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ABSTRACT

Objective: To determine the correlation between central venous pressure and femoral vein diameter.

Study Design: Cross sectional analytical study.

Place and Duration of Study: Surgical Intensive Care Unit, Combined Military Hospital (CMH), Rawalpindi Pakistan, from
May to Sep, 2025.

Methodology: This study included 84 patients. Patients who were 18 years or older, on mechanical ventilation with central
venous catheter passed in internal jugular or subclavian veins were included in study. Those with deep venous thrombosis,
raised intraabdominal pressure were excluded. Central venous pressure (CVP) was measured with manual manometer
technique and was recorded in ‘centimetres of water” (cm H20). Femoral vein diameter (FVD) was measured non-invasively
with linear transducer below sapheno femoral junction and was recorded in ‘centimetres’ (cm). Both measurements were
taken with patient in supine position and were recorded by two critical care medicine residents who were blinded to each
other results.

Results: There was a moderate correlation between femoral vein diameter and central venous pressure (r=0.40, p<0.001).
Regression result suggested that a 1em increase in FVD was associated with a 5.32 cm increase in CVP and was significant at
the 99%CI.

Conclusion: Considering a moderate correlation between central venous pressure and femoral vein diameter, FVD may be
used as a marker for intravascular volume status however, further studies are needed.
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INTRODUCTION

Fluid management has always been challenging
in critically ill patients. Current guidelines for patients
with septic shock advocate the administration of 30
ml/kg crystalloid bolus as part of initial resuscitation
in hypotensive patients.! However, liberal fluid
administration without simultaneous assessment of
patient’s fluid status leads to fluid overload that
causes untoward effects like pulmonary edema and
abdominal compartment syndrome.?

To overcome the problems associated with
fluid balance, invasive techniques of hemodynamic
monitoring ~ were explored. Conventionally,
pulmonary artery catheter was considered the gold
standard; however due to its invasiveness, it was
replaced by central venous catheterisation and central
venous pressure (CVP) monitoring.? Apart from
patients” fluid status, CVP is also affected by intra
thoracic pressures, intra peritoneal pressure and
valvular pathologies.# In addition, the insertion of
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central venous catheter for CVP monitoring has been
associated ~ with  complications like infection,
pneumothorax and venous thrombosis.> It is because
of aforementioned reasons that the use of CVP to
guide fluid resuscitation has declined.5

An alternative to CVP measurement is
ultrasound of femoral vein. Beghum M ef al,
conducted a study to find the correlation between
CVP measured via catheter and femoral vein diameter
(FVD) measured using ultrasound.® The study showed
a significant correlation between CVP and FVD
(r=0.407, p<0.001).¢ Another study conducted by Cho
R] et al., found a moderate correlation between FVD
and CVP (r=0.66, p<0.001).”

The purpose of this study was to establish
whether diameter of femoral vein (measured non-
invasively using ultrasound) correlates with central
venous pressure (measured via central venous
catheter). If a positive correlation can be established,
then in future FVD can be used as an alternative to
estimate patient’s intravascular volume to guide fluid
resuscitation, and complications 5 associated with
insertion of CVC can be avoided.
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METHODOLOGY

This was an analytical cross-sectional study that
was carried out in the surgical intensive care unit of
Combined Military Hospital Rawalpindi, Pakistan
from May, 2025 till September, 2025.

The sample size was calculated using “G*Power
(version 3.1.9.7)” sample size calculator.® Assuming a
minimum correlation (r) of 0.3 between femoral vein
diameter and central venous pressure, a power of 0.8
and a type 1 error probability of 0.05, a minimum
sample of 84 was required to assess the correlation
between the continuous variables. Non probability
convenient sampling technique was used.

Inclusion Criteria: Patients of either genders, males
and females (above 18 years of age) who were
mechanically ventilated and had central venous
catheter placed in either internal jugular vein or
subclavian vein were included.

Exclusion Criteria: Patients who had central venous
catheter inserted in femoral vein or had deep venous
thrombosis or had clinical signs of raised intra-
abdominal pressure, were excluded.

After seeking permission from the hospital
ethical committee (vide letter number 909, dated 13t
July, 2025), the purpose of the study was explained to
the attendant of the patient fulfilling the inclusion
criteria and an informed written consent was obtained.
Two critical care trainees with required competency
independently measured central venous pressure and
femoral vein diameter on the same patient
simultaneously and were blinded to each other results.
Both measurements were taken in supine position.

