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Abstract
AIM: To study the changes of portal blood flow in 
congestive heart failure.

METHODS: We studied the congestion index (CI) and 
portal vein pulsatility index (PI) in patients with varied 
degrees of congestive heart failure using ultrasonic 
Doppler. Ten patients with mean right atrial pressure 
(RA) < 10 mmHg were classified as group 1 and the 
remaining 10 patients with RA ≥ 10 mmHg as group 2.

RESULTS: There were no difference on cardiac index (HI, 
P = 0.28), aortic pressure (AO, P = 0.78), left ventricular 
end-diastolic pressure (LVED, P = 0.06), maximum portal 
blood velocity (Vmax, P = 0.17), mean portal blood velocity 
(Vmean, P = 0.15) and portal blood flow volume (PBF, 
P = 0.95) between the two groups. Group 2 patients had 
higher pulmonary wedge pressure (PW, 29.9 ± 9.3 mmHg 
vs  14.6 ± 7.3 mmHg, P = 0.002), pulmonary arterial 
pressure (PA, 46.3 ± 13.2 mmHg vs  25.0±8.2 mmHg, 
P =0.004), RA (17.5±5.7 mmHg vs  4.7 ± 2.4 mmHg, 
P < 0.001), right ventricular end-diastolic pressure (RVED, 
18.3 ± 5.6 mmHg vs  6.4 ± 2.7 mmHg, P < 0.001), CI 
(8.7 ± 2.4 vs  5.8 ± 1.2, P = 0.03), and PI (87.8 ± 32.3% vs  
27.0 ± 7.4%, P < 0.001) than Group 1. CI was correlated 
with PI (P < 0.001), PW (P < 0.001), PA (P < 0.001), 
RA (P = 0.043), RVED (P = 0.005), HI (P < 0.001), AO 
(P < 0.001), CO (P < 0.001), LVED (P < 0.001), Vmax 
(P < 0.001), Vmean (P < 0.001), cross-sectional area of 
the main portal vein (P < 0.001) and PBF (P < 0.001). CI 
could be as high as 8.3 in patients with RA < 10 mmHg 
and as low as 5.9 in those with RA ≥ 10 mmHg.

CONCLUSION: Our data show that RI is a more 
significant indicator than CI in the clinical evaluation of 
high RA ≥ 10 mmHg, whereas CI is better than PI in the 
assessment of left heart function.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Congestive heart failure increases the pressure in the infe-
rior vena cava and hepatic veins[1-3]. Ultrasonic Doppler is 
a safe and non-invasive method in the clinical evaluation 
of  portal blood flow and portal hypertension[4-9]. Portal 
vein pulsatility index (PI) is calculated by the percentage of  
peak-to-peak maximum portal vein velocities[10,11]. In our 
earlier study[10], patients with right heart failure developed 
transient reduced, stagnant, or hepatofugal portal blood 
flow with increased PI. However, the change of  portal 
flow pattern and PI did not correlate with left heart func-
tion.

The congestion index (CI) has been used to assess the 
pathophysiological hemodynamics of  portal venous sys-
tem in different forms of  liver diseases[12-14]. The correla-
tion between CI and PI and the role of  CI on right heart 
function remain uncertain. Therefore, we have studied the 
changes of  portal blood flow in patients with different 
degrees of  heart failure using non-invasive ultrasonic Dop-
pler[15,16].

MATERIALS AND METHODS
We studied the portal hemodynamic profiles in 20 patients 
(9 males, 11 females, mean age: 49 ± 13 years) who received 
cardiac and Swan-Ganz catheterizations for cardiovascular 
disorders (16 rheumatic heart disease, 4 atherosclerotic 
heart disease) to compare with 20 healthy volunteers. All 
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patients had medications affecting the hemodynamics such 
as isosorbide dinitrate and furosemide, and their systemic 
blood pressure and body weight were measured to be con-
stant for more than 48 h prior to the study. Patients with 
fever, infection, and shock were excluded. All patients had 
no history of  liver disease, alcoholism or other metabolic 
disorders. None of  the patients received transfusion, ino-
tropic agents or dopamine. All patients had an abdominal 
sonography to exclude chronic liver disease or spleno-
megaly. Patients with severe orthopnea were excluded if  
they were not able to remain in the supine position for the 
study of  ultrasonic Doppler.

