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Background: Venous thromboembolism is a significant clinical event, with an annual inci-
dence of 1–2 per 1000 population. Risk factors include recent surgery, prolonged immobility, 
oral contraceptive use, and active cancer. Inherited risks include protein C and S deficiencies, 
antithrombin deficiency, factor V Leiden mutation and prothrombin. These factors can be tested 
to guide therapy, but current evidence suggests that testing for inherited thrombophilia is not 
recommended in most inpatient settings. In the era of high value care, hypercoagulable testing for 
VTE creates a financial burden for the hospital and patients. We performed a retrospective chart 
review of hypercoagulable orders on VTE patients at our institution.
Methods: Institutional Review Board approval was obtained. A total of 287 adult patients 
admitted over a 3-month period with the diagnosis of VTE were included. Patients were 
identified via ICD-10 codes and data were collected from electronic medical records. Patient 
characteristics, provoked versus unprovoked VTE, and relative contraindications for hyper-
coagulability work-up were analyzed. Our primary outcome was to assess the appropriate-
ness of thrombophilia testing in VTE patients based on screening guidelines. Our secondary 
outcome was to analyze the cost burden of ordering these tests.
Results: A total of 287 patients were included in our data analysis. Patient risk factors for 
VTE were malignancy, previous DVT, immobilization, surgery 3 months prior, and central 
line placement. Fifty-seven of 287 patients had at least one hypercoagulable test ordered 
during hospitalization which did not adhere to guidelines. Misuse of testing occurred during 
active thrombosis, active anticoagulation, presence of risk factors, first episode of VTE, and 
malignancy. The cost of ordering these 5 thrombophilia tests totaled over $40,000.
Conclusion: In our study, numerous patients were tested without compliance to standard 
recommendations, which created financial and value-based burdens on our health care 
system. Increased awareness among clinicians is thus warranted to ensure high value care.
Keywords: venous thromboembolism, VTE, hypercoagulability, thrombophilia

Introduction
Venous thromboembolism (VTE) is an increasingly significant clinical event, with 
an annual incidence rate of approximately 1–2 per 1000 population.1 Along with 
the choice of treatment for VTE, clinicians must also plan the duration of treatment 
by identifying whether the incident was provoked or unprovoked by known risk 
factors for VTE, such as recent surgery, prolonged immobility, oral contraceptive 
use, and active cancer.2,3 Inherited risk factors include protein C deficiency, protein 
S deficiency, antithrombin deficiency, factor V Leiden (FVL) mutation, and pro-
thrombin gene mutation G20210.4 Testing for inherited risk factors can be used for 
guidance on therapy; however, improper timing of these tests can affect 
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thrombophilia results, leading to inappropriate anticoagu-
lation therapy. The evidence currently available suggests 
that testing for inherited thrombophilia is not recom-
mended in most clinical settings. In the era of high value 
care, it places a financial burden on both the hospital and 
its patients.4 Given this, we performed a retrospective 
review of hypercoagulable testing that was ordered on 
patients admitted for VTE at our institution, Jersey Shore 
University Medical Center (JSUMC).

Methods
After receiving Institutional Review Board (IRB) 
approval, a retrospective chart review was conducted for 
287 adult patients (aged 18 years and older) admitted to 
JSUMC between May 2018 and August 2018. All clinical 
and laboratory data were compiled from the EMR. Our 
inclusion criteria included any adult patient presenting to 
the emergency department with a diagnosis of VTE. 
Patients were identified using ICD-10 codes for VTE.

Baseline clinical characteristics were gathered for each 
patient (Table 1), including gender, BMI, medical history, 
and family history of various thrombophilias. Furthermore, 
information was collected on the presence or absence of 
VTE risk factors, site of VTE, and thrombophilia test 
results. The patterns for ordering thrombophilia testing 
were reviewed for the following inherited conditions:

1. APC resistance/factor V Leiden mutation
2. Prothrombin gene mutation
3. Protein S deficiency
4. Protein C deficiency
5. Antithrombin deficiency

In the absence of definitive guidelines for thrombophi-
lia testing, we reviewed the literature and, in conjunction 
with the JSUMC hematology-oncology department, cre-
ated our own guidelines for this study.5–9 From this, we 
formulated contraindications for work-up (Table 2). Our 
guidelines for relative indications for hypercoagulability 
work-up are listed in Table 3. Our primary outcome was to 
assess the appropriateness of thrombophilia testing in 
patients with VTE in the inpatient setting based on pub-
lished thrombophilia screening guidelines. Our secondary 
outcome was to analyze the cost burden of ordering these 
tests. In order to properly assess the financial impact of 
eliminating unwarranted thrombophilia testing, current 
market prices for thrombophilia tests were obtained from 
the inpatient laboratory department of the hospital. Simple 

statistical analysis was performed for this study. We con-
sidered ordering the work-up untimely if it was ordered for 
a patient with a provoked VTE, if ordered while the 
patient was on anticoagulation medication, or if ordered 
during an acute VTE, as detailed in Figure 1.

