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Abstract

BACKGROUND

Heart failure (HF) causes extracardiac organ congestion, including in the hepatic
portal system. Reducing venous congestion is essential for HF treatment, but
evaluating venous congestion is sometimes difficult in patients with chronic HF.
The portal vein (PV) flow pattern can be influenced by right atrial pressure.
Ultrasound images of the PV are quite easy to obtain and are reproducible among
sonographers. However, the association between PV pulsatility and the condition
of HF remains unclear. We hypothesize that PV pulsatility at discharge reflects the
condition of HF.

AIM
To evaluate the usefulness of PV pulsatility as a prognostic marker for hospit-
alized patients with acute HF.

METHODS

This observational study was conducted from April 2016 to January 2017 and
April 2018 to April 2019 at Shinko Hospital. We enrolled 56 patients with acute
HF, and 17 patients without HF served as controls. PV flow velocity was mea-
sured by ultrasonography on admission and at discharge. We calculated the PV
pulsatility ratio (PVPR) as the ratio of the difference between the peak and
minimum velocity to the peak velocity. The primary endpoint was cardiac death
and HF re-hospitalization. The observation period was 1 year from the first
hospitalization. The Kaplan-Meier method was used to determine the stratified
composite event-free rates, and the log-rank test was used for comparisons
between groups.

RESULTS
On admission, the PVPR was significantly higher in patients with acute HF than
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controls (HF: 0.29 + 0.20 vs controls: 0.08 + 0.07, P < 0.01). However, the PVPR was significantly decreased after the
improvement in HF (admission: 0.29 + 0.20 vs discharge: 0.18 + 0.15, P < 0.01) due to the increase in minimum
velocity (admission: 12.6 * 4.5 vs discharge: 14.6 £ 4.6 cm/s, P = 0.03). To elucidate the association between the
PVPR and cardiovascular outcomes, the patients were divided into three groups according to the PVPR tertile at
discharge (PVPR-T1: 0 < PVPR < 0.08, PVPR-T2: 0.08 < PVPR < 0.21, PVPR-T3: PVPR > 0.21). The Kaplan-Meier
analysis showed that patients with a higher PVPR at discharge had the worst prognosis among the groups.

CONCLUSION
PVPR at discharge reflects the condition of HF. It is also a novel prognostic marker for hospitalized patients with
acute HF.

Key Words: Heart failure; Venous congestion; Atrial pressure; Ultrasonography; Portal vein; Prognosis

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Although reducing venous congestion is essential for heart failure (HF) treatment, the assessment of venous
congestion is sometimes difficult, especially in patients with recurrent HF. Interestingly, a previous study demonstrated a
correlation between right atrial pressure and portal vein (PV) flow pattern. However, the association between PV flow and
the condition of HF remains unclear. Therefore, we investigated the clinical usefulness of PV pulsatility in hospitalized
patients with HF. We found that PV pulsatility reflected not only the condition of HF but also cardiovascular outcomes.
Therefore, PV pulsatility may be a novel prognostic marker for hospitalized patients with HF.
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INTRODUCTION

The prevalence of heart failure (HF) is increasing worldwide, especially in the aging population. Previous studies have
reported that patients with HF have more severe frailty and a poorer prognosis than patients with several common
diseases, including cancer[1,2]. Therefore, prevention of recurrent acute decompensated HF is of paramount importance.

Extracardiac organ congestion is seen in the advanced stages of chronic HF[3]. When severe right-sided HF is present,
liver congestion develops followed by an increase in serum liver aminotransferase and total bilirubin concentrations,
indicating a poor prognosis[3]. Thus, reducing venous congestion is essential for HF treatment. However, the assessment
of venous congestion is sometimes difficult, especially in patients with recurrent HF.

To evaluate venous congestion, right atrial pressure (RAP) measured by right heart catheterization (RHC) is the most
reliable parameter. RHC is difficult to repeat because the process is invasive and costly[4]. For non-invasive assessment,
measuring the inferior vena cava (IVC) using ultrasound is the standard method. However, the ultrasound image quality
of the IVC is often poor in patients with obesity[4]. Although a previous study reported that intrarenal venous flow has
been proposed as venous congestion, reproducible images are difficult to obtain[5]. Therefore, there is a strong demand
for a non-invasive and easy-to-use technique for reliable measurement of venous congestion.

