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Abstract: Refractory postpartum hemorrhage (PPH) affects 10-20% of patients with PPH when they do not respond adequately to
first-line treatments. These patients require second-line interventions, including three or more uterotonics, additional medications,
transfusions, non-surgical treatments, and/or surgical intervention. Multiple studies have suggested that patients with refractory PPH
have different clinical characteristics and causes of PPH when compared to patients who respond to first-line agents. This review
highlights current insights into therapeutic approaches for the management of refractory PPH. Early management of refractory PPH
relies on both hypovolemic resuscitation and achievement of hemostasis, with an emphasis on early blood product replacement and
massive transfusion protocols. Transfusion needs can be more rapidly and accurately identified through point-of-care tests such as
thromboelastography. Medical therapies for the treatment of refractory PPH involve treatment of both uterine atony as well as the
underlying coagulopathy, with the use of tranexamic acid and adjunct therapies such as factor replacement. The principles guiding the
management of refractory PPH include restoring normal uterine and pelvic anatomy, through the evaluation and management of
retained products of conception, uterine inversion, and obstetric lacerations. Intrauterine vacuum-induced hemorrhage control devices
are novel methods for the treatment of refractory PPH secondary to uterine atony, in addition to other uterine-sparing surgical
procedures that are under investigation. Resuscitative endovascular balloon occlusion of the aorta can be considered for cases of
critical refractory PPH, to prevent or decrease ongoing blood loss while definitive surgical interventions are performed. Finally, for
patients with critical hemorrhage resulting in hemorrhagic shock, damage control resuscitation (a staged surgical approach focused on
restoring normal physiologic recovery and maximizing tissue oxygenation prior to proceeding with definitive surgical management)
has been shown to successfully control refractory PPH, with an overall mortality decrease for obstetric patients.
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Introduction
Obstetric hemorrhage remains the leading cause of maternal mortality worldwide, accounting for 27% of maternal
deaths." Occurring after 5% of all live births,” PPH is a leading cause of severe maternal morbidity, resulting in
significant short-term and long-term consequences to maternal health.> These consequences include the acute effects
of hemorrhagic shock, such as multiorgan failure, transfusion-related morbidity, worsening of chronic anemia, and
intensive care unit admission.* Furthermore, rates of PPH have continued to rise globally over the last decade.’”’
Between 2010 and 2014 PPH rates increased by 13% in the United States, with uterine atony accounting for 79% of
cases.® In addition to the numerous patient characteristics that independently increase the risk for PPH, studies have
examined mode of birth and induction of labor as potential causes for the significant increase in rates of PPH; however,
changes in known risk factors over this time period have yet to fully account for this trend.’

Despite a global rise in the incidence of PPH, maternal mortality from obstetric hemorrhage continues to dispro-
portionately affect patients of lower socioeconomic status and from low-resource countries, suggesting that a vast
majority of these cases would be preventable with improved resources.'* With early diagnosis, appropriate resources,
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and skilled providers and care teams, management of refractory PPH can be optimized to prevent severe maternal
morbidity and mortality.*

Definitions
Postpartum hemorrhage is defined as a cumulative blood loss of 1000mL or greater, or blood loss accompanied by signs
or symptoms of hypovolemia within 24 hours of birth, regardless of the mode of birth. This definition was introduced by
the American College of Obstetricians and Gynecologists’ reVITALize program in 2014 in order to standardize obstetric
definitions for PPH.'°

The majority of patients respond appropriately to first-line treatments for PPH, which include uterotonics, uterine
massage, and tranexamic acid. However, 10-20% of these patients ultimately do not respond adequately to these initial
interventions. This subgroup of refractory PPH cases comprises the majority of PPH-related morbidity and mortality.''
Refractory PPH is generally defined as hemorrhage requiring second-line interventions, including three or more
uterotonics, bimanual uterine compression, uterine balloon tamponade/vacuum-induced hemorrhage control devices, or
surgical treatment such as cervical or high vaginal laceration repair, uterine cavity exploration, surgical devascularization
procedures, uterine compression sutures, or hysterectomy.''

Causes of Refractory PPH

Patients with refractory PPH appear to have different clinical characteristics and risk factors for PPH in comparison to
those responsive to first line agents for PPH.'" Common risk factors for PPH include advanced age, multiple gestation,
polyhydramnios, uterine fibroids, coagulation disorders, antepartum hemorrhage, chorioamnionitis, operative delivery,
history of PPH, abnormal placentation and prolonged labor course, among others. However, with refractory PPH,
Widmer et al found that patients with labor induction or augmentation, with episiotomies or perineal lacerations requiring
suturing, and with neonatal birthweights > 3500g were at significantly higher risk for refractory PPH in comparison to
patients with PPH responsive to first-line agents."'

Patients with refractory PPH also appear to have different underlying risk factors and etiologies for PPH than those
with responsive PPH. According to a secondary analysis of the WHO CHAMPION trial, uterine atony only accounted for
31.5% of refractory PPH cases as the sole cause, while accounting for 53.2% of PPH cases responsive to first-line
agents.'' Other studies have similarly demonstrated that uterine atony accounts for up to 80% of all cases of PPH,'* but
only approximately 33—50% of cases of refractory PPH.'?> Widmer et al demonstrated that the remainder of refractory
PPH cases in their study were attributed to obstetric lacerations in 28%, compared to 12.8% of PPH-responsive cases, as
well as abnormal placentation in 11% of refractory PPH cases, compared to 5.6% of PPH-responsive cases.'' Mousa et al
similarly reported trauma as the second most common cause of refractory PPH after uterine atony, in up to 50% of
cases.'” Positive correlations between the severity of hemorrhage and obstetric trauma as the leading cause of refractory
PPH have been described in the literature.'*'> Thus, management of refractory PPH aims to address both uterine atony as
well as obstetric trauma and associated coagulopathy.

Risk Assessment and Early ldentification
Early detection and management of refractory PPH relies upon identification of antenatal risk factors for PPH, with
ongoing clinical risk assessments during labor, birth, and postpartum. Multiple risk assessment tools and protocols, such
as the Safe Motherhood Initiative Risk Assessment Checklist, the California Maternal Quality Care Collaborative
Obstetric Hemorrhage Risk Assessment Guide, or the Association of Women’s Health, Obstetric and Neonatal Nurses
PPH Risk Assessment Table can be used at the time of labor unit admission to identify patients at higher risk for
developing severe PPH, based on obstetric history and antepartum risk factors.'®!”-!1¢

Patients deemed to be at higher risk for PPH based on antenatal risk factors can be identified prenatally, triaged to an
appropriate level of care for labor and birth, and preparations made with cross-matched blood prepared and hemorrhage
kits available accordingly. Those with high hemorrhage risk due to suspected morbidly adherent placenta can be
scheduled for surgery ahead of time in a facility with appropriate resources, and with consulting teams and blood

. . . . . 18
bank preparations available for immediate assistance.
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Quantification of Blood Loss

Early identification of PPH relies upon accurate quantification of ongoing blood loss as well as frequent assessment of
patient risk factors, vital signs, and clinical signs and symptoms of hemorrhage. Quantitative blood loss (QBL) has been
shown to have multiple advantages over estimated blood loss (EBL) in providing a more accurate assessment of ongoing
blood loss during obstetric hemorrhage. In addition to improved accuracy of calculated blood loss, QBL decreases the
likelihood of underestimating blood loss by visual inspection alone, potentially leading to earlier diagnosis and interven-
tions for PPH.'”?' The California Maternal Quality Care Collaborative has emphasized the need for cumulative QBL
through an obstetric hemorrhage toolkit with the use of under-buttock drapes in vaginal births and scales for real-time
weight measurements of blood-soaked materials.”? However, other studies have identified limitations in the utility of QBL
for decreasing PPH-related risk. These studies have suggested that QBL measurements have not prevented worsening PPH,
nor have they been shown to improve maternal outcomes associated with PPH.**** To date, QBL has not been shown to
accurately correlate with or predict postpartum hemoglobin measurements.*> Despite the lack of definitive data supporting
improved outcomes, our professional organizations have moved towards recommendations for cumulative QBL as a tool to
support a shared mental model and communication between multidisciplinary teams on the labor unit.