Results
Included in this review were 287 patients with a diagnosis 
of VTE. The following risk factors for VTE were analyzed 
in the selected patients: malignancy (20.6%), previous 
DVT (19.9%), immobilization (19.2%), surgery in the 
past 3 months (10.8%), and central line placement (1%) 
(Table 1).

For 57 of the 287 patients, one or more type of hyper-
coagulable testing was performed (19.86%). All 57 patients 
for whom the thrombophilia work-up was performed were 
found to have been unnecessarily tested as per our compiled 
guidelines (Table 2). Reasons for non-adherence were found 
to be: active thrombosis (57/57), active anticoagulation (47/ 
57), presence of risk factors/provoked VTE (22/57), first 
episode of VTE (17/57), and malignancy (2/57) (Figure 2). 
We also evaluated the number of relative indications in 
these tested patients (Figure 3). These findings indirectly 
suggest the reasons for non-adherence to guidelines by the 
ordering physicians. Upon analyzing the financial burden 
related to improper testing, we calculated the total cost of 
ordering these five tests based on current market prices 
(Table 4). Based on current market prices, we found that 
the overall cost of ordering these five common tests – APC 
resistance/factor V Leiden mutation, prothrombin gene 
mutation, protein S deficiency, protein C deficiency, and 
antithrombin deficiency – totaled more than $40,000.

Discussion
Thrombophilia is a condition that predisposes an indivi-
dual to experience clot formation in the circulatory system. 
The etiology of thrombosis may be multifactorial, and the 
presence of a nidus causing thrombophilia is only one of 
many elements that may determine the risk of recurrence. 
Thrombophilia can be acquired or inherited. Inherited 
thrombophilia refers to conditions in which a genetic 
mutation affects the amount or function of a protein in 
the coagulation system. These factors include deficiencies 
of natural anticoagulants, such as protein S, protein C, 
antithrombin, and the two-point mutations – factor 
V Leiden and the prothrombin gene.9 Activated protein 
C resistance (APCR) due to FVL mutation is the most 
common hereditary thrombophilia among the Caucasian 
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population.10 Acquired thrombophilia includes antipho-
spholipid syndrome (APS), among other autoimmune dis-
orders such as Behcet's disease.11 The primary instance in 
which testing for thrombophilia leads to a change in treat-
ment is the presence of APS, for which warfarin is recom-
mended rather than a direct oral anticoagulant (DOAC).12 

The presence of APS is furthermore distinguished from the 
significant determination of provoked versus unprovoked 
VTEs.

Provoked VTEs have a much lower recurrence rate, 
estimated to be less than 1% annually, than unprovoked 
VTEs, which have a recurrence rate ranging from 
5–27%.13 Sometimes, clinicians will obtain thrombophi-
lia work-ups by citing their possible use as a risk strati-
fication model for determining duration of 
anticoagulation. However, the literature suggests that 
other models may be more beneficial in this situation. 
For instance, in a multicenter prospective cohort study, 
Rodger et al analyzed patients with unprovoked VTE and 
their recurrence rates. The study found that men have 
a higher recurrence rate than women, estimated to be 
13.7% annually. Yet, for women, the recurrence rate 
varied depending on the following characteristics: hyper-
pigmentation, edema/redness of the lower extremities, 

Table 1 Patient Demographics

Total 
Patients

287

Age 63.7 years

Gender

Male 136 (47.4%)

Female 151 (52.6%)

Race

White 234 (81.5%)

Black 80 (27.9%)

Asian 9 (3.1%)

Other 40 (14.0%)

