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1. Introduction

Postpartum hemorrhage (PPH)—defined as an estimated blood loss
>500 mL following vaginal delivery and >1000 mL following cesarean
[1,2]—is the leading cause of maternal mortality worldwide accounting
for 27% of all maternal deaths, [3,4] and is the foremost cause of direct
obstetric death in developed countries [5,6]. It is also a major cause of
maternal morbidity and intensive care unit (ICU) admissions [7,8]. The
incidence of PPH is increasing [9,10]. This is especially true of severe
PPH, defined as an estimated blood loss in excess of 1500 mL [11,12].
Standardized hospital protocols have been developed in an effort to op-
timize the management of PPH and reduce peripartum morbidity and
mortality [13,14]. These protocols generally follow the principles of em-
piric resuscitation, sometimes referred to as ‘damage control resuscita-
tion’ [15]. Such protocols, developed initially in trauma medicine,
deemphasizes crystalloid infusion in favor of early transfusion of high
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volumes of fresh frozen plasma (FFP), packed red blood cells (PRBC),
and platelets without adjusting blood product transfusions to the re-
sults of coagulation tests [16-18]. The objective of these standardized
protocols is to minimize dilutional and consumptive coagulopathy and
avoid delay in blood product replacement in the setting of ongoing
blood loss [19,20]. However, empiric resuscitation is not universally ac-
cepted [21].

It has been suggested that blood product resuscitation should be in-
dividualized and adjusted according to the results of point-of-care vis-
coelastic testing (PCVT). This approach has been shown to decrease
morbidity and mortality among cardiac, [22,23] liver transplant, [24]
and trauma patients [25,26] experiencing severe bleeding. In Europe,
PCVT has been used also for the management of obstetric hemorrhage
with good success [27,28]. To improve the care of patients with severe
PPH, a standardized massive transfusion protocol based on empiric re-
suscitation principles was implemented on Labor & Delivery at Yale-
New Haven Hospital in New Haven, CT in January 2011. Two years
later, this was replaced by an individualized PCVT-guided transfusion
management approach. The primary objective of this study was to com-
pare clinical outcomes (specifically volume of transfused blood product,
rate of volume overload, and rate of ICU admission) and hospital costs
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for patients with severe PPH managed with and without the PCVT-guid-
ed transfusion protocol in an historical cohort. We hypothesized that
utilization of bedside thromboelastometry can improve clinical out-
comes and decrease the cost of care by supporting accurate and clinical-
ly effective decisions in transfusion management in patients with severe
PPH.

2. Materials and methods

A retrospective cohort study was conducted of consecutive patients
with severe PPH managed on Labor & Delivery at Yale-New Haven Hos-
pital in New Haven, CT between January 1, 2011 and July 31, 2015. The
first day of the study corresponded with the date on which the massive
hemorrhage protocol was introduced. This was replaced by the PCVT-
based protocol on May 1, 2014. This study was approved by the Institu-
tional Review Board of the Human Investigation Committee of the Yale
University Human Research Protection Program.

The PPH management team included faculty members from obstet-
ric anesthesiology, maternal-fetal medicine, and hematology. Specialists
in Gynecologic Oncology were involved in some cases. Severe PPH was
diagnosed if the estimated blood loss was 1500 mL or greater [2]. Pa-
tients were divided into two cohorts: (i) those where blood product
transfusion was guided by PCVT, and (ii) those for whom PCVT was
not available, which included all patients prior to May 1, 2014 and
those after that date if personnel trained in PCVT were not immediately
available. PCVT training included a structured didactic course, a practical
hands-on session, skills testing, and subsequent certification. Only per-
sonnel who completed the training and received a certificate were
allowed to perform PCVT and interpret results. PCVT-certified personnel
were subject to Clinical Laboratory Improvement Amendments (CLIA)
regulations, [29] which cover quality control rules, proficiency testing,
and competency assessment criteria, which all were supervised by rep-
resentatives of the Department of Laboratory Medicine at Yale-New
Haven Hospital. If no PCVT-certified provider was available, the patient
received empiric resuscitation according to the conventional protocol.