Recently, new mobile monitoring techniques such as the Triton system have been utilized for more accurate
measurements of ongoing blood loss. The Triton system specifically uses a platform to measure hemoglobin blood
loss by capturing images of blood-soaked surgical sponges and transferring them to a remote server, where Feature
Extraction Technology then provides a precise hemoglobin measurement.”®?” However, the clinical utility of this
technology is still being studied for larger subsets of patients to determine long term efficacy in the obstetric population.

Clinical Signs for Early Detection of PPH

Management of PPH also requires ongoing evaluation of clinical signs and symptoms of acute blood loss anemia. As
vital sign derangements are often a late manifestation of significant blood volume loss and hypovolemic shock, they
should not be relied upon for early recognition of PPH. However, once apparent, initial vital sign derangements may
include a heart rate of over 100 beats per minute (bpm), decreased pulse pressure, and/or a respiratory rate of 20-30
breaths/minute, correlating with a 15% loss in total blood volume. Ongoing blood loss can result in hypotension,
profound tachycardia over 120bpm, or a respiratory rate of 30—40 breaths/minute, correlating with a 30-40% loss in total
blood volume, according to the Advanced Trauma Life Support (ATLS) criteria.”® The ATLS classification of hypovo-
lemic shock is further detailed in Table 1.

Because the association between vital sign cutoffs and acute hemorrhage are more variable in trauma and obstetric
patients, initial vital sign derangements are not always predictive of the severity of ongoing blood loss.?*° The Maternal
Early Warning Criteria (MEWC) establishes an obstetric-specific list of abnormal parameters that indicate the need for
urgent bedside evaluation for the early identification and recognition of obstetric emergencies such as hemorrhage. These

Table | Advanced Trauma Life Support (ATLS) Classification of Hypovolemic Shock?®

Class | Class Il Class Il Class IV
Estimated blood loss <15% 15-30% 30-40% >40%
Heart rate (bpm) <100 100-120 120-140 >140
Blood pressure Normal Normal Decreased Greatly decreased
Pulse pressure Normal or increased Decreased Decreased Decreased
Respiratory rate (breaths/sec) 14-20 20-30 3040 >35
Mental status Slightly anxious Mildly anxious Anxious, confused Confused, lethargic
Urine output (mL/hr) >30 20-30 5-15 Minimal

Note: Data from American College of Surgeons Trauma Committee, Advanced Trauma Life Support (2008).28
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criteria include changes in systolic or diastolic blood pressure, heart rate, respiratory rate, oxygen saturation, urine output,
and maternal confusion or unresponsiveness.’' The shock index (SI), calculated as maternal heart rate divided by systolic
blood pressure, has also been proposed as a predictor of hemodynamic changes in the setting of acute blood loss even
with normotensive blood pressures. Elevated SI values over 0.9 have been associated with an increased risk of massive
transfusion, ICU admission, and adverse PPH-related outcomes. %3233

Importantly, as defined by the SMI Obstetric Hemorrhage Checklist, abnormal vital signs, lab values, and oliguria are not
present until stage 3 PPH, which is otherwise characterized by continued bleeding greater than 1500cc, transfusion of 2 or more
units of PRBCs, or continued suspicion for occult bleeding or coagulopathy.'® This highlights that classic signs of hypovolemia,
such as hypotension and tachycardia, may not be apparent in a healthy obstetric patient until approximately 25% of total blood
volume has been lost.*® Thus, prompt management and treatment of clinically suspected PPH should not be delayed in the setting

of normal vital signs.>*

Protocols and Bundles for Early Intervention
In order to respond efficiently and effectively to severe PPH, the use of obstetric hemorrhage bundles has been proposed to
improve patient outcomes. Systematic PPH protocols have resulted in earlier resolution of bleeding, decreased transfusion
rates, and decreased need for invasive procedures including uterine artery embolization and cesarean hysterectomy.>>*® The
Council on Patient Safety in Women’s Health Care and the SMI in 2015 developed obstetric bundles in order to target areas of
improvement for key causes of maternal morbidity and mortality.'**” These obstetric hemorrhage bundles highlighted the
importance of system and unit readiness, including immediate access to hemorrhage medications and supplies, established
massive transfusion and blood bank protocols, unit education, and the establishment of a hemorrhage response team including
consult teams such as gynecologic oncology surgery and interventional radiology as needed.'? Familiarity with the stages of
PPH and the appropriate management steps and actions according to the Safe Motherhood Initiative (SMI) are paramount for
the early identification and treatment of severe PPH (Figure 1)."°

Initial interventions for suspected refractory PPH center around early recognition and patient stabilization.
Intravenous access should be confirmed with two large bore IVs (typically 18 gauge), and stat blood samples should
be sent for type and crossmatch, complete blood count, and coagulation profile, including fibrinogen. Fluid resuscitation
should be initiated with crystalloid or colloid solution, and a Foley catheter should be considered to empty the bladder
and to facilitate accurate assessment of hourly intake and output. Optimal timing of resuscitation should be immediate to
prevent the onset of hemorrhagic shock, metabolic acidosis, and coagulopathy.

Volume Replacement and Massive Transfusion

Volume Replacement

Fluid resuscitation for large volume blood loss secondary to PPH has traditionally focused on aggressive volume replacement,
based on the principle that 1 liter of blood loss requires 45 liters of fluid replacement.®® The goal of aggressive fluid
resuscitation is to restore circulating blood volume and normalize blood pressure rapidly with a large volume infusion of
crystalloid fluid.>® However, recent studies have proposed a hypotensive fluid resuscitation approach, otherwise known as
permissive hypotension, during the early stages of hemorrhagic shock.***' Hypotensive reanimation focuses on early,
aggressive blood product placement rather than large-volume crystalloid replacement. Restrictive IV fluid resuscitation
consists of small 500mL boluses of fluid to decrease the risk of dilutional coagulopathy, the disintegration of pre-formed
blood clots through high intravascular hydrostatic pressures, and hypothermia.**** Small-volume boluses also decrease the
risk of third spacing and fluid extravasation, which can result in worsening hemodynamics, cardiac dysfunction, and decreased
renal perfusion through increased intra-abdominal pressure.*’ Henriquez et al demonstrated that increased IV fluid adminis-
tration was associated with decreased fibrinogen and hemoglobin; patients who received more than 4L of fluid for acute blood
loss experienced increased subsequent bleeding and adverse maternal outcomes.** Thus, permissive hypotension is recom-
mended for patients with a goal MAP between 50—60mmHg or systolic blood pressure between 80—-90mmHg until the source
of bleeding has been controlled.** Balanced crystalloids such as lactated ringers are preferred over saline-containing solutions
due to the risk of hyperchloremic acidosis and impaired kidney function.
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STAGE 1: Blood loss »100oml after delivery with normal vital signs and lab values. Vaginal delivery

s00-999ml should be treated as in Stage 1.

