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Abstract

Background: The inferior vena cava (IVC) dimensions represent the right ventricular preload, whereas the peak early
mitral inflow wave velocity (peak E-velocity) represents the left ventricular preload. On the other hand, B-lines represent
extravascular lung water. The aim of this study was to evaluate possible acute changes in the IVC dimensions,
peak E-velocity, and number of B-lines during hemodialysis therapy.

Methods: A total of 55 consecutive patients receiving maintenance hemodialysis were enrolled in this study. We
performed echo-graphic examinations at three time points (just after the start, during the middle, and just before
the end of the hemodialysis therapy). We then investigated the changes in the IVC dimensions, peak E-velocity,
and number of B-lines.

Results: The peak E-velocity decreased from 80 ± 26 cm/s at the start of the therapy to 58 ± 22 cm/s during the
middle and 51 ± 21 cm/s at the end of the therapy. The IVC dimensions also decreased from 15 ± 4 mm at the
start of the therapy to 12 ± 3 mm during the middle and 11 ± 3 mm at the end of the therapy. The number of B-lines
also decreased from 12 ± 5 at the start of the therapy to 9 ± 4 during the middle and 5 ± 3 at the end of the therapy.
The changes in the peak E-velocity and IVC dimensions were significantly greater during the first half of the dialysis
period than during the second half of the dialysis period (P < 0.0001 and P < 0.0001, respectively). On the other hand,
the changes in the number of B-lines during these periods were significantly smaller during the first half of the dialysis
period than during the second half of the dialysis period (P = 0.0016).

Conclusions: We showed that the peak E-velocity and the IVC dimensions were reduced mainly during the first half of
the dialysis period, while the number of B-lines showed a significant decrease mainly during the last half of the dialysis
period. Even if the IVC dimensions are reduced sufficiently, caution is needed as lung congestion may still exist.
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Background
Chronic fluid overloading frequently occurs in
hemodialysis patients, so volume assessment during
hemodialysis is a primary, and often challenging, goal of
nephrologists. Volume overload is directly associated
with hypertension, increased arterial stiffness, left ven-
tricular hypertrophy, heart failure, and ultimately higher
rates of mortality and morbidity [1].
Lung ultrasound has recently been shown to be a use-

ful, noninvasive technique for the assessment of extra-
vascular lung water [2]. The most commonly observed
finding was a comet tail artifact fanning out from the
lung-wall interface and spreading upwards to the edge of
the screen, previously named a “B-line” [3]. In patients
with heart failure, the number of B-lines was correlated
with the degree of extravascular lung water [4, 5]. Lung
ultrasound is also reportedly useful for the accurate
evaluation of dry weight and fluid status in hemodialysis
patients [2, 6, 7].
The inferior vena cava (IVC) dimensions represent the

right ventricular preload [8], whereas the peak early
mitral inflow wave velocity (peak E-velocity) represents
the left ventricular preload [9, 10]. On the other hand,
B-lines represent extravascular lung water. The aim of
this study was to evaluate possible acute changes in IVC
dimensions, peak E-velocity, and B-lines during
hemodialysis therapy.

Methods
A total of 55 patients receiving maintenance hemodialysis
at Sekikawa Hospital and in whom more than 1 kg was re-
moved during hemodialysis were enrolled in this study.
Patients with lung disease or chest injury were excluded
from this study.
Clinical data including age, sex, duration of

hemodialysis therapy, presence of diabetes mellitus
and/or hypertension and/or dyslipidemia complica-
tions, and the results of biological examinations were
collected from the patients’ clinical records. Hyperten-
sion was defined as a systolic blood pressure of
140 mmHg or higher, a diastolic blood pressure of
90 mmHg or higher, and/or the current use of antihy-
pertensive drugs. Diabetes mellitus was defined as a
fasting glucose level ≥ 126 mg/dL, a nonfasting glu-
cose level ≥ 200 mg/dL, or the use of medication.
Dyslipidemia was defined as a low-density lipoprotein
cholesterol level ≥ 140 mg/dL, a high-density lipopro-
tein cholesterol level < 40 mg/dL, a triglyceride level
≥ 150 mg/dL, or the use of medication.
A peripheral blood sample was obtained before

hemodialysis during the first session of the week. The
serum N-terminal pro-brain natriuretic peptide (NT-
proBNP) level in the pre-dialysis blood sample was

measured using an electrochemiluminescence immuno-
assay on an Elecsys platform (Roche, Basel, Switzerland).
A lung ultrasound examination was performed dur-