Viscoelastic testing was performed using a ROTEM delta device (Tem
Innovations GmbH, Munich, Germany) in accordance with the recom-
mendations of the manufacturer and interpreted by a trained anesthesi-
ologist [30]. This training included didactics and practicum based on the
PCVT protocol approved by the U.S. Food and Drug Administration,
followed by a mandatory competency test [31,32]. Clinicians performed
three separate analyses to assess the status of the patient's hemostatic
cascade in the whole blood sample in real time, including: (i) clotting
time and clot amplitude at a specific time after activation with tissue
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Fig. 1. Diagrammatic Representation of a TEMogram. CT, clotting time; CTF, clot formation
time; A10, amplitude at 10 min; MCF, maximum clot firmness; ML, maximum lysis of the
clot.

factor (EXTEM); (ii) an intrinsically activated test using ellagic acid
(INTEM); and (iii) platelet inhibition with cytochalasin D (FIBTEM).
Analysis was completed within 5 to 10 min of blood collection in all in-
stances. All tests were performed at the bedside on Labor & Delivery at
Yale-New Haven Hospital.

PCVT data are presented on a chart known as a TEMogram (Figs. 1
and 2). The TEMogram provides a graphic and digital representation
of the blood clot that is formed after mixing the patient's whole blood
with the prescribed reagent solutions and gently rotating the mixture.
The clot movement pattern depiction on the TEMogram is generated
by special sensors that reflect changes in the viscoelastic properties of
the blood during rotation. The following key parameters were routinely
analyzed:

(1) Clotting time (CT), which refers to the time elapsed from the be-
ginning of the test until the beginning of clot formation. CT pro-
longation suggests a deficiency of one or more coagulation
factors. CT prolongation only in EXTEM suggests a deficiency in
coagulation factors in the extrinsic pathway (due, for example,
to the effects of warfarin). CT prolongation only in INTEM is
seen most commonly in patients receiving heparin or low-mo-
lecular weight heparin; a shortening of the CT in the HEPTEM
assay confirms this effect.

(2) Clot formation time (CFT) refers to the time measured from the
end of the CT interval until a 20 mm amplitude is reached on
the TEMogram. Alpha angle describes the tangent at the 2 mm
amplitude point. Both CFT and alpha angle reflect the speed of
clot development. Prolonged CFT and/or low alpha angle are
most often caused by one or more of the following conditions:
thrombocytopenia, platelet dysfunction, hypofibrinogenemia,
or dysfunctional fibrin polymerization.

(3) Maximum amplitude of the graph is measured either as an abso-
lute parameter independent of time (maximum clot firmness
[MCF]) or at a specific point in time after starting the test (e.g.,
A5 refers to maximum amplitude at 5 min, A10 refers to maxi-
mum amplitude at 10 min, etc.). This measurement reflects the
functionality (strength) of the clot. As with CFT and alpha
angle, a decrease in the maximum amplitude suggests one or
more of the following conditions: thrombocytopenia, platelet
dysfunction, hypofibrinogenemia, or dysfunctional fibrin poly-
merization.

Maximum lysis (ML) refers to the percentage of lost firmness of

the clot at a given point in time. It reflects a percentage of re-

maining clot firmness when compared with MCF at 30 min

(LI30), 45 min (LI45), or 60 min (LI60). An abnormally high ML

index suggests the presence of hyperfibrinolysis and is an indica-

tor that antifibrinolytic therapy may be required.