INITIAL STEPS:

[] Ensure 166G or 18G IV Access

[] Increase IV fluid (crystalloid without oxytocin)
[] Insert indwelling urinary catheter

[ Fundal massage

MEDICATIONS:
[[] Ensure appropriate medications given patient history
[C] Increase oxytocin, additional uterotonics

BLOOD BANK:

[] Confirm active type and screen and
consider crossmatch of 2 units PRBCs

ACTION:

[] Determine etiology and treat

[C] Prepare OR, if clinically indicated
(optimize visualization/examination)

Oxytocin (Pitocin):

10-40 Units per soo-1000mL solution

Methylergonovine (Methergine):
0.2 milligrams IM (may repeat);
Avoid with hypertension

15-methyl PGF.a (Hemabate, Carboprost):
250 micrograms IM (may repeat in g1 minutes,
maximum 8 doses); Avold with asthma; use
with caution with hypertension

Misoprostol (Cytotec):
Bo0-1000 micrograms PR
600 micrograms PO or 800 micrograms SL

Tone (i.e., atony)

Trauma (i.e., laceration)

Tissue (i.e., retained products)
Thrombin (i.e., coagulation dysfunction)

STAGE 2: Continued Bleeding (EBL up to 15o0omlL OR * 2 uterotonics) with normal vital sign
and lab values (*tw

of the same uterotonic)

INITIAL STEPS:

[] Mobilize additional help

[] Place 2nd IV (16-18G)

[] Draw STAT labs (CBC, Coags, Fibrinogen)
[] Prepare OR

MEDICATIONS:
[[] Continue Stage 1 medications; consider TXA

BLooD BANK:

maore wterofonics in addition to routine oxytocin administration; or 2 2 administratio

Tranexamic Acid (TXA)

1gram IV over 10 min (add 1 gram vial to
100mL NS & give over 10 min; may be
repeated once after 30 min)

[[] Obtain 2 units PRBCs (DO NOT wait for labs. Transfuse per clinical signs,symptoms)

[] Thaw 2 units FFP

ACTION:

[[] For uterine atony -» consider uterine balloon
or packing, possible surgical interventions

[C] Consider moving patient to OR
[] Escalate therapy with goal of hemostasis

Possible interventions:

* Bakri balloon

* Compression suture/B-Lynch suture
* Uterine artery ligation

* Hysterectomy

Huddle and move to Stage 3 if continued blood loss and/or abnormal VS )

Safe Motherhood Initiative

Revised September 2020

Figure | Continued.

3 ACOG
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STAGE 3: Continued Bleeding (EBL » 1500mL OR » 2 RBCs given OR at risk for occult bleeding/

coagulopathy OR any patient with abnormal vital signs/labs/oliguria)

INITIAL STEPS:
[J mobilize additional help
] Move to OR

[ Announce clinical status
(vital signs, cumulative blood loss, etiology)

[ Outline and communicate plan

MEDICATIONS:
[] Continue Stage 1 medications; consider TXA

BLoOD BANK:

[] Initiate Massive Transfusion Protocol
(If clinical coagulopathy: add cryoprecipitate,
consult for additional agents)

ACTION:
[ Achieve hemostasis, intervention based on etiology

[C] Escalate interventions

Oxytocin (Pitocin):

10-40 units per 500-1000mL solution

Methylergonovine (Methergine):
0.2 milligrams IM (may repeat);
Avoid with hypertension

15-methyl PGF,a (Hemabate, Carboprost):
250 micrograms IM

(may repeat in q15 minutes, maximum & doses)
Avoid with asthma;

use with caution with hypertension

Misoprostol (Cytotec):
Boo-1000 micrograms PR
&o0 micrograms PO or 8oo micrograms SL

Tranexamic Acid (TXA)

1 gram IV over 10 min (add 1 gram vial to 10omL
NS & give over 10 min; may be repeated once
after 30 min)

Possible interventions:

* Bakri balloon

* Compression suture/B-Lynch suture
* Uterine artery ligation

* Hysterectomy

STAGE 4: Cardiovascular Collapse (massive hemorrhage, profound hypovelemic shock, or amniotic

fluid embolism)

INITIAL STEP:
[C] Mobilize additional resources

MEDICATIONS:
[ acLs

BLOOD BANK:
[ simultaneous aggressive massive transfusion

ACTION:

[ Immediate surgical intervention to ensure
hemaostasis (hysterectomy)

Post-Hemorrhage Management

= Determine disposition of patient

+ Debrief with the whole obstetric care team
« Debrief with patient and family

* Document

Figure | SMI hemorrhage bundle for the classification of the 4 stages of PPH with corresponding management recommendations, including initial steps in management,
medications, blood bank utilization, and action items. Reprinted with permission from American College of Obstetricians and Gynecologists. Obstetric Hemorrhage
Checklist. Accessed March 23, 2023. https://www.acog.org/-/media/pro]ectjacog/acogorg/ﬁIes/fm'ms/dis(:ricts/smi-ob-hemorrhage-bundIe-hemorrhage-checklis(:.pdf.I 17
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Massive Transfusion
Hemostatic resuscitation attempts to limit fluid resuscitation, and focuses primarily on early blood product replacement and
massive transfusion protocols (MTP).*> Massive transfusion is defined as transfusion of greater than 10 units of RBCs over
24 hours, replacement of total blood volume within 24 hours, or replacement of 50% total blood volume within 3 hours.***®
Massive transfusion protocols include an automatic release of RBCs, FFP, and platelets. This is typically released in a
predefined 1:1:1 ratio of 1 unit RBCs to 1 unit FFP to 1 unit pooled (6 packs) platelets. Cryoprecipitate is another key
component of MTP, as cryoprecipitate provides a more concentrated form of fibrinogen, and should be administered to
patients with disseminated intravascular coagulation (DIC) or fibrinogen levels less than 200-300 mg/dL.*%7!-!!8

The MTP can be activated by a physician or nurse, although this may differ depending on the institution, and blood
products should be continuously released by the blood bank until the MTP is deactivated.*” Massive transfusion has been
shown to decrease overall hemorrhage-related mortality through aggressive correction of coagulopathy.*®*° The
PROMTT trial from trauma literature demonstrated that high ratios of transfusion were associated with decreased
mortality within the first 6 hours of transfusion, and that early administration of plasma within the first 3 hours was
associated with decreased mortality at 24 hours and 30 days.’® Meanwhile, the PROPPR trial supported that a 1:1:1
transfusion ratio was associated with adequate hemostasis and decreased mortality from exsanguination at 24 hours.*”"!
Therefore, while standard initiation cutoffs for MTP vary from institution to institution, many institutions activate
massive transfusion for an EBL of 1500mL with ongoing bleeding. MTP should be activated without hesitation for

clinically significant and rapid bleeding, to decrease maternal morbidity and mortality.>

Markers of Successful Resuscitation

Markers of successful resuscitation include maintenance of normal mental status, mean arterial pressure (MAP) over
65mmHg, adequate urine output, and normal serum pH and bicarbonate.” Importantly, serial measurements of serum
lactate should be trended during ongoing resuscitation as a marker of tissue perfusion, as the half-life of lactic acid is 20
minutes. Persistently elevated serum lactic acid levels indicate tissue hypoperfusion and the need for continued
resuscitation.* Care should also be taken during MTP and large volume resuscitation to correct electrolyte derange-
ments, which commonly include hyperkalemia, hypocalcemia, and hypomagnesemia from RBC overload, in order to

avoid cardiac arrhythmia.>

Monitoring Transfusion Needs: Point of Care Testing

Thromboelastography (TEG), or rotational thromboelastometry (ROTEM), are valuable non-invasive diagnostic tools for
the evaluation and correction of coagulopathy in ongoing hemorrhage. These rapid point-of-care tests are now increas-
ingly utilized in obstetric ICUs and on L&D units for guiding transfusion needs in refractory PPH.

