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Abstract

Introduction—Routine testing for thrombophilia following venous thromboembolism (VTE) is 

controversial. The use of large datasets to study the clinical impact of thrombophilia testing on 

patterns of care and patient outcomes may enable more efficient analysis of this practice in a wide 

range of settings. We set out to examine how accurately algorithms using International 
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Classification of Diseases 9th Revision (ICD-9) codes and/or pharmacy data reflect laboratory-

confirmed thrombophilia diagnoses.

Materials and Methods—A random sample of adult Kaiser Permanente Colorado patients 

diagnosed with unprovoked VTE between 1/2004 and 12/2010 underwent medical record 

abstraction of thrombophilia test results. Algorithms using “ICD-9” (positive if a thrombophilia 

ICD-9 code was present), “Extended anticoagulation (AC)” (positive if AC therapy duration was 

>6 months), and “ ICD-9 & Extended AC” (positive for both) criteria to identify possible 

thrombophilia cases were tested. Using positive thrombophilia laboratory results as the gold 

standard, the sensitivity, specificity, positive predictive value (PPV), and negative predictive value 

of each algorithm were calculated, along with 95% confidence intervals (CIs).

Results—In our cohort of 636 patients, sensitivities were low (<50%) for each algorithm. 

“ICD-9” yielded the highest PPV (41.5%, 95% CI 26.3–57.9%) and a high specificity (95.9%, 

95% CI 94.0–97.4%). “Extended AC” had the highest sensitivity but lowest specificity, and 

“ICD-9 & Extended AC” had the highest specificity, but the lowest sensitivity.

Conclusions—ICD-9 codes for thrombophilia are highly specific for laboratory-confirmed 

cases, but all algorithms had low sensitivities. Further development of methods to identify 

thrombophilia patients in large datasets is warranted.

Keywords

Thrombophilia; venous thromboembolism; dataset; algorithms; sensitivity; specificity

Introduction

Routine testing for thrombophilia following venous thromboembolism (VTE) is 

controversial [1, 2]. Randomized clinical trials or observational studies to-date have not 

demonstrated a reduced risk of recurrent VTE associated with thrombophilia testing [3, 4]. 

Current guidelines recommend thrombophilia testing only if the results are likely to 

influence treatment decisions and usually only in the setting of unprovoked VTE [5, 6].

Analysis of thrombophilia testing in large VTE datasets may enable evaluation of quality of 

care and clarification of issues surrounding thrombophilia testing (e.g., clinical utility, 

impact on outcomes). The only large, prospective, observational VTE cohort studies 

evaluating thrombophilia testing come from the RIETE initiative [7–13], which utilized 

detailed inpatient and outpatient medical record abstraction not easily replicated in other 

settings. Utilization of administrative datasets to assess the impact of thrombophilia offers 

the ability to study real-world patterns of care and patient outcomes in large numbers. 

Positive predictive values (PPVs) of approximately 95% have been achieved using 

International Classification of Diseases 9th Revision (ICD-9) codes to identify patients with 

VTE in a large dataset [14]. However, ICD-9 codes have not been evaluated similarly to 

identify patients with thrombophilia. The goal of this study was to evaluate whether patients 

with unprovoked VTE and laboratory-confirmed thrombophilia can be efficiently identified 

in a large dataset with high sensitivity and specificity (>90%) using algorithms based on 

ICD-9 codes and/or electronic pharmacy records.
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Materials and Methods

Patients and Study Period

Kaiser Permanente Colorado (KPCO) patients were identified as part of the Cardiovascular 

Research Network Venous Thromboembolism (CVRN VTE) Study. The CVRN VTE Study 

identified all patients ≥ 21 years of age with an ICD-9 primary or secondary diagnosis code 

of VTE in the time period between January 1, 2004 and December 31, 2010 who had at least 

180 consecutive days of health plan membership prior to the event (index VTE). Index VTE 

events were categorized as pulmonary embolism (PE), upper or lower extremity deep vein 

thrombosis (DVT), or other venous thrombosis (codes available upon request). Both 

inpatient and outpatient events were included. For this study, patients with atrial fibrillation, 

prior VTE or warfarin prescription <3 years prior to index VTE event, and recurrent VTE 

during the study period were excluded to ensure selection of patients who received 

anticoagulation (AC) for their initial VTE event. Patients with <1 month of continuous 

health plan enrollment and prescription drug benefit after index VTE were also excluded, as 

complete data regarding patients’ AC treatment for their VTE event was desired. Finally, 

patients with provoked VTE (active cancer, surgery <1 month prior to index VTE event, or 

pregnancy <1 year prior to index VTE event) were excluded as these patients were less 

likely to undergo thrombophilia testing. We included patients who had non-surgical trauma 

in the month prior to their VTE diagnosis based on the previous finding that this risk factor 

independently predicted having had a positive thrombophilia test result (Meyer—submitted). 