The portal vein (PV) is interposed between the capillary network of the splanchnic circulation and the hepatic
sinusoids[6]. Ultrasound images of the PV are quite easy to obtain and reproducible among sonographers. Interestingly,
previous studies have demonstrated a correlation between RAP and PV flow[7,8]. However, the association between PV
flow and the condition of HF remains unclear.

In this study, we aimed to identify the changes in PV flow pattern by the condition of HF and to evaluate the ability of
PV pulsatility as a prognostic marker for hospitalized patients with acute HF.

MATERIALS AND METHODS

Patients

This study was conducted with hospitalized patients with acute HF starting in April 2016, with the total of 56 enrolled by
April 2019. The European Society of Cardiology guideline was used to confirm the diagnosis of HF[9]. We also included
17 patients without HF, such as patients with urinary tract infection, dehydration, and other conditions, who were
admitted during the same follow-up period as the acute HF patients and who served as controls. Patients in the control
group were always in sinus rhythm. We excluded patients with liver cirrhosis, acute coronary syndrome, carbon dioxide
narcosis due to chronic obstructive pulmonary disease, a malignant tumor diagnosed in the past 5 years, and renal
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Figure 1 Portal vein flow in the control and heart failure groups. A and B: Representative portal vein (PV) flow waveform in the control (A) and heart
failure (HF) (B) groups at admission. Patients with HF had a pulsatile PV flow waveform. Patients in the control group had a continuous PV flow waveform with a
significantly higher minimum PV velocity; C: Representative PV flow waveform in a patient with HF at discharge. At discharge, the waveform turned into a continuous
pattern. HF: Heart failure; PVPR: Portal vein pulsatility ratio.

replacement therapy.
This study was approved by the Institutional Review Board of Shinko Hospital, and all requirements for written
informed consent were waived for the use of the patients’ clinical and imaging data.

Study protocol

All of the patients underwent blood tests and ultrasonography on admission and at discharge. The patients with HF were
treated according to current guidelines[9]. The treatment goal was to improve clinical HF symptoms and physical
examination findings. The primary endpoint was cardiac death and unexpected re-hospitalization for recurrent HF. The
observation period was 1 year from discharge. We investigated the prognosis of all patients by outpatient clinic visit and
by telephone conversation.

Ultrasound examination

Ultrasound examinations were performed using ultrasound devices (Vivid S5; GE Healthcare, Wauwatosa, WI, United
States). Doppler images of PV flow were obtained from right-sided intercostal scanning using a 1.9-6-MHz convex array,
and the waveform of PV flow was assessed from the right portal branch (Supplementary Figure 1)[6]. Doppler traces
were recorded at the end of expiration. We calculated the PV pulsatility ratio (PVPR) by dividing the difference between
the peak velocity and minimum velocity by the peak velocity [(peak velocity - minimum velocity)/peak velocity]. In
patients with atrial fibrillation (AF), PV velocity was measured for five heartbeats, and the mean value was used for the
analysis.

Statistical analysis

Continuous variables are reported as the mean + SD, and categorical variables are reported as number and percentage.
For comparisons between groups, we used the Student’s t-test. The Kaplan-Meier method was used to determine the
stratified composite event-free rates, and the log-rank test was used for comparisons between groups. A P < 0.05 was
considered statistically significant. All statistical analyses were performed using MedCalc statistical software, version
19.2.6 (MedCalc Software Ltd., Ostend, Belgium).

RESULTS

Table 1 shows that there were no significant differences in the baseline characteristics between the HF group and the
control group, except for age and duration of hospital stay. Among the patients with HF, 32% had a history of HF and
89% had severe symptoms and were classified as New York Heart Association functional class III or IV. Regarding the
etiology of HF, 23% of patients with HF had ischemic cardiomyopathy, 25% had non-ischemic cardiomyopathy
(including tachycardia-induced cardiomyopathy, idiopathic cardiomyopathy, and cardiac sarcoidosis), and 20% had
valvular heart disease.

