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Background: Enoxaparin is used as chemoprophylaxis to reduce incidence of venous thromboembolism and its
complications following trauma. Serum anti-Xa monitoring is used to assess efficacy but requires several doses
to be administered. Thrombelastography assesses hypercoagulability and may have utility identifying high-risk
patients for venous thromboembolism. The objective was to evaluate whether thrombelastography parameters
could identify trauma patients requiring enoxaparin dose adjustment earlier than serum anti-Xa concentrations.
Methods: A single-center, retrospective medical record review evaluated patients admitted to a regional level I
trauma center that received an admission thrombelastography and a dose of enoxaparin with a serum trough
anti-Xa concentration drawn. Patients were divided into standard-dose or dose-adjusted enoxaparin. Venous
thromboembolism incidence between groups and risk factors for enoxaparin dose adjustment and venous
thromboembolism development were evaluated.
Results:A total of 204 patientswere included. Differences observed between groups included age (standard-dose
enoxaparin, 48.5 [29.3–72] vs dose-adjusted enoxaparin, 38.5 [25–55.7] years; P = .005), admission creatinine
clearance (standard-dose enoxaparin, 92.9 [67.4–113.4] vs dose-adjusted enoxaparin, 102.1 [83.8–129.2] mL/
min; P = .017), and time to venous thromboembolism prophylaxis initiation (standard-dose enoxaparin, 23.8
[11.2–36.4] vs dose-adjusted enoxaparin, 34.5 [18.3–52.7] hours; P = .004). No differences in
thrombelastography parameters or venous thromboembolism incidence were observed. No independent risk
factors for enoxaparin dose adjustment were identified; however, risk assessment profile score N 10 was an in-
dependent risk factor for venous thromboembolism development.
Conclusion:No relationship between admission thrombelastography and need for enoxaparin dose adjustment in
trauma patients was observed. As thrombelastography continues growing in clinical use, it is prudent to investi-
gate other potential applications. Currently, thrombelastography should not be used to guide enoxaparin dosing.
© 2020 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
BACKGROUND

Venous thromboembolism (VTE) is a significant source of morbidity
and mortality in traumatically injured patients [1]. The interplay of
Virchow's triad (ie, hemostasis or alteration of blood flow, endothelial
injury, hypercoagulability) is often the underlying mechanism that re-
sults in development of VTE [2]. Derangements in clotting factors can
occur, which produce a hypercoagulable response contributing to the
formation of a thrombus [3–5]. The incidence of VTE ranges from 5%
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to 31% in the intensive care unit, and 25%–38% of trauma patients are
hypercoagulable upon arrival to the emergency department [6–8].

Thrombelastography (TEG) is tool to measure the viscoelastic
clotting properties of blood. TEG parameters have been used as a rapid
predictor of 24-hour mortality, and its usefulness in guiding blood
transfusions has been well documented [9–11]. Components of the
clotting cascade are broken down into 5 parameters that can be
interpreted to determine the ability of the blood to form a clot: clot for-
mation (R time), speed of clot amplification (K time and α angle), clot
strength (maximum amplitude [MA]), and how quickly the clot de-
grades (percent lysis at 30 minutes [LY30]). These values can provide
an accurate representation of underlying coagulopathy or hypercoagu-
lability present within a patient. Individually, these components may
pinpoint specific deficiencies present in the coagulation cascade [12].
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Table 1
Baseline characteristics dose-adjusted versus standard-dose groups

Characteristic Dose adjusted (n =
140)

Standard dose (n =
64)

P
value

Age, y 38.5 (25–55.8) 48.5 (29.3–72.0) .005
RAP score 8 (6–12) 9 (7–11.3) .312
Male, n (%) 105 (68.6) 35 (68.6) .682
Weight, kg 87.6 (72.3–105.1) 81.9 (72.3–98.6) .535
Admission CrCl, mL/min 102.1 (83.8–129.2) 92.9 (67.4–113.4) .017
Blunt, n (%) 109 (77.9) 52 (81.3) .714
ISS 22 (14.5–29.0) 20 (14.5–26.8) .178
Time to VTE ppx initiation, h 34.49 (18.28–52.66) 23.79 (11.22–36.38) .004
pRBC, U/24 h 0 (0–2) 0 (0–1) .402
FFP, U/24 h 0 (0–1) 0 (0–1) .810

