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Abstract
Background Venous thromboembolism is a common com-
plication after hip fractures. However, there are no reliable

laboratory assays to identify patients at risk for venous throm-
boembolic (VTE) events after major orthopaedic surgery.
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Question/purposes (1) Are rotational thromboelastometry
(ROTEM) findings associated with the presence or de-
velopment of symptomatic VTE after hip fracture surgery?
(2) Were any other patient factors associated with the
presence or development of symptomatic VTE after hip
fracture surgery? (3) Which ROTEM parameters were the
most accurate in terms of detecting the association of hy-
percoagulability with symptomatic VTE?
Methods This retrospective study was conducted over a
13-month period. In all, 354 patients with femoral neck and
peritrochanteric fractures who underwent hip hemi-
arthoplasty or cephallomedullary nailing were assessed for
eligibility. Of those, 99% (349 of 354) were considered
eligible for the study, 1% (3 of 354) of patients were ex-
cluded due to coagulation disorders, and another 1% (2 of
354) were excluded because they died before the post-
operative ROTEM analysis. An additional 4% (13 of 354)
of patients were lost before the minimum study follow-up
of 3 months, leaving 95% (336 of 354) for analysis. A
ROTEM analysis was performed in all patients at the time
of their hospital admission, within hours of the injury, and
on the second postoperative day. The patients were moni-
tored for the development of symptoms indicative of VTE,
and the gold standard tests for diagnosing VTE, such as CT
pulmonary angiography or vascular ultrasound, were se-
lectively performed only in symptomatic patients and not
routinely in all patients. Therefore, this study evaluates the
association of ROTEM with only clinically evident VTE
events and not with all VTE events. ROTEM results did not
affect the clinical surveillance of the study group and the
decision for further work up. To determine whether
ROTEM findings were associated with the presence or
development of symptomatic VTE, ROTEM parameters
were compared between patients with and without symp-
tomatic VTE. To establish whether any other patient fac-
tors were associated with the presence or development of
symptomatic VTE after hip fracture surgery, clinical pa-
rameters and conventional laboratory values were also
compared between patients with and without symptomatic
VTE. Finally, to determine which ROTEM parameters
were the most accurate in terms of detecting the association
of hypercoagulability with symptomatic VTE, the area
under the curve (AUC) for certain cut off values of
ROTEM parameters was calculated.
Results We found several abnormal ROTEM values to be
associated with the presence or development of symp-
tomatic VTE. The preoperative maximum clot firmness
was higher in patients with clinically evident VTE than in
patients without these complications (median [interquartile
range] 70 mm [68 to 71] versus 65 mm [61 to 68]; p <
0.001). The preoperative clot formation time was lower in
patients with clinically evident VTE than those without
clinically evident VTE (median 61 seconds [58 to 65]
versus 70 seconds [67 to 74]; p < 0.001), and also the

postoperative clot formation time was lower in patients
with clinically evident VTE than those without these
complications (median 52 seconds [49 to 59] versus 62
seconds [57 to 68]; p < 0.001). Increased BMI was also
associated with clinically evident VTE (odds ratio 1.26
[95% confidence interval 1.07 to 1.53]; p < 0.001). We
found no differences between patients with and without
clinically evident VTE in terms of age, sex, smoking status,
comorbidities, and preoperative use of anticoagulants.
Lastly, preoperative clot formation time demonstrated the
best performance for detecting the association of hyper-
coagulability with symptomatic VTE (AUC 0.89 [95% CI
0.81 to 0.97]), with 81% (95% CI 48% to 97%) sensitivity
and 86% (95% CI 81% to 89%) specificity for clot for-
mation time # 65 seconds.
Conclusion ROTEM’s performance in this preliminary
study was promising in terms of its association with symp-
tomatic VTE. This study extended our earlier work by dem-
onstrating that ROTEM has a high accuracy in detecting the
level of hypercoagulability that is associated with symptom-
atic VTE. However, until its performance is validated in a
study that applies a diagnostic gold standard (such as ve-
nography, duplex/Doppler, or chest CT) in all patients having
ROTEM to confirm its performance, ROTEM should not be
used as a regular part of clinical practice.
Level of Evidence Level IV, diagnostic study.

