerations for performing 

REBOA in the high-risk obstetric patient.

4.2. Benefits

REBOA is an alternative endovascular hemorrhage control technique, which significantly 
reduces obstetric blood loss compared to combined hypogastric and uterine artery occlusion 

[8–10]. Reports of prophylactic REBOA use during MAP procedures demonstrate improved 

maternal outcomes and decreased hysterectomy rates [9]. Compared to uterine or hypogas-

tric artery occlusion techniques, REBOA requires less time for placement and only unilateral 

arterial puncture making it useful in emergent cases (Table 2) [8]. REBOA use has demon-

strated lower transfusion volumes than other occlusion techniques [8]. Furthermore, new 

modifications in REBOA allow placement without fluoroscopy which leads to little to no fetal 
radiation exposure [8, 42–45].

Catheter measurements based on anatomic landmarks can serve as a basis for positioning 

of the balloon within the aorta [39, 46]. The effect of a gravid abdomen on the accuracy of 

• Gain common femoral arterial access

• Position the balloon in the most distal location appropriate for providing adequate hemorrhage control

• Slowly deflate the occlusion balloon when hemodynamics permit

• Remove the catheter and sheath promptly, apply pressure to access site

• Monitor the patient post-operatively for ischemia–reperfusion injury and arterial access site complications

Table 1. Principles of REBOA.

• Single arterial access site, concurrent arterial blood pressure monitoring

• Little to no fetal radiation exposure

• Can be inserted and adjusted in the operating room

• Improved hemostasis compared to hypogastric and/or uterine artery occlusion

• Can be inserted quickly in response to emergent hemorrhage

Table 2. Benefits of REBOA.
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using external landmarks for fluoroscopy-free REBOA positioning has not been established. 
However, alternative methods for positioning in obstetric patients include palpation of the 

balloon within the aorta during laparotomy or from measurements taken from a pre-operative 

MRI [42, 43]. Confirming catheter position with an x-ray limits radiation exposure to the fetus 
compared to the use of fluoroscopy. Any of these positioning methods can be performed in 
a standard operating room with a standard table. Additionally, the catheter can be inflated, 
deflated, and repositioned as needed throughout the case without the needing to move the 
patient or obtain additional imaging.

Previous cases of REBOA use in MAP procedures describe placement by an interventional 

radiologist, however fluoroscopy-free REBOAs in trauma patients are most commonly placed 
by surgeons or emergency medicine physicians (Table 3) [9, 10, 40, 42, 43, 47–50]. These pro-

viders are readily available in the hospital, allowing for expedient response times. REBOA 

insertion, positioning, and inflation can be completed in approximately 2–3 minutes by a 

A

Author Study 

design

Number of 

patients

Prophylactic or 

reactive

Device used Image guidance

Zone 1 occlusion technique

Russo1 CR 1 Prophylactic 7Fr (Prytime) None

Zone 3 occlusion technique

Bell-Thomas2 CR 1 Reactive 10Fr (BVM 

Medical)

None

Luo3 CS 4 Prophylactic 10Fr (Cook) Fluoro

Masamoto4 CR 1 Prophylactic 5Fr (Sheft) Fluoro

Paull5 CR 1 Prophylactic 8.5Fr (Cook) Fluoro

Usman6 CR 1 Reactive NR None

Wei7 CS 3 Prophylactic 8Fr (Bard) Fluoro

Duan8 CS 4 Prophylactic 8Fr (Bard) Fluoro

Wu9 Cohort 88 Prophylactic 5Fr (Cook) Fluoro

B

Author Occlusion 

time (min)

Blood loss 

(L)

Blood 

transfused

Operative 

time (hours)

Length 

of stay 

(days)

Complications

Zone 1 Occlusion Technique

Russo1 32 3 None 4.2 5 None

Zone 3 Occlusion Technique

Bell-Thomas2 NR Massive >40 units 4 >60 Vesico-vaginal fistula

Luo3 NS 0.8 0.4 L 1.3 NR Ureteral damage ×2

Masamoto4 80 3.2 1.2 L NR NR None
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trained provider using the ER-REBOA catheter (Prytime Medical, Boerne, TX). In the future, 
REBOA can be used increasingly for both obstetric emergencies and complicated obstetric 

scenarios, such as a high-risk obstetric patient with MAP.