BMI 29.71

Medical History

Immobilization 55

Hospitalization in last 3 months 80

Malignancy 59

Previous DVT 57

Prolonged travel 26

Chronic kidney disease 27

Atrial fibrillation 34

Inflammatory bowel disease 3

Liver disease 1

Heparin induced thrombocytopenia 3

Antiphospholipid syndrome 1

Cerebrovascular accident 14

Surgery in past 3 months 31

History of central line placement 6

Present pregnancy 1

Nephrotic syndrome 1

Congestive heart failure 19

PCOS 0

PNH 0

Warfarin induced skin necrosis 0

History of recurrent abortions 0

Substance abuse 14

Diabetes mellitus 40

Hypertension 136

Coronary artery disease 38

Chronic obstructive pulmonary 

disease

21

Active malignancy 30

Family History

Factor V mutation 4

Prothrombin gene mutation 1

Protein S deficiency 0

Protein C deficiency 0

Antithrombin III deficiency 0

Table 2 Criteria for “No Adherence” to Guidelines for 
Inherited Thrombophilia

Provoked VTE (Presence of Major Transient Risk Factor Like 
Surgery, Trauma or Prolonged Immobility)

1st episode of VTE, regardless of provoked v/s unprovoked

Active malignancy

Acute/active VTE

Active VTE treatment/Anticoagulation

Table 3 Relative Indications for Hypercoagulability Work-Up

Recurrent VTE/Prior History of VTE

Family history of hypercoagulable state

VTE at unusual sites

VTE at age <45 years
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Figure 1 Suggested algorithm for determining the need for a hypercoagulability work-up.

0

10

20

30

40

50

60

Provoked First Episode Malignancy Active Clot On Anticoagulation

Figure 2 Analysis of why the hypercoagulability work-up was ordered unnecessarily.
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D-dimer >250, BMI >30, and age >65 years. Women with 
0–1 of these characteristics had a 1.6% recurrence rate, 
whereas women with 2 or more traits had a recurrence 
rate of 14.1%, like men.13 The authors concluded that 
women with unprovoked VTE and 0–1 risk characteris-
tics as listed above could discontinue anticoagulation 
after treatment of their acute VTE.

There are differing opinions regarding anticoagulation 
and thrombophilia, since the literature is unclear if they 
confer a higher risk of recurrence.11 Some, such as Stevens 
et al, recommended not performing thrombophilia testing 
following an episode of provoked VTE, as a positive test 
is not enough to determine the duration of anticoagulation 
and may subject patients to otherwise avoidable bleeding 
risks.8 They also reported that thrombophilia testing 
should not be performed in patients after a single episode 
of unprovoked VTE because a negative result is not 
enough to stop anticoagulation in a patient with low bleed-
ing risk and willingness to continue therapy. Females with 
a personal history of unprovoked VTE or estrogen/ 

pregnancy-related VTE also carry an indication for pro-
phylaxis and are unlikely to benefit from testing.

Others, such as Connors et al, recommended thrombo-
philia testing at the completion of anticoagulation therapy 
for provoked VTE.9 Conversely, for unprovoked VTE, 
they recommended testing after the event if cessation of 
therapy is being considered, and if the test would change 
management strategy. Current medications and the pre-
sence of an active VTE should be accounted for. Several 
reports in the literature recommend waiting 6 weeks post- 
acute VTE as this entity may decrease protein C, protein S, 
and factor VIII, thus interfering with test results.14 

Regarding timing of the testing, Connors et al recommend 
waiting until 2 weeks after vitamin K antagonists (VKA) 
are stopped, 2 days after a DOAC is stopped, and 1 day 
after unfractionated heparin or low-molecular-weight 
heparin is stopped.9,10 Heparin products such as UFH 
and LMWH interfere with antithrombin levels. Pruthi 
et al noted that a DOAC may result in a false positive 
APCR. VKAs decrease protein S and protein C levels and 
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Figure 3 Analysis of relative indications present in patients who received thrombophilia work-up.

Table 4 Cost Analysis

Type of Test No. of Times Ordered Current Price of Test Total Cost

APC resistance/Factor V Leiden mutation 43 $241 $10,363

Prothrombin gene mutation 13 $237 $3081

Protein S deficiency 37 $180 $6660

Protein C deficiency 36 $231 $8316

Antithrombin deficiency 36 $226 $8136

$36,556
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thus may also yield false positive or indeterminate assay 
results.15 Various studies in the past have found that diag-
nosing a heritable thrombophilia does not typically predict 
recurrence and that a significant risk of bleeding does not 
justify extending the duration of anticoagulation.16–18

Official guidelines, such as those of the “Choosing 
Wisely” campaign of the American Society of 
Hematology (ASH), recommend that patients diagnosed 
with VTE do not undergo thrombophilia testing in the 
context of major transient VTE risk factors such as sur-
gery, trauma, or prolonged immobility.5 The rationale for 
this recommendation is that testing will not influence the 
duration or intensity of treatment. ASH thus recommends 
guidance from an expert in the field regarding testing for 
thrombophilia.

