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The cutoff value of saphenous vein diameter to predict reflux
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ORIGINAL ARTICLE

Purpose: Increased saphenous vein diameter is a common consequence of saphenous 
vein reflux. Until now, there have been no reports about the correlation between 
diameter and reflux of saphenous vein in Korea. The aim of this study was to 
investigate the correlation between saphenous vein reflux and diameter changes.

Methods: From April 2009 to August 2012, 777 patients were sent to the vascular 
laboratory for evaluation of venous reflux. The diameter of the saphenous vein was 
measured with B-mode imaging, and reflux was quantified based on valve closure 
time using Doppler spectral tracings. Receiver operating characteristics curve 
analysis was applied to determine the best saphenous vein diameter cutoff for 
predicting reflux.

Results: The mean diameters of normal great saphenous vein (GSV) and refluxed 
GSV were 5.0 ± 2.4 mm and 6.4 ± 2.0 mm, respectively. The mean diameters of 
normal small saphenous vein (SSV) and refluxed SSV were 3.1 ± 1.3 mm and 5.2 ± 
2.7 mm, respectively. The diameter differences between the normal and refluxed 
GSV and SSV were 1.4 mm and 2.1 mm, respectively, and these differences were 
statistically significant (P < 0.0001). A GSV threshold diameter of 5.05 mm had the 
best positive predictive value for reflux. The sensitivity and specificity at 5.05 mm 
were 76% and 60%, respectively. The best SSV diameter for predicting reflux was 
3.55 mm. The sensitivity and specificity at 3.55 mm were 87% and 71%, respectively.

Conclusion: GSV diameter of ≥5.05 mm had the best positive predictive value for 
pathologic reflux. For pathologic reflux of SSV, the best cutoff diameter was 3.55 
mm.
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INTRODUCTION

Chronic venous disease (CVD) is a common problem, and comprises many 
pathologic conditions such as varicose veins, edema, skin changes, and ulceration. 
Among these, varicose veins are the most common. The prevalence of varicose 
veins is estimated to be between 5% and 30% in the adult population, but reports 
have ranged from less than 1% to greater than 70% [1]. The San Valentino Vascular 
Screening Project in Italy found a 7% prevalence of varicose veins in 30,000 subjects 
evaluated by clinical assessment and duplex ultrasound [2]. The incident rate for the 
development of varicose veins may also be estimated using the Framingham study, 
which reported an annual incidence of 2.6% in women and 1.9% in men [3]. Reflux 
of the saphenous vein is a typical pathologic finding in varicose veins. 

Duplex ultrasonography has become the method of choice for the evaluation of 
varicose veins to confirm the diagnosis, and assess etiology and anatomy. It is a 
simple, reproducible method based on morphology and hemodynamics. A venous 
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duplex examination combines B-mode and color-flow 
imaging for the evaluation of the presence of thrombus and 
the measurement of the diameter of these veins, and pulsed 
Doppler is used for assessment of the reflux time. 

Increased diameter of the saphenous vein is a typical find-
ing in varicose veins. Engelhorn et al. [4] evaluated the 
rela  tionship between reflux and the diameter of the great 
sa phenous vein (GSV). They found that using diameter thre-
sholds equal to or greater than 7, 4, and 4 mm for predicting 
reflux of the GSV at the junction, thigh, and calf, one can 
accurately predict reflux 71%, 75%, and 74% of the time, 
respectively. Mendoza et al. [5] measured the GSV diameter 
at the sapheno-femoral junction (SFJ) and at the proximal 
thigh, 15 cm distal to the groin. GSV diameters of 10.9 mm 
at the SFJ and 6.3 mm at the proximal thigh revealed high 
sensitivity and specificity for predicting reflux.

Until now, there have been no reports about the correlation 
between the diameter of the saphenous vein and reflux in 
Korea. The aim of this study was to investigate the correlation 
between saphenous vein reflux and diameter changes, and to 
evaluate the best cutoff value for the saphenous vein diameter 
for predicting reflux.

METHODS

From April 2009 to August 2012, 777 patients were sent to 
the vascular laboratory for the evaluation of venous reflux. 
The examinations were performed by a registered vascular 
technologist, and all tests were interpreted by a registered 
physician for vascular interpretation.