=

Accurate interpretation of the TEMogram was a critical component
of the decision making process, helping to guide blood product transfu-
sion management in patients with severe PPH. Specifically, we used CT,
CFT, alpha angle, MCF, and ML to guide blood products transfusion. The
following parameters were considered normal for patients in the third
trimester of pregnancy: (i) EXTEM: CT 51-63 s, CFT 70-78 s, and MCF
66-71 mm; (ii) INTEM: CT 131-168 s, CFT 58-66 s, and MCF 64-
68 mm; and (iii) FIBTEM: CT 50-64 s and MCF 19-22 mm. [33,34]
When the amplitude in the FIBTEM assay was <5 mm at 5 min (A5)
or <6 mm at 10 min (A10), we administered 5 to 15 units of
cryoprecipitate. The goal of the cryoprecipitate administration was to
achieve an A10 of 8 mm for patients with surgically-controlled hemor-
rhage and 10 mm for patients with ongoing hemorrhage. We repeated
the test at the end of the cryoprecipitate transfusion and every 20 to
60 min thereafter (depending on the patient's condition) until the
bleeding was controlled. If the FIBTEM results were normal, but the
CFT and alpha angle demonstrated hypocoagulation accompanied by a
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Fig. 2. A representative TEMogram of a healthy primigravida at term. The black dotted line represents normal results. Higher-than-normal amplitude of the EXTEM and FIBTEM graphs
(A20 and MCF) are evident. This is a normal finding at term given that pregnancy is a hypercoagulable state.

decrease in EXTEM MCF to <45 mm, we administered one bag (5 units)
of platelet concentrate, followed by repeat testing. If isolated CT prolon-
gation was noticed in EXTEM and INTEM assays (EXTEM CT > 80 s), we
administered 2 units of FFP, followed by repeat testing. Packed red
blood cell transfusions were provided as needed in all the cases to main-
tain the hematocrit above 21%.

Demographic and clinical outcome data were abstracted from the
medical records. This included the types and volume of blood products
administered, the types and volume of non-blood product fluids admin-
istered (crystalloid, hetastarch, albumin), estimated blood loss, hemato-
crit on postoperative day 1, whether ICU admission was needed, and
total number of days of hospitalization. The actual (not estimated) di-
rect cost, indirect cost, and total cost of hospitalization were calculated
for each patient using a database developed by The Joint Data Analytics
Team at Yale-New Haven Hospital. Direct cost refers to any expense that
was directly attributed to patient care (such as the cost of medications,
blood products, bed occupancy, and nursing care); indirect cost refers to
any expense that cannot be directly assigned to the patient care (includ-
ing facility fees and overhead). To avoid the confounding effect of
prolonged antepartum hospitalization (due, for example, to preterm
premature rupture of membranes) on the cost data, only patients who
delivered within 24 h of admission were included in the cost analysis.

Categorical, non-normal continuous, and normally distributed data
are presented as number (%), median (interquartile range: 25th-75th
percentile), and mean (SD), respectively. Data between PCVT and
non-PCVT group were analyzed using Fisher's exact test, nonparametric
Wilcoxon rank sum test, or Student t-test, as appropriate. Statistical
analyses were performed in SAS, version 9.4 (Cary, NC). A two-sided
P-value of <0.05 was regarded as statistically significant.

3. Results
A total of 20,349 patients delivered on Labor & Delivery at Yale-New

Haven Hospital during the study period. This included 13,641 vaginal
births and 6708 cesarean deliveries. Of these, 86 patients developed