Standard coagulation assays are limited in their ability to assess clinically significant coagulopathy from ongoing
blood loss, as well as certain coagulation factors such as factor XIII, platelet function, and the activity of the
fibrinolytic system.’®>’ While standard coagulation assays are performed on plasma, TEG is performed on whole
blood and can evaluate individual cellular components, including platelet function, as well as the timing and extent
of fibrinolysis. This allows for rapid and accurate assessment of coagulopathy in order to guide blood component
transfusion requirements in real time for patients with ongoing hemorrhage.’® °® TEG has been shown to decrease
transfusion requirements and transfusion-related mortality, as well as the incidence of postoperative ICU admission
and hospital length of stay.®' ¢

Limitations to TEG include the lack of standardized normal reference ranges between institutions, and differ-
ences in baseline parameters for certain obstetric populations; further research is needed to ensure accurate
interpretation. Limited data is available on the overall mortality benefit for obstetric patients.®” However, the
advantages of TEG for the rapid evaluation and determination of transfusion needs for refractory PPH support its
use for high risk obstetric populations.
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Medical Therapies

Uterotonics: Limitations

Medical management of PPH has traditionally targeted uterine atony, and includes uterotonics such as oxytocin (Pitocin),
methylergonovine (Methergine), 15-methylprostaglandin F2o (Hemabate), and misoprostol (Cytotec). However, this
approach does not address the associated coagulopathy often seen in cases of severe PPH.

Medical therapies targeting correction of coagulopathy in refractory PPH include tranexamic acid (TXA), fibrinogen
concentrates, prothrombin complex concentrates, desmopressin, and in rare, select circumstances, recombinant factor VII
(Table 2).*>" The use of agents such as recombinant FVII is currently limited due to their increased risk of thrombosis,
as well as the need for further research to establish their safety profile and efficacy for the treatment of PPH. However,
their potential as adjunct therapies to massive transfusion protocols in extenuating circumstances remains promising,

especially for the rapid correction of coagulopathy in settings where blood bank access may be limited.

Tranexamic Acid

Tranexamic acid (TXA) is an antifibrinolytic agent that prevents plasmin activation and inhibits the breakdown of
fibrinogen and fibrin.®> As increased fibrinolysis is seen in early hemorrhage, TXA has been proposed to decrease
perioperative bleeding.®® The WOMAN trial found that patients experiencing PPH who received TXA within 3 hours of
birth had a 31% decrease in maternal mortality from bleeding and a 36% decrease in the likelihood of requiring a
laparotomy to control bleeding, compared to patients who did not receive TXA. Administration of TXA after this 3-hour
window was not found to be beneficial. Patients who received TXA did not experience an increased risk of thrombosis.®’

Table 2 Adjunct Medical Therapies for the Treatment of Severe PPH’®

Adjunct Medical Therapy Utilization

Tranexamic acid Recommended in PPH not resolved with first-line agents (uterotonics)
Administer Ig IV
May repeat 2nd dose if needed after 30 minutes if bleeding persists

Do not exceed 2g in 24 hours

Avoid in patients with renal disease

Desmopressin acetate ® |ndicated in postpartum bleeding in the setting of uremia, platelet dysfunction, and type | von Willebrand
disease
® Usual dose: 0.3pg/kg

May result in hyponatremia

Decreased efficacy with repeated doses (tachyphylaxis)

Recombinant Factor VII No evidence of improved survival
Significant thrombotic risk

Not recommended for routine use in PPH

Consider use of lower doses to decrease thrombotic risk

Fibrinogen concentrates Concentrated form of fibrinogen
No need to thaw, minimal risks of infectious complications compared with cryoprecipitate
Early use to maintain fibrinogen level above 200mg/dL suggested

Initial dose commonly used between 2-3g

Titrate further dosing based on serum fibrinogen levels

Prothrombin complex Concentrates of human-derived vitamin K-dependent factors (ll, VII, IX, X)

concentrates First-line agent for urgent reversal of warfarin

Limited evidence in non-warfarin-related hemorrhage

If used during massive transfusion, consider lower doses than recommended for warfarin reversal to limit

risk of thrombosis

Notes: Reproduced from Pacheco LD, Saade GR, Hankins GDV. Medical management of postpartum hemorrhage: an update. Semin Perinatol. 2019;43(1):22-26. Copyright
2019, withpermission from Elsevier.”®
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As a result, the World Health Organization (WHO) has since recommended the concomitant administration of TXA as a
first-line agent with uterotonics for the management of PPH.”® TXA is typically given intravenously as a 1g dose over 10
minutes, and an additional dose may be given for persistent bleeding after 30 minutes, or for recurrent bleeding after 24
hours, regardless of the cause of PPH. While there is not a significant thrombotic risk at the current dose used in
obstetrics, TXA should still be used with caution in patients who are at higher risk for thrombosis. Due to its renal

clearance, TXA is contraindicated in patients with renal dysfunction.”®

Adjunct Therapy: Fibrinogen Concentrates

Early activation of fibrinolysis in hemorrhage results in low serum fibrinogen being an early predictor of severe PPH.”"
Through conversion to fibrin, fibrinogen replacement or augmentation aids in clot formation, and serves as an
independent predictor of mortality in major trauma patients.”> Fibrinogen replacement is typically recommended to
maintain levels above 200 mg/dL, and has traditionally been replaced with cryoprecipitate. Each unit of cryoprecipitate,
containing 150-350mg of fibrinogen, is expected to raise serum fibrinogen levels by 10 mg/dL.”* A standard therapeutic
dose of cryoprecipitate contains approximately 3.3g of fibrinogen, with a volume of 380 mL, while a standard therapeutic
dose of fibrinogen contains approximately 2.8g of fibrinogen, with a volume of 1070 mL.""® Therefore, cryoprecipitate is
typically included in massive transfusion protocols as FFP is a suboptimal source of fibrinogen replacement due to the
large volume that would be needed for the same effect, increasing the risk for volume overload and pulmonary edema.”
However, limitations of cryoprecipitate include the need to thaw the product before use, as well as the potential for viral
transmission. Alternatively, fibrinogen concentrates use viral inactivation as part of the manufacturing process, resulting
in an improved safety profile, and are ready for immediate use at room temperature. Limited studies on the use of
fibrinogen concentrates in PPH have demonstrated a decreased need for blood product transfusion and subsequent
volume overload, without adverse side effects. However, further research is needed on the use of this product for the
management of PPH once it becomes more widely available in the United States. Usual doses start at 2-3g, with
additional doses based on serum fibrinogen levels.”*

Prothrombin Complex Concentrates

In addition to early fibrinolysis, severe PPH is also characterized by consumption of clotting factors within the extrinsic
pathway of the clotting cascade, due to the activation of tissue factor. Prothrombin complex concentrates (PCCs) are
comprised of the vitamin K-dependent clotting factors II, VII, IX, and X, as well as proteins C and S. PCCs are available
in a variety of preparations. Profilnine is a 3-factor coagulant containing factors II, IX, and X, while Kcentra and FEIBA
are 4-factor coagulants containing factors II, VII, IX, and X.”> While PCCs are currently only FDA approved for the
reversal of warfarin-induced bleeding, there has been limited data on their off-label use for clotting factor repletion in
severe hemorrhage, which is typically at a lower dose, to decrease the risk of thrombosis.”®’” This may prove to be
useful in treating obstetric hemorrhage for patients with severe liver dysfunction or acquired factor deficiencies.’® At this
time, further research is needed on the safety profile and optimal dosing of PCCs before they can be routinely used to
treat refractory PPH.

