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Abstract

Aim of the study: To assess the effect of water intake on ultrasound tissue characteristics and hemodynamics
of adult livers.

Material and methods: In February 2020, we prospectively performed ultrasound shear wave elastography and at-
tenuation imaging (ATI) of the liver parenchyma, and spectral Doppler sonography of the portal vein and hepatic ar-
tery in 19 adult healthy volunteers (10 men and 9 women, mean age 27 years, mean body mass index 24.65 kg/m?).
We measured liver shear wave velocity (SWV, m/s), shear wave dispersion (SWD, m/s/kHz), attenuation coefficient
(dB/cm/MHz), main portal vein velocity (PVV, cm/s), hepatic artery peak systolic velocity (PSV, cm/s), and end dia-
stolic velocity (EDV, cm/s) immediately before and at different time points (15, 30, 45, and 60 minutes) after water
intake (1.0 | water and 1.5 | water for body weight < 150 Ibs. and > 150 Ibs., respectively).

Results: The differences in SWV, PV, hepatic artery PSV and EDV before and after water intake were significant
(p < 0.01) whereas the differences in SWD and ATl were not (p > 0.05) based on repeated measures ANOVA
tests. The values of SWV, PV, PSV, and EDV reached a peak at 30-45 minutes and returned to baseline 60 minutes
after water intake. We observed positive correlations of SWV with PVV, PSV, and EDV in linear regression analyses
(%> 0.73).

Conclusions: Water intake affects the liver stiffness and hemodynamics. No water intake at least one hour prior
to liver ultrasound elastography and Doppler sonography is recommended.
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Introduction

Chronic liver disease with variable etiologies may lead
to liver cirrhosis, a prominent cause of mortality in many
developed and developing countries [1]. Early detection
of chronic liver disease is challenging. Liver biopsy was
considered the gold standard, but due to its invasive na-
ture, risk of serious complications, as well as sampling
error, quantitative ultrasound imaging techniques in-
cluding ultrasound elastography are becoming more fre-
quently used, with the potential for replacing liver biopsy
in the assessment of some chronic diftuse liver diseases in
combination with liver biochemical markers [2-5]. Ultra-
sound elastography of the liver has proven to have good

sensitivity and specificity for evaluating liver fibrosis in
chronic liver diseases [6, 7].

There are various pathologic changes that can lead
to an alteration in the tissue stiffness, as well as at the
microstructural level of liver tissue [8]. Liver stiffness
has been shown to be a reliable indicator of the de-
gree of liver fibrosis and can also predict progression
of diseases such as non-alcoholic fatty liver disease
(NAFLD), hepatocellular carcinoma (HCC), viral hep-
atitis, and liver congestion [5-11]. Besides liver dis-
eases, physiologic conditions (hydration, food intake)
can also induce a change in the liver stiffness [12-14].
Changes in the liver tissue can be assessed by ultra-
sound imaging techniques, including ultrasound shear
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wave velocity (SWV), shear wave dispersion (SWD),
and attenuation imaging (ATI) [3, 7, 15-18], among
others. In SWV, shear waves are produced by pushes of
acoustic radiation force impulse. Unlike longitudinal
ultrasound waves, the shear wave is a transverse wave
that travels perpendicularly to the emitting ultrasound
beam from the transducer and propagates at a slower
velocity [5, 7]. The degree of liver stiffness can be de-
termined by the speed of the shear wave propagation
in the tissue [2-5]. The stiffness of the tissue can be ex-
pressed by either SWV (m/s) or Young’s modulus (kPa).
A high value of SWV represents a stiff tissue whereas
a low value of SWV represents a soft tissue 2, 3]. SWD
(m/s/kHz), on the other hand, assesses the dispersion
slope of the shear wave speed that is dependent on shear
wave frequency [15, 16]. SWD is primarily related to the
viscosity of the liver and has been shown to be a more
accurate measurement of liver inflammation than SWV
[9]. ATI (dB/cm/MHz) measures the attenuation coef-
ficient caused by diffusion, reflection, absorption, and
scattering of the ultrasound beam in the tissue [8, 17].
A positive correlation has been found between increas-
ing ATT value and high grade of liver steatosis, and it
has proved to be a great screening tool for patients with
hepatic steatosis [17, 18].

Conventional 2D Doppler sonography has been
used to assess liver hemodynamics [19]. Two vessels
supply blood flow to the liver. Doppler velocity of the
portal vein has been used to monitor the change in liv-
er hemodynamics in liver disease (liver cirrhosis) and
physiologic condition (water intake) [20-22]. We have
not found an article discussing the correlation between
the change of ultrasound tissue characteristics (SWYV,
SWD, ATI) and the change in hemodynamics of the
hepatic artery after water intake in normal human liver
during our literature review.