severe PPH, which represented 0.4% of all deliveries. Sixty eight
(79.1%) occurred at cesarean and 18 (20.9%) after vaginal delivery, giv-
ing an overall prevalence of severe PPH of 1.0% after cesarean and 0.1%
after vaginal birth. Among the 86 patients with severe PPH, 28 (32.6%)
were managed with PCVT and 58 (67.4%) without PCVT. The cost of hos-
pitalization was calculated for the 54 patients who delivered within
24 h of admission (17 in the PCVT group and 37 in the non-PCVT group).
The baseline characteristics of the two study populations are sum-
marized in Table 1. There were no statistically significant differences be-
tween the study groups in terms of maternal age, race/ethnicity,
obstetric history (gravidity, parity, gestational age, percentage of single-
tons), mode of delivery (vaginal or cesarean), incidence of emergent in-
tervention, or antepartum health status (including body mass index,
American Society of Anesthesiologists [ASA] functional classification,
and preoperative hematocrit). There were no statistically significant dif-
ferences between the two groups in terms of the underlying etiology of
the PPH. Uterine atony and placenta accreta together accounted for
>70% of PPH cases. The level of training of the attending anesthesiolo-
gists and obstetricians was not different between the groups. Gyneco-
logic Oncologists were more commonly involved in the surgical
management of cases managed with non-PCVT compared with PCVT.
General anesthesia was provided more frequently in the non-PCVT
compared with PCVT group (55.2% [32/58] vs 28.6% [8/28]; P = 0.04).
The comparisons of postoperative outcomes are presented in Table
2. There was no statistically significant difference between the PCVT
and non-PCVT groups in regards to the amount of crystalloids, colloids,
albumin, and cryoprecipitate administered. However, patients in the
PCVT group received significantly fewer transfusions of PRBCs (P <
0.0001), FFP (P < 0.0001), and platelets (P < 0.0001). Estimated blood
loss was also significantly lower in the PCVT group (median [IQR]
2000 [1600-2500] vs 3000 [2000-4000] mL, P < 0.001). Similarly, the
incidence of puerperal hysterectomy (25% [7/28] vs 53.5% [31/58], P =
0.013) and postoperative ICU admission (3.6% [1/28] vs 43.1% [25/58],
P < 0.001) were significantly lower in the PCVT group. Indications for
ICU admission included mechanical ventilation or congestive heart
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Table 1 Table 2
Demographic and clinical characteristics of the study population®. Postoperative outcomes of the study population®.
PCVT Non-PCVT P-value PCVT Non-PCVT P-value
(n=128) (n=58) (n=128) (n=58)
Maternal age (years) 350+ 6.2 333 +6.6 0.27 Hematocrit on postoperative day 1 24.7 27.8 0.004
Gravidity 3 (2.5-5) 3 (2-4) 0.41 (%) (23.0-26.6) (24.5-30.0)
Parity 1(0.5-2) 1.5 (0-2) 0.63 Hysterectomy, yes 7 (25.0%) 31 (53.5%) 0.013
Race/ethnicity 0.56 Estimated blood loss (mL) 2000 3000 <0.001
- White 12 (42.9%) 32 (55.2%) (1600-2500)  (2000-4000)
- Hispanic 9(32.1%) 12 (20.7%) Crystalloids (mL) 3500 3500 0.88
- Black 4(143%) 10 (17.2%) (3100-4500)  (3000-4100)
- Asian 3 (10.7%) 4(6.9%) Hextend (mL) 0 (0-250) 0 (0-500) 0.45
Gestational age (weeks) 37.0 36.4 0.38 Red blood cells (units) <0.001
(35.5-38.9) (32.0-37.5) -0 11 (39.3%) 3 (5.2%)
Singleton (%) 26 (92.9%) 48 (82.8%) 0.32 -1 7 (25.0%) 3 (5.2%)
Body mass index (kg/m?) 31.1+59 324+ 80 043 - 22 10 (35.7%) 52 (89.6%)
Hematocrit prior to delivery (%) 34.7 343 0.69 Fresh frozen plasma (units) <0.001
(31.5-36.5) (31.8-37.3) -0 25 (89.3%) 16 (27.6%)
Mode of delivery - 21 3(10.7%) 42 (72.4%)
- Vaginal 5 (17.9%) 11 (19.0%) 0.90 Albumin (units) 0.09
- Cesarean 23 (82.1%) 47 (81.0%) -0 28 (100%) 51 (87.9%)
Emergent delivery, yes 11 (39.3%) 25 (43.1%) 0.74 - 500 to 1000 0 (0%) 7 (12.1%)
Primary cause of PPH 0.18 Cryoprecipitate (units) 0.78
- Uterine atony 10(35.7%) 16 (27.6%) -0 22 (78.6%) 47 (81.0%)
- Placenta accreta 10 (35.7%) 24(41.4%) - 25 6 (21.4%) 11 (19%)
- Retained placenta 2(7.1%) 9(15.5%) Platelets (units) <0.001
- Placental abruption 2(7.1%) 0 (0%) -0 28 (100%) 32 (55.2%)
- Uterine rupture 0 (0%) 4 (6.9%) - 25 0 (0%) 26 (44.8%)
- Others 4(14.3%) 5(8.6%) Length of hospitalization after 4 (3-4) 5 (4-6) <0.001
ASA classification 3(2-3) 3(2-3) 0.85 delivery (days)
Initial mode of anesthesia 0.04 ICU admission 1(3.6%) 25 (43.1%) <0.001
: égligilral ;5(](;3;%) }g g;gg ¢ Data are expressed as n (%), median (interquartile range).
- General endotracheal 8 (28.6%) 32 (55.2%)
Experience of Attending 0.21
f\ nesjge;g:rzgm 1(3.6%) 7 (121%) Similar observations have been reported for PCVT-based resuscita-
- 5 years or more 27 (236.4%) 51 (8'7.9°%) tion protocols in non-obstetric surgeries in patients at high risk for sig-
Experience of attending obstetrician 0.15 nificant blood loss [22-26]. Initial reports of the effect of replacing
- <5years 8 (28.6%) 26 (44.8%) standard fixed-ratio transfusion of large-volume FFP with PCVT-guided
- Syearsormore 20(71.4%) 32(55.2%) transfusion in thousands of cardiac patients revealed a significant de-
Presence of gyn/oncologist 5(17.9%) 35 (60.3%) <0.001

