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Abstract

Background: Patients with renal failure suffer from fluid overload which is a risk factor for mortality and morbidity.
Therefore, fluid status assessment in patients on regular hemodialysis is very important. Dry weight assessment by
clinical parameters is not always reliable. We evaluate the role of inferior vena cava ultrasound in estimating fluid
overload in regular hemodialysis patients.

Results: A total of 45 persons, 30 end-stage renal disease patients on regular hemodialysis in group A (18 men and
12 women) and 15 healthy persons in group B (10 men and 5 women), were included in the study. The patients in
group A ages ranged from 29 to 70 years with a mean of 48.38 ± 12.70 years and in group B ages ranged from 25
to 55 years with a mean of 34.93 ± 8.26. By clinical methods, the mean dry weight was 68.37 kg (68.37 ± 10.42).
After HD mean, IVCe decreased from 2.01 ± 0.29 to 1.79 ± 0.22 cm (P < 0.001) similarly, mean IVCi decreased from
0.99 ± 0.48 to 0.64 ± 0.39 cm (P < 0.001). Changes in IVCD were significantly correlated with alterations in body
weight following dialysis (P < 0.001). The IVC-CI increased significantly after dialysis (P < 0.001). IVCD and its IVC-CI
reflected alterations in fluid status (P < 0.001). Considering the clinical parameters of fluid status, following HD
mean, heart rate increased from 81.80 ± 5.15 beats per minute to 89.87 ± 6.42, (P < 0.001), systolic blood pressure
decreased from 130 ± 18.43 mmHg to 113.33 ± 15.27 (P < 0.001), and diastolic blood pressure decreased from
80.17 ± 10.12 mmHg to 71.50 ± 9.29 (P < 0.001).

Conclusion: It was found a significant correlation between IVCD and IVC-CI with ultrafiltration of hemodialysis.
Thus, IVC ultrasound can be used in dry weight assessment in ESRD patients on regular HD by measurement of
IVCD and IVC-CI before and after hemodialysis.
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Background
Sixty years ago, Belding Scribner developed a blood ac-
cess device which is used for repeated hemodialysis and
became known as the Scribner shunt [1]. The develop-
ment of the Scribner shunt opened the door for the cre-
ation of grafts and fistulas [2, 3]. One of the vital
functions of the kidney is the regulation of fluid homeo-
stasis [4]. Patients with renal failure suffer from fluid

overload which is a risk factor for mortality and morbid-
ity [5, 6]. So, accurate assessment of fluid status in
hemodialysis patients is very important and represents a
big challenge as the achievement of euvolemia is
dependent on the skills of the treating physician. Dry
weight definition is “the lowest post-dialysis weight at
which patients are vitally stable with minimal symptoms
of hypervolemia or hypovolemia” [7]. Overestimation of
dry weight may lead to chronic fluid overload, edema,
hypertension, and cardiac complications [8], while
underestimation may lead to hypovolemia followed by
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complications like hypotension, nausea, headache, and
muscle cramps [9]. Clinical parameters (heart rate, blood
pressure, venous congestion, and lower limb edema) are
not specific for fluid assessment and not always reliable.
Therefore, optimal estimation of fluid status should in-
clude a combination of clinical and technical assessment
methods [10]. Central venous pressure (CVP) [11], lung
ultrasound [12], inferior vena cava (IVC) ultrasound
[13], bio-impedance spectroscopy (BIS), and levels of
atrial natriuretic peptide [14] can be used in the fluid
status assessment. Recently, IVC ultrasound machines
are available everywhere and can be easily used as it is
considered a non-invasive evaluation method [15]. It can
be very helpful in fluid management in the perioperative
period, in trauma resuscitation, and ICU patients [16].
In this study, we used ultrasound to measure inferior
vena cava diameter (IVCD) during inspiration (IVCi)
and expiration (IVCe) in ESRD patients on regular
hemodialysis before and after dialysis.

Aim
This study aims to evaluate the role of IVC collapsibility
index and diameter measured by ultrasound in estimat-
ing fluid overload in regular hemodialysis patients to get
the ideal dry weight.

Methods
Study design
A controlled cross-sectional study was conducted be-
tween 5 January and 15 March 2021.

Study area and population
The study was carried out at the dialysis unit of the In-
ternal Medicine department, in cooperation with the
Radiology department, Faculty of Medicine, Bab Al
Shaeria University hospitals. The study was conducted
on 45 persons classified into two groups as follows:

Group A: 30 end-stage renal disease patients, on regu-
lar hemodialysis receiving 3 sessions per week, 4 h for
each session, with age over 18 years.
Group B: 15 healthy persons with no history of any
disease that affects IVC diameter and with age over 18
years.