Patients were followed for up to 1 year after their index VTE. This study was reviewed and 

all aspects approved by the KPCO Institutional Review Board.

Data Collection

A random sample of KPCO CVRN VTE patients underwent medical record review using a 

structured data collection form to determine whether the events were valid, acute VTE 

events. Thrombophilia laboratory test results were extracted from KPCO’s electronic 

laboratory database and confirmed with manual chart review as necessary. Tests included 

factor V Leiden, prothrombin gene mutation, antithrombin activity, protein C activity, 

protein S activity, and antiphospholipid antibody syndrome (APS) tests (lupus anticoagulant 

[hexagonal phase and Russell’s viper venom time], Cardiolipin immunoglobulin [Ig]G, and 

β-2 glycoprotein IgG). Testing for APS was considered positive if there were two positive 

APS results separated by at least 6 weeks. Patients were considered “positive” for 

laboratory-confirmed thrombophilia if ≥1 test was positive, “negative” if no tests were 

positive, and “not tested” if none of the abstracted thrombophilia laboratory tests were 

performed. Because guidelines recommend that providers who do not suspect thrombophilia 

should not order thrombophilia testing for their patients [15], we chose to combine patients 

who tested negative for thrombophilia with those who did not undergo testing (“no 

thrombophilia”) for our analyses. Duration of AC was determined from electronic pharmacy 

records.

Thrombophilia Identification Algorithms

The study cohort was subjected to “ICD-9” (positive: ≥1 ICD-9 code for primary [289.81] or 

secondary hypercoagulable state [289.82], negative otherwise) and “extended AC” criteria 
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(positive: received AC >6 months duration after index VTE, negative otherwise) individually 

and in combination (“ICD-9 & extended AC”) to identify possible thrombophilia cases 

(Figure 1).

Statistical Analyses

Using positive thrombophilia laboratory test results as the gold standard, sensitivities, 

specificities, PPVs, and negative predictive values (NPVs) of ICD-9, extended AC, and 

ICD-9 & extended AC identification strategies were calculated along with binomial 

proportion 95% confidence intervals (CIs). Patient characteristics were analyzed overall and 

by thrombophilia test result and testing statuses. Differences in proportions and means were 

assessed between groups using the chi-square or Fisher’s exact test, as appropriate, or 

independent sample t-test, respectively. Analyses were performed with SAS 9.2 (SAS 

Institute Inc., Cary, NC).

Results

Patient Characteristics

There were 1314 patients with confirmed index VTE. We excluded 678 patients who had 

recurrent VTE, atrial fibrillation, cancer, surgery, pregnancy, or <1 month enrollment after 

VTE during the study period, leaving 636 patients to be included in the analysis (Figure 2). 

Of these patients, 206 (32.4%) were tested for thrombophilia; 48 (7.5%) had at least one 

positive thrombophilia test result, 158 (24.8%) tested negative, and 430 (67.6%) were not 

tested (588 [92.5%] patients were considered to have “no thrombophilia”; Table 1).

The overall cohort had a mean (standard deviation) age of 62.7 (17.0) years, 49.5% were 

male, and 55.2% and 54.4% had a lower extremity DVT and PE, respectively. After applying 

the various algorithms, 6.5% percent had at least one ICD-9 thrombophilia code while 

47.6% received extended AC following VTE. Seventeen of 48 (35.4%) thrombophilia-

positive patients versus 15 of 158 thrombophilia-negative (9.5%) and 9 of 430 (2.1%) not 

tested patients had at least one ICD-9 thrombophilia code (p<0.001). The percentage of 

patients receiving extended AC was slightly less than 50%, regardless of their thrombophilia 

test status or results (Table 1).

There were statistically significant differences in the mean age (p=0.001), proportion with 

family history of VTE (p=0.001), proportion with at least one thrombophilia test ordered 

(p<0.001), and proportion with presence of at least one ICD-9 thrombophilia code (p<0.001) 

between the thrombophilia-positive and no thrombophilia groups. Patients who received 

thrombophilia testing were younger, had a family history of VTE, were taking hormone 

therapy at the time of index VTE event, and had at least one ICD-9 thrombophilia code (all 

p<0.001) compared to non-tested patients (Table 1). Such differences were also seen 

between patients who tested negative versus those who were not tested (Table 1).

