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Vascular ultrasonography has an important role in the diagnosis and
management of venous disease. The venous system, however, is more
complex and variable compared to the arterial system due to its
frequent anatomical variations. Thus, the aim of our study was to assess
the great saphenous vein and superficial femoral vein at different levels
and its relation to age, sex and body mass index in Egyptian population
by noninvasive colored duplex ultrasound.

Methods: Our study was cross- sectional descriptive study comprised
75 subjects with one hundred fifty- limbs. We classified studied
subjects to lean and obese group according to body mass index (BMI).
The diameter of the greater saphenous vein and femoral vein in mm
were measured with duplex ultrasound longitudinal imaging in three
different levels.at both lower limbs and in standing as well as supine
position.

Results: Obese patients had significantly higher diameter (mm) of the
femoral vein compared to lean controls. However, the diameter (mm)
of great saphenous vein of the both lower limb in the different levels (1
% Standing,2™ Standing 3 rd Standing 1 * Supine 2 ™ Supine and 3 ™
Supine) were non-significantly higher in obese women compared to
lean subjects. Moreover, there were significantly higher diameter (mm)
of great saphenous vein at 1 * Standing,2" Standing 3 rd Standing in
both lower limbs compared to corresponding levels in Supine position.
By using ROC curve test, we found that the highest area under the
curve (AUC) (0.797, C.I 0.669 - 0.924), sensitivity (96.1%) and
specificity (63%) were of femoral vein diameter (mm) with cutoff (7.15
mm). linear regression analysis test found that, the diameter of femoral
vein (mm) was only independently correlated with BMI.

Conclusion: obese subjects had significantly higher diameter (mm) of
the femoral vein compared to lean control. However, the diameter
(mm) of great saphenous vein of the both lower limb in the different
levels were non-significantly higher in obese women compared to lean

subjects.
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Introduction:-

The greater saphenous vein (GSV) is the longest vein in the body. the anatomy of the greater saphenous venous
system in current standard texts is usually described as a continuous single trunk in the medial and lateral accessory
branches originates from the anterior aspect of the medial malleolus and runs along the tibial aspect of the medial
calf before crossing the knee finishing in the groin. Moreover, below the knee there is a posterior accessory branch
that invariably rejoins the main trunk above the ankle [1]

The surgical anatomy of the saphenous venous system is particularly relevant and have recently become even more
significant because of the importance of this vein as an approach to each in situ bypass procedure; hence, accurate
knowledge of this system has provided a major advance in the simplification of such procedure. [1].

Vascular ultrasonography has an important role in the diagnosis and management of venous disease. The venous
system, however, is more complex and variable compared to the arterial system due to its frequent anatomical
variations The diagnosis and treatment of chronic venous diseases has undergone a quantum leap forward in recent
decades[2] thanks to advances in understanding made possible by technical improvements in ultrasound equipment,
diagnostic  techniques,[3] and communication standards related to research in anatomy and
pathophysiology[4].Currently, high definition echo color Doppler (HD-ECD) is considered the gold standard for
diagnosis of the venous system[5].

Venous mapping gained by using HD-ECD provides an accurate graphic representation of the deep and superficial
venous systems, it is an anatomic paper pattern of the lower limbs venous system based on the ultrasound study [6]
and the performance of venous mapping is now considered essential for correct management of venous diseases. [7].
In fact, such an evaluation leads to improved knowledge about the hemodynamics of the venous system. This is
important in order to ameliorate the decision about further treatment of venous diseases, for example, in the case of
evaluating the real necessity to strip the saphenous vein in case of its insufficiency.

The aim of our study was to assess the great saphenous vein and superficial femoral vein at different levels and its
relation to age, sex and body mass index in Egyptian population by noninvasive colored duplex ultrasound.

Subjects and methods:-

This cross- sectional descriptive study comprised 75 subjects with one hundred fifty- limbs were examined. The
studied subjects were recruited from the outpatient clinics of the vascular surgery and Internal Medicine departments
as well as Anatomy & Embryology at the Zagazig University hospitals. The Ethics Committee of Faculty of
Medicine, Zagazig University approved this work. All participants assigned informed written consent prior to their
inclusion., patients were over 18 years of age

All participants underwent complete history taking, thorough clinical examination included anthropometric variables
including BMI was calculated as weight in kg/ height in (meters). None of the participants had history of varicose
vein surgery or intervention, saphenous harvesting as well as venous disease at lower limb (deep venous thrombosis,
superficial thrombosis and varicose vein). Also, any abnormalities detected clinically or by the duplex ultrasound
[reflux- thrombosis — C.V.M. (Congenital Venous Malformation) were excluded from the study.

