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ABSTRACT

Circulating hormones affect coagulopathy in pregnancy
and after trauma. The hemostatic profile of pregnant
women after injury has not been characterized. We
hypothesized that injured pregnant females would
present with an initial thrombelastography (TEG)
reflecting a more hypercoagulable profile and a higher
incidence of venous thromboembolic events (VTE) when
compared with non-pregnant females and males.
Methods Cohort study of adult trauma patients with
TEG measured on arrival was performed from 2009

to 2018 with data extracted from medical records.
Nearest-neighbor matching was used to match each
pregnant patient by age, Injury Severity Score, prehospital
transfusion, and arrival Glasgow Coma Scale with non-
pregnant females and males, each in a maximum 1:4
ratio. Hypercoagulable profiles were defined as alpha
(o) angle =76° and maximum amplitude (MA) =65 mm.
Lysis at 30 minutes after MA (LY-30) was considered high
if =3.0% and low if <0.8%. Univariate and multivariable
analyses were performed.

Results Seventy-six pregnant trauma patients were
matched to 301 non-pregnant females and 301 males.
Demographics were similar between groups, except
pregnant females more frequently suffered blunt trauma.
Pregnant females presented with a higher o angle, high
MA and lower LY-30 than both control groups. Pregnant
females met hypercoagulable criteria and had a low
LY-30 more frequently than non-pregnant females and
males. No pregnant patient versus 2% in each control
group developed VTE. Transfusion requirements in the
first 24 hours after admission and mortality were similar
between groups. After adjustment, low MA and high
LY-30 were associated with increased odds of mortality,
regardless of sex or pregnancy. Hypocoagulable o angle
was associated with pregnancy complications.
Conclusion Injured pregnant females frequently
presented with a profile that would be considered
hypercoagulable under normal reference ranges.
However, given the absence of VTE events, this profile
may be non-pathologic.

Level of evidence V.

INTRODUCTION

Sexual dimorphisms exist in response to major
traumatic injury, shock and sepsis. Female sex
is protective after severe trauma, resulting in
decreased incidence of organ failure, reduced
transfusion requirements, and lower mortality rate
when compared with similarly injured males.!-
Because the survival advantage is more apparent in
premenopausal females, sex hormones may play an
important role in this observed effect.”

Sex-related differences in thrombelastography
(TEG) clotting profiles were noted over 20 years
ago in normal subjects. Females had a more hyper-
coagulable profile compared with males, and when
pregnant there is a more pronounced hypercoag-
ulable profile.!®3 Similarly, trauma patients have
a hypercoagulable TEG profile on hospital admis-
sion compared with normal subjects, even with
minor injuries.'* This hypercoagulable profile
persists during the first 24 hours after injury, with
females being more hypercoagulable than men.!>-"’
Sex differences in coagulation assessed by TEG
are predominately evident in the alpha (o) angle,
maximum amplitude (MA) values, and lysis 30
minutes after MA (LY-30) indicative of a faster rate
of clot formation and a stronger clot, and greater
clot stability. Hypercoagulability on arrival TEG,
assessed by an increased o angle and MA, is associ-
ated with increased rates of thromboembolic events
in trauma patients."®>! This association was iden-
tified in study populations primarily consisting of
males, about 75%, and did not include pregnant
females. Pregnancy is associated with an increased
risk of thromboembolic events, raising the concern
that hypercoagulability in pregnancy may be asso-
ciated with increased thromboembolic events after
trauma.?

The objective of this study was to evaluate differ-
ences in coagulation profiles as well as examine inci-
dence of venous thromboembolic events (VTE) in
pregnant females, non-pregnant females and males
after traumatic injury. We hypothesized that injured
pregnant females would present with an initial TEG
reflecting an increased hypercoagulable profile
compared with males and non-pregnant females,
and that pregnant females would have higher inci-
dent of VTE when compared with non-pregnant
females and males. Additionally, we hypothesized
that a hypocoagulable profile would be associated
with a higher rate of pregnancy complications.

