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Varicose veins is another risk factor for DVT
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REFLUX 
is the early sign and 

essential pathophysiology 
of the PCVD 1,2,3

Primary
reflux

Deep vein 
thrombosis

Aim of the study

Primary venous insufficiency increases risk of deep
vein thrombosis
Maxim E. Shaydakov, MD, PhD, Anthony J. Comerota, MD, FACC, FACS, and Fedor Lurie, MD, PhD,
Toledo, Ohio

Background: Varicose veins have been recognized as a risk
factor for deep vein thrombosis (DVT). However, venous
reflux has not carried the same correlation. This study evalu-
ated the association between primary valvular reflux and DVT.
Methods: We performed a nested case-control study with
enrollment of outpatients presenting to the vascular labora-
tory with signs and symptoms of DVT. All patients had a
complete bilateral venous duplex examination evaluating for
DVT and superficial and deep venous valvular reflux. Eighty-
seven patients with confirmed DVT on venous duplex were
selected for the study group. The control group was randomly
selected from the same cohort in a 4:1 ratio matched by age
and gender (n [ 348). Groups were compared for the prev-
alence of deep and superficial reflux.
Results: DVT outpatients were 4.7-times more likely to have
primary valvular reflux than symptomatic controls (65.5% vs

29.0%; 95% confidence interval [CI], 2.8-7.7; P < .000001).
Deep reflux was 2.1-times more prevalent (36.8% vs 21.6%;
odds ratio, 2.12; 95% CI, 1.28-3.51; P [ .005) and super-
ficial reflux was 4.6-times more prevalent (43.7% vs 14.4%;
odds ratio, 4.62; 95% CI, 2.75-7.77; P < .0000001) in DVT
patients than in controls. DVT patients were also 2.1-times
more likely to have combined deep and superficial reflux
than non-DVT patients (13.8% vs 6.6%, 95% CI, 1.08-4.75;
P [ .044).
Conclusions: The prevalence of primary valvular reflux in
patients with DVT is significantly higher than expected.
Reflux may be considered as a novel risk factor for DVT.
Two-thirds of patients with DVT have pre-existent primary
chronic venous disease, which is likely to contribute to post-
thrombotic morbidity. (J Vasc Surg: Venous and Lym Dis
2016;4:161-6.)

Deep vein thrombosis (DVT) is a serious medical,
social, and economic problem. Population-based studies
estimate the annual incidence of venous thromboembolism
(VTE) at 117 to 132 per 100,000 patients.1,2 Although
mechanisms of spontaneous venous thrombosis are being
investigated, known risk factors, such as previous VTE,
cancer, thrombophilia, or prolonged immobility, have
been identified.3-7

The presence of varicose veins (VVs) is associated with
an increased risk of DVT.8-10 However, low interobserver
agreement in the assessment of venous clinical signs makes
it difficult to estimate the strength of this association.11-14

VVs are one of the manifestations of primary chronic
venous disease (PCVD). A substantial proportion of
PCVD patients do not have VVs initially but develop
them later in life.15 More reliable and objective criteria
for determining the presence of PCVD are desirable.16-18

Venous reflux is an essential pathologic feature of PCVD.
With the ultrasound techniques available today, reflux
can be reliably detected.19 Unfortunately, because patients

with suspected DVT are not routinely investigated for the
presence of venous reflux, the relationship between the
presence of venous reflux and the incidence of DVT re-
mains unknown. The purpose of this study was to investi-
gate the relationship of pre-existing venous reflux in
symptomatic patients with first-time DVT compared with
symptomatic controls who did not have DVT.

METHODS

Subjects for this nested case-control study were drawn
from a prospective cohort of outpatients with symptoms
and signs suggestive for acute DVT. The ProMedica Insti-
tutional Review Board approved the study, and patient
consent was not required due to the case-control design.