The aim of this study was to determine whether
water intake alters measurement of liver elasticity, vis-
cosity, attenuation, and hemodynamics and provide
further evidence supporting the common practice of
fasting prior to liver ultrasound examination.

Material and methods

Subjects

The Institutional Review Board approved the study
(IRB# 2019-0009). All participants provided written
informed consent before ultrasound scanning.

In February 2020, we consecutively recruited 19 healthy
volunteers (10 males and 9 females, mean age 27 years, age
range 24-38 years, mean body mass index = 24.65 kg/m?).
Inclusion criteria for recruiting adult healthy volunteers in

the study included age of 20 years or older; no history of
liver or biliary disease of any kind; no medication that may
affect liver function for three months; no history of surgery,
trauma, or interventional procedure in the liver; tolerant
to ultrasound examination and drinking water; being able
to sign written informed consent.

Ultrasound data acquisition

An Aplio i800 ultrasound scanner (Canon Medical
Systems USA, Tustin, CA, USA) equipped with a cur-
vilinear probe (PVI-475 BX, 1.6-6.2 MHz) was used
to acquire all ultrasound measurements. Manufactur-
er-recommended machine settings for liver ultrasound
(pre-settings for grayscale image, shear wave elastogra-
phy, ATI, and spectral Doppler) were used to acquire
all ultrasound parameter measurements in all subjects.

Subjects were asked to lie in the left lateral recum-
bent position with their right arm behind their head.
Subjects were draped with disposable paper drapes
during scanning for privacy. An appropriate amount
of gel was applied to the region of interest and the ul-
trasound probe was placed in the right upper quad-
rant of the subject’s abdomen, on the midclavicular, or
anterior axillary line between the intercostal spaces.
Subjects were asked to hold their breath during active
data collection to minimize excessive motion-induced
image artifacts and variation in Doppler sonography
and shear wave elastography [11, 18, 22].

Each subject was scanned a total of 5 times in in-
crements of 15 minutes. Each round of scans spanned
5-7 minutes. The first scan was taken after 4-6 hours
of nothing to eat/drink (NPO) in order to establish
a baseline. Subjects were then asked to consume a pre-
determined amount of water based on the subject’s body
weight (1.0 1 of water for < 150 lbs., 1.5 1 of water for
> 150 Ibs.) within 3 to 5 minutes. The protocol was ad-
opted from a previous study investigating the changes of
liver stiffness after ingestion of 1.5 1 of water in 9 males
and 1 female [14]. The remaining four scans were sub-
sequently taken in 15-minute increments after water
intake (15, 30, 45, and 60 minutes after drinking water).

Each round of scans included the following mea-
surements: 6 of SWV, 6 of SWD (Fig. 1), 5 of ATI (Fig. 2),
2 of Doppler for flow velocity of the portal vein, and
2 of the common hepatic artery (Fig. 3). The average
of each ultrasound parameter’s measurements at each
time point was used for analysis. A total of 5 rounds of
scan (one immediately before drinking water and four
after drinking water in 15-minute increments) were
taken for each subject.

A senior operator (J.G.) with 30 years experi-
ence in abdominal ultrasound and 10 years in ultra-
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Fig. 1. Ultrasound shear wave velocity (SWV, m/s) and shear wave dispersion (SWD, m/s/kHz) are measured immediately before (A) and 45 minutes (B) after water
intake. SWV, shear wave speed map, grayscale image, and SWD are displayed in QuadView image. The increase of SWV after water intake is significant (1.46 m/s

vs 1.73 m/s) whereas SWD is not (12.54 m/s/kHz vs. 13.10 m/s/kHz)

sound elastography and a junior operator (R.L.) with
two years training in abdominal ultrasound and two
weeks’ training in ultrasound elastography performed
ultrasound scans in 19 subjects.

Statistical analysis

All variables of ultrasound parameters at different time
points are expressed as mean and standard deviation. The
data were compiled and organized by variable and time
increment obtained. ANOVA with repeated measures was

performed for statistical analysis in order to determine the
difference of each variable among the different time points.
A t-test was used to analyze the differences in ultrasound
parameters between paired groups. A p-value was assigned
to compare the null hypothesis against the alternative hy-
pothesis with a p-value < 0.05 indicating a significant dif-
ference between the two hypotheses. Linear regression was
also performed comparing each variable measuring tis-
sue characteristic changes in the liver parenchyma (SWV,
SWD, and ATI) to each variable measuring hemodynamic
changes in the liver vessels [portal vein velocity (PVV), he-
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Fig. 2. Ultrasound attenuation imaging was performed before (A) and after (B) water intake. There is no significant difference in attenuation coefficient in the

liver parenchyma after drinking water (0.54 dB/cm/MHz vs. 0.56 dB/cm/MHz)

patic artery peak systolic velocity (PSV) and end diastol-
ic velocity (EDV)]. A strong positive correlation between
variables was suggested if > 0.7 [24]. Statistical analy-
sis was performed with commercially available software
(SPSS Statistics, Version 27, IBM).