Introduction

In the surgical setting, major orthopaedic procedures such as
those to treat hip fractures confer a high risk of postoperative
venous thromboembolism (VTE) and affect nearly 600,000
patients in the United States, with an incidence of up to 7.5%
for pulmonary embolism [2, 3, 27]. Any attempt to develop
reliable predictive scores forVTE based on clinical parameters
has led to complex scoring systems with a low predictive
performance [1, 15]. Additionally, conventional coagulation
tests cannot identify the changes in the coagulationmechanism
that are associatedwithVTE; therefore, they cannot be used as
predictive indicators of these complications. The development
of reliable laboratory tests that can identify patients at a high
risk for VTE early could guide thromboprophylaxis and de-
crease the incidence of these devastating complications. There
are several post-traumatic mechanisms such as endothelial
damage that are involved in trauma-induced hypercoagula-
bility after hip fractures [18, 22, 28, 29]. Rotational throm-
boelastometry (ROTEM) can provide detailed information
about the coagulation mechanism and can identify specific
abnormalities in the overall coagulation cascade, which can be
the key in detecting the hypercoagulability that develops after
hip fractures and leads to VTE [16]. It has been shown in a
previous study that ROTEM analysis can reliably detect this
higher coagulation activity after hip fractures and surgical
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treatment, even when this is undetectable by conventional
coagulation assays [28].

Even though previous research has found that ROTEM
parameters are associated with trauma-induced coagulop-
athy due to hip fractures, their association with symptom-
atic thromboembolic events in patients with hip fractures is
still unknown [11, 28]. Although the trauma-induced
hypercoagulopathy that can be detected by ROTEM is
probably directly associated with the development of
thromboembolic complications in patients with hip frac-
tures, it has yet to be proven whether ROTEM results are
associated with thromboembolism, since the accuracy of a
method to detect a clinical manifestation can be lower than
its accuracy to detect the pathophysiologic culprit of this
clinical manifestation.

We therefore asked: (1) Are rotational thromboelas-
tometry (ROTEM) findings associated with the presence or
development of symptomatic VTE after hip fracture sur-
gery? (2)Were any other patient factors associated with the
presence or development of symptomatic VTE after hip
fracture surgery? (3) Which ROTEM parameters were the
most accurate in terms of detecting the association of hy-
percoagulability with symptomatic VTE?

Patients and Methods

Study Design and Participants

This retrospective study was conducted over a 13-month
period (July 2019 to August 2020). In all, 354 patients with
femoral neck and peritrochanteric fractures who underwent
hip hemiarthoplasty or cephallomedullary nailing at the
Department of Orthopaedic Surgery of the Attikon
University Hospital were assessed for eligibility. Of those,
99% (349 of 354) were considered eligible for the study, 1%
(3 of 354) were excluded due to coagulation disorders (one
patient with Factor V Leiden and two with hemophilia), and
another 1% (2 of 354) because they had died (heart
failure/myocardial infarction) before the second post-
operative day and thus before the postoperative ROTEM
analysis. An additional 4% (13 of 354) of patients were lost
before the minimum study follow-up of 3 months, leaving
95% (336 of 354) for analysis (Fig. 1). Themedian age of the
336 patients who underwent hip fracture surgery was 79
years; 49% (163 of 336) of patients were men and 51% (173
of 336) were women. Forty-three percent (145 of 336) of
patients sustained femoral neck fractures, and 57% (191 of
336) had peritrochanteric fractures. Thirty-nine percent (131
of 336) of patients were operated on within 24 hours of
admission, and 61% (205 of 336) more than 24 hours after
admission. Three percent (11 of 336) of patients presented
with postoperative symptomatic VTE during the 3-month
follow-up period; 2% (6 of 336) of patients had deep vein

thrombosis, and 1% (5 of 336) had pulmonary embolism. Of
patients operated on within 24 hours of admission, 3% (4 of
131) developed symptomatic VTE, and 3% (7 of 205) of
those operated on more than 24 hours after admission de-
veloped symptomaticVTE.One patient developed clinically
evident VTE during the first postoperative week, three pa-
tients during the second postoperative week, three during the
third week, two during the fourth week, one during the
seventh week, and one during the ninth week. Two percent
(8 of 336) of patients died (three patients because of heart
failure/myocardial infarction, four patients because of pul-
monary infections and sepsis, and one patient because of
malignant neoplasm) during the follow-up period. Seventy-
eight patients used anticoagulant medications before their
injury, including antiplatelets in 56 patients, vitamin K an-
tagonists in three patients, and novel oral anticoagulants in
19 patients. The use of chronic anticoagulant medications
did not differ between patients with VTE and those without
(see Table 1; Supplemental Digital Content 1, http://links.
lww.com/CORR/A574).

Patients who developed VTE symptoms underwent CT
pulmonary angiography for the diagnosis of pulmonary
embolism or vascular ultrasound for diagnosis of deep vein
thrombosis. A preoperative ROTEM analysis was per-
formed in all patients within hours of the injury during their
admission to the hospital in the emergency department. A
postoperative ROTEM analysis was also performed on the
second postoperative day. The time interval between the
two ROTEM analyses and the gold standard studies for
VTE varied from 3 days to 9 weeks, based on the time of
development of clinical VTE symptoms.

