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Introduction
To date, there has been very little research examining the 
variable of patient position and the subsequent outcome of 
differences between erect and semi recumbent positioning 
for venous reflux assessment1. The effect of patient posi-
tion on accurate diagnosis of venous reflux in the lower 
limb using Doppler ultrasound has not been reliably tested. 
Such testing may allow the choice of better patient and 
sonographer safety during reflux examinations. Examining 
the patient in the erect position produces a major issue. The 
problem is that of occupational safety with respect to work 
injury. More than 80% of sonographers are scanning in pain 
and 20% of these professionals eventually experience a 
career ending injury2. The posture of the sonographer while 
performing a duplex scan for lower limb venous insufficien-
cy is very awkward if the patient stands erect. When examin-
ing the patient upright, the sonographer endures static wrist 
and elbow flexion. Holding the same position for a long 
period of time increases the risk of repetitive strain injury3. It 
places increased stress on operator limbs, particularly when 
compared to techniques where the patients are assessed in a 
recumbent position. Patient safety is another issue. 

The protocols employed involve a valsalva manoeuvre 
and / or calf compression that has been shown to cause 
patients to feel faint when standing4. The lower limb of the 
patient often needs to be raised in order for the sonographer 

to reach the area and avoid slouching. This may involve 
standing a patient on a raised platform or other specialised 
support, which in the event of a fainting episode will effec-
tively increase the distance of falling. Specialised equipment 
is required, such as height adjustable chairs for the sonog-
rapher, which enable the patient and keyboard to be within 
reach to minimise the risk of repetitive strain injury3. It is 
difficult to attain optimal patient safety and sonographer 
workstation set up. 

If a safer alternative can be proven to provide the same 
results as those obtained using the current technique (i.e. 
with patient upright) then this study would serve to help 
remove these problems from the workplace. This is the 
objective of the present study. 

As previously indicated, very little research has been 
undertaken with regards to the research topic. No method 
has been standardised in eliciting and grading reflux1,5. 
Selective and small sampling has resulted in the inability to 
obtain reproducible results when comparing patient position-
ing during ultrasound examination for valvular insufficiency. 
Previous studies were flawed in terms of poor sampling 
representation, inadequate experimental control and use of 
outdated imaging equipment6,7,8. 

The current study has been undertaken to assess the 
effect patient position has on outcome diagnosis for lower 
limb venous insufficiency using duplex Doppler. The aim is 
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Abstract
Objective: The object of this study was to determine the influence of patient position (erect and semi 
recumbent) on outcome diagnosis of venous reflux using spectral and colour Doppler ultrasound.
Design of study: The study design is a quantitative comparative study on patients presenting to 
Vancouver General Hospital Ultrasound Department for assessment of lower limb venous reflux.
Subjects and methods: A total of 71 patients were tested for valvular reflux using two techniques on 
one symptomatic limb. The first method was in a semi recumbent position and the second in an erect 
non-weight bearing position. Seven segments of the deep and superficial veins were examined using 
spectral and colour Doppler. Reflux was elicited using a valsalva manoeuvre and assessed by a grading 
technique of timed reverse flow.
Results: Mean reflux time was less in the erect position by approximately one second for the common 
femoral vein, greater saphenous vein, superficial femoral vein (SFV) mid, SFV distal, and popliteal 
vein. Results were equivalent for the SFV proximal segment. The lesser saphenous vein showed no 
statistical significance for equivalence between reflux times for the two positions.
Conclusions: We found that in order to accurately diagnose lower limb reflux using ultrasound and the 
valsalva technique, the patient does not have to be positioned erect with the exception of examining 
the lesser saphenous vein. By incorporating this method in scanning protocols the risk of patient and 
sonographer injury can be minimised.
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to test data for any difference and equivalence in reflux time 
measurements. 