PV flow reflects RAP[7,8,10]; therefore, we preliminarily confirmed that the minimum PV velocity was negatively
correlated with RAP assessed by RHC (data not shown). As shown in Figure 1A and B, the HF group had a pulsatile PV
flow waveform, whereas the control group had a continuous PV flow waveform because of the higher minimum PV
velocity, indicating a low RAP. Regarding the PVPR, the control group had a significantly lower PVPR than the HF group
(Table 2; control: 0.08 + 0.07 vs HF: 0.29 + 0.20, P < 0.01).

Next, we investigated how AF affected venous congestion in the setting of HF because AF was a major baseline charac-
teristic in the HF group. There were no significant differences in the tricuspid regurgitation pressure gradient (TRPG),
IVC diameter, tricuspid annular plane systolic excursion, and PVPR at admission between the HF group in sinus rhythm
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Table 1 Patients’ baseline characteristics

Characteristic HF Control P value
No. of patients 56 17
Age (yr) 781+13.1 703 +12.8 0.03
Male 36 (66) 12 (70) 0.85
Body mass index (kg/m?) 228+45 244 +37 0.18
Systolic blood pressure (mmHg) 138.9£33.3 132.2£26.2 0.45
Diastolic blood pressure (mmHg) 84.1+223 87 +21.3 0.18
Duration of hospital stay (d) 16.9+85 81+52 <0.01
NYHA classification
Class IT 1(2) - -
Class III 35 (65) - -
Class IV 13 (24) - -
Atrial fibrillation 29 (51) 0 (0) -
Etiology of HF
Ischemic cardiomyopathy 13 (23) - -
Non-ischemic cardiomyopathy 14 (25) - -
Valvar heart disease 11 (20) - -
Other 18 (32) - -
History of HF 18 (32) - -
In-hospital death 0 (0) 0(0) -

Data are 1 (%) or mean * SD. HF: Heart failure; NYHA: New York Heart Association.

Table 2 Changes in the portal vein pulsatility ratio in control patients and patients with heart failure

Parameter Control (admission) HF (admission) P value
Minimal velocity (cm/s) 144423 126+45 <0.01
Peak velocity (cm/s) 15.7+25 18.6 6.2 0.12
PVPR 0.08 % 0.07 0.29+0.2 <0.01

HF: Heart failure; PVPR: Portal vein pulsatility ratio.

and those with AF (TRPG: 29.8 + 12.5 mmHg vs 32.3 + 10.6 mmHg, respectively, P = 0.66; IVC diameter: 15.6 + 4.1 mm vs
17.5 £ 4.3 mm, respectively, P = 0.15; tricuspid annular plane systolic excursion: 17.9 £ 5.1 mm vs 16.1 + 3.4 mm,
respectively, P = 0.18; PVPR: 0.27 + 0.19 vs 0.28 + 0.23, respectively, P = 0.43).

In all patients with HF, clinical symptoms and physical examination findings improved after optimal treatment. At
discharge, blood tests showed that total bilirubin and brain natriuretic peptide concentrations were significantly
decreased. Transthoracic echocardiography also demonstrated that right heart overload findings, such as the TRPG and
IVC diameter, improved significantly after HF treatment (TRPG: 31.3 £ 12.1 mmHg vs 25.2 + 8.9 mmHg, respectively, P <
0.01; IVC diameter: 16.5 £ 4.2 mm vs 14.2 £ 2.9 mm, respectively, P < 0.01) (Table 3).

Figure 1B and C depicts the representative PV flow waveforms of patients with HF before and after optimal treatment,
respectively. Figure 2 shows the changes in the PVPR from admission to discharge in patients with HF. The PVPR
decreased after the improvement in HF (admission: 0.29 * 0.20 vs discharge: 0.18 £ 0.15, P < 0.01) due to the increase in
minimum velocity (admission: 12.6 + 4.5 cm/s vs discharge: 14.6 + 4.6 cm/s, P = 0.03). The minimum velocity was
negatively correlated with RAP; therefore, RAP also decreased. However, 14% of patients with HF did not demonstrate
an improvement in the PVPR, even after HF treatment.