METHODS

A retrospective analysis of prospectively collected
data was conducted at the Red Duke Trauma
Institute at Memorial Hermann Hospital-Texas
Medical Center, a high-volume, level 1 trauma
center in Houston, Texas, USA. A waiver of indi-
vidual informed consent was obtained due to the
retrospective nature of the study and the minimal
risk to the individual participants. Adult (=16
years) trauma patients presenting between 2009
and 2018 were included. Patients without a rapid
TEG (rTEG) measured on arrival were excluded.
Patients requiring highest level trauma activation
had an rTEG measured on arrival as part of usual
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Table 1 Rapid TEG interpretation
r-TEG value Definition Interpretation
ACT (s) Time from start of assay to initiation of clot Prolonged with factor deficiency or severe hemodilution

Reaction time (min)
Kinetic time (min) Time needed to reach 20 mm clot strength
o angle (°) Rate or acceleration of clot formation
Maximum amplitude (mm)

LY-30 (%)

Time between beginning of assay and initial clot formation

Contribution of platelet function and platelet-fibrin interactions
Amplitude reduction 30 min after achieving MA (degree of fibrinolysis)

Prolonged with factor deficiency or severe hemodilution
Increased with hypofibrinogenemia or platelet dysfunction
Decreased with hypofibrinogenemia or platelet dysfunction
Decreased with platelet dysfunction and hypofibrinogenemia
Increased with accelerated fibrinolysis

ACT, activated clotting time; LY-30, lysis 30 min after MA; MA, maximum amplitude; r-TEG, rapid TEG; TEG, thrombelastography.

clinical laboratory evaluation. Patients who obtained an rTEG
measurement on arrival for other indications were also included
in this study. Highest level trauma activation was triggered by
any of the following: Glasgow Coma Scale (GCS) score <10;
heart rate >120 beats per minute; systolic blood pressure (SBP)
<90 mm Hgj; respiratory rate <10 or >29 per minute; intuba-
tion; penetrating injury to torso, groin, head or neck; ampu-
tation proximal to ankle or wrist; paraplegia or quadriplegia;
uncontrolled external hemorrhage; fracture to pelvis or two or
more long bone fractures; or receiving blood en route.
Demographic characteristics, comorbid conditions, injury
details, laboratory results, and outcomes were obtained from
the institution’s professionally maintained trauma registry.
Outcomes included transfusions required, deep vein thrombosis
(DVT), pulmonary embolism (PE), in-hospital mortality, length
of stay, and intensive care unit length of stay. Both DVTs and

PEs were recorded only if they were clinically diagnosed as the
study institution did not use routine surveillance duplex studies.
Pregnant patients were identified by a pregnancy comorbidity
diagnosis and confirmed via chart review. Pregnancy-specific
demographics and outcomes were obtained by chart review
and included estimated gestational age (EGA), twin gestation
status, peri-injury delivery, emergent cesarean section, preterm
delivery, fetal demise, and maternal death. Peri-injury delivery
was defined as delivery within 48 hours from hospital arrival.
Emergent cesarean section was defined as cesarean delivery on
the day of hospital presentation. Preterm delivery was defined as
delivery prior to 38 weeks” EGA.

Arrival rTEG values were compared between groups. All
rTEG specimens were run on a Thrombelastograph 5000
(Haemoscope, Niles, Illinois). Specimens were collected in
citrated tubes, transported to the emergency department stat
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Figure 1  Thromboelastogram. lllustration of thrombelastography (TEG) tracing and the parameters measured through clot formation and

fibrinolysis. The R-value expresses the time between the start of the assay and beginning of clot formation. The k-time is the time needed to reach
20 mm clot strength. The o angle is the slope of the tracing that represents rate of clot formation. The maximum amplitude (MA) is the greatest
amplitude of the tracing and represents the strength of the fibrin clot. LY-30 is the percent amplitude reduction at 30 minutes after MA.
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Table 2 Characteristics of study participants