All data represented as median (interquartile range) unless otherwise specified.
CrCl, creatinine clearance; ppx, prophylaxis.
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VTE chemoprophylaxis should be considered in trauma patients as
soon as clinically appropriate and continued through the admission
[13]. Guidelines suggest utilization of low–molecular weight heparins
(LMWHs), such as enoxaparin, as the prophylactic agent of choice for
prevention of VTE [14,15]. Traditionally, the criterion standard for mon-
itoring LMWHefficacy is the serumanti-Xa (aXa) concentration [16,17].
However, recent studies have questioned if aXa monitoring is the most
optimal laboratory value to determine if the dose of enoxaparin is ade-
quate. These studies have failed to show a significant association be-
tween enoxaparin dose and aXa activity after initiation of prophylaxis
but have suggested a positive association between enoxaparin and
TEGR time [18,19]. Trials have investigated TEG-guided enoxaparin dos-
ing after initiation of prophylaxis but have been unable to correlate TEG
parameters with dose adjustment after therapy initiation [19]. The abil-
ity to use an admission TEG, prior to prophylaxis initiation, to identify
patients needing a dose adjustment sooner could potentially decrease
VTE incidence because it is believed that earlier initiation of an appro-
priately dosed LMWH along with diligent continuation of administra-
tion may help to prevent VTE [20]. Our hypothesis was that an
admission TEG could predict need for dose adjustment of enoxaparin
in patients presenting with trauma. Secondary aims looked at VTE inci-
dence, time to chemoprophylaxis initiation, and risk factors for
enoxaparin dose adjustment and for VTE development.

METHODS

DataCollection. This single-center, retrospectivemedical record review
of trauma patients was approved by the Institutional Review Board of
the University of Cincinnati. Datawere extracted from the trauma regis-
try and the electronic health record at the University of Cincinnati Med-
ical Center, a regional academic medical and level I trauma center. The
trauma registry contains patient demographic and baseline characteris-
tics (eg, age, weight, sex, ethnicity, race), VTE occurrence and type, co-
morbidities, initial VTE prophylaxis agent (ie, LMWH, subcutaneous
heparin), dose of VTE prophylaxis agent, time to VTE prophylaxis ad-
ministration from admission, TEG parameters, blood products received
(in units), injury severity score (ISS), abbreviated injury severity, risk
assessment profile score (RAP), injury type (ie, blunt, penetrating), ad-
mission creatinine, and patient outcome (ie, alive, deceased). This data-
base was queried for patients meeting prespecified inclusion criteria,
which are defined below. Patients in the databasewere evaluated for in-
clusion in the review.

Patients were eligible for inclusion in the review if they received an
admission rapid TEG in the emergency department and received a dose
of enoxaparin with serum trough aXa drawn before the fourth dose to
assess for presence of active drug providing prophylaxis. Patients were
excluded if they were b18 years of age, were pregnant, were prisoners,
had a creatinine clearance b 30 mL/min, or had evidence of 1 or more
missed or held doses of enoxaparin during admission. Patients were
then stratified into dose-adjusted (DAE) or standard-dose enoxaparin
(SDE) groups based on dose administered. All patients initially received
a dose of enoxaparin at 30mg twice daily (BID) subcutaneously (SQ) or
40 mg BID SQ based upon weight (patients with an actual body weight
b 125 kg or body mass index b 40 received 30 mg BIDSQ, patients with
an actual bodyweight ≥ 125 kg or bodymass index ≥ 40 received 40mg
BID SQ). An aXa level was then drawn within 1 hour prior to the fourth
dose, if the aXa level was detectable (≥0.1 IU/mL), they were main-
tained at their inital dose. If aXa was undetectable (b0.1 IU/mL), their
dose was increased to 40 mg BID SQ or 50 mg BIDSQ,based on their
weight, per University of Cincinnati Medical Center trauma service pro-
tocol (Supplemental Figure). SDE was defined as patients being main-
tained on the dose of 30 mg BID SQ or 40 mg BID SQ based on weight.
DAE was defined as requiring a dose adjustment after aXa level with
the adjusted dose being 40mg BID SQ or 50mgBID SQ based onweight.