4.3. Risks and limitations

The risks and limitations of REBOA are still being described, and the relative incidence of 

each is not yet known. The majority of data published on this topic describes the application 

of REBOA in the trauma population that consists largely of male patients with concomitant 

hemorrhagic shock. Potential complications from REBOA include those related to arterial 

access, balloon positioning and inflation, and the physiologic changes that result from infla-

tion and deflation of the device (Table 4). From the trauma literature, access site complica-

tions are similar to those encountered during other forms of arterial puncture, but may be 

severe, including limb ischemia requiring amputation [51, 52]. Balloon malposition into an 

aortic branch vessel or migration into a higher or lower position within the aorta has also been 

described, sometimes resulting in uncontrolled arterial rupture and death [45, 51]. In animal 

models, proximal hypertension resulting from aortic occlusion has led to acute heart failure, 

cerebral edema, and respiratory failure [53, 54]. Distal organ ischemia during occlusion can 

lead to renal failure, bowel ischemia, and paralysis [51, 52]. Finally, washout of toxic metabo-

lites following balloon deflation can cause rebound hypotension with cardiac collapse [55].

The use of REBOA in obstetrics introduces a different patient population with other comor-

bidities and requires a different anatomic site of aortic occlusion. The ability to predict com-

plications for this population from the available trauma literature is therefore limited. The 

potential for severe complications exists and providers performing the procedure should be 

aware of these risks to improve patient management and the informed consent process.

The optimal location and duration of aortic occlusion is controversial. The primary blood 

supply to the gravid uterus includes the uterine arteries and collaterals from other branches 

of the internal iliac artery. However, particularly in cases of abnormal placentation, robust 

collaterals from the external iliac, ovarian, and other systemic arteries exist [34, 35]. Most 

B

Author Occlusion 

time (min)

Blood loss 

(L)

Blood 

transfused

Operative 

time (hours)

Length 

of stay 

(days)

Complications

Paull5 NR 1.4 None NR 7 None

Usman6 NR Massive 40 units 6.5 9 NR

Wei7 NS 3.33 (2–6) 3.7 (2–7) NS NS NS

Duan8 22.4 0.6 0.4 L 1.1 5.5 None

Wu9 23.6 0.9 0.4 L 1.1 5.1 None

CR: case report; NR: not reported; CS: case series; NS: not specified (grouped in with other causes of hemorrhage).

Table 3. Previously reported obstetrical use of REBOA for MAP, 3A. Types of REBOA devices used, 3B. Surgical 

outcomes of REBOA use for MAP.
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reports of obstetric REBOA use describe occlusion in the infra-renal aorta (Zone 3). However, 

when Zone 3 occlusion is insufficient, supra-celiac (Zone 1) occlusion may further limit collat-
eral circulation through visceral and lumbosacral vessels and reduce venous back-bleeding. 

Caution should be used as Zone 1 occlusion is associated with more ischemic complications 

than Zone 3 occlusion [41]. Extrapolating from trauma literature, Zone 1 occlusion is tolerated 

for minutes, not hours, and multisystem organ failure and death have been reported after 

long inflation times [46, 52, 56]. In a prophylactic setting, the lack of pre-existing shock may 
improve ischemia tolerance and reduce the anticipated risks. However, there may still be a 

significant risk of supra-physiologic aortic pressure leading to heart failure [55].

4.4. Risk reduction

Risks of REBOA use can be reduced with multidisciplinary expertise, proper training, and 

adherence to good techniques. Low-profile, 7Fr common femoral arterial sheaths placed with 
ultrasound guidance have fewer access site complications than larger 12Fr sheaths. Additionally, 

distal thrombosis is rare with 7Fr sheaths and limb ischemia requiring amputation has not been 

reported. REBOA requires a dedicated provider to secure against catheter migration, manage 

inflation and deflation, and faithfully monitor the ipsilateral lower extremity for ischemia.