Test Methods

In this study, we evaluated only clinically evident pulmo-
nary embolism or deep vein thrombosis. The patients were
monitored clinically for the development of VTE symp-
toms, and the gold standard tests for diagnosis of VTE such
as CT pulmonary angiography or vascular ultrasound were
selectively performed only in symptomatic patients and not
routinely for all patients. We did so because we wanted to
evaluate the association of the coagulation status as
reflected by ROTEM results with only those VTE events
that are most commonly diagnosed in the clinical practice.
Therefore, the ROTEM results and their evaluated accu-
racy in this study reflect their association with only clini-
cally evident VTE events, and not with the overall number
of VTE events, which could be substantially higher. The
results of ROTEM analysis did not affect the clinical sur-
veillance of the study population or the conduct of any
diagnostic studies for VTE. Although the gold standard
studies for diagnosis of VTE were performed only in
symptomatic patients and not routinely in all patients, there
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was a very low threshold in ordering and performing such
studies for patients with VTE symptoms.

The ROTEM analysis included the extrinsic throm-
boelastometry (EXTEM) and intrinsic thromboelastometry
(INTEM) assays. The EXTEMassays refers to the extrinsic
pathway of the coagulation cascade that is initiated by
contact with the tissue factor after injury, while the INTEM
assay refers to the intrinsic pathway of the cascade acti-
vated by blood-borne proteins. Low–molecular weight
heparins (LMWHs) mainly affect the intrinsic pathway of
coagulation, therefore, they mainly affect the results of
INTEM assay. ROTEM analysis was performed pre-
operatively at the time of patient admission to the hospital
in the emergency department, within the first few hours
after the injury. The preoperative ROTEM analysis was
performed to evaluate the baseline coagulation status of
patients without thromboprophylaxis. Subsequently, a
second ROTEM analysis including an INTEM assay was
performed on the second postoperative day after the ad-
ministration of the third dose of LMWH. This post-
operative time was selected based on the pharmacokinetics
of LMWH indicating that steady state levels of LMWH are
achieved after the third dose [5]. Thus, although

conducting ROTEM at the time of VTE diagnosis would
allow a more direct investigation of the association be-
tween hypercoagulability and thromboembolism, the
obtained postoperative ROTEM values on the second
postoperative day still reflect the established coagulation
profile for these patients during the critical postoperative
period of the first few weeks, which is when VTE usually
occurs.

For the ROTEM analysis, 2 mL of whole blood were
collected for the ROTEM analysis. Citrated tubes were
immediately filled with drawn blood and analyzed in a
ROTEM analyzer within 90 minutes of blood collection.
It has been shown that ROTEM values remain unchanged
for blood samples collected in citrated tubes and stored at
room temperature for up to 6 hours [14, 25]. The analysis
was performed on a ROTEM analyzer (Tem Innovations
GmbH) as described [24]. The following EXTEM and
INTEM parameters were measured: clotting time (in
seconds), the time from the beginning of the measurement
until the formation of a clot 2 mm in amplitude of clot
firmness; clot formation time (in seconds), the time from
clotting time (amplitude of 2 mm) until a clot firmness of
20 mm was achieved; amplitude was recorded at 10

Fig. 1 Flowchart of the study population.
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minutes (A10, in mm); alpha angle (a°), the angle between
the central line (x axis) and the tangent of the thromboe-
lastometry tracing at the amplitude point of 2 mm, de-
scribing the kinetics of clot formation; maximum clot
firmness (in mm), the final strength of the clot; and the
lysis index at 60 minutes (LI60, %), which is the per-
centage of remaining clot stability in relation to the
maximum clot firmness after the 60-minute observation
period after clotting time, indicating the speed of fibri-
nolysis. Since the clotting time and clot formation time
describe similar aspects of the coagulation process, as
well as the maximum clot firmness and the amplitude clot
firmness at 10 minutes, these parameters could be used
selectively for monitoring patients depending on their
accuracy. We decided to include an INTEM analysis be-
cause there is some evidence, although limited, that the
effect of LMWH on the coagulation mechanism can be
detected using INTEM parameters [4, 26]. Therefore, this
method may be more suitable than an EXTEM analysis
as a monitoring tool to evaluate whether potential ad-
justments in LMWH doses will lead to adequate anti-
coagulation and more effective thromboprophylaxis.