All patients Pregnant Non-pregnant Male

Demographic (n=678) (n=76) (n=301) (n=301) P value*
Age (years) 24 (20-30) 24 (20-30) 25 (20-31) 24 (20-30) 0.62
Injury Severity Score 10 (5-21) 12 (5-21) 12 (6-21) 10 (5-21) 0.83
Head AIS 0(0-2) 0(0-3) 0(0-2) 0(0-2) 0.79
Face AIS 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0.77
Chest AIS 0(0-3) 0(0-3) 0(0-3) 0(0-3) 0.66
Abdomen AlS 0(0-2) 0(0-2) 0(0-2) 0(0-2) 0.48
Extremity AIS 1(0-1) 1(0-1) 1(0-1) 1(0-1) 0.58
External AIS 0(0-3) 2 (0-2) 1(0-3) 0(0-3) 0.45
Blunt mechanism 409 (60%) 67 (88%) 192 (64%) 150 (50%) <0.001
Transferred 156 (23%) 18 (24%) 63 (20%) 75 (25%) 0.50
Prehospital transfusion 67 (10%) 8 (11%) 29 (10%) 30 (10%) 0.82
ED SBP (mm Hg) 122 (110-138) 118 (104-133) 119 (104-132) 130 (114-142) <0.001
ED HR (bpm) 100 (84-118) 104 (86-118) 104 (88-120) 95 (81-115) 0.002
ED GCS 15 (14-15) 15 (14-15) 15 (14-15) 15 (14-15) 0.54
Hemoglobin (g/dL) 13 (11.7-14.3) 11.7 (10.6-12.2) 12.4 (11.2-13.4) 14.1 (13.2-15.0) <0.001
Platelets (x10%L) 248 (206-297) 230 (191-267) 263 (216-317) 243 (199-287) <0.001
Base excess -2 (=510 0) —-3(-5t0-2) -3 (-6to-1) -2 (-41t00) <0.001

Continuous data presented as median (IQR).
*Results of Kruskal-Wallis test.

AIS, Abbreviated Injury Scale; ED, emergency department; GCS, Glasgow Coma Scale; HR, heart rate; SBP, systolic blood pressure.

laboratory along with other trauma blood specimens. There, the
citrate was immediately reversed with the addition of calcium
chloride according to the recommendations of the manufac-
turer within the rTEG package insert. After this, standard rTEG
was performed using tissue factor and kaolin as activators. The
rTEG, similar to standard TEG, generates several values that
describe the clotting cascade. The first value is the activated
clotting time (ACT), the time in seconds between initiation of
the test and the initial fibrin formation. Increases in ACT would
indicate a factor deficiency or severe hemodilution. Similar to
the ACT, the r-value (also known as the reaction time) expresses
the time between the start of the assay and the beginning of clot
formation. The kinetic (k) time is the time needed to reach 20
mm clot strength; this is generally increased in states of hypo-
fibrinogenemia. The o angle is the slope of the tracing that
represents the rate of clot formation. The o angle is decreased
with hypofibrinogenemia or platelet dysfunction. The MA is the
greatest amplitude of the tracing and reflects platelet contribu-
tion to clot strength. Low MA values correspond with states
of platelet dysfunction or hypofibrinogenemia. LY-30 is the
percent amplitude reduction at 30 minutes after MA is reached
and, when elevated, reflects a state of hyperfibrinolysis. A coag-
ulation index (CI) was calculated as follows: CI=—0.2454%r-
value+0.0184*MA—0.241*a angle—5.0220. Normal CI values
usually fall between —3.0 and +3.0. A hypercoagulable state is
consistent with CI >3.0 and a hypocoagulable state is consistent
with <—3.0.112

TEG derangement categories were predefined and compared
between groups based on previous studies. For o angle, hypo-
coagulable was defined as <60°, hypercoagulable if =76°, and
normal for all other values.** Hypercoagulable was assigned
if MA =635, hypocoagulable if MA <55, and normal for all
others." ?* Finally, high LY-30 was assigned if =39%, low LY-30 if
<0.8%, and normal for all others.?*?” Basic rTEG interpretation
was conducted according to manufacturer references (table 1,
figure 1).

Statistical analysis
Nearest-neighbor matching was used to match each pregnant
patient by age, Injury Severity Score (ISS), prehospital trans-
fusion, and arrival GCS with males and non-pregnant females,
each in a maximum 1:4 ratio to generate three unique groups.
Demographics and outcomes with continuous variables were
presented as medians and IQRs. y?, Wilcoxon rank-sum, and
Kruskal-Wallis tests were used to compare categorical and
continuous demographic data and outcomes. Univariate anal-
yses comparing outcomes between the three groups (pregnant
female, non-pregnant female, and male) or by development
of VTE were performed. The cohort of pregnant females was
further split by an EGA of 23 weeks to better elucidate risk of
complications at different stages of pregnancy and by coagula-
tion profile according to o angle, MA, and LY-30 categories. A
sensitivity analysis restricting the population to blunt trauma
only was conducted due to a significantly higher proportion of
pregnant patients suffering blunt trauma than males. Finally,
subgroup analyses were performed restricted to patients who
received prehospital blood. Due to small sample size, multivari-
able analyses in this population were not attempted.
Multivariable regression models with binomial distribution
were used to assess the relationship between mortality, sex, preg-
nancy status, and abnormal TEG parameters. Covariates were
selected a priori and included age, ISS, prehospital transfusion,
arrival SBP, and arrival GCS. The model was assessed for interac-
tions between covariates. All associations were reported as ORs
with 95% ClIs. Stata V.15 was used for all analyses (StataCorp,
College Station, Texas). The calipmatch plug-in for Stata V.15
was used for matching.