• Access site complications, including limb ischemia 

requiring amputation

• Use low-profile (7Fr) sheath

• Use ultrasound to obtain CFA access

• Monitor ipsilateral DP/PT pulses while the sheath is 

in place

• Consider heparin flushes

• Post-procedure angiography prior to sheath removal

• Balloon malposition or migration • Confirm balloon position with x-ray

• Secure catheter while in place

• Dedicated provider to maintain REBOA catheter/bal-

loon control

• Proximal hypertension that may lead to acute heart 

failure, cerebral edema or ARDS

• Close communication with anesthesia

• Concurrent administration of vasodilators while 

balloon inflated

• Reposition from Zone 1 to Zone 3 when able

• Minimize duration of occlusion

• Distal organ ischemia, that may cause renal failure, 

ischemic bowel, or paralysis

• Minimize duration of occlusion

• Reposition from Zone 1 to Zone 3 when able

• Institute partial or intermittent REBOA when able

• Washout of toxic metabolites, leading to rebound 

hypotension and cardiac instability

• Institute partial or intermittent REBOA when able

• Slowly, gradually deflate balloon

• Communicate with anesthesia

• Time administration of fluids, calcium, and pressors 
ith balloon deflation

Table 4. Risks of REBOA and methods of mitigation.
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During balloon inflation, the anesthesia team should work to off-set unwanted blood pressure 
augmentation and maintain normal physiologic pressures. The surgical teams should aim to 

achieve hemorrhage control rapidly to keep the duration of Zone 1 occlusion to a minimum. 

Other methods used to reduce ischemia include intermittent or partial balloon deflation and 
relocating the REBOA balloon to Zone 3 when able [55]. These techniques will allow some 

distal blood flow to perfuse ischemic tissues and prolong the overall duration of REBOA use. 
Providers should be aware that balloon deflation is associated with the rapid redistribution 
of circulating blood volume and the washout of ischemic metabolites, including a bolus of 

potassium, which can result in rebound hypotension and cardiac instability [55]. The combi-

nation of partial occlusion and relocation from Zone 1 to Zone 3, along with close communica-

tion with the anesthesia providers to time fluid and drug administration with inflation and 
deflation, can aid in maintaining hemodynamic stability throughout surgery.

There is a dearth of published information about management of intra-arterial balloons dur-

ing high-risk obstetric procedures. Of all reported cases, there has been only one documented 

aortic rupture due to a smaller than expected aortic diameter [45]. Few cases describe flushing 
the sheath or catheters, although doing so is a well-established principle of vascular surgery. 

Whether the flush solution should contain heparin is additionally controversial when these 
catheters are used for hemorrhage control in patients that cannot receive blood. The authors’ 

practice is to use 30 ml 2% heparin (2 units of heparin per 100 ml of crystalloid) through the 

sheath and another 30 ml through the central lumen of the REBOA catheter every 10 min-

utes, while monitoring thromboelastography to ensure the absence of systemic coagulopa-

thy. Frequent monitoring of distal pulses in the ipsilateral extremity should be maintained 

throughout the case and for 24 hours after sheath removal. Continuous Doppler may be a 

helpful adjunct to aid in early detection of arterial access complications.

The risks and benefits of anticoagulation deserve special consideration in this patient popula-

tion. Pregnancy itself confers a hypercoagulable state. These patients may be at even higher 

risk of clot formation due to the administration of TXA, erythropoietin, cryoprecipitate or 
other coagulation factors. Postoperatively, VTE risk remains high in the setting of immobility 
and/or symptomatic anemia. In the immediate postoperative period, the risk of death from 

hemorrhage may outweigh the risks from VTE. Within several days of surgery however, 

the probability of hemorrhage decreases, justifying prophylactic heparin administration to 

reduce the risk of VTE.