To elucidate the association between the PVPR at discharge and cardiovascular outcomes, we divided the patients with
HF into three groups according to the PVPR tertile at discharge (PVPR-T1: 0 < PVPR < 0.08, PVPR-T2: 0.08 <PVPR <0.21,
PVPR-T3: PVPR > 0.21). Surprisingly, the Kaplan-Meier analysis found that patients with a high PVPR at discharge had a
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Figure 2 Changes in the portal vein pulsatility ratio from admission to discharge in patients with heart failure. The portal vein (PV) pulsatility
ratio (PVPR) was significantly decreased after the improvement in heart failure (HF) due to the significant increase in minimum PV velocity. Some patients with HF
(14%) did not demonstrate an improvement in the PVPR at discharge. 2P < 0.05. Solid line: PVPR decreased at discharge. Dotted line: PVPR increased at discharge.

PVPR: Portal vein pulsatility ratio.
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Figure 3 Kaplan-Meier curve for prognosis in patients with heart failure. Patients with heart failure were divided into three groups according to the
portal vein pulsatility ratio (PVPR) at discharge (PVPR-T1: 0 < PVPR < 0.08, PVPR-T2: 0.08 < PVPR < 0.21, PVPR-T3: PVPR > 0.21). PVPR-T3 had a worse
prognosis than the lower PVPR tertiles (log-rank test: 2P < 0.05 vs PVPR-T1). PVPR: Portal vein pulsatility ratio.

significantly worse prognosis than patients with a low PVPR (P < 0.05; Figure 3). There were no significant differences in

the biochemical and echocardiographic data among the tertiles (Table 4).

DISCUSSION

In this study, we showed that the PV flow pattern differed between the control group and the HF group. The high PVPR
pulsatile pattern was often seen in the HF group but not in the control group. The PVPR was significantly decreased after
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Table 3 Changes in the biochemical and echocardiographic data of patients with heart failure

Parameter Admission Discharge P value
Laboratory data

Albumin (mg/dL) 3504 3405 0.14
AST (IU/L) 61.4+17.8 23.8 +15.0 0.06
ALT (IU/L) 46 £124 19+2.0 0.06
Total bilirubin (mg/dL) 1.0£06 0.8+£04 <0.01
BUN (mg/dL) 283+12.1 284+124 0.50
Creatinine (mg/dL) 15+14 1.4+09 0.30
eGFR (mL/min/1.73 m?) 43.7 £18.1 437 £185 0.99
Hb (g/dL) 11.8+25 11.6+2.4 0.30
BNP (pg/mL) 1010 + 1181 396 + 626 <0.01
TTE

EF (%) 42+16 44+14 0.51
TRPG (mmHg) 313+12.1 252+89 <0.01
TAPSE (mmHg) 16.5+£4.9 17.4+3.7 0.43
IVC (mm) 16.5+4.2 142429 <0.01

Data are mean * SD. AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; BNP: Brain natriuretic peptide; BUN: Blood urea nitrogen; EF:
Ejection fraction; eGFR: Estimated glomerular filtration rate; Hb: Hemoglobin; IVC: Inferior vena cava; TAPSE: Tricuspid annular plane systolic excursion;

TRPG: Tricuspid regurgitation pressure gradient; TTE: Transthoracic echocardiography.

the improvement in HF and venous congestion. Furthermore, patients with a high PVPR at discharge had a significantly
worse prognosis than patients with a low PVPR.

