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Is there a Correlation between Hepatic Venous Indices
and Main Pulmonary Artery Diameter?
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ABSTRACT
Objective: To search whether there is a correlation between middle hepatic venous indices (HVIs) obtained by pulsed
waved doppler ultrasonography (PW-DUS) and the main pulmonary artery (mPA) diameter, calculated by computed tomography
(CT).
Study Design: A descriptive cross-sectional study.
Place and Duration of Study: Department of Radiology, Balikesir University School of Medicine, Turkey, from February to
December 2020.
Methodology: After excluding the cases with suspected COVID-19 from the cases sent to the Radiology Department for chest
CT exams with the mPA included in the cross-sections, the volunteers were evaluated with PW-DUS. The study group consisted
of 66 cases. Two radiologists measured the velocity values of the A, S, and D waves in the recorded PW Doppler spectra. HVIs
(A/S, A/S+D, A/A+S+D) were calculated. The mPA diameter was calculated in the axial plane from the pulmonary trunk, 1cm
proximally to the bifurcation manually on the workstation. The correlation between the HIVs and mPA diameter was evaluated.
Interoperator reliability was also analysed.
Results: Thirty-nine males (59%) and 27 (41%) females were included in the study group. The mean HVI values were 0.50
±0.20, 0.28 ±0.12, and 0.21 ±0.07 for A/S, A/A+S, and A/A+S+D, respectively. The mean mPA diameter was 24.0 ±3.3 mm.
Correlation analysis determined that the HVIs were positively correlated with mPA diameter (r=0.730-0.765-0.751, p<0.001).
Inter-observer correlation coefficients were found to be compatible between two radiologists.
Conclusion: A significant and strong correlation was found between HVIs and mPA diameter. The mPA diameter that reflects
the pulmonary artery systolic pressure (PAP) increased as the HVIs increased. Therefore, PW-DUS may be helpful to evaluate
PAP as a quantitative method that is cost-effective, easily accessible and radiation-free.
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INTRODUCTION

The right heart pumps venous blood to the lungs, where oxygen
and carbon dioxide exchange happens. Pulmonary circulation
typically occurs in relatively lower pressure than systemic circu-
lation.  The normal pulmonary artery systolic  pressure (PAP)
usually  is  14±3  mmHg  in  the  right  heart  catheterisation.1,2

When the mean PAP is higher than 25 mmHg, it is defined as
pulmonary hypertension (PH). PH is related to functional disa-
bility and higher mortality.1,2
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Although the right heart catheterisation is the gold standard in
PH diagnosis,  it  is  invasive.2  On the other  hand,  it  may be
helpful in PH diagnosis by detecting morphological and physio-
logical changes with radiologic methods like computed tomog-
raphy (CT), hepatic venous Doppler ultrasonography (DUS)
and echocardiography.3-6 The main pulmonary artery (mPA)
diameter increase in patients with PH can be demonstrated
with CT.2,7 In DUS, the hepatic venous flow is triphasic and has
four components. The A, S, V, and D waves correspond to atrial
contraction, ventricular systole, atrial filling and opening of the
tricuspid valve during the cardiac cycle, respectively (Figure
1A).8,9 The hepatic venous flow velocity is related to the right
atrium  and  PAP.5,6  However,  operator-dependent  technical
parameters  may  affect  the  pulsed  waved  hepatic  venous
doppler ultrasonography (PW-DUS) outcomes, such as wave
velocity. Therefore, hepatic venous indices (HVIs) calculated
from the wave velocities [A / S, A / (A+S)] are used in PW-DUS
spectrum analysis to minimise operator-dependent angular
factors.5,10
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Figure 1 A: The hepatic venous waves are stated on the PW-DUS spectra.

To  the  best  of  the  authors’  knowledge,  there  are  studies
published about mPA diameter reflecting PAP and increased
HVIs in patients with PH individually.3,4,7,8,11 However, no study
was found in the literature showing the relationship between
mPA diameter and HVI. This study aims to search for whether
there is a correlation between the mPA diameter and HVIs. It
was hypothesised that HVIs could provide information about
mPA diameter reflecting PAP.

METHODOLOGY

This  descriptive  cross-sectional  study  was  performed in  the
Department  of  Radiology,  Balıkesir  University  School  of
Medicine,  Turkey.  The  study  was  carried  out  following  the
Helsinki Declaration, approved by the local ethics committee
(No. 73023407/050.99/3043), and all study participants signed
informed consent. The study was completed between February
to December 2020, during the COVID-19 pandemic.