Desmopressin

In patients with known von Willebrand disease (typically type 1) or those with underlying renal dysfunction and uremia,
desmopressin acetate (DDAVP) may be used for the treatment of refractory PPH for this specific patient population when
necessary. As a synthetic analogue of vasopressin, DDAVP stimulates secretion of von Willebrand factor from
endothelial cells, thus improving platelet function. DDAVP is typically administered at an intravenous dose of 0.3 pg/
kg for a maximum dose of 25-30 pg/kg infused over 25-30 min, in order to avoid hyponatremia and tachyphylaxis.”

Recombinant Factor VII

Recombinant-activated Factor VII (rFVIla) is another adjunct medication approved for patients with hemophilia A or B,
and for patients with congenital FVII deficiency with acute bleeding episodes. Its off-label use includes treatment of
severe postpartum hemorrhage in select cases.”®”” A randomized controlled trial by Lavigne-Lissalde et al showed that
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early administration of rFVIla in patients with severe refractory PPH decreased the need for second-line therapies such as
interventional hemostatic procedures and transfusions, with non-fatal venous thromboembolic events occurring in 1 of
every 20 patients.®® While some studies have demonstrated that rFVIIa may decrease the need for overall blood product
transfusion in acute hemorrhage, a significant survival benefit has not been shown.”” Due to its high associated
thrombotic risks and questionable safety profile, rFVIIa is not currently recommended for routine use in the management
of PPH, and should only be considered in extenuating circumstances at lower doses in order to decrease the risk of
thrombosis.®' Fibrinogen levels must be high enough in patients who are considered for rVIIa therapy and restricted to
refractory PPH cases where therapeutic hysterectomy is necessary unless ongoing bleeding can be stopped. Many
obstetric units have since removed rVIla from their massive transfusion protocols in favor of agents with more favorable
safety profiles, such as TXA.”

Management of Refractory PPH

In 2012 and 2017, the WHO published recommendations for the first-line treatment of PPH, which are divided into care
bundles for initial response to PPH and response to refractory PPH (Table 3).5*®° The early response PPH bundle
includes the administration of IV crystalloids, uterotonics, tranexamic acid, and uterine massage.®* For the management
of PPH refractory to first line treatment, the administration of additional uterotonics, a second dose of tranexamic acid,
compressive measures such as the use of intrauterine balloon tamponade, aortic compression or bimanual uterine
compression, and the use of non-pneumatic antishock garments (NASG), if available, are recommended to minimize
ongoing blood loss prior to or while preparing to proceed to invasive surgical procedures.®

Determining Appropriate Management

When medical management of PPH has failed, further evaluation for the underlying cause of hemorrhage must be
undertaken while simultaneously continuing fluid resuscitation and blood product replacement. General principles for the
management of refractory PPH include restoring normal uterine and pelvic anatomy, decreasing uterine blood flow, and
replicating the vascular compression that results from uterine involution.*® Restoring normal uterine and pelvic anatomy
involves evaluation for and management of retained products of conception and uterine inversion, in addition to repair of
obstetric lacerations. Decreasing uterine blood flow involves surgical ligation or embolization of vessels such as the
uterine artery and collaterals. Vascular compression can be accomplished with uterine compression sutures such as B-
lynch sutures or with mechanical tamponade such as Bakri balloons.* An analysis by Widmer et al found that 65% of
patients with severe refractory PPH required second-line management procedures, with 41% of those undergoing the

Table 3 WHO PPH Care Bundles®®

PPH Care Bundle Components
First response PPH ® Uterotonic drugs
bundle ® [sotonic crystalloids
® Tranexamic acid
® Uterine massage
® Notes: initial fluid resuscitation is performed together with intravenous (IV) administration of uterotonics. If [V
uterotonics are not available, fluid resuscitation should be started in parallel with sublingual misoprostol or
other parenteral uterotonics. If PPH is in the context of placental retention, the placenta should be extracted,
and a single dose of antibiotics should be administered. If lacerations are encountered, they should be repaired.
Response to refractory ® Compressive measures (aortic compression or bimanual uterine compression)
PPH bundle ® |Intrauterine balloon tamponade
® Non-pneumatic antishock garment
® Notes: a continuing dose of uterotonics (eg oxytocin diluted in isotonic crystalloids) and a second dose of
tranexamic acid should be administered during the application of this bundle

Notes: Reproduced from Althabe F, Therrien MNS, Pingray V, et al. Postpartum hemorrhage care bundles to improve adherence to guidelines: a WHO technical
consultation. Int | Gynecol Obstet. 2020;148:290-299. © 2019 The Authors. International Journal of Gynecology & Obstetrics published by John Wiley & Sons Ltd on behalf
of International Federation of Gynecology and Obstetrics. Creative Commons CC BY license.®
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most commonly used intervention of repair of cervical or high vaginal tears, followed by bimanual uterine compression,
uterine balloon tamponade, and hysterectomy.'!

While there are no existing data regarding the specific order in which these interventions should occur, nor the
comparative effectiveness of any intervention over the other, “STASIS” is an established algorithm proposing appropriate
steps for the surgical management of refractory PPH (Table 4).%* Once refractory PPH is suspected, the patient’s location
should be “shifted” to the operating room for improved visualization, with vaginal packing for hemostasis during transfer
if needed. A thorough pelvic exam should then be performed in the operating room to exclude the presence of retained
“tissue” or lacerations (“trauma”), followed by balloon “tamponade.” The next steps involve “applying compression”
through surgical compression sutures, attempting “systemic” devascularization with O’Leary, ovarian, hypogastric,
quadruple, or internal iliac sutures, or consulting “interventional” radiology for uterine artery embolization if the patient
is stable enough for transfer to the IR suite. Finally, the surgical team should proceed with “subtotal”/total hysterectomy
if the above efforts remain futile for controlling refractory PPH.*®

Operating Room Evaluation
The decision to mobilize the patient to the operating room for improved visualization or anesthesia administration should
not be delayed in the setting of ongoing, uncontrolled bleeding. This is especially important considering that approxi-
mately 30% of refractory PPH cases are due to trauma from cervical or high vaginal lacerations that may not be identified
until the patient is examined under anesthesia in the operating room."" The appropriate ancillary support teams, including
anesthesiology, gynecology specialty services, and the blood bank should be notified in preparation for moving to the
operating room. A member of the team should be assigned to record the times of ongoing events and medications
administered, as well as to keep track of ongoing and total blood loss throughout the case and the number and types of
transfusion products. Available supplies in the OR should include a hemorrhage cart, uterotonics, uterine tamponade
balloons and syringes, vaginal and abdominal retractors, packing sponges, a cesarean hysterectomy tray, an ultrasound
machine, and a D&C tray, as well as a cystoscope and tower if available. Ongoing monitoring of blood loss should
include quantitative drapes and a scale to weigh blood-soaked materials. Anesthesia should be tailored to the patient’s
comfort at a level appropriate for anticipated OR procedures, with the avoidance of hypothermia and consideration for
redosing of antibiotics based on blood loss and total operative time.®

A complete, systematic evaluation of the abdomen and pelvis for potential sources of bleeding should include a pelvic
examination with adequate visualization of the cervix and the entire length of the vaginal walls, evaluation for retained
products of conception with manual exploration and bedside ultrasonography, and finally laparotomy for further

Table 4 “STASIS” Algorithm for Management of Refractory PPH®

“STASIS” Algorithm Management Steps

S: Shift Shift to operating room
(with bimanual compression anti-shock garment in place
if transfer is required)

T: Tissue, trauma, tamponade Exclude the presence of retained tissue or lacerations;
proceed with tamponade (balloon)

A: Apply compression Apply compression sutures
S: Systematic devascularization Ligate uterine (O’Leary), ovarian, hypogastric, quadruple
I: Interventional radiology Uterine artery embolization
S: Subtotal/total hysterectomy Proceed with hysterectomy

Notes: Reproduced from &,
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evaluation of pelvic and abdominal organs, for identification of potential sources of concealed hemorrhage such as broad
ligament and retroperitoneal hematomas, and for surgical devascularization procedures if indicated.