Algorithm Performance Results

Negative predictive values were high but sensitivities and PPVs were low in all three 

algorithms. Applying thrombophilia ICD-9 codes only yielded the numerically highest PPV 
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(41.5%, 95% CI 26.3–57.9%) and a high specificity (95.9%, 95% CI 94.0–97.4%). The 

extended AC algorithm had the numerically highest sensitivity (45.8%, 95% CI 31.4–60.8%) 

but the lowest specificity (52.2%, 95% CI 48.1–56.3%). The ICD-9 & extended AC 

algorithm had the numerically highest specificity (97.1%, 95% CI 95.4–98.3%) and a high 

NPV (93.6%, 95% CI 91.4–95.4%), but the lowest sensitivity (18.8%, 95% CI 9.0–32.6%) 

(Table 2).

Discussion

In this study of 636 patients with unprovoked VTE, approximately one-third of the patients 

were tested for thrombophilia. The high specificity of our ICD-9 algorithm suggests that the 

presence of thrombophilia ICD-9 codes can be used to rule in patients with laboratory-

confirmed thrombophilia. Unfortunately, all algorithms had limited ability to capture the 

entire VTE population who underwent thrombophilia testing based on the observed low 

sensitivities and PPVs.

That there was no significant difference in proportions of patients who received extended 

AC after VTE between the thrombophilia-positive and no thrombophilia groups could 

suggest that thrombophilia test results were not associated with differences in treatment 

decisions regarding duration of AC, though we were not able to obtain data on all 

confounding factors. Because so few patients in our cohort had laboratory-confirmed 

thrombophilia, we were unable to distinguish whether any one type of thrombophilia was 

associated with extended AC duration following an unprovoked VTE event. Providers likely 

choose extended AC for patients with unprovoked VTE because of the associated higher risk 

for VTE recurrence. Therefore, it appears that the decision to extend the duration of AC is 

not related to the presence or absence of a positive thrombophilia result and may instead be 

based on clinical grounds as guidelines recommend [16].

The low sensitivities of all three algorithms support that medical record/laboratory record 

abstraction captures more thrombophilia-positive patients than the tested algorithms. On the 

other hand, the high NPVs indicate that providers are not assigning thrombophilia ICD-9 

codes or continuing AC beyond six months if the patient does not have laboratory-confirmed 

thrombophilia. It may be that providers are relying on the presence of a laboratory-

confirmed diagnosis of thrombophilia to label their patient as such, although just over a third 

of thrombophilia-positive patients had a corresponding ICD-9 code for thrombophilia. Of 

note, our algorithm results are comparable to other studies investigating the use of 

administrative data to identify patients with related conditions, such as heart failure [17] and 

obesity [18].

There are several limitations to this study. Laboratory evidence of APS was considered to be 

met if there were two positive APS test results separated by at least six weeks, according to 

the original Sapporo criteria published in 1999 [19], instead of by at least 12 weeks, as 

published in 2006 in the revised Sapporo criteria [20]. The original criteria were used 

because a significant proportion of the study population was diagnosed with unprovoked 

VTE from 2004 to 2006, prior to the dissemination of the revised Sapporo criteria. Also, 

given that we had so few patients who met the diagnostic laboratory criteria of APS, our 

Delate et al. Page 5

Thromb Res. Author manuscript; available in PMC 2017 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



overall results are unlikely to be affected significantly by the selection of this definition. IgM 

results for the Cardiolipin and β-2 glycoprotein tests were not included, as these were not 

required by the original Sapporo criteria. Some patients may have been incorrectly 

determined as thrombophilia-negative, although again, this likely impacts a very small 

number of patients in our study. Also, some patients did not undergo testing of all 

thrombophilia tests. Therefore, the proportion of unprovoked VTE patients who have a 

positive thrombophilia result is likely to be higher than what we are able to report, as 

thrombophilia testing by clinicians is oftentimes incomplete. We combined patients who 

were not tested with thrombophilia-negative patients. Although these two groups differed in 

baseline characteristics similar to how tested versus not tested patients differed, there is 

strong clinical rationale to group thrombophilia-negative and not tested patients together as 

neither can be considered to have thrombophilia based on the gold standard of positive test 

results. In addition, guidelines recommend that providers who do not suspect thrombophilia 

should not order thrombophilia testing for such patients [15], which further support this 

grouping.

