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To the families who have 
lost a mother, wife, daughter, 
or sister to postpartum 
hemorrhage or other 
complications of pregnancy. 
We hope that our energy 
directed toward making this 
a “never” event reaches you 
and helps you to heal.
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Preface

This series of case sections has been assembled to help  
educate clinicians and laboratorians so that they may better 
understand transfusion and therapeutic apheresis support of 
obstetrical patients. A main focus is on management of a 
patient experiencing postpartum hemorrhage, both in terms 
of tools available to the obstetrician and the anesthesiologist 
and in terms of blood component therapy and laboratory 
testing that should be used to monitor such a patient. Several 
sections cover basic transfusion medicine theory, so that the 
principles of safe transfusion practice are shared. Smaller yet 
very important topics include prevention of sensitization to 
RhD in an RhD negative woman and the differentiation of 
causes for microangiopathic hemolytic anemia in pregnancy. 
Case examples of red cell antibodies found on prenatal test-
ing, and subsequent management, are also presented. An 
overarching goal is to highlight situations where transfusion 
medicine consultation may help contribute to optimal patient 
care. The authors have done an excellent job covering the 
topics at hand. Yet, it is an incomplete work, in that large 
numbers of prospective, randomized clinical trials are often 
not available to help guide the management of these patients. 
Where evidence is available, it is cited. Beyond that is the 
compilation of knowledge gained by in-depth experience. 
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We hope that the information presented helps to reduce the 
morbidity and mortality that can result from complications 
associated with pregnancy.

Seattle, WA Theresa Nester 

Preface
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 Case

A 34-year-old gravida 4, para 3 woman with twin gestation was 
taken to the operating room for cesarean delivery at 33 weeks, 
3 days gestation for worsening severe preeclampsia and breech 
presentation of the first twin. After delivery of the placenta, there 
was significant uterine bleeding which did not respond to the 
administration of oxytocin. Further uterotonic medications were 
administered: intramuscular prostaglandin F2α and rectal miso-
prostol. Finally, with placement of an intrauterine balloon for 
tamponade and of compression sutures, the hemorrhage stopped, 
the surgical site was closed, and the patient was transferred out 
of the OR. In the recovery room, she had recurrent vaginal 
bleeding, slow but steady, which necessitated transfer to inter-
ventional radiology for bilateral uterine artery embolization. 

Chapter 1

Obstetrical Management 
of Postpartum Hemorrhage

Michael Dombrowski and Michael Paidas
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Risks of the high-risk delivery had been explained to the patient 
ahead of time.

 Do You Agree or Disagree 
with the Management?

I agree with the management. Given the lack of evidence to 
support specific measures for treatment of postpartum hemor-
rhage, the obstetric provider has discretion to select therapies 
that he/she believes to be most likely to stop the bleeding [1]. In 
this patient, methylergonovine was not used, likely due to the 
risk of exacerbating hypertension. The team moved through 
interventions from noninvasive (medical management), to tem-
porary/reversible (balloon tamponade), then to more invasive 
options (compression sutures, uterine artery embolization) until 
the bleeding was stopped. For ongoing bleeding that does not 
compromise hemodynamic stability, the decision to proceed 
with angiographic management is reasonable. If the patient had 
bleeding which compromised hemodynamic stability, then 
return to the operating room for more invasive techniques, 
including possible hysterectomy, is warranted.

 Laboratory Testing and Interpretation/
Transfusion Medicine Principles

At the time of postpartum hemorrhage diagnosis, a blood sam-
ple for complete blood count, prothrombin time, partial throm-
boplastin time, fibrinogen, blood gas, and thromboelastometry 
is obtained. Type and screen should be obtained at this time if 
not already available. We repeat these analyses (other than type 
and screen) serially as dictated by patient status, amount of 
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blood lost, and transfusion progress. We advocate the use of 
serial blood gas measurements to allow for rapid determination 
of hemoglobin, acid/base status, potassium, and ionized cal-
cium levels.

 Management

The traditional definition for postpartum hemorrhage is blood 
loss greater than 500 mL after a vaginal delivery or 1000 mL 
after a cesarean delivery. The American College of Obstetricians 
and Gynecologists has defined postpartum hemorrhage as blood 
loss greater than 1000 mL or blood loss accompanied by signs 
or symptoms of hypovolemia [2, 3]. This definition is used in 
the recently updated Practice Bulletin on postpartum hemor-
rhage [4].

After identifying postpartum hemorrhage, the obstetric pro-
vider’s first task is to determine the cause of bleeding. Uterine 
atony accounts for 80% of cases; retained placenta and genital 
lacerations are other common causes. Abnormal placentation, 
coagulopathy/bleeding disorders, uterine inversion, and infec-
tion are less common causes [4]. Treatment of the common 
causes is discussed below.

At the same time that the cause of postpartum hemorrhage is 
being identified, it is important to ensure that there are adequate 
support personnel to help the obstetric provider treat the 
 hemorrhage—“call for help.” Additional obstetric providers can 
help coordinate the materials and medications needed for treat-
ment while the primary providers focus directly on the patient, 
as well as interfacing with other providers or entering orders as 
needed. An anesthesiologist is always present for hemorrhage at 
the time of cesarean section, but should be called to cases that 
happen outside of the OR to help with resuscitation, pain con-
trol, and—if needed—airway management. Nursing support is 

1 Obstetrical Management of Postpartum Hemorrhage
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essential. Other providers including gynecologic, vascular, or 
trauma surgeons, intensivists, interventional radiologists, and 
blood bank personnel should be notified early for severe cases 
in case their help is needed.

Uterine blood flow at term is up to 1000 mL/min; adequate 
intravenous access is essential for care and resuscitation of the 
bleeding patient. We consider two 18 gauge (ga) peripheral IVs 
to be the minimum for ongoing resuscitation, and two 16 ga 
lines (or better) to be optimal when significant bleeding is 
encountered or expected. In optimal conditions, each pressure-
fed 18 ga IV provides infusion rates around 200 mL/min, a 
16 ga IV provides around 400 mL/min, and peripheral or central 
lines designed for rapid infusion can provide around 600 mL/
min. In cases of difficult access and a patient in extremis, there 
should be rapid progression to placement of a large bore central 
line or intraosseous lines. Each intraosseous line can provide up 
to 150 mL/min of flow. Gravity infusion alone will not allow for 
maximal flow rates; a pressure bag or rapid infuser is required. 
Rapid infusers allow for maximal infusion rates without 
exceeding preset pressures, while at the same time rapidly heat-
ing infused fluid to prevent hypothermia and limiting infusion 
of air bubbles.

Active management of the third stage of labor—oxytocin 
administration, uterine massage, and cord traction—has been 
evaluated in a 2015 Cochrane Review and showed to decrease 
the risk of postpartum hemorrhage, as well as reduce the risk of 
bleeding more than 500 mL [5]. Uterine atony is diagnosed via 
palpation of a boggy, soft, enlarged uterus after delivery. This 
may be difficult in the setting of maternal obesity after vaginal 
delivery—bimanual exam for purposes of diagnosis may be 
required. Once uterine atony is diagnosed, first steps include 
clearing the uterus of clot which impedes uterine contraction, 
uterine massage, and administration of further uterotonic 
 medications (Table 1.1). Oxytocin is often first line, simply 
because it is often already at hand for purposes of labor 
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 induction/augmentation, or for active management of the third 
stage at time of cesarean or vaginal delivery. The bladder should 
be drained.

There are little data to guide uterotonic selection. Oxytocin 
is more effective than misoprostol for first-line therapy in post-
partum hemorrhage [6]. Practical considerations such as drug 
availability or patient comorbidities which preclude the use of a 
specific agent are often used to select initial therapy. 
Methylergonovine should not be used in patients with hyperten-
sion, and carboprost tromethamine should not be used when 
asthma is present. Neither medication should be administered 
intravenously. Carboprost may be diluted and injected directly 
into the myometrium at time of cesarean section.

If uterine tone is unable to be restored with the conservative 
measures described above, we move rapidly to intrauterine bal-
loon tamponade. Balloon tamponade may be used after vaginal 
or cesarean delivery. In the United States, the Bakri, BT-Cath, 
and Ebb balloons are commercially available, FDA-approved 
options. Each balloon has a drainage port located in the fundal 
portion of the balloon to allow for drainage and assessment of 
ongoing bleeding. After balloon placement, ultrasound can be 
used to verify proper positioning in the uterus, and that no blood 
is accumulating above the uterine balloon. No standard exists for 
balloon deflation after cessation of hemorrhage; we generally 

Table 1.1 Uterotonic medications for treatment of postpartum 
hemorrhage

Medication Dosing
Oxytocin 20–80 IU via IV infusion, or 10 IU IM

Methylergonovine 0.2 mg IM every 2 h

Carboprost 
tromethamine

0.25 mg IM every 15–90 min, up to 2 mg 
total

Misoprostol 400–1000 mcg, sublingually, orally, or per 
rectum

1 Obstetrical Management of Postpartum Hemorrhage
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remove the balloon within 24 h. Vaginal packing may be used to 
prevent balloon dislodgement. A urinary catheter is necessary if 
vaginal packing is used.

A recent study prospectively evaluated the efficacy of balloon 
tamponade utilizing the Bakri or Ebb balloons in 226 women [7]. 
The authors followed a protocol which mandated intrauterine bal-
loon placement as second-line therapy after a standardized 
approach to medical management. Balloon tamponade was suc-
cessful in 83% of attempts, with a higher rate of success (89%) 
following vaginal delivery than after cesarean delivery (66%). A 
retrospective analysis of balloon placement reported a similar 
success rate, 78% [8]. The authors also analyzed the indication 
for balloon placement, and found no difference in failure rates 
between balloons placed for uterine atony, or for placental site 
bleeding. If application-specific balloons are not available, then a 
urinary catheter or uterine packing with gauze are alternatives.

For bleeding due to atony at the time of cesarean section that 
proves to be refractory to medical management or balloon tam-
ponade, there are other options for management. Uterine com-
pression sutures provide external pressure to the uterus. They 
are placed using absorbable sutures in a vertical (B-Lynch, 
Hayman), horizontal (Gilstrap), box (Cho), or combination 
(Matsubara-Yano) fashion [9, 10]. A rapidly absorbable suture 
is thought to reduce the risk of bowel herniation through the 
suture loop for B-Lynch type compression sutures [4]. 
Compression sutures may be used along with balloon tampon-
ade; however, care must be taken to avoid suturing the balloon 
into the uterus. Kayem et al. used the prospective UK Obstetric 
Surveillance System to evaluate compression sutures as second-
line therapy for postpartum hemorrhage after medical manage-
ment failed [11]. They reported that in 120 of 161 (75%) cases, 
compression sutures stopped the bleeding and no further ther-
apy was needed. In half the cases where balloon tamponade as 
a second-line therapy failed, compression sutures as a third-line 
option were able to stop the bleeding.

M. Dombrowski and M. Paidas
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The uterine arteries may be ligated at time of laparotomy. 
The uterine vessels are palpated and a suture is passed around 
them and tied down. Kayem reported success in 5 of 14 cases 
(36%) when used after medical management. Other studies 
have reported success rates up to 96%, but the quality of data is 
low [1]. Less commonly ligated arteries include the vascular 
supply in the utero-ovarian ligament and internal iliac (hypo-
gastric) arteries. Arterial ligation can complicate subsequent 
angiographic procedures.

Hemorrhage due to an obstetric laceration is generally con-
trollable via careful inspection and primary repair or ligation. 
Often, this laceration is encountered when the patient is in the 
delivery room. Repair can be facilitated by moving to the oper-
ating room where exposure and illumination are optimal. 
Vaginal packing can be used to augment control of bleeding; a 
urinary catheter should be placed if vaginal packing is used. 
Rarely, angiographic procedures are needed to control bleeding 
that is either difficult to access or refractory to surgical repair.

Retained placenta can be removed manually through careful 
uterine exploration, or with use of sharp or suction curettage. 
Ultrasound guidance can facilitate identification and targeting 
of placental tissue for removal, as well as to reduce the risk of 
uterine perforation. Uterine inversion can be treated by immedi-
ate manual reduction. If unsuccessful, then uterotonic medica-
tions should be halted and uterine relaxants such as nitroglycerin, 
terbutaline, and/or general anesthesia can be used to enable 
reduction. After reduction, uterotonic medication can be used to 
maintain tone, including an extended postpartum course (24 h).

Angiographic embolization involves arterial access via fem-
oral puncture, with use of angiography to find areas of bleeding, 
followed by embolization with microparticles. This approach is 
most commonly used to embolize the uterine arteries, but other 
sources of pelvic bleeding such as deep sulcal lacerations may 
be more amenable to embolization than surgical ligation [12]. 
In cases where active bleeding is not identified at time of 
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 angiography (for example due to vasospasm or intrauterine bal-
loon tamponade), a decision may be made to prophylactically 
embolize the uterine vessels. Median success rate reported 
across multiple studies is 89% [1]. We utilize uterine artery 
embolization when the bleeding has been mostly, but not com-
pletely controlled via other methods, and embolization is 
thought to be the least invasive method to achieve residual 
hemostasis. Proper patient selection is essential: transport of a 
patient with hemodynamic instability secondary to bleeding for 
angiography often leads to delay in care and worsening of clini-
cal status. Care should be taken to conduct a careful angio-
graphic survey of possible bleeding, particularly when the 
patient has been coagulopathic. Neglecting this survey may, for 
example, miss a spontaneous retroperitoneal hemorrhage sec-
ondary to coagulopathy, or inferior epigastric artery bleed that 
might have been compromised during cesarean delivery.

The above techniques are fertility sparing, with post- 
procedure fertility rates of 75–86% among women who desired 
subsequent fertility reported in a systematic review [13]. 
Hysterectomy precludes future fertility, but is often definitive 
therapy for persistent bleeding. The incidence of emergent post-
partum hysterectomy is increasing [14]. Complications include 
infection (16%), urologic injury (13%), need for reoperation 
(11%), and maternal mortality (2.6%) [15]. Both total (uterus 
and cervix) and subtotal (supracervical) hysterectomies are 
used at the time of postpartum bleeding. The ovaries should be 
left in place if possible. In resource-constrained settings, hyster-
ectomy may be used earlier to obtain control of bleeding as the 
options discussed above may not be available.

Massive hemorrhage not controlled by methods described 
previously may require more aggressive strategies. For the 
patient at risk of exsanguination, proximal aortic control allows 
for both temporization of pelvic hemorrhage and resuscitation, 
and may optimize coronary and cerebral blood flow [16]. 
External aortic compression is a simple technique that is easy to 
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9

learn. An excellent video demonstration is available. [17] There 
are limited data on this manual technique [18]; however, Soltan 
has reported the successful use of a device for external aortic 
compression [19, 20]. An obvious impediment to external com-
pression is maternal body habitus. At time of cesarean section, 
proximal aortic control may be obtained by manual compres-
sion or cross-clamping. Due to the contribution of the ovarian 
vessels to uterine blood flow, aortic control is most effective in 
a supra-renal location.

Another alternative for proximal aortic control includes 
endovascular techniques, particularly the strategy of resuscita-
tive endovascular balloon occlusion of the aorta (REBOA). 
The REBOA technique is drastically changing trauma practice 
and survival rates for patients with abdominal aortic rupture, 
pelvic and extremity hemorrhage, and other sources of trau-
matic or non-traumatic bleeding [16]. ER-REBOA is an FDA-
approved balloon aortic occlusion device which can be placed 
via a 7 french sheath without the need for fluoroscopy, obviat-
ing the need to transfer the bleeding patient to a radiology suite 
[21, 22]. Its use has been described in massive hemorrhage 
associated with uterine rupture, as well as in a case series 
(n = 36) in postpartum hemorrhage [23, 24].

We advocate the use of lithotomy position when a patient is 
taken for cesarean delivery and there is concern for abnormal/
invasive placentation, possibility of need for hysterectomy, or 
risk factors for significant bleeding. When combined with pre-
operative vaginal preparation and the appropriate surgical 
drape, lithotomy position allows for complete vaginal access 
intraoperatively, compared with poor access when performing a 
cesarean section in the standard supine position. This allows for 
continued and immediate assessment of vaginal blood loss, 
which can remain hidden below the drapes in the supine posi-
tion, leading to underassessment of estimated blood loss. 
Placement of balloon tamponade devices and vaginal packing is 
simplified. Surgically complex cases can be helped by vaginal 
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access to determine the interface between vagina and cervix in 
cases where hysterectomy is needed; cystoscopy is also simpli-
fied. Finally, lithotomy allows for participation of a third 
surgeon.

Throughout treatment of a patient’s postpartum hemorrhage, 
it is essential to avoid the lethal triad of hypothermia, acidosis, 
and coagulopathy. There are few obstetric-specific data on the 
lethal triad, but the concept is well-known in the trauma litera-
ture [25]. An open abdomen and administration of cold fluids or 
blood products are obvious risk factors for development of 
hypothermia. Perhaps less obvious to an obstetric provider is 
the effect of neuraxial anesthesia, which causes a systemic 
vasodilation with redistribution of heat from the core to limbs, 
facilitating heat loss [26, 27]. Anesthesia teams are well accus-
tomed to the importance of keeping a patient normothermic in 
the operating room, but the obstetric provider should be vigilant 
to prevent hypothermia in the patient bleeding outside of the 
operating room. Coagulopathy is prevented and treated by 
means of rapid correction of bleeding and transfusion as 
described elsewhere in this book. Tranexamic acid administra-
tion can be considered within 3 h of hemorrhage diagnosis. As 
described above, serial blood gas assessment allows for deter-
mination of pH and correction when pH < 7.2.