Materialsandmethods
Over a six-month period, any patient who presented to the 
Vancouver General Hospital ultrasound department with a 
request for lower limb vein assessment for venous insuf-
ficiency, was invited to participate. Seventy-one ambula-
tory patients were recruited. Subjects who could not stand 
upright for a period of 15 minutes at a session were exclud-
ed. Informed consent was obtained from all participating 
patients via an information sheet and by their signing of a 
hospital template consent form. 

A quantitative comparative methodology to assess the 
variable of body position during an examination of the 
lower limb veins for venous insufficiency using ultrasound 
and the valsalva technique was chosen for this experiment. 
Detection of any differences and equivalence of measured 
values between the two positions, were tested. 

Using an ACUSON Sequioa 512 Ultrasound system with 
a Linear array 6L3 transducer, venous anatomical sites were 
assessed for valvular reflux. Sites assessed were the com-
mon femoral vein (CFV) at the level of the valve superior to 
bifurcation of the greater saphenous vein (GSV), the GSV 
at its junction to the common femoral vein, the superficial 
femoral vein (SFV proximal) at the level of its valve inferior 
to bifurcation of common femoral vein, a mid section of 
superficial femoral vein (SFV mid) at mid thigh level, the 

distal segment of superficial femoral vein (SFV distal) at 
the adductor canal, the popliteal vein (PopV) at the valve 
inferior to the junction of medial gastrocnemius vein, and 
the lesser saphenous vein (LSV) at its junction with the deep 
venous system, or in the event of its presence the giaconimi 
vein.

 Using B-mode to visualise anatomical sites, valvular 
reflux was assessed first using colour Doppler with a low 
velocity colour scale setting. This assisted with placement 
of the sample gate and flow-angle cursor for the Doppler 
measurement taken. A spectral Doppler sample using a 
Doppler angle less than 60° to the vessel wall was taken at 
the level of the valve during valsalva manoeuvre. To perform 
the valsalva manoeuvre, patients were instructed to ‘breathe 
in, hold your breath and strain’. Measurements of reflux 

for each segment were recorded in time (seconds) using a 
slow sweep speed setting. Reflux was graded according to 
departmental protocol for timed reflux. This is summarised 
in Table 19.

Normal valve closure was accepted as 0.5 seconds of flow 

Grade 1 1–2 sec

Grade 2 2–3.5 sec

Grade 3 3.5–6 sec

Grade 4 6 sec or greater

Table1: Degree of reflux

Fig.1 Fig.2a

Fig.2b Fig.2c
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reversal. One symptomatic leg on each patient was examined 
in a semi recumbent and erect non weight bearing position for 
comparison. The positioning methods were as follows.

Modifiedsemirecumbentposition
Using an anti-Trendelenburg examination table (Merivaara 
Acute Care Line Examination Table with anti-Trendelenburg 
option), a 15° feet down tilt was used. The head end of the 
table was adjusted to 60° angle to allow a person to sit 
upright with legs extended (Fig. 1).

The patient’s leg was slightly externally rotated (refer 
Fig. 2a) to allow placement of the transducer by sonogra-
pher (Fig. 2b and Fig. 2c) to image the required anatomical 
sites.

Erectposition
The patient was asked to stand facing the sonographer. An 
examination couch was positioned behind the patient so that 
its height was adjusted at the patient’s mid thigh level. This 
acted as a partial support for patient stability. A step with a 
support handle was positioned so that the handle could be 
held by the patient for further stability (Fig. 3).

For examination of the lower veins and depending on 
patient height, some were asked to step up onto the platform. 
This minimised occupational strain by allowing a more 
optimal ergonomic position for transducer placement by the 
sonographer when examining lower veins. Participants were 
instructed to slightly externally rotate the leg, and to gently 
rest the leg being examined so that it was non-weight bear-
ing. The handle and bed behind the patient allowed support 
onto the leg not being examined so that the weight was dis-
tributed onto this limb. Effectively, the limb being assessed 
for venous insufficiency was thus non-weight bearing.