¢ Data are expressed as n (%), mean =4 SD, or median (interquartile range).

failure. Length of postpartum hospitalization was significantly shorter in
the PCVT group (4 [3, 4] vs 5 [4-6] days, P < 0.001). Despite having sim-
ilar preoperative hematocrit measurements (34.7 [31.5-36.5] vs 34.3
[31.8-37.3] %, median [IQR], P = 0.69), patients in the PCVT group had
significantly lower hematocrit levels on postoperative day 1 (24.7
[23.0-26.6] vs 27.8 [24.5-30.0] %, median [IQR], P = 0.004).

The comparisons of the direct, indirect, and total cost of hospitaliza-
tion between the two groups of patients who gave birth within 24 h of
admission are presented in Table 3. Cost of hospitalization was signifi-
cantly lower for the patients in the PCVT group.

4. Discussion

A retrospective analysis of our first 2 years of experience with the
use of PCVT demonstrates that routine bedside thromboelastometry
for intraoperative assessment of hemostasis can serve as a foundation
for responsible clinically decision making around blood product transfu-
sion management in patients with severe PPH. Point-of-care viscoelastic
testing revealed that the expected changes in hemostasis among pa-
tients with severe PPH based on the traditional teaching of dilutional
and consumptive coagulopathy were often very different from mea-
sured changes (for example, see Fig. 3). The ability to demonstrate the
absence of clinically significant coagulopathy in real-time during sur-
gery allowed us to avoid unnecessary blood product transfusion. Not
only did patients managed with PCVT-based goal-directed therapy re-
quire less blood product replacement, but this strategy was also associ-
ated with improved patient outcomes and reduced cost of care.

crease in the volume of transfusion of pRBCs and FFP [35,36]. Similar
to our findings, these reports also documented reduced length of ICU
admission and cost of hospitalization. A later randomized controlled
prospective clinical trial (RCT) in bleeding adult cardiovascular patients
confirmed that the introduction of a PCVT-based algorithm resulted not
only in significant reductions in the volume of transfused blood prod-
ucts, but also shortened mechanical ventilation and ICU admission
times [22]. This RCT also documented reduced rates of adverse events
and 6-month mortality as well as lower hospitalization costs [22].
Such findings have been reported also in a pediatric population. In a
subsequent RCT including pediatric cardiac patients, implementation
of a FIBTEM/EXTEM-based transfusion protocol resulted in decreased
intraoperative blood loss and need for RBC transfusions as well as a
shortened ICU stay [23].

Data on the utilization of PCVT for patients with severe hemorrhage
have also been subjected to systematic analysis. A recent Cochrane re-
view evaluated 17 RCTs involving 1493 patients [37]. The conclusion
of the authors was that implementation of a PCVT-based goal-directed
transfusion therapy may result not only in decreased volume of trans-
fused blood products and reduced morbidity, but may also decrease
mortality. The authors noted, however, that the level of evidence re-
mains limited. Most of the RCTs involved cardiovascular patients, al-
though PCVT has been shown to be effective in other types of
surgeries where massive hemorrhage occurs frequently, such as liver
transplantation [24]. A large retrospective analysis of the application
of PCVT-guided transfusion therapy during 1105 liver transplant surger-
ies demonstrated significant reductions in transfusion of RBCs and FFP
[38].