5. Future directions

REBOA is a novel, minimally-invasive method to control non-compressible hemorrhage. Much 

of the literature regarding techniques for placement and risks of use are derived male trauma 

patients. More research is needed to investigate the use of REBOA in a peripartum setting. 
Reports of prophylactic use of REBOA to minimize blood loss during high-risk obstetric opera-

tions, claim to reduce blood loss and improve rates of uterine salvage compared to other types 

of arterial occlusion techniques, such as hypogastric and uterine artery occlusion. Most of 

this evidence comes from retrospective case series out of Asia. Comparative data is needed to 
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examine the risks and benefits of REBOA compared to other methods of hemorrhage control 
utilized in the West. Although case reports and case series have shown that REBOA can suc-

cessfully provide temporary control of obstetric hemorrhage, up to three liters of blood loss 

has been reported in these cases despite aortic occlusion. Larger studies are needed to quantify 

the expected hemorrhage volume during aortic occlusion to help inform perioperative plans.

Furthermore, instructions on REBOA use and placement for the obstetric patient are extrapo-

lated from the trauma literature. Whether external landmarks on the gravid abdomen can be 

used reliably for positioning of REBOA has yet to be determined. More research is needed to 

establish whether imaging is needed to verify balloon position prior to inflation, and to assess 
the associated risk of radiation exposure to the fetus. The optimal zone of REBOA inflation 
is not known for obstetric hemorrhage. More research should focus on defining collateral 
pathways for circulation to the gravid uterus, especially in the case of abnormal placentation. 

Additionally, the effect of proximal vs. distal occlusion on blood pressure support during 
various stages of hemorrhagic shock should be established to aid in defining the optimal level 
of occlusion for initial balloon inflation in prophylactic and reactive settings.

Finally, the risks of REBOA are also generated from its reactive placement in trauma patients 

experiencing hemorrhagic shock. Although it can be assumed that prophylactic use of REBOA 

during planned obstetric procedures will have decreased risk compared to trauma situations, 

more research is needed to investigate this use of REBOA. As the adoption of REBOA for 

obstetric hemorrhage becomes more prevalent, it is expected that increasing evidence will 

help delineate more definitive guidelines for this population.

6. Recommendations

For high-risk patients with MAP, thorough planning throughout the prenatal period is critical 

to successful management. Prenatal optimization of hemoglobin and preoperative involvement 

of a multidisciplinary team can improve maternal outcomes. If blood products are not readily 

available or are declined by the patient, alternative options should be discussed. Clearly eliciting 

if blood fractions, clotting factors, and TXA will be accepted by the patient can assist in surgical 
planning. Meticulous surgical techniques and clear communication with the anesthesia team 

can minimize intraoperative hemorrhage. Additional adjuncts such as ANH and cell salvage 

may ease the effects of blood loss. Consideration of REBOA use may decrease the volume of 
blood lost and the need for transfusion. Planning for REBOA use in a proactive and prophylactic 

setting may limit the risks of the procedure and improve morbidity and mortality.

Implementing REBOA in the obstetric patient requires careful multidisciplinary management 

and clear communication throughout the perioperative period. General principles of vascular 

access should be respected. Minimizing the risk of limb ischemia requires selecting the small-

est sheath possible to accommodate the selected balloon catheter, frequent vascular checks 

of both lower extremities, consideration of post-procedural angiography, and prompt sheath 

removal. The duration of balloon inflation should be minimized, and intermittent or partial 
balloon deflation should be used as adjuncts to reduce ischemia when necessary. Anticipating 
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hemodynamic and metabolic changes associated with balloon inflation and deflation is para-

mount and requires frequent communication between the operating and anesthesia teams to 

time the administration of medications and fluids.

Finally, providing supportive care for profound anemia and limiting unnecessary lab draws 

can improve postoperative outcomes. Careful consideration must be given to the use and tim-

ing of anticoagulation in setting where further hemorrhage could be detrimental to patients. 
A summary of the recommendations can be found in Table 5.