To perform ultrasound of femoral vein, Siemens
ultrasound machine with linear transducer was used.
“Vascular’ preset was chosen. The transducer was
initially placed horizontally below and parallel to the
inguinal ligament crease. The femoral artery was
identified as pulsatile structure with femoral vein
lying medial to it. To confirm that the vessel indeed
was vein, compression technique was used. The
transducer was then moved caudally and the site
where the great saphenous vein drains into common
femoral vein (anterior and medially) was identified
(Figure-1A). The transducer was then moved slightly
caudal and the site where the great saphenous vein
could no longer be visualised was chosen as the point
for measuring the diameter of the femoral vein in
antero posterior direction (Figure-1B). FVD was
recorded in centimetres (cm).

g o
Figure-1: Ultrasound image of right femoral vein obtained by
sliding probe in a caudal direction from inguinal ligament. (A)
Transverse view of common femoral vein (CFV), common
femoral artery (CFA) and great saphenous vein (GSV). (B)
CFV identified at the site where GSV cannot be visualized;
femoral vein diameter measured in ante posterior direction (as
indicated by yellow dotted line)

To measure central venous pressure, manual
manometer technique was used. The water
manometer was connected to central venous catheter
via a three-way stopcock. The zero point of
manometer was aligned with patient’s fourth inter
costal space in the mid axillary line and CVP was
recorded in ‘centimetres of water (cm of H20)  as the
vertical height of manometer above the zero point.

Data collected was entered and analysed in
STATA version 18. Frequency and percentages were
calculated for qualitative variables whereas mean and
standard deviation were measured for quantitative
variables. Qualitative variables included gender and
primary diagnosis. Quantitative variables include age,
body mass index (BMI), mean arterial pressure,
ventilator parameters, central venous pressure and
femoral vein diameter. Correlation coefficient was
calculated between central venous pressure (CVP) and
femoral in diameter (FVD), the p-value of <0.05 was
considered as significant.

RESULTS

The following results were calculated based on a
sample size of 84 patients out of which 61(72.60%)
were males and 23(27.40%) were females. Moreover,
27(32.14%) patients were of septic shock, 23(27.40%) of
traumatic brain injury, 11(13.09%) post cardiac arrest,
12(14.28%) of seizures, and 11(13.09%) were diagnosed
cases of pulmonary embolism. Demographic and
clinical features are illustrated in Table. Figure-2
shows that there was a moderate correlation between
FVD and CVP (r-value=0.40, p<0.001). Regression
results also suggest that a 1 cm increase in FVD is
associated with a 5.32 cm increase in CVP and was
significant at the 99%CI. This association holds even
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when including demographic controls such as age,
sex, and BMI (B1=4.87, p<0.01), as illustrated in
Figure-3. The mean central venous pressure and
femoral vein diameter were 8441442 cm and
1.06+0.33 cm, respectively.

Table: Demographic Details and Ventilator Parameters (n=84)

Ventilator Parameters MeantSD
Age (years) 47.13+17.09
Body Mass Index (kg/m2) 24.14+4.600
Intensive Care Unit Characteristics

Mean Arterial Pressure (mmHg) 71.69+13.83
Tidal (ml/IBW) 6.795+0.913
Fraction of Inspired Oxygen (FiO2) 0.657+0.267
Positive End Expiratory Pressure PEEP (cmH20) | 5.595+1.651

Correlation between FVD and CVP
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Figure-2: Linear regression relationship of Femoral Vein
Diameter (FVD) residuals versus Central Venous Pressure
(CVP) residuals, without Controls (n=84)
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Figure-3: Linear regression relationship of Femoral Vein
Diameter (FVD) residuals versus Central Venous Pressure
(CVP) residuals, with Controls (n=84)

DISCUSSION

In critical care settings, assessment of
intravascular volume is challenging and several
studies have stressed the importance of adverse
outcomes  associated ~ with  over  aggressive
resuscitation in terms of ‘fluid accumulation
syndrome’.® There are several studies that have
proved association between aggressive fluid
resuscitation and increase in overall mortality, both in
adults and paediatric age group likewise.1%11 One such
example is the detrimental effects of hypervolemia
observed in cases of Covid 19 infection complicated by
Acute Respiratory Distress Syndrome (ARDS).12

Central  venous  catheterization  involves
cannulation of internal jugular, subclavian or femoral
veins. The lumen of catheter is connected through
saline fluid column to a transducer that is placed at the
level of right atrium and the waveform is displayed on
a monitoring device.?> Conversely, it can also be
measured manually using water manometer.* The
normal CVP ranges from 8-12 and it is an estimate of
right atrial pressure.? Low CVP indicates hypovolemia
whereas high CVP indicates fluid overload.