Patient assessment. At the initial presentation, all
patients underwent a duplex ultrasound scan using a stan-
dard protocol for acute DVT, which included a bilateral
reflux study. The duplex ultrasound examination consisted
of compression ultrasound imaging from groin to ankle,
followed by color Doppler and spectral Doppler evaluation
of the flow in deep veins from the tibial to the external iliac
vein and the great and small saphenous veins. The evalua-
tion of the flow included spontaneous flow, flow augmen-
tation by compression of the calf, and reflux-provoking
maneuvers. Reflux time was recorded for each studied
segment. Pathologic reflux was defined as >500 ms based
on the results of a multicenter study that showed it as the
most reliable criterion.19

Recruitment began in August 2013 and continues
currently. Among the 760 patients evaluated, 87 were
confirmed to have an acute first-time DVT. All patients
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had no history of VTE and no post-thrombotic changes in
lower extremity veins on ultrasound imaging. These 87 pa-
tients comprised the study group. The control group was
drawn from the same cohort matching by the age and
gender at a 4:1 ratio (n ¼ 348).

Statistical analysis. Normally distributed continuous
variables are expressed as means and standard deviations,
and categoric variables are expressed as percentages.
Univariate analyses were initially done to examine the rela-
tionships between outcome variables (prevalence of reflux)
and variables potentially influencing the accuracy of the
duplex scan (body mass index, the time of day, venous
segment) to examine their relationships. Multivariate anal-
ysis included binominal logistic regression models for
categoric outcome variables and the generalized linear
model for continuous variables as calculated with SPSS
19.0 software (IBM Corp, Armonk, NY). Variables that
achieved a P value of #.150 in univariate analyses were
included in the multivariate analysis models.

RESULTS

The study group consisted of 44 men (51%) and 43
women (49%) who were a mean age of 62.5 6 15.3 years.
DVT affected the right leg in 40 patients (46%), the left leg
in 38 (44%), and both legs in 9 (10%). The control group
consisted of 177 men (50%) and 171 women (49%), who
were a mean age of 62.4 6 15.1 years. Clinical signs and
symptoms, such as leg swelling, pain, tenderness, or skin
discoloration, were present in the right leg in 104 patients
(29.9%), in the left leg in 147 (42%), and in both legs in 97
(28%).

The segmental localization of the venous thrombosis
is listed in Table I. Reflux was present in at least one
venous segment in either leg of 57 patients (66%) from
the study group compared with 101 patients (29.0%)
from the control group (P < .000001). Thus, patients
with DVT were 4.7-times more likely to have venous
reflux than control participants (95% confidence interval
[CI], 2.8-7.7).

The prevalence of reflux in deep and superficial veins
was not different between symptomatic and asymptom-
atic limbs of patients from the control group. The preva-
lence of superficial reflux was almost identical in limbs of
study participants. In study patients, there was a trend for

deep reflux to be less common in the limbs affected by
DVT compared with unaffected limbs (Table II). Deep
reflux was present in 37% of unaffected legs in the study
group compared with 13% of symptomatic legs (odds
ratio [OR], 3.92; 95% CI, 2.29-6.70; P ¼ .000001) or
14.4% of asymptomatic legs of patients in the control
group (OR, 3.47; 95% CI, 2.04-5.88; P ¼ .00001). Pa-
tients in the study group were 2.1-times more likely to
have primary deep venous reflux than the symptomatic
controls (36.8% vs 21.6%; OR, 2.12; 95% CI, 1.28-
3.51; P ¼ .005).

The prevalence of deep reflux was higher in men than
in women both in the control (28.2% vs 14.6%, OR, 2.30,
95% CI 1.35-3.93; P ¼ .00258) and study groups (63.6%
vs 34.9%, OR, 3.23; 95% CI, 1.35-7.69; P ¼ .01). The
anatomic location of deep reflux is listed in Table III.

The prevalence of superficial reflux in any leg or venous
segment was 44% in the study group and 14% in the
control group (P < .000001; Table IV). Superficial reflux
was present in 29% of the unaffected legs of patients
from the study group compared with 10% of symptomatic
(P ¼ .000029) and 8% of asymptomatic legs (P ¼
.000002) of patients from the control group. Patients
with symptomatic DVT were 4.6-times more likely to
have primary superficial reflux than the patients in the
symptomatic control group without DVT (44% vs 14%;
OR, 4.62, 95% CI, 2.75-7.77; P < .0000001).

Bilateral superficial refluxwas more common in the study
group than in the control group (13%vs 4%;OR, 3.7; 95%CI,
1.61-8.65; P ¼ .0029). The prevalence of superficial reflux
was not different between men and women, neither within
the study group (38.6% vs 48.8%; P ¼ .391) nor among the
control group (6.3 vs 8.0%;P¼ .463). The anatomic distribu-
tion of superficial reflux is reported in Table V.

