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Abstract
Background  Inferior vena cava (IVC) diameter measurement using ultrasound for volume status assessment has 
shown satisfactory results and is being adopted in Emergency and critical care settings. IVC diameter can vary 
depending on the cardiac function, respiratory efforts, intraabdominal pressure, and mechanical ventilation. Due 
to these factors, IVC measurement cannot be considered a stand-alone technique appropriate for every patient. 
The femoral vein (FV), a more superficial vein than IVC, can be considered an alternative method for assessing fluid 
responsiveness in patients presenting to the Emergency department. It is easily accessible and can be used in 
scenarios where IVC cannot be visualized or reliable.

Methods  This was a single-center diagnostic study where 85 patients who presented to the ED with chest pain were 
enrolled prospectively. IVC and femoral vein collapsibility indices, stroke volume, and cardiac output are measured 
using an ultrasound machine. The measurements were repeated after a passive leg-raising test. These values were 
compared with each other to assess an intra-class correlation between IVC and femoral vein collapsibility indices. We 
have also evaluated the relationship between the collapsibility indices of both veins and cardiac output.

Discussion & limitations  Our findings show an insufficient correlation between IVC and FV collapsibility indices. 
However, both vein diameters significantly increased after passive leg raising (PLR), indicating a response to fluid 
challenge. Post-PLR reduced IVC, and FV collapsibility index (CI) suggests intravascular volume expansion after a fluid 
challenge, also reflected in the hemodynamic parameters. Our study was conducted only in a subset of relatively 
stable patients. The applicability of the study in different subsets of patients presenting to ED is still questionable.

Conclusion  We conclude that femoral vein indices may not be an accurate alternative for volume assessment in the 
chosen cohort of patients. IVC and FV metrics do not correlate and may not be accurate for volume responsiveness. 
We may need to explore the utility of FV and its indices in a larger population in multiple settings for a better 
understanding of its role in volume assessment and responsiveness.

Trial registration  (EC/NEW/INST/2021/1707). Registered 03 January 2023.
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Background
Volume resuscitation is a cornerstone of treating a criti-
cally ill patient presenting to the emergency department. 
Administering intravenous fluids can replenish intra-
vascular volume, thereby enhancing stroke volume and 
cardiac output [1]. Resuscitation with excessive amount 
of fluid can lead to endothelial injury, leading to capillary 
leak, and interstitial edema with pulmonary and cardiac 
overload, which in turn leads to multi-organ dysfunction 
[2, 3].

Volume assessment is critical to patient care in vari-
ous clinical settings, particularly in conditions such 
as shock, sepsis, heart failure, and fluid overload. It 
involves evaluating the patient’s fluid status to deter-
mine the appropriate fluid management strategy. In the 
current clinical practice, two broad categories of mea-
sures are used: Static and Dynamic [4]. While both static 
and dynamic measures play a role in fluid assessment, 
dynamic measures offer several advantages in clinical 
practice compared to static measures [5]. Static param-
eters are weak predictors of fluid responsiveness, proven 
through multiple studies over the past decade [6–8].

Volume assessment using point-of-care ultrasound 
evaluation of Inferior vena cava (IVC) diameter is a 
popular strategy adopted in Emergency and critical care 
settings but has its limitations [9]. There are, however, 
multiple confounders like cardiac function, respiratory 
efforts, intraabdominal pressure, and mechanical venti-
lation influencing assessment [10]. Due to these factors, 
IVC measurement cannot be considered a stand-alone 
technique appropriate for every patient. Integrating pas-
sive leg raising (PLR) test and cardiac output to assess 
volume responsiveness has been studied earlier with pos-
itive results [11, 12].