Cardiac profiles including cardiac index (HI), left ven-
tricular end-diastolic pressure (LVED), mean aortic pres-
sure (AO), pulmonary wedge pressure (PW), mean pulmo-
nary arterial pressure (PA), mean right atrial pressure (RA), 
right ventricular end-diastolic pressure (RVED) were re-
corded during the cardiac and Swan-Ganz catheterizations. 
Ten patients with RA < 10 mmHg (range: 1-7 mmHg) and 
without right heart failure were classified as Group 1. The 
remaining 10 patients with right heart failure and RA ≥ 10 
mmHg (range: 10-28 mmHg) were classified as Group 2.

The portal profiles were assessed using an ultrasonic 
Doppler composed of  a real-time mechanical sector scan-
ner and a 3.5 mHz pulsed Doppler flowmetry (Aloka Echo 
Camera, Model SSD-1700, Tokyo) within 12 h of  cardiac 
catheterization. After more than 8 h of  fasting, portal pro-

files were measured in the supine position for more than 
30 min. Portal blood flow was measured from the main 
portal vein at a site just entering or immediately after enter-
ing the liver with the patient in expiratory apnea. The flow 
angle formed by the directions of  ultrasonic beam and the 
portal blood flow below 55 degree was corrected to mini-
mize the variation caused by the angle of  insonation. The 
Doppler signal could be viewed on the screen and heard 
through a build-in speaker. Portal blood flow was mea-
sured by the same physician (SY) to avoid interobserver 
variation[17].

For each measurement, at least three reproducible 
spectral patterns were recorded for calculating the mean 
maximum portal blood velocity (Vmax) over a period of  3-4 
s to ensure accuracy. Mean portal blood velocity (Vmean) 
was calculated by the equation “Vmean=0.57×Vmax” as 
described by Moriyasu et al.[18]. Cross-sectional area (area, 
cm2) was also recorded at the site of  main portal vein 
where portal blood velocity was measured. The direc-
tion of  portal blood velocity, antegrade or retrograde, 
was also measured. Positive velocity indicates the blood 
flow towards the transducer and vice versa. Portal blood 
flow volume (PBF, mL/min) was obtained by the equa-
tion “PBF=area×Vmean×60”[17,18]. PI was calculated by the 
equation “PI=(maximum-minimum)/maximum frequency 
shift”[6,15,17]. The waveforms were classified as continuous 
(PI ≤ 40%), decreased (PI 41-99%), stagnant (PI = 100%), 
or retrograde (PI>100%)[10,19]. CI was calculated by the 
equation “CI = (area/Vmean)×100”[12].

The study protocol was reviewed and approved by the 
Institutional Review Committee under the guidelines of  
the 1 975 Declaration of  Helsinki. Statistical analysis was 
performed using Student’s t-test and simple linear regres-
sion as appropriate.

RESULTS
The biochemical data of  the 20 patients (Table 1) showed 
total protein 7.0 ± 0.8 g/dL, albumin 3.8 ± 0.5 g/dL, 
total bilirubin 1.3 ± 0.6 mg/dL, AST 49.5 ± 23.4 IU/L, 
ALT 28.7 ± 10.4 IU/L, and prolonged prothrombin time 
1.2 ± 0.9 s (normal < 3 s). All controls had normal blood 
chemistries. Gender (P = 0.11), age (P = 0.61), total protein 
(P = 0.85), albumin (P = 0.62), total bilirubin (P = 0.83), 
ALT (P = 0.15) and prolonged prothrombin time (P = 0.19) 
were not different between those with RA < 10 mmHg 
and ≥ 10 mmHg. Patients with RA ≥ 10 mmHg had higher 
serum AST activities (P = 0.009), which were related to 
ischemic hepatitis.

HI (3.0 ± 0.9 L/min/m2; range: 1.6-5.3 L/min/m2 vs 
2.4 ± 0.4 L/min/m2; range: 1.7-2.9 L/min/m2; P = 0.28), 
AO (89.0 ± 9.6 mmHg; range: 85-100 mmHg vs 87.3 ± 12.8 
mmHg; range: 65-115 mmHg; P = 0.78), and LVED 
(12.2 ± 6.7; range: 4-34 mmHg vs 22.1 ± 10.9 mmHg; range: 
10-40 mmHg; P = 0.06) were not statistically different be-
tween Groups 1 and 2 (Table 2).