The study included 352 cases aged between 18 to 49 years, of
both genders, without referral diagnosis of PH or pulmonary
thromboembolism. These cases underwent CT scans such as
contrast-enhanced thorax CT, high-resolution CT of lungs, and
coronary CT angiography, which all comprised PA in the field of
view. Two hundred sixty cases referred for  the diagnosis  of
COVID-19  pneumonia  were  excluded.  PW-DUS  examination
was performed on the remaining 92 volunteers after the CT
scan. Cases with hepatosteatosis (n=18), pericardial effusion
(n=4),  cirrhosis  (n=1)  and  non-cooperation  (n=3)  were
excluded  after  PW-DUS  examination;  and  66  cases  were
included in the study.

The height and weight of cases were calculated with calibrated
devices for calculating body mass index (BMI). CT imaging was
performed  by  a  64-slice  CT  scanner  (Toshiba  Aquillon-64,
Otawara,  Japan).  Scanning  parameters  were  variable
depending on the type of imaging protocol (contrast-enhanced
thorax CT, high-resolution CT, coronary CT angiography); slice
thickness: 0.5-1mm, pitch value: 1, FOV: 215-360 mm, 120 kV
and 320-400 mA. The PA diameter was calculated in the axial

plane from the mPA, 1cm proximally to the bifurcation manually
on the workstation (Aquarius INtuition Viewer version 4.4.7;
TeraRecon, San Mateo, CA, the USA, Figure 1B). The measure-
ments were made with standard window settings for mediast-
inum (W=350, L=50). The PA diameter measurements were
performed three times by an experienced resident and a 20-
year experienced specialist individually. The averages of the
three  measurements  were  taken  for  each  radiologist,  and
consistency between them was examined.

Figure 1 B: The mPA diameter was calculated in axial plane CT at the bifur-
cation level.

Hepatic venous PW-DUS was performed on an empty stomach
immediately after CT. The radiology resident performed it in a
comfortable environment, supine position, and at the end of
regular inspiration. Gray scale and PW-DUS were performed
using a US scanner (Aplio M-X SSA-780A, Toshiba, Tokyo, Japan)
equipped  with  a  broadband  (1.6-6MHz)  convex  array  trans-
ducer. Spectral analysis was obtained by performing a PW-DUS
examination of the middle hepatic vein 3-6 cm away from the
trifurcation.  The  images  of  the  spectral  examination  were
recorded in  the  PACS.  The  radiologists  who calculated  mPA
diameters also measured the velocity values of the A, S, and D
waves on the recorded spectral analysis images. They were
unaware  of  CT  findings.  A/S,  A/S+D,  and  A/A+S+D  indices
defined in previous studies were calculated.4,5 The averages of
the three measurements were taken for each radiologist, and
consistency between them was examined. The HVIs were calcu-
lated with these averages.

Statistical analyses were performed using SPSS version 22 soft-
ware (IBM SPSS Statistics, USA). The conformity of the variables
to the normal distribution was examined using visual (histo-
gram and probability graphs) and analytical methods (Kolmo-
gorov-Smirnov/Shapiro-Wilk  tests).  Correlation  coefficients
and statistical significance were calculated with Spearman's
test for the relationships between variables, at least one of
which was not normally distributed. Descriptive analyses were
evaluated using the mean and standard deviations for normally
distributed variables. Bi-level independent and dependent vari-
ables were compared using Student's t-test and Mann-Whitney
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U tests. In the presence of significant breakpoints, these limits'
sensitivity,  specificity  and  positive  predictive  values  were
calculated.  Inter-observer  agreement  (inter-rater,  inter-ob-
server)  was  evaluated  by  Interclass  Correlation  Coefficient
(ICC) analysis. Differences were considered statistically signifi-
cant at p<0.05.

RESULTS

The study group comprised 66 cases, including 39 (59%) males
and 27 (41%) females. The mean age was 36.2 (± 9). Demo-
graphic statistics, mPA diameter and HVIs, are given in Table I.
Table I: Demographic statistics, mPA diameter and HVIs are shown.