RESULTS

Seventy-six pregnant trauma patients were matched to 301
males and 301 non-pregnant females. No data were missing.
The median age was 24 years (IQR 20-30) and median ISS was
10 (IQR 5-21) (table 2). Most patients were injured by blunt
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Table 3 Rapid TEG results on arrival

All patients Pregnant Non-pregnant Male
TEG parameter (n=678) (n=76) (n=301) (n=301) P value*
ACT (s) 113 (105-121) 113 (105-121) 105 (105-113) 113 (105-121) <0.001
Split point time (min) 0.5 (0.4-0.6) 0.5 (0.4-0.6) 0.5 (0.4-0.6) 0.6 (0.5-0.6) 0.003
Reaction time (min) 0.7 (0.6-0.8) 0.7 (0.6-0.8) 0.6 (0.5-0.7) 0.7 (0.6-0.8) <0.001
Kinetic time (min) 1.2 (1.0-1.7) 1.1(0.9-1.2) 1.2 (0.9-1.4) 1.5(1.2-1.8) <0.001
o angle (°) 75 (71-717) 77 (74-79) 76 (73-78) 72 (68-75) <0.001
Maximum amplitude (mm) 65 (60-69) 69 (65-72) 67 (62-70) 63 (57-66) <0.001
G-value (d/sc) 9.1 (7.4-11.1) 11 (9.3-13) 9.9 (8.0-11.7) 8.1 (6.7-9.5) 0.001
LY-30 (%) 1.5(0.4-3.2) 0.8 (0-2.7) 1.7 (0.5-3.4) 1.5(0.4-3.2) 0.02
Coagulation index 3.7 (3.0-4.4) 4.4 (3.8-4.8) 4.1 (3.3-4.6) 3.4(2.7-3.9) <0.001
TEG category
Hypocoagulable (MA <55) 61 (9%) 5 (7%) 21 (7%) 35 (12%) 0.10
Hypocoagulable (o angle <60°) 24 (4%) 3 (4%) 6 (2%) 15 (5%) 0.14
High LY-30 (lysis =3.0%) 213 (31%) 17 (22%) 103 (34%) 93 (31%) 0.10
Normocoagulable (MA 56-64) 275 (41%) 11 (14%) 102 (34%) 162 (54%) <0.001
Normocoagulable (o angle 61°-75°) 379 (56%) 24 (32%) 137 (46%) 218 (72%) <0.001
Physiologic lysis 222 (33%) 19 (25%) 101 (34%) 102 (34%) 0.20
Hypercoagulable (o angle >76°) 275 (41%) 49 (64%) 158 (52%) 68 (23%) <0.001
Hypercoagulable (MA >65) 342 (50%) 60 (79%) 178 (59%) 104 (34%) <0.001
Low LY-30 (lysis <0.8%) 243 (36%) 40 (53%) 97 (32%) 106 (35%) 0.005

Continuous data presented as median (IQR).
*Results of Kruskal-Wallis test.

ACT, activated clotting time; LY-30, lysis 30 min after MA; MA, maximum amplitude; TEG, thrombelastography.

mechanism and were transported directly from the scene. Ten
percent of patients received a prehospital transfusion. Patients
most frequently arrived with normal SBP and GCS with medians
of 122 mm Hg and 15, respectively. Matched demographics,
which included age, ISS, transfer status, prehospital transfusion,
and arrival GCS, were similar between groups. Pregnant females
were most frequently injured by blunt mechanism, followed by
non-pregnant females, and finally, males. Pregnant females also
had the lowest arrival SBP compared with non-pregnant females
and males. Additionally, pregnant females had the lowest arrival
hemoglobin and platelets.