Repair of Obstetric Trauma and Lacerations

Systematic pelvic examination includes examination of the perineum, vaginal vault, vaginal walls, and cervix. Deeper
lacerations or lacerations that are actively bleeding should be repaired first, in order to minimize ongoing blood loss,
using vaginal wall retractors as needed for optimal visualization. Absorbent packing such as gel foam may be used to
decrease the risk of hematoma formation after the repair of large or deep sidewall lacerations. The cervix should be
routinely examined with the aid of ring forceps, as deep cervical lacerations can cause significant bleeding. These are
typically repaired in a running locked fashion with synthetic absorbable suture, taking care to ensure cervical patency at
the end of the repair. Finally, the placement of vaginal packing at the end of a repair should be considered in the presence
of coagulopathy, or when friable vaginal tissue contributes to small persistent arcas of bleeding. This allows for
correction of coagulopathy and spontaneous wound closure while providing hemostasis, rather than causing additional
trauma from suture placement. Vaginal packing is especially helpful in providing tamponade to prevent enlargement of
vaginal hematomas, and should be used with a Foley catheter to assist in voiding and to keep track of intake and output.®

Retained Products of Conception

Evaluation for retained products of conception is essential in every case of obstetric hemorrhage, as retained placenta can
occur in approximately 2-3% of all births.** Identification of retained products with bimanual exploration and bedside
ultrasound, followed by their removal, is necessary in order for uterotonics to effectively treat uterine atony. Given the
high risk for perforation in the postpartum uterus, suction D&C to remove retained products of conception should be
performed under ultrasound guidance, which has the simultaneous benefit of confirming complete evacuation of the
uterus. A single dose of antibiotics should be administered following manual placental extraction to decrease the risk of
infection.®

Management of Uterine Inversion
Evaluation for uterine inversion should be considered whenever the fundus cannot be palpated in a PPH, as incomplete or
partial uterine inversion may not be immediately recognized on initial exam. These patients may experience significant
shock or hypotension out of proportion to the degree of blood loss, due to vasovagal stimulation.®

Once uterine inversion is identified, immediate attempts should be made to return the uterus to its anatomic position
through steady, continued pressure on the uterine fundus using a closed fist; delayed efforts may result in more difficulty
in reversing the inversion due to progressive uterine edema. This maneuver is most successful with the concomitant
administration of nitroglycerin or terbutaline in order to relax the uterus. The placenta should be left in-situ during this
maneuver if it has not already separated.®

In cases of persistent uterine inversion, surgical procedures via laparotomy must be performed. The less-invasive
Huntington procedure is typically performed first: the round ligaments are grasped with Allis clamps and gentle traction
is used to replace the fundus above the cervical os (Figure 2)."*° Should this prove unsuccessful, the Haultain procedure
should then be attempted by making a vertical posterior uterine incision to release the constriction ring, thus restoring the
fundus to its anatomical position (Figure 3).'° Patients should be counseled for cesarean births in subsequent
pregnancies following this procedure, as the uterine scar created is similar to a posterior classical hysterotomy.
Following restoration of normal uterine anatomy, uterotonics should be administered given the high risk of uterine
atony following correction of uterine inversion, in addition to preventing recurrence of inversion. A uterine tamponade
balloon can be considered for cases of recurrent uterine inversion. In cases of uterine inversion refractory to the above
interventions, hysterectomy is indicated due to the risk for severe, ongoing PPH.*

Temporizing Compressive Measures
In order to decrease uterine blood flow and compress the vasculature until appropriate care or transfer to a tertiary care
facility becomes available, temporizing compressive measures have been recommended as part of some PPH guidelines
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Figure 2 In the Huntington procedure, the cup formed by the inversion is located. A clamp, such as an Allis or Babcock clamp, is placed on each round ligament entering the
cup, approximately 2 cm deep in the cup. Gently pulling on the clamps exerts upward traction on the inverted fundus. Clamping and traction are repeated until the inversion
is corrected. The myometrium can be clamped if the round ligaments cannot be identified.

Figure 3 The Haultain procedure for management of uterine inversion involves making an incision in the posterior surface of the uterus to bisect the constriction ring in the
myometrium, which is preventing reduction of the inversion. Reproduced from 2022 UpToDate, Inc. Puerperal Uterine Inversion.

Notes: Reproduced with permission from Macones G. Puerperal uterine inversion. In: UpToDate, Post TW (Ed), UpToDate, Waltham, MA. (Accessed on April 22, 2023.)
Copyright © 2023 UpToDate, Inc. and its affiliates and/or licensors. All rights reserved.'?
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to reduce blood loss for refractory PPH in low-resource settings.®> As part of the WHO recommendations for the
management of refractory PPH, temporizing measures such as bimanual uterine compression, aortic compression, and
non-pneumatic anti-shock garments can be considered if available to decrease uterine blood loss until the source of
bleeding can be identified and treated.®

Temporizing compressive measures include bimanual uterine compression and aortic compression for refractory PPH
secondary to uterine atony. Bimanual uterine compression is a two-handed procedure in which one hand is placed in the
anterior vaginal fornix, while the other hand is placed behind the uterine fundus in order to compress the uterus between
both hands. External aortic compression is another compressive measure used to decrease uterine blood flow by applying
external compression with a closed fist at the level of the umbilicus, slightly leftward of midline.®?

Non-Pneumatic Antishock Garments

The use of non-pneumatic antishock garments (NASG) has been proposed as a temporizing, first-aid compression device
to decrease uterine blood loss and stabilize patients with hypovolemic shock from refractory PPH, especially in resource-
limited settings.®® This consists of a lower body compression device comprised of neoprene and Velcro segments applied
rapidly along the ankles, calves, thighs, pelvis, and abdomen to provide lower body circumferential counterpressure for
up to 48 hours. Abdominal and pelvic compression decrease pelvic perfusion, while lower body compression and applied
pressure work to raise systemic blood pressure and cardiac output to increase blood flow to the upper body.*® A review of
multiple observational and international clinical trials using NASG demonstrated up to a 48% mortality benefit for
patients experiencing hypovolemic shock secondary to refractory PPH, as well as a decreased need for transfer to tertiary
care facilities and cesarean hysterectomies.®”*® Due to its easy application, cost effectiveness, and high safety profile,
this method has been recommended by FIGO and the WHO for clinical stabilization for refractory PPH with signs of
hypovolemic shock or hemodynamic instability at all levels of care, especially during transport to tertiary care facilities

and to allow for more definitive surgical interventions while decreasing ongoing blood loss.®***

Intrauterine Balloon Tamponade
Once additional sources of PPH have been excluded, such as lacerations, retained products of conception, or uterine
inversion, mechanical tamponade continues to be recommended by the Safe Motherhood Initiative and in most
hemorrhage protocols for the management of refractory PPH secondary to uterine atony. The most common intrauterine
balloon tamponade system is the Bakri balloon, which decreases uterine blood flow through inward compression of
uterine vasculature.®® Studies have suggested that the use of mechanical tamponade decreases the risk for requiring more
invasive procedures,® and successfully controls PPH secondary to atony in up to 80% of cases.”® This success rate
approaches 100% if uterine balloon tamponade is placed in a timely fashion prior to the development of hemorrhagic
shock.”" A recent meta-analysis by Suarez et al examined the use and efficacy of uterine balloon tamponade for the
treatment of PPH across 91 studies.’? The overall pooled success rate of balloon tamponade for management of PPH was
85.9%, with the highest success rates when used for uterine atony and placenta previa. While some studies showed no
difference in the risk for invasive surgical interventions or mortality, other studies showed a significant decrease in the
need for uterine artery embolization and invasive procedures.”*** Thus, these devices appear to be most effective when a
quality device is used in a timely manner following the immediate recognition of refractory PPH.?° The use of uterine
balloon tamponade appeared to be safe across all studies, with a low complication rate (< 6.5%).%>