In rare cases, we borrow from the trauma surgery literature 
the concept of damage control laparotomy. Briefly, damage 
control surgery is the idea of a minimal operation to obtain 
hemostasis and contain contamination, followed by resuscita-
tion in the ICU with correction of deranged hemostatic and 
other parameters (“physiologic restoration”), followed by 
planned reoperation/staged laparotomy for definitive surgical 
correction [28, 29]. This may involve transfer to a higher level 
of care for definitive surgery. Abdominal packing is used to 
obtain or augment hemostasis and the abdomen is left open or 
temporarily closed followed by reoperation. A recent retrospective 
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review significantly expands the obstetric literature on this topic 
and reports successful packing in 33/53 (63%) attempts [30]. 
An earlier case series describes a method of packing the pelvis 
for control of post- hysterectomy bleeding in detail and describes 
a success rate of 82% [31]. Both of these articles describe pack-
ing post-hysterectomy; we have taken care of a patient where 
damage control surgery and packing were used after massive 
bleeding from placenta percreta without hysterectomy; after 
resuscitation in the ICU our patient was taken back to the oper-
ating room for interval hysterectomy for definitive treatment. 
We suggest trauma surgeon consultation if this technique is to 
be used.

 Summary of Consultant Recommendations

An obstetric provider should be aware of the causes of postpar-
tum hemorrhage and the treatment methodologies for each. 
Team-based care is essential. The provider should also be able 
to recognize when bleeding is refractory to standard techniques, 
and know who to turn to for further assistance.

Clinical Pearls/Pitfalls
• While there are no data to guide specific progression 

of therapy for postpartum hemorrhage, a reasonable 
approach is to move from least-invasive through more 
invasive techniques, as is required for control of 
bleeding.

• A provider should select a subset of methods for hem-
orrhage control and become proficient in their use.

1 Obstetrical Management of Postpartum Hemorrhage
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 Case

A 26-year-old G2P1 woman at 39 weeks gestation undergoes 
vaginal delivery of a healthy male infant. Immediately follow-
ing delivery, her obstetrician notes that she has increased blood 
loss; within a half hour following delivery, she has an estimated 
blood loss of 650 mL. The obstetrician has already administered 
oxytocin and proceeds to give a second-line uterotonic. 
Laboratory studies are ordered: a prothrombin time (PT), a par-
tial thromboplastin time (PTT), fibrinogen levels, and a com-
plete blood count (CBC). The team also orders 2 units of 
crossmatched packed RBC units. The patient continues to 
experience ongoing hemorrhage; laboratory values return as 
follows: PT—14.5 s (reference range: 11–15 s), PTT—34 s 
(reference range: 25–35 s), fibrinogen—180 mg/dL (reference 
range: 175–400 mg/dL), platelet count—105 × 109/L (reference 
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range: 150–400 × 109/L), hemoglobin—8.5 g/dL. The obstetri-
cian interprets these results that the patient requires platelet 
transfusion, and orders 1 unit of apheresis platelets.

 Do You Agree or Disagree 
with the Management?

I disagree with platelet transfusion at this point in the patient’s 
management, as the most concerning available laboratory data 
is the patient’s hypofibrinogenemia. In addition, I would recom-
mend activation of an obstetric hemorrhage protocol, as the 
patient’s laboratory data is predictive of progression to a severe 
postpartum hemorrhage.

 Laboratory Testing and Interpretation/
Transfusion Medicine Principles

Pregnancy is a well-recognized hypercoagulable state, with 
increases in procoagulant factors such as von Willebrand factor 
and factor VIII as well as decreased anticoagulant factors such 
as protein S [1]. Importantly, fibrinogen levels in term preg-
nancy are nearly double that of a nonpregnant individual. A 
nonpregnant individual’s fibrinogen reference range is typically 
150–400 mg/dL, whereas a term pregnant woman’s normal 
fibrinogen is 350–650 mg/dL [1]. These changes are hypothe-
sized to be physiologic adaptations which address the consider-
able hemostatic challenge of childbirth. What is often 
unrecognized by obstetricians is that reference ranges for stan-
dard coagulation screening tests are based on nonpregnant 
individuals, making identification of abnormal values challeng-
ing in the midst of an obstetric hemorrhage.

E. Lockhart
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Hypofibrinogenemia has emerged as a predictor of progres-
sion to severe postpartum hemorrhage (PPH) in prospective and 
observational studies. A study by Charbit and colleagues pro-
spectively analyzed 128 women with PPH which was unrespon-
sive to oxytocin, correlating laboratory coagulation values to 
PPH severity [2]. Severe PPH was defined as four or more RBC 
unit transfusion, a hemoglobin decrease ≥4 g/dL, surgical inter-
ventions (such as arterial ligation or hysterectomy), or death. 
Coagulation laboratory studies included platelet count, PT/INR, 
PTT, fibrinogen, D-dimer, and factor II and VII activity levels, 
in addition to other coagulation biomarkers (i.e., thrombin-
antithrombin complexes). The only value identified in multi-
variate analysis as predictive of severe PPH was fibrinogen, 
with levels less than 200 mg/dL having a 100% positive predic-
tive value for severe PPH when collected at time of administra-
tion of a second- line uterotonic. Similarly, a retrospective 
review by de Lloyd and colleagues of 456 obstetric hemor-
rhages >1500 mL examined the relationship between blood loss 
and laboratory data including PT, PTT, and fibrinogen levels 
[3]. The authors note that fibrinogen levels inversely correlated 
with blood loss (r −0.48, p < 0.01), with the PTT being less 
sensitive (r 0.4, p < 0.01) and the PT not correlating. Lastly, a 
retrospective review of women in the United Kingdom requir-
ing massive transfusion (≥8 RBC units in 24 h) for major 
obstetric hemorrhage reported hematologic and coagulation 
data. Of 181 confirmed cases, fibrinogen levels fell after presen-
tation for all bleed etiologies, and all 181 cases had nadir 
fibrinogen levels <200 mg/dL [4]. The authors noted that the 
median PT/PTT values in these cases did not reach common 
plasma transfusion trigger values (>1.5 × mean normal) in the 
majority of cases.

Point-of-care coagulation testing platforms such as thrombo-
elastography (TEG) or rotational thromboelastometry (ROTEM) 
are increasingly employed in massive hemorrhage manage-
ment, including obstetric hemorrhage. Both TEG and ROTEM 
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measure the viscoelastic properties for clot formation in whole 
blood, assessing clot strength as well as clot formation and 
breakdown kinetics. These tests show the relative hypercoagu-
lable state of pregnancy, showing greater clot firmness (reflect-
ing contributions from both fibrinogen and platelet activity) 
compared to nonpregnant individuals [5, 6]. Similar to Clauss 
fibrinogen levels, ROTEM assessment of fibrinogen activity 
(via the FIBTEM assay) has been seen to predict progression to 
severe PPH. A prospective observational study of 365 women 
with PPH > 1000 mL correlated both Clauss fibrinogen levels 
and the FIBTEM A5 (an early assessment of fibrinogen activ-
ity) with progression to blood loss >2500 mL [7]. In the final 
multivariate analysis, the FIBTEM A5 value was an indepen-
dent predictor for progression to bleeds >2500 mL (95% C.I. 
0.85, [0.77–0.95]). Both lower fibrinogen and FIBTEM levels 
were associated with more prolonged hemorrhage, invasive 
procedures, and earlier transfusion.

It is important to perform repeated testing during an obstetric 
hemorrhage, as laboratory values may shift rapidly due to either 
consumptive or dilutional coagulopathy. An international panel 
recommends testing every 45–60 min while obstetric hemor-
rhage is uncontrolled [8], while the California Maternal Quality 
Care Collaborative recommends testing every 30 min [9]. In 
designing an obstetric hemorrhage protocol, consideration 
should be paid to incorporation of laboratory testing for hemo-
globin, platelet count, PT, PTT, and fibrinogen levels, ensuring 
that there is also provision for interpretation of abnormal values 
and therapeutic interventions based on these values. At a mini-
mum, an interpretive algorithm can be provided within the 
obstetric hemorrhage toolkit; consider reflexive consultation to 
a hematologist or transfusion medicine physician at time of 
protocol activation for aid in interpretation and therapeutic deci-
sions. If your institution has either TEG or ROTEM available, 
interpretive algorithms and reflexive consultation should simi-
larly be provided.
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The Society for the Advancement of Blood Management 
recommendation for massive hemorrhage protocols is that labo-
ratory testing is made available in a timely fashion for therapeu-
tic decisions [10]. Collecting samples every 30–60 min will be 
of limited utility in PPH management if results are not rapidly 
available. One reported advantage for TEG/ROTEM is that 
actionable results are rapidly available, typically less than 
30 min from sample collection. Similarly, standard coagulation 
tests can be optimized for more rapid turnaround time, includ-
ing for fibrinogen levels. Chandler and colleagues described the 
process improvement at their institution in developing an emer-
gency hemorrhage panel (EHP) [11]. This panel, comprising a 
hemoglobin, platelet count, PT/INR, and fibrinogen level, had a 
turnaround time of 14 ± 3 min, as compared to their original 
turnaround time of 35–70 min. The authors described adjust-
ments made to shorten the turnaround time, including adjust-
ments of the fibrinogen calibration curve and elimination of a 
hemolysis check. Regardless of the platform, institutions should 
optimize turnaround time for coagulopathy testing and result 
interpretation in obstetric hemorrhage.

Management

The patient in this case had ongoing PPH which was not con-
trolled by uterotonics and showed evidence of hypofibrinogen-
emia. While the patient’s platelet count was below the reference 
range, platelet transfusion recommendations from several pro-
fessional societies suggest therapeutic goals of 50–75 × 109/L 
[12]. Accordingly, platelet transfusion at this point in the 
patient’s management is not indicated. However, ongoing repeat 
coagulation screening should be performed to ensure that the 
patient’s coagulation parameters do not require therapeutic inter-
vention. An obstetric hemorrhage protocol should be activated at 
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this time. The patient’s hypofibrinogenemia likely requires treat-
ment by either cryoprecipitate transfusion or fibrinogen concen-
trate administration (refer to Evidence for/Against Administration 
of Fibrinogen Concentrate and Coagulation Factor Concentrate 
During an Obstetrical Hemorrhage).

 Summary of Consultant Recommendations

Platelet transfusion is not indicated at this point in the patient’s 
course; recommend activation of an obstetric hemorrhage pro-
tocol and strongly consider fibrinogen repletion.

Clinical Pearls/Pitfalls
• A term pregnant patient’s fibrinogen should be 

350–650 mg/dL, which is higher than routine fibrino-
gen reference ranges based on nonpregnant individuals.

• Fibrinogen level <200 mg/dL measured during an 
obstetric hemorrhage is a predictor for progression to 
severe obstetric hemorrhage.

• The FIBTEM A5 (ROTEM) has been shown to predict 
progression to severe PPH.

• Obstetric hemorrhage protocols should include regular 
assessment of hemoglobin, platelet count, PT, PTT, 
and fibrinogen levels performed at least hourly, with 
strong consideration for performing every 30–45 min.

• Obstetric hemorrhage protocols should include labora-
tory interpretive algorithms for both standard coagula-
tion tests and, if available, viscoelastic hemostasis 
platforms such as TEG or ROTEM. These protocols 
should also consider reflexive consultation to a hema-
tologist or transfusion medicine physician as part of 
multidisciplinary obstetric hemorrhage management.

E. Lockhart



21

References

 1. Szecsi PB, Jørgensen M, Klajnbard A, et al. Haemostatic reference 
intervals in pregnancy. Thromb Haemost. 2010;103:718–27.

 2. Charbit B, Mandelbrot L, Samain E, et al. The decrease of fibrinogen is 
an early predictor of the severity of postpartum hemorrhage. J Thromb 
Haemost. 2007;5:266–73.

 3. de Lloyd L, Bovington R, Kaye A, et al. Standard haemostatic 
tests following major obstetric hemorrhage. Int J Obstet Anesth. 
2011;20:135–41.

 4. Green L, Knight M, Seeney F, et al. The haematological features and 
transfusion management of women who required massive transfusion 
for major obstetric haemorrhage in the UK: a population based study. 
Br J Haematol. 2016;172:616–24.

 5. Huissoud C, Carrabin N, Benchaib M, et al. Coagulation assessment by 
rotation thromboelastometry in normal pregnancy. Thromb Haemost. 
2009;101:755–61.

 6. Polak F, Kolnikova I, Lips M, et al. New recommendations for throm-
boelastography reference ranges for pregnant women. Thromb Res. 
2011;128:e14–7.

 7. Collins PW, Lilley G, Bruynseels D, et al. Fibrin-based clot formation 
as an early and rapid biomarker for progression of postpartum hemor-
rhage: a prospective study. Blood. 2014;124:1727–36.

 8. Abdul-Kadir R, McLintock C, Ducloy AS, et al. Evaluation and man-
agement of postpartum hemorrhage: consensus from an international 
expert panel. Transfusion. 2014;54:1756–68.

 9. Lyndon A, Lagrew D, Shields LM, et al. Improving health care 
response to obstetric hemorrhage. California Maternal Quality Care 
Collaborative. https://cmqcc.org/ob_hemorrhage. Last accessed 7 June 
2017.

 10. Society for the Advancement of Blood Management. Administrative 
and clinical standards for patient blood management programs, 3rd ed. 
2014. http://www.sabm.org/publications. Last accessed 7 June 2017.

 11. Chandler WL, Ferrell C, Trimble S, Moody S. Development of a rapid 
emergency hemorrhage panel. Transfusion. 2010;50:2547–52.

 12. Shaylor R, Weiniger CF, Austin N, et al. National and international 
guidelines for patient blood management in obstetrics: a qualitative 
review. Anesth Analg. 2017;124:216–32.

2 Laboratory Testing and Predictors of Severe

https://cmqcc.org/ob_hemorrhage
http://www.sabm.org/publications


23© Springer International Publishing AG, part of Springer Nature 2018
T. Nester (ed.), Transfusion Management of the Obstetrical Patient, 
https://doi.org/10.1007/978-3-319-77140-3_3

 Case

A 42-year-old G
16

P
6096

 group O-RhD positive woman at 
39.3 weeks gestation was admitted to the hospital for external 
cephalic version and subsequent induction of labor due to 
unstable lie. The fetus did not tolerate labor, became brady-
cardic with a heart rate in the 70s, and was vaginally delivered 
(0158 h) with vacuum assistance. The placenta was subse-
quently delivered intact and perineal inspection revealed a small 
vaginal laceration. The patient was noted to have brisk vaginal 
bleeding; an empiric 800 μg rectal dose of misoprostol was 
given, and fundal massage was started. Bimanual examination 
demonstrated poor uterine tone with multiple blood clots in the 
lower uterine segment and the patient was subsequently given 
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0.2 mg IV dose of methylergonovine. At this time, there was an 
estimated total blood loss (EBL) of 900 mL and the patient was 
given 1 L of Lactated Ringer’s (LR) solution.

Approximately 30 minutes later, the patient appeared pale, 
was markedly hypotensive at 70/40 mmHg, tachycardic 
>150 bpm, and complained of chest heaviness. A second large 
bore IV was started and coagulation labs were drawn. An ECG 
showed sinus tachycardia. A second liter of LR was given and 
fundal massage was restarted with the passage of a large blood 
clot and gush of blood. At this point, the EBL was 2000 mL. A 
Bakri balloon was placed and confirmed to be in the uterus by 
ultrasound prior to instilling 120 mL of saline. Packing was 
placed in the vagina and the patient was given 100 μg IM dose 
of carboprost tromethamine (Hemabate) and an additional dose 
of 0.2 mg IV methylergonovine. The bleeding continued (total 
EBL 2500 mL) and the balloon was instilled with an additional 
100 mL of saline. Those measures failed to stop the bleeding 
and the patient became notably less responsive. The massive 
transfusion protocol (MTP) was activated (0316 h) and the 
patient was taken for emergent postpartum hysterectomy.

Prior to surgery, laboratory results showed hemoglobin (Hb) 
of 4.3 g/dL, platelet 104 × 109/L, INR 1.55, and a fibrinogen of 
95 mg/dL. Two units of uncrossmatched group O-RhD negative 
RBCs were obtained from the Labor and Delivery remote 
release refrigerator and taken with the patient to the operating 
Room (OR). As the first round of the MTP (6:6:1—RBC, 
plasma, apheresis platelet) was being prepared, the blood bank 
notified the transfusion medicine physician of the Obstetric 
(OB) MTP (0330 h). The patient simultaneously underwent a 
midline vertical laparotomy revealing a left- sided uterine rup-
ture with 2 L of clotted blood in the retroperitoneal space and 
an associated retroperitoneal hematoma.
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 Do You Agree or Disagree 
with the Management?

There are several positive aspects of this patient’s management, 
including close observation of the patient, relatively fast initia-
tion of obstetrical measures to address the poor uterine tone, 
and the blood draw to assess the patient’s coagulation status. 
However, I am concerned with the length of time between the 
recognition of severe PPH and activation of the massive transfu-
sion protocol. This patient was in at least stage 3-hypovolemic 
shock advancing to stage 4-shock before the MTP was 
activated.