Pregnant females presented with a higher median MA, higher
o angle, higher CI, lower LY-30, and lower k-time than both
control groups (table 3). Pregnant females were most frequently
hypercoagulable by both MA and o angle criteria. Males were
most frequently normocoagulable than both pregnant and non-
pregnant females. Hypocoagulability by both MA and o angle
criteria was uncommon across groups. Additionally, pregnant

females had low LY-30 more frequently than non-pregnant
females and males (table 3).

Clinically apparent PE and DVT were both infrequent in the
overall cohort (table 4). No pregnant patient suffered either PE
or DVT whereas 2% of non-pregnant females suffered DVT and
1% suffered PE. Males suffered DVTs and PEs at rates of 1% and
0.3%, respectively. Transfusion requirements, lengths of stay and
mortality were similar between groups. Patients who suffered PE
or DVT had a higher ISS, chest Abbreviated Injury Scale (AIS),
abdomen AIS, and extremity AIS than those who did not suffer
PE or DVT (p<0.05).

The median EGA on hospital arrival was 22 weeks (IQR
14-31) among pregnant patients (table 5). One patient had a
twin gestation. Twenty-eight patients (37%) suffered a docu-
mented pregnancy-related complication, which was most
frequently peri-injury delivery; the majority of these deliv-
eries were preterm. Seven patients (9%) underwent emergent

Table 4 Outcomes of study participants

All patients Pregnant Non-pregnant Male P
Outcome (n=678) (n=76) (n=301) (n=301) value*
Transfusion =1 uin 24 h 114 (17%) 12 (16%) 52 (17%) 50 (17%) 0.95
Tranexamic acid 13 (2%) 0 6 (2%) 7 2%) 0.4
Deep vein thrombosis 6 (1%) 0 3 (1%) 3 (1%) 0.68
Pulmonary embolism 8 (1%) 0 7 (2%) 1(0.3%) 0.05
Length of stay (days) 5(2-11) 4 (2-8) 5(2-12) 4(2-12) 0.19
Intensive care unit days 0(0-2) 0(0-1) 0(0-2) 0(0-2) 0.21
Ventilator days 0(0-1) 0 (0-0) 0(0-1) 0(0-1) 0.43
Mortality 29 (4%) 4 (5%) 16 (5%) 9 (3%) 0.33

Continuous data presented as median (IQR).
*Results of Kruskal-Wallis test.
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Table 5 Pregnancy demographics and obstetric outcomes

Pregnancy <23 weeks' =23 weeks’
demographics and All patients  EGA EGA

obstetric outcomes (n=76) (n=40) (n=36) P value*
Estimated gestational age 22 (14-31) 15 (8-19) 31 (26-34) <0.001
at arrival (weeks)

Twin gestation 1(1%) 1(3%) 0 0.34
Peri-injury delivery 27 (36%) 11 (27%) 16 (44%) 0.12
Emergent cesarean section 7 (9%) 0 7 (19%) 0.003
Preterm delivery (<38 24 (32%) 10(25%)  18(39%) 0.19
weeks)

Fetal demise 12 (16%) 9(23%) 3 (8%) 0.09
Maternal death 4 (5%) 1 (3%) 3 (8%) 0.26

Continuous data presented as median (IQR).
*Results of Wilcoxon rank-sum test.
EGA, estimated gestational age.

cesarean section. Finally, 12 patients (16%) experienced fetal
demise. Forty patients (53%) had an EGA prior to 23 weeks.
Peri-injury delivery was more frequent after 23 weeks” EGA and
all emergent cesarean sections were performed after 23 weeks’
EGA. There were fewer cases of fetal demise after 23 weeks’
EGA. Pregnant females who suffered an obstetric complication
had a lower o angle than those who did not suffer a complication
(o angle 75.5° (IQR 70.5-78) vs. 77° (IQR 75-79), p=0.02).
All pregnant patients with a hypocoagulable o angle suffered
a pregnancy complication (table 6). Pregnant patients with a
hypocoagulable o angle or MA were more severely injured and
arrived with higher heart rate and lower base excess. They were
more frequently transfused and suffered higher rates of obstetric
complications and higher mortality (online supplemental tables
1-3).