All patients participating in this study were recruited
according to the following criteria

Inclusion criteria

1. End-stage renal disease patients on regular
hemodialysis, with age over 18 years

2. Healthy persons with no history of any disease that
affects IVC diameter (hear failure, liver cirrhosis)
and with age over 18 years

Exclusion criteria

1. Patients refused to be included in this study
2. Patients with criteria of heart failure
3. Patients with liver cirrhosis
4. COPD patients
5. Obese (BMI ≥ 30)

All patients were subjected to the following:

1. Full history taking
2. Full clinical examination
3. Weight and height measurement
4. Dry weight assessment by clinical parameters:

symptoms, weight, blood pressure, heart rate, and
lower limb edema before and after HD

5. Echocardiography to exclude heart failure
6. Abdominal ultrasound to exclude liver cirrhosis
7. Chest x-ray
8. Inferior vena cava diameter (IVCD) measurement

by ultrasound before and after hemodialysis
9. Calculation of Kt/v
10. Laboratory investigations: complete blood count

(CBC), kidney functions (serum urea and serum
creatinine before and after HD), blood chemicals
(serum Na, Ca, K), and liver functions (albumin,
PT)

For normal group:

1. Full history talking
2. Full clinical examinations
3. Weight and height measurement
4. Measurement of inferior vena cava diameter

(IVCD) by ultrasound

Laboratory investigations: complete blood count
(CBC), kidney functions (serum urea and serum creatin-
ine), blood chemicals (serum Na, Ca, K), and liver
functions
IVCD was measured 1.5 cm below the diaphragm in

the hepatic segment in the supine position. IVCD was
measured during normal inspiration and expiration. IVC
diameter at inspiration ranges from 0 to 14mm at rest
and expiratory diameter of 15 to 20mm at rest. IVC col-
lapsibility index (IVC-CI) is defined as (IVCe − IVCi)/
IVCe [17].
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Statistical analysis
Data were handled using SPSS software version 20. We
presented the qualitative data as frequencies and per-
centages and quantitative data as mean, standard devi-
ation, range, and median. To compare two groups of
quantitative data, we used independent t test and paired
t test. We used the ROC curve to compare between vari-
ables. We used the following criteria to determine the P
value.
Significance level:

P value ≤ 0.05: significant
P value ≤ 0.001: highly significant
P value > 0.05: insignificant

Results
Considering demographic data, a total of 45 persons
were included the study and were classified in two
groups:

Group [A]: 30 ESRD on regular HD in (18 men and 12
women)
Group [B]: 15 healthy persons in group B (10 men and
5 women)

Ages in group [A] ranged between 29 and 70 years
with a mean of 48.38 ± 12.704 years.
Ages in group [B] ranged between 25 and 55 years

with a mean of 34.93 ± 8.268 years.
The mean dry weight for group [A] was 68.37 kg

(68.37 ± 10.424).
The mean weight for group [B] was 70.67 Kg (70.67 ±

7.669) (Table 1).
Considering IVC parameters, in group [A] before

hemodialysis, the mean of IVCe was 2.013 ± 0.298,
the mean of IVCi was 0.99 ± 0.487, and the mean of
IVC-CI was 0.527 ± 0.189, while in group [B], the
mean of IVCe was 1.68 ± 0.174, the mean of IVCi
was 0.8 ± 0.141, and the mean of IVC-CI was 0.525
± 0.054 (Table 2).
Following ROC curve, the difference in IVCi and

IVC-CI of both groups was not significant (P > 0.05).
However, the difference in IVCe was significant (P <
0.05). The area under the ROC curve of IVCe was
significantly higher than 0.5 concluding that the ex-
piratory IVC could differentiate between HD patient
and normal one (Fig. 1).
After HD mean, IVCe decreased from 2.013 ± 0.298 to

1.797 ± 0.226 cm (P < 0.001), mean IVCi decreased from
0.99 ± 0.487 to 0.643 ± 0.391 cm (P < 0.001), while mean
IVC-CI increased from 0.527 ± 0.189 to 0.652 ± 0.187 (P
< 0.001) (Table 3). Changes in IVCD were significantly
correlated with alterations in body weight following

dialysis (P < 0.001) . IVCD and its IVC CI reflected alter-
ations in fluid status.
Following the ROC curve, the differences in IVCe and

IVC-CI before and after HD sessions were significant (P
< 0.05). The area under the ROC curves of the IVCe and
IVC-CI were significantly higher than 0.5 concluding
that IVCe and IVC-CI could identify the efficacy of
ultrafiltration among HD patients (Fig. 2).
Regarding the clinical parameters of fluid status, fol-

lowing HD mean, heart rate increased from 81.80 ± 5.15
beats per minute to 89.87 ± 6.42, (P < 0.001), systolic
blood pressure decreased from 130 ± 18.43 mmHg to
113.33 ± 15.27 (P < 0.001), and diastolic blood pressure
decreased from 80.17 ± 10.12 mmHg to 71.50 ± 9.29 (P
< 0.001) (Table 4).
According to the dry weight method, 22 patients were

hypervolemic, 6 were euvolemic, and 2 were hypovol-
emic before dialysis, and after dialysis, 7 were still hyper-
volemic, 21 were euvolemic, and 2 were hypovolemic.
According to the IVC-CI, 16 were hypervolemic, 8 euvo-
lemic, and 6 hypovolemic before dialysis. After dialysis, 7
were hypervolemic, 5 euvolemic, and 18 were hypovol-
emic. Thus, there were a significant number of patients
who became hypovolemic after dialysis according to the
IVC-CI.