Conclusions

This is the first study, to our knowledge, to evaluate if algorithms using ICD-9 codes and/or 

pharmacy claims data can accurately identify laboratory-confirmed cases of thrombophilia 

in a large cohort of unprovoked VTE patients. We found that thrombophilia test results were 

not associated with differences in the proportion of patients who received extended AC. 

There appeared to be a lack of concordance between thrombophilia laboratory test result and 

ICD-9 codes, but ICD-9 codes for primary and secondary hypercoagulable state accurately 

identified individuals who had positive thrombophilia test results. In our thrombophilia 

identification algorithms, the low sensitivities and PPVs of algorithms using ICD-9 codes 

and/or pharmacy claims data suggest that medical record abstraction is still required to 

capture all cases of laboratory-confirmed thrombophilia. If the use of administrative data to 

investigate the implications of thrombophilia testing in large VTE cohorts is to be optimized, 

further development of methods to identify thrombophilia status in large datasets is 

warranted.
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Figure 1. Criteria for Thrombophilia Status by Thrombophilia Identification Algorithms
Abbreviations: AC, anticoagulation; ICD-9, International Classification of Diseases 9th 

Revision; VTE, venous thromboembolism.
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Figure 2. Analytic Cohort Selection
Abbreviations: VTE, venous thromboembolism.

Delate et al. Page 10

Thromb Res. Author manuscript; available in PMC 2017 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Delate et al. Page 11

Ta
b

le
 1

Pa
tie

nt
 C

ha
ra

ct
er

is
tic

s 
O

ve
ra

ll 
an

d 
by

 T
hr

om
bo

ph
ili

a 
an

d 
Te

st
in

g 
St

at
us

es

C
ha

ra
ct

er
is

ti
c

O
ve

ra
ll

Sa
m

pl
e

(n
=6

36
)

Te
st

ed
N

ot
 T

es
te

d

Te
st

ed
(P

os
it

iv
e 

or
N

eg
at

iv
e)

(n
=2

06
)

“N
o

T
hr

om
bo

ph
ili

a”
(N

eg
at

iv
e 

or
N

ot
 T

es
te

d)
(n

=5
88

)

p-
va

lu
e

(T
es

te
d

vs
. N

ot
Te

st
ed

)

p-
va

lu
e

(P
os

 v
s.

“N
o

th
ro

m
bo

-
ph

ili
a)

p-
va

lu
e

(N
eg

 v
s.

N
ot

Te
st

ed
)

T
hr

om
bo

ph
ili

a 
R

es
ul

t

N
ot

 T
es

te
d

(n
=4

30
)

P
os

it
iv

e
T

hr
om

bo
ph

ili
a

Te
st

(n
=4

8)

N
eg

at
iv

e
T

hr
om

bo
ph

ili
a

Te
st

(n
=1

58
)

M
ea

n 
A

ge
a  

(S
D

)
62

.7
 (

17
.0

)
55

.1
 (

15
.0

)
54

.0
 (

16
.2

)
66

.6
 (

16
.1

)
54

.3
 (

15
.9

)
63

.3
 (

17
.0

)
<

0.
00

1
0.

00
1

<
0.

00
1

A
ge

 <
 5

0 
ye

ar
sa

16
3,

 2
5.

6%
15

, 3
1.

3%
64

, 4
0.

5%
84

, 1
9.

5%
79

, 3
8.

3%
14

8,
 2

5.
2%

<
0.

00
1

0.
35

4
<

0.
00

1

M
al

e 
(n

, %
)

31
5,

 4
9.

5%
28

, 5
8.

3%
80

, 5
0.

6%
20

7,
 4

8.
1%

10
8,

 5
2.

4%
28

7,
 4

8.
8%

0.
23

7
0.

20
5

0.
47

1

In
de

x 
V

T
E

 T
yp

eb
 (

n,
 %

)

  D
V

T
35

1,
 5

5.
2%

31
, 6

4.
6%

75
, 4

7.
5%

24
5,

 5
7.

0%
10

6,
 5

1.
5%

32
0,

 5
4.

4%
0.

26
1

0.
17

4
0.

06
3

  P
E

34
6,

 5
4.

4%
23

, 4
7.

9%
99

, 6
2.

7%
22

4,
 5

2.
1%

12
2,

 5
9.

2%
32

3,
 5

4.
9%

0.
06

0
0.

34
8

0.
01

3

  O
th

er
6,

 0
.9

%
1,

 2
.1

%
3,

 1
.9

%
3,

 0
.7

%
3,

 1
.5

%
5,

 0
.9

%
0.

39
2

0.
37

6
0.