After adjustment (age, ISS, GCS, and sex or pregnancy group),
high LY-30 was associated with increased odds of mortality with
an OR 5.95 (95% CI 1.12 to 31.68, p=0.04). Additionally,
hypercoagulability based on MA was associated with decreased
odds of mortality with an OR 0.20 (95% CI 0.05 to 0.72,
p=0.01). Finally, hypocoagulability based on o angle was associ-
ated with increased odds of mortality with an OR 6.26 (95% CI
1.57 to 25.00). Findings were similar on sensitivity analysis of
blunt trauma patients only.

Patients who received prehospital blood were severely injured
with a median ISS of 22 (IQR 17-29) and arrived with a median
base excess of =5 (IQR —10 to —3). Due to small sample size,

Table 6 Obstetric complications and TEG category

No pregnancy  Pregnancy
Pregnancy demographics and complication complication P
obstetric outcomes (n=48) (n=28) value
Hypocoagulable (MA <55) 1 (2%) 3(11%) 0.10
Hypocoagulable (o angle <60°) 0 3(11%) 0.02
High LY-30 (lysis >3.0%) 11 (23%) 6 (21%) 0.88
Normocoagulable (MA 56-64) 22 (46%) 15 (54%) 0.51
Normocoagulable (o angle 13 (27%) 11 (39%) 0.27
61°-75°)
Physiologic LY-30 13 (27%) 6(21%) 0.58
Hypercoagulable (o angle >76°) 35 (73%) 14 (50%) 0.04
Hypercoagulable (MA >65) 25 (36% 10 (52%) 0.16
Low LY-30 (lysis <0.8%) 24 (50%) 16 (57%) 0.54

LY-30, lysis 30 min after MA; MA, maximum amplitude; TEG, thrombelastography.

few differences were found between pregnant females, non-
pregnant females, and males in demographics and outcomes
(online supplemental tables 4-6).

DISCUSSION

This single-center, retrospective study revealed that injured
pregnant females had a more hypercoagulable profile than non-
pregnant females and males based on their admission rTEG
values—higher o angles and MA values. Pregnant females also
had lower LY-30 on admission rTEG. Despite these laboratory
derangements, pregnant patients suffered no clinically apparent
DVT or PE, contrary to the hypothesis. This finding raises the
question of whether sex-related hypercoagulable profiles are
harmful, as was found in prior studies linking hypercoagulable
profiles to thromboembolic events.””2! Given the lack of asso-
ciated VTE events, the range of normal TEG values may need
to be redefined in subgroups such as pregnant females. In fact,
in pregnant females, this hypercoagulable profile (generated
from injured males and non-pregnant females) may be protec-
tive during pregnancy. When this hypercoagulable profile was
absent at admission, there was a high rate of obstetric complica-
tions, including a notable rate of fetal demise before gestational
viability. Furthermore, a hypocoagulable o angle (low fibrinogen
or fibrinogen dysfunction) on arrival rTEG was associated with
increased pregnancy complications.

Hypercoagulable TEG profiles seen in pregnant females and
non-pregnant females in the present study are consistent with
sex-based differences observed in healthy volunteers.'?!! Francis
et al '° first demonstrated that healthy non-pregnant females had
shorter reaction (r) times, indicating the time to the start of clot
formation, and higher MA values, when compared with males.
Gorton et al revealed that these sex-based differences in r-time
and MA values were further augmented in healthy pregnant
females when compared with non-pregnant females.!!

The initial hypercoagulable TEG profile in pregnant and non-
pregnant females observed in the present study parallels previous
findings in the trauma population. Schreiber et al observed
females had lower r-times than males in the first 24 hours after
injury.'® Pommerening et al observed females had higher o angles
and MA values than males in the first 24 hours after injury.!”
However, they also noted males had a more significant rebound
in their coagulation profile after 24 hours, quickly becoming
more hypercoagulable than females. Subsequently, males in this
multicenter study had higher VTE rates than females. Coleman
et al also observed when treating sex as an experimental value
that females had a more hypercoagulable profile, less clot forma-
tion prolongation, higher MA and angle and lower LY-30 than
male counterparts. They also observed that no females died from
hemorrhage associated with hyperfibrinolysis, unlike their male
counterparts.'®