Combined deep and superficial reflux was present in
14% of the unaffected legs of patients from the study group
compared with 4% of asymptomatic (P ¼ .001) and 5% of
asymptomatic limbs of patients in the control group (P ¼
.005; Table VI). DVT patients were 2.3-times more likely

Table I. Destruction of venous thrombi in the study
group

Vein segment involved with thrombus No. (%) (N ¼ 87)

External iliac vein 8 (9)
Common femoral vein 15 (17)
Femoral vein 44 (51)
Popliteal vein 43 (49)
Tibioperoneal trunk 5 (6)
Posterior tibial veins 30 (35)
Peroneal veins 29 (33)
Gastrocnemius veins 32 (37)
Concomitant saphenous thrombosis 29 (33)

Table II. Reflux distribution in the control and study
groups

Reflux location No. (%) P value

Control group (n ¼ 348)
Deep reflux

Symptomatic leg 45 (12.9) .66
Asymptomatic leg (contralateral) 50 (14.4)

Superficial reflux
Symptomatic leg 34 (9.8) .6
Asymptomatic leg (contralateral) 29 (8.3)

DVT group (n ¼ 87)
Deep reflux

Affected leg 20 (23) .068
Unaffected leg (contralateral) 32 (37)

Superficial reflux
Affected leg 24 (28) 1.000
Unaffected leg (contralateral) 25 (29)

DVT, Deep vein thrombosis.
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to have combined primary reflux than non-DVT patients
(14% vs 7%; 95% CI, 1.08-4.75; P ¼ .044).

DISCUSSION

This study examined the association of first-time acute
DVT with existing venous reflux. The study population
was drawn from a cohort of patients with suspected DVT.
All patients underwent a complete bilateral duplex scan,
including investigation of venous reflux, at presentation.
Because venous reflux cannot develop acutely and patients
with a history of VTE or post-thrombotic changes in the
limbs were excluded, the presence of reflux was interpreted
as an indicator of PCVD that preceded the acute event. The
main finding of this study is that patients with DVT are
2.1-times more likely to have pre-existing deep reflux (95%
CI, 1.28-3.51) and 4.6-times more likely to have superficial
reflux (95% CI, 2.75-7.77) compared with individuals with
no DVT matched for symptoms, age, gender, and history.

The central pathology of PCVD is venous reflux. Clinical
manifestations of PCVD range from asymptomatic venous
reflux, with almost no clinical signs, to chronic pain, swelling,
and ulceration. Previously, the relationship between PCVD
and DVT was investigated almost exclusively in a population
of patients with VVs.8,9 The presence of VVs increases the
risk of DVT, not only in symptomatic patients but also in
their siblings who do not have VVs.10 The converse is also
true. Individuals whose siblings had VTE were more likely
to have VVs.10 The absence of VVs in patients’ siblings
should not be interpreted as the absence of PCVD because
as many as 35% of adults in Western countries have PCVD
without VVs,15,20,21 and up to 77% of patients with promi-
nent but nonvaricose veins have venous reflux.20

Studies examining the relationship between VVs and
DVTs are cross-sectional or retrospective. Although PCVD
canbe asymptomatic orminimally symptomatic, these individ-
uals are often misclassified as “healthy” if reflux is not

identified. Prospective cohort investigations show an increase
in incidence and extent of venous reflux over time and also
an increased incidence of VVs and other signs and symptoms
of PCVD.17,18,22 Because the onset of reflux precedes clinical
manifestation, the presence of venous reflux may serve as a
more accurate marker of PCVD.16-18,23

A higher-than-expected incidence of venous reflux in seg-
ments not affected by DVT was previously described.24-26

These studies showed that 1 year afterDVT, the reflux is pre-
sent not only in 38% of unaffected deep veins of the limbs
with DVT but also in 16% of saphenous veins as well as in
deep and superficial veins of the contralateral limb not
affected by DVT. The prevalence of reflux before or at the
time of DVT in these studies is unknown; however, the in-
crease in reflux prevalence during the time of follow-up is
consistent with the natural history of PCVD and may be
accelerated by the acute thrombosis.