7. Conclusions

In conclusion, women undergoing planned operations for MAP are among those at highest 

risk for catastrophic obstetric hemorrhage, especially those for whom blood products are not 

an option. A multidisciplinary approach to management is the key to patient survival. Goals 

include limiting blood loss, maintaining hemodynamic stability, and reducing postoperative 

morbidity. In addition to the obstetric and anesthesia teams, assistance by general, acute care, 

trauma, or vascular surgeons may be required for hemorrhage control. REBOA is an emerg-

ing hemorrhage-control technique with benefits for obstetric applications and represents a 
tool that should be in the armamentarium of obstetric/gynecologic surgeons.
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• Assemble multidisciplinary team including all perioperative stakeholders

• Optimize preoperative blood volume and hemoglobin

• Plan risks and benefits discussion comparing available hemorrhage control adjuncts available at the institution

• Consider REBOA as an adjunct to temporary hemorrhage control

• Expeditiously achieve definitive hemorrhage control

• Provide post-operative intensive care, anticipating fluid shifts and electrolyte abnormalities associated with 
severe anemia and ischemia–reperfusion

Table 5. Summary recommendations.
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Acronyms and abbreviations

ANH acute normovolemic hemodilution

FVIII Factor VIII

MMR maternal mortality ratio

MAP morbidly adherent placenta

rFVIIa recombinant factor VIIa

REBOA resuscitative endovascular balloon occlusion of the aorta

TXA tranexamic acid

VTE venous thromboembolism

vWF Von Willebrand factor

Author details

Rachel M. Russo1, Eugenia Girda2, Hui Chen3*, Nina Schloemerkemper4,  

Misty D. Humphries5 and Vanessa Kennedy3

*Address all correspondence to: hachen@ucdavis.edu

1 Department of Surgery, University of California Davis, Sacramento, CA, USA

2 Rutgers Cancer Institute of New Jersey, New Brunswick, NJ, USA

3 Division of Gynecologic Oncology, Department of Obstetrics and Gynecology, University 

of California Davis, Sacramento, CA, USA

4 Department of Anesthesiology, University of California Davis, Sacramento, CA, USA

5 Division of Vascular Surgery, Department of Surgery, University of California Davis, 

Sacramento, CA, USA

References

[1] Collaborators GMM. Global, regional, and national levels of maternal mortality, 

1990-2015: A systematic analysis for the global burden of disease study 2015. Lancet. 

2016;388:1775-1812

[2] Eller AG, Porter TF, Soisson P, Silver RM. Optimal management strategies for placenta 

accreta. BJOG. 2009;115:648-654

[3] Abbas F, Talati J, Wasti S, Akram S, Ghaffar S, Qureshi R. Placenta percreta with 
bladder invasion as a cause for life threatening hemorrhage. The Journal of Urology. 

2000;164:1270-1274

Management of High-Risk Obstetrical Patients with Morbidly Adherent Placenta in the Age…
http://dx.doi.org/10.5772/intechopen.78753

107



[4] Bowman ZS, Eller AG, Bardsley TR, Greene T, Varner MW, Silver RM. Risk factors 

for placenta accreta: A large prospective cohort. American Journal of Perinatology. 

2014;31:799-804

[5] Wolswinkel MEV, Zwart JJ, Schutte JM, Duvekot JJ, Pel M, Roosmalen JV. Maternal mor-

tality and serious maternal morbidity in Jehovah's witnesses in the Netherlands. BJOG. 

2009;116:1103-1108 discussion 8-10

[6] Ezugwu EC, Agu PU, Nwoke MO, Ezugwu FO. Reducing maternal deaths in a low 

resource setting in Nigeria. The Nigerian Journal of Clinical Practice. 2014;17:62-66

[7] Bailey PE, Andualem W, Brun M, et al. Institutional maternal and perinatal deaths: 

A review of 40 low and middle income countries. BMC Pregnancy and Childbirth. 