61
2

T
hr

om
bo

em
bo

lic
 R

is
k 

Fa
ct

or
s 

(n
, %

)

  F
am

ily
 H

is
to

ry
 o

f 
V

T
E

45
, 7

.1
%

9,
 1

8.
8%

23
, 1

4.
6%

13
, 3

.0
%

32
, 1

5.
5%

36
, 6

.1
%

<
0.

00
1

0.
00

1
<

0.
00

1

  H
ea

rt
 F

ai
lu

re
36

, 5
.7

%
1,

 2
.1

%
1,

 0
.6

%
34

, 7
.9

%
2,

 1
.0

%
35

, 6
.0

%
<

0.
00

1
0.

50
9

<
0.

00
1

  H
or

m
on

e 
T

he
ra

py
a

74
, 1

1.
6%

8,
 1

6.
7%

29
, 1

8.
4%

37
, 8

.6
%

37
, 1

8.
0%

66
, 1

1.
2%

<
0.

00
1

0.
25

8
<

0.
00

1

  L
un

g 
D

is
ea

se
64

, 1
0.

1%
3,

 6
.3

%
7,

 4
.4

%
54

, 1
2.

6%
10

, 4
.9

%
61

, 1
0.

4%
0.

00
3

0.
36

1
0.

00
5

≥1
 T

hr
om

bo
ph

ili
a 

Te
st

c
20

6,
 3

2.
4%

48
, 1

00
%

0,
 0

%
0,

 0
.0

%
20

6,
 1

00
%

15
8,

 2
6.

9%
n/

a
<

0.
00

1
n/

a

≥1
 P

os
iti

ve
 T

hr
om

bo
ph

ili
a 

Te
st

c
48

, 7
.6

%
48

, 1
00

%
0,

 0
%

0,
 0

.0
%

48
, 2

3.
3%

0,
 0

.0
%

n/
a

n/
a

n/
a

≥1
 T

hr
om

bo
ph

ili
a 

D
ia

gn
os

is
 C

od
ec

41
, 6

.5
%

17
, 3

5.
4%

15
, 9

.5
%

9,
 2

.1
%

32
, 1

5.
5%

24
, 4

.1
%

<
0.

00
1

<
0.

00
1

<
0.

00
1

>
6 

m
on

th
s 

of
 A

C
30

3,
 4

7.
6%

22
, 4

5.
8%

78
, 4

9.
4%

20
3,

 4
7.

2%
10

0,
 4

8.
5%

28
1,

 4
7.

8%
0.

63
3

0.
79

4
0.

51
9

A
bb

re
vi

at
io

ns
: A

C
, a

nt
ic

oa
gu

la
tio

n;
 D

V
T,

 d
ee

p 
ve

in
 th

ro
m

bo
si

s;
 P

E
, p

ul
m

on
ar

y 
em

bo
lis

m
; n

/a
, n

ot
 a

pp
lic

ab
le

; S
D

, s
ta

nd
ar

d 
de

vi
at

io
n;

 V
T

E
, v

en
ou

s 
th

ro
m

bo
em

bo
lis

m
.

a A
s 

of
 d

at
e 

of
 in

de
x 

V
T

E
.

b A
 p

at
ie

nt
 c

an
 h

av
e 

ha
d 

m
or

e 
th

an
 o

ne
 ty

pe
 o

f 
V

T
E

.

c D
ur

in
g 

th
e 

36
5 

da
ys

 f
ol

lo
w

in
g 

in
de

x 
V

T
E

.

Thromb Res. Author manuscript; available in PMC 2017 January 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Delate et al. Page 12

Table 2

Algorithm Performance Results and Statisticsa

Sensitivity
%

(95% CI)

PPV
%

(95% CI)

Specificity
%

(95% CI)

NPV
%

(95% CI)

ICD-9 35.4
(22.2–50.5)

41.5
(26.3–57.9)

95.9
(94.0–97.4)

94.8
(92.7–96.4)

Extended AC 45.8
(31.4–60.8)

7.3
(4.6–10.8)

52.2
(48.1–56.3)

92.2
(88.8–94.8)

ICD-9 & Extended AC 18.8
(9.0–32.6)

34.6
(17.2–55.7)

97.1
(95.4–98.3)

93.6
(91.4–95.4)

Abbreviations: AC, anticoagulation; CI, confidence interval; ICD-9, International Classification of Diseases 9th Revision; NPV, negative predictive 
value; PPV, positive predictive value.

a
Patients with a positive thrombophilia laboratory test result were considered truly positive for thrombophilia. Patients with a negative 

thrombophilia test result and patients who did not undergo thrombophilia testing were considered truly negative for thrombophilia.
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