 Male Female All cases
Age 36.6 (±9.1) 35.8 (±9.2) 36.3 (±9.2)
Height (mm) 177 (±6) 160 (±7) 170 (±10)
Weight (kg) 83.7 (±15.1) 70.5 (±13.5) 78.3 (±15.8)
BMI 26.84 (±4.9) 27.7(±5.7) 27.2 (±5.2)
mPA diameter (mm) 24.6 (±3.2) 23.0 (±3.3) 24.0 (±3.3)
A/S 0.53 (±0.23) 0.46 (±0.16) 0.50 (±0.20)
A/A+S 0.30 (±0.14) 0.26 (±0.09) 0.28 (±0.12)
A/A+S+D 0.22 (±0.08) 0.20 (±0.08) 0.21 (±0.07)

In the measurements made by two radiologists, the intraclass
correlation (ICC) coefficients were calculated as 0.98 for the
mPA diameter, 0.97 for the A wave, 0.95 for the S wave, and 0.92
for  the  D  wave.  Intraobserver  correlation  coefficients  were
found to be compatible among researchers.

Excellent (r=0.751 and 0.765) and significant (p<0.001) posi-
tive correlation was found between mPA diameter and two of
the HVIs (A/A+S+D and A/S+D). A very good (r=0.730) and
significant (p<0.001) positive correlation was found between
mPA diameter and A/S. A low degree (r= 0.292 and 0.313) and
significant (p<0.05)  positive correlation was found between
BMI and HVIs (A/A+S+D and A/S, Table II, Figure 2).
Table II: Correlations between mPA diameter and BMI with HVIs.

 A/S A/S+D A/A+S+D
mPA diameter Pearson Correlation

Sig. (2-tailed)
0.730**

0.000
0.765**

0.000
0.751**

0.000
N 66 66 66

BMI Pearson Correlation
Sig. (2-tailed)

0.293*
0.010

0.313*
0.017

0.292*

0.10
N 66 66 66

* Correlation is significant at the 0.05 level (2-tailed);  ** Correlation is significant at the 0.01
level (2-tailed).

Significant  differences  were  observed  between  height  and
gender  (p<0.001),  weight  and  gender  (p<0.001),  and  mPA
diameter and gender (p<0.05). A low (r=0.386) positive correla-
tion  was  found  between  the  height  and  weight  data  of  the
subjects (p<0, 01). A low (r=0.347) positive correlation was
found between weight and mPA diameter (p<0, 01). No signifi-
cant  difference  was  observed  between  HVIs  and  genders
(p>0.05).

The mPA diameter was ≥29 mm in 6 cases, and the A/S+D index
was ≥0.30 in 5 of them. In 1 case A/S+D index was <0.30,
although the mPA diameter was ≥29 mm. The mPA diameter
was <29 mm in 60 cases. In this group A/S+D index was <0.30 in
56 cases; however A/S+D index was ≥0.30 in 4 of them.

Figure 2: The mPA diameter and HVIs point distribution graphs (a. mPA
diameter and A/ S + D, b. mPA diameter and A / S + D, c. mPA diameter and A
/ A+S+D).

DISCUSSION

A positive correlation between HVIs  and mPA diameter  was
revealed  in  this  study,  although  mPA  diameter  was  within
normal  values.  HVIs  values  increased  as  the  diameter
increased. To the best of authors’ knowledge, no study is investi-
gating the relationship between mPA diameter and HVIs in the
literature.

There are various studies examining hepatic venous flow (HVF)
with PW-DUS.8-10,12 While some of these studies evaluated the
characteristics of HVF in the healthy population, changes in flow
in various pathologies were investigated in others.8 In healthy
individuals, HVF is considered triphasic.8,13  The A wave reflects
the retrograde flow to the inferior vena cava and hepatic veins
caused by atrial contraction, and the velocity value peaks at the
end of atrial systole.8,9 In PW-DUS, the A wave is above the spec-
tral baseline. The S wave shows the flow from the vena cava and
hepatic veins towards the heart with the effect of negative pres-
sure  during  the  systole  of  the  ventricles.  The  D  wave  also
reflects antegrade flow from the vena cava to the atrium in
cardiac diastole. Both S and D waves lie below the baseline in
spectral analysis. The V wave occurs when the tricuspid valve
returns to its original position after systole, it may be above or
below the baseline.8,9 Therefore, the V wave is not considered
when defining the HVF current as triphasic.  However,  some
authors state that HVF is not always triphasic in healthy individ-
uals.13 Additionally, there may be other factors that can affect
HVF.8,13 For example, deep inspiration may cause changes in the
velocities and phasities of the HVF.13-15 In this study, HVF was
triphasic in all cases when conditions such as hepatosteatosis
that could affect HVF were excluded, and cases with adequate
breathlessness were excluded. Since the V wave is variable, it
cannot be considered in the calculation of the indices.