Table 1 Demographic data and baseline factors. Independent t-
test test was used

Group A:
ESRD

(n = 30) Group B:
Normal

(n = 15) P value

Mean SD Mean SD

Age 48.83 12.704 34.93 8.268 0.00

Dry weight/weight 68.37 10.424 70.67 7.669 0.45

Height 162.13 8.811 169.07 7.995 0.01

BMI 25.869 2.122 24.68 1.63 0.065

Systolic blood
pressure

130 18.43 117.67 11.782 0.023

Diastolic blood
pressure

80.17 10.127 72.67 9.424 0.02

Pulse 81.8 5.156 80.13 7.396 0.38

Table 2 Evaluation of fluid status among ESRD patients before
HD in comparison to normal subjects using IVC parameters.
Independent t test was used

ESRD (n = 30) Normal (n = 15) P value

Mean SD Mean SD

IVC expiratory 2.013 0.298 1.68 0.174 0.00

IVC inspiratory 0.99 0.4873 0.8 0.1414 0.056

Collapsibility index 0.527 0.189 0.525 0.054 0.97
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Test result of the ROC curve. Comparison between IVC
parameters in both groups

Test result
variable(s)

Area Std.
error

P value 95% confidence interval

Lower bound Upper bound

IVCe before 0.831 0.061 0.00 0.711 0.951

IVCi before 0.56 0.087 0.516 0.39 0.73

C.I. before 0.466 0.091 0.709 0.287 0.644

Discussion
The results in our study suggest that clinical
parameters are not always reliable and not specific for
fluid status assessment. Hypovolemic complications
such as dizziness, headache, and muscle cramps result
from the underestimation of dry weight. In extreme
cases, intradialytic hypotension is common which
endangers perfusion to vital organs. In our patients,
hypovolemic symptoms occurred in fifteen instances.
After dialysis, the patients’ blood pressure is expected
to increase (paradoxical hypertension) or to decrease

(depending on the degree of hypovolemia) compared
to pre-dialysis blood pressure with a rise in heart rate
which is an indicator of hypovolemia [18]. On the
other hand, overestimation of the dry weight may
cause chronic fluid overload and complications such
as hypertension and congestive heart failure [19].
Therefore, optimal estimation of fluid status should
include a combination of clinical and technical assess-
ment methods. One of these methods is the central
venous pressure measurement but is considered an
invasive method for evaluation and cannot be used
routinely [20]. Another method is lung ultrasound but
is not accurate and has some limitations [21]. Bio-
impedance and levels (BIS) of atrial natriuretic pep-
tide are available but require special machines and
are not very accurate [22, 23]. At the same time,
ultrasound machines are available and can be easily
used to measure IVCD in hospitals during inspiration
and expiration [24]. Previous studies in adults and
children have used IVCD to estimate the intravascular
volume in HD patients and to correlate well the
ultrafiltration [25, 26]. This study has been done to
evaluate the role of IVCD and CI in regular
hemodialysis patients compared with healthy individ-
uals. IVCe, IVCi, and IVC-CI were measured before
and after HD and were correlated well with the
amount of ultrafiltration achieved via dialysis.
In our study, IVCD decreased significantly following

dialysis and correlated well with the changes in weight,
and IVC-CI increased significantly after ultrafiltration.
We have taken IVC-CI < 0.40 as hypervolemic, IVC-CI

Fig. 1 Comparison between IVC parameters in both groups

Table 3 Evaluation of fluid status among HD patients before
HD in comparison to post-HD using IVC parameters. Paired t
test was used

Pre-HD (n = 30) Post-HD (n = 30) P value

Mean SD Mean SD

IVC expiratory 2.013 0.298 1.797 0.226 0.00

IVC inspiratory 0.99 0.487 0.643 0.391 0.00

Collapsibility index 0.527 0.189 0.652 0.187 0.00
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> 0.40 to < 0.75 as euvolemic, and IVC-CI > 0.75 as
hypovolemic. When the patients’ fluid status was classi-
fied according to the IVC-CI, 18 (60 % of patients) were
hypovolemic, while 7 patients were hypervolemic and
only 5 patients were euvolemic after the dialysis session.

Test result of the ROC curve. Comparison between IVC
parameters before and after HD

Test
result
variable(s)

Area Std.
error

P value 95% confidence interval

Lower bound Upper bound

C.I. 0.747 0.063 0.001 0.623 0.871

IVCe 0.254 0.063 0.001 0.130 0.378

IVCi 0.532 0.079 0.668 0.377 0.687

Conclusion
IVC ultrasound can be used in dry weight assessment in
ESRD patients on regular HD by measurement of IVCD
and IVC-CI. It was found a significant correlation be-
tween IVCD and IVC-CI with ultrafiltration. Traditional

methods based on clinical parameters are not always re-
liable and not specific for fluid status assessment. Thus,
using IVC parameters before and after hemodialysis
could be very useful in the estimation of fluid status to
get the ideal dry weight.
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