 Laboratory Testing and Interpretation/
Transfusion Medicine Principles

 Peripartum Hemorrhage Risk Assessment

All pregnant women have the potential for peripartum hemor-
rhage and risk assessment should start in the antepartum period 
[2]. Antenatal risk factors (Table 3.1) associated with a higher 
baseline risk of hemorrhage may require advanced planning and 
care coordination. Patients with abnormal placentation and/or a 
history of previous uterine surgery should be managed at a facil-
ity equipped to handle the potential complications of complex 
obstetric cases.

The decision to order a type and screen (T&S) on every 
pregnant patient admitted for labor varies by institution. For 
institutions that do not automatically order T&S on admission, 
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the decision is based on the individual patient’s anticipated risk 
for obstetric complications. In the event of unanticipated or an 
unexpectedly severe peripartum hemorrhage, the timely release 
of O-RhD negative or type-specific blood (requiring a current 
ABO/RhD type) is essential. According to the trauma literature, 
the transfusion of uncrossmatched units of red cells is success-
ful 99% of the time [2, 5]. Data exists showing a similar safety 
profile for the emergency use of group AB plasma or low (anti-
B) titer group A plasma [6].

 Massive Transfusion Protocol

The Royal Australian and New Zealand College of Obstetricians 
(RANZCOG) and National Partnership for Maternal Safety 
(NPMS) are the only two societies affiliated with maternal care 
and obstetric hemorrhage that discuss incorporating a MTP in 

Table 3.1 Risk factors for peripartum hemorrhage [2–4]

Antepartum Intrapartum/Postpartum
–  Abnormal placentation 

(previa, accreta, increta, 
percreta)

– Active bleeding on admission

– Large uterine fibroids – Chorioamnionitis

– Preeclampsia – Induction of labor

–  Prolonged treatment with 
magnesium sulfate

– Prolonged labor

–  Placental abruption –  Instrumentation during delivery 
(vacuum, episiotomy, forceps, etc.)

–  Previous peripartum 
hemorrhage

– Retained placenta

– Pre-existing coagulopathy – Emergency C-section

–  Previous uterine surgery – Baby weight >4 kg
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their PBM guidelines [7]. There is a paucity of PPH studies that 
compare outcomes, including maternal mortality, between 
patients managed with a MTP strategy versus a non-protocol 
transfusion strategy. A survey of US academic obstetric units by 
Kacmar and Mhyre in 2014 indicated that 93% of units have 
access to a MTP [7, 8]. The current data in trauma studies have 
shown that having a MTP has better outcomes than not having 
one. This is likely due to having a structured, system-wide pro-
cess in place for earlier intervention with plasma and a subse-
quent reduced rate of dilutional coagulopathy. Several fixed-ratio 
MTPs exist with varying ratios of plasma to RBCs. The 
PROPPR randomized clinical trial demonstrated no significant 
difference in 28-day mortality rates between the 1:1:1 and the 
1:1:2 (plasma, platelet, RBC) groups [9]. While no specific 
ratio is universally endorsed, ratios between 1:1:1 and 1:1:2 
appear to be more beneficial when compared to lower ratio 
MTPs. Early administration of fixed-ratio MTP is associated 
with lower mortality rates and a reduction in the overall number 
of blood products transfused [2]. Note that the PROPPR trial 
evaluated blood product ratios in trauma patients; similar data 
does not yet exist for obstetrical patients. See the additional sec-
tion on massive transfusion for more discussion of this topic.

 Recognizing Peripartum Hemorrhage

Historically, the diagnosis of peripartum hemorrhage has been 
based on the individual provider’s impression of their patient’s 
blood loss. It has been well established that assessing blood loss 
in this fashion is inaccurate, with accuracy worsening with 
larger volumes of blood loss [7, 10]. There is some data that 
suggests that improved accuracy of blood loss measurement 
does not necessarily facilitate earlier recognition or treatment of 
PPH [11]. Regardless, many societies continue to use EBL as 
criteria in diagnosing peripartum hemorrhage.

3 Component Therapy in Obstetric Hemorrhage
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PPH may be divided into four stages of hypovolemic shock/
hemorrhage; the consensus is that a hemorrhaging patient needs 
blood component therapy by stage 3 [2, 7]:

 – Stage 1—>500 mL post-vaginal delivery or >1000 mL 
post-cesarean delivery with normal vitals, labs, and clini-
cal picture

 – Stage 2—EBL 1000–1500 mL with normal vitals, labs, 
and clinical picture

 – Stage 3—EBL >1500 mL and/or brisk bleeding 
>500 mL/10 min or any of the following in the context of 
bleeding (regardless of EBL): abnormal blood pressure 
(BP) or heart rate (HR) abnormal shock index, decreased 
urinary output, >4 g/dL decrease in Hb, laboratory evi-
dence of coagulopathy, acidosis, and new onset altered 
mental status or lethargy

 – Stage 4—cardiovascular collapse due to profound blood 
loss

Hemodynamic evaluation is the monitoring of changes in 
BP, HR, urine output, and oxygen saturation levels; it has been 
used to assess and manage hemorrhage. There are inherent 
problems with relying on hemodynamic parameters to classify 
hypovolemic shock, as compensatory physiologic changes can 
mask a modest degree of blood loss. As the circulating blood 
volume decreases, compensatory increases in the systemic vas-
cular resistance and cardiac output may blunt the expected drop 
in blood pressure. Consequently, vital signs may persist within 
the normal range even in the presence of marked hemorrhage; 
abnormal vital signs, however, have a strong positive predictive 
value for advanced stage hypovolemic shock.

The shock index is the ratio between HR and systolic blood 
pressure (SBP). It is a physiologic parameter shown to be more 
sensitive to the early stages of hypovolemic shock than either 
HR or SBP alone. During hypovolemia, the HR and SBP are 
expected to move in opposite directions. In a trauma review of 
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>8000 patients, the number of MTP activations and deaths were 
substantially higher when the shock index was >1.1 despite the 
majority of patients maintaining their SBP > 100 mmHg [12]. 
For an actively bleeding obstetric patient, a shock index >1.1 is 
indicative of advanced stage hypovolemic shock and should 
prompt blood transfusion. Serum lactate has similar value by 
providing actionable information on systemic tissue perfusion 
[13]. Elevated serum lactate in an acute hemorrhage parallels 
worsening metabolic acidosis and warrants prompt transfusion 
support.

Despite the limitations of each method alone for assessing 
the patient’s risk for developing PPH, the combination of accu-
rate EBL, appropriate labs, and frequent hemodynamic evalua-
tion may lead to earlier recognition and treatment of significant 
hemorrhage. Once there is evidence of stage 3 hypovolemic 
shock (>1500 mL of EBL and/or evidence of hemodynamic 
instability), there should be no delay in providing blood compo-
nent therapy.

 Hemoglobin/Hematocrit and Platelet Counts

Laboratory hemoglobin and hematocrit measurements have 
been shown to lag in the early acute phases of hemorrhage. 
Normal Hb/Hct with active bleeding has a low negative predic-
tive value for significant hemorrhage. However, much like 
abnormal vital signs, an abnormal Hb/Hct while actively bleed-
ing has a strong positive predictive value in identifying signifi-
cant hemorrhage [2]. A 4 g/dL or greater decrease in Hb on 
repeat measurements, during or after parturition, should prompt 
the activation of an institution’s PPH protocol.

There is a consensus that platelet levels should be main-
tained above 50 × 109/L during an active bleed. PPH is no 
exception to this rule, and consideration should be given 
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towards preparing a unit of platelets if testing reveals a platelet 
count below 75 × 109/L [14].

 Coagulation Laboratory Testing

During the management of PPH, coagulopathy may develop 
rapidly secondary to coagulation factor consumption, dilution, 
or a combination of these. Coagulopathy may also be worsened 
by the presence of acidosis or hypothermia. Coagulation testing 
should always include a fibrinogen level, which is more sensi-
tive than either prothrombin time (PT) or partial thromboplastin 
time (PTT) to a developing dilutional or consumptive coagu-
lopathy [14]. Fibrinogen levels decrease earlier and more rap-
idly than the other procoagulant factors, especially in placental 
abruption, amniotic fluid embolus, and disseminated intravas-
cular coagulation (DIC). Low maternal fibrinogen <200 mg/dL 
has been shown to independently increase the odds of develop-
ing PPH and predict the need for advanced intervention (uterine 
artery embolization, vessel ligation, hysterectomy) [15]. The 
standard coagulation laboratory tests such as PT, PTT, and INR 
have become part of medical dogma for assessing the severity 
of coagulopathy. Despite numerous studies indicating that those 
tests are unable to predict bleeding risk or coagulopathy, the 
general consensus is if PT/INR is >1.5 × normal, plasma may 
be required.

Thromboelastography (TEG) and thromboelastometry 
(ROTEM) are whole blood tests that can graphically display the 
viscoelastic properties of a forming clot. Both platforms can 
detect hyperfibrinolysis as evidenced by >15% clotting lysis at 
60 min (Ly60) for TEG and >15% maximum clot lysis (ML) for 
ROTEM. The Fibtem channel maximum amplitude/maximum 
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clot firmness serves as a surrogate fibrinogen level for both 
TEG/ROTEM, respectively [14]. These devices can serve as 
tools to guide treatment and product replacement in PPH-
associated coagulopathies for both pregnant and postpartum 
women [15].

It is important to repeat hemostatic testing often (at least 
every 30–60 min) during active bleeding. Frequent testing 
coupled with rapid turnaround times provides a more real- time 
view of the patient’s ability to achieve hemostasis. This allows 
for laboratory-directed component therapy (Table 3.2), which 
may reduce the total number of platelet and plasma transfu-
sions. However, if rapid testing is unavailable, the recommenda-
tions are to use fixed ratios of plasma as described in the MTP 
section [16]. Of note, antepartum coagulation testing and pre-
hemorrhage component therapy has not been shown to reduce 
the maternal risk for PPH [15].

 Use of Antifibrinolytics

The administration of tranexamic acid (TXA) in the setting of 
significant hemorrhage has been shown to reduce death in 
trauma patients [17]. The WOMAN randomized controlled trial 
evaluated TXA and its ability to help reduce mortality rates in 
obstetric hemorrhage [18]. The trial demonstrated that early 
administration of TXA reduces death due to bleeding and the 
use of TXA is safe in this patient population. The study set 
aside the concerns of increased risk for vascular thrombotic 
events, seizures, and other adverse effects, and suggested that 
TXA should be used in significant peripartum hemorrhage and 
for any patient with stage 3-hypovolemic shock.

3 Component Therapy in Obstetric Hemorrhage
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 Management

The patient in this case had a T&S on admission with a negative 
antibody screen. After a vacuum assisted delivery of the 
patient’s baby, she developed life-threatening PPH secondary to 
a ruptured uterus. The MTP was activated which provided 6 
uncrossmatched type-specific (O RhD-positive) red cell units, 
6-group AB units of plasmas, and 1-apheresis platelet. 
Laboratory tests drawn prior to the patient being taken for an 
emergency hysterectomy revealed profound anemia (Hb of 
4.3 g/dL), thrombocytopenia (platelet 104 × 109/L), and hypofi-
brinogenemia (95 mg/dL). As the transfusion medicine physi-
cian on call was enroute to the hospital, calls were made to 
anesthesiology recommending that they order three pools of 
cryoprecipitate, give 1 g IV TXA over 10 min, and draw a new 
set of coagulation tests including a ROTEM. The transfusion 
medicine physician picked up the three thawed pools of cryo-
precipitate and went into the OR to assist with management. 
After three RBC units, one plasma unit, the TXA, and the three 
pools of cryoprecipitate were transfused, the next round of 
coagulation tests were sent. Repeat labs showed: Hb 8.2 g/dL, 
platelet 60 × 109/L, INR 1.68, and  fibrinogen 121 mg/dL. The 
recommendations given to anesthesiology were to order two 
additional pools of cryoprecipitate and to transfuse the platelet 
followed by the remaining unused units of plasma. The ROTEM 
results from the beginning of the surgery showed 87% maxi-
mum clot lysis consistent with pronounced hyperfibrinolysis. 
Repeat ROTEM testing post TXA administration showed com-
plete resolution of hyperfibrinolysis.

 Summary of Consultant Recommendations

There should be collaboration between Obstetrics, 
Anesthesiology, and Transfusion/Laboratory Medicine to 
develop institutional guidelines on patient Management for 
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peripartum hemorrhage. These guidelines should include guid-
ance on patient monitoring, blood product component therapy, 
and appropriate laboratory testing. Training should focus on 
early diagnosis of PPH and timely activation of the MTP.

Clinical Pearls/Pitfalls
• Although it is useful to identify patients who have 

antepartum risk factors for uterine atony, over half of 
the women who develop significant PPH have no pre-
existing risk factors.

• Waiting for the patient to manifest clinical signs and 
symptoms or relying on a change in vital signs to 
detect severe PPH may result in delayed treatment of 
profound hypovolemic shock.

• The shock index (HR/SBP) has earlier and greater 
predictive value of severe PPH than either the HR or 
SBP alone.

• Subjective estimation of blood loss is notoriously dif-
ficult, and efforts should be made to establish a proto-
col to objectively quantify blood loss.

• Early administration of antifibrinolytics (e.g., TXA) 
has been shown to reduce death due to bleeding in 
women with PPH with little to no adverse side effects.

• Overuse of crystalloids for volume replacement in 
hypovolemic shock can result in cardiopulmonary 
complications and dilutional coagulopathy. Early 
administration of blood products, rather than crystal-
loid, in hemorrhagic shock is warranted.

• It is imperative to have an institutional MTP and to 
train personnel on how to utilize and run the protocol.
 – Use of a blood warmer helps prevent worsening 

coagulopathy secondary to hypothermia.
 – Data derived from trauma studies have shown trans-

fusing in a fixed ratio between 1:1:1 and 1:1:2 
(plasma, platelet, RBC) decreases mortality rates. 

3 Component Therapy in Obstetric Hemorrhage
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 Case

A 26-year-old woman is experiencing significant postpartum 
hemorrhage within minutes of delivering twin babies vaginally. 
She has no prior pregnancy or delivery history. The Labor and 
Delivery OR has previously requested 4 units of O RhD positive 
RBCs (her blood type), and is now asking for an additional 
4 RBC units and two doses of apheresis platelets. 
Communications from the OR is tense and brief in that the 
patient has uterine atony vs. retained placenta with uncontrolled 
bleeding. The team is hoping to avoid a hysterectomy if possi-
ble given her age and possible interest in  having additional 
children. Prior to delivery, the patient had normal coagulation 
lab test results (normal PT, normal PTT) and a platelet count of 
200,000 per microliter. Blood bank staff and the transfusion 
medicine resident on service are questioning the appropriate-
ness of the two doses of platelets requested, and call the clinical 
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team for repeat coagulation lab tests and platelet count. During 
the call, the transfusion medicine resident realizes the clinical 
picture of the patient clearly fits the criteria for a massive trans-
fusion protocol (MTP) and they appropriately ask the clinical 
team if they would like to initiate the MTP. The clinical team 
does not have knowledge of the protocol. The transfusion medi-
cine resident recommends initiating the MTP which includes 
RBC, plasma, and platelet units in an equal ratio.

 Do You Agree or Disagree 
with the Management?

The management of transfusion support up to this point could 
be more effective and efficient. Although it is normal to ques-
tion the request for a dose of platelets and certainly two doses 
of platelets for an otherwise stable patient, this is not the situa-
tion here. Additionally, the team does not seem to be aware of 
the use of a MTP or a hemorrhage protocol. This patient is 
likely experiencing dilutional coagulopathy in addition to expe-
riencing a severe hemostatic challenge. With a number of 
unknown variables in the face of a life-threatening hemorrhage 
and on the verge of exceeding an entire blood volume, the acti-
vation of a hemorrhage protocol or a MTP would be the recom-
mended response.

 Laboratory Testing and Interpretation/
Transfusion Medicine Principles

Dilutional coagulopathy is a known phenomenon associated 
with massive bleeding that is supported with only RBC transfu-
sions and crystalloid solutions. The use of crystalloids to 
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 maintain blood pressure, and then the addition of RBC transfu-
sions to maintain oxygen carrying capacity is appropriate for 
bleeding that is less than 40% of the patient’s blood volume. 
However, once bleeding exceeds an entire blood volume which 
is usually the equivalent of transfusing 8–10 RBC units in an 
adult, there is a need for the addition of coagulation factors 
through the use of plasma. Once the volume of blood loss 
exceeds 150%, there is the need to include platelet transfusions 
as well [1].

However, in pregnant patients there are a number of factors 
that might alter the approach to postpartum bleeding. Pregnancy 
is associated with an expansion of blood volume and an increase 
in coagulation factors, a physiologic response of pregnancy in 
anticipation of significant bleeding associated with delivery. 
However, some patients do not have an increase in coagulation 
factors or have a limited expansion of their blood volume and 
subsequently have an increased risk of postpartum hemorrhage. 
Specifically, a fibrinogen level of less than 200 mg/dL, which is 
considered low normal in the nonpregnant patient, is associated 
with an increased risk of significant postpartum hemorrhage 
[2]. Therefore it is of value to measure the fibrinogen levels of 
pregnant patients who might be at increased risk of postpartum 
hemorrhage, and to have a Type and Screen completed on 
patients within 3 days of delivery. This will optimize the ability 
of the blood bank to quickly set up compatible blood products.