ing the first session of the week (at the same time as
the peripheral blood sample preparation) using Vscan®
(GE Healthcare, Japan), which is a hand-held ultra-
sound device with a wide-bandwidth phased-array
probe (1.7–3.5 MHz) [11, 12]. Bilateral scanning of
the anterior and lateral chest walls was performed
with the patient in a supine position. An intercostal
scan with a maximum extension of the visual pleural
line was performed. The chest wall was divided into
eight areas (two anterior and two lateral areas per
side), and one scan was obtained for each area [13].
The anterior zone of the chest wall was designated
from the sternum to the anterior axillary line and
was then divided into upper and lower halves (from
the clavicle to the third intercostal spaces and from
the third space to the diaphragm). The lateral zone
was positioned from the anterior axillary line to the
posterior axillary line and was also divided into the
upper and lower halves. The investigators attempted
to detect comet tail artifacts fanning out from the
lung-wall interface and spreading to the edge of the
screen, which were previously named as B-lines
(Fig. 1) [5, 6]. The total number of B-lines was
estimated. Echocardiographic measurements were ob-
tained at the same time, and the IVC dimensions and
peak E-velocity were estimated. We performed echo-
graphic examinations three times (just after the start,
just in the middle (for example, 2 h after the start of
hemodialysis therapy if the treatment time is 4 h),
and just before the end of the hemodialysis therapy).
We then investigated the changes in the IVC dimen-
sions, peak E-velocity, and B-lines. This study was
conducted in accordance with the principles of the
Declaration of Helsinki and was permitted by the
research ethics committee of Sekikawa Hospital (Ap-
proved No. H2705). The data were expressed as the
means ± SD or median (interquartile range, IQR).
Paired t tests were used to examine changes in the
variables.
All the statistical calculations were performed using

JMP 5.1 software. P values less than 0.05 were consid-
ered statistically significant.

Results
The patient background characteristics are shown in
Table 1. The mean age was 75 ± 11 years. Elderly pa-
tients were common in this study. Diabetic nephropathy
was the major cause of end-stage kidney disease. Hyper-
tension, diabetes mellitus, and dyslipidemia were present
in 89.1, 47.3, and 16.4% of the study participants, re-
spectively. The results of the biochemistry analyses,
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including the NT-proBNP level, are shown in Table 2.
The serum albumin level was relatively low (3.1 ± 0.5 g/
dL), and the serum NT-proBNP level was relatively high
(13,650 [4901–35,825] pg/mL) among the study partici-
pants. Table 3 shows the background characteristics of
the echocardiographic indices. The mean ejection
fraction was 60% ± 12%.
The treatment time was 3.7 ± 0.4 h, and 2.1 ± 0.9 kg

water was removed. The blood pressure and pulse rate
were 146 ± 25/74 ± 15 mmHg and 75 ± 13 beats/min at
the first echo examination, 134 ± 24/72 ± 14 mmHg and
72 ± 16 beats/min at the second, 132 ± 27/73 ± 16 mmHg
and 73 ± 15 beats/min at the final examination. Table 4
shows the changes in the echocardiographic indices. The
peak E-velocity decreased from 80 ± 26 cm/s at the start
of the therapy to 58 ± 22 cm/s during the middle and 51
± 21 cm/s at the end of the therapy. The IVC dimen-
sions also decreased from 15 ± 4 mm at the start of the

Table 1 Background characteristics of the study participants

Characteristic Quantity

Gender (M/F) 26/29

Age (year) 75 ± 11

Duration of HD (year) 6.5 ± 8.8

Primary cause of ESKD, n (%)

Chronic glomerulonephritis 8 (14.5)

Diabetic nephropathy 26 (47.3)

Nephrosclerosis 13 (23.6)

Unknown and others 8 (14.5)

Hypertention, n (%) 49 (89.1)

Diabetes mellitus, n (%) 26 (47.3)

Dyslipidemia, n (%) 9 (16.4)

Atrial fibrillation, n (%) 8 (14.5)

History of PCI or CABG 8 (14.5)

History of valve replacement 2 (3.6)a

Body weight (kg) 52.0 ± 10.9

Systolic blood pressure (mmHg) 147 ± 25

Diastolic blood pressure (mmHg) 74 ± 15

Heart rate (beat/min) 75 ± 13

Mean ± SD, median (interquartile range)
HD hemodialysis, ESKD end-stage kidney disease, PCI percutaneous coronary
intervention, CABG coronary artery bypass graft
aBoth patients underwent aortic valve replacement therapy

Table 2 Background characteristics of laboratory data

Characteristic Quantity

Albumin (g/dL) 3.1 ± 0.5

Urea nitrogen (mg/dL) 50.2 ± 18.3

Creatinine (mg/dL) 7.36 ± 2.56

Sodium (mEq/L) 137 ± 4

C-reactive protein (mg/dL) 0.27 (0.10–0.86)