Patients with HF had a high RAP and hepatic venous pressure, representing venous congestion[11]. Previous studies
have demonstrated that the PV flow pattern is affected by not only hepatic venous pressure but also RAP[7,8,12,13].
These findings are consistent with our preliminary data showing that the minimum PV velocity was negatively correlated
with the RAP assessed by RHC. In this study, patients in the control group had a low PVPR with a high minimum PV
velocity, whereas patients with congestive HF had a high PVPR with a low minimum PV velocity at admission. After the
improvement in HF, the PVPR was significantly decreased due to the increase in the minimum PV velocity, indicating a
decrease in RAP. We also found that there was no significant difference in the PVPR between patients with HF in sinus
rhythm and patients with AF. This indicated that there was no correlation between AF and high RAP, which is in
agreement with the findings of a previous study[14].

The timing of the minimum PV velocity was synchronized with the peak of the v-wave in the right atrium (RA)
(Figure 4). The v-wave represents passive venous filling of the RA when the tricuspid valve is closed. In patients with
congestive HF, a high RAP obstructs passive venous blood return into the RA. As a result, we speculate that the velocity
of venous blood return from the PV and the IVC decreases. Thus, the minimum PV velocity would be low in patients
with congestive HF. When RAP decreases along with HF treatment, the velocity of passive venous return from the PV
increases, followed by a continuous PV flow pattern. Given that the PV flow pattern reflects RAP, the PVPR would be a
promising marker for evaluating the condition of HF.

The PVPR decreased significantly after HF treatment due to the increase in the minimum PV velocity. However, 14% of
the patients with HF did not demonstrate an improvement in the PVPR, even at discharge. In other words, a decrease in
the PVPR was not seen in every patient with HF. Given that a high PVPR with a low minimum velocity would indicate a
high RAP, we compared the cardiovascular outcomes among the PVPR tertiles. Interestingly, patients with a high PVPR
at discharge had a significantly poorer prognosis than patients with a low PVPR (Figure 3). This indicated that patients
with a high PVPR still had venous congestion at discharge, even after guideline-based optimal treatment.

IVC diameter and TRPG measurements are standard methods for evaluation for venous congestion and RAP.
However, our study demonstrated that the IVC diameter and TRPG did not correlate with cardiovascular outcomes in
patients with HF (Supplementary Figures 2 and 3). These findings suggest that the PVPR is a simpler and more reliable
non-invasive method to identify the condition of HF than traditional measurements.

Limitations

This study had some limitations. This was a retrospective study that was performed without randomization of patient
selection. Moreover, although the two groups of patients demonstrated no significant differences in terms of sex, body
mass index, and blood pressure, undetermined factors could have influenced the results.

WJC | https://www.wjgnet.com 604 November 26,2023 | Volume15 | Issuell |

Jaishideng®


https://f6publishing.blob.core.windows.net/0dd80945-f3db-4d99-95c2-2cd8f87dbbff/WJC-15-599-supplementary-material.pdf

Kuwahara N ef al. Portal vein pulsatility of heart failure

Table 4 Biochemical and echocardiographic data of patients with heart failure categorized by portal vein pulsatility ratio at discharge

Parameter PVPR-T1 PVPR-T2 PVPR-T3 P value
Age (yr) 81.3+11.6 78.7+£13.7 76.6 +14.8 0.54
Male 11 (55) 8 (61) 14 (56) 0.92
Laboratory data
Albumin (mg/dL) 34+07 BISEHOIE 33+04 0.84
AST (IU/L) 24+87 22165 25.2+245 0.85
ALT (IU/L) 20.6+17.1 19.6 £11.1 17.2+27.4 0.86
Total bilirubin (mg/dL) 07+03 09+£05 0.7£03 0.08
BUN (mg/dL) 31.2+13.1 248+122 29.0 +14.0 0.34
Creatinine (mg/dL) 1.5+09 12£06 15+£1.1 0.52
eGFR (mL/min/1.73 m?) 39.4+153 48.2+15.6 46.9 £23.7 0.28
Hb (g/dL) 115+24 13.0+25 10.6 2.0 0.08
BNP (pg/mL) 200+ 178 350 + 342 682 + 1030 0.12
TTE
EF (%) 48+13 42+15 42+17 0.40
TRPG (mmHg) 221452 27473 26.1+10.9 0.24
TAPSE (mmHg) 22452 222+75 21.9+10.8 0.84
IVC (mm) 13.3+26 14.7 £3.0 149+3.1 0.21