The femoral vein, more superficial than IVC, is theo-
retically an interesting alternative site for volume assess-
ment in emergency settings. The presumed benefits of 
easily accessible anatomical site and fewer barriers to 
visualization make it an attractive option for clinicians. It 
might overcome some of the technical confounders asso-
ciated with IVC assessment [13, 14]. The femoral vein 
collapsibility index (FVCI) is calculated using ultrasound 
imaging, offering a non-invasive and rapidly deployable 
method to evaluate fluid responsiveness. The FVCI mea-
sures the degree of collapsibility of the femoral vein in 
response to changes in intrathoracic pressure, which can 
be induced by respiration or other maneuvers. This is an 
emerging tool for assessing a patient’s volume status, par-
ticularly in critical care and emergency medicine settings 
[15]. FV and IVC assessment for fluid responsiveness has 

been evaluated in a systematic review meta-analysis done 
by Kim et al. [20], which concluded that there are limited 
studies on other veins, including the femoral vein, for 
volume assessment. There is a need to explore the utility 
of the femoral vein collapsibility index (FVCI) in emer-
gency settings.

We have integrated ultrasound-based femoral vein 
diameter assessment and passive leg raising (PLR) test 
in our study to find the utility of the femoral vein in pre-
dicting volume responsiveness in patients. We aimed to 
evaluate the utility of FVCI and compare it with the con-
ventional IVC assessment for chest patients presenting to 
the Emergency Department.

Methods
Study design & setting
This was a single-center experimental study conducted 
on patients with chest pain presenting to the Emergency 
Medicine Department of a tertiary care teaching hospi-
tal in South India after receiving IEC clearance and CTRI 
registration.

Study population
The study population includes patients from the southern 
state of India, Karnataka.

Sample size
To detect an effect size of 0.4 using a paired t-test at a 
5% level of significance with 90% power, we require a 
minimum of 68 pairs. Since the outcome variable is not 
normally distributed, a non-parametric test must be per-
formed, which requires the minimum sample size to be 
adjusted as 68 multiplied by 1.2. Thus, a hypothesized 
sample size of 82 is needed for comparison. Hence, 
85 adults who presented to the Emergency Medicine 
Department with chest pain and consented to participate 
were enrolled after meeting the inclusion and exclusion 
criteria.

Statistical methods
We used a paired t-test to compare the normally distrib-
uted data, and the Wilcoxon paired t-test was used for 
the rest.

Inclusion criteria
Patients presented complaints of chest pain to the Emer-
gency medicine department.

Keywords  POCUS (point of Care Ultrasound), Femoral vein Collapsibility Index, Volume assessment, Inferior Vena 
Cava, Volume responsiveness, Emergency Department.
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Exclusion criteria

1)	 Patients with abdominal mass or other pathology.
2)	 Severe pulmonary artery hypertension.
3)	 Femoral vein occlusion.
4)	 Deep vein thrombosis, Inferior vena cava filter.
5)	 Pregnancy.
6)	 ST elevation MI (STEMI).
7)	 Pulmonary embolism.
8)	 Pulmonary oedema.
9)	 Heart failure with reduced EF.
10)	 Hemodynamic instability (Hypotension/ 

arrhythmia).
11)	 Mechanical ventilation.

The images are obtained using a single machine, the GE 
Versana® active TM ultrasound machine, and captured by 
a single operator.

After obtaining informed consent and explaining 
the procedure, the patient was placed in a supine posi-
tion. Heart rate, blood pressure, oxygen saturation, and 
respiratory rate were monitored continuously during 
the procedure. Using a curvilinear probe(2-5Mhz) of 
the ultrasound placed in the subcostal area, a long-axis 
view of the inferior vena cava (IVC) was obtained and 
confirmed by visualizing the IVC entering the right 
atrium and a segment of the hepatic vein joining the IVC. 
After acquiring a good view of IVC, M-mode was used 
to obtain the respiratory phasic variation of IVC. The 
M-mode pointer was placed 2  cm away from the junc-
tion of the hepatic vein joining IVC. The image was fro-
zen, and using calipers, maximum and minimum IVC 
diameters perpendicular to the long axis were measured 
(Fig. 1). IVC collapsibility index (IVC CI) was calculated 
using the formula.