Hemoglobin (g/dL) 10.4 ± 1.2

NT-proBNP (pg/mL) 13,650 (4901–35,825)

Mean ± SD, median (interquartile range)
NT-proBNP N-terminal pro-brain natriuretic peptide

Fig. 1 B-lines—comet tail artifacts fanning out from the lung-wall interface and spreading upwards to the edge of the screen
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therapy to 12 ± 3 mm during the middle and 11 ± 3 mm
at the end of the therapy. The number of B-lines also de-
creased from 12 ± 5 at the start of the therapy to 9 ± 4
during the middle and 5 ± 3 at the end of the therapy
(also shown in Fig. 2).
Table 5 shows a comparison of the changes in

values between the middle to pre-dialysis periods and
the post-dialysis to middle periods. The changes in
the peak E-velocity and the IVC dimensions were sig-
nificantly greater during the first half of the dialysis
period than during the second half of the dialysis
period (P < 0.0001 and P < 0.0001, respectively). On
the other hand, the changes in the B-lines between
these periods was significantly smaller during the first
half of the dialysis period than during the second half
of the dialysis period (P = 0.0016).
Figure 3 shows a representative case in this study. The

peak E-velocity and IVC dimensions decreased mainly
during the first half of the dialysis period, while the
number of B-lines decreased steadily throughout the
dialysis period.

Discussion
We found that the peak E-velocity and IVC dimen-
sions decreased significantly mainly during the first

half of the dialysis period, while the number of
B-lines decreased significantly mainly during the last
half of the dialysis period.
Lung ultrasound is a novel, well-validated technique

that allows reliable estimates of lung water in clinical
practice [14]. B-lines can be evaluated anywhere (in-
cluding extreme environmental conditions using
pocket-sized instruments to detect high-altitude pul-
monary edema), anytime (during dialysis), by anyone
(even a novice sonographer after 1 h of training), and
on anybody (since the chest acoustic window usually
remains patent even when an echocardiography is not
feasible) [15].
The peak E-velocity represents the flow to the left ven-

tricle, which occurs after the left ventricle diastole,
reflecting the preload status [9, 10]. Ultrafiltration dur-
ing hemodialysis results in a marked reduction in the
circulating blood volume with a concomitant reduction
in the left atrial pressure. Acharya et al. examined the
parameters of left ventricular diastolic function among
hemodialysis patients [16]. A comparison of the pre- and
post-hemodialysis peak mitral E and A velocities showed
a decrease in E-velocity, whereas the change in A
velocity was not significant. Ultrafiltration during
hemodialysis causes a rapid reduction in the preload,
resulting in decreased early left ventricular diastolic
filling without a change in the atrial phase of filling,
thereby reducing the calculated E/A ratio [16]. We con-
firmed the change in the peak E-velocity and revealed a
greater reduction during the first half of the dialysis
period than during the second half of the dialysis period.
We also confirmed that E/A ratio was declined during
the hemodialysis therapy.
The IVC dimensions are strongly associated with

the right atrial pressure and blood volume and there-
fore reflect the intravascular volume accurately.

Table 3 Background characteristics of the echocardiographic
indices

Parameter Value

LVDd (mm) 46 ± 6

LVDs (mm) 31 ± 7

EF (%) 60 ± 14

Max WT (mm) 12 ± 2

Mean ± SD
LVDd left ventricular diastolic diameter, LVDs left ventricular systolic diameter,
EF ejection fraction, WT wall thickness

Table 4 Changes in echocardiographic indices

Parameter Just after the start (1st) Middle (2nd) Just before the end (3rd) P (1st vs 2nd) P (2nd vs 3rd)

