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Abstract Massive obstetric hemorrhage is the leading cause
of maternal morbidity and direct obstetric death in developed
countries. It is also the most frequent reason for maternal ICU
admission. Mismanagement of maternal hemorrhage is one of
the potentially preventable causes of maternal mortality in the
USA. Thromboelastometry (TEM)—previously named
rotational thromboelastography (ROTEG) or rotational
thromboelastometry (ROTEM)— is an established
viscoelastic method for hemostasis testing in whole blood. It
investigates the interaction of coagulation factors, their inhib-
itors, anticoagulant drugs, and blood cells (especially plate-
lets) during clotting and subsequent fibrinolysis. The rotational
conditions mimic the sluggish flow of blood in veins.
Introduction into clinical practice of point-of-care TEM provides

prompt bedside analysis of hemostasis. Utilization of point-of-
care TEM allows for the transition from one-size-fits-all fixed-
ratio resuscitation to a personalized goal-directed transfusion
strategy. Such an individualization of treatment for
hemorrhage-related coagulopathy will almost certainly lead to
improvements in clinical outcome and a reduced cost of care
for patients with massive obstetric hemorrhage.
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Introduction

Obstetric hemorrhage is the leading cause of maternal mortal-
ity worldwide, accounting for 27 % of obstetric-related mater-
nal deaths in 2014 [1]. In developed countries, maternal hem-
orrhage is the leading cause of direct obstetric death (i.e.,
death caused by complications of pregnancy itself as opposed
to decompensation of preexisting medical conditions) [1, 2].
In the USA, obstetric hemorrhage is also a major cause of
maternal morbidity and the most frequent reason for maternal
ICU admission [3, 4]. Recent data suggests that the incidence
of postpartum hemorrhage is increasing in the USA [5] and
worldwide [6].

Mismanagement of obstetric hemorrhage has been recog-
nized as a potentially preventable cause of maternal mortality
[7, 8]. The development and implementation of massive ob-
stetric hemorrhage protocols in all obstetric units was recom-
mended in an attempt to improve the situation [9]. Massive
obstetric hemorrhage protocols using the principles of damage
control resuscitation and supporting fixed-ratio transfusion of
blood products were developed and accepted in the USA and
Great Britain [10–12].
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Damage Control Resuscitation

The principles of damage control resuscitation were developed
based on data from American military and civilian trauma med-
icine. The minimization of crystalloid infusion and the early
transfusion of fresh frozen plasma (FFP) and platelets (in a ratio
of as close as possible to 1:1:1 with packed red blood cells
[PRBC]) was thought to decrease the risk of dilutional and
consumptional coagulopathy and improve survival of trauma
victims [13]. Adjustment of the ratio of transfused blood products
based on the results of traditional coagulation tests was not rec-
ommended since doing so could lead to a delay in the adminis-
tration of adequate amounts of coagulation factors.

Initial publications reported dramatic improvements in the
survival of bleeding trauma patients after implementation of
damage control resuscitation [14, 15]. However, later review
of the data failed to demonstrate sufficient evidence to recom-
mend damage control resuscitation as a standard of care [16].
Even the proponents of the damage control resuscitation strat-
egy in their most recent study did not find any association
between mortality and ratio of transfused FFP and platelets
in the 24 h since admission [16]. Experts recommended ad-
justment of the blood product transfusions based on analysis
of hemostasis, which may be especially important during
management of obstetric hemorrhage [17].

Hemostasis During Pregnancy

Pregnancy is a hypercoagulable state. Indeed, the risk of deep
venous thrombosis is five to six times greater for pregnant
compared to non-pregnant women, with an absolute incidence
of 1–3 per 1000 live births [18]. The plasma level of most
coagulational factors, including fibrinogen, at term may be
double that seen in non-pregnant women. In addition, the
effectiveness of the anticoagulant system (i.e., protein S con-
centration and protein C activity) is significantly diminished
during pregnancy [19]. Together with existing venous stasis in
the lower extremities, one would expect such systemic chang-
es in hemostasis to result in much greater incidence of deep
venous thrombosis than is actually observed.