 Discussion

In trauma, rapid replacement of lost blood volume with RBC, 
plasma, and platelet units using a pre-defined MTP decreases 
morbidity and mortality [3]. A MTP is a protocol which defines 
a standard set of RBC, plasma, and platelet units to be issued 
and transfused to a massively bleeding patient. The ratio of the 
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number of units of RBC, plasma, and whole blood-derived 
platelets is usually set to approximate what would be found in 
whole blood (1:1:1), though some facilities may have a slightly 
higher ratio of RBC units to plasma in anticipation of needing 
to increase the patient’s hematocrit while additional units of 
crystalloid are given to the patient to maintain blood pressure. 
As each “round” of blood components is set up and picked up 
for transfusion, the blood bank staff automatically sets up 
another round of products without the need for additional orders 
or direction from the clinician after the initial activation of the 
MTP. Periodic monitoring of coagulation laboratory tests, espe-
cially fibrinogen and platelet count are essential so that addi-
tional cryoprecipitate or additional platelet units can be 
provided. Alternatively, laboratory values can be used to guide 
which blood components should be transfused rather than using 
a set ratio of RBC, plasma, and platelet units throughout the 
MTP. There is no standardized way to set up a MTP and it must 
be tailored to each institution’s needs and logistics.

The effectiveness and safety of the MTP has only been stud-
ied in trauma patients. The PROPPR clinical trial found no 
outcome difference in trauma patients who received a low fixed 
ratio of plasma to red blood cells (1:2) compared to a high fixed 
ratio (1:1) [4]. Even though the MTP has not been formally 
studied in non-trauma patients, the MTP has been widely 
adopted for all hemorrhaging patients, including obstetric 
patients. Recently, a retrospective study of low transfusion ratio 
(plasma:red blood cell) resuscitation of non- trauma patients 
versus high transfusion ratio resuscitation showed no significant 
difference in 30-day survival [5]. Thus, a plasma:RBC transfu-
sion ratio between 1:2 and 1:1 seems beneficial in massively 
hemorrhaging patients, although there is insufficient evidence 
to support or refute the use of a set ratio in obstetric patients [6].

The advantage of an MTP is that it provides an automatic 
process for getting blood products to patients as fast as possible, 
with the need for only brief, concise, and clear communication 

M. Fung and S. Harm



43

between clinicians and the blood bank. Use of a hospital-wide 
protocol to support an obstetric hemorrhage has been shown to 
reduce maternal morbidity [7]. Hospital- wide protocols have 
added benefits of (1) standardizing work across the various 
departments involved in the resuscitation leading to fewer errors 
in orders, (2) pre-defined roles and responsibilities, (3) improved 
communication between clinical teams and the laboratory, and 
(4) faster turnaround times for laboratory tests due to an under-
standing of higher priority. Standardized protocols must be tai-
lored to the needs of the hospital and the patient population, and 
all stakeholders must be involved with the protocol’s develop-
ment and maintenance to ensure optimal use in obstetric 
hemorrhage.

Hemorrhage protocols or MTPs can be part of a larger hos-
pital-wide effort to provide a set of clear, evidence-based rec-
ommendations to support the bleeding obstetric patient, called 
a patient safety bundle [8]. The consensus bundle on obstetric 
hemorrhage provides the critical practices that should be 
applied to the bleeding patient. Each of the key elements of the 
safety bundle supports the overarching domains in ideal patient 
care: Readiness, Recognition and Prevention, Response, and 
Reporting and System Learning. The multidisciplinary effort of 
the bundle is designed to support a culture of patient safety, 
reduce the frequency of severe obstetric hemorrhage, and 
improve outcomes in maternal health.

 Management

The patient in this case presented with severe postpartum 
 hemorrhage that was unanticipated. Activation of the MTP 
allowed for a steady and predictable supply of blood compo-
nents to support this patient, allowing the OR team to focus on 
determining the underlying cause of bleeding. A pre- defined, 
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multidisciplinary, hospital-wide protocol for hemorrhaging 
patients provides optimal care in a stressful, urgent, and often 
chaotic clinical situation.

 Summary of Consultant Recommendations

With an unanticipated severe postpartum hemorrhage, activa-
tion of a hemorrhage protocol, MTP, or patient safety bundle 
would simplify and optimize the role of transfusion support in 
this patient as well as decrease patient morbidity.

Clinical Pearls/Pitfalls
• If the OR team is not familiar with the MTP, and yet 

there is clear and rapid use of 8 or more RBC units, the 
blood bank team should offer to activate the MTP or 
hemorrhage protocol.

• Although most MTPs may include periodic transfu-
sion of platelets or cryoprecipitate, additional doses of 
platelets or cryoprecipitate should be given if the plate-
let count or fibrinogen level is critically low.

• An unreportable PT and PTT result (time to clot is too 
long) might be the first indication of hypofibrinogen-
emia in a massively bleeding postpartum patient. 
Consider the preemptive transfusion of cryoprecipitate 
while waiting for the fibrinogen results to be reported.

• Patients with low normal fibrinogen (less than 200 mg/
dL) are at increased risk for postpartum hemorrhage. As 
part of a MTP, 4 units of plasma will have the equivalent 
amount or more of fibrinogen than a standard dose of 
pooled cryoprecipitate, but in a larger volume.

• Successful, multidisciplinary protocols decrease mor-
bidity in massively bleeding patients.
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 Case

A 35-year-old G2P1 woman currently at 34 weeks, 1 day gesta-
tion is discussed at maternal fetal medicine clinical rounds as 
she has a diagnosis of suspected placenta accreta by imaging. 
She has a history of a prior primary cesarean section following 
breech presentation. She has never received a blood product 
transfusion and is Group O, Rh positive with a  negative anti-
body screen. As the patient does not wish for future children, 
the decision is made to schedule a cesarean hysterectomy.

The blood product support plan proposed by the transfusion 
service is to have 10 units of Group O, Rh positive red blood 
cells (RBCs) crossmatched (via electronic crossmatch) and 
4 units of ABO compatible plasma thawed and ready prior to 
the start of the planned cesarean hysterectomy. Platelets and 
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cryoprecipitate will be available if needed. Should the patient 
require increased blood product support, the massive transfu-
sion protocol may be activated as well (Fig. 5.1).

The question as to whether to administer an antifibrinolytic 
prophylactically, at the start of surgery, is raised. The consulting 
transfusion medicine physician indicates that prophylactic 
administration is not indicated, but if the patient has hemor-
rhage greater than 1000 mL, the clinical team will want to 
administer a dose of 1 g of intravenous tranexamic acid. This 
single dose will not be repeated.

4 RBCs
2 plasma

4 RBCs
2 plasma

4 RBCs
2 plasma

20 minutes

20 minutes

20 minutes

apheresis
platelet

apheresis
platelet

apheresis
platelet

1 dose
cryoprecipitate

4 RBCs
2 plasma

COOLER #1

COOLER #2

COOLER #3

COOLER #4

Fig. 5.1 Sequence of products issued in the massive hemorrhage transfu-
sion protocol. If crossmatch compatible RBCs are not available, emergency 
released O+ or O(-) (depending on the Rh status of the patient) will be 
issued. Type specific (if type known) or group AB plasma will be issued 
(Taken with permission from O’Brien KL and Uhl L, Transfusion 
2016;56:2165–2171)
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 Do You Agree or Disagree with this  
Management Plan?

Having blood products to include RBCs, plasma, platelets, and 
cryoprecipitate available for this patient is necessary and should 
be considered standard of care for this patient at risk for mas-
sive hemorrhage. I also agree with consideration being given for 
the use of an antifibrinolytic to potentially decrease the alloge-
neic blood products to which the patient is exposed. If an anti-
fibrinolytic is to be given, it should be given within 3 h after 
delivery.

 Laboratory Testing/Transfusion  
Medicine Principles

Antifibrinolytics, such as epsilon aminocaproic acid (amicar) 
[1] and tranexamic acid (TXA) [2, 3], are lysine analogs that 
inhibit fibrinolysis by binding to plasminogen and preventing 
plasminogen from binding to the fibrin clot (where it may be 
activated to plasmin) and by binding to plasmin and displacing 
it from the fibrin clot. These drugs are FDA approved for the 
treatment of hemophilia patients for short-term use to reduce or 
prevent hemorrhage, and reduce the need for replacement ther-
apy, during and following tooth extraction as well as the treat-
ment of cyclic heavy menstrual bleeding [4]. They have been 
used “off-label” for a variety of indications including: to 
decrease blood loss associated with adult and pediatric cardio-
pulmonary bypass surgery [5, 6]; to reduce blood loss in 
trauma [7]; to limit blood loss in hip, knee, and spinal surgeries 
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[8–11]; and to treat thrombocytopenic patients with alloimmune 
platelet refractoriness and bleeding [12]. There is also a large 
published  literature on the effect of antifibrinolytics in reducing 
bleeding in women with menorrhagia [13–18].

There are a few smaller studies that have investigated the use 
of antifibrinolytics in reducing post-partum hemorrhage (PPH), 
some in cesarean sections, some in vaginal deliveries, and some 
with both [19–23]. There is a large ongoing randomized, multi-
center trial that is prospectively attempting to determine 
whether tranexamic acid reduces the incidence of PPH (TRAAP 
trial) [24].

Results from the highly anticipated WOMAN trial were 
recently published [25]. In this international, multicenter pro-
spective RCT, 20,060 women were randomized to receive 1 g of 
TXA or placebo by slow intravenous infusion as soon as the 
clinician made the clinical diagnosis of post-partum hemor-
rhage after either a vaginal birth (500 mL or greater blood loss) 
or a cesarean section (1000 mL or greater blood loss). Twenty- 
thousand twenty-one women were included in the final data 
analysis that showed that TXA substantially reduced the risk of 
death due to bleeding, especially when given within 3 h after 
birth (RR 0.69, 95% CI 0.52–0.91; p = 0.008); maternal mortal-
ity was actually reduced by 31% if TXA was given within this 
time frame [25]. Interestingly, there was not a significant differ-
ence in blood product transfusions between the two arms of the 
study, but the need for laparotomy to control bleeding was sig-
nificantly reduced in the women who received TXA. Most 
importantly, adverse events (including thromboembolic events) 
did not differ significantly between the treatment and control 
groups [25].

While the results of the TRAAP trial are not yet available, 
additional information on the benefits and risks of antifibrinol-
ytics can be gleaned from the available published data on the 
“off-label” use. Data from the CRASH-2 trial involving the use 
of TXA showed that when given within 3 h of injury, the 
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 antifibrinolytic reduces death due to bleeding regardless of the 
type of injury, Glasgow Coma Scale, or blood pressure [7, 26]. 
There have also been numerous studies involving the use of 
TXA and amicar for a variety of orthopedic surgical procedures 
including spinal surgeries as well as hip and knee arthroplasties; 
data indicates that the use of these drugs has the potential to 
decrease the amount of allogeneic transfusions without increas-
ing the risk of venous thromboembolism [27]. In addition, TXA 
has been used to treat women suffering from heavy menstrual 
bleeding almost since its creation in the early 1960s [15]. 
Studies of women with heavy menses have showed TXA to be 
safe, well-tolerated, and highly effective [17, 18].

Due to advances in donor screening, improved infectious 
disease testing and transfusion medicine practices over the 
years, the risks associated with allogeneic blood transfusion 
remain low [28]. Transfusion reactions, however, are relatively 
common occurrences and while most are mild and easily 
treated, fatalities can and do occur [29]. The FDA has been noti-
fied of 58 transfusion-associated fatalities in 2011, 65 in 2012, 
59 in 2013, 56 in 2014, and 41 in 2015 [28].

Additionally, the allogeneic blood supply is not an unlimited 
resource. Reliance on an all-volunteer donor system may result 
in regional and even national shortages of specific products at 
different times of the year. If, by utilizing antifibrinolytics, the 
burden of the nationwide blood supply is somehow lessened, it 
may be a prudent decision for current as well as future transfu-
sion recipients.

 Summary of Consultant Recommendations

While having red blood cells, plasma, platelets, and cryopre-
cipitate available for a procedure with a large anticipated blood 
loss is standard of care, the use of an antifibrinolytic once 
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 bleeding is shown to be excessive should strongly be consid-
ered. Results of the WOMAN Trial support the use of TXA to 
reduce the risk of death due to bleeding; while the trial did not 
show a decrease in blood product transfusion between treatment 
and control arms, there was a lower rate of laparotomies 
required to control bleeding in the treatment group [25]. In low 
resource areas of the world and in patients for whom blood 
product transfusion is not an option, antifibrinolytics should be 
given as soon as possible after bleeding onset.
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Clinical Pearls/Pitfalls
 • Antifibrinolytics such as aminocaproic acid and 

tranexamic acid are lysine analogs that reduce or pre-
vent hemorrhage by inhibiting fibrinolysis.

 • There is published evidence supporting the use of anti-
fibrinolytics in the settings of cardiovascular surgery, 
trauma, and orthopedics, in cases of thrombocytopenic 
patients with alloimmune refractoriness, and in women 
with menorrhagia.

 • The recent results of the WOMAN Trial show that 
TXA reduces death due to bleeding in women with 
post-partum hemorrhage, especially when given within 
3 h of delivery with no adverse effects.

K. L. O’Brien



53

 4. McCormack PL. Tranexamic acid: a review of its use in the treatment 
of hyperfibrinolysis. Drugs. 2012;72:588.

 5. Brown JR, et al. Meta-analysis comparing the effectiveness and adverse 
outcomes of antifibrinolytic agents in cardiac surgery. Circulation. 
2007;115:2801–13.

 6. Ngaage DL, et al. Lessons from aprotinin: is the routine use and 
inconsistent dosing of tranexamic acid prudent? Meta-analysis of ran-
domised and large matched observational studies. Eur J Cardiothorac 
Surg. 2010;37:1375–83.

 7. CRASH-2 Trial Collaborators. Effects of tranexamic acid on death, 
vascular occlusive events, and blood transfusion in trauma patients 
with significant haemorrhage (CRASH-2): a randomised, placebo-
controlled trial. Lancet. 2010;376:23–32.

 8. Kagoma YK, et al. Use of antifibrinolytic therapy to reduce transfu-
sion in patients undergoing orthopedic surgery: a systemic review of 
randomized trials. Thromb Res. 2009;123:687–96.

 9. Zufferey P, et al. Do antifibrinolytics reduce allogeneic blood transfu-
sion in orthopedic surgery? Anesthesiology. 2006;105:1034–46.

 10. Berenholtz SM, et al. Effect of epsilon aminocaproic acid on 
red-cell transfusion requirements in major spinal surgery. Spine. 
2009;34:2096–103.

 11. Elwatidy S, et al. Efficacy and safety of prophylactic large dose of 
tranexamic acid in spine surgery: a prospective, randomized, double-
blind placebo controlled study. Spine. 2008;33:2577–80.

 12. Dzik S. How I do it: platelet support for refractory patients. Transfusion. 
2007;47:374–8.

 13. Bradley LD, Gueye NA. The medical management of abnormal 
uterine bleeding in reproductive-aged women. Am J Obstet Gynecol. 
2016;214:31–44.

 14. Srivaths LV, et al. Oral tranexamic acid versus combined oral con-
traceptives for adolescent heavy menstrual bleeding: a pilot study. J 
Pediatr Adolesc Gynecol. 2015;28:254–7.

 15. Tengborn L, et al. Tranexamic acid—an old drug still going strong and 
making a revival. Thromb Res. 2015;135:231–42.

 16. Goshtasebi A, et al. Treatment of heavy menstrual bleeding of endo-
metrial origin: randomized controlled trial of medroxyprogesterone 
acetate and tranexamic acid. Arch Gynecol Obstet. 2013;288:1055–60.

 17. Muse K, et al. Long-term evaluation of safety and health-related qual-
ity of life in women with heavy menstrual bleeding treated with oral 
tranexamic acid. Womens Health. 2011;7:699–707.

5 Evidence for/Against Administration



54

 18. Bonnar J, et al. Treatment of menorrhagia during menstruation: 
randomised controlled trial of ethamsylate, mefenamic acid and 
tranexamic acid. BMJ. 1996;313:579.

 19. Ker K, Shakur H, Roberts I. Does tranexamic acid prevent postpartum 
haemorrhage? A systematic review of randomised controlled trials. 
BJOG. 2016;123:1745–52.

 20. Ducloy-Boouthors A, et al. High-dose tranexamic acid reduces blood 
loss in postpartum haemorrhage. Crit Care. 2011;15:R117.

 21. Movafegh A, et al. Effect of tranexamic acid administration on 
blood loss during and after cesarean delivery. Int J Gynecol Obstet. 
2011;115:224–6.

 22. Xu J, et al. Tranexamic acid for the prevention of postpartum hemor-
rhage after cesarean section: a double-blind randomization trial. Arch 
Gynecol Obstet. 2013;287:463–8.

 23. Mirghafourvand M, et al. The effect of prophylactic intravenous 
tranexamic acid on blood loss after vaginal delivery in women at low 
risk of postpartum haemorrhage: a double-blind randomised controlled 
trial. Aust N Z J Obstet Gynecol. 2015;55:53–8.

 24. Sentilhes L, et al. Study protocol. TRAAP—RAnexamic acid for pre-
venting postpartum hemorrhage after vaginal delivery: a multicenter 
randomized, double-blind, placebo-controlled trial. BMC Pregnancy 
Childbirth. 2015;15:135.

 25. WOMAN Trial Collaborators. Effect of early tranexamic acid adminis-
tration on mortality, hysterectomy, and other morbidities in women with 
post-partum haemorrhage (WOMAN): An international, randomized, 
double-blind, placebo-controlled trial. Lancet. 2017;389:2105–16.