IVC CI = (Maximum IVC diameter – Minimum IVC 
diameter) ÷ Maximum IVC diameter × 100.
Technique- With the linear probe(5-10Mhz), the right 
common femoral vein was identified using the ingui-
nal ligament crease as the landmark, 2–4  cm below the 
level of the inguinal ligament, above the inguinal canal. 
The great saphenous vein take-off was traced by scanning 
caudally at the anteromedial aspect of the common fem-
oral vein. The measurements were taken when the great 
saphenous vein was no longer seen caudally. DVT screen-
ing of the common femoral vein was also performed 
simultaneously. Using the M-mode of the ultrasound, the 
largest diameter of the vein is measured. Maximum and 
minimum FV diameter is measured with respiratory pha-
sic variation (Fig. 1). The following formula calculates the 
femoral vein collapsibility index (FV CI);

FV CI = (Maximum FV diameter – Minimum FV 
diameter) ÷ Maximum FV diameter × 100.

A phased array transducer(1-2Mhz) was used to mea-
sure the stroke volume using the LVOT-VTI method. 
LVOT diameter was measured in parasternal long-axis 
view within 0.5 to 1  cm of the aortic annulus, as this 
location best reflects the exact anatomic location of the 
laminar LVOT velocity profile [16]. VTI measurements 
were taken in an apical 5-chamber view (Fig.  1). LVOT 
VTI was calculated by placing the pulse wave doppler 
in the outflow tract below the aortic valve and record-
ing the velocity (cm/s). With the assumption of laminar 
flow through the LVOT, this measurement correlates 
well with cardiac output, which is the product of stroke 
volume and heart rate [17]. After attaining both values, 
stroke volume was calculated using the formula.

SV = (LVOT Diameter ÷ 2)2 × π × VTI.
A passive leg-raising (PLR) maneuver was done to 

assess both the femoral vein and IVC response to vol-
ume. From the supine position, the patient was shifted to 
a semi-recumbent position where the trunk was at 45°. 
Then, the patient’s upper body was lowered to a hori-
zontal position while the lower limbs were elevated to 
45°. All these positional changes were done by adjusting 
the bed without manipulating the patient. An angle of 
45° was measured using a goniometer, and the bed was 
adjusted accordingly. After the passive leg raising test, 
all measurements were obtained within 2 min. PLR was 
repeated to obtain the values within the time limit of 
2 min. Along with these, hemodynamic parameters men-
tioned in Table  1 are also monitored and documented 
during the maneuver.

A total of 2 sets of values, pre-PLR and post-PLR, of 
IVC diameter, femoral vein diameter, and stroke volume 
were measured and documented.

Results
Table  1 summarizes a sample population’s demographic 
and clinical characteristics (N = 85). The mean age of the 
participants is 54.96 years, with a standard deviation of 
13.73 years, indicating a moderate spread around the 
mean age. Gender distribution shows a higher propor-
tion of males (58.8%) compared to females (41.2%).

Table  2 compares pre-PLR and post-PLR hemody-
namic parameters and IVC, femoral vein indices, cardiac 
output, and their significance with respect to volume 
responsiveness. We used paired t-tests to assess the nor-
mally distributed data using mean and standard devia-
tion. The Wilcoxon t-test was used for the rest of the data 
using the median and interquartile range. Our results 
indicate a significant increase in IVC and femoral vein 
diameters and collapsibility indices post-PLR test. It also 
conveys that stroke volume and cardiac output signifi-
cantly increase post-PLR.
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Figure  2 represents the Bland-Altman plot, with the 
x-axis showing the mean IVC CI and FV CI and the 
y-axis showing the difference between IVC CI and FV CI.

Table 3 presents the results of Spearman bivariate cor-
relations between collapsibility indices (IV CI and FV CI) 
and cardiac output (CO) both before and after PLR. The 
results suggest that neither IV CI nor FV CI significantly 
correlates with cardiac output, both before and after PLR. 
This implies that changes in IVC and FV collapsibility 

indices may not predict changes in cardiac output in this 
context.

Discussion
Our findings indicate an insufficient intraclass corre-
lation between the IVC and FV collapsibility indices 
(Fig. 2). A substantial reduction in both IVC CI and FV 
CI was observed after PLR, suggestive of intravascular 
volume expansion occurring with redistribution of fluid 
into the central circulation. These changes are reflected 
in heart rate and systolic blood pressure, which appear to 
be elevated post-PLR test (Table 2).