Holmes and Wallace [20] suggested that the existence of
some other hemostatic alterations might partly balance the
well-known procoagulation changes. For example, monocyte
tissue factor expression (important for initiating the coagula-
tion cascade by forming complexes with factor VII) and the
activity of factor XI (important for thrombin generation) are
decreased during pregnancy. The activity of plasminogen ac-
tivator inhibitor is increased during pregnancy, which proba-
bly explains the decrease in the activity of tissue plasminogen
activator [20]. At the same time, plasminogen level increases
during pregnancy and alpha 2-antiplasmin concentration de-
creases during pregnancy, which may predispose patients to

fibrinolysis. Finally, elevated concentration of D-dimer post-
partum also suggests elevated fibrinolytic activity [21].

It seems possible that transfusion of FFP derived from non-
pregnant donors may have a negative effect on pregnant re-
cipients who have a markedly different hemostatic profile.
The risk of progressive hemorrhage-induced imbalance of
the coagulation system following inappropriate Bblind^ trans-
fusion of blood products underlines the importance of prompt
and individualized hemostasis analysis during the manage-
ment of obstetric hemorrhage.

Assessment of Hemostasis

Traditional coagulation plasma tests—such as fibrinogen
measurements, partial thromboplastin time (PTT), prothrom-
bin time (PT), and international normalized ratio (INR)—do
not provide information about the ultimate strength of the clot,
the time required for propagation from initial clotting to the
formation of a maximally functioning clot, or the magnitude
of fibrinolysis. Viscoelastic testing for the evaluation of he-
mostasis in whole blood was developed by Hartert in 1948
[22]. It allows for the measurement of the interactions between
coagulation factors, their inhibitors, anticoagulant drugs, and
cellular components (especially platelets) during the sequen-
tial phases of clot formation and clot lysis over time.
Unfortunately, early implementations of viscoelastic testing
did not provide results rapidly enough to guide transfusion
therapy of actively bleeding patients.

Rotational Thromboelastometry

Thromboelastometry (TEM), previously named rotational
thromboelastography (ROTEG) or rotational thromboelastometry
(ROTEM), is an established viscoelastic method for hemostasis
testing in whole blood. The rotational conditions mimic the
sluggish flow of blood in veins. Rotational TEM comprehen-
sively assesses hemostasis at the bedside within 10 to 20 min
of the acquisition of the blood sample, thus allowing clinicians
to make individualized goal-directed adjustments to the trans-
fusion. ROTEM® is a rotational thromboelastometry machine,
which graphically displays the process of coagulation triggered
in the blood sample by ellagic acid (INTEM assay) or tissue
factor (EXTEM assay). It also demonstrates alterations in clot
formation when platelets in the blood sample are deactivated
by cytochalasin A (FIBTEM assay), when fibrinolytic activity
is suppressed by aprotinin (APTEM assay), and when the
anticoagulation effect of heparin is diminished by heparinase
(HEPTEM assay).

The assessment of hemostasis is performed using the fol-
lowing parameters of the thromboelastogram (Fig. 1): Clotting
time (CT) is the amount of time from the start of the test until
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the beginning of clot formation. A prolonged CT suggests a
deficiency of one or more coagulation factors. CT prolonga-
tion in only EXTEM suggests a deficiency of coagulation
factors in the extrinsic pathway (due, for example, to the ef-
fects of Coumadin). CT prolongation in only INTEM is seen
most commonly in patients receiving heparin or low molecu-
lar weight heparin. A reduction of the CT in the HEPTEM
assay (which includes the addition of heparinase) would con-
firm this effect.

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

The maximum amplitude of the graph is measured either as
an absolute parameter independent of time (maximum clot
firmness [MCF]) or at a specific point in time after starting
the test (e.g., A5 refers to the maximum amplitude at 5 min,
A10 refers to the maximum amplitude at 10 min). This mea-
surement reflects the functionality (strength) of the clot. As
with CFT and alpha angle, a decrease in the maximum ampli-
tude suggests one or more of the following conditions: throm-
bocytopenia, platelet dysfunction, hypofibrinogenemia, or
dysfunctional fibrin polymerization.

Maximum lysis (ML) refers to the percentage of lost firm-
ness of the clot relative toMCF at the end of the test. The lysis

index at 30 min (LI30) reflects the percentage of lost clot
firmness at 30 min. An abnormally high ML index suggests
the presence of hyperfibrinolysis and indicates that
antifibrinolytic therapy may be needed.