2017;17:295

[8] Wang Y-L, Duan X-H, Han X-W, et al. Comparison of temporary abdominal aortic 
occlusion with internal iliac artery occlusion for patients with placenta accreta—A non-
randomised prospective study. VASA. 2017;46:53-57

[9] Panici PB, Anceschi M, Borgia ML, Bresadola L, Masselli G, Parasassi T. Intraoperative 

aorta balloon occlusion: Fertility preservation in patients with placenta previa accreta/

increta. Journal of Maternal-Fetal and Neonatal Medicine. 2012;25:2512-2516

[10] Wu Q, Liu Z, Zhao X, et al. Outcome of pregnancies after balloon occlusion of the 
Infrarenal abdominal aorta during caesarean in 230 patients with placenta praevia 

accreta. Cardiovascular and Interventional Radiology. 2016;39:1573-1579

[11] Furuta K, Furukawa S, Hirotoshi U, Michikata K, Kai K, Sameshima H. Differences in 
maternal morbidity concerning risk factors for obstetric hemorrhage. Austin Journal of 

Obstetrics and Gynecology. 2014;1:5

[12] O'Brien JM, Barton JR, Donaldson ES. The management of placenta percreta: Conser-

vative and operative strategies. American Journal of Obstetrics and Gynecology. 1996;175: 

1632-1638

[13] Gallos G, Redai I, Smiley RM. The role of the anesthesiologist in management of obstet-

ric hemorrhage. Seminars in Perinatology. 2009;33:116-123

[14] Lawon T, Ralph C. Perioperative Jehovah's witnesses: A review. British Journal of 

Anaesthesia. 2015;115:676-687

[15] Rollins KE, Contractor U, Inumerable R, Lobo DN. Major abdominal surgery in Jehovah's 

witnesses. Annals of the Royal College of Surgeons of England. 2016;98:532-537

[16] Mason CL, Tran CK. Caring for the Jehovah's witness parturient. Anesthesia and 

Analgesia. 2015;121:1564-1569

[17] Estella NM, Berry DL, Baker BW, Wali AT, Belfort MA. Normovolemic hemodilu-

tion before cesarean hysterectomy for placenta percreta. Obstetrics and Gynecology. 

1997;90:669-670

[18] Lindstrom E, Johnstone R. Acute normovolemic hemodilution in a Jehovah's witness 

patient: A case report. AANA Journal. 2010;78:326-330

Placenta108



[19] Nagy CJ, Wheeler AS, Archer TL. Acute normovolemic hemodilution, intraoperative cell 

salvage and pulse CO hemodynamic monitoring in a Jehovah's witness with placenta 

percreta. International Journal of Obstetric Anesthesia. 2008;17:159-163

[20] Azambuja LE, Garrafa V. Jehovah's witnesses attitude towards hemocomponents and 
hemoderivatives. Revista da Associação Médica Brasileira. 2010;56:705-710

[21] Franchini M, Franchi M, Bergamini V, et al. The use of recombinant activated FVII in 

postpartum hemorrhage. Clinical Obstetrics and Gynecology. 2010;53:219-227

[22] Novikova N, Hofmeyr GJ, Cluver C. Tranexamic acid for preventing postpartum haem-

orrhage. Cochrane Database of Systematic Reviews. 2015;16:CD007872

[23] Collaborators WT. Effect of early tranexamic acid administration on mortality, hyster-

ectomy, and other morbidities in women with post-partum haemorrhage (WOMAN): 

An international, randomised, double-blind, placebo-controlled trial. Lancet. 2017;389: 

2105-2116

[24] Belfort M, Kofford S, Varner M. Massive obstetric hemorrhage in a Jehovah's wit-
ness: Intraoperative strategies and high-dose erythropoietin use. American Journal of 

Perinatology. 2011;28:207-210

[25] Sentilhes L, Ambroselli C, Kayem G, et al. Maternal outcome after conservative treat-

ment of placenta accreta. Obstetrics and Gynecology. 2010;2010:3

[26] Gupta D, Singh R. Management of placenta accreta with oral methotrexate. International 

Journal of Gynaecology and Obstetrics. 1998;60:171-173

[27] Shih J-C, Liu K-L, M-k S. Temporary balloon occlusion of the common iliac artery: 

New approach to bleeding control during cesarean hysterectomy for placenta percreta. 