Results

Ultrasound parameters were successfully measured
in all 19 subjects. No subjects were excluded from the
statistical analysis.

The mean and standard deviation of all measured
variables, evaluating both liver parenchyma tissue char-
acteristics (SWV, SWD, ATT) and liver hemodynamics
(PVV, hepatic artery PSV and EDV) before and at four
time points after drinking water, are presented in Fig. 4.
Results of the linear regression are listed in Table 1.

We observed an increase in values of ultrasound
parameters over the five different time increments.
Increases of SWV, PVV, and hepatic artery PSV, EDV
values were significantly different (p < 0.01) whereas
SWD and ATT values were not significantly different
(p > 0.05) after drinking water compared to those val-
ues before water intake. The peak values of SWV (1.53
0.1 m/s), PVV (34.4 £6.96 cm/s), and hepatic artery
EDV (36.19 £12.71 cm/s) were at 45 minutes after wa-
ter intake. The peak values of SWD (13.70 £2.801 m/s/
kHz) and hepatic artery PSV (98.25 +28.48 cm/s) were
at 30 minutes after water intake. ATI value (0.62 +0.12
dB/cm/MHz) peaked at 15 minutes after water intake.
All ultrasound parameters returned to near before wa-
ter intake values by 60 minutes after water intake.

Based on the ANOVA with repeated measure anal-
ysis, of the three parameters (SWV, SWD, ATI) used to

226

Clinical and Experimental Hepatology 2/2021



The effect of water intake on ultrasound tissue characteristics and hemodynamics of adult livers

Fig. 3. Using Doppler angle correction, flow velocity in the main portal vein (PVV) and hepatic artery are measured immediately before and at different time points
after water intake. Portal vein velocity measures 25.6 cm/s before (A) and 33.3 cm/s at 45 minutes after (B) water intake. Hepatic artery peak systolic velocity
(PSV) and end diastolic velocity (EDV) measure 96.0 cm/s and 30.7 cm/s before (C) and 116.8 cm/s and 50.9 cm/s after (D) water intake. There are clear increases
in PWV, PSV and EDV after water intake (p < 0.01). Vel A - velocity (A and B), Vmax A - artery peak systolic velocity, Ved A - artery end diastolic velocity (C and D)

measure liver tissue characteristics, only SWV demon-
strated a significant difference in measured values
across five different time increments (p < 0.001). No
significant differences in measured values of SWD and
ATT over time were found (all p > 0.05). Interestingly,
all the measured variables for evaluating the change
in hemodynamics in the liver (PVV, PSV, and EDV)
demonstrated statistical significance (p < 0.01).

Results from the linear regression demonstrat-
ed a strong positive correlation of SWV with PVV
(* = 0.932), PSV (2 = 0.796), and EDV (* = 0.726).
The correlation between SWD and PSV was positive
(* = 0.557) but not significant (p = 0.147). No signifi-
cant correlation between SWD and PVV, between SWD
and EDV, or between ATI and any of the Doppler vari-
ables measuring hemodynamic changes in the liver was
observed (Table 1).

Discussion

The results demonstrate that water intake affects
the hemodynamics of the liver as assessed by Dop-
pler flow parameters and subsequently affects the liver
stiffness measured with ultrasound shear wave veloc-
ity. The change in mean values of SWV significantly

correlates with the changes in PVV and hepatic artery
PSV, EDV at the different intervals of time. The mea-
sured values of SWV, SWD, PVV, PSV, and EDV peak-
ed 30-45 minutes after water intake and returned to
near baseline within 60 minutes after drinking water.
Further analysis with ANOVA confirmed that the dif-
ferences in the means across time for SWV, PVV, PSV,
and EDV were significant. Analysis with linear regres-
sion provided further evidence supporting this conclu-
sion by demonstrating a strong positive correlation of
SWYV with PVV, PSV, and EDV. This conclusion is con-
sistent with the use of SWV to measure liver stiffness
[3, 7, 25]. However, it is important to note that SWV
is susceptible to hemodynamic changes in the liver.
The increase of blood flow in the portal vein, hepatic
artery, or both may be one of the important factors in
altering the liver stiffness. Our findings support the vi-
ability of the common practice of no water intake prior
to ultrasound evaluation of the liver in order to obtain
more accurate measurements of liver stiffness. A stan-
dard procedure, especially with patient preparation, is
needed to obtain reliable values and avoid overestima-
tion of liver stiffness.