 26. Roberts I, et al. Tranexamic acid in bleeding trauma patients: an explo-
ration of benefits and harms. Trials. 2017;18:48.

 27. Ortmann E, et al. Antifibrinolytic agents in current anaesthetic prac-
tice. Br J Anaesth. 2013;111(4):549–63.

 28. ht tps: / /www.fda.gov/downloads/BiologicsBloodVaccines/
SafetyAvailability/ReportaProblem/TransfusionDonationFatalities/
UCM518148.pdf. Accessed 17 March 2017.

 29. Savage WJ. Transfusion reactions. Hematol Oncol Clin N Am. 
2016;30(3):619–34.

K. L. O’Brien

https://www.fda.gov/downloads/BiologicsBloodVaccines/SafetyAvailability/ReportaProblem/TransfusionDonationFatalities/UCM518148.pdf
https://www.fda.gov/downloads/BiologicsBloodVaccines/SafetyAvailability/ReportaProblem/TransfusionDonationFatalities/UCM518148.pdf
https://www.fda.gov/downloads/BiologicsBloodVaccines/SafetyAvailability/ReportaProblem/TransfusionDonationFatalities/UCM518148.pdf


55© Springer International Publishing AG, part of Springer Nature 2018
T. Nester (ed.), Transfusion Management of the Obstetrical Patient, 
https://doi.org/10.1007/978-3-319-77140-3_6

 Case

After a prolonged third stage of labor, a 29-year-old gravida 1 
woman experiences significant ongoing vaginal bleeding due to 
uterine atony. The clinical team starts standard measures for 
control of uterine atony, activates the massive  transfusion pack, 
and draws a blood sample for labs including CBC, PT/INR, 
PTT, and fibrinogen. The clinical team knows that fibrinogen 
concentrate was recently made available at their institution and 
calls the blood bank requesting to administer it preemptively as 
adjunctive therapy for treatment of postpartum hemorrhage. 
The serum fibrinogen level will not be available for several 
more minutes.
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 Do You Agree or Disagree 
with the Management?

We disagree with the empiric use of fibrinogen concentrate in 
the early treatment of postpartum hemorrhage without labora-
tory evidence of hypofibrinogenemia. Rapid demonstration of 
hypofibrinogenemia via point-of-care testing or more expedi-
tious laboratory testing could provide the data needed for early 
use of fibrinogen concentrate.

 Laboratory Testing and Interpretation/
Transfusion Medicine Principles

Fibrinogen plays an essential role in hemostasis. It is a soluble 
glycoprotein produced by the liver and is an acute phase reac-
tant. One role is the facilitation of platelet aggregation via gly-
coprotein IIb and IIIa receptors. Thrombin converts soluble 
fibrinogen into insoluble fibrin strands, which are then cross-
linked by factor XIII [1]. During pregnancy, there is a progres-
sive increase in fibrinogen levels, with concentrations 
approximately doubling by the third trimester.

The role of fibrinogen in obstetric bleeding is illustrated in 
a prospective study of hemostatic markers in predicting the 
severity of postpartum hemorrhage by Charbit et al. [2] In this 
study, blood samples were collected at the start of hemorrhage, 
as well as 1, 2, 4, and 24 h after the initial bleeding. After 
regression analysis, only fibrinogen concentration at the time 
of initial bleeding significantly predicted the severity of hem-
orrhage. Levels below 2 g/L were predictive of severe hemor-
rhage, and levels >4 g/L had a negative predictive value of 
79%. In a retrospective analysis, De Lloyd et al. demonstrated 
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an inverse association between fibrinogen concentration and 
severity of postpartum hemorrhage [3].

In terms of the question of using prophylactic fibrinogen 
replacement before evidence of hypofibrinogenemia is avail-
able, the FIB-PPH trial investigated use of preemptive treatment 
with fibrinogen concentrate for postpartum hemorrhage [4]. 
Once diagnosed with postpartum hemorrhage, trial subjects 
(n = 249) were randomized to either 2 g of fibrinogen concen-
trate or placebo. No differences were found between groups, 
including the primary outcome of need for red blood cell trans-
fusion. It is important to note that in the study population, the 
average fibrinogen level was 4.5 g/L in both groups at the start 
of the hemorrhage, well above the 4 g/L level identified by 
Charbit. Only five patients had fibrinogen <2 g/L. With a 
planned completion date of late 2017, the FIDEL trial is another 
randomized, blinded, controlled trial investigating the use of 
fibrinogen concentrate at an early stage of PPH, when oxytocin 
administration has failed and IV prostaglandins have been 
administered. [5]. Thus to date, there does not appear to be 
benefit to empiric repletion of fibrinogen in the absence of 
hypofibrinogenemia.

Fibrinogen replacement in massive transfusion protocols is 
often accomplished through transfusion of plasma. In an 
actively bleeding obstetrical patient, this may be adequate if the 
bleeding is not associated with coagulopathy. Cases of uterine 
atony and genital tract trauma, which are causative in 80% of 
PPH cases, may be adequately managed using plasma as the 
source of fibrinogen [6]. The benefit of plasma is that it contains 
all coagulation factors required for hemostasis, and that it 
assists in prevention of dilutional coagulopathy which can occur 
if only red cells are infused. The risks of using plasma include 
circulatory overload (each unit has approximately 250 mL), 
transfusion reactions, and possible transfusion transmitted dis-
ease. For 20% of obstetrical patients who have coagulopathy, 
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the need for fibrinogen repletion with a product that has a 
smaller volume and a higher fibrinogen concentration increases. 
The two available options are cryoprecipitate and fibrinogen 
concentrate.

Cryoprecipitate is derived from individual units of fresh fro-
zen plasma. Each unit contains 250–325 mg of fibrinogen. It 
also contains high concentrations of von Willebrand factor, and 
factors VIII and XIII, which will be depleted in severe 
PPH. Storage requirements are that the product be frozen; in 
this state it is available for up to 1 year. The volume of 1 unit 
will be 15–30 mL; pooled cryoprecipitate for an adult dose will 
have a volume of approximately 120 mL. Cryoprecipitate has 
been shown to successfully increase fibrinogen levels during 
PPH [7]. Disadvantages include significant variation in fibrino-
gen concentration and lack of viral inactivation, along with need 
for thawing prior to transfusion [8].

Fibrinogen concentrate is derived from pooled human 
plasma. The product is taken through a pasteurization step to 
reduce viral transmission and then stored in a lyophilized form. 
The product available in the USA (RiaSTAP™) contains 900–
1300 mg fibrinogen (generally dispensed as 1.0 g) per vial and 
can be stored at room temperature for up to 5 years. The product 
requires 50 mL of sterile saline for reconstitution [9]. In terms 
of dose, an example is as follows (Table 6.1).

Risks include allergic reactions. A postmarketing analysis 
reviewing safety reports from 1986 to 2013 found that the risk 
of hypersensitivity reactions was 1 in 32,600 doses and the risk 
of thromboembolic events was 1 in 23,300 doses [10]. Thus the 

Table 6.1 Fibrinogen concentrate dosing

200 mg/dL (desired) − 80 mg/dL (patient measured fibrinogen)/1.7 
(mg/dL per mg/kg body weight)

Calculated dose = 70 mg/kg of body weight

If the patient weighs 70 kg, then 4900 mg of concentrate, or 
essentially five vials (each 1.0 g), would be given. Total volume of 
five reconstituted vials = 250 mL
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product has a promising safety profile. Its use in the setting of 
PPH is off-label in the United States and the United Kingdom, 
although it has been approved in Brazil since 1963, and 
Germany since 1966 for treatment of both acquired and con-
genital fibrinogen deficiency [11, 12]. To date, the data compar-
ing efficacy and safety of fibrinogen concentrate to 
cryoprecipitate in bleeding patients is weak, and making a rec-
ommendation of one product over the other for patients with 
acquired hypofibrinogenemia is currently not possible [13]. 
Table 6.2 summarizes the differences between fibrinogen con-
centrate and cryoprecipitate.

Table 6.2 Qualitative comparison of fibrinogen concentrate to 
cryoprecipitate

Fibrinogen 
concentrate

Cryoprecipitate

Efficacy (correct 
dose used)

Good Good

Time to prepare Potentially shorter by 
several minutes

Potentially longer due 
to thaw time

Time to expiration 
once prepared for 
use

24 h at room 
temperature

4–6 h

Cost More expensive [14] Less expensive

Infectious disease 
risk

Lower due to 
pasteurization; may still 
transmit vCJD

Slightly higher due to 
lack of pasteurization

Transfusion 
reaction risk

Lower; can still get 
anaphylaxis

Higher for allergic 
reactions

Storage conditions Room temperature for 
up to 5 years

Frozen for up to 
1 year

Volume per dose 250 mL (see calculation 
in text) for fibrinogen 
of 80 mg/dL

100–120 mL/unit, 
3 units for fibrinogen 
of 80 mg/dL

Coagulation factors I I, VIII, XIII, vWF
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The goal of fibrinogen repletion in the setting of PPH 
involves first identifying those patients with fibrinogen defi-
ciency, and then administering either cryoprecipitate or fibrino-
gen concentrate for correction. This approach has been made 
more practical with the introduction of thromboelastometry 
(ROTEM) and thromboelastography (TEG), which allow for 
rapid, point-of-care assessment of fibrinogen levels, as well as 
other clotting parameters. These techniques are relatively new, 
especially in obstetrics, and protocols and goals of therapy are 
lacking. A 2016 Cochrane review of ROTEM and TEG across all 
areas of medicine found “low quality evidence in favor of TEG 
and ROTEM use in the management of bleeding patients [15].” 
It is important to note that similar to more classic hemostatic 
measures, normal ranges in ROTEM/TEG are different in a 
pregnant patient compared with nonpregnant patients [16, 17]. 
Some laboratories develop special protocols for expedient 
coagulation testing in the setting of active bleeding rather than 
TEG (see section "Obstetrical Management of Postpartum 
Hemorrhage").

Mallaiah et al. detailed their experience with the introduction 
of a ROTEM-guided protocol for administration of fibrinogen 
concentrate [18]. Prior to introduction of fibrinogen concen-
trate, they used FFP and cryoprecipitate to replenish fibrinogen 
and found that the rate-limiting step was the time it took to 
obtain products from the blood bank. In 2012, they introduced 
a protocol in which 3 g of fibrinogen concentrate was given for 
fibrinogen deficiency (FIBTEM <7 mm or 7–12 mm with active 
bleeding). In the new protocol, there was a statistically signifi-
cant reduction in the total number of blood components trans-
fused, although not in red blood cells.

The Obstetric Bleeding Study 2 (OBS2) group recently 
described their experience with ROTEM-guided early fibrinogen 
concentrate administration [19]. In this randomized, double-
blinded, controlled trial, 663 women with postpartum hemor-
rhage were screened, and those with FIBTEM A5 ≤15 mm and 
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ongoing bleeding (n = 55 in the analysis, two excluded) were 
given fibrinogen concentrate or placebo. FFP was not adminis-
tered when FIBTEM A5 >15 mm, but otherwise, their standard 
transfusion protocol was followed. There was no difference in 
the primary outcome of allogeneic blood product usage in the 
two arms. There were no significant differences in outcome of 
secondary analyses. Mean fibrinogen at study entry was 2.6 g/L 
in those randomized to fibrinogen concentrate and 2.9 g/L in 
those randomized to placebo. This likely explains the negative 
primary outcome; as discussed above, a more severe phenotype 
with fibrinogen <2 g/L (FIBTEM A5 <8–10 mm) is more pre-
dictive of severe PPH and may benefit more from early interven-
tion with fibrinogen concentrate. Few patients in this study met 
these thresholds (n = 7 with fibrinogen <2 g/L, n = 28 with 
FIBTEM A5 ≤12 mm, no data for lower cutoffs). The 606 
women with FIBTEM A5 >15 mm who were not randomized 
were evaluated in a second observational study evaluating the 
effect of withholding FFP when FIBTEM A5 >15 mm [20]. 
None of the women in this population developed laboratory evi-
dence of hemostatic failure in the setting of ongoing bleeding, 
suggesting that restricted transfusion of FFP in women with 
robust FIBTEM A5 may be a strategy to reduce allogenic blood 
product exposure, and further investigation is warranted.

We feel that there is promise in the use of fibrinogen concen-
trate for fibrinogen replacement, and that fibrinogen replacement 
is an integral part of management of hemorrhage in the future, 
once hypofibrinogenemia is identified. It has potential advan-
tages over FFP and cryoprecipitate in terms of standardized dos-
ing, higher concentration/less volume burden, and possibly 
improved safety profile. A clear deficiency in the obstetric litera-
ture is lack of randomized, placebo-controlled, double-blind tri-
als involving tailored or goal-directed administration of 
fibrinogen concentrate and comparing it to cryoprecipitate. Such 
trials have been described, but are still in process. Until these 
results are back, the International Society on Hemostasis and 
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Thrombosis endorses a “pragmatic view,” keeping fibrinogen 
>2 g/L in a patient with ongoing postpartum hemorrhage [21].

Coagulation factor concentrates other than fibrinogen include 
recombinant activated factor VII (rVIIa), factor VIII, and pro-
thrombin complex concentrate (PCC). Recombinant factor VIIa 
has been used for treatment of bleeding in hemophilia patients 
with inhibitors as well as patients with acquired Factor VIII 
inhibitors [22]. It has also been used as salvage therapy at doses 
of 60–70 μg/kg for patients with postpartum hemorrhage refrac-
tory to standard medical management and second-line therapy 
[23, 24]. Convincing safety and appropriate dose data are lack-
ing, and one should have a high threshold for its use in a patient 
who is prothrombotic due to a pregnant state. A novel and prom-
ising approach using rFVIIa has recently been reported in which 
an abdominal swab soaked with rFVIIa diluted in saline was 
placed on the uterine placental site at cesarean delivery follow-
ing removal of the placenta in the setting of placenta previa [25].

Four-factor prothrombin complex concentrate (PCC) con-
tains factors II, VII, IX, and X, along with heparin and anti-
thrombin III and is generally indicated for treatment of 
life-threatening bleeding associated with vitamin K antagonists. 
It has been used in traumatic hemorrhage, and there are case 
reports of efficacy in massive obstetric bleeding [26]. However, 
the current ISTH guidelines recommend that this product not be 
given outside of clinical trials at this time due to the concern 
that their side effects may outweigh their benefits. A study is 
currently investigating the role of PCC, in combination with 
fibrinogen concentrate, during severe PPH (NCT01910675).

 Management

The patient in this case has a postpartum hemorrhage that should 
be managed in the usual standard fashion, with source control 
via uterotonics, and resuscitation according to  established proto-
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cols for emergency release of blood and massive transfusion. 
Tranexamic acid should be administered (see section 4) [27, 28]. 
There are limited data surrounding the use of fibrinogen concen-
trate in postpartum hemorrhage, but the FIB-PPH trial suggests 
that this patient is unlikely to benefit from fibrinogen concen-
trate. If rapid testing of fibrinogen level was available and dem-
onstrated hypofibrinogenemia (<2 g/L), then administration of 
fibrinogen concentrate should be strongly considered. If the 
bleeding persists despite standard therapy and second-line 
options, then recombinant activated factor VII could be consid-
ered as salvage therapy.

 Summary of Consultant Recommendations

For now, the standard of care of the hemorrhaging obstetric 
patient includes source control and massive transfusion proto-
col. If the fibrinogen result does show serum fibrinogen less 
than 2 g/dL, then the patient should receive a source of concen-
trated fibrinogen, either from cryoprecipitate or from fibrinogen 
concentrate.

Clinical Pearls/Pitfalls
 • The key in managing postpartum hemorrhage is imple-

menting a standardized approach to postpartum hem-
orrhage and utilizing a massive transfusion protocol 
that is tailored to your institution (www.safehealth-
careforeverywoman.org).

 • Assessment of fibrinogen levels is useful in predicting 
severity of hemorrhage.

 • If ROTEM or TEG is available, the obstetrician and 
anesthesiologist should learn the use and interpretation 
of these testing modalities.

6 Evidence for/Against Administration of Fibrinogen
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 Case: Blood Recovery in Cesarean Section

A 33-year-old woman with a term pregnancy is scheduled for an 
elective repeat cesarean section (C-section). She has had three prior 
C-sections, with a history of post-partum hemorrhage due to atony 
requiring transfusion. She has chronic anemia, with a most recent 
hemoglobin of 9.6 g/dL. The clinical team decides to use a blood 
recovery device (Fig. 7.1) as part of the operative management.

 Do You Agree or Disagree with the Management?

I agree that blood recovery use is indicated in this case. There 
are known benefits of autologous over allogeneic transfusions 
(reduced risk of infection, alloimmunization, and transfusion 
reactions). Consensus recommendations are that blood recovery 
is safe to use in obstetrical cases, and should be used in patients 
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who are at increased risk for post-partum hemorrhage, or who 
have significant anemia preoperatively [1–3].