VTE was defined as deep venous thromboembolism or pulmonary
embolism as documented in the medical record or evidenced by
increase to therapeutic dosing of enoxaparin. Those patients who
were determined to be high risk for VTE via a RAPscore ≥ 5 received a
bilateral screening lower extremity venous duplex ultrasound within
the first 4 days after admission and then weekly while hospitalized. Ve-
nous duplex ultrasounds were also performed if the patients exhibited
any pain in a limb, swelling in a limb, edema, unspecified respiratory ab-
normality, or unspecified chest pain. Patients who were identified to
have an above-the-kneeVTE were treated with therapeutic
anticoagulation, whereas patients identified to have a distal VTE
(below the knee) were continued on their chemoprophylactic
enoxaparin dose and the duplex repeated in 1 week to assess for prop-
agation to a proximal VTE.

Data Analysis. A post hoc analysis of the data was conducted once all
study participants were identified. All continuous variables were com-
pared using a Student t test or Mann-Whitney U, whereas categorical
variables were compared viaχ2 or Fisher exact test, as appropriate. Uni-
variate analyses were performed to assess for associations with the
need for enoxaparin dose adjustment and VTE development. Multivari-
ate logistic regression analyses were performedwith all covariates with
P value b .2 from the corresponding univariate analysis to identify inde-
pendent risk factors for need for dose adjustment or VTE development.
The authors reserved the right to force in variables into themultivariate
analysis that they believed might have affected the outcome. All statis-
tical analyses were performed using SigmaPlot 11 software (Systat,
San Jose, CA).

RESULTS

A total of 204 (64 SDE, 140 DAE) patients met inclusion criteria
within the trauma registry. Characteristics between groupswere similar
except for age (median [interquartile range]: SDE, 48.5 [29.3–72] vs
DAE, 38.5 [25.0–55.7] years; P = .005), admission creatinine clearance
(SDE, 92.9 [67.4–113.4] vs DAE, 102.1 [83.8–129.2] mL/min; P =
.017), and time to VTE prophylaxis (SDE, 23.8 [11.2–36.4] vs DAE, 34.5
[18.3–52.7] hours; P=.004) (Table1). No differenceswere observed be-
tween TEG parameters between patients in SDE and DAE groups
(Table2).

Twenty-seven patients developed a VTE. Baseline characteristics were
similar between groups except for RAP score (VTE, 12 [9–14] vs no VTE, 8
[6–10]; P b .001), time toVTE prophylaxis initiation (VTE, 42.1 [18.2–65.9]
vs no VTE, 27.8 [16.0–44.0] hours; P = .027), and packed red blood cells
(pRBC) (VTE, 1 [0–4] vs no VTE, 0 [0–1]; P = .002) and fresh frozen
plasma (FFP) (VTE, 1 [0–4] vs no VTE 0 [0–1]; P = .005) received in the
first 24 hours. No differences were observed in TEG parameters between
groups (Table3).