Clinical Care

Patients underwent surgery the day after their admission
to the hospital or in the following days, after discontinu-
ation of chronic anticoagulation medications. Tranexamic
acid was not used in our study population, and transfusion
with red blood cell units was indicated for patients with
hemoglobin levels lower than 8 g/dL or for patients with
any signs of hemodynamic instability or anemia. All pa-
tients received thromboprophylaxis for 30 days post-
operatively, including LMWH (4500 IUs of tinzaparin
once daily). Patients who were receiving anticoagulation
medications before surgery continued their medications
after the 30-day period of LMWH. The LMWH dose was
adjusted for patients with renal insufficiency and glo-
merular filtration rate (GFR) < 20 mL/min (2500 IUs for
patients 30-50 kg, 3500 IUs for patients 50-150 kg, and 50
IUs/kg for patients < 30 kg or > 150 kg).

Primary and Secondary Study Outcomes

Our primary study goal was to assess whether rotational
thromboelastometry (ROTEM) findings are associated
with the presence or development of symptomatic VTE
after hip fracture surgery. For our evaluation, we recorded
and compared the preoperative and postoperative ROTEM
results between patients with and without VTE. Moreover,
we studied the independent association between ROTEM
results and development of symptomatic VTE controlled

for age, gender, smoking status, comorbidities, type of
fracture, chronic use of anticoagulants, and BMI.

Our secondary study goals were to identify any other
patient factors associated with the presence or development
of symptomatic VTE after hip fracture surgery and to find
which ROTEM parameters are the most accurate in terms of
detecting the association of hypercoagulability with symp-
tomatic VTE. To evaluate whether there were any other
patient factors associatedwith symptomatic VTE, the patient
clinical parameters, the fracture type, and the results of
preoperative conventional laboratory tests including in-
ternational normalized ratio, prothrombin time, activated
partial thromboplastin time, and platelet count were recor-
ded and compared between patients with and without VTE.

Ethical Approval

The study complied with all the relevant national regula-
tions and institutional policies and was in accordance with
the tenets of the Helsinki Declaration. It was approved by
the institutional review board of our hospital (ref. number:
501/19-07-2019), and although the study was considered
to have a minimal risk for patients since the blood samples
for the ROTEM analysis were collected as part of routinely
performed blood draws and no additional blood drawswere
performed, written consent was obtained from every
patient.

Statistical Analysis

The statistical analysis included descriptive statistics of the
study population, which are presented as medians and inter-
quartile ranges (IQR) or frequencies with percentages when
appropriate. Patients who died before the postoperative blood
draw for ROTEM analysis were excluded from the study.We
had no missing data for the patients analyzed. We did not
perform a power analysis as this is not always necessary or
feasible in observational studies. We determined the sample
size based on practical considerations (time, availability of
eligible patients, and cost), but we also aimed to reach a
similar or even higher sample size as compared with relevant
studies [11]. We compared the demographics, conventional
laboratory values, and ROTEM parameters between patients
with postoperative clinically evident VTE and those without.
The two groups were compared using the nonparametric
Wilcoxon rank sum test for continuous parameters and the
chi-square test for categorical variables. To further investigate
the relationship between ROTEM parameters and clinically
evident VTE (adjusted for gender, smoking status, Charlson
comorbidity index, fracture type, chronic use of anticoagu-
lants, and BMI), a logistic regression analysis was performed.
Receiver operating characteristic curves and their respective
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areas under the receiver operating characteristic curves
(AUCs) were also used as an overall measure of test perfor-
mance to evaluate and quantify the ability of these ROTEM
parameters to identify patients at risk of clinically evident
VTE. The receiver operating characteristic curves of the
corresponding ROTEM parameters were statistically com-
pared using the Hanley and McNeil [10] method to evaluate
whether any of these parameters were more accurate in de-
tection of the association between hypercoagulopathy and
symptomatic VTE. The optimal cutoff values were identified
with the Youden index. For the statistical analysis, STATA
version 15.0 (Stata Corp) software was used. For all tests, a p
value lower than 0.05 indicated statistical significance.

Results

Are ROTEM Findings Associated with the Presence or
Development of Symptomatic VTE After Hip
Fracture Surgery?