 Laboratory Testing and Interpretation/
Transfusion Medicine Principles

 Blood Recovery in Obstetrics

Hemorrhage is one of the leading preventable causes of 
maternal death. The safe use of blood recovery (also 

Fig. 7.1 Sorin™ device for blood recovery
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referred to as cell salvage)  in obstetrics is well established, 
with case series of hundreds of patients in the literature 
[4–8], and official recommendation for its use by the 
American College of Obstetrics [1], the Royal College of 
Obstetricians and Gynaecologists [2], and the Association 
of Anaesthetists of Great Britain and Ireland [3]. Blood 
recovery is the process by which blood is suctioned from the 
surgical field into a blood recovery device (Fig. 7.1), where 
the blood is filtered, washed by centrifugation with a saline 
solution, and then transfused back to the patient. Blood 
recovery in obstetrics was originally contraindicated by 
manufacturers of the equipment due to theoretical concerns 
for amniotic fluid emboli. However, blood recovery devices 
in combination with leukocyte depletion by filtration have 
been shown to remove biologic markers of amniotic fluid 
(alpha-fetal protein and tissue factor) during the washing 
process [9, 10]. All fetal cells are not removed, however, 
and routine administration of anti-D immunization is 
required to prevent rhesus immunization in RhD-negative 
women who receive recovered autologous blood if the baby 
is Rh(D) positive. The dosing of Rh immune globulin 
should be undertaken after blood recovery products have 
been reinfused. Blood recovery can be especially useful in 
mothers who refuse (for religious reasons and otherwise) all 
allogeneic blood products. Patients who refuse allogeneic 
products should be questioned prior to the procedure about 
if they would accept their own blood back from a blood 
recovery device. Some patients will only agree if there is a 
continuous connection between them and their blood. This 
can be accommodated by suctioning directly from the field, 
and connecting a reinfusion line to a side port of an existing 
IV running into the patient when the blood recovery device 
is set up. The line can be primed with saline and if/when 
enough blood is recovered to be transfused, can be trans-
fused back via the already-connected line.
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 Practical Considerations

The safe and effective use of blood recovery requires a dedi-
cated team of trained staff members. The equipment is not 
hard to use, but requires vigilance by a trained professional to 
produce a safe product to be administered back to the patient. 
Routine use of blood recovery in all cesarean sections is not 
recommended, as there will most likely not be enough red 
blood cells recovered in a patient who presents with a normal 
hemoglobin level, and does not bleed excessively during the 
procedure. A practical gauge used by our institution to initiate 
cell salvage is the soaking of 20 lap pads following delivery. 
Rinsing of the lap pads should be done as part of the blood 
recovery effort, as each pad may contain up to 100 mL of 
blood. Always set up a regular wall suction in addition to the 
blood recovery suction. To minimize unnecessary amniotic 
fluid contamination, which will require large amounts of 
washing solution to remove, use the separate suction tip to 
remove the majority of amniotic fluid after amniotomy, and 
use the blood recovery suction tip for the blood on the field. 
To reduce costs in cases where the blood recovery system was 
used but did not result in an adequate volume of blood to be 
washed and returned to the patient, routinely set up only the 
disposable parts that are needed for suctioning into the main 
blood recovery reservoir, and keep the remaining components 
sterile.

 Summary of Consultant Recommendations

Emergency use: Major obstetric hemorrhage from all causes 
(e.g., cesarean section, laparotomy for post-partum hemor-
rhage, genital tract trauma, etc.).
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Elective use: Increased risk for obstetric hemorrhage at 
cesarean section (e.g., placenta previa/accreta, fibroid uterus, 
history of post-partum hemorrhage, etc.), or significant anemia 
at time of cesarean section regardless of risk factors for 
hemorrhage.
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 Case

A 27-year-old is 12 weeks pregnant and notes petechiae over 
her shins. She presents to her obstetrician who sends her to the 
local emergency department. At the emergency department, 
vital signs are stable and she appears well, but is found to have 
a platelet count of 9000/μL. The rest of the complete blood 
count is normal. Her chemistry panel shows normal kidney and 
renal function. Prior complete blood counts have been normal 
and she reports no family history of thrombocytopenia or hema-
tologic malignancies. Due to her low platelet count, the emer-
gency physician orders a unit of apheresis platelets to be given.

 Do You Agree or Disagree with the Management?

I disagree. This presentation is most consistent with ITP. 
Platelet transfusions are rarely indicated in ITP for several rea-
sons. One is that, despite the low platelet count, patients often 
do not have severe bleeding. This is thought to be due to fact 
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that, given the accelerated platelet destruction, the remaining 
platelets are “fresher” and have more hemostatic potential. 
Second, the autoantibody responsible for the platelet destruc-
tion will also bind and lead to clearance of transfused platelets, 
making the transfusion essentially ineffective. Third, there is 
more effective therapy. Finally, although a lesser risk in this era 
of leukoreduction, transfusions may lead to alloimmunization.

 Laboratory Testing and Interpretation/
Transfusion Medicine Principles

Some degree of thrombocytopenia can occur in up to 2% of 
pregnancies (Table 8.1). The major conditions to consider are:

• Gestation thrombocytopenia
• Immune thrombocytopenia
• Congenital thrombocytopenia
• Thrombotic thrombocytopenic purpura
• Atypical hemolytic uremia syndrome
•  Pregnancy complications—HELLP syndrome and acute 

fatty liver of pregnancy

Gestation thrombocytopenia is the most common cause of 
low platelets in pregnancy. This presents as a mild thrombocy-
topenia that gradually worsens as the pregnancy progresses. 
The platelet count can be lower than 100,000/μL but is never 
less than 50,000/μL. Gestational thrombocytopenia is thought 
to be an exaggeration of the natural decrease in platelets that 
can occur during pregnancy. There is no treatment of  gestational 
thrombocytopenia, but also no need for treatment, since it is not 
associated with harm to mother or fetus.

Immune thrombocytopenia can either be pre-existing or 
occur during pregnancy. ITP often presents early in pregnancy 
with very low platelet counts. Women notice easy bruising and 
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petechiae. Severe bleeding tends to be rare but can be devastat-
ing as in the case of maternal intracranial hemorrhage. The 
pathophysiology of ITP is autoantibodies binding platelets anti-
gens, most often glycoprotein IIb/IIIa. One concern in preg-
nancy is that these antibodies can cross the placenta, lead to 
thrombocytopenia in the child, and raise the risk of hemorrhage 
although this is rare (<5%). First-line therapy is steroid admin-
istration to raise the platelet count to a hemostatic level. 
Because of the side effects of steroids—such as impaired glu-
cose control, emotional lability, and infection risk—the dose 
should be tapered to the lowest dose possible to maintain a 
satisfactory platelet count. Target platelet count in early preg-
nancy of over 25,000–30,000/μL is the goal of therapy. During 
the end of the third trimester, a count over 50,000/μL is thought 
to be hemostatic for delivery. For women wishing epidural 
anesthesia, a count of over 80,000/μL is required by most anes-
thesiologists. Intravenous gammaglobulin (IVIG) is used when 
a rapid increase in platelet count is needed. Outside of preg-
nancy immunosuppressants such as rituximab and mycopheno-
late are used, but these agents are a last resort in pregnancy. 
Splenectomy is an effective therapy for most patients and can be 
used in desperate cases.

Congenital thrombocytopenia is often discovered during 
pregnancy, particularly if this is the first time that the woman 
has evaluation of a complete blood count. Clues to congenital 
thrombocytopenia include a family history of thrombocytope-
nia, low platelet counts on previous laboratory evaluations, and 
a history of bleeding. Examples of congenital thrombocytope-
nia are the MYH9 disorders, which have combinations of 
thrombocytopenia, renal disease, deafness, and cataracts, and 
Bernard–Soulier syndrome.

Thrombotic thrombocytopenic purpura is rare but can be fatal 
(see additional section on this disorder). Usually the onset is dur-
ing second trimester. The end result is spontaneous platelet aggre-
gation leading to formation of microthrombi. These platelet 
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microthrombi can cause vascular occlusion, which can then result 
in end organ damage. Red cells can be sheared by the platelet 
aggregates, leading to hemolysis and the classic blood smear 
finding of schistocytes. Most common end organ damage is renal 
insufficiency but neurologic findings, pancreatitis, and cardiac 
findings can also be seen. The fetus does not develop TTP but can 
be affected by placental infarcts and the mother’s end organ dam-
age. The etiology is due to either congenital or acquired deficien-
cies of ADAMTS13. This enzyme cleaves ultra-large multimers 
of von Willebrand factor to smaller ones. The ultra-large multi-
mer can spontaneously aggregate platelets. Thus when 
ADAMTS13 is absent, a high level of ultra-large VWF circulates, 
leading to spontaneous platelet aggregation. In most patients, 
there is an acquired autoantibody against ADAMTS13; however, 
the first presentation of congenital deficiency can be during preg-
nancy. Treatment is prompt plasma exchange, which has been 
shown by randomized clinical trials to improve outcomes. Some 
women may require plasma exchange until delivery.

Atypical hemolytic uremia syndrome most often occurs soon 
after pregnancy and can present with findings similar to 
TTP. However the renal disease is usually more pronounced, 
and the patient often presents with frank renal failure. Many of 
these patients have been found to be deficient in complement 
regulatory proteins. This has led to the use of the complement 
inhibitor eculizumab in these patients with good outcomes.

HELLP syndrome (Hemolysis, Elevated Liver function tests, 
Low Platelets) occurs in most patients near the time of delivery 
or right after. Usually it is preceded by pre- eclampsia. Initially 
the platelets will drop and then there is a rise in liver function 
tests. Like in TTP, schistocytes are commonly found. HELLP 
can progress to liver failure and there are reports of hepatic 
rupture. Unlike in TTP, the fetus is also affected by HELLP 
syndrome, with fetal thrombocytopenia reported in up to a third 
of cases. Treatment is by prompt delivery of the child (see addi-
tional section on thrombotic microangiopathy in pregnancy).
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Acute fatty liver of pregnancy typically occurs late in preg-
nancy and manifests with thrombocytopenia and elevated liver 
enzymes. Disseminated intravascular coagulation is also often 
present. The course can culminate in liver failure, and fatality 
rates as high as 50% have been reported. Treatment is support-
ive care and rapid delivery. Most patients are found to have a 
heterozygous deficiency of long-chain 3-hydroxyacyl- coenzyme 
A dehydrogenase, and it is thought that the stress of pregnancy 
ultimately overwhelms this enzyme system.

 Diagnosis/Testing

The essential “test” for diagnosis is a good history. There can be 
also helpful clues from the magnitude of thrombocytopenia. In 
general, very low platelets in an otherwise healthy woman are 
very suggestive of ITP, while any degree of thrombocytopenia 
in a sick woman should point to other syndromes.

Gestation thrombocytopenia is diagnosed by normal platelet 
counts outside of pregnancy, thrombocytopenia never being below 
50,000 during the pregnancy, and no other signs of illness.

Immune thrombocytopenia is characterized by very low 
platelet counts with otherwise normal blood counts (except 
anemia if bleeding has been present). There is no utility to anti-
platelet antibody testing. One “test” is a clinically sustained 
response when given a trial of steroids and/or IVIg.

Congenital thrombocytopenia can mimic both gestational 
thrombocytopenia and ITP. If available, previous platelet counts 
revealing long-standing, mild thrombocytopenia is more sug-
gestive of congenital thrombocytopenia. Blood smear findings 
can also help, as the presence of very large platelets (bigger than 
red cells) is also suggestive of congenital causes.

Thrombotic thrombocytopenic purpura is a clinical diagno-
sis supported by the findings of schistocytes, thrombocytopenia, 
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and end organ damage. ADAMTS13 levels can help make the 
diagnosis if the result is very low; however, this test can take 
time to complete, and thus may be less useful in making the 
initial diagnosis. The presentation of TTP is most often in the 
second trimester. TTP can be difficult to distinguish from 
HELLP syndrome, as both entities will have schistocytes and 
thrombocytopenia. However compared with HELLP syndrome, 
liver function tests are usually normal to only mildly raised in 
TTP (except for LDH, which is markedly elevated in TTP).

Atypical hemolytic uremia syndrome findings are schisto-
cytes and thrombocytopenia with predominantly renal involve-
ment. Many patients will have deficiencies of complement 
regulatory proteins but this is not sensitive and often can take 
weeks to get testing back.

HELLP syndrome occurs at term and in the setting of pre- 
eclampsia. As the name suggests, elevation of liver function 
tests is a clue to the diagnosis, as is the presence of schistocytes 
on the blood smear.

Acute fatty liver of pregnancy will manifest with elevated 
liver enzymes, low platelets, and elevated PT/aPTT if the 
fibrinogen is low due to DIC. Evaluation of D-Dimer may help 
to confirm the presence of DIC. Antithrombin levels can be 
markedly low in this disorder.

 Management

The findings of very low platelets in an otherwise healthy 
patient established the diagnosis of ITP. Given the lack of bleed-
ing, she did not receive platelet transfusions. She was given 
pulse dexamethasone and had a sustained rise in her platelets 
for the duration of the pregnancy. The baby was delivered vagi-
nally at term, without complications.



80 T. G. DeLoughery

 Summary of Consultant Recommendations

Case consistent with ITP and no platelet transfusion required. 
Manage with steroids to improve the platelet count to 25,000–
30,000/μL while early in the pregnancy.

Further Reading

 1. Cines DB, Levine LD. Thrombocytopenia in pregnancy. Blood. 
2017;130:2271–7. https://doi.org/10.1182/blood-2017-05-781971.

 2. TG DL. Bleeding and thrombosis: women’s issues. In: TD DL, editor. 
Hemostasis and thrombosis. Switzerland: Springer; 2015. p. 51–5.

 3. TG DL. Immune thrombocytopenia. Chapter 29. In: TD DL, editor. 
Hemostasis and thrombosis. Switzerland: Springer; 2015. p. 151–5.

 4. Gernsheimer T, James AH, Stasi R. How I treat thrombocytopenia in 
pregnancy. Blood. 2013;121(1):38–47.

 5. Pourrat O, Coudroy R, Pierre F. Differentiation between severe HELLP 
syndrome and thrombotic microangiopathy, thrombotic thrombocyto-
penic purpura and other imitators. Eur J Obstet Gynecol Reprod Biol. 
2015;189:68–72.

 6. Shatzel JJ, Taylor JA. Syndromes of thrombotic microangiopathy. Med 
Clin North Am. 2017;101(2):395–415.
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Clinical Pearls/Pitfalls
• ITP most commonly presents as marked thrombocyto-

penia in an otherwise healthy woman.
• Thrombocytopenia is common in pregnant women.
• Evaluation of thrombocytopenia in pregnancy involves 

good history taking and thorough assessment of the 
patient’s clinic status.
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 Case

A 19 y.o. female has a history of type 1 von Willebrand Disease 
(VWD). She was diagnosed at age 14 after becoming iron defi-
cient because of heavy periods. Her mother and one brother also 
have excessive bleeding. The patient has not had studies related 
to her VWD performed since her diagnosis; her menorrhagia 
has been managed with oral contraceptive administration. She 
has done well during her pregnancy and now presents in labor. 
Her INR and aPTT are normal and the complete blood count 
shows mild anemia but normal platelet count. Her obstetrician 
orders 10 units of cryoprecipitate to be given before delivery.

 Do You Agree or Disagree with the Management?

There are several issues of concern. Although cryoprecipi-
tate does contain von Willebrand Factor (VWF), there are 
more effective products available to raise factor levels. 
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More importantly she has had no recent VWF assays per-
formed and as discussed below, often levels rise into normal 
range during pregnancy.

 Laboratory Testing and Transfusion Medicine 
Principles

 Background

VWF is crucial for the interaction of platelets with damaged 
vasculature. VWF circulates as a multimer that varies in molec-
ular weight with the highest multimers weighing up to 
20,000,000 Da. The higher molecular weight forms are the most 
effective at supporting the interaction between platelets and 
damaged endothelium. When VWF binds to damaged vessels 
(usually to exposed collagen) this alters the protein, creating a 
binding site for the platelet receptor Gp Ib. Thus, VWF is the 
“glue” between the platelet and damaged vessels. VWF is also 
the carrier protein for factor VIII. Unless protected by VWF, 
factor VIII has a very short circulating half- life. VWD results 
from either a drop in VWF concentration or impaired function.

Given the complexity of VWF, it is not surprising that there 
are several forms of VWD. (Table 9.1) The most common form 
of VWD is a reduction in protein concentration. This is known 
as VWD type 1. In the type 2 variants, the VWF is abnormal. In 
type 2A, the VWF concentration is not reduced, but its function 
is impaired. A finding with this type is loss of the high molecu-
lar weight multimers of VWF. The high molecular weight mul-
timers are crucial, as they are the most effective at binding 
platelets to damaged endothelium. Type 2B is a sub-type in 
which there is a “gain in function” mutation rendering the VWF 
capable of binding to Gp Ib even without collagen binding. 
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Therefore, VWF can bind to platelets even while circulating in 
the blood stream. This leads to clearance and reduction of the 
higher molecular weight forms. In addition, there is often mild 
thrombocytopenia present. Type 2M VWD patients have 
reduced function of VWF without obvious change in the size of 
multimers. Patients with type 3 VWD have a homozygous 
defect with no VWF circulating and no factor VIII. These 
patients will often present with severe bleeding including joint 

Table 9.1 Types of von Willebrand disease

Type 1: Low levels of all proteins with normal function
Dx: Decreased levels of factor VIII, VW antigen and activity, 
presence of high molecular weight multimers (HMWM)
Tx: Desmopressin, VWF concentrate

Type 2: Abnormal protein

Type 2A abnormal protein leading to lower levels of HMWH
Dx: VWF activity/antigen ratio <0.7; decreased HMWM
Tx: Desmopressin, VWF concentrate

Type 2B: Abnormal protein with increased binding to Gp Ib leading to 
lower levels of HMW and increased platelet clearance
Dx: VWF activity/antigen ratio <0.7; decreased HMWH, abnormal 
ristocetin-induced platelet aggregation test, VWF genetic testing
Tx: VWF concentrate

Type 2N: Lack of factor VIII binding site leading to low factor VIII 
levels
Dx: Abnormal VWF factor VIII binding assay
Tx: Humate-P

Type 2M: Abnormal protein with increased binding to Gp Ib but 
normal HMWM.
Dx: VWF activity/antigen ratio <0.7; normal high molecular weight 
multimers (HMWM)
Tx: Desmopressin, VWF concentrate

Type 3: Willebrand No VWF or factor VIII present
DX: Very low levels of VWF and factor VIII
TX: VWF concentrate
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hemorrhages, as seen in hemophilia. Type Normandy (2N) is 
often mistaken for classic hemophilia. Here, the VWF is unable 
to bind factor VIII. This leads to low factor VIII levels via 
accelerated clearance but normal VWF levels. Unlike in classic 
hemophilia, the inheritance of Normandy type is autosomal 
dominant with men and women equally affected, which is a 
diagnostic clue. Finally, in “platelet-type” or “pseudo” VWD it 
is the platelet receptor that has the “gain of function mutation”; 
this reduces both the number of platelets and the number of high 
molecular weight multimers.