Factors considered for the need for enoxaparin dose adjustment in
addition to age and admission creatinine clearance included admission
K time (SDE, 82.5 [70–93.75] vs DAE, 85.0 [65.0–115] seconds), admis-
sion MA (SDE, 63.6 [58.9–66.6] vs DAE, 62.2 [56.3–65.5]), admission



Table 2
TEG values of dose-adjusted versus standard-dose groups

TEG value Dose adjusted (n = 140) Standard dose (n = 64) P value

R time, s 45 (35–55) 40 (35–50) .370
K time, s 85 (65–115) 82.5 (70–93.8) .138
Angle, ° 75 (71.4–77.9) 75.9 (74–77.4) .171
MA, mm 62.2 (56.3–65.5) 63.6 (58.9–66.6) .062
LY30, m 1.15 (0.13–2.98) 1.2 (0.13–3.1) .904
ACT, s 121 (105–136) 113 (105–128) .413

All data represented as median (interquartile range).
ACT, activating clotting time.

Table 4
Multivariate analysis for risk factors of VTE development

Characteristic Odds ratio (95% CI) P value

Age, y 1.02 (0.996–1.05) .101
RAP score 1.17 (1.02–1.35) .027
Weight, kg 1.01 (0.992–1.03) .242
ISS 1.01 (0.960–1.05) .839
Time to VTE, ppx, h 1.02 (0.997–1.03) .097
pRBC, U/24 h 1.05 (0.757–1.44) .789
FFP, U/24 h 1.01 (0.735–1.40) .932

Hosmer-Lemeshow P = .790.
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angle (SDE, 75.9° [74.0°–77.4°] vs DAE, 75.0° [71.4°–77.9°]), ISS (SDE, 20
[14.5–26.8] vs DAE, 22 [14.5–29.0]), and MA:R ratio (SDE, 1.59 [1.18–
1.87] vs DAE, 1.43 [1.06–1.80]). No independent risk factors were iden-
tified on multivariate logistic regression for the need for enoxaparin
dose adjustment.

Factors associatedwith VTEdevelopment included age (VTE, 53 [29–
65] vs no VTE, 41 [25.5–57.5] years), RAP score (VTE, 12 [9–14] vs no
VTE, 8 [6–10]), time to VTE prophylaxis (VTE, 42.1 [18.2–65.9] vs no
VTE, 27.8 [16.0–44.0] hours), weight (VTE, 88.7 [76.5–109.3] vs no
VTE, 84.2 [72.0–103.4] kg), pRBC (VTE, 1 [0–4] vs no VTE, 0 [0–1]
units) and FFP (VTE, 1 [0–4] vs no VTE, 0 [0–1] U). The RAP score
(odds ratio 1.20 [95% confidence interval 1.065–1.354]; P = .003) was
the only independent predictor for VTE development (Table4).

DISCUSSION

This single center, medical record–based review explored whether
TEG values obtained for trauma patients upon admission could predict
the need for an enoxaparin dose adjustment during hospital stay. No in-
dividual TEG parameters were significantly different between SDE and
DAE groups. Multivariate regressions failed to show any correlation
with a need for enoxaparin dose adjustment; however, a RAPscore
N 10 correlated with increased risk of VTE occurrence, which supports
findings from previous studies [21,22]. Although ISS did not meet the
criteria for P b .2, it was forced in because previous studies have
shown that patients with higher ISS have a higher risk of VTE [23]. How-
ever, our study failed to show an association between ISS and increased
VTE incidence onmultivariate analysis. Other studies have explored the
relation of R time and LMWH dose increases but have not been able to
show statistical differences in rates of VTE between study groups
[18,19,24]. To date, no study has been able to demonstrate improve-
ments in VTE rates using TEG values to adjust LMWH dosing.

Our study reviewed 204 patients admitted to a trauma service at a
large academic medical center who received an admission TEG and
enoxaparin at any point during their hospitalization with serum aXa
trough drawn. Patients overall were generally younger (b50 years of
age), suffered blunt trauma, and had ISS scores that were categorized
as moderate to severe injury. There were significant differences be-
tween the SDE and DAE groups at baseline, including age, admission
creatinine clearance, and time to VTE prophylaxis initiation. Generally,
younger patients required dose adjustments of enoxaparin, which can
be attributed to faster metabolism, higher volume of distribution for
water-soluble drugs, and fewer comorbidities [25,26]. Additionally, in
Table 3
TEG values of VTE versus no-VTE groups