We compared both IVC and FV collapsibility indi-
ces with stroke volume and cardiac output using point-
of-care echo before and after PLR in all participants 
(Table  3). We found only a weak correlation between 

Table 1  Demographic characteristics
Variables (N = 85) Mean Standard deviation
Age 54.96 13.73
Gender Number Percentage
Male 50 58.80%
Female 35 41.20%

Fig. 1  Ultrasound images of IVC, femoral vein & LVOT-VTI
Image A -Ultrasound image of IVC using M mode. L1, L2, L3– 3 values of IVC diameters; d – depth at which IVC is measured
Image B - Femoral artery(left), Femoral vein(right) L1, L2, L3, L4 – Diameters of femoral vein on inspiration and expiration; d – depth at which femoral vein 
is measured
Image C - Ultrasound image of parasternal long axis view of LVOT; L – diameter of LVOT; d – depth at which LVOT is measured
Image D - Ultrasound image of LVOT with VTI measurement in apical 5 chamber view
VTI Velocity time integral of 24; HR – Heart rate of 68 bpm
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cardiac output and both collapsibility indices. Our results 
show that IVC and FV are not accurate volume assess-
ment methods in this population compared to cardiac 
output measurement.

Our results are synchronous with those of Kent et al. 
[18] study, showing only a weak correlation between 
FV-CI and IVC-CI.

However, the subsets of patients Kent et al. compared 
had both mechanically ventilated and spontaneously 
breathing patients. The outcomes could be significantly 
impacted by such a diverse population with varying 
physiologies. Our study had a homogenous population of 
spontaneously breathing patients where venous physiol-
ogy is not altered by mechanical ventilation.

Table 2  Comparison of pre and post-PLR parameters
Variables Pre-PLR Post-PLR p value Statistical test used

Median IQR Median IQR
HR (bpm) 74 64–85 76 65–86 < 0.001 Wilcoxon signed rank test
RR (mnt) 18 16–20 18 17–20 0.747 Wilcoxon signed rank test
SBP (mmHg) 140 120–140 140 130–150 < 0.001 Wilcoxon signed rank test
DBP (mmHg) 80 80–90 84 80–90 0.004 Wilcoxon signed rank test
SPO2(%) 99 98–100 99 98–100 0.877 Wilcoxon signed rank test
IVC Max diameter(cm) 1.64 1.4–1.8 1.82 1.6–2.1 < 0.001 Wilcoxon signed rank test
IVC Min diameter(cm) 1.2 1-1.4 1.5 1.32–1.8 < 0.001 Wilcoxon signed rank test
IVC.CI 0.23 0.13–0.31 0.12 0.06–0.23 < 0.001 Wilcoxon signed rank test
FV Max diameter(cm) 1.11 1-1.3 1.3 1.13–1.5 < 0.001 Wilcoxon signed rank test
FV Min diameter(cm) 1.06 0.95–1.3 1.2 1.1–1.4 < 0.001 Wilcoxon signed rank test
FV.CI 0.05 0.03–0.08 0.04 0.02–0.06 < 0.001 Wilcoxon signed rank test
VTI 21.1 3.56 23 3.58 < 0.001 Paired t test
Stroke volume(mL/beat) 55.6 16 60 17 < 0.001 Paired t test
Cardiac output(L/mint) 4.1 13 4.5 14 < 0.001 Paired t test
HR - Heart rate; RR – Respiratory rate; SBP – Systolic blood pressure; DBP – Diastolic blood pressure; SpO2 – Peripheral oxygen saturation; IVC CI – Inferior vena cava 
collapsibility index; FV CI – Femoral vein collapsibility index; VTI – Velocity time integral

Fig. 2  Bland-Altman plot
X-Axis (mean.ivci.fvci); Y-Axis (diff.ivci.fvci)
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Study of Nedel et al. [19] on the respiratory variation of 
femoral vein diameter in mechanically ventilated patients 
concluded that femoral vein collapsibility has moderate 
accuracy for fluid responsiveness in septic shock com-
pared to IVC, which showed a greater accuracy. The 
methodology of this study is closer to ours as they have 
performed a PLR test followed by cardiac output to mea-
sure fluid responsiveness. The study population we chose 
may have contributed to variations in our results. While 
we conducted the study in a group of spontaneously 
breathing and hemodynamically stable patients, Nedel et 
al. chose a population of critically ill patients on mechan-
ical ventilation.

