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Abstract: In the management of heart failure (HF), decongestion is critical for improving clinical

outcomes in addition to patients’ symptoms. Although physicians accept this theory, there are no established

markers for the achievement of optimal decongestion status. Organ congestion, in particular liver and

kidney congestion, has recently attracted substantial attention. Ultrasound methods have been introduced

for assessing organ congestion, although this is merely a preliminary step. Here, we review the clinical

implications of the assessment of organ congestion by ultrasound.
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Introduction

Heart failure (HF) is a current epidemic of cardiovascular
disease (1). Despite several evidence-based medical
therapies, patients with HF experience repeated
hospitalization and have poor prognosis (2). In addition,
HF-related medical costs are increasingly straining
economies worldwide (3). In clinical settings, physical
signs, chest X-ray, electrocardiogram, and biomarkers
including natriuretic peptides are used to diagnosis HF
among patients with dyspnea (7zble 1) (4). In contrast,
these findings are adopted for the management of
HF patients, since it is important to maintain a stable
condition, which requires optimal decongestion
status (5). In addition, Doppler echocardiography has
a central role in the assessment of the functional and
hemodynamic status of HF patients (6). Despite such
comprehensive evaluations of the decongestion status in HF
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patients, the prognosis of HF remains poor (5).

Organ congestion in HF patients has recently
attracted attention as a novel therapeutic guide to achieve
optimal decongestion instead of central venous pressure
(CVP). Accordingly, in this review, we describe the
ultrasonography-based assessment of organ congestion and
clinical implications for the management of HF patients.

Liver stiffness (LS) related to congestion in
cardiac-hepatopathy

Hepatic injury related to cardiac disease, termed “cardiac
hepatopathy”, is common (7). The major manifestation is
passive congestive hepatopathy, which was first described by
Dr. Sheila Sherlock in 1951; passive congestive hepatopathy
is caused by right-sided HF including biventricular HE,
pulmonary artery hypertension, significant tricuspid
regurgitation, constrictive pericarditis, and congenital heart
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Table 1 Summary of diagnostic accuracy for heart failure in emergency outpatients

Findings Sensitivity (%) Specificity (%) Positive LR (95% CI) Negative LR (95% Cl)
Physical examination
S3 gallop 13 99 11 (4.9-25) 0.88 (0.83-0.94)
Abdominojugular reflux 24 96 6.4 (0.81-51) 0.79 (0.62-1.0)
JvD 39 92 5.1 (3.2-7.9) 0.66 (0.57-0.77)
Crackles 60 78 2.8 (1.9-4.1) 0.51 (0.37-0.70)
Heart murmur 27 90 2.6 (1.7-4.1) 0.81 (0.73-0.90)
Leg edema 50 78 2.3(1.5-3.7) 0.64 (0.47-0.87)
Wheeze 22 58 0.52 (0.38-0.71) 1.3 (1.1-1.7)
Chest X-ray
Lung edema 54 96 12 (6.8-21) 0.48 (0.28-0.83)
Interstitial edema 34 97 12 (5.2-27) 0.68 (0.54-0.85)
Cardiomegaly 74 78 3.3 (2.4-4.7) 0.33 (0.23-0.43)
Electrocardiogram
Atrial fibrillation 26 93 3.8(1.7-8.8) 0.79 (0.65-0.96)
Any abnormal finings 50 78 2.2 (1.6-3.1) 0.64 (0.47-0.88)
Laboratory data
BNP >100 pg/mL 93 66 2.7 (2.0-3.9) 0.11 (0.07-0.16)

Quoted from reference (4). BNP, B-type natriuretic peptide; LR, likelihood ratio; JVD, jugular vein distention.

diseases (8). The hemodynamic determinant of congestive
hepatopathy is increased CVP, i.e., the higher filling
pressure required to counteract increased right ventricular
diastolic pressure (9). As the liver is a membrane-covered
organ, liver congestion can increase LS. Ultrasonography
has recently been used to measure LS in order to evaluate
congestive hepatopathy in HF patients. First, a vibration-
controlled transient elastography (FibroScan®, Echosens,
Paris, France), which was originally developed to evaluate
liver fibrosis in patients with viral hepatitis, alcoholic
lover disease, or primary biliary cirrhosis, is introduced
to measure LS (Figure 1) (10,11). The median of 10
consecutive measurements was used as the LS for a given
subject, and expressed in units of kilopascals (kPa). The
normal range of LS is generally defined less than 7.0 kPa,
and liver cirrhosis more than 12.5 kPa.