An interesting feature of PCVD is its systemic nature.
The molecular changes found in affected veins are also
found in visually normal veins as well as in other tis-
sue.27-29 Several genetic polymorphisms are associated
with PCVD. These observations suggest that when patients
have PCVD manifestation in one extremity, the contralat-
eral limb also has changes in the vein wall specific to
PCVD. Clinical observations confirm this statement.
When a specific vein segment is found incompetent, the
contralateral venous segment has reflux in 20% to 35% of
the patients.21 More than 50% of patients with unilateral
VVs develop new reflux in their contralateral leg
#5 years.30 It is reasonable, therefore, to use the presence
of reflux, especially in superficial veins, as a marker of
PCVD in both limbs, as was done in this study.

The prevalence of venous reflux in the control group of
this study is similar to that found in large epidemiologic
studies.21,31,32 The higher prevalence of deep reflux in men
is also consistent with epidemiologic data (Table VII).21,31,32

Table III. Segmental distribution of deep reflux

Reflux details Study group (n ¼ 87), No. (%) Control group (n ¼ 348), No. (%) P value

Unilateral reflux 34 (39) 55 (15.8) .000005
Bilateral reflux 9 (10) 20 (5.7) .15
Deep venous segment (n ¼ 174) (n ¼ 696)

Common femoral vein 18 (10.3) 50 (7.2) .19
Femoral vein 16 (9.2) 11 (1.6) .000003
Popliteal vein 25 (14.4) 44 (6.3) .00051

Table IV. The prevalence of superficial reflux

Superficial reflux location Study group, No. (%) Control group, No. (%) OR (95% CI)

At least one venous segment 38 (44) 50 (14) 4.62 (2.75-7.77)
Unaffected leg (study group) vs

Symptomatic leg (control group) 25 (29) 34 (10) 3.72 (2.08-6.68)
Asymptomatic leg (control group) 25 (29) 29 (8) 4.44 (2.43-8.08)

Bilateral reflux 11 (13) 13 (4) 3.73 (1.61-8.65)

CI, Confidence interval; OR, odds ratio.
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prospective cohort of patients
suspected for DVT

August 2013-December 2014

no DVT

DVT group Control group

Suspected first-time 
acute unprovoked 

DVT (n=760)

Inpatients
Provoked DVT
Recurrent DVT

Postthrombotic disease

random matching
by age and gender (1:4)

confirmed DVT

bilateral venous duplex

Prospective nested case-control study
• Registered vascular technologist (RVT)
   
• Mid-calf compression
• Semi-sitting position, 30-450 head-up tilt
   

• Reflux threshold ≥0.5 seconds *
    

• 3 deep segments: CVF, FV, PV                                 

• 6 superficial segments: SFJ, GSV thigh/knee/calf, SPJ, SSV
   

• Non-saphenous reflux was not considered

Reflux evaluation
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• Prospective electronic database
   
• Multivariate logistic regression
   
• Independent variable: prevalence of reflux
• Covariables included: BMI, smoking

• Adjusted ORs, 95%CI calculated
• P≤.05

• SPSS 13.0 software (IBM Corp., NY)

Statistical analysis

Women Men

49%51%

Age 62.4±15.162.5±15.3

DVT cases
(N=87)

Non-DVT controls
(N=348)

Gender

Results

Women Men

49%51%

Left leg Right leg Both legsLeft leg Right leg Both legs

46%

44%

9%

30%

42%
28%

DVT location / DVT symptoms distribution

DVT cases
(N=87)

Non-DVT controls
(N=348)

Results

DVT Contro ls DVT Contro ls

23.0%
P=.027

36.8%
P<.0001

Deep reflux
Affected/symptomatic leg Unaffected/asymptomatic leg

OR = 2.01
[1.11-3.62]

12.9%

OR = 3.47
[2.04-5.88]

14.4%

Deep reflux

Reflux location 
DVT group 

(n=87)
Controls 
(n=348) P-value

n % n %
Unilateral

Bilateral

34

9

39.1

10.3

55

20

15.8

5.7

<.00001

.147

Common femoral

Femoral

Popliteal

18

16

25

10.3

9.2

14.4

50

11

44

7.2

1.6

6.3

< .00001

< .00001

< .00001

Deep reflux

Reflux location 
DVT group 

(n=87)
Controls 
(n=348) P-value

n % n %

Unilateral

Bilateral

34

9

39.1

10.3

55

20

15.8

5.7

<.00001

.147

Common femoral

Femoral

Popliteal

18

16

25

10.3

9.2

14.4

50

11

44

7.2

1.6

6.3

< .00001

< .00001

< .00001
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DVT Co ntro ls DVT Co ntro ls