For all Group 1 patients, the values of  PW (mean: 
14.6 ± 5.6 mmHg; range: 5-28 mmHg), PA (mean: 
25.0 ± 6.8 mmHg; range: 16-38 mmHg), RA (mean: 
4.7 ± 2.1 mmHg; range: 1-7 mmHg), and RVED (mean: 
6.4 ± 2.1 mmHg; range: 2-11 mmHg) were within the nor-

Table 1 Clinical and biochemical data in patients with 
heart failure (mean±SD)

Controls RA < 10 mmHg RA ≥ 10 mmHg

Gender (M/F) 10/10 4/6 5/5
Age (yr) 46 ± 12 50 ± 13 47 ± 19
Total protein (g/dL) 7.5 ± 0.6 7.1 ± 0.8 6.9 ± 1.1
Albumin (g/dL) 4.3 ± 0.2 3.9 ± 0.7 3.7 ± 0.5
Total serum bilirubin
 (mg/dL)

0.9 ± 0.4 1.3 ± 0.8 1.4 ± 0.8

AST (U/L) 21 ± 6 31 ± 11 59 ± 291,b

ALT (U/L) 24 ± 6 23 ± 8 35 ± 20
Prolonged prothrombin
 time (s)

- 1.1 ± 0.9 1.4 ± 0.8

RA, right atrial pressure ;  1P=0.009 vs patients with RA < 10 mmHg and 
bP<0.001 vs controls.

                   
  RA < 10 mmHg    RA ≥ 10 mmHg P

HI (L/min/m2)   3.0 ± 0.9  2.4 ± 0.4  0.28
AO (mmHg) 89.0 ± 9.6   87.3 ± 12.8  0.78
LVED (mmHg) 12.2 ± 6.7   22.1 ± 10.9  0.06
PW (mmHg) 14.6 ± 5.6 29.1 ± 7.7   0.002
PA (mmHg) 25.0 ± 6.8   42.4 ± 12.0   0.004
RA (mmHg)   4.7 ± 2.1 16.8 ± 4.9 < 0.001
RVED (mmHg)   6.4 ± 2.1 17.8 ± 4.4 < 0.001

Table 2 Cardiac profiles in patients with congestive heart 
failure(mean±SD)

RA, right atrial pressure; HI, cardiac index; LVED, left ventricular end-
diastolic pressure; AO, mean aortic pressure; PW, pulmonary wedge 
pressure; PA, mean pulmonary arterial pressure; RA, mean right atrial 
pressure; RVED, right ventricular end-diastolic pressure.
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mal limits.
All Group 2 patients had higher PW (mean: 29.1 ± 7.7 

mmHg; range: 13-40 mmHg; P = 0.002), PA (mean: 
42.4 ± 12.0 mmHg; range: 25-65 mmHg; P = 0.004), RA 
(mean: 16.8 ± 4.9 mmHg; range: 10-28 mmHg; P < 0.001), 
and RVED (mean: 17.8 ± 4.4 mmHg; range: 9-26 mmHg; 
P < 0.001) than Group 1 patients.

The healthy controls had Vmax 20.1 ± 3.1 cm/s, Vmean 
11.2 ± 1.9 cm/s, area 1.01 ± 0.20 cm2, PBF 685 ± 136 mL/
min, PI 23.3 ± 6.3%, and CI 5.3 ± 1.2. The mean values 
of  Vmax (24.5 ± 3.9 cm/s; range 17-33 cm/s vs 21.1 ± 4.8 
cm/s; range 14-33 cm/s; P = 0.17), Vmean (14.0 ± 2.3 cm/s; 
range: 9.7-18.8 cm/s vs 12.0±2.7 cm/s; range: 8.6-18.8 
mmHg; P = 0.15) and PBF (678 ± 172 mL/min; range: 
373-1 120 mL/min vs 672 ± 162 mL/min; range: 432-922 
mL/min; P = 0.95) between Groups 1 and 2 did not show 
any statistical difference (Table 3). Group 2 patients had a 
larger area of  portal vein than that of  Group 1 (0.80 ± 0.13 
cm2; range: 0.64-1.13 cm2 vs 0.96 ± 0.13 cm2; range: 
0.79-1.33 cm2; P = 0.04).

All the 10 patients in Group 1 had a continuous 
antegrade portal flow with a mean PI 27.0 ± 7.4% (range: 
17-40%) (Figure 1). The mean PI of  the 10 patients in 
Group 2 was 87.8 ± 32.2% (range: 43-194%). In Group 2, 
all the patients had a PI > 40%. Six of  them had transient 
reduced portal blood flow, one had stagnant flow, and 

three had hepatofugal flow.
Group 2 patients (mean: 8.7 ± 2.4, range: 5.9-16.7) had 

a higher CI than that of  Group 1 patients (mean: 5.8 ± 1.2, 
range: 3.9-8.3; P = 0.03). Although Group 2 had a higher 
mean CI than Group 1, the CI could be as low as 5.9 in 
Group 2 and as high as 8.3 in Group 1 (Figure 2).