Studies by Cho et al. [20], and Begum et al. [21], Malik 
et al. [22] consistently show that femoral vein diameter 
(FVD) correlates with central venous pressure (CVP).

Compared to other studies, we have assessed the IVC 
and FV diameters before and after the PLR test, which 
gives us a general understanding of how these diameters 
change with volume expansion. We also computed col-
lapsibility indices for IVC and femoral veins before and 
after the PLR test. This maneuver allows physicians to 
evaluate changes in both veins without resorting to an 
actual fluid challenge. We have considered LVOT VTI 
as a standard method to assess volume responsiveness 
non-invasively and calculated SV to ensure objectivity 
for comparison. Most of the studies in our analysis did 
not compare their findings to an institutional standard 
approach.

Femoral vein assessment was explored as an option in 
the Emergency Department due to its easy accessibility, 
as it is more exposed and superficial than IVC. However, 
the femoral vein can get easily compressed due to exter-
nal factors, especially during sonographic assessment.

Consequently, a significant variation in the reported 
collapsibility indices may be explained by even little 
variations in the pressure applied to the ultrasonic probe 
during the acquisition of both FV measurements. We 
were cognizant of this possible confounder and used 
a consistent recording technique without significantly 
altering the venous geometry.

We have observed that respiratory phasic variation has 
a bigger impact on IVC diameter than FV diameter. This 
variation might be due to the proximity of IVC to the 

diaphragm, which impacts the venous system. This may 
have affected the study’s collapsibility index (CI) met-
rics and influenced the intraclass correlation. Our study 
results indicate that IVC and femoral vein might not be 
comparable because of their differences in anatomical 
location, vessel wall properties, and confounding factors 
such as respiration, abdominal pressures, etc. In the pres-
ent study, the femoral vein assessment did not correlate 
with IVC assessment or reflect the accuracy of echo-
guided indices in volume assessment.

Limitations
Although we tried to ensure homogeneity with the 
selected population, the smaller sample size and the fact 
that the study was carried out in a single center are the 
limitations we acknowledge.

We have conducted the study only in one subset of 
relatively stable patients. The applicability of the study 
in different subsets of patients presenting to ED is still 
questionable.

A complete DVT scan is not performed in all patients, 
although it was an exclusion criterion of the study.

Conclusion
We conclude that Femoral vein indices may not be an 
accurate alternative for volume assessment in the cho-
sen cohort of patients. IVC and FV metrics do not corre-
late and may not be accurate for volume responsiveness. 
We may need to explore the utility of FV and its indi-
ces in a larger population in multiple settings for a bet-
ter understanding of its role in volume assessment and 
responsiveness.

Abbreviations
IVC	� Inferior vena cava
IVC CI	� Inferior vena cava collapsibility index
FV	� Femoral vein
FV CI	� Femoral vein collapsibility index
CVP	� Central venous pressure
PCWP	� Pulmonary capillary wedge pressure
LVOT	� Left ventricular outflow tract
VTI	� Velocity time integral
PLR	� Passive leg raising
PPV	� Pulse pressure variability
SPV	� Systolic pressure variability
SVV	� Stroke volume variability
POCUS	� Point of care ultrasound
SV	� Stroke volume

Table 3  Comparison of IVC and FV collapsibility indices with cardiac output
Variables Correlation coefficient (ρ) P value
Pre-PLR
IV CI v/s Cardiac output -0.042 0.704
FV CI v/s Cardiac output 0.058 0.601
Post-PLR
IV CI v/s Cardiac output -0.042 0.704
FV CI v/s Cardiac output 0.030 0.787
IVC CI - Inferior vena cava collapsibility index; FV CI – Femoral vein collapsibility index
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CO	� Cardiac output
IJV	� Internal jugular vein
SVC	� Subclavian vein
HR	� Heart rate
RR	� Respiratory rate
BP	� Blood pressure
SBP	� Systolic blood pressure
DBP	� Diastolic blood pressure
SpO2	� Saturation of peripheral oxygen
SD	� Standard deviation
AUROC	� Area under the curve
ED	� Emergency department
DVT	� Deep vein thrombosis
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