All patients were evaluated with colorized duplex scanning 
in a warm, comfortable examination room. The examination 
was performed using a Vivid E9 scanner (GE Healthcare, 
Fairfield, CT, USA). With the patient supine, a 5-12 MHz 
linear transducer was used to rule out acute or chronic deep 
venous thrombosis (DVT). After evaluation for the presence 
of DVT, the diameters of the GSV and the small saphenous 
vein (SSV) were measured in supine position. With B-mode 
imaging, the inner anechoic diameter of the GSV was 
measured from the SFJ to 5 cm distal to the junction. The 
SSV diameter was measured in the same manner from the 
saphenopopliteal junction (SPJ) to 5 cm distal to the junction. 
The largest diameter was chosen to analyze the relationship 
between diameter and reflux. If an aneurysmal change was 
seen at these portions, the diameter was chosen at 1 cm 
distal to the aneurysm. If the patient had a larger accessory 
saphenous vein than a main saphenous vein, we excluded these 
patients from this study. As mentioned by other literature, 
there are several variations in the SSV. If there were cranial 
extension (CE) and a connection with the popliteal vein (PV), 

the diameter was measured in the same manner. If there were 
CE without a connection between the PV, and termination at 
the thigh or the GSV, the diameter was measured from the 
popliteal fossa to 5 cm distal to the knee crease.

Using color flow imaging in the longitudinal view, the val-
vular function of the GSV was evaluated at the SFJ, upper 
thigh, midthigh, lower thigh and below the knee. The valvular 
function of the SSV was evaluated at the level of the popliteal 
fossa. Flow direction was noted with distal compression and 
release, and reflux was quantified based on valve closure time, 
with the Doppler spectral tracings obtained in a longitudinal 
plane. Reflux was defined as being present if the valve closure 
time was greater than 0.5 seconds. Examination for reflux was 
made with the patients standing, with upper body elevation of 
more than 45o, or in reverse Trendelenburg position.

Data analysis was performed with the IBM SPSS ver. 19.0 
(IBM Co., Armonk, NY, USA). To compare the mean diameter 
of normal and refluxed saphenous vein, Student t-test was 
applied. Receiver operating characteristics (ROC) curve ana-
lysis was applied to determine the best cutoff diameter of the 
saphenous vein for predicting reflux. A P-value < 0.05 was 
considered statistically significant.

RESULTS

We examined 1,554 limbs to evaluate reflux in 777 patients. 
Table 1 shows the patient demographics. The male to female 
ratio was 275:502, and the mean age was 54.5 ± 14.5 years 
(range, 17 to 93 years). The GSVs were evaluated in 1,043 
limbs. Venous reflux tests were normal in 676 GSV’s, while 
reflux was found in 367 GSV’s. The SSV’s were examined in 
1,000 limbs. Among them, 907 limbs were normal by venous 

Table 1. Demographics          

Characteristic Value

Sex 

  Male 275 (35.4)

  Female 502 (64.6)

Age (y) 54.5 ± 14.5 (17–93)

Limbs 1,554

Great saphenous vein 1,043

  Normal 676 (64.8)

  Reflux 367 (35.2)

Small saphenous vein 1,000

  Normal 907 (90.7)

  Reflux 93 (9.3)

Values are presented as number (%) or mean ± standard deviation (range).
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reflux test, while reflux was found in 93 limbs.
Table 2 shows the diameter data for the saphenous vein. The 

mean diameter of a GSV with reflux was 6.4 ± 2.0 mm. This 
was larger than a normal GSV, which measured 5.0 ± 2.4 mm 
on average. The diameter difference between the normal and 
refluxed GSV was 1.4 mm, and statistically significant (P < 
0.0001). The diameters of normal SSV, as well as refluxed SSV 
were smaller than those of the GSV. The mean diameter of 
normal SSV was 3.1 ± 1.3 mm, and refluxed SSV was 5.2 ± 2.7 
mm. The diameter difference of 2.1 mm was also statistically 
significant (P < 0.0001). Table 3 shows the diameter differences 
between genders. The mean diameter of normal GSV between 
genders was not significantly different (P = 0.153). The SSV of 
male was larger than that of female with statistically significant 
(P = 0.022). The mean diameters of refluxed GSV and SSV 
between genders were not significantly different.

The ROC curves used to determine the best cutoff value 
of saphenous vein diameter for predicting reflux are depicted 
in Fig. 1. A GSV diameter threshold of 5.05 mm and greater 
had the best value for predicting reflux. The sensitivity and 

specificity at 5.05 mm were 76% and 60%, respectively. The 
best cutoff value for SSV diameter for predicting reflux was 3.55 
mm by ROC curve analysis. The sensitivity and specificity at 
3.55 mm were 87% and 71%, respectively. 