In 2010, the British Society for Haematology and the 
British Committee for Standards in Haematology pub-
lished recommendations for testing heritable 
thrombophilia.6 They recommended testing of selected 
patients, such as those presenting with VTE at an early 
age (under 40 years of age) or those with a significant 
family history of thrombosis, defined as more than two 
family members. Other groups they reported as possibly 
benefiting from testing include children with purpura ful-
minans and pregnant women at risk for VTE. Relevant 
grade I recommendations from the study include the 
following:6

1. Initiation and intensity of anticoagulation therapy 
following a diagnosis of acute VTE should be the 
same in patients with or without heritable 
thrombophilia

2. Indiscriminate testing for heritable thrombophilia in 
unselected patients presenting with a first episode of 
VTE is not indicated

3. Decisions regarding the duration of anticoagulation, 
ie short-term versus lifelong, should be decided 
based on whether the VTE was provoked, along 
with other risk factors including a known history 
of heritable thrombophilia

4. Case findings of asymptomatic relatives with high 
risk thrombophilia deficiencies, such as protein C, 
protein S, and antithrombin deficiencies, should be 
considered in selected patients with a significant 
family history of thrombosis

5. If a first-degree relative with VTE has not been 
tested, then suggest that female patients consider 

an alternative means of contraception to oral contra-
ceptive pills

6. Testing for heritable thrombophilia is not indicated 
with arterial thrombosis

As per the National Institute for Health and Clinical 
Excellence (NICE) guidelines, thrombophilia testing may 
be considered for individuals when considering discontinua-
tion of anticoagulation following an unprovoked VTE.7 For 
unprovoked events, the decision whether to continue or 
discontinue anticoagulation should be made 3 months post- 
VTE episode. Some literature does suggest that hereditary 
thrombophilias have a higher risk of recurrence, estimated to 
be elevated by a factor ranging from 4 to 30,19 however, the 
need for a hypercoagulability work-up should ultimately be 
determined by a hematologist-oncologist.

The available evidence suggests that testing for inher-
ited thrombophilia is not recommended in most clinical 
settings. The testing of hypercoagulability requires 
a planned and thoughtful approach and may require 
consulting an expert in the field of hematology- 
oncology. Clinicians should avoid ordering thrombophi-
lia testing in hospitalized patients for the following rea-
sons: (1) many tests are inaccurate in the setting of acute 
VTE and ongoing anticoagulation; (2) results will not 
influence management; (3) it is a cost burden to both 
patients and hospitals; and (4) a positive test result may 
lead to patient anxiety and an improperly prolonged 
course of anticoagulation. Based on the results of our 
study and literature review, we created an algorithm by 
which physicians can more effectively decide when to 
perform thrombophilia testing (Figure 1). We aim to 
conduct a 5-year follow-up retrospective chart review 
at our institution after educating our clinicians on how 
to use the devised thrombophilia algorithm. We plan to 
analyze a similar cohort of patients using similar ICD-10 
codes and thereafter analyze adherence to testing guide-
lines based on our institutional algorithm along with its 
financial impact. This additional retrospective study will 
assess improvement in ordering practices at our institu-
tion for the betterment of high value patient care.

This study was limited by its nature as a retrospective, 
single center study with a relatively small sample size. The 
information was obtained via chart review of patients 
identified with ICD-10 codes, but it is possible there may 
have been patients with VTE who were not identified and 
therefore not included. It is also possible that patients who 
did not follow-up at our center were later diagnosed with 

https://doi.org/10.2147/JBM.S271478                                                                                                                                                                                                                                   

DovePress                                                                                                                                                            

Journal of Blood Medicine 2021:12 374

Alidoost et al                                                                                                                                                         Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


malignancy and thus the provoked VTE rate may have 
been higher than reported in our study. Additionally, no 
hospital-based protocol was followed.

Conclusion
Our study demonstrates that there is a low degree of 
adherence to currently available thrombophilia testing 
recommendations in our institutional inpatient setting, 
which is an ineffective use of resources and can cause an 
unnecessary financial burden. An increased awareness 
among clinicians is thus warranted when ordering hyper-
coagulable work-up to adopt high value care and cost- 
effective testing. Additionally, there are other proposed 
algorithms for determining length of anticoagulation, 
which warrant clinicians’ attention. We furthermore pro-
pose an algorithm by which we aim to guide and assess the 
appropriateness of thrombophilia testing at our institution.
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