We found several abnormal thromboelastometry values to be
associated with the presence or development of symptomatic
VTE. These included preoperative and postoperative maxi-
mum clot firmness, clot formation time, and amplitude of clot
firmness at 10 minutes (A10), indicating that in patients with
clinically evident VTE, thrombus formation is a faster process
and thefinal thrombus has stronger properties. Specifically, the
preoperative INTEMclot formation timewas lower in patients
with clinically evident VTE than in those without clinically
evident VTE (median [IQR] 61 seconds [58 to 65] versus 70
seconds [67 to 74]; p < 0.001) (Table 1), and the postoperative
INTEM clot formation time was lower in patients with clini-
cally evident VTE than those without these complications

(median 52 seconds [49 to 59] versus 62 seconds [57 to 68];
p < 0.001) (Table 2). The preoperative INTEMmaximum clot
firmness was higher in patients with clinically evident VTE
than those without clinically evident VTE (median 70mm [68
to 71] versus 65 mm [61 to 68]; p < 0.001) (Table 1), and the
postoperative INTEM maximum clot firmness was higher in
patients with clinically evident VTE than those without these
complications (median 78mm [75 to 79] versus 71mm [65 to
74]; p < 0.001) (Table 2). The preoperative INTEM A10 was
higher in patients with clinically evident VTE than in those
without clinically evident VTE (median 62 mm [60 to 64]
versus 59 mm [56 to 63]; p = 0.03) (Table 1), and the post-
operative INTEM A10 was higher in patients with clinically
evident VTE than those without these complications (median
67 mm [64 to 71] versus 61 mm [57 to 66]; p < 0.001)
(Table 2).After controlling for potential confoundingvariables
such as gender, age, smoking status, and BMI, we found that
symptomatic VTE was associated with lower preoperative
EXTEMclot formation time (odds ratio 0.79 [95% confidence
interval 0.71 to 0.89]; p < 0.001), higher EXTEM maximum
clot firmness (OR 1.24 [95% CI 1.10 to 1.40]; p < 0.001),
higher EXTEM A10 (OR 1.18 [95% CI 1.03 to 1.35]; p =
0.01), lower INTEM clot formation time (OR 0.69 [95% CI
0.55 to 0.82]; p < 0.001), and higher INTEM maximum clot
firmness (OR 1.18 [95% CI 1.04 to 1.34]; p = 0.009), as well
as with lower INTEM clot formation time (OR 0.86 [95% CI
0.78 to 0.94]; p = 0.002), higher INTEM maximum clot
firmness (OR 1.29 [95% CI 1.11 to 1.50]; p = 0.001), and
higher INTEM A10 (OR 1.25 [95% CI 1.08 to 1.45]; p =
0.002) on the second postoperative day (Table 3). To evaluate
whether the fracture type affected the association between
ROTEM findings and the development of clinically evident
VTE, we examined the particular interaction term in the re-
gression models representing the differential effect by fracture

Table 1. Preoperative EXTEM and INTEM parameters among patients with VTE and those without

Variables VTE No VTE Difference of medians p value

EXTEM CT in s 60 (57-61) 61 (56-66) 1 0.28

EXTEM CFT in s 76 (69-79) 85 (82-89) 9 < 0.001

EXTEM A10 in mm 57 (54-59) 53 (50-56) 4 0.004

EXTEM MCF in mm 70 (69-72) 65 (61-68) 5 < 0.001

EXTEM alpha angle in ° 73 (70-76) 73 (71-77) 0 0.57

EXTEM LI60 in % 90 (89-95) 92 (90-96) 2 0.37

INTEM CT in s 177 (175-182) 182 (178-185) 5 0.12

INTEM CFT in s 61 (58-65) 70 (67-74) 9 < 0.001

INTEM A10 in mm 62 (60-64) 59 (56-63) 3 0.03

INTEM MCF in mm 70 (68-71) 65 (61-68) 5 < 0.001

INTEM alpha angle in ° 79 (74-80) 77 (73-81) 2 0.96

INTEM LI60 in % 92 (87-95) 89 (85-94) 3 0.32

Data are presented as medians and interquartile ranges; CT = clotting time; CFT = clot formation time; A10 = clot amplitude at 10
minutes; MCF = maximum clot firmness; LI60 = lysis index at 60 minutes.
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type. We found no significant results; however, we consider
that our analysis was underpowered for such analyses.

Were Any Other Patient Factors Associated with the
Presence or Development of Symptomatic VTE After
Hip Fracture Surgery?

We found that increased BMI of patients was associated
with the presence or development of symptomatic VTE.
More specifically, patients who developed symptomatic
VTEweremore likely to have a higher BMI compared with
those who did not develop symptomatic VTE (OR 1.26
[95%CI 1.07 to 1.53]; p < 0.001).We found no differences
between patients with and without clinically evident VTE
in terms of age, sex, smoking status, comorbidities, and
preoperative use of anticoagulants (see Table 1;
Supplemental Digital Content 1, http://links.lww.
com/CORR/A574). We also found no differences
between the conventional preoperative coagulation
parameters of patients who developed clinically evident
VTE and those who did not (see Table 2; Supplemental
Digital Content 2, http://links.lww.com/CORR/A575).