Duplex ultrasound of the Great saphenous vein and superficial femoral vein:-

Measurement of diameters of the GVS at different levels and superficial femoral vein was performed using colour-
coded duplex ultrasound examinations were performed with (Esaote mylab 50 Xvision colour-coded duplex
scannerfitted ultrasonography) in B-mode with a 7.5-MHz linear probe for lean subjects but for fat patients, the 3-5
MHz convex transducer was used. We measured the superficial femoral vein just distal to the saphenofemoral
junction (SFJ).

The GSV was examined in both standing and supine position. As regard the standing position, volume increase due
to shift of blood from the central veins to the venous system of the legs after 5 min. Regarding the supine position,
subjects were scanned in 45 degrees of reversed trendelenburg to discard the possibility of thrombosis or reflux in
any veins in this system as described by many other authors. [8-10]. Assessment of the superficial venous system
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and perforator veins was done while the studied subject was standing on a two-step ladder holding himself in the
upright position [11].

The GSV in the right lower limb (RLL) and left lower limb (LLL) were analyzed in detail from the dorsomedial area
of the foot to its junction with common femoral vein in the groin with the B-mode and spectral curve of ultrasound.
The studied levels were described as the following; the first level to be studied was in the inguinal area, 2 cm from
the SFJ where the vein was visible without any curvature. the second level located in the thigh equally distant from
the first level and the third level (the medial face of the knee in the interarticular area). The veins were measured in
millimeter with ultrasound longitudinal image.

Statistical analysis:-

Statistical analyses were performed using the Statistical Package for the Social Sciences for Windows (version 21.0;
SPSS Inc., Chicago, IL, USA). Data were expressed using descriptive statistic (mean * standard deviation) and were
analyzed using “t” test. Pearson correlation coefficient was used to assess the association between BMI, age and sex
with the diameter (mm) of the great saphenous vein of both right and the left lower limb in studied subjects.
Receiver operating characteristic (ROC) analysis was performed to assess the cutoff values of great saphenous vein
at different levels in both right and left leg at standing position as well as at supine position to differentiate between
lean and obese patients. A linear regression analysis was to test the influences of the main independent variables
against BMI (dependent variable) in obese subjects. We considered P to be significant at <0.05 with a 95%
confidence interval (Cl).

Results:-

Our study was cross- sectional descriptive study comprised 75 subjects with one hundred fifty- limbs. We classified
studied subjects to lean and obese group according to BMI. In the lean group (n=51),54.9 % were male(n=28) and
45.1% were female (n=23), their mean age was 41.86+2.39 year and their BMI were 26.5+2.91. In obese group
(n=24) group,41.6% were male(n=10) and 58.4% were female(n=14), their mean age was 56.05+2.21 year. and their
BMI was 33.64+2.59.

Diameter (mm) of the femoral vein and the great saphenous vein of the both lower limb in the different levels
of all studied subjects were summarized in Table 1

Obese patients had significantly higher diameter (mm) of the femoral vein compared to lean controls. However, the
diameter (mm) of great saphenous vein of the both lower limb in the different levels (1 ¥ Standing,2™ Standing 3 rd
Standing 1 * Supine 2 ™ Supine and 3 ™ Supine) were non-significantly higher in obese women compared to lean
subjects. (P < 0.001).

Table 1:- Diameter (mm) of the femoral vein and the great saphenous vein of the both lower limb in the different
levels of all studied subjects.