TEG value VTE (n = 27) No VTE (n = 177) P value

R time, s 40 (30–55) 40 (35–55) .786
K time, s 80 (67.5–115) 85 (65–115) .911
Angle, ° 75.4 (72.6–77.5) 75.2 (72.1–77.8) .813
MA, mm 62.4 (57.7–66.9) 62.5 (56.6–65.9) .766
LY30, m 1.5 (0.3–4.3) 1.2 (0.1–3.0) .764
ACT, s 113 (97–136) 113 (105–136) .819

All data represented as median (interquartile range).
the DAE group, creatinine clearance was noted to be significantly
higher. Other studies have noted this and suggested that those with
higher creatinine clearance could exhibit faster drug elimination,
resulting in lower levels of aXa activity; therefore, they would require
dose adjustment to attain adequate levels [27].Median time to VTE pro-
phylaxis initiation differed by approximately 12 hours, which also rep-
resents the duration of activity of one 40-mg dose of enoxaparin [28].
This reinforces previous research indicating that timely initiation of
VTE prophylaxis is imperative to decrease the incidence of VTE, as
well as consistent administration of prophylaxis with minimization of
missed doses [[29],30].

Our univariate analysis is consistent with much of the literature
available to date in that no TEG parameters seem to individually predict
the need for an enoxaparin dose adjustment. The benefit of correlating
such a finding would have prevented patients from receiving subthera-
peutic dosing of LMWHmuch earlier than the traditional 3 or 4 doses of
enoxaparin that must be administered prior to drawing a serum aXa
trough level after 36–48 hours. Although previous data have revealed
that higher admission MA values (eg, MA N 65 mm, MA N 72 mm)
were predictive of increased risk of pulmonary embolism, our study
found no significant difference between MA value and VTE incidence
[31]. There have also been studies investigating the MA/R ratio, where
lower MA/R ratios have indicated a higher mortality, yet our data
showed no significance between lower MA/R ratios and higher mortal-
ity [32]. Additional research on the utility of MA as clinical marker for
LMWH dose adjustment is required to further investigate these
findings.

There are several limitations to our study that must be addressed.
The retrospective review limits the amount of control on extemporane-
ous factors thatmay impact a patient's need for dose adjustment. Lack of
standardization of timing of VTE prophylaxis initiation could signifi-
cantly impact the incidence of VTE between the 2 groups. It is possible
that not all patients with VTE were captured because only patients
with RAP N 5 were screened using lower extremity duplex sonography.
However, as the observed median RAP for patients with VTE and with-
out VTE was 12 (9–14) and 8 (6–10), respectively, greater than 75% of
patients in both groups received duplex scans per protocol, and we be-
lieve the small amount of patients that did not receive duplex scans
would not affect the outcome of the study. This should minimize, but
not eliminate, the observational bias of the VTE outcome. Additionally,
using a post hoc analysis allows the possibility of investigator bias of
the results. Furthermore, being a single-site study with convenience
size sampling limits the external validity of our study. Finally, smaller
sample size led to significant differences in baseline characteristics
that may have impacted outcomes of interest.

In conclusion, this study sought to explore if TEG parameters ob-
tained on admission could guide enoxaparin dosingduring the inpatient
stay, with the intention of being able to recognize the need for dose ad-
justment sooner than the current criterion standard test, aXa. Unfortu-
nately, we found no TEG parameter predicted need for enoxaparin
dose adjustment; however, this study highlighted that physiologic
criteria, including creatinine clearance, continue to be better predictors
of chemoprophylaxis pharmacodynamics and the RAP score continues
to correlate with VTE risk in the trauma patient population. As TEG
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continues to gain popularity in clinical use, it is prudent to explore other
potential applications to the data it provides. Given the limitations of
our study, future larger,multi-institutional studies could potentially fur-
ther elucidate the role TEG may play in dosing enoxaparin; however, at
this time, TEG should not be used to guide enoxaparin dosing.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.sopen.2020.03.003.
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