Numerous similar devices can be used if a Bakri balloon is not available, including Foley catheters, condom catheters,
and Sengstaken-Blakemore tubes, among others. The balloon can be placed either manually or with the aid of a speculum
and ring forceps, and concomitant ultrasound guidance can be used to confirm correct placement at the uterine fundus. It
is important to ensure that the entire balloon is situated within the uterus in order to provide adequate compression of the
lower uterine segment. The Bakri balloon can be inflated with up to 500 mL of saline until adequate compression is
achieved, as evidenced by decreased bleeding, and then left in place between 2 to 24 hours, depending on the amount of
drainage. The drainage port of the Bakri should be flushed every 2 to 4 hours to prevent clot formation, and can then be

1'95

slowly deflated every few hours to ensure continued minimal drainage prior to removal.””> Vaginal packing is typically
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used in conjunction with the Bakri balloon to keep it in place, as well as a Foley catheter to drain the bladder and measure
strict input and output.

Intrauterine Vacuum-Induced Hemorrhage Control Device (Jada System)

The Jada system is a novel intrauterine vacuum-induced hemorrhage control device that has also shown promise in
refractory PPH secondary to uterine atony, prior to proceeding with surgical intervention for compression and/or
devascularization procedures. In comparison to uterine balloon tamponade, which applies outward pressure on the
uterine walls for the treatment of uterine atony, the Jada system applies low-level intrauterine vacuum to cause
constriction of myometrial blood vessels for hemostasis.”® The device consists of a loop with vacuum pores which
facilitate the creation of an intrauterine vacuum, and a vacuum connector which can connect to a wall suction. The
intrauterine loop is placed within the uterine cavity through the cervix and the cervical seal filled with sterile water to
limit the vacuum suction to the intrauterine cavity. The device is then connected to wall suction and blood is collected via
the suction into a canister, as the uterus contracts and collapses. The vacuum is typically applied for at least an hour
following control of hemorrhage to prevent bleeding recurrence (Figure 4).'%!

Advantages of the Jada system include real-time monitoring of effectiveness and ongoing blood loss through active
collection of blood in the canister and palpable uterine tone as the uterus contracts down following vacuum activation. The
efficacy of the Jada system for the treatment of PPH was evaluated through the PEARLE study, a multicentered clinical trial
which demonstrated a treatment success rate of 94%.°® Definitive control of bleeding was achieved with the Jada device in this
study after a median time of 3 minutes, and was recommended for treatment of PPH by 97% of users on additional analysis of
device usability. There were no serious adverse events reported to be associated with the device during the study.”®

An observational study using a modified intrauterine balloon connected to a vacuum device for vacuum-induced
uterine tamponade showed a similar success rate between 86-100% for controlling uterine atony.”” However, many of
these pilot studies were limited to patients with an EBL of 1500mL or less, with a majority of cases involving vaginal
births. Thus, the generalizability of vacuum-induced hemorrhage control devices to patients with more severe PPH and
cesarean births requires further investigation.

Surgical Devascularization

Should hemorrhage persist despite the above interventions, the surgical team should proceed with laparotomy in order to
perform surgical devascularization and uterine compression procedures. Surgical devascularization is performed to
interrupt uterine blood flow, without known adverse effects on future fertility or pregnancy outcomes.”® The O’Leary
suture, otherwise known as uterine artery ligation, is performed by elevating the uterus, passing the suture 2cm medial to
the uterine artery through the myometrium, and then back out through an avascular portion of the broad ligament before

Figure 4 The Jada device produces a low-level vacuum that induces collapse of the atonic postpartum uterus. Contraction of the myometrium subsequently provides
physiologic control of bleeding. Vacuum pressure ranges between 80 mm Hg + 10 mm Hg. The maximum vacuum pressure is 90 mm Hg. Vacuum pressure should not be
increased higher than 90 mm Hg or tissue trauma may occur. Reproduced from Jada System: US Jada Brochure 2022 https://www.thejadasystem.com/static/pdf/US_]JDA_
110085_Jada_Brochure2.0.pdf]. © 2021 Organon group of companies; reproduced with permission. All rights reserved. !
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tying. Uterine artery ligation has been shown in some studies to successfully control bleeding in 42-88% of cases of
refractory PPH, although the procedural-specific success rates largely depend upon the timing of intervention in relation
to the onset of bleeding, the presence of coagulopathy, and surgeon expertise.”””® While hypogastric artery ligation is
historically described as another method of surgical devascularization for PPH, it is rarely used due to its technical

difficulty and significant risk of injury to the posterior branch of the external iliac artery and to the internal iliac vein.

Uterine Compression Sutures

Uterine compression sutures are an alternative surgical technique for the management of refractory PPH secondary to
uterine atony. The most common compression suture is the B-lynch, which is typically placed in a series of loops with a
large absorbable suture to compress the uterine fundus over the lower uterine segment. The suture is first placed across
the hysterotomy, looped over the uterine fundus, then placed across and below the posterior aspect of the hysterotomy,
looped back over the fundus, and then placed under the hysterotomy before tying. While the suture is tied down, the
uterus must be manually compressed by another member of the surgical team for maximal effect.'® The Hayman suture
employs a similar technique, although without a hysterotomy. Alternative compression sutures include box sutures, Cho’s
multiple square technique, and vertical and horizontal compression sutures, with the same goal of providing external
surgical compression.”® A systematic review by Doumouchtsis et al demonstrated a 91.7% overall success rate of
compression sutures in achieving hemostasis for refractory PPH.'"!

Management of Intraoperative Bleeding

Additional surgical interventions must be considered if bleeding occurs intraoperatively during cesarean, or results from
uterine rupture. Thorough evaluation of potential sources of intraoperative bleeding includes evaluation of bleeding from
the placental bed, presence of uterine extensions, development of hematomas, and bleeding from the inferior epigastric
vessels within the rectus muscles. Significant hemorrhage can occur from deep uterine extensions at the time of cesarean
into the lower uterine segment and bilaterally into the broad ligament and associated vasculature, often during second stage
arrest cesarean births. These should be repaired by identifying the apex of the extension, and repairing from the apex
towards the hysterotomy with running, locked sutures. Traumatized vessels may need to be isolated and ligated, taking care
to avoid injuring other structures such as the ureters. Bleeding from areas within the placental bed can often be oversewn, as
long as a morbidly adherent placenta or focal accreta has been excluded. In patients with a suspected uterine rupture in the
setting of a prior hysterotomy scar, bimanual examination should be initially performed to assess the integrity of the prior
scar and the presence of any myometrial defects. Once confirmed, laparotomy and repair are indicated.®

Uterine Artery Embolization

In patients who are hemodynamically stable and in settings where interventional radiology services are readily available,
uterine artery embolization (UAE) with absorbable material such as Gelfoam can be considered as a fertility-sparing
alternative to hysterectomy. When performed in a timely manner, UAE is an effective treatment for refractory PPH, with
up to a 95% success rate in some studies.'®® UAE is associated with a low complication rate of 8.7%, with low-grade fever
being the most common, followed by less common complications of pelvic infection and groin hematomas.'*® A recent
systematic review and meta-analysis comparing the safety and effectiveness of UAE to conventional hysterectomy for the
management of refractory PPH found that UAE had significantly reduced continued blood loss, shorter operative time, and
decreased postoperative length of stay.'®* With regards to pregnancy outcomes after UAE, prior studies have not shown an
association between UAE and adverse pregnancy or fertility related outcomes.'*'% A few publications have shown higher
rates of preterm birth, fetal growth restriction, and especially placenta accreta spectrum in subsequent pregnancies following
UAE.'% UAE is not recommended for brisk, ongoing bleeding that would not allow time to accomplish embolization, or for
the hemodynamically unstable patient, for whom definitive surgical intervention is recommended. Furthermore, UAE may not

be possible following an unsuccessful attempt at uterine artery ligation, in which case hysterectomy becomes required.