Diameter Lean Group Obese Group P1 P2
N=51, (mean % SD) N=24, (mean + D)
RLL LLL RLL LLL

1 ¥ Standing 5.46+1.121 5.7+1.12 5.86+1.215 6.1+£1.215 0.167 | 0.164
2 " Standing 3.45+0.80 3.78+0.80 3.7740.922 4.0£0.922 0.140 | 0.143
3 " Standing 2.6+0.761 3.32+0.76 2.9+0.803 3.55+0.80 0.239 | 0.248
1 Supine 5.32+1.183 5.43+1.152 5.52+1.33 5.6+1.286 0.521 | 0.559
2 " Supine 3.17+0.953 3.3+£0.907 3.3t11.1 3.4+1.041 0.413 | 0.465
3 " Supine 2.28+0.866 2.56+0.77 2.44+0.99 2.65+0.85 0.485 | 0.635
Femoral vein 5.97+1.018 7.36+1.47 <0.001*

RLL, right lower limb; LLL, left lower limb. P1 Significant P value as compared between RLL of obese with RLL
of lean group.P2 Significant P value as compared between LLL of obese with LLL of lean group. *Significant P <
0.05.
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Pearson correlation between BMI, sex, age and the femoral vein as well as the great saphenous vein diameter
(mm) of the both lower limb in the different levels in studied group.

Regarding BMI, our results demonstrated highly significant positive correlations with great saphenous vein of the
both lower limb in the different levels (1 * Standing,2™ Standing 3 rd Standing, 1  Supine, 2 "™ Supine and 3
Supine as well as femoral vein. Interestingly, among these levels, the highest positive correlation found between
femoral vein and BMI, (P<0.001) (Table 2).

Table 2:- Pearson correlation between BMI, sex, age and the femoral vein as well as the great saphenous vein
diameter (mm) of the both lower limb in the different levels in studied group.

level BMI Sex Age

r p r p r p
1 ¥ Standing of RLL 0.262 <0.05* 0.675 <0.001* 0.277 <0.05*
2 " Standing of RLL 0.296 <0.001* 0.677 <0.001* 0.315 <0.001*
3 " Standing of RLL 0.270 <0.05* 0.652 <0.001* 0.291 <0.05*
1 ¥ Supine of RLL 0.266 <0.05* 0.458 <0.001* 0.276 <0.05*
2 " Supine of RLL 0.298 <0.001* 0.450 <0.001* 0.317 <0.001*
3 " Supine of RLL 0.273 <0.05* 0.415 <0.001* 0.293 <0.05*
1 ¥ Standing of LLL 0.264 <0.05* 0.675 <0.001* 0.273 <0.05*
2 " Standing of LLL 0.295 <0.001* 0.677 <0.001* 0.325 <0.001*
3 " Standing of LLL 0.270 <0.05* 0.652 <0.001* 0.294 <0.05*
1 ¥ Supine of LLL 0.261 <0.05* 0.469 <0.001* 0.274 <0.05*
2 " Supine of LLL 0.294 <0.001* 0.471 <0.001* 0.318 <0.001*
3 " Supine of LLL 0.272 <0.05* 0.481 <0.001* 0.295 <0.05*
Femoral vein 0.623 <0.001* 0.622 <0.001* 0.636 <0.001*

As regards sex correlations, our study observed that highly significant positive correlations with great saphenous
vein of the both lower limb in the different levels (1 * Standing,2™ Standing 3 rd, Standing ,1 * Supine, 2 "™ Supine
and 3 " Supine as well as femoral vein. Interestingly, among these levels, the highest positive correlation found
between1 * Standing,2™ Standing 3 rd Standing as well as femoral vein in female subjects(P<0.001) (Table 2).

Concerning age:-

Our results revealed highly significant positive correlations with great saphenous vein of the both lower limb in the
different levels (1 * Standing,2™ Standing 3 rd Standing, 1 * Supine, 2 ™ Supine and 3 ™ Supine as well as femoral
vein. Interestingly, among these levels, the highest positive correlation found between femoral vein and BMI,
(P<0.001)

Comparison between diameter of great saphenous vein of standing and supine position of the both lower limb
in obese patients.

Our results demonstrated significantly higher diameter (mm) of great saphenous vein at 1 ¥ Standing,2™ Standing 3
rd Standing in both lower limbs compared to corresponding levels in Supine position (P<0.001) (Table 3).

Table3:- comparison between diameter of great saphenous vein of standing and supine position of the both lower
limb in obese patients.

parameter Standing Supine T P value

1% level of RLL 5.86+1.21 5.1+1.215 4.692 <0.05*
2" level of RLL 3.7740.922 3.01+0.92 8.362 <0.001*
3" level of RLL 2.9+0.803 2.1+0.803 11.593 <0.01*
1% level of LLL 6.1+1.215 5.34+1.215 4.692 <0.05*
2" level of LLL 4.01+0.92 3.3240.92 8.362 <0.01*
3" level of LLL 3.5+0.803 2.76+0.803 11.593 <0.01*
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Receiver operating characteristic (ROC) curve for estimate the cutoff, sensitivity and specificity of femoral vein and
great saphenous vein of the both lower limb in the different levels for differentiating obese from lean subjects.