A second support person was in the examination room to 
monitor the patient while being examined in the erect posi-
tion. It was the role of the support person to ensure patient 
and sonographer safety in the event of a vasovagal episode. 
For example if the patient appeared to become unsteady the 
support person would intervene and assist the patient onto 
the examination bed to recover. The support person was a 
sonographer or in some cases an aid, depending on who was 
available at the time of examination.

The sonographer sat on a z-type height adjustable chair 
with knee support while examining the patient. This pre-
vented slouching and assisted examination of the patient in 
the upright position by allowing the sonographer to attain 

closer proximity to the patient, thus avoiding strain due to 
extended limb leverage. 

Statisticalanalysis
Initially we conducted a sample size analysis to help design 
our study. We chose type I error to be 0.05, statistical power 
to be 0.8 and assumed that 70% of measurements would be 
equal. We defined our range of equivalence to be 0.25 to 4 
(ratio of proportion of stand > semi recumbent measured 
reflux times to proportion of stand < semi recumbent mea-
sured reflux times). These criteria gave a sample size of 70. 
For each anatomical site, the difference in measured reflux 
time was calculated by subtracting the standing from the 
semi recumbent readings. The frequency of occurrence of 
the differences in reflux time measurement was tabulated 
and expressed as a percentage. The data were tested twice, 
first for equivalence of results obtained by the two methods 
(i.e. erect v. semi recumbent) and then we estimated the dif-
ferences of measured reflux time between the two methods. 
A non-parametric test was used to test the significance of 
equivalence between the two methods, that is, to test the 
hypothesis that there is evidence to support that the two 
methods are the same. Because the data can be expressed 
on the ordinal scale, the sign test was selected as a testing 
method. It was found that for only one venous location, the 
testing did not reject the hypothesis. This reflects a char-
acteristic of the data that for most sites the erect and semi 
recumbent measurements are not equivalent. 

From the data, it was further observed that for most 
venous sites, there was a higher percentage of occurrence 
of the reflux times in the erect position being less than that 
obtained in the semi recumbent position, than the other way 
round. This, therefore, reflected an unexpected hypothesis 
that there is a difference in recorded values between the 
two methods. In response to this unexpected trend, a second 
parametric test was performed on the same data. Erect and 
semi recumbent mean frequencies were compared via a 
paired t-test where the hypothesis being tested was that the 
mean reflux times are not the same. In all tests P value of 
<0.05 was defined as significant. We also computed 95% 
confidence intervals to estimate the magnitude of the differ-
ence between the two methods.

Results
Fifty-eight female and 13 male patients participated in 
the study. Table 2 summarises patient demographics  

Variable Mean S.D.

Age (years)
Height (cms)
Weight (kgs)
Body Mass Index

51
167.6
73.4
26.1

13
9

15.4
4.8

n %

Gender-female
History of pregnancy *
Family history of varicose veins
History of DVT
History of venous surgery or intervention
Patient able to perform examination
*13 (18%) were male

58
43
48
4

31
70

82
74
68
6

44
99

Table2: Demographics of 71 patients examined for reflux

Fig.3
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including age, height, weight, body mass index and patient  
history recorded at the time of examination for the popula-
tion sample. 

 The mean values for patient age were 51 years and body 
mass index (BMI) of 26.1. 74% of women who presented 
for the study had at least one previous pregnancy. A fam-
ily history link was present for 68% of patients presenting 
and 44% had presented with recurrence of varicose veins 
or insufficiency symptoms post surgical intervention. Only 
one participant could not complete the examination due 
to a fainting episode. Another patient did endure a similar 
episode but was able to complete the examination after a 
period of rest.

The number of readings where reflux time measurements 
for the two positions were equal ranged from 69–89%.

Graph 1 summarises the frequency percentage of equal 
reflux time readings observed at each anatomical site. 