Affected/symptomatic leg Unaffected/asymptomatic leg

27.6%

OR = 3.52
[1.95-6.34]

P<.0001

9.8%

28.7%

OR = 4.44
[2.43-8.08]

P<.0001

8.3%

Superficial reflux

Reflux location 
DVT group 

(n=87)
Controls 
(n=348) P-value

n % n %
Unilateral

Bilateral

27

11

31.0

12.6

37

13

10.6

3.7

.00001

.003

Saphenofemoral junction

Great saphenous, thigh

Great saphenous, calf

Small saphenous

26

29

28

5

22.8

25.4

24.6

4.4

26

25

22

1

3.8

3.7

3.2

0.1

<.00001

<.00001

<.00001

.0003

Superficial reflux

Reflux location 
DVT group 

(n=87)
Controls 
(n=348) P-value

n % n %
Unilateral

Bilateral

27

11

31.0

12.6

37

13

10.6

3.7

.00001

.003

Saphenofemoral junction

Great saphenous, thigh

Great saphenous, calf

Small saphenous

26

29

28

5

22.8

25.4

24.6

4.4

26

25

22

1

3.8

3.7

3.2

0.1

<.00001

<.00001

<.00001

.0003

Superficial reflux

Reflux location 
DVT group 

(n=87)
Controls 
(n=348) P-value

n % n %
Unilateral

Bilateral

27

11

31.0

12.6

37

13

10.6

3.7

.00001

.003

Saphenofemoral junction

Great saphenous, thigh

Great saphenous, calf

Small saphenous

26

29

28

5

22.8

25.4

24.6

4.4

26

25

22

1

3.8

3.7

3.2

0.1

< .00001

< .00001

< .00001

.0003

Superficial reflux

DVT Controls

OR = 4.65
[2.82-7.65]

65.5%

P<.000001

29.0%

Reflux in any segment

1. Evans CJ, Allan PL, Lee AJ. Prevalence of venous reflux in the general population on duplex scanning: the Edinburgh vein study. J Vasc Surg 1998;28:767-76.
2. Criqui MH, Jamosmos M, Fronek A, et al. Chronic venous disease in an ethnically diverse population: the San Diego Population Study. Am J Epidemiol  2003;158:448-56.
3. Maurins U, Hoffmann BH, Losch C. Distribution and prevalence of reflux in the superficial and deep venous system in the general populationeresults from the Bonn Vein Study. Germany J Vasc Surg 2008;48:680-7.

Control group vs General population

Reflux location Non-DVT
controls

General 
population

Superficial veins
Deep veins

Any segment
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Control group vs General population

Reflux location Non-DVT
controls

General 
population

Superficial veins 14.4%
Deep veins 21.6%

Any segment 29.0%

1. Evans CJ, Allan PL, Lee AJ. Prevalence of venous reflux in the general population on duplex scanning: the Edinburgh vein study. J Vasc Surg 1998;28:767-76.
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Control group vs General population

Reflux location Non-DVT
controls

General 
population

Superficial veins 14.4% 19.0-21.0%
Deep veins 21.6% 9.0-20.0%

Any segment 29.0% 27.9-35.0%

1. Vogel D. Comparison of vein valve function following pharmacomechanical thrombolysis versus simple catheter-directed thrombolysis for iliofemoral deep vein thrombosis. J Vasc Surg. 2012 Nov;56(5):1351-4. 

36% of patients
recovering from DVT

have deep reflux in the 
noninvolved lower 

extremity

Supporting evidence

1. Kahn S.R., Partsch H., Wedantham S. et al., Definition of post-thrombotic syndrome of the leg for use in clinical investigations: a recommendation for standardization. J Thromb Haemost 2009;7:879-883

Postthrombotic syndrome

DVT Controls

PTS?

Pre-existing primary deep reflux

OR = 2.12
[1.28-3.51]

36.8%

21.6%

P<.005
Non-saphenous reflux

was not considered

Postthrombotic reflux
after previous clinically silent DVT

is possible in some patients

Limitations
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Symptomatic patients with first-time DVT
have a higher-than-expected prevalence

of primary chronic venous disease

Valvular reflux may be considered

a novel risk factor for DVT

Conclusions

Thank you!