We further investigated our results by ROC test, we found that among studied levels of great saphenous vein of the

both lower limb in standing and supine position as well as femoral vein, the highest AUC (0.797, C.1 0.669 -
0.924), sensitivity (96.1%) and specificity (63%) were of femoral vein diameter (mm) with cutoff (7.15 mm).

Table 4:- Receiver operating characteristic (ROC) curve for estimate the cutoff, sensitivity and specificity of
femoral vein and great saphenous vein of the both lower limb in the different levels for differentiating obese from

lean subjects.

Cutoff | Sensitivity | Specificity | AUC SE P value 95%C. |

Lower Upper

Bound | Bound
1 ¥ Standing of RLL | 6.7000 84.3% 33% 0.595 | 0.074 0.186 0.450 0.740
2 " Standing of RLL | 4.3000 80.4% 38% 0.600 | 0.073 0.162 0.457 0.744
3" Standing of RLL | 3.0500 70.6% 42.1% 0.582 | 0.072 0.256 0.441 0.723
1 ¥ Supine of RLL 5.5900 76.5% 42.2% 0.595 | 0.074 0.186 0.450 0.740
2 " Supine of RLL 3.3300 76.5% 42.3% 0.600 | 0.073 0.162 0.457 0.744
3 " Supine of RLL 2.7600 82.4% 22% 0.582 | 0.072 0.256 0.441 0.723
1 ¥ Standing of LLL | 6.7340 804% 4.12% 0.595 | 0.074 0.186 0.450 0.740
2 " Standing of LLL | 4.4240 76.5% 41.1% 0.600 | 0.073 0.162 0.457 0.744
3" Standing of LLL | 3.9950 76.5% 32.1% 0.582 | 0.072 0.256 0.441 0.723
1 ¥ Supine of LLL 5.9740 80.4% 41.3% 0.595 | 0.074 0.186 0.450 0.740
2 " Supine of LLL 4.3040 98% 25% 0.600 | 0.073 0.162 0.457 0.744
3 " Supine of LLL 3.2050 76.5% 33% 0.582 | 0.072 0.256 0.441 0.723
Femoral vein 7.15 96.1% 63% 0.797 | 0.065 | <0.001* 0.669 0.924
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Linear regression analyses in obese group to test the influences of the main independent variables against
BMI (dependent variable).

linear regression analysis test found that, the diameter of femoral vein (mm) was only independently correlated with
BMI (P< 0.001) .

Table 5:- Linear regression analyses in obese group to test the influences of the main independent variables against
BMI (dependent variable).

Model Unstandardized Standardized t P value 95 % C.1
Coefficients Coefficients
B SE Beta Lower Upper
Bound Bound
1 | (Constant) 31.804 4.077 7.800 | <0.001* | 23.270 | 40.337
Femoral vein (mm) 0.919 0.376 0.522 2.442 <0.05* 0.131 1.707
3" Standing of RLL 2.321 1.821 0.718 1.275 0.218 -1.490 6.132
1 ¥ Standing of LLL -0.880 1.920 -0.411 -.458 0.652 -4.897 3.138
2 " supine of LLL -1.900 2.594 0-.674 -.733 0.473 -7.330 3.529
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Discussion:-
Anatomical variation of the course and venous junction, presence of tributaries of the pudenda veins, Giacomini
veins, presence of dilation and segmental reflux can be detected with color-flow duplex scanning, [12]. They also
provide anatomical information about the GSV including size, patency, course, varicosities, double segments, and
tributaries. [13].

The interesting finding of the present study is that, obese patients had significantly higher diameter (mm) of the
femoral vein compared to lean controls. However, the diameter (mm) of great saphenous vein of the both lower limb
in the different levels (1 ¥ Standing,2™ Standing 3 rd Standing 1 * Supine 2 " Supine and 3 ™ Supine) were non-
significantly higher in obese women compared to lean subjects.

Similar to our study, Kiigler et al. showed that increased body weight significantly correlates with higher venous
pressure in lower extremities. Elevated venous pressure in obese subjects without any known venous pathology can
be caused by several mechanisms. A possible explanation is their increased intra-abdominal pressure caused by the
abdominal fa [ 14].