The present study supports the premise that estrogen
contributes to a hypercoagulable profile seen in pregnant and
non-pregnant females, who demonstrated elevated MA values.
The MA TEG value represents the strength of the clot and is
driven primarily by platelet function. The presence of estrogen
and androgen receptors and hormone-responsive enzymes
reveal a sex hormone effect on platelets.?*° Coleman et al
showed that female platelets have increased aggregation and
activation potential. Additionally, estradiol pretreatment femi-
nizes male platelets.’! These hormonal effects may play a role
in the performance of platelets in trauma-induced coagulop-
athy and may contribute to sex-specific outcomes in severe
trauma.
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Hypercoagulable profiles on arrival after trauma have
been associated with an increased risk of VIE events. Brill et
al*' performed a prospective study, which found that trauma
patients who present with a hypercoagulable TEG had twice
the rate of DVTs. Gary et al* retrospectively reviewed patients
with extremity trauma and hypercoagulable TEGs (MA =65);
this patient population had a threefold increase risk for VTE
events. Additionally, a recent meta-analysis from Harahsheh
and Ho revealed that, in multiple clinical settings, hypercoag-
ulability on TEG is associated with a 3.6 times higher odds of
VTE development.®? In their study, sex was not evaluated in a
subgroup analysis. Each of the aforementioned studies advo-
cated for additional VTE prophylaxis for patients who arrive
with a hypercoagulable TEG. Importantly, many prior works
evaluating the relationship between abnormal rTEG on arrival
and VTE development excluded pregnant females from their
studies, highlighting the knowledge gap in this important patient
population.!” 18 As expected, the present study revealed that
pregnant females presented with a more hypercoagulable TEG
compared with non-pregnant females and males; however, it
was not expected that pregnant patients suffered fewer VTE
events. Elevations in estrogen have been linked to a hypercoag-
ulable TEG profile and to increased rates of VTEs in uninjured
individuals. This has been observed primarily in those who take
hormonal contraception or hormone replacement therapy.’
In the setting of trauma, the balance between hemostasis and
thrombosis may be further altered in both pregnant and non-
pregnant females, resulting in lower overall mortality and, in the
case of pregnancy, a lower incidence of VTE. Given that this
may be a protective phenotype, this patient population may not
benefit from more aggressive VTE prophylaxis, as suggested by
the findings in prior studies.

Sharma et al and Della Rocca et al previously noted that
pregnant females, especially those in later terms of pregnancy,
had higher o angle and MA and lower fibrinolysis by TEG
values.'3* The current study found that low k-time, low o angle,
and elevated fibrinolysis at admission were associated with
increased mortality and pregnancy-related complications. These
findings are not surprising given the contribution of fibrinogen
concentration and fibrinogen function to these values, as well
as the significance of each in maintaining pregnancy to term
and without bleeding complications. Fibrinogen is essential to
placental development and integrity during pregnancy and poor
pregnancy-related outcomes are frequent in patients with hypo-
fibrinogenemia and fibrinogen dysfunction.®® As such, what is
hypercoagulable in the acutely injured males or non-pregnant
females may be protective (by design) for the pregnant female
patient and her fetus after injury.

There are limitations to our study. First, our study was a single-
center retrospective review with a low sample size. This was
primarily due to our unique patient population of interest—preg-
nant women involved in trauma. There were very few patients
who met the inclusion criteria of our study, resulting in a small
sample size. The present study may be underpowered to detect
the infrequent complication of interest: DVT and PE. In addi-
tion, the true incidence of DVT and PE in our patient population
is unknown, as no duplex surveillance imaging was performed.
Therefore, our study should be considered hypothesis generating
and should be confirmed with a larger sample size. Second, this
patient population has been historically excluded from prospec-
tive studies and therefore serial blood samples are not available
for assessment of time-related TEG changes after injury. Third,
accurate data on pharmacologic contraception or menstruation
status were not available and therefore were not accounted for.

Finally, the patients in the present study presented with relatively
low ISS and minimal transfusion requirements, which may make
the findings difficult to extrapolate to trauma patients presenting
in extremis.

CONCLUSION

Injured pregnant females frequently presented with a profile
that would be considered hypercoagulable under reference
ranges for non-pregnant trauma patients. However, given the
absence of VTE events, this profile may be non-pathologic in
pregnant females. In fact, such a profile appears to be protective
for carrying the fetus to term and maternal survival.
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