SFV proximal had the lowest count of equal values 
between the two methods at 69% while the mid section SFV 
reading had the highest. Table 3 summarises the individual 
frequencies for each anatomical site. Table 3 shows the 
frequency of occurrence of reflux times being observed as 
equal, standing reflux time less than reverse, standing reflux 
time greater than reverse and corresponding P-values from 
sign test for equivalence. 

Overall, it is evident that where there is a difference in 
measured reflux time, a higher frequency is observed where 
the erect position reflux times are less in comparison to 
those measured with the semi recumbent technique. Most 
measurements in the erect position were less than the semi 
recumbent for the same location.

For example, refer GSV frequency stand < reverse = 

16%, and erect > reverse = 1%. This is consistent with all 
locations except LSV where the variation of differences is 
not so dissimilar. Here, stand < reverse = 9% and stand > 
reverse = 6%.

When testing for equivalence, the data show statistical 
significance only for the proximal SFV, when using statisti-
cal power 0.8. None of the other sites show significance. 
Therefore there is not sufficient evidence to support that the 
methods are equivalent except when examining the proximal 
SFV. For example, there was no significance seen for the 
LSV readings. Table 4 shows the raw data frequency values 
observed for LSV.

The second test performed on the data assesses whether 
significant differences exist between recorded values (i.e. for 
erect > reverse reflux times v. erect < reverse reflux times). 
Results show significance between the two methods at the 
CFV, GSV, SFV mid, SFV distal, and Pop V. In order to 
understand the magnitude of the difference, we constructed 
95% confidence intervals. Table 5 summarises P values, 
average difference in seconds with 95% confidence intervals 
for mean difference (erect – semi recumbent). 

Discussion
It is a common theory that in order to accurately demonstrate 
valvular reflux in the lower limbs with duplex ultrasound, the 
patient must be positioned upright7, 10,11. This enables maxi-
mum hydrostatic pressure against the valve and engorgement 
of veins as a result of gravity5,12. Some literature advocates 
that there is a need to position a patient upright in order to 
optimally demonstrate the abnormality seen5,13,14. However a 
separate study by Goushegir, et al. found that visualisation 
of the lower limb vein anatomy was enhanced when the 
patient was in a semi recumbent position15. 

The results of our study do not support the theories that a 
patient must be positioned upright. We assume that the pres-
ence of reflux is absolute in the symptomatic patient. A more 
accurate diagnosis is one where reflux is seen as opposed to 
unseen. We accept that in whatever position it is seen, its pres-
ence is real. There is no artefactual reason for a false positive 
reading. From this we conclude that a more accurate result in 
terms of diagnosis is one where a measurement has a longer 
reflux time. If there is a longer reflux time seen, it suggests 
a higher grade up to 6 seconds. Because there is an overall 
increase in reflux time measurements seen in the semi recum-
bent position, this would indicate that this method is more 
accurate at demonstrating reflux than the erect position.

Anatomical site Stand < Reverse Equal Stand > Reverse P-value*

n % n % n %

CFV 12 17 57 80 2 3 0.07

GSV 11 16 59 83 1 1 0.11

SFV PROX 15 21 49 69 7 10 0.01*

SFV MID 8 11 63 89 0 0 0.23

SFV DISTAL 8 11 62 87 1 1 0.19

POP V** 11 16 58 84 0 0 0.13

SSV** 6 9 59 86 4 6 0.16

*P-value from sign-test for equivalence;
**Two frequencies missing

Table 3: Frequency % of measured difference between standing and reverse semi recumbent positions in 71 
patients.
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We demonstrated statistical significance (P < 0.05) that 
there is a difference in results for CFV, GSV, SFV mid, SFV 
distal, and popliteal vein sample sites between an upright 
and modified semi recumbent position. For these sites, the 
average reflux seen in the erect position was approximately 
0.5–1 second less then those observed in the modified semi 
recumbent position. Fig. 4a and Fig. 4b is an example of a 
spectral trace where a difference is observed between the 
two positions at the GSV on the same patient. For Figs. 4a 
and 4b the abbreviation ‘V’ reflects the initiation of valsalva 
manoeuvre by the patient during the examination and there-
fore point of expected normal valve closure. Each bracket 
equals one second on the spectral time axis using a slow 
sweep speed setting. 