The study conducted by Amélia et al revealed that there were non-significant changes of great saphenous vein
diameters in obese patients compared to lean subjects[ 15].

We analysis our findings by pearson correlation test, our results revealed that regarding BMI, our results
demonstrated highly significant positive correlations with great saphenous vein of the both lower limb in the
different levels (1 * Standing,2™ Standing 3 ™ Standing, 1 * Supine, 2 ™ Supine and 3 ™ Supine as well as femoral
vein. Interestingly, among these levels, the highest positive correlation found between femoral vein and BMI.

In agreement with our study, Arfvidsson et al [16] demonstrated a reliable and significant correlation between
iliofemoral venous and intra-abdominal pressure. Also, they observed that venous hypertension at the femoral vein
and venous flow patterns similar to those in obese individuals can be induced in the non-obese by applying external
abdominal pressure using a circumferential cuff placed around the abdominal trunk [17,18].

As regards sex correlations, our study observed that highly significant positive correlations with great saphenous
vein of the both lower limb in the different levels (1 * Standing,2™ Standing 3 ", Standing ,1 * Supine, 2 "™ Supine
and 3 " Supine as well as femoral vein. Interestingly, among these levels, the highest positive correlation found
betweenl * Standing,2™ Standing 3 " Standing as well as femoral vein in female subjects.

Our findings are in concordance with our previous researches, the difference in incidence of dilated veins was
statistically significant in women [ 19,20], after adjusted age, this association was not found in men. It was
suggested that obesity acts as a promoter of varicose veins rather than a true primary risk factor [21].

Concerning age. our results revealed highly significant positive correlations with great saphenous vein of the both
lower limb in the different levels (1  Standing,2™ Standing 3 " Standing, 1 % Supine, 2 " Supine and 3 ™ Supine as
well as femoral vein. Interestingly, among these levels, the highest positive correlation found between femoral vein
and BMI.

On the contrary the findings conducted by Amélia et al found that aging is not necessarily associated directly with
an increase in venous diameter of the deep and superficial venous system. The age-related increase in BMI was the
most important determinant for an increase in diameter of veins in the standing position [ 15].

Even more importantly, we in this study attempted to pierce out that there were significantly higher diameter (mm)
of great saphenous vein at 1  Standing,2™ Standing 3 rd Standing in both lower limbs compared to corresponding
levels in Supine position.

In line with our results, Kréger et al observed that the cross-sectional area of the femoral vein and great saphenous
vein as well as the volume increase in the standing position compared to supine position [22].

Orthostatic stress promotes translocation of thoracic blood volume into the compliant venous system of the legs,
buttock and pelvis in humans [23,24]. This rapid fluid shift reduces central blood volume and represents a
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substantial cardiovascular stress, as reflected in reflex increases in heart rate and sympathetic nerve activity [25].
Thus, age-related changes of blood volume, sympathetic activity and venous compliance

In line with our results previous studies found that venous diameter in upright position is significantly greater in
obese compared with non-obese subjects [24]. This supports the assumption that elevated intra-abdominal pressure
caused by the elevated abdominal fat content is transmitted via the femoral veins to veins of the lower limbs and
consequently leads to greater tension on the venous vessel wall, attenuating venous elasticity [24].

We further investigated our results by receiver operating characteristic curve(ROC) test, we found that among
studied levels of great saphenous vein of the both lower limb in standing and supine position as well as femoral vein,
the highest area under the curve (AUC) (0.797, C.1 0.669 - 0.924), sensitivity (96.1%) and specificity (63%) were of
femoral vein diameter (mm) with cutoff (7.15 mm). linear regression analysis test found that, the diameter of
femoral vein (mm) was only independently correlated with BMI.

In conclusion:-

Obese subjects had significantly higher diameter (mm) of the femoral vein compared to lean control. However, the
diameter (mm) of great saphenous vein of the both lower limb in the different levels (1 ¥ Standing,2™ Standing 3 rd
Standing 1 * Supine 2 ™ Supine and 3 ™ Supine) were non-significantly higher in obese women compared to lean
subjects. Interestingly, the diameter of femoral vein (mm) was only independently correlated with BMI. Indeed,
further in-depth large studies are needed to estimate the cutoff, sensitivity and specificity of femoral vein and great
saphenous vein in Egyptian population..
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