Which ROTEM Parameters Were the Most Accurate
in Terms of Detecting the Association of
Hypercoagulability with Symptomatic VTE?

Preoperative INTEM clot formation time, preoperative
EXTEM clot formation time, and postoperative INTEM
maximum clot firmness demonstrated the highest levels of
accuracy in terms of association with a symptomatic VTE
event. Specifically, preoperative INTEM clot formation
time demonstrated the best accuracy (AUC 0.89 [95% CI
0.81 to 0.97]), followed by preoperative EXTEM clot
formation time (AUC 0.88 [95% CI 0.81 to 0.96]) and
postoperative INTEM maximum clot firmness (AUC 0.85
[95% CI 0.80 to 0.90]) (Fig. 2). Based on these
parameters, a preoperative INTEM clot formation time
value # 65 seconds had 81% (95% CI 48% to 97%)

sensitivity and 86% (95% CI 81% to 89%) specificity to
detect symptomatic VTE, preoperative EXTEM clot for-
mation time# 81 seconds had 90% (95% CI 58% to 99%)
sensitivity and 76% (95% CI 70% to 80%) specificity to
detect symptomatic VTE, and postoperative INTEM
maximum clot firmness$ 75 mm had 100% (95% CI 71%
to 100%) sensitivity and 75% (95% CI 70% to 79%)
specificity to detect symptomatic VTE (Table 4).
Moreover, a comparison of the respective AUC values of
the best three ROTEM parameters showed that there was
no difference among them (p = 0.60); thus, preoperative
EXTEM and INTEM clot formation time and post-
operative INTEM maximum clot firmness did not differ in
terms of accuracy in detecting the association with symp-
tomatic VTE.

Discussion

Although postoperative thromboprophylaxis has been
proven to be an effective preventive measure, the incidence
of perioperative thromboembolism for hip fractures is still
high. The conventional coagulation parameters such as
prothrombin time, activated partial thromboplastin time, and
international normalized ratio assess only a specific aspect of
the coagulation cascade, essentially giving a snapshot
evaluation of this cascade; they cannot identify the changes
in the coagulation mechanism that are associated with VTE.
On the contrary, ROTEM is a bedside laboratory method
that can provide more detailed information about the co-
agulationmechanism because it can evaluate several specific
aspects of the hemostatic mechanism through a dynamic
analysis of all elements of clot formation and breakdown
[16]. Therefore, it has the potential to detect the hyperco-
agulability that develops after hip fractures and leads to
VTE. Indeed, we found that several abnormal thromboe-
lastometry values were associated with the presence or de-
velopment of symptomatic VTE, with preoperative clot
forming time and postoperative maximum clot firmness
having the highest accuracy in terms of their association
with a symptomatic VTE event.

Table 2. INTEM parameters on the second postoperative day in patients with VTE and those without

Variables VTE No VTE Difference of medians p value

INTEM CT in s 176 (174-180) 178 (175-184) 2 0.30

INTEM CFT in s 52 (49-59) 62 (57-68) 10 < 0.001

INTEM A10 in mm 67 (64-71) 61 (57-66) 6 < 0.001

INTEM MCF in mm 78 (75-79) 71 (65-74) 7 < 0.001

INTEM alpha angle in ° 79 (78-79) 77 (74-80) 2 0.14

INTEM LI60 in % 89 (88-91) 92 (88-94) 3 0.37

Data are presented as medians and interquartile ranges; CT = clotting time; CFT = clot formation time; A10 = clot amplitude at 10
minutes; MCF = maximum clot firmness; LI60 = lysis index at 60 minutes.
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Limitations

An important limitation of our study is that although in some
other studies the gold standard tests for VTE diagnosis such as
CT angiography or vascular ultrasound were performed rou-
tinely to detect all VTE events (subclinical and clinical events),
we performed the gold standard tests selectively to evaluate
only the clinically evidentVTE events [7, 12]. It must be noted
that selective use of the gold standard tests is expected to result
in an overestimation of the accuracy of ROTEM and in an
underestimation of the true number of all VTE events (clinical
and subclinical events). Our goal was to assess the accuracy of
ROTEM to detect the hypercoagulability that is associated
with only those VTE events that are detected by the most