The FIBTEM assay of rotational thromboelastography might be espe-
cially useful among obstetric patients due to its ability to quickly (within
minutes) identify significant fibrinogen deficiency, which can have
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Table 3
Cost of hospitalization for patients with severe postpartum hemorrhage managed with or without PCVT".
PCVT Non-PCVT Total P-value
(n=17) (n=137) (n=54)
Indirect $5746.65 $8585.65 $7691.89 0.004
($2458.16) ($4412.28) ($4101.13)
Direct $6056.29 $11,833.43 $10,014.70 ($6655.29) <0.001
($2519.45) ($7182.55)
Total $11,802.94 $20,419.08 $17,706.59 <0.001
($4936.91) ($11,550.47) ($10,690.84)

2 Data are expressed as mean (SD).

substantial prognostic value and possible therapeutic value for parturi-
ents with PPH. Charbit et al. [39] demonstrated that a fibrinogen value
of <2 g/L had a positive predictive value of 100% for severe PPH, whereas
a fibrinogen value of >4 g/L had a negative predictive value for severe
PPH of 79%. Hypofibrinogenemia in pregnant patients can be rapidly de-
tected by FIBTEM assay. In a large prospective observational study,
Huissoud et al. [40] demonstrated that FIBTEM amplitudes of 5 mm or
less at 5 min and 6 mm at 15 min had 100% sensitivity and 85% and
88% specificity, respectively, in detecting a circulating fibrinogen con-
centration of <1.5 g/L among patients with obstetric hemorrhage. The
authors concluded that PCVT might be useful in guiding transfusion of
blood products, specifically fibrinogen, during PPH. This conclusion
was confirmed in a recent RCT [41]. In another report, investigators ob-
served a reduction in volume of transfused blood products, pulmonary
edema, and ICU admission among patients with obstetric hemorrhage
during the 5 years after a FIBTEM-guided transfusion strategy was im-
plemented; the rate of hysterectomy was also reduced, but the differ-
ence did not reach statistical significance [42,43]. An additional

prospective observational study showed benefits of PCVT-based man-
agement of hemorrhage in bleeding obstetric patients in terms of ad-
ministration of fibrinogen concentrate, decreased volume of FFP
transfusion, decreased platelet transfusions, and reduced rates of trans-
fusion-related volume overload [43]. However, in contrast to our obser-
vations, there were no significant differences in the rate of ICU
admission or postpartum hysterectomy in this study.

This is the first report on the use of a PCVT-based algorithm among
parturients in the United States. We have shown that patients in the
PCVT cohort received significantly lower volumes of transfused blood
products, underwent fewer hysterectomies, were less frequently admit-
ted to the ICU, and had shorter hospitalizations as compared with those
managed using the more traditional empiric protocol. Not surprisingly,
direct hospitalization cost was also significantly reduced in these
patients.