American Journal of Obstetrics and Gynecology. 2005;193:1756-1758

[28] Lee PS, Bakelaar R, Fitpatrick CB, Ellestad SC, Hvarilesky L, Secord AA. Medical and 

surgical treatment of placenta percreta to optimize bladder preservation. Obstetrics and 

Gynecology. 2008;122:421-424

[29] Bodner LJ, Nosher JL, Fribbin C, Siegel RL, Beale S, Scorza W. Balloon-assisted occlusion 

of the internal iliac arteries in patients with placenta accreta/percreta. Cardiovascular 

and Interventional Radiology. 2006;29:354-361

[30] Salim R, Chulski A, Romano S, Garmi G, Eudin M, Shalev E. Precesarean prophylac-

tic balloon catheters for suspected placenta accreta: A randomized controlled trial. 

Obstetrics and Gynecology. 2015;126:1022-1028

[31] Shrivastava V, Nageotte M, Major C, Haydon M, Wing D. Case-control comparison of 
cesarean hysterectomy with and without prophylactic placement of intravascular bal-

loon catheters for placenta accreta. American Journal of Obstetrics and Gynecology. 

2007;197(402):e1-e5

[32] Leung T-K, Au H-K, Lin Y-H, et al. Prophylactic trans-uterine embolization to reduce 

intraoperative blood loss for placenta percreta invading the urinary bladder. The Journal 

of Obstetrics and Gynaecology Research. 2007;33:722-725

Management of High-Risk Obstetrical Patients with Morbidly Adherent Placenta in the Age…
http://dx.doi.org/10.5772/intechopen.78753

109



[33] Cali G, Forlani F, Giambanco L, et al. Prophylactic use of intravascular balloon catheters 

in women with placenta accreta, increta and percreta. European Journal of Obstetrics, 

Gynecology, and Reproductive Biology. 2014;179:36-41

[34] Omar HR, Sprenker C, Alvey E, et al. The value of occlusive balloons in the management 

of abnormal placentation: A retrospective study. Journal of Obstetrics and Gynaecology. 

2016;36:333-336

[35] Burchell RC. Physiology of internal iliac artery ligation. The Journal of Obstetrics and 

Gynaecology of the British Commonwealth. 1968;75:642-651

[36] Kamani AAS, Gambling DR, Christilaw J, Flanagan ML. Anaesthetic management of 

patients with placenta accreta. Canadian Journal of Anaesthesia. 1987;34:613-617

[37] Graffeo C, Dishong W. Severe blood loss anemia in a Jehovah's witness treated with 
adjunctive hyperbaric oxygen therapy. The American Journal of Emergency Medicine. 

2013;31:756.e3-756.e4

[38] Hughes CW. Use of an intra-aortic balloon catheter tamponade for controlling intra-

abdominal hemorrhage in man. Surgery. 1954;36:65-68

[39] Qasim Z, Brenner M, Menaker J, Scalea T. Resuscitative endovascular balloon occlusion 
of the aorta. Resuscitation. 2015;96:275-279

[40] Manzano-Nunez R, Escobar-Vidarte MF, Naranjo MP, et al. Expanding the field of acute 
care surgery: A systematic review of the use of resuscitative endovascular balloon occlu-

sion of the aorta (REBOA) in cases of morbidly adherent placenta. European Journal of 

Trauma and Emergency Surgery. 2017;1-8

[41] Humphries RMREGVKMD. Two lives, one REBOA: Hemorrhage control for urgent 

cesarean hysterectomy in a Jehovah's witness with placenta percreta. Journal of Trauma 

and Acute Care Surgery. 2017;83:551-553

[42] Bell-Thomas SM, Penketh RJ, Lord RH, Davies NJ, Collis R. Emergency use of a trans-

femoral aortic occlusion catheter to control massive haemorrhage at caesarean hysterec-

tomy. BJOG. 2003;110:1120-1122

[43] Usman N, Noblet J, Low D, Thangaratinam S. Intra-aortic balloon occlusion without 

fluoroscopy for severe postpartum haemorrhage secondary to placenta percreta. Inter-
national Journal of Obstetric Anesthesia. 2014;23:91-93