common clinical practice, which is monitoring patients for
symptoms indicative of VTE and then conducting gold stan-
dard tests. Readers should interpret our results with caution,
keeping in mind that our results refer only to clinically evident
VTE events. Wemust note that ROTEM is a novel laboratory
method that is not supposed to replace any imaging method
like CT pulmonary angiography or vascular ultrasound for
VTE diagnosis; therefore, we did not perform a direct com-
parison with the accuracy of CT pulmonary angiography or
vascular ultrasound. This is a preliminary study and future
studies should re-evaluate ROTEM with consistent
doppler/Duplex and chest CT in all patients to give a better
sense of this test’s actual properties. Another important limi-
tation is that a report of the pool VTE incidence can be mis-
leading since VTE includes two entities with different clinical
implications; pulmonary embolism can be fatal and deep vein
thrombosis is usually clinically trivial. However, in our study,
the overall number of the VTE events (n = 11) was almost
evenly divided—six patients with deep vein thrombosis and
five patients with pulmonary embolism—therefore, the pool
VTE incidence is indicative for both entities.

Also, since the gold standard tests for VTE diagnosis were
not performed at the same time as the ROTEM analysis, a
preexisting VTE at the time of the preoperative and post-
operative ROTEM data points could not be ruled out.
Therefore, the ROTEM findings that were identified in this
study could be simply diagnostic of the clot that had already
formed and not associated with future clots, just as a positive
ultrasound correlates strongly with a clot but does not predict
one. Even though this may be true for some cases, the fact that
preoperative ROTEM results were obtained within only a few
hours of injury, and it was unlikely that a thrombus already
formed, and because they were associated with symptomatic
VTE events indicates that in most cases, our significant
ROTEM findings revealed a hypercoagulable profile that was
associated with subsequent clot formation and not with a
preexisting one. Last, we must note that the proportion of
symptomatic thromboembolic complications in our study was
slightly higher than reported [8, 13], which may be explained
by the relatively high BMI and comorbidity index in our study
population. However, we performed an adjusted analysis
through logistic regression to ensure these variables did not
confound our results.

Are ROTEM Findings Associated with the Presence or
Development of Symptomatic VTE After Hip
Fracture Surgery?

We found that several abnormal thromboelastometry values
were associated with the presence or development of symp-
tomatic VTE in patients treated for hip fractures. Specifically,
patients with symptomatic VTE had higher preoperative and
postoperative maximum clot firmness and amplitude of clot

Table 3. Results of themultivariable logistic regression analysis
for VTE as the dependent variable, with ROTEM parameters,
age, sex, BMI, Charlson comorbidity index, smoking status,
surgery (peritrochanteric vs femoral neck fracture), and chronic
anticoagulant use as independent variables

VTE

Variables OR 95% CI p value

Preoperative EXTEM CFT 0.79 0.71-0.89 < 0.001

Preoperative EXTEM MCF 1.24 1.10-1.40 < 0.001

Preoperative EXTEM A10 1.18 1.03-1.35 0.01

Preoperative INTEM CFT 0.69 0.55-0.82 < 0.001

Preoperative INTEM MCF 1.18 1.04-1.34 0.009

Postoperative INTEM CFT 0.86 0.78-0.94 0.002

Postoperative INTEM MCF 1.29 1.11-1.50 0.001

Postoperative INTEM A10 1.25 1.08-1.45 0.002

CFT = clot formation time; A10 = clot amplitude at 10 minutes;
MCF = maximum clot firmness.

Fig. 2 The areas under the receiver operating characteristic
curve of preoperative INTEM and EXTEM clot formation time
(CFT) and postoperative INTEM maximum clot firmness (MCF)
for the diagnosis of VTE complications.
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firmness at 10 minutes than did patients without such com-
plications. Additionally, patients with symptomatic VTE had
lower preoperative and postoperative clot formation time val-
ues. Our results align with most other studies that used
thromboelastography to evaluate the role of viscoelastic studies
for the detection of postoperative or posttraumatic VTE [6, 9,
11, 19, 20, 30]. Wilson et al. [30] evaluated 250 patients with
proximal femoral fractures and found that there were differ-
ences in thromboelastography parameters between patients
with deep vein thrombosis and those without, revealing a
higher coagulation index for patients inwhomVTEdeveloped.
Similarly, Gary et al. [9] assessed 1818 patients and found that
increased maximum amplitude of clot firmness values were
independent predictors of thromboembolic complications.
More specifically, patients with severe extremity trauma who
had maximum amplitude of clot firmness $ 65 mm and
maximum amplitude of clot firmness $ 72 mm at admission
were 3.6 and 6.7 times, respectively, more likely to develop in-
hospital VTE. On the contrary, Parameswaran et al. [19]
evaluated preoperative thromboelastographyparameters in 101
patients who underwent TKA or THA, and the authors were
unable to establish a correlation between thromboelastog-
raphy-based hypercoagulability and VTE. However, all these
studies used thromboelastography, whereas our study in-
vestigated the performance of rotational thromboelastometry
for the association with symptomatic VTE.