Pathologies that increase the right heart pressure and force the
flow  from  the  right  heart  cause  resistance  in  the  central
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veins.12,15 This resistance causes a compulsion inflow of the infe-
rior vena cava and hepatic veins.5,12 This situation creates an
increase in the retrograde current that generates the A wave
and a decrease in the antegrade current that creates the S and D
waves.  All  these  changes  occur  with  an  increase  in  HVI.4,5

Studies have reported that HVIs are higher in patients with PH.
In these studies, HVIs were higher in the group with high PAP
after  right  heart  catheterisation  compared  to  the  normal
group.4,5 In a study published by Sun et al., they stated a signifi-
cant positive correlation between the A/S+D and A/S ratios from
the A-R indices and the mean PAP. When the value of 0.30 for the
A/S+D ratio was accepted for a threshold, it was reported that
the sensitivity was calculated as 85.37% and the specificity as
75.00% in detecting PH.5 A cut-off value was not calculated in
this study because only 9 cases had ≥0.30 A/S+D index value;
the study population had no complaint about PH, and right heart
catheterisation was not performed.5 In the previous studies, the
group with normal PAP was not evaluated within itself, and the
relationship between normal PAP values and HVIs was not evalu-
ated.  Although  the  authors  did  not  perform  central  venous
catheterisation  or  echocardiography,  the  study  showed  a
strong correlation between mPA diameter increment and HIVs
increment in the group with normal mPA diameter.

The mPA diameter increases with increasing mean PAP in PH,
and there is a strong correlation between the mean PAP and the
mPA diameter measured on CT.6,7,11,16-18  In the same studies,
they reported that when a mean mPA diameter ≥29 mm, the
sensitivity is high in the diagnosis of PH. However, the mean
mPA  diameter  <29  mm  does  not  definitively  exclude  PH.
Slightly increased mean PAP may also be <29 mm and overlap
with normal cases.17,19 In this study, there were 4 cases with an
A/S+D index above 0.30, although the mPA diameter was <29
mm.  Nevertheless,  right  heart  catheterisation  was  not
performed and specified the PAP in them.

The relationship between HVIs and mPA diameter was investi-
gated, assuming that mPA diameter reflects mean PAP. There
may be other factors that can affect mPA diameter other than
PAP. Gender, age, and BMI were also investigated in relation to
the  mPA  diameter  in  the  literature.20,21  Some  studies  have
reported a significant correlation between mPA diameter with
increasing age and BMI.21 However, this study showed only a
moderate positive correlation between age and mPA diameter.
The mean mPA diameter was <29 mm, which was considered
normal in most of the cases.

There are some limitations of the study. The number of cases is
limited. Further studies with a larger group of participants are
required for more reliable results. Catheterisation, which is the
gold standard for PAP measurement, could not be performed.
Therefore,  PAP  values  were  not  compared  with  the  HVIs
obtained  in  Doppler  US.  Instead,  the  mPA  diameter,  which
strongly  correlates  with  PAP  in  the  literature,  was  used  for
comparison. The probable pulmonary valve pathologies were
excluded with CT findings; however, evaluating the pulmonary
valve with echocardiography is better.

CONCLUSION

The  clinical  diagnosis  of  PH  may  be  difficult  due  to  the  no
specificity of its symptoms and signs. This study found a signifi-
cant and robust correlation between HIVs and mPA diameter.
The mean PAP measurement with right heart catheterisation is
the gold standard in diagnosing PH. It is an invasive method and
may cause mortality and morbidity. Some radiological examina-
tions that help in diagnosis make the patient to be exposed to
radiation. HVIs obtained from hepatic venous waveforms by
PW-DUS can be used as a diagnostic aid in PH. The evaluation of
HVIs with PW-DUS during routine examinations may show the
changes in mPA diameter and contribute to the early detection
of PAP increase. In order to evaluate the subject accurately and
effectively,  studies  with  a  larger  population  should  be
conducted.
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