The use of rotational TEM-based transfusion protocol dur-
ing cardiac surgery resulted in a significant decrease in PRBC,
FFP, and platelet transfusions; resulted in a reduced duration
of postoperative mechanical ventilation and length of ICU
stay; decreased the rate of composite adverse events; reduced
costs of hemostatic therapy; and resulted in a diminished 6-
month mortality rate [23]. Similarly, the use of ROTEM® for
the management of hemorrhage in patients with end-stage
liver disease was associated with decreased rates of blood
transfusion and reduced costs of hospitalization [24]. Indeed,
in a subsequent report, the use of rotational TEM in 1105 liver
transplant surgeries demonstrated a 60 % reduction in PRBC
transfusion and an 89 % reduction in FFP transfusion [25].

Rotational Thromboelastometry in Obstetric
Practice

We are still accumulating data and gaining experiencewith the
use of rotational TEM during the management of acute obstet-
ric hemorrhage. In the absence of data from large randomized
controlled studies, information about the use of TEM in ob-
stetrics should be interpreted with caution.

In 2009, Huissoud et al. [26] reported on the normal values
of rotational TEM during pregnancy. INTEM, EXTEM, and

Fig. 1 Schematic TEMOGRAM with thromboelastometry parameters.
Clotting time (CT) refers to the time measured from the beginning of the
test until the beginning of clot formation. 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. Themaximum amplitude
of the graph is measured either as an absolute parameter independent of

time (maximum clot firmness [MCF]) or at a specific point in time after
starting the test (e.g., A5 refers to the maximum amplitude at 5 min, A10

refers to the maximum amplitude at 10 min). Maximum lysis (ML) refers
to the percentage of lost firmness of the clot at a given point in time or as a
percentage of the remaining clot firmness comparing withMCF at 30min
(LI30), 45 min (LI45), or 60 min (LI60)

246 Curr Obstet Gynecol Rep (2016) 5:244–249



FIBTEM assays were measured in 84 pregnant patients (17
women in the first, 9 in the second, and 58 in the third trimes-
ter of pregnancy) and compared them to the TEM results from
20 healthy non-pregnant women. Pregnancy at term did not
significantly alter CTor clot lysis index at 30min (LI30), while
MCF and clot amplitude at 5 and 15 min (A5 and A15) were
significantly increased during the second and the third trimes-
ters. The average MCF of FIBTEM in the third trimester was
19 mm (range, 17–23 mm) versus 13 mm (range, 11–16 mm)
for non-pregnant women, which is consistent with the
hyperfibrinogenemia of normal pregnancy. The addition of
the antifibrinolytic agent aprotinin to the analyzed blood sample
(APTEM test) did not change the results of thromboelastometry.
Huissoud et al. concluded that Bthe hypercoagulability associated
with pregnancy is not a consequence of hyperactivation of coag-
ulation, but of an enhanced potential of the coagulation response
once the process has been initiated^ [26]. Moreover, the authors
did not find any evidence of hyperfibrinolysis during pregnancy,
based on the unchanged value of clot lysis index (LI30) and the
absence of alteration of the APTEM results.

de Lange et al. [27••] reported similar hypercoagulable re-
sults (EXTEM: CT 31–63 s, CFT 41–120 s, and MCF 42–

78mm, INTEM: CT 109–225 s, CFT 40–103 s, andMCF 63–
78mm, FIBTEM: CT 31–79 s andMCF 13–45mm) based on
the analysis of hemostasis in 161 healthy parturients.

Charbit et al. [28] demonstrated that, for bleeding obstetri-
cal patients, a plasma fibrinogen level below 2 g/L had a
100 % positive predictive value for severe hemorrhage. In a
study comparing 37 bleeding obstetrical patients with 54
healthy non-bleeding parturients, Huissoud et al. [29] con-
firmed a strong correlation between FIBTEM results and plas-
ma fibrinogen concentration. FIBTEM amplitude of 5 mm at
5min (A5) and 6mm at 15min (A15) had 100% sensitivity and
85 and 88 % specificity, respectively, for predicting severe
hypofibrinogenemia (<1.5 g/L). Mallaiah et al. [30••] used
ROTEM to detect severe hypofibrinogenemia (FIBTEM
A5 < 7 mm) and to guide administration of fibrinogen concen-
trate for 51 obstetric patients with severe hemorrhage. All the
patients with FIBTEM A5 lower than 7 mm were treated with
the initial dose of 3 g of fibrinogen concentrate. Actively
bleeding patients or those with a high risk of bleeding and
FIBTEM A5 within 7–12 mm also received 3 g of fibrinogen
concentrate. Further treatment with fibrinogen concentrate
was adjusted based on the results of ROTEM testing repeated