Were Any Other Patient Factors Associated with the
Presence or Development of Symptomatic VTE after
Hip Fracture Surgery?

We found that increased BMI was associated with
symptomatic VTE. This finding is supported by other
studies that also found that obesity was associated with an
increased rate of postoperative VTE [17, 23]. Sloan et al.

[23] reviewed and analyzed a large national database and
concluded that overweight or obese patients had a higher
rates of pulmonary embolism after primary THA or TKA.
In another retrospective, case-control study, Mantilla
et al. [17] tried to identify risk factors for clinically rele-
vant VTE. They found that obese patients (BMI >
30 kg/m2) were 3.4 times more likely to develop VTE
compared with controls. Possible causes for this increased
risk for postoperative VTE in obese patients include
limited postoperative mobility, ineffectiveness of me-
chanical prophylaxis, and high levels of procoagulant
inflammatory markers [23].

Which ROTEM Parameters Were the Most Accurate
in Terms of Detecting the Association of
Hypercoagulability with Symptomatic VTE?

We found that preoperative INTEM clot forming time,
preoperative EXTEM clot forming time, and post-
operative INTEM maximum clot firmness demonstrated
the highest levels of accuracy in terms of their association
with a symptomatic event. The accuracy of ROTEM for
the detection of postoperative or posttraumatic VTE has
been investigated in another study. Hincker et al. [11]
investigated the predictive performance of ROTEM pa-
rameters for postoperative VTE in 313 patients who un-
derwent major noncardiac surgeries. In that study, the
authors used a preoperative ROTEM analysis including
EXTEM, INTEM, and FIBTEM activators, and they
found that preoperative INTEM A10 had the largest AUC
value (0.75). The respective AUC values in our study
were higher than those of Hincker et al. [11], probably
reflecting the homogeneity in our study population be-
cause Hincker et al. [11] enrolled patients with different
types of surgery. Even though the apparent accuracy of

Table 4. Accuracy of ROTEM parameters and platelet count for the association with clinically evident VTE

Parametera Area under the curve (95% CI) Optimal cutoff Sensitivity (%) Specificity (%)

Preoperative EXTEM A10 0.75 (0.61-0.88) $ 57 73 80

Preoperative EXTEM MCF 0.84 (0.75-0.92) $ 69 81 79

Preoperative EXTEM CFT 0.88 (0.81-0.96) # 81 90 76

Preoperative INTEM A10 0.68 (0.56-0.79) $ 60 91 53

Preoperative INTEM MCF 0.79 (0.71-0.87) $ 67 90 62

Preoperative INTEM CFT 0.89 (0.81-0.97) # 65 81 86

Postoperative INTEM A10 0.81 (0.71-0.90) $ 64 91 65

Postoperative INTEM MCF 0.85 (0.80-0.90) $ 75 100 75

Postoperative INTEM CFT 0.80 (0.69-0.91) # 56 78 73

The area under the curve and optimal cutoff (Youden index) values with corresponding sensitivity and specificity are presented;
A10 = clot amplitude at 10 minutes; MCF = maximum clot firmness; CFT = clot formation time.
aPreoperative INTEM clot formation time, preoperative EXTEM clot formation time, and postoperative INTEM maximum clot
firmness demonstrated the highest levels of accuracy.
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ROTEM in this study is probably greater than its actual
accuracy because we elected to perform the gold standard
tests only in symptomatic patients, our findings indicate
that ROTEM has the potential to identify patients at high
risk for developing clinically evident VTE complications.
However, ROTEM should not be used in routine clinical
practice until a more robust study using duplex/Doppler
and/or chest CT in all patients who received ROTEM is
performed.

Conclusion

Thefindings of this study indicate thatROTEMhas the ability
to identify patients who are at high risk of VTE after hip
fractures. The ROTEM analysis had a high accuracy in
detecting the hypercoagulable state associated with VTE;
therefore, its use as a monitoring test for such complications
may be valuable, and there is the potential to develop
ROTEM-based preventive strategies such as increased anti-
coagulation doses or more aggressive mobilization protocols
for patients who are at a high risk for VTE, as shown by their
ROTEM results. Although the goal of our study was not to
assess or establish a change in thromboprophylaxis protocols,
we chose to include ROTEM parameters that can be affected
by blood levels in patients who have taken LMWH; thus,
future studies may evaluate a dose-adjustment protocol
guided by INTEM ROTEM results for preventing VTE.
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