Previous studies show that LS is influenced by CVP
(12,13). Millonig ez al. (13) demonstrate that LS is a direct
function of CVP by using pig models; they found that
clamping the upper and lower vena cava, portal vein, and
hepatic artery increases LS in a linear manner (R=1.0,
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P<0.01). This suggests that LS might be a surrogate
marker of liver congestion in HF patients. Accordingly,
clinical studies revealed that LS is significantly elevated in
patients with acute decompensated HF (Figure 1) (14,15).
Taniguchi et /. (16) found that LS is strongly correlated
with CVP estimated by pulmonary artery catheter in
patients with HF (Figure 2). The accuracy, sensitivity,
and specificity of LS >10.6 kPa to detect increased CVP
>10 mmHg (normal range of CVP is <10 mmHg ) were 0.90,
0.85, and 0.93, respectively. They conclude that LS may be
an accurate noninvasive diagnostic method to assess CVP in
patients with HFE.

Besides a vibration-controlled transient elastography,
shear wave elastography (SWE) can be used to assess LS
on the basis of the propagation velocity of shear waves
(Figure 3) (17). FibroScan® uses mechanical vibrations to
generate shear waves, whereas SWE utilizes ultrasound
as a source of shear waves and measures the horizontal
propagation velocity of shear waves. Using an SWE method
(i.e., Virtual Touch Quantification, VT'Q®, Siemens,
Erlangen, Germany), Yoshitani er /. (18) report that LS is
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Figure 1 Liver stiffness by FibroScan®. (A) Panels show how to measure liver stiffness by FibroScan®. The operator selected a portion of
the right liver lobe at least 6 cm thick, free of large vascular structures and gallbladder (left panel). The propagation of an elastic shear wave
induced by low amplitude and frequency vibrations are clearly shown as an ultrasound figure (an oblique broken line in right panel). LS
is measured as a propagation velocity between 2.5 and 6.5 cm depth from skin surface, which results are expressed in kilopascals (kPa). A
LS measurement is obtained as an average of 10 consecutive measurements at the same place. In general, less than 7.0 kPa is normal, and
greater than 12.5 is considered as cirrhosis in assessing liver fibrosis. (B) The panels show LS in representative cases with cardiac diseases.
In patients with right-sided hear failure (cases 2 and 3), LS is increased as compared to patient without HF (case 1). In particular, case 3 of

single ventricle with Fontan circulation has a markedly elevated LS, which suggests liver cirrhosis accompanied with liver congestion. AR,

aortic regurgitation; TR, tricuspid regurgitation; LS, liver stiffness; HE, heart failure.

significantly correlated with CVP (R=0.578, P<0.001) and
that changes of LS after medical treatment are correlated
with changes of CVP (Figure 4). Thus, LS has another role
as a feasible surrogate measure of liver congestions in HF
patients owing to its strong dependence on CVP.

In the clinical setting, the elevation of cholestatic enzymes
including total bilirubin, gamma-glutamyltransferase
(GGT), and alkaline phosphatase (ALP) have been
characterized in cardiac hepatopathy, which is
relatively common in HF patients (19-21). Taniguchi
et al. (16) reported that LS correlated with total bilirubin
(R=0.56, P<0.001), GGT (R=0.45, P<0.001), and ALP
(R=0.47, P<0.001), which may be supported by a previous
study that found modest but significant correlations of
the cholestatic enzymes with CVP (21). In addition, the
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parameters of liver function are related to morbidity and
mortality in HF patients (19,20), however, the prognostic
information of liver function abnormalities in HF patients
was blunted by elevated CVP (21). Namely, abnormal
liver function tests in HF may be simply a result of a poor
hemodynamic status.