DISCUSSION

The concept that reflux is more frequently found in large 
veins is common knowledge. However, there have been few 
studies that have quantified such a general concept with 
numerical analysis. Engelhorn et al. [4] found that GSV 
diameter thresholds equal to or greater than 7 mm, 4 mm, and 
4 mm at the SFJ, thigh, and calf, respectively, most accurately 
predicted reflux. Navarro et al. [6] reported that a GSV dia-
meter of 5.5 mm or less predicted the absence of abnormal 
reflux, with a sensitivity of 78%, a specificity of 87%, positive 
and negative predictive values of 78%, and an accuracy of 
82%. A GSV diameter of 7.3 mm or greater predicted critical 
reflux with 80% sensitivity, 85% specificity, and 84% accuracy. 

Table 2. Diameters of the saphenous vein

Vein Normal (mm) Reflux (mm) Difference 
(mm) P-valuea)

GSV 5.0 ± 2.4 6.4 ± 2.0 1.4 <0.0001

SSV 3.1 ± 1.3 5.2 ± 2.7 2.1 <0.0001

Values are presented as mean ± standard deviation.
GSV, great saphenous vein; SSV, small saphenous vein.
a)By Student t-test.

Table 3. Diameter difference between genders 

Sex Normal GSV 
(mm)

Refluxed GSV 
(mm)

Normal SSV 
(mm)

Refluxed SSV 
(mm)

Male 4.8 ± 1.1 6.6 ± 2.0 3.3 ± 1.3 5.6 ± 2.1

Female 4.9 ± 1.3 6.4 ± 1.9 3.0 ± 1.3 5.1 ± 1.5

P-valuea) 0.153 0.323 0.022 0.153

Values are presented as mean ± standard deviation.
GSV, great saphenous vein; SSV, small saphenous vein.
a)By Student t-test.

Fig. 1. Receiver operating characteristics curve analysis for determining the best cutoff value for diagnosing reflux. (A) For the great saphenous vein, 5.05 mm was the best 
cutoff value to predict reflux with the broadest area under the curve. (B) For the small saphenous vein, 3.55 mm was the best cutoff value to predict reflux.
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We have determined that certain specific diameter thresholds, 
5.05 mm in the GSV and 3.55 mm in the SSV, were markers 
for high certainty of reflux. 

Diameter of the saphenous vein can be affected by many 
variables such as patient position, central abdominal pressure, 
temperature of examination room, heart disease, etc. The 
criteria of saphenous diameter to predict reflux should not 
be used in clinical setting. It can be used as the additional 
parameter. Fig. 2 shows 3 types of spectral Doppler waveform 
during duplex scanning for evaluation of reflux. Type I is 
typical finding of normal saphenous vein. Type II is typical 
finding of reflux. It is rather difficult to interpret the finding 
of type III because the spectral Doppler waveform shows 
longer reflux time more than 0.5 second, but low peak reflux 
velocity. In this case, the diameter criteria can be used the 
additional parameter to interpret in clinical setting.

The diameter of the saphenous vein has been assessed at 
various sites of interest. Measurements are regularly made 
at the SFJ for GSV, above or below the preterminal valve, 
and anywhere at the thigh. A consensus of the Union Inter-
nationale Phlebologie (UIP) recommends two sites where 
GSV diameters should be measured, 3 cm below the SFJ and 
at the midthigh [7], while previous studies used a site 15 cm 
below the SFJ [8,9]. Thus far, neither the clinical relevance of 
these measurements nor the relative significance of the site of 

measurement has been clarified. Mendoza et al. [5] found that 
measurement at the proximal thigh revealed higher sensitivity 
and specificity to predict reflux. We measured the diameter 5 
cm distal to the SFJ or SPJ. The measurement of SSV diameter 
should be carefully performed because of anatomic variation. 
If CE were present without a connection between the PV, and 
if there were terminations at the thigh or GSV, the diameter 
was measured from the popliteal fossa to 5 cm distal the knee 
crease.