E (cm/s) 80 ± 26 58 ± 22 51 ± 21 < 0.0001 < 0.0001

A (cm/s)a 87 ± 30 77 ± 22 72 ± 20 0.0006 0.0039

E/A 0.95 ± 0.39 0.72 ± 0.26 0.68 ± 0.26 < 0.0001 0.0083

Dct (msec) 255 ± 97 271 ± 92 281 ± 94 Ns Ns

Ea (cm/s) 5.3 ± 1.7 5.4 ± 1.6 5.6 ± 1.6 0.0459 Ns

TRPG (mmHg) 4.5 ± 12.4 2.8 ± 9.5 2.4 ± 9.0 0.0237 Ns

IVC-ex (mm) 15 ± 4 12 ± 3 11 ± 3 < 0.0001 < 0.0001

IVC-in (mm) 11 ± 5 5 ± 3 3 ± 3 < 0.0001 < 0.0001

IVC collapsibility (%) 31 ± 19 61 ± 18 74 ± 20 < 0.0001 < 0.0001

B-lines 12 ± 5 9 ± 4 5 ± 3 < 0.0001 < 0.0001

Mean ± SD
E peak early diastolic filling velocity, A peak Atrial filling velocity, Dct deceleration time, Ea lateral early diastolic mitral annular velocities, TRPG tricuspid
regurgitation pressure gradient, IVC inferior vena cava dimensions, ex exhalation, in inspiration
aExclude eight atrial fibrillation
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However, a major limitation of IVC dimension mea-
surements is that ultrasound might not be sensitive
enough to detect rapid volume decreases in HD
patients because it reflects the intravascular filling
grade [17, 18]. Indeed, similar to the change in the
peak E-velocity, we showed that the IVC dimensions
decreased mainly during the first half of the dialysis
period, while the B-lines, which represent lung con-
gestion, decreased significantly mainly during the last
half of the dialysis period. This finding may be largely
dependent on the time lag in plasma refilling. Alexia-
dis et al. reported that the number of B-lines has
better discriminative power for predicting over- and
underhydration, as determined by the IVC dimensions
[2]. Mallamaci et al. suggested that the detection of
extracellular water in the lung compartment consti-
tutes a reliable tool for the prognosis of over-
hydration and is thus amenable to intervention [19].
So, we should be careful that even if the IVC dimen-
sions are sufficiently reduced, lung congestion may
still exist and should be treated.
Our study had some limitations. The sample size was

relatively small, and the study was performed at a single
institution. Activities of daily living of some patients

were poor, so we could not examine height of patients.
In addition, the limitations of lung ultrasound are essen-
tially patient-dependent. Obese patients may be more
difficult to examine because of the thickness of their rib-
cages and soft tissues. Furthermore, in this analysis, we
performed ultrasound examinations only at the end of
the hemodialysis therapy. However, it has been sug-
gested that post-dialysis assessments should ideally
occur 2 h after hemodialysis because of the re-
equilibration of interstitial and intravascular compart-
ments [20, 21]. Accordingly, further study is needed to
evaluate the relationship between fluid removal and the
timing of post-dialysis assessments in hemodialysis
patients. Factors which could affect the change of the
number of B-lines are important for the clinician. The
change of B-lines was negatively related to the number
of B-lines at the start of the hemodialysis therapy (r2 =
0.609, P < 0.0001, data not shown). We should examine
the association between the change of the number of
B-lines and various factor under the same number of B-
lines at the start of hemodialysis therapy, but we could
not because of the small number of study participant.
Even though ultrasound of extravascular lung water is
reported as a new standard for pulmonary congestion
[15], there is still no gold standard of examination to
evaluate excess body water. In this study, we could not
show other possible parameters such as chest X-ray or
bioimpedance spectroscopy. Accordingly, further study
will be needed to clarify this finding. Another limitation
of this study is that we could not show the optimal num-
ber of B-lines after hemodialysis therapy. B-lines within
physiological range may be present. We have previously
reported that B-lines are associated with low serum level
of albumin and low body weight [6]. So, optimal number
of B-lines may be different among hemodialysis patients.
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Fig. 2 Changes in echocardiographic indices. a Changes of peak E-velocity. b Changes of IVC dimensions. c Changes of B-lines. Peak E-velocity
peak early mitral inflow wave velocity, IVC inferior vena cava

Table 5 Comparison of the changes in values between the
middle to pre-dialysis periods and the post-dialysis to middle
periods

2nd–1st 3rd–2nd P value

ΔE (cm/s) − 23 ± 14 − 7 ± 6 < 0.0001

ΔIVC-ex (mm) − 4 ± 3 − 1 ± 2 < 0.0001

ΔB-lines − 3 ± 3 − 4 ± 2 0.0016

Mean ± SD
1st just after the start, 2nd middle, 3rd just before the end, E peak early
diastolic filling velocity, IVC inferior vena cava dimensions, ex exhalation
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Conclusions
We showed that the peak E-velocity and IVC dimen-
sions were reduced mainly during the first half of the
dialysis period, while the number of B-lines decreased
significantly mainly during the last half of the dialysis
period. Even if the IVC dimensions are sufficiently
reduced, caution is required as lung congestion may still
exist.

Abbreviations
E-velocity: Peak early mitral inflow wave velocity; IVC: Inferior vena cava peak;
NT-proBNP: N-terminal pro-brain natriuretic peptide
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