In contrast, chronic liver congestion causes hepatic
fibrosis and cirrhosis (Figure 5). Although the hepatic
histological development in HF patients are complex (6,7),
hepatic fibrosis is an important issue in the management
of patients with advanced HF as liver fibrosis in patients
with Fontan circulation is a critical issue (22). As there
are no reliable biomarkers or hemodynamic parameters
for the determination of liver fibrosis in patients
with Fontan circulation, direct assessment of hepatic
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Figure 2 Close correlation between RAP by PAC and RAP by LS. Estimated RAP by LS is calculated by the following equation;
RAP =-5.9+6.8 In(LS). Quoted from reference (16). PAC, pulmonary artery catheter; RAP, right atrial pressure; LS, liver stiffness.
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Figure 3 Liver stiffness by share wave elastography. (A) It shows tissue displacement by push pulse to generate share wave; (B) it illustrates
their horizontal propagation. SWE can estimate LS from the horizontal propagation velocity of share wave. Unlike FibroScan®, LS is
measured as a velocity (m/s); (C) a blue color region means propagation velocities of share waves in a healthy volunteer obtained from a
commercial available system (Aplio i 900, Toshiba Medical Systems Corporation, Tochigi, Japan). An average propagation velocity (Ave.
T1 or T2) and a standard deviation (SD. T'1 or T2) in each region of interest (orange circle) are shown as normal values; (D) in contrast, a
mosaic pattern region is obtained from a patient with Fontan circulation. As compared to a healthy volunteer, a higher propagation velocity

(Ave. T1 or T2) in each region of interest (orange circle) was observed, and means elevated LS. LS, liver stiffness.
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Figure 4 Correlation between organ stiffness and central venous pressure. CVP significantly correlates with liver stiffness by VTQ®,

however, not with kidney stiffness. Quoted from reference (18). CVP, central venous pressure.
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Figure 5 Liver fibrosis accompanied with liver congestion. Panels show the autopsy findings of liver in patients with dilated cardiomyopathy.
The FibroScan® study performed at 3 months before autopsy showed markedly elevated LS (34 kPa). In addition to severe congestion (A:

hematoxylin stain), diffuse fibrosis, in particular centrilobular regions is observed (B: Masson trichrome stain).

architecture might still be the most reliable evaluation
method (22). Despite a lack of data supported by liver
biopsy, preliminary studies on transient elastography
(23-25) show that LS is significantly associated with
clinical liver cirrhosis diagnosed on the basis of blood tests,
ultrasound, and gastric endoscopy findings in patients with
Fontan circulation. In addition, the clinical implications
of LS have been studied in patients with severe HF who
have undergone left ventricular assist device (LVAD)
implantation (26,27). As in studies of patients with HE,
CVP is reported to be the major determinant of LS in
the end-stage HF patients with LVAD. Potthoff ez al. (26)
reported the strong correlation of preoperative LS with
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preoperative CVP (r=0.793, P<0.001), and a moderate
correlation (R=0.511, P<0.01) was reported by Nishi
et al. (27). Both studies showed LS decreases significantly
after LVAD implantation, however, LS gradually decreased
during the postoperative period in particular in patients
with higher preoperative LS >7.0 kPa (27), and more
evident changes, but not to normal values, were observed
more than 1 year after LVAD implantations (26). The
sequential changes suggest that intrinsic liver damage
including fibrosis may be associated with LS even after
LVAD implantation as liver fibrosis also is a significant
determinant of LS in patients with LVAD (26). In addition,
these studies indicate that preoperative LS is associated with

Cardiovasc Diagn Ther 2018;8(1):57-69



62

Seo et al. Assessment of organ congestion by ultrasonography

CvP

saline CvP catheter\? it ¥w‘.\.‘,v,'v’|6\vlwrlll‘,'.‘lj‘W'.WW

Figure 6 Conceptual scheme of renal congestion and the rat model. (A) The panel shows a hypothetical image of compressed interlobar

vessels (*) in the renal parenchymal regions accompanied with increased parenchymal pressure; (B) the panel shows conceptual scheme of an

acute renal congestion rat model. A 5 mL of saline was injected via a central venous in 30 seconds until a 15 mmHg of CVP. Right parts in (B)

show time-pressure relations of RMP and CVP obtained from simultaneous recording. CVP, central venous pressure; RMP, renal medulla

pressure.

clinical outcomes after LVAD implantation; LS is higher
in the non-surviving population (26,27) and in patients
who required a right ventricular assist device (RVAD) (27).
Although these studies are preliminary, LS