Compared to other PCVT studies, [33,34] we used a lower amplitude
of FIBTEM (more prominent hypofibrinogenemia) as an indication for
treatment of fibrinogen deficiency. We were also less aggressive in
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Fig. 3. A TEMogram from a patient experiencing massive intrapartum obstetric hemorrhage. A 32-year-old gravida 3, para 2 was admitted at 37 weeks of gestation for repeat cesarean
delivery and puerperal hysterectomy. Her past medical history is remarkable for morbid obesity, two prior cesarean deliveries, and suspected placenta accreta (possible percreta) on
imaging. Her preoperative hemoglobin was 9.7 g/dL, hematocrit 28.2%, and platelet count 270,000/uL; prothrombin time/International Normalized Ratio and partial thromboplastin
time were normal, and fibrinogen was 499 mg/dL. Placenta percreta was confirmed at the time of surgery. Puerperal hysterectomy was performed with an estimated blood loss of
3.5 L. This patient received 5 L of crystalloids and 1 unit of PRBC (for hematocrit of 19%) during 3-hour-surgery. No FFP, cryoprecipitate or platelets were given. There were no signs of
dilutional/consumptive coagulopathy. Her postoperative hematocrit was 22%. The black line represents the preoperative TEMogram (hematocrit 28.2%), red line is the TEMogram after
2 h of surgery (hematocrit 19%), and colored fields are the postoperative TEMogram (hematocrit 22%). Minimal (not clinically significant) changes in the results of rotational
thromboelastography allowed the surgical team to proceed without further blood product transfusions.
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correcting fibrinogen deficiency compared to European studies [43].
Nonetheless, the clinical outcomes in the PCVT cohort were not inferior
to the results of other studies. One of the factors that may contribute to
these results was our use of cryoprecipitate rather than fibrinogen con-
centrate to correct hypofibrinogenemia. Fibrinogen concentrate was not
available at our institution for the treatment of patients with hemor-
rhage-induced hypofibrinogenemia, and cryoprecipitate has been used
effectively to correct hypofibrinogenemia by other investigators [44,
45]. Based on these findings, we suggest that a more conservative ap-
proach to the treatment of hypofibrinogenemia may be acceptable.
The cost-effectiveness of fibrinogen concentrate and cryoprecipitate
for the treatment of patients with severe obstetric hemorrhage needs
further exploration.

Hematocrit threshold for PRBC transfusion has not been systemati-
cally studied in patients with severe PPH. In this study, patients in the
PCVT group received fewer units of PRBC and had significantly lower
hematocrit on the first postpartum day, yet had shorter postpartum
hospitalization. Future studies will be needed to investigate the effects
of more restrictive PRBC transfusion practice on the clinical outcome
among patients with severe PPH.

Limitations of this report include the retrospective nature of the
study design as well as the relatively small number of patients. In addi-
tion, this was a single-institution study and the care provided was de-
pendent in large part on the availability of PCVT-certified providers. In
this study, interpretation of the PCVT and decision making around
transfusion was performed by a single anesthesiologist. Involvement
of additional providers in this process may have altered the decisions
made regarding transfusion. In addition, providers responsible for
reporting estimating blood loss were not blinded to the use of PVCT,
which may been a source of bias as regards this specific indicator. It is
possible that the observed improvements in outcome metrics may be
due to confounding factors. For example, while the data on the differ-
ences in blood products usage is robust, the study was not sufficiently
powered to determine whether the observed reduction in the number
of hysterectomies was attributable to chance or represented a major
benefit arising from more effective correction of coagulopathy. Another
caveat is that patients in the PCVT cohort were less likely to receive gen-
eral anesthesia. Potential uterine relaxation from inhalational anesthetic
agents during general anesthesia might have negatively affected the
magnitude of peripartum hemorrhage. Other potential confounders in-
clude differences in the qualifications or experience of the anesthesia
providers that completed the PCVT training versus those who did not.
While the ROTEM device was readily available at all times after its intro-
duction in May 2014 and was used routinely in unplanned/emergency
cases, hospital staffing and other resources could have varied at night
or on the weekend. An additional source of bias when comparing histor-
ical data to more current practice may have been other associated im-
provements in care or personnel. Despite these limitations, we believe
that these data suggest a benefit to the use of PCVT over the more tradi-
tional empiric protocols to aid in rapid diagnosis and goal-directed cor-
rection of specific components of the hemostatic cascade among
patients experiencing severe PPH. Additional large well-designed pro-
spective RCTs are needed to confirm these observations and control
for potential confounders before a change in practice can be universally
recommended.

5. Conclusions

PCVT-based algorithms facilitate rapid (within minutes) and precise
diagnosis of coagulopathy thereby allowing for prompt correction of de-
ficiencies of specific components of the coagulation cascade among pa-
tients experiencing severe obstetric hemorrhage. This report suggests
that such PCVT-based protocols confer significant benefit over the
more traditional empiric protocols in terms of reducing the need for
PRBC, FFP, and platelet concentrate transfusions in the setting of severe
PPH. This more rapid and individualized approach to the management

of coagulopathy may also result in less intraoperative blood loss,
lower rates of puerperal hysterectomy and postoperative ICU admis-
sions, as well as a reduction in the length of hospital stay and overall
cost of hospitalization.
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