Fig. 2 Abnormal TEMOGRAM of a patient with vaginal bleeding (due
to placental abruption). (1) Normal clotting time (CT) in INTEM and
EXTEM assays suggests the absence of clinically significant deficiency
of the clotting factors in Bextrinsic^ and Bintrinsic^ pathways. There is no
need for FFP transfusion. (2) Prolonged clot formation time (CFT) in
INTEM and EXTEM and decreased maximum amplitude at 20 min
(A20) in EXTEM suggests deficiency of fibrinogen function and/or
deficiency of platelet function. There are possible indications for

cryoprecipitate and/or platelet transfusion. The analysis of FIBTEM
assay results will help to discriminate between platelet and fibrinogen
deficiency. (3) Significantly decreased maximum amplitude of FIBTEM
assay at 10 and 20 min A10 and A20 suggests that profound deficiency of
fibrinogen function is the main cause of hypocoagulation. The patient
received an appropriate dose of fibrinogen (via cryoprecipitate
transfusion), which normalized the patient’s hemostasis and stopped the
bleeding
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in 10-min intervals. If patients had normal results of FIBTEM
test but had EXTEM A5 lower than 47 mm, then one unit of
platelets was given. Two units of FFP were given to the pa-
tients, if EXTEM CT was longer than 100 s. This approach
resulted in the avoidance of volume overload (p = 0.038) and a
significantly decreased use of blood products (p = 0.0004).

In our experience, the use of point-of-care TEM allowed for
the transition from damage control-based management of pa-
tients with severe postpartum hemorrhage to goal-directed trans-
fusion with the goal of avoiding severe hypofibrinogenemia,
defined asA5 > 6mm (Fig. 2). In the evaluation of the first 2 years
of our experience with point-of-care rotational TEM, we com-
pare clinical outcomes and direct cost of hospitalization between
85 consecutive patients with severe obstetric hemorrhage (esti-
mated blood lossmore than 1500mL), whowere eithermanaged
before (57 patients) or after (28 patients) ROTEM® became
available at our hospital. The results of this retrospective analysis
were presented at the 110th Annual Scientific Meeting of the
American Society of Anesthesiologists (ASA) in 2015 [31].
Our algorithm was slightly different from that implemented by
Mallaiah et al. [30••], and we used cryoprecipitate instead of
fibrinogen concentrate to correct hypofibrinogenemia.
Nevertheless, similar to the report by Mallaiah et al., the patients
managed based on the results of point-of-care TEM received
significantly lower volumes of blood products (p< 0.001), re-
quired fewer hysterectomies and ICU admissions (p< 0.001 for
both), and had shorter durations of postpartum hospitalization
(p< 0.001), probably due to faster correction of coagulopathy,
diminished blood loss, and less frequent volume overload. Not
surprisingly, among patients who gave birth within 36 h of ad-
mission to hospital, the average direct cost of hospitalization
among 17 bleeding parturients managed with the use of TEM
was around $6000 compared with $10,000 for the 37 patients
who received fixed-ratio transfusions [31].

Conclusions

We are in the process of accumulating data to assess the
value of point-of-care TEM in the management of pa-
tients with acute obstetric hemorrhage. Published results
from small studies suggest that point-of-care TEM al-
lows quick and accurate analysis of hemostasis of ob-
stetric patients, thus providing information that will al-
low clinicians to pursue individualized, goal-directed
transfusion therapy. The weight of evidence in the liter-
ature suggests that, in the setting of acute obstetrical
hemorrhage, the use of point-of-care TEM may result
in faster recognition and correction of coagulopathy, de-
creased use of blood products, diminished risk of vol-
ume overload, fewer ICU admissions, shortened length
of hospitalization, and lower cost of hospitalization.
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