Patients with VWD have “platelet-type” bleeding. They will 
often have severe nosebleeds and large bruises. Patients will 
come to clinical attention due to bleeding with minor surgeries 
such as tonsillectomies. Women can suffer from heavy menses. 
In fact, in some series up to one-third of women who present 
with the complaint of heavy menses will be found to have 
VWD. Unlike in classic hemophilia, joint bleeding is rare, 
except with the Type 3 patients. Patients often have a history of 
frequent bleeding as a child but with lessening of symptoms as 
adulthood is reached.

Estrogen can raise VWF levels. Use of estrogen-containing 
oral contraception can raise VWF levels and this is often used 
as a therapeutic intervention for women with VWD and heavy 
menses. In pregnancy, the levels of VWF (especially in type 1 
disease) can increase into or even above the normal range. In 
type 2 VWD, the effect of estrogen can be more variable and is 
not as pronounced.

 Laboratory Testing and Interpretation

Testing for VWD can be challenging for several reasons. Stress 
such as trauma or inflammation can transiently elevate levels, 
obscuring the diagnosis. Also, high levels of estrogens can 
greatly increase VWF levels. Thus, knowing the patient’s circum-
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stances at the time of testing is important. Patients with histories 
suggesting platelet-type bleeding may require repeat testing to 
verify the diagnosis. Since womens’ levels of VWF vary with the 
menstrual cycle, menstruating women should have levels checked 
on day 5 through 7 of their cycle.

The automated test for platelet function—PFA-100—can 
screen patients with a history of bleeding for VWD. However, 
in patients with variable protein levels, the platelet function 
assay can also be normal when the levels are in the normal 
range. Additionally, this test may be normal in milder forms of 
VWD. Therefore, a normal test in a patient with a good history 
for platelet-type bleeding does not eliminate the possibility of 
VWD.

There are four basic tests that are required to diagnose 
VWD. The tests are:

 1. Factor VIII activity
 2. von Willebrand antigen
 3. von Willebrand activity (Ristocetin cofactor activity (VWF 

R:Co))
 4. Multimer analysis

Factor VIII activity is proportional to the amount of VWF that 
is present and able to carry factor VIII. The level of VWF is a 
direct measurement of the protein. Often the activity level of 
VWF is called the ristocetin cofactor activity (VWFR:Co). 
Ristocetin is an antibiotic withdrawn from the market due to 
thrombocytopenia. Ristocetin causes binding of VWF to plate-
lets. The ristocetin cofactor activity can serve as a rough measure 
of von Willebrand activity. Newer assays can detect exposure of 
the active site that correlates with activity and are more com-
monly being used. VWF multimer analysis indicates the size 
distribution of von Willebrand protein and helps in sub-typing.

VWD should be suspected if factor VIII, VWF antigen, and 
activity are below normal. Since levels can vary, testing should 
be repeated if the initial panel is normal and the suspicion is 
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high for VWD. Currently much controversy exists over how 
low factor levels should be to make the diagnosis. All agree that 
levels below 30% are consistent with VWD. Some would 
extend this to levels below 50% while others would label 
patients with 30–50% levels as “bleeding disorder with low 
VWF levels.”

Type 1 patients have uniform reductions in all three tests and 
normal multimers. If the VWF activity/VWF antigen ratio is 
below 0.7, one should consider a type 2 variant. If the factor 
VIII/VWF antigen is below 0.7, one should consider hemo-
philia or VWD 2N.

In patients who lack the high molecular weight multimers, 
one has to decide if the condition is Type 2A, 2B, or pseudo- von 
VWD. In the past the ristocetin-induced platelet aggregation 
test (RIPA) could help differentiate among these types. Type 2B 
and the platelet type will show increased aggregation with addi-
tion of small amounts of ristocetin, while type 2A will have 
decreased activity. However, this test is not widely available. 
Since many of these defects are limited to certain areas of the 
VWF, molecular studies can be helpful in determining the dif-
ferent type 2 subtypes and is increasingly being performed.

VWD 2N should be suspected in women who have low fac-
tor VIII levels, when the inheritance appears to be autosomal 
recessive, or when the patient does not respond to factor VIII 
concentrates. Diagnosis is established by performing a VWF 
factor VIII binding study, which is commercially available.

 Management of VWD

Several therapies are available for VWD. Desmopressin leads to 
release of stored VWF from storage pools. In most type 1 patients, 
desmopressin can increase VWF to levels adequate for hemosta-
sis. Some type 2A patients will also respond. Desmopressin is 
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usually avoided in type 2B and in platelet- type VWD for fear that 
such treatment will cause thrombocytopenia due to increased 
binding of VWF to the platelet, which in turn can cause increased 
platelet aggregation and platelet clearance. The dose of desmo-
pressin for types 1 and 2A is 0.3 μg/kg IV over 30 min. The rise 
in VWF occurs in 30 min and lasts for 4–6 h. Tachyphylaxis can 
occur with repeated doses given every 24 h. One side effect of 
desmopressin is retention of free water. In patients unable to con-
trol their water intake or in those receiving IV fluids, great care 
must be taken not to induce fatal hyponatremia.

Desmopressin is also available in a nasal spray which can be 
used before minor procedures. The dose for nasal desmopressin 
is one nasal squirt in patients under 50 kg and two squirts (one 
for each nostril) in patients over 50 kg. One must specify the 
specific desmopressin product Stimate® on the prescription, as 
generic desmopressin is dose inadequate for VWD.

Several factor concentrates are available for VWD. Humate-P 
is a factor VIII concentrate that also contains VWF. Infusion of 
Humate-P is associated with shortening of the bleeding time and 
normalization of multimer patterns. Ideally, the dosing of 
Humate-P is based on a patient’s VWF activity levels. Humate-P 
is dosed either by factor VIII units or von Willebrand units, with 
the conversion being 2 von Willebrand units equal to one factor 
VIII unit. Suggested dosing for major bleeding or surgery is an 
intravenous bolus of 40 IU/kg (all dosing in VWF units) followed 
by 20 IU/kg every 12 h for 3 days and then 20 IU/kg every day 
for 3–5 days. For less severe patients, 20–40 IU/kg every day may 
be effective. There is also a recombinant VWF product avail-
able—Vonicog. Use is challenging, as with the first dose one 
must simultaneously infuse recombinant factor VIII to insure 
adequate levels of this clotting factor. The dosing is 40–60 IU/kg 
for moderate bleeding and 80 IU/Kg for major bleeding.

It is unclear what laboratory test best predicts hemostatic 
effect with infusion. A practical way to follow therapy is to fol-
low VWF activity and aim for peak levels of more than 100% and 
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trough levels of more than 40%. Obviously the dosing should be 
adjusted depending on the factor levels. In patients with type 3 
VWD or with very low factor VIII, one should also measure fac-
tor VIII levels to ensure levels are adequate for hemostasis.

Cryoprecipitate contains a variable amount of VWF and is 
not recommended unless no other product is available. 
Emergency dosing is 10 units every 12 h until more specific 
factor concentrates are available.

Desmopressin is the mainstay of therapy for type 1 patients. 
For minor procedures it can be given once and can be repeated 
every day in patient undergoing major surgeries. One should 
follow VWF activity levels in patient undergoing major proce-
dures to ensure adequate hemostasis. For dental work, addition 
of anti-fibrinolytic therapy such as tranexamic acid 1300 mg 
three times a day for 3–5 days is useful.

Since 10% of type 2 patients respond to desmopressin, test-
ing the patient for response is indicated. Type 2A patients who 
do respond to desmopressin tend not to respond as well as Type 
1 patients in both absolute rise in factor and duration of 
response. For those patients who do not response to desmopres-
sin, VWF concentrate is indicated. Therapy of type 2B is VWF 
concentrate. Desmopressin may induce thrombocytopenia and 
worsen the bleeding diathesis. Type 2N patients often respond 
to desmopressin. For non-responders or major surgery, 
Humate-P can be used. Therapy of type 3 patients requires 
VWF concentrate that also will supply the missing factor VIII.

Therapy of platelet-type VWD is challenging. If indicated, 
one must transfuse platelets and VWF concentrate together. The 
typical dose is 20 units of whole blood derived platelets (or 
approximately 3 apheresis platelet units) followed by the appro-
priate dose of Humate-P. These patients represent a major man-
agement challenge and should only have procedures performed 
if absolutely necessary. In patients with refractory bleeding, 
recombinant factor VIIa may be useful.

As noted above, levels of VWF increase dramatically with 
pregnancy. The vast majority of patients with Type 1 VWD will 
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normalize their levels with pregnancy and not require any ther-
apy at the time of delivery. A von Willebrand panel at 32 weeks 
should be performed to ensure normal levels. Types other than 
Type 1 may require therapy at the time of delivery. It is desir-
able to avoid desmopressin or factor replacement until after the 
cord is clamped. Patient with severe non-type 1 VWD may have 
excessive post-partum bleeding and should receive aggressive 
therapy after delivery for up to a week.

 Summary of Consultant Recommendations

It was recommended to obtain VWF levels and, if low, desmo-
pressin would be given. The levels were rapidly obtained and all 
were over 100%. The patient delivered a healthy child and had 
no bleeding complications.

Clinical Pearls/Pitfalls
 • There are three major types of VWD

 – 1: low level of normal VWF
 – 2: abnormal VWF
 – 3: absence of any VWF

 • Testing consists of measuring factor VIII, VWF activity, 
and antigen level

 • Therapy
 – 1: Desmopressin, VWF concentrate
 – 2: Desmopressin (rarely), VWF concentrate 
 – 3: VWF concentrate 

 • Levels of VWF—especially in type 1 patients—can 
normalize during pregnancy
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 Case: Platelet Count and Neuraxial Anesthesia

A 25 y/o gravida 2, para 1 woman presents for induction of 
labor at 37 weeks with twin gestation. On admission, her plate-
let count is 82,000/mm3. Other coagulation values (PT, aPTT) 
are within normal limits.

If the patient is agreeable, vaginal delivery of twins is com-
monly managed with an epidural for labor analgesia for two 
reasons—maternal comfort and safety. Although the expecta-
tion is vaginal delivery of each twin, delivery will be performed 
in the operating room to allow for appropriate preparation in 
case the situation necessitates conversion to cesarean delivery. 
An indwelling epidural catheter provides the advantage of rapid 
dosing for surgical anesthesia, thus avoiding the risks of general 
anesthesia.

Based on her previous vaginal delivery experience, the 
patient requests an epidural for labor analgesia. When laboratory 
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values are reviewed, the clinician orders a platelet transfusion so 
that the patient can have a labor epidural.

 Do You Agree or Disagree with the Management?

I disagree with transfusing platelets simply to increase a platelet 
count, based on a laboratory value. In addition, there is no evi-
dence that a platelet count of 82,000/mm3 places the patient at 
elevated risk of an epidural hematoma.

 Laboratory Testing and Interpretation/
Transfusion Medicine Principles

 Common Causes of Thrombocytopenia in Pregnancy

Decreased platelet count is a normal change of pregnancy with 
thrombocytopenia generally defined as less than 100,000/mm3 
and occurring in approximately 5% of normal pregnancies [1]. 
In pregnancy, the most common causes of thrombocytopenia 
are: (1) gestational due to hemodilution and increased degrada-
tion by the placenta, (2) immune thrombocytopenic purpura 
(ITP), and (3) hypertensive disorders of pregnancy (e.g., pre-
eclampsia). The etiology of thrombocytopenia is important, as 
it predicts likely clinical course and response to therapy. Platelet 
counts are generally stable when related to gestational thrombo-
cytopenia and ITP. In contrast, with preeclampsia, thrombocy-
topenia can progress rapidly, over the course of mere hours.

The significance of an isolated low platelet count must be 
considered in the full clinical context. Historical laboratory 
values are helpful in assessing a trend; however, obtaining a 
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clinical history of bleeding tendencies is crucial for evaluating 
the clinical impact. The patient in this case should be asked 
about her hematologic history including symptoms such as epi-
staxis, bleeding gums, heavy menstrual bleeding, prior delivery 
and surgeries and deliveries, or other scenarios where hemosta-
sis was more difficult to achieve than expected.

Typically, patients are followed throughout pregnancy, which 
allows for evaluation and treatment of chronic disorders prior to 
admission. Consultation from a hematologist may be appropri-
ate to determine if therapies such as steroids, IVIG, or plasma 
exchange are indicated. Since the initial presentation of throm-
bocytopenia in this case is at term gestation, the most concern-
ing cause for her thrombocytopenia is a hypertensive disorder 
of pregnancy. The diagnosis could be confirmed, or ruled out, 
by evaluating for other diagnostic criteria including blood 
pressure.

Transfusing platelets may increase the count; however, a 
platelet count of 82,000/mm3 is adequate to achieve hemostasis 
in a patient with isolated thrombocytopenia. A platelet count of 
50,000/mm3 would likely be adequate for vaginal delivery of 
twins without neuraxial anesthesia. This patient’s platelet count 
is above 80,000/mm3, thus transfusion is not indicated (see fur-
ther discussion below).

 Platelet Count for Neuraxial Block

“Neuraxial” refers to both epidural and spinal anesthesia. In 
spite of a lack of evidence, the dogma for decades has been that 
the minimum platelet count safe for placement of a neuraxial 
anesthetic block is 100,000/mm3. The concern is the devastating 
complication of epidural hematoma that can result in permanent 
paralysis if not detected and evacuated expeditiously. The risk is 
extremely rare, in the range of 1 in 250,000 with an epidural [2]. 
The risk of an epidural  hematoma is greater with an epidural 
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block compared to a spinal block, due to larger needle size (e.g., 
17 ga versus 25 ga, respectfully). Theoretically, the risk also 
exists at the point of epidural catheter removal [1]. A recent 
multi-institutional study suggests that a platelet count of 70,000/
mm3 is safe for neuraxial anesthesia in pregnant patients [3]. 
Important to this discussion is the observation that no specific 
platelet count predicts a risk of hematoma, so under 70,000/mm3 
may be safe, as well [3].

While platelet count is easily measured, platelet function is 
considered to be the most important feature relevant to avoiding 
bleeding complications with neuraxial blocks. To date, no method 
of platelet function measurement has been validated to ensure safe 
neuraxial placement. Hemostasis testing using whole blood, as 
with thromboelastometry or thromboelastography, provides an 
ex vivo measure of platelet function that has been applied to trans-
fusion decision- making. Test of functional status could potentially 
be useful for interpreting bleeding risk, or safety, as in the case of 
deciding whether or not to place a neuraxial block.

 Indications for Neuraxial Blocks for Labor 
and Delivery

Epidural blocks during labor are exceptionally popular since it is 
the most effective analgesic for labor combined with the advan-
tages of no fetal exposure to medications and no significant impact 
on the course of labor. Additionally, the presence of an indwelling 
epidural catheter allows a margin of safety by allowing for rapid 
changes in dosing even for an urgent cesarean delivery.

Neuraxial anesthesia is used in nearly 95% of cesarean deliveries 
[2]. For elective or urgent, non-emergent, cesarean delivery the most 
common neuraxial technique is a single shot spinal anesthetic. The 
smaller needle size (25–27 ga) is associated with a lower risk of 
epidural hematoma so a lower platelet count, relative to epidural 
placement, may be tolerated by many anesthesiologists.
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The risks of neuraxial anesthesia in the thrombocytopenic 
patient may be preferable to the risk of general anesthesia. An 
example where general anesthesia would be needed is a patient 
who decided not to have neuraxial anesthesia but then who had 
to proceed to emergent cesarean section. While overall, the 
incidence of complications with general anesthesia is low, some 
of the more serious risks are more common in the pregnant 
patient, such as difficulty with intubation, aspiration, and 
awareness. Thrombocytopenia impacts airway management, 
too, as it can lead to bleeding in the oropharynx complicating 
intubation. In other words, avoiding neuraxial anesthesia due to 
thrombocytopenia does not circumvent all risks to a parturient.

In some clinical situations, the risk of platelet transfusion to 
facilitate neuraxial placement may be appropriate, but this is a 
decision that must be made on a case-by-case basis taking into 
consideration: the reason for the thrombocytopenia; the likeli-
hood that the transfusion will be effective in leading to a higher 
number of functional platelets (not necessarily the case in ITP); 
and the risk that the platelet count will drop even further before 
delivery can occur.