The SFV proximal segment values when tested for 
equivalence support that the two methods are equal in 
diagnosis of reflux (P <0.05). Therefore one could not be 
considered better than the other. 

The LSV did not demonstrate statistical significance in 
either testing. Table 4 shows the raw data frequency distribu-
tion. Through general observation the spread of frequencies 
seen is somewhat similar. The number of values where stand 
< semi recumbent is similar to those where stand > semi 
recumbent. Two frequency values are absent from LSV as a 
result of one patient having a superficial clot, and a second 
patient not being able to continue the study as a result of a 
fainting episode. It may be postulated that if a larger sample 

number had been obtained, the LSV may also support 
equivalence between the two positions. Further research in 
this area may prove beneficial in defining this point.

Previous studies demonstrated similar results for the 
CFV6,7. The study by Van Bemmelen, et al.6 showed the 
reflux time seen using the valsalva technique for an erect 
position at the CFV was less than the supine 10° semi 
recumbent position. It is unclear in the results as to the 
extent that valsalva was used in the experiment as there is 
no comment on the comparative values seen for the other 
anatomical sites investigated. A hybrid of techniques was 
used to induce reflux in the semi recumbent position. 
Perhaps valsalva was only compared for the CFV. Masuda, 
et al. examined valsalva techniques in erect and semi recum-
bent positions and found that the semi recumbent position 
produced higher velocities as well as longer reflux times 
except for the popliteal vein7. In the Masuda, et al. study, the 
popliteal vein did not demonstrate statistical significance in 
the difference in these parameters. This may be a result of a 
small sample size of 30 being used and hence a low statisti-
cal power used. Another possible reason for this could be the 
different semi recumbent position used in the test. Previous 
studies have the patients supine in a reverse tilt, where as in 
our study we sit the patient’s upper torso upright in a sitting 
position. This upright torso position may further maximise 
the effect of blood pooling in the lower limbs thus attaining 
adequate hydrostatic pressure against the valves. In previous 

Lesser Saphenous 
Vein Difference Time

(seconds)
Frequency %

-6 2 3

-5 2 3

-4 1 1.5

-2 1 1.5

0 59 86

1 1 1.5

2 1 1.5

4 1 1.5

6 1 1.5

Missing frequencies 2

Table4:Raw data frequency of SSV.

Anatomical 
Site 

Mean time 
difference 

(sec)
95% CI P-value

CFV_diff -0.39437 -0.77,-0.02 0.0414*

GSV_diff -0.50704 -0.93,-0.08 0.0201*

SFVprox_diff -0.54930 -1.23,0.13 0.1134

SFVmid_diff -0.49296 -0.87,-0.12 0.0103*

SFVdistal_diff -0.49296 -0.88,0.11 0.0130*

POPV_diff -0.71014 -1.14,-0.29 0.0014*

SSV_diff -0.21739 -0.63,0.19 0.2909

Table 5: 95% confidence intervals for mean difference (erect – semi 
recumbent)
Those marked with * are reflux times showing statistical difference 
where P <0.05.

Fig.4a:Reflux observed in erect position for patient 19A. Fig.4b:Reflux observed in semi recumbent position for patient 19A.
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studies the short saphenous vein was not examined6,7. These 
studies are also limited by the antiquated equipment used 
and the fact that the sample selection is not representative of 
a realistic clinical situation. Van Bemmelen, et al.6 selected 
32 healthy volunteers to participate, while Masuda, et al.7 
selected 19 patients with clinical CVI and the other 11 were 
also normal healthy volunteers. 