Although a strong positive correlation was found
between SWV and hemodynamic changes in the liver,
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Fig. 4. Line plots show the mean value and standard deviation of shear wave velocity (SWV, A), shear wave dispersion (SWD, B), attenuation coefficient (C), portal
vein velocity (PVV, D), hepatic artery peak systolic velocity (PSV, E), and hepatic artery end diastolic velocity (EDV, F) measured immediately before and 15, 30,
45, and 60 minutes (min) after water intake. Based on ANOVA with repeated measures analyses, differences in SWV, PVV, hepatic artery PSV and EDV at different
time points were significant (p < 0.01), but the difference in SWD or ATI at different time points was not significant (p > 0.05)

Table 1. Correlations between ultrasound tissue characteristics and hemodynamic parameters

Outcome measures (r’/p)* SWV (m/s) SWD (m/s/kHz) ATI (dB/cm/MHz)
Portal vein velocity (cm/s) 0.932/0.008 0.48/0.195 0.043/0.739
Hepatic artery PSV (cm/s) 0.796/0.042 0.557/0.147 0.027/0.792
Hepatic artery EDV (cm/s) 0.726/0.047 0.289/0.391 0.003/0.933

(P/p)* - the values of r* are coefficients of determination based on linear regression analyses and p values for the coefficients indicate whether these relationships are statistically
significant; ATI - attenuation imaging, EDV - end diastolic velocity, PSV - peak systolic velocity, SWD - shear wave dispersion, SWV - shear wave velocity

this was not the case for SWD or ATI. Much like SWV,  tically significant differences between the measured
the mean values of SWD and ATI peaked 15-30 min-  values at different time intervals. Linear regression
utes following water intake and returned to near base-  showed weak and/or non-significant correlations of
line within 60 minutes; however, further analysis with ~ SWD and ATI with PVV, PSV, and EDV. While SWD
ANOVA with repeated measures did not detect statis- and ATI are often used in conjunction with SWV to
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assess pathologic changes in the liver, SWD is known
to be a better measure of tissue viscosity [9, 16], and
ATT is known as a better measure of steatosis [17, 18].
In the study, we did not observe significant alterations
of SWD or ATTI following hemodynamic changes in-
duced by water intake in the normal young adult liver
compared to SWV. The results did not show significant
effects of water intake on SWD and ATT of the liver.

There were some limitations to our study. First, the
number of subjects enrolled in the study was small,
and they were primarily young, healthy individuals. In
a normal healthy liver, the change in liver stiffness as
a result of water ingestion may not be as significant or
pronounced as compared to individuals with evidence
of liver with pathologic changes (such as fibrosis). We
do not know whether changes in ultrasound param-
eters occurring as the effects of water intake on liver
tissue characteristics and hemodynamics could be
observed in patients with liver diseases, or the results
may vary. Second, we did not have liver histology as
a reference standard to correlate with the changes in
ultrasound parameters of the liver, although liver biop-
sy is not the standard of care when there are no clinical
indications of liver diseases. Third, we did not observe
stronger correlations of SWD and ATI with PVV, PSV,
or EDV in normal young adult livers; the results may
differ in patients with liver diseases, such as liver fi-
brosis and/or steatosis. Fourth, our study only evalu-
ated changes in the liver up to an hour following water
intake. We did not extend the time of observation up
to 2 or 3 hours after water intake. Although most mea-
sured values returned to near baseline (before drink-
ing water) values within the given time frame, future
studies could continue to evaluate changes in the mea-
sured liver ultrasound parameters. Finally, we did not
test intra- and interobserver reliability in performing
shear wave elastography, ATI, or Doppler sonography;
however, good intra- and interobserver reliabilities in
measuring liver SWV, SWD, ATI, and PVV have been
reported [17-19, 25, 26]. Further study on testing the
water intake effect on liver tissue characteristics and
hemodynamics in a large group of subjects with and
without liver diseases is warranted.

Conclusions

Water intake has significant effects on the liver
shear wave velocity, portal vein velocity, and hepatic
artery PSV and EDV. Fasting prior to liver shear wave
elastography and Doppler sonography is highly rec-
ommended for accurate assessment of liver stiffness
and hemodynamics.
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