The diameter measurement has been assessed with different 
techniques: upright or recumbent patient position and cross-
sectional or longitudinal imaging. Venous diameter naturally 
changes according to patient position. The diameter measured 
in an upright position or upper body elevation will be larger 
than that measured in a recumbent position. It is warranted 
that diameter measurement should be done with a consistent 
method at each vascular laboratory. Upright position was most 
commonly used to measure the diameter of the saphenous 
vein [5]. However, some patients were not able to be upright 
for measuring the diameter due to other physical problems 
such as severe spinal stenosis or joint problems, as well as 
many other medical problems. Therefore, we adopted the 
recum bent position because the diameter measurement could 
be performed on most patients in this position. It was be 
recommended that examination was performed in consistent 

Fig. 2. Duplex findings and each interpretation for the evaluation of superficial venous insuffiency of the lower extremity. Type I is typical finding of absence of reflux; small 
diameter and no reversal flow. Type II is typical finding of presence of reflux; large diameter and reversal flow more than 0.5 second. Type III is equivocal finding. In spectral 
Doppler waveform, it shows presence of reversal flow more than 0.5 seconds with low peak reflux velocity. Diameter criteria can be used as an additional parameter in this 
case.
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position with a tilt-table.
In our study, saphenous vein reflux was defined as retro-

grade flow lasting for more than 0.5 seconds [10,11]. It is 
important to elicit reflux with a constant method as the ma-
ximal reflux time is used as a gold standard to define reflux. 
We performed distal compression and release to elicit reflux 
in all patients. For the proximal vein, we did compression and 
release of thigh or calf muscle. For evaluation of vein at the 
calf level, we did compression and release of the foot. Another 
method to elicit reflux includes pneumatic cuff inflation and 
deflation [12], active foot dorsiflexion and relaxation, and a 
Valsalva maneuver. Pneumatic cuff has been used to permit 
quantitative assessment of reflux. This may be the most 
reproducible method. We used distal compression and release 
in all patients to minimize the variation of results.

The duration of reflux is the most widely used value as a 
marker for superficial venous insufficiency. However, some 
researchers have suggested other parameters for superficial 
venous insufficiency such as venous diameter changes. Veins 
distend greatly in response to pressure or volume flow changes 
[13]. Venous diameter changes during rises in intravenous 
pressure may modify the venous valve function [14]. Jean-
neret et al. [15] suggested that the increased distensibility 
cor relates with venous reflux parameters in varicose vein 
patients. Lattimer et al. [16] suggested that pulsatile flow in 
the saphenous vein might be a marker of superficial venous 
insufficiency. Pulsatile flow in varicose veins has also been 
described previously to support a hypothesis of arteriovenous 
fistulae in the pathogenesis of varicose veins [17]. The 
mor phologic changes detected by computed tomogram-
venography (CTV) might be a clue to predict the saphenous 
vein insufficiency [18,19]. Lee et al. [18] evaluated CTV finding 
of saphenous venous insuffiency. The morphologic findings 
of the insufficient GSVs with varicosity were focal ectasia, 
diffuse dilatation of more than 6 mm, asymmetry, tortuosity, 
and direct connection to varicosity. 

The relationship between the diameter of the saphenous 
vein and clinical severity has also been investigated. Mdez-
Herrero et al. [20] revealed that a greater diameter correlated 
with a more severe clinical state. Mendoza et al. [5] measured 
GSV diameters at both the SFJ and proximal thigh (15 cm 
distal to the groin). They concluded that the GSV diameter 
correlated with clinical class, with measurement at the 
proximal thigh being more sensitive and more specific than 
measurement at the SFJ. However, there was the report that 
showed the opposite results. Gibson et al. [21] prospectively 
enrolled 91 patients with symptomatic varicose veins and GSV 
reflux. According to their report, there was a weak correlation 
between increasing GSV diameter and venous clinical severity 
score (r = 0.23, P = 0.03).

In conclusion, venous diameter is significantly related to 
reflux, as expected. GSV diameter of ≥5.05 mm had the best 
cutoff value for predicting pathologic reflux. For pathologic 
reflux of the SSV, the best cutoff value was 3.55 mm.

CONFLICTS OF INTEREST

No potential conflict of interest relevant to this article was 
reported.

ACKNOWLEDGEMENTS

This work was supported by a grant from Kyung Hee 
University (KHU-20100752).

REFERENCES 
1. B eebe-Dimmer JL, Pfeifer JR, Engle JS, Schottenfeld D. The 

epidemiology of chronic venous insufficiency and varicose veins. 

Ann Epidemiol 2005;15:175-84.

2. C esarone MR, Belcaro G, Nicolaides AN, Geroulakos G, Griffin 

M, Incandela L, et al. 'Real' epidemiology of varicose veins and 

chronic venous diseases: the San Valentino Vascular Screening 

Project. Angiology 2002;53:119-30.

3. B rand FN, Dannenberg AL, Abbott RD, Kannel WB. The 

epidemiology of varicose veins: the Framingham Study. Am J 

Prev Med 1988;4:96-101.