 Management

Let us first assume that the patient in the case presents for elec-
tive induction of labor with sufficient time to fully evaluate and 
review records. If confident that the thrombocytopenia is stable 
and not associated with coagulopathy, it is safe to proceed with 
neuraxial block when desired without further laboratory assess-
ment. Alternatively, if the patient is diagnosed with preeclampsia 
as the cause of her thrombocytopenia, serious consideration 
should be given to the immediate placement of an epidural for 
labor and possible surgery, in order to avoid missing the window 
of opportunity should the platelet count continue to decrease.
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 Summary of Consultant Recommendations

An isolated low platelet count value is insufficient for deciding 
whether or not a neuraxial block is safe. The decision requires 
consideration of the clinical context including: the etiology of 
thrombocytopenia; predicted clinical course of platelet count and 
function; as well as other factors such as indication for the block 
and risks of alternative therapies, for example general anesthesia.
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Clinical Pearls/Pitfalls
• Routine platelet count is not necessary prior to neur-

axial block for a healthy parturient.
• Etiology of thrombocytopenia is important in predict-

ing clinical course and response to therapy.
• Consultation from other clinicians including obstetri-

cians and hematologists is valuable, but the final decision 
to place a neuraxial block belongs to the anesthesiologist 
who must consider the risks and benefits of all potential 
therapies. The risk/benefit equation of neuraxial versus 
general anesthesia is not the same for all patients.
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 Case

A 37-year-old woman is experiencing a significant post- 
partum hemorrhage within minutes of delivering a healthy 
baby. From prenatal testing done at 12 weeks gestation, the 
maternal ABO type in the electronic medical record is listed 
as group O RhD positive; the current pre-transfusion testing 
sample also tests as group O RhD positive. The clinician 
orders two red cell units, two plasma units, and one apheresis 
platelet. The blood products issued to the floor are as follows: 
2 group O RhD positive red cell units, 2 units of group A 
plasma; 1 group B RhD positive apheresis platelet. The clini-
cian is hesitant to transfuse the plasma and platelet because 
the units are not group O. He calls the transfusion service and 
asks for a group O platelet instead.
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 Do You Agree or Disagree with the Management?

I disagree with refusing the group B apheresis platelet, as it is 
ABO compatible with a group O patient. Additionally, in an 
emergent situation, any ABO type of platelet can be transfused 
with little risk of hemolysis in an actively bleeding patient. 
Consultation with the laboratory director in charge of the trans-
fusion service could clarify this fact.

 Laboratory Testing and Interpretation/
Transfusion Medicine Principles

ABO testing can be done using a number of methods (tube, gel, 
solid phase); however, the basic goal is the same: determine 
which ABO antigens are expressed on the patient red cells, and 
which ABO antibodies are present in the patient’s circulation. 
In an adult with normal immunity, the following table 
(Table 11.1) describes the expected findings:

 ABO Blood Group and Blood Product Selection

Circulating antibodies (also known as isoagglutinins) of the 
ABO blood group system are capable of causing immediate 

Table 11.1 ABO blood group and Blood Product Selection

ABO type (or 
group)

Antigen on red 
cell

Antibodies in 
circulation

A A Anti-B

B B Anti-A

O None Anti-A and anti-B

AB A and B None
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intravascular hemolysis if presented with the corresponding 
ABO antigen. These antibodies activate the complement  system, 
and an ensuing cytokine storm is proposed [1] to be the underly-
ing reason for the clinical manifestations of shock, renal com-
promise, and disseminated intravascular coagulopathy seen 
with an acute hemolytic transfusion reaction. Thus with transfu-
sion of RBCs, the goal is to avoid infusing a red cell with an 
antigen that could bind the ABO antibodies in circulation.

Plasma and platelets are collected and processed in a way that 
leads to very few RBCs in the final product, thus hemolysis of any 
red cells usually does not produce clinical manifestations. On a 
rare occasion, the passive transfer of ABO antibodies contained 
within the plasma of an out-of-ABO group platelet unit can result 
in intravascular lysis of the patient’s red blood cells. The risk of an 
acute hemolytic transfusion reaction with plasma or platelets is 
thought to rise with the volume of incompatible plasma infused. 
Titer of the ABO antibody in the blood donor’s circulation is 
likely an even more important factor than volume infused. Empiric 
observation has shown that of the four different ABO types, a 
group O individual is the most likely to have a high titer anti- A, 
and less commonly, anti-B. Group A and B individuals rarely have 
high titer isoagglutinins. Transfusion medicine specialists use 
these empiric observations to help decide policies on out-of-ABO 
group platelet transfusion. This is necessary because of the short 
shelf life of platelet products. In order to best utilize the supply, 
out-of-ABO group platelets may be transfused. This is generally 
thought to be a safe practice, with patients tolerating the 300 ml of 
incompatible plasma without issue. The rise in platelet count may 
be lower (up to 20%) with an out-of-ABO group platelet, but this 
has not been shown to result in significant differences in bleeding 
episodes [2]. Reported cases of hemolytic transfusion reaction 
from platelets (a rare event) are almost always a group O apheresis 
platelet transfused to a group A or AB patient. Hemolysis result-
ing from group O pooled platelets derived from whole blood units 
has not been reported, presumably because of the dilution of a 
high titer isoagglutinin into the (lower titer) pool.
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 ABO Compatibility Table [3]

The usual ABO compatibility table (Table 11.2), combined with 
an example transfusion service policy, is as follows.

 Management

The patient in the case presented tests as group O RhD positive. 
A group O patient can only receive group O RBCs because of 
the anti-A and anti-B antibodies in circulation. A group O 
patient can receive any type of plasma because of the lack of A 
or B antigens on the red cell surface. Thus group A plasma and 
a group B platelet are acceptable.

 Summary of Consultant Recommendations

The ABO types of product sent to the patient are compatible. 
The products should be transfused as needed.

Table 11.2 ABO compatibility table

Patient ABO Red cells Plasma Platelets
O O Any Any

A A or O A or AB A or ABa

B B or O B or AB B or ABa

AB Any AB ABa

aAny ABO group platelet is acceptable. Consider volume reduc-
tion of a group O apheresis platelet being issued to a group A or 
AB patient if the situation is not emergent
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Clinical Pearls/Pitfalls
• If a clinician has not had opportunity to learn ABO 

compatibility of blood components (many do not get 
this opportunity), the physician responsible for the 
transfusion service can be consulted to help ensure 
safe transfusion for the patient.

• Optimal management of platelet supply, in terms of 
having enough platelets to meet the demand, often 
means transfusing out-of-ABO group platelets to a 
patient.

• Usually, any ABO type platelet is acceptable for any 
patient. In a rare instance, a group O apheresis platelet 
may cause intravascular hemolysis if issued to a group 
A, AB, or (very rarely) B patient. The chance of this is 
reduced in an actively bleeding patient.
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 Case

A 28 yo G2P1 group O RhD negative woman at 37 weeks gesta-
tion presents to OB triage with nausea and a new rash. On fur-
ther examination, the rash is petechiae on both legs and arms. 
Vitals signs show: T 37.2C, HR 80, BP 150/96 RR 24.

Laboratory values are notable for Hgb 9.1 g/dL, Hct 29%, 
platelets 63 (×109/L), AST 425 U/L, ALT 333 U/L, total biliru-
bin 2.8 mg/dL. Manual review of blood smear is positive for 
schistocytes.

HELLP (hemolysis, elevated liver enzymes, and low plate-
lets) is suspected. The patient is consented for urgent Cesarean 
section and 1 unit of apheresis platelets is ordered for thrombo-
cytopenia. The transfusion service calls the anesthesiologist to 
report that there are only RhD positive platelets in inventory at 
this time, but RhD negative platelets are due to arrive in 4 h. The 
anesthesiologist does not want to delay the case, so she 
approves the RhD positive platelet for use immediately before 
surgery.
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 Do You Agree or Disagree with the Management?

I agree with the management. Rh is not a cause of absolute 
incompatibility for platelets. Rh immune globulin (RhIG) may 
be administered to prevent sensitization to the RhD antigen.

 Laboratory Testing and Interpretation/
Transfusion Medicine Principles

Reference to whether a person is Rh positive or negative is 
indicating whether or not the RhD protein is present on the 
individual’s red cells. Note that the Rh blood group system 
consists of over 40 antigens; however, D is thought to be the 
most immunogenic. This is why—when ordering a patient’s 
blood type—both ABO and RhD testing are performed. An 
RhD negative individual does not have naturally occurring anti-
D. Rather, potential sensitization to the antigen occurs through 
pregnancy or transfusion. Prior to the development of Rh 
immune globulin in the early 1960s, hemolytic disease of the 
fetus and newborn due to anti-D was a much more prevalent 
event, compared to today.

Matching for the RhD antigen in platelets is based on a 
precautionary principle. Platelets have ABO antigens, human 
platelet antigens (HPA), and class I human leukocyte antigens 
(HLA) on their surface—they do not express Rhesus anti-
gens. The concern for Rh exposure comes from possible red 
blood cell contamination in the platelet unit. The original 
studies reporting D alloimmunization involved patients who 
had received whole blood-derived platelets, or pooled plate-
lets, which have a higher RBC contamination volume 
 compared to apheresis-derived platelets (0.03 mL vs 
0.0004 mL, respectively). Apheresis-derived platelets are the 
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most common platelet component in the US. The largest 
study by Cid et al. found a 1.44% primary anti-D formation 
rate in D negative patients receiving a D positive platelet, 
regardless of patient diagnosis or platelet product received 
[1]. While this is very low, in the group of patients at highest 
risk if an anti-D is made-females of child-bearing potential-
the goal is to prevent alloimmunization. The benefit of pre-
vention of sensitization far outweighs the cost, both financial 
and emotional, of managing an infant affected by HDFN. Once 
a woman of child-bearing age becomes sensitized against the 
D antigen, if the father of her children is RhD positive, there 
is a 50–100% chance (based on whether he inherits one or 
two copies of the RhD gene) that every child will be affected. 
Current formulations of RhIG are well tolerated and effective 
when administered in adequate amounts.

 Management

RhD positive platelet products may be given to patients who 
are RhD negative. RhD prophylaxis should be administered 
to prevent D alloimmunization, particularly in women of 
child-bearing potential [2]. One standard dose of RhIG, 
300 mcg with 1500 IU of anti-D, will cover 15 mL of packed 
red blood cells; the micro RhIG dose contains 50 mcg with 
250 IU of anti- D. With the small amounts of red cell contami-
nation in platelet units, particularly apheresis platelets, one 
dose of the smallest formulation available should cover mul-
tiple RhD positive platelet transfusions for the next 2–3 months 
[3]. The prophylactic RhIG should be given within 72 h of the 
transfusion. As this patient is being prepared for delivery, the 
dose may be combined with the post-partum dose, if her child 
is RhD positive.
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 Summary of Consultant Recommendations

Give the RhD positive platelet to manage emergent coagulation 
issue and follow with a dose of RhIG for RhD prophylaxis.
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Clinical Pearls/Pitfalls
 • Platelets do not express Rh antigens.
 • Platelets do contain trace red blood cell which can 

stimulate Rh antibodies.
 • RhIG can be used for prophylaxis in RhD incompati-

ble platelet transfusion.
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 Case

A G3P2 group A RhD-positive woman presents to OB triage 
with report of decreased fetal movement. Due to her social situ-
ation, the woman has not had regular prenatal care; she reports 
that she is approximately 8 months pregnant. STAT type and 
screen is performed. The antibody screen is positive and subse-
quent antibody identification reveals anti-c. Ultrasound is per-
formed; a large volume of fluid is visualized behind the placenta, 
concerning for abruption. Fetal monitoring shows HR 80–90 and 
the patient is emergently taken to the OR for Cesarean Section. 
During anesthesia induction, emergency uncrossmatched blood 
is ordered for maternal vital sign changes (HR 120, BP 70/50). 
The team then calls to request an emergency unit for the neonate. 
The lab staff identifies six c-negative, group O RhD-positive 
units in inventory and sets up 4 units for mom and the one fresh-
est unit at 6 days old for the neonate under mom’s MRN with 
“baby” written on the product tag and paperwork. The “baby” 
unit is irradiated just prior to issue. The blood is then issued in a 
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single cooler to the OB nurse. When the blood arrives to the OR, 
checking of units begins. The neonatology team is confused 
because they are expecting to receive a group O RhD- negative 
unit for the baby.

 Do You Agree or Disagree with the Management?

I agree with the product selection; I disagree with issuing the 
units in a single cooler. Issuing the blood for two different 
patients in one transport container could lead to a mix up of 
units, and—in this case—administration of non-irradiated red 
cells to the baby.

 Laboratory Testing and Interpretation/
Transfusion Medicine Principles

When a mother presents with a red cell antibody, if time for the 
identification of the antibody can be done and the antibody is 
found to be capable of causing hemolysis, the mother and baby 
should be issued antigen-negative blood. Maternal antibodies of 
the IgG class can cross the placenta into the fetal circulation. 
Hemolytic disease of the fetus and newborn (HDFN) is the 
clinical condition caused by maternal red cell antibodies lysing 
fetal/newborn RBC when baby expresses the cognate red cell 
antigen. Antibodies to the Rhesus blood group, of which little c 
belongs, are the most common red cell alloantibodies indicated 
in HDFN. While there is not enough information given to know 
if the pregnancy is affected by HDFN, it is safe to assume that 
the maternal anti-c has crossed the placenta and is present in the 
baby’s circulation.

J. Poisson
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Neonatal product selection should consider ABO/Rh com-
patible products, typically O RhD-negative RBCs [1]. In fact, 
RhD-positive red cells would be acceptable because babies are 
not capable of mounting an antibody response against the RhD 
antigen for the first few months of life. In this particular case, 
the transfusion service technologist is selecting an RhD- positive 
unit in order to locate a unit that is c-negative. With regard to 
blood group genetics, the RhD and RhCE genes are closely 
linked, such that individuals inherit a haplotype [2]. Several 
amino acid changes within the CE protein determine whether 
one inherits C, c, E, or e as part of the haplotype. In terms of 
incidence in the population, an RhD-negative individual is very 
likely to have the following haplotype combination: ce/ce. 
Finding a red cell unit that has the combination that is negative 
for both D and c (Ce/Ce) is very difficult (Table 13.1)[2]. Thus 
in order to quickly locate a unit for the baby that is negative for 
the c antigen, an RhD-positive unit will be selected. The cellular 
products, RBCs and platelets, should be irradiated due to an 
immature immune system and risk of transfusion associated 
GVHD.

Additional considerations for blood for the baby include the 
selection of fresher red cells, use of hemoglobin S-negative 
units, and possibly the additive solution present in the unit, as 
the available data for rapid neonatal transfusion involves trans-
fusion of units preserved in citrate-phosphate dextrose (CPD or 
CPDA) solution [1]. In an emergency situation when all of these 
attributes may not be available, the main consideration is the 

Table 13.1 Red cell units negative for the c antigen

RhDCE haplotype combination
Frequency in Caucasian  
blood donors

DCe/DCe 18.3%

Ce/Ce <0.1%

13 Other Rh Antibodies That Can Impact Transfusion
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potassium load that will be rapidly infused into the baby. The 
selection of a red cell that has been freshly irradiated is ideal, as 
the potassium load in the red cell supernatant rises significantly 
after irradiation.

Because of the additional considerations, particularly the 
irradiation requirement, on the neonate blood components, it 
is important that correct identification steps occur when set-
ting- up, issuing, and transfusing the blood. While the emer-
gent nature of the clinical situation may preclude waiting until 
the baby has a unique patient medical record number, other 
steps to indicate the difference between mother and baby 
should be performed. Adding BABY as a tie tag to the red cell 
unit, reviewing modifications closely and issuing in separate 
steps and separate containers aid in ensuring the clinical team 
also appreciates the different blood product needs of the 
mother and baby.

 Management

Providing RBCs compatible with the maternal antibody for 
the fetus/newborn is a priority, so c-negative RBCs should 
be issued. O RhD-positive RBCs are an acceptable choice in 
both the mother, who is RhD positive, and the baby, who 
will not make anti-D due to lack of a mature immune sys-
tem. Neonates should also receive irradiated cellular blood 
products, with red cells freshly irradiated if possible. Blood 
units should be individually issued for mother and child to 
ensure each get the most appropriate product. While the 
maternal medical record will need to be utilized for fetal 
care, efforts to make all documentation indicate mother ver-
sus baby should be made, including physical separation for 
transport.

J. Poisson
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 Summary of Consultant Recommendation

Blood for the fetus/neonate should be blood type O, c negative. 
Blood components should be identified separately for the 
mother and the child as they are unique individuals with differ-
ent risks for transfusion.
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Clinical Pearls/Pitfalls
• Blood for fetus/newborn must be compatible with 

maternal antibodies.
• Product selection for newborns should consider addi-

tional modifications and requirements.
• Steps to ensure correct identification of product to 

patient should always be performed, especially in 
emergencies.

• RhDCE is inherited as a haplotype combination.
• The vast majority of RhD-negative people (and thus 

blood donors) will be positive for the c and e antigens. 
Thus in HDFN due to anti-c or anti-e, red cell units for 
neonatal transfusion will very likely be RhD positive.

• Group O RhD-negative blood is universal donor, 
EXCEPT in the situation where the patient has made 
anti-c or anti-e.
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