We believe our method for sample selection is repre-
sentative of the population presenting to our department. 
Predisposing factors to venous insufficiency include history 
of previous DVT, obesity, genetic factors and the number 
of pregnancies16. In our sample, BMI values ranged from 
a minimum of 18.4 to 45 with a mean of 26.1. The BMI 
range of 25–29.9 is categorised as overweight and over 30 
as obese17,18. Of our patients, 44% had previous intervention 
such as venous ligation, sclerosing and stripping and were 
presenting with recurrence. These demographics are con-
sistent with the expected influences of obesity on CVI and 
clinical presentations19. Most of the patients presented were 
female and 61% of those suffered from varicose veins as a 
result of pregnancy. Genetic factors or strong family history 
of varicose veins were recorded in 68% of our participants.

Our results show a consistent difference between the two 
positions for CFV, SFV mid, distal and popliteal vein and 
equivalence at SFV prox. The average difference ranged 
from approximately 0.5 to almost 1 sec. The impact of this 
observed difference in the clinical setting is questionable. 
According to the grading method used and its correlation 
to clinical symptoms a difference of one second will not 
have a great impact on the outcome diagnosis of venous 
reflux. This is because a patients’ management is unlikely 
to be affected by this. Methods used to grade reflux in lower 
limbs vary11,5,13,20,21. The clinical manifestations of CVI and 
the extent of reflux diagnosed with ultrasound does suggest 
a strong association, however lack of consistent grading and 
reporting methods in studies have not provided the evidence 
to support definitively one grading method over another22. 
Ultrasound is useful for providing information about the 
anatomy and presence of reflux in the deep and superficial 
venous systems11. The outcome intervention undertaken by 
a treating vascular surgeon or other physician is dependant 
on the clinical signs and severity of CVI the patient is 
experiencing, and whether the reflux is located in the deep 
and or superficial system4. Classifications of CVI and cor-
relation with grading duplex ultrasound methods are yet to 
be clearly substantiated4,11. Ultrasound is useful in mapping 
and locating areas of venous reflux that is crucial to patient 
management4. The grading of venous reflux using Doppler 
ultrasound is not necessarily useful in determining outcome 
patient management. For example the information required 
by the treating physician to make a clinical decision is the 
mere presence of reflux at a certain valve or anatomical 
site23, not whether reflux is seen for 3 or greater than 6 sec. 
Research in examining the correlation of Doppler ultrasound 
grading techniques and patient management outcomes for 
CVI would be useful in helping to facilitate its true necessity 
and standardisation in the clinical setting.

Patient comfort may be an explanation for improved 
results seen in the modified semi recumbent position. The 
valsalva manoeuvre is dependant on a cooperative patient5,22. 
The patient is in a more stable and comfortable position 
when semi-recumbent as opposed to erect, therefore they 

are able to perform the valsalva manoeuvre easily, provid-
ing longer reflux time measurements in the semi recumbent 
position. Only one person recruited for participation in 
the present study could not complete the test as a result of 
inability to continue. This was not due to an inability to 
perform valsalva but rather a vasovagal episode experienced 
while performing the manoeuvre.

Conclusion
Our results support that, in order to accurately diagnose 
lower limb reflux using ultrasound, the patient does not have 
to be positioned erect with the exception of examining the 
LSV. Using a technique where a patient is positioned in a 
semi recumbent manner provides mostly unchanged if not 
improved results by producing longer reflux time measure-
ments for diagnosing venous incompetence in the lower 
limbs using valsalva manoeuvre. The semi recumbent posi-
tion gives a statistically significant longer reflux time that is 
advantageous because identification of the presence of reflux 
is clinically important for patient treatment and management 
of venous insufficiency. Shorter reflux times that may have 
gone unnoticed in the erect position are better recognised in 
the semi recumbent position. A semi recumbent position is 
safer for the patient because of the associated risk of fainting 
while undergoing examination to assess venous insufficien-
cy. By developing a scanning protocol whereby the patient is 
in a semi recumbent position, the sonographer is also able to 
perform duties that lower the risk of occupational injury.
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