920 hetps: International Journal of Women’s Health 2023:15

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Liu et al

Novel Uterine Sparing Surgical Procedures

Additional uterine-sparing surgical procedures have been proposed for the treatment of refractory PPH. A pilot study in
China investigated the use of bilateral cervical apex clamping for refractory PPH following 13 vaginal births and 5
cesarean births.'”” The procedure involved clamping the anterior and posterior walls of the cervical apex bilaterally with
nontraumatic forceps. The study found a 94.4% overall success rate and a significant reduction in blood loss as well as
the need for UAE, although there was no change in the incidence of hysterectomy.'’

Another pilot study by Shi et al investigated the use of circular sutures at placental attachment sites for 80 cases of
refractory PPH.'”® The procedure involved a circular suture of the uterine serosa and myometrium at the placental
attachment site, and was utilized for cases of refractory PPH regardless of the underlying etiology. Active bleeding was
controlled for all patients in the study with the use of the technique, without recurrence of bleeding.'”® Larger

comparative studies are needed to investigate the efficacy and safety of these novel surgical methods.

Resuscitative Endovascular Balloon Occlusion of the Aorta

Recently, resuscitative endovascular balloon occlusion of the aorta (REBOA) has been used for severe refractory PPH,
especially for cases of placenta accreta and morbidly adherent placenta. This method involves the insertion of an
endovascular balloon into the aorta through the femoral artery for proximal hemorrhage control.'® A case series by
Ordonez et al successfully utilized REBOA for 12 patients at the time of cesarean for suspected placenta accreta in order to
control intraoperative bleeding. The median time of aortic occlusion in this study was 22 minutes, with no associated
adverse outcomes.''® A systematic review by the same author on the use of REBOA for prevention of major PPH in at-risk
patients demonstrated a decreased incidence of intraoperative hemorrhage and decreased transfusion requirements.''”
Another review by Morrison et al demonstrated the successful use of REBOA for bleeding control in two case series of
obstetric patients with severe refractory PPH, with no cases of maternal mortality reported.'" In cases of critical refractory
PPH, REBOA may be considered either prophylactically or in emergency situations to prevent or decrease ongoing blood

loss while definitive surgical interventions are performed.

Hysterectomy

Definitive surgical management for refractory PPH with hysterectomy is recommended in patients who have otherwise
failed conservative medical and surgical interventions. There are no clear recommendations supporting supracervical
versus total hysterectomy for cesarean hysterectomies; thus, this decision should be made on a case by case basis with a
goal of minimizing blood loss and operative time. Supracervical cesarean hysterectomies may often be easier to perform
in pregnancy to avoid the difficulty of identifying, dissecting, and ligating the vessels around an edematous and dilated
cervix from labor. However, care should be taken to ensure the absence of placental invasion into the cervix or cervical
lacerations to minimize the need for reoperation.®® In cases where bleeding is identified from the lower uterine segment,
cervix, or vaginal fornices, a total hysterectomy may be more effective in controlling persistent bleeding from cervical
arterial blood flow.''? Cesarean hysterectomies carry an increased risk of ureteral and bladder injury, as the ureters are
typically larger and more superiorly displaced in the recently gravid uterus than in the non-gravid uterus, and cystoscopy
may be considered if there is a concern for ureteral injury.

Damage Control Resuscitation

In patients with hemorrhagic shock requiring ICU-level care, damage control resuscitation (DCR) is a method utilized in
trauma medicine with applicability to the high-risk obstetric population.'® Once a patient reaches a state of hemorrhagic
shock, metabolic acidosis subsequently leads to organ hypoperfusion and coagulopathy, ultimately resulting in uncon-
trolled hemorrhage and multiorgan failure. DCR utilizes a staged surgical approach to minimize hemorrhage and
operative time in order to restore normal physiologic recovery and maximize tissue oxygenation prior to proceeding
with definitive surgical management.''> The goals of DCR thus focus on permissive resuscitation through massive
transfusion, damage control surgery, and hemodynamic stabilization.'” Early implementation of DCR should be
considered for patients with evidence of acidosis (pH < 7.1, base excess <8), EBL > 1500 mL, and hypothermia
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(body temperature < 34°C). Other parameters include systolic blood pressure < 70mmHg, persistent bleeding despite
multiple transfusions (more than 6—-10 units of RBCs), evidence of coagulopathy, hemodynamic instability requiring
continuous vasopressor support, active ongoing venous bleeding, or duration of surgery over 90 minutes.'

For patients deemed eligible for damage control surgery (DCS), a four-step approach is proposed.'® First, source
control should be achieved as soon as possible with an abdominal hysterectomy if this has not already been performed, in
order to remove the source of hemorrhage. Operative time should be limited to under 90 minutes to optimize chance of
survival, with a focus on pelvic packing to decrease operative time and control continued bleeding. Pelvic packing, for
which at least 7-10 compresses are recommended, should be utilized along with temporary abdominal closure with or
without a negative pressure system. Administration of prophylactic antibiotics may be considered while abdominal
packing is in place.'%-'"*

The second step of DCS involves transfer to the ICU to correct the patient’s underlying coagulopathy and metabolic
derangements.''> Resuscitation parameters should be continuously monitored with a goal of reversing tissue hypoxia and
acidosis. Ongoing intraabdominal bleeding should be monitored with a vacuum pack following partial abdominal
closure. Drainage of more than 400 mL/h of blood in patients without underlying coagulopathy should signal the
providers of the need for early definitive surgery.'®”

Definitive surgery is the third step of DCS that should occur once metabolic stabilization and normal physiology have
been restored. This should ideally occur 48—72 hours after the initial surgery, although more than one surgical procedure
may be required based on the patient’s intraoperative response, and based on intraoperative findings. Definitive closure of
the abdominal cavity and wall should be performed as the final step once all surgical interventions have been completed.'®

Complications of DCS are primarily related to the timing of abdominal fascial closure, and include wound infection
in up to 28% of cases, intraabdominal collections in up to 20% of cases, and evisceration in up to 10% of cases.''
However, DCS has been shown to successfully control refractory PPH with an overall mortality benefit for critically ill
obstetric patients. The largest study on obstetric DCS by Ordonez et al demonstrated that bleeding was controlled with
the first surgical intervention in 60% of cases, with subsequent control in 98% of cases. A significant reduction in
expected mortality from 40% to 7% was also seen. DCS therefore remains an invaluable and potentially life-saving

technique for the management of critical, refractory PPH.'"*

Conclusions

Refractory PPH accounts for the majority of PPH-related morbidity and mortality, although most of these cases are
preventable and treatable with appropriate access to resources and care. Utilization of obstetric hemorrhage bundles as
proposed by the Safe Motherhood Initiative, the WHO, and the Alliance for Innovation on Maternal Health (AIM) is
paramount to the timely and successful management of refractory PPH through system and unit readiness. Successful
treatment of refractory PPH relies upon thorough and systematic evaluation for the underlying source of bleeding in order
to utilize the most effective interventions, with the goal of decreasing maternal morbidity and mortality.
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