Using linear regression, CI showed a good correlation 
with PI (P < 0.001), PW (P < 0.001), PA (P < 0.001), 
RA (P = 0.043), RVED (P = 0.005), HI (P < 0.001), AO 
(P < 0.001), CO (P < 0.001), LVED (P < 0.001), Vmax 
(P < 0.001), Vmean (P < 0.001), area (P < 0.001) and PBF 
(P < 0.001).

DISCUSSION
It is well known that the passive “backward” congested 
liver develops into hepatomegaly, synchronous pulsation, 
engorged and dilated terminal hepatic veins, atrophy of  
hepatocytes and eventually cardiac cirrhosis. The high 
hepatic vein pressure can transmit through the liver to 
cause post-sinusoidal portal hypertension, cardiac ascites 
and change of  portal vein flow patterns[12,13]. Therefore, 
the changes of  portal flow may help the assessment of  
heart function.

Prolonged right heart failure may result in atrophy 
of  hepatocytes and eventually cardiac cirrhosis[3]. In the 
present study, we have strived to exclude those patients 
with chronic liver disease. The abdominal sonographies 
showed no splenomegaly or coarse liver echogenicity and 
the peripheral blood showed no abnormal reduction of  
leukocyte, hemoglobin or platelet account, which were 
common in cirrhosis. Furthermore, the portal flow pattern 
did not show reduced fluctuation, which was common in 
cirrhosis with portal hypertension[4]. Our patients were not 
likely to develop obvious cardiac cirrhosis.

In the present study, all patients with RA ≥ 10 mmHg 
had a PI > 40% and all patients with RA < 10 had a 
PI < 40% or less. The findings were consistent with our 
prior study[10] that PI showed a good correlation with PW, 
PA, RA, and RVED. The waveform changes of  portal 
blood flow correlate well with right heart function, and 
the measurement of  PI change is a simple and non-
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Figure 2  Congestion index of patients with right atrial pressure (RA) < 10 mmHg 
(Group 1) and ≥ 10 mmHg (Group 2).

Table 3  Portal profiles in patients with congestive heart 
failure( mean±SD)

Controls RA ≤ 10 mmHg RA > 10 mmHg
(n  = 20) (n= 10) (n  = 10)

Vmax (cm/s) 20.1 ± 3.1 24.5 ± 3.9 21.1 ± 4.8
Vmean (cm/s)  11.2 ± 1.9 14.0 ± 2.3 12.0 ± 2.7
Area (cm2)   1.01 ± 0.20   0.80 ± 0.13   0.96 ± 0.13
PBF (mL/min)   685 ± 136   678 ± 172   672 ± 162
PI (%) 23.3 ± 6.3  27.0 ± 7.4     87.8 ± 32.3b

Congestion index   5.3 ± 1.2   5.8 ± 1.2     8.7 ± 2.41

RA, right atrial pressure; Vmax, maximum portal velocity; Vmean, mean portal 
velocity; PBF, portal blood flow; PI, portal vein pulsatility index. bP<0.001, 
1P=0.03 vs controls and RA ≤ 10 mmHg.

Figure 1   Por ta l  ve in  pu lsat i l i ty  index of  pat ients  wi th  r ight  a t r ia l 
pressure < 10 mmHg (Group 1) and  ≥ 10 mmHg (Group 2).
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invasive method to identify right heart failure[10]. Our data 
also demonstrated that PI had no any correlation with 
HI, AO, CO, LVED, Vmax, Vmean and PBF. Furthermore, 
the waveform changes of  portal blood flow correlated 
well with right heat function; and the PI is helpful for the 
diagnosis of  stagnant or hepatofugal portal blood flow 
but not by the CI[10]. Therefore, CI is better than PI in the 
assessment of  left heart function.

In addition to the assessment of  left heart function, 
the CI correlated with all PBF, Vmax, Vmean, area, PI, 
HI, PW, PA, RA, AO, CO, LVED, and RVED. These 
results suggest that CI also correlates well with right 
heart profiles. Our findings were consistent with earlier 
studies[12,20,21]. However, the CI values could be as high as 8.3 
in patients with RA < 10 mmHg and as low as 5.9 in those 
with RA ≥ 10 mmHg. If  the CI value is between 5.9 and 8.3, 
it is difficult to predict whether or not the RA values  ≥ 10 
mmHg. Therefore, RI is a more significant indicator than 
CI in the clinical evaluation of  high RA ≥ 10 mmHg.

The occurrence of  congestive liver is not uncommon 
in patients with congestive heart failure. In addition to 
the occurrence of  congestive hepatomegaly and dilatation 
of  inferior vena cava and hepatic veins during abdominal 
sonography, the measurement of  both CI and PI is 
helpful for the indirect non-invasive evaluation of  cardiac 
function.
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