[44] DuBose JJ, Scalea TM, Brenner M, et al. The AAST prospective aortic occlusion for resus-

citation in trauma and acute care surgery (AORTA) registry: Data on contemporary uti-

lization and outcomes of aortic occlusion and resuscitative balloon occlusion of the aorta 

(REBOA). Journal of Trauma and Acute Care Surgery. 2016;81:409-419

[45] Sovik E, Stokkeland P, Storm BS, Asheim P, Bolas O. The use of aortic occlusion bal-

loon catheter without fluoroscopy for life-threatening post-partum haemorrhage. Acta 
Anaesthesiologica Scandinavica. 2012;56:388-393

Placenta110



[46] Brenner ML, Moore LJ, DuBose JJ, et al. A clinical series of resuscitative endovascu-

lar balloon occlusion of the aorta for hemorrhage control and resuscitation. Journal of 

Trauma and Acute Care Surgery. 2013;75:506-511

[47] Masamoto H, Uehara H, Gibo M, Okubo E, Sakumoto K, Aoki Y. Elective use of aortic 

balloon occlusion in cesarean hysterectomy for placenta previa percreta. Gynecologic 

and Obstetric Investigation. 2009;67:92-95

[48] Paull JD, Smith J, Williams L, Davison G, Devine T, Holt M. Balloon occlusion of the 

abdominal aorta during caesarean hysterectomy for placenta percreta. Anaesthesia and 

Intensive Care. 1995;23:731-734

[49] Duan XH, Wang YL, Han XW, et al. Caesarean section combined with temporary aortic 
balloon occlusion followed by uterine artery embolisation for the management of pla-

centa accreta. Clinical Radiology. 2015;70:932-937

[50] Wei X, Zhang J, Chu Q, et al. Prophylactic abdominal aorta balloon occlusion during cae-

sarean section: A retrospective case series. International Journal of Obstetric Anesthesia. 

2016;27:3-8

[51] Davidson AJ, Russo RM, Reva VA, et al. The pitfalls of resuscitative endovascular bal-

loon occlusion of the aorta: Risk factors and mitigation strategies. Journal of Trauma and 

Acute Care Surgery. 2018;84:192-202

[52] Saito N, Matsumoto H, Yagi T, et al. Evaluation of the safety and feasibility of resusci-

tative endovascular balloon occlusion of the aorta. Journal of Trauma and Acute Care 

Surgery. 2015;78:897-903

[53] Russo RM, Neff LP, Lamb CM, et al. Partial resuscitative endovascular balloon occlusion 
of the aorta in swine model of hemorrhagic shock. Journal of the American College of 

Surgeons. 2016;223:359-368

[54] Russo RM, Williams TK, Grayson JK, et al. Extending the golden hour: Partial resuscita-

tive endovascular balloon occlusion of the aorta in a highly lethal swine liver injury 

model. Journal of Trauma and Acute Care Surgery. 2016;80:372-378 discussion 8-80

[55] Johnson MA, Davidson AJ, Russo RM, et al. Small changes, big effects: The hemodynam-

ics of partial and complete aortic occlusion to inform next generation resuscitation tech-

niques and technologies. Journal of Trauma and Acute Care Surgery. 2017;82:1106-1111

[56] Avaro J-P, Mardelle V, Roch A, et al. Forty-minute endovascular aortic occlusion increases 

survival in an experimental model of uncontrolled hemorrhagic shock caused by abdom-

inal trauma. The Journal of Trauma. 2011;71:720-725; discussion 5-6

Management of High-Risk Obstetrical Patients with Morbidly Adherent Placenta in the Age…
http://dx.doi.org/10.5772/intechopen.78753

111