4. E ngelhorn C, Engelhorn A, Salles-Cunha S, Picheth E, Castro 

Jr N, Dabul Jr N, et al. Relationship between reflux and greater 

saphenous vein diameter. J Vasc Technol 1997;21:167-71.

5. M endoza E, Blattler W, Amsler F. Great saphenous vein diameter 

at the saphenofemoral junction and proximal thigh as parameters 

of venous disease class. Eur J Vasc Endovasc Surg 2013;45:76-

83. 

6. N avarro TP, Delis KT, Ribeiro AP. Clinical and hemodynamic 

significance of the greater saphenous vein diameter in chronic 

venous insufficiency. Arch Surg 2002;137:1233-7.

7. C oleridge-Smith P, Labropoulos N, Partsch H, Myers K, Nico-

laides A, Cavezzi A. Duplex ultrasound investigation of the veins 

in chronic venous disease of the lower limbs: UIP consensus 

document. Part I. Basic principles. Eur J Vasc Endovasc Surg 

2006;31:83-92. 

8. P ares JO, Juan J, Tellez R, Mata A, Moreno C, Quer FX, et al. 

Varicose vein surgery: stripping versus the CHIVA method: a 

randomized controlled trial. Ann Surg 2010;251:624-31. 

9.  Cappelli M, Lova RM, Ermini S, Turchi A, Bono G, Bahnini A, 

et al. Ambulatory conservative hemodynamic management of 

varicose veins: critical analysis of results at 3 years. Ann Vasc 

Surg 2000;14:376-84.

10.  Sarin S, Sommerville K, Farrah J, Scurr JH, Coleridge Smith 



thesurgery.or.kr174

JKSSJin Hyun Joh and Ho-Chul Park: Saphenous vein diameter to predict reflux

PD. Duplex ultrasonography for assessment of venous valvular 

function of the lower limb. Br J Surg 1994;81:1591-5.

11.  Labropoulos N, Tiongson J, Pryor L, Tassiopoulos AK, Kang SS, 

Ashraf Mansour M, et al. Definition of venous reflux in lower-

extremity veins. J Vasc Surg 2003;38:793-8.

12.  van Bemmelen PS, Mattos MA, Hodgson KJ, Barkmeier LD, 

Ramsey DE, Faught WE, et al. Does air plethysmography cor-

relate with duplex scanning in patients with chronic venous 

insuf ficiency? J Vasc Surg 1993;18:796-807.

13.  Jager K, Seifert H, Bollinger A. M-mode echovenography: a new 

technique for the evaluation of venous wall and valve motion. 

Cardiovasc Res 1989;23:25-30.

14.  Goldman MP, Fronek A. Anatomy and pathophysiology of 

varicose veins. J Dermatol Surg Oncol 1989;15:138-45.

15.  Jeanneret C, Jager KA, Zaugg CE, Hoffmann U. Venous reflux 

and venous distensibility in varicose and healthy veins. Eur J 

Vasc Endovasc Surg 2007;34:236-42. 

16.  Lattimer CR, Azzam M, Kalodiki E, Makris GC, Geroulakos 

G. Saphenous pulsation on duplex may be a marker of severe 

chronic superficial venous insufficiency. J Vasc Surg 2012;56: 

1338-43. 

17.  Murphy MA, Hands L. Is arteriovenous shunting involved in the 

development of varicosities? A study of the intraluminal pressure 

and oxygen content in varicose veins. Phlebology 2008;23:137-

41. 

18. Lee W, Chung JW, Yin YH, Jae HJ, Kim SJ, Ha J, et al. Three- 

Dimensional CT venography of varicose veins of the lower 

extremity: image quality and comparison with doppler sono-

graphy. AJR Am J Roentgenol 2008;191:1186-91. 

19. Min SK, Kim SY, Park YJ, Lee W, Jung IM, Lee T, et al. Role 

of three-dimensional computed tomography venography as a 

powerful navigator for varicose vein surgery. J Vasc Surg 2010; 

51:893-9. 

20.  Mdez-Herrero A, Gutierrez J, Camblor L, Carreno J, Llaneza 

J, Rguez-Olay J, et al. The relation among the diameter of the 

great saphenous vein, clinical state and haemodynamic pattern 

of the saphenofemoral junction in chronic superficial venous 

insufficiency. Phlebology 2007;22:207-13.

21.  Gibson K, Meissner M, Wright D. Great saphenous vein diameter 

does not correlate with worsening quality of life scores in pa-

tients with great saphenous vein incompetence. J Vasc Surg 

2012;56:1634-41. 