Data are 1 (%) or mean * SD. AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; BNP: Brain natriuretic peptide; BUN: Blood urea nitrogen;
EF: Ejection fraction; eGFR: Estimated glomerular filtration rate; Hb: Hemoglobin; IVC: Inferior vena cava; TAPSE: Tricuspid annular plane systolic
excursion; TRPG: Tricuspid regurgitation pressure gradient; TTE: Transthoracic echocardiography; PVPR-T1: 0 < portal vein pulsatility ratio < 0.08; PVPR-
T2: 0.08 < portal vein pulsatility ratio < 0.21; PVPR-T3: 0.21 > portal vein pulsatility ratio.

QRS

ECG

RA Awave *_ - Cwave -

waveform

X descent Y descent

Peak velocity

| Minimal velocity

DOI: 10.4330/wjc.v15.i11.599 Copyright ©The Author(s) 2023.

Figure 4 Relationship between electrocardiography, right atrium waveform, and portal vein flow. The timing of minimum portal vein velocity was
synchronized with the V-wave in the right atrium. ECG: Electrocardiography; RA: Right atrium; PV: Portal vein.

CONCLUSION

The PVPR at discharge in hospitalized patients with acute HF reflected venous congestion and the condition of HF.
Therefore, the PVPR may be a novel prognostic marker for hospitalized patients with acute HF. We also propose that

hospitalized patients with acute HF with a low PVPR at discharge require more careful treatment and close follow-up
(Figure 5).
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Figure 5 Summary of the study. HF: Heart failure; PVPR: Portal vein pulsatility ratio.

ARTICLE HIGHLIGHTS

Research background
Heart failure (HF) causes extracardiac organ congestion, including in the hepatic portal system. Reducing venous

congestion is essential for HF treatment, but evaluating venous congestion is sometimes difficult in patients with chronic
HEF.

Research motivation

The portal vein (PV) flow pattern can be influenced by right atrial pressure. Ultrasound images of the PV are quite easy to
obtain and are reproducible among sonographers. However, the association between PV pulsatility and the condition of
HF remains unclear. We hypothesize that PV pulsatility at discharge reflects the condition of HF.

Research objectives
To evaluate the usefulness of PV pulsatility as a prognostic marker for hospitalized patients with acute HF.

Research methods

This observational study was conducted from April 2016 to January 2017 and April 2018 to April 2019 at Shinko Hospital.
We enrolled 56 patients with acute HF, and 17 patients without HF served as controls. PV flow velocity was measured by
ultrasonography on admission and at discharge. We calculated the PV pulsatility ratio (PVPR) as the ratio of the
difference between the peak and minimum velocity to the peak velocity. The primary endpoint was cardiac death and HF
re-hospitalization. The observation period was 1 year from the first hospitalization. The Kaplan-Meier method was used
to determine the stratified composite event-free rates, and the log-rank test was used for comparisons between groups.

Research results

On admission, the PVPR was significantly higher in patients with acute HF than controls (HF: 0.29 + 0.20 vs controls: 0.08
1 0.07, P < 0.01). However, the PVPR was significantly decreased after the improvement in HF (admission: 0.29 + 0.20 vs
discharge: 0.18 + 0.15, P < 0.01) due to the increase in minimum velocity (admission: 12.6 + 4.5 vs discharge: 14.6 + 4.6 cm/
s, P =0.03). To elucidate the association between the PVPR and cardiovascular outcomes, the patients were divided into
three groups according to the PVPR tertile at discharge (PVPR-T1: 0 < PVPR < 0.08, PVPR-T2: 0.08 < PVPR < 0.21, PVPR-
T3: PVPR > 0.21). The Kaplan-Meier analysis showed that patients with a higher PVPR at discharge had the worst
prognosis among the groups.

Research conclusions
The PVPR at discharge reflects the condition of HF.

Research perspectives
The PVPR is also a novel prognostic marker for hospitalized patients with acute HF.
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