Lately, the use of ultrasound to measure the
diameter of inferior vena cava (IVC) as indicator of
intravascular volume status has been advocated as a
non-invasive technique.’® The diameter is measured
typically 2 centimetres from the junction of IVC with
the right atrium.'* Both static diameter as well as the
variations in diameter of IVC that occur with phases of
respiration have been wused. In spontaneously
breathing patients, the collapsibility index is
calculated whereas in patients who are on mechanical
ventilation distensibility index is used.’314 However,
volume status is not the only factor that affects IVC
diameter. It is affected by changes in intra thoracic
pressure, changes in intra-abdominal pressure,
arrhythmias like atrial fibrillation and abnormalities in
right heart function. Because of the aforementioned
confounding factors, and the expertise required to
visualize IVC, the reliability of use of IVC ultrasound
as a measure of intravascular volume status has now
been questioned in several studies.1314

There has always been keen interest in
investigating use of inferior vena cava (IVC)
ultrasound as an alternative to measurement of central
venous pressure to assess the patient’s volume status
and overall in critical care, the use of inferior vena
cava (IVC) diameter as an indicator of fluid status has
been more extensively studied as compared to femoral
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vein diameter.’>1® However , the advantage of using
femoral vein diameter as compared to inferior vena
cava diameter include its ease of visualisation due to
superficial location of femoral vein, and also the fact
that FVD is not affected by intra thoracic pressures
when compared to IVC diameter.5” This study was
conducted to establish degree of correlation between
femoral vein diameter calculated using simple
ultrasound and central venous pressure measured
using central venous catheter inserted in internal
jugular veins. Overall it found a moderate correlation
between FVD and CVP (r=0.40, p<0.0001). Results of
my study are comparable with study conducted by
Beghum et al in which relationship between FVD and
CVP was investigated in both spontaneously
breathing and mechanically ventilated patients and
according to that study there was moderate correlation
between the two parameters (r=0.407, p<0.001).6 This
study also proposed an equation to calculate CVP
from FVD: CVP= 277+ (5.32 X femoral vein
diameter).6 Cho et al., conducted a similar study which
showed that there was a moderate correlation between
FVD and CVP (r=0.66, p=0.001).” According to results
of that study, CVP of 10 mm Hg was best predicted by
femoral vein diameter of less than 0.8 cm. Low CVP
was indicated by FVD of less than 0.7 cm whereas
high CVP was indicated by FVD of 1.2 cm.”

Another study carried out in Shifa International
Hospital concluded that CVP is highly correlated to
femoral vein diameter and suggested the following
equation: CVP (cmH20) =-0.039+10.718* FVD."”

In another study carried out in intensive care unit
in China, ultrasound was used to measure femoral
vein diameter (FVD) and femoral artery diameter
(FAD) in patients who had either central venous
catheter or swan ganz catheter inserted for invasive
hemodynamic monitoring.’® The FVD/FAD ratio was
recorded along with measurements of central venous
pressure (CVP) and mean pulmonary artery pressure
(mPAP). The FVD/FAD ratio was strongly correlated
with CVP (r=0.87, p<0.001) and mPAP (r=0.73,
p<0.001).18 This study concluded that FVD/FAD ratio
could be used as a non-invasive parameter of volume
assessment. Yet another study carried out in the
intensive care department in Egypt found out that
CVP correlation with FVD was 0.59 and with IVC
diameter (during inspiration) was 0.41.1°

Although the aforementioned studies support the

results of my study, it has certain limitations. Firstly,
the study enrolled only those patients who were

mechanically ventilated and so it cannot ascertain
whether the correlation holds true in spontaneously
breathing awake patients as well or not. Secondly, the
manometer technique was used to measure CVP and
although it is one of the established techniques, there
is always the possibility of inter observer variability
with this method when compared to the electronic
transducer method of CVP measurement. Thirdly, the
sample might be said to be biased as there were
different number of cases of either gender, or different
number of cases of each primary diagnosis. Finally as
the measurements were taken only in supine position
and in patients without intra-abdominal hypertension,
this study cannot reliably suggest that the correlation
will be similar in different body positions and in
patients with raised intra-abdominal pressure.

CONCLUSION

There is moderate correlation between central venous
pressure measured invasively with central venous catheter
and femoral vein diameter measured non-invasively with
ultrasound. However further studies are needed to establish
FVD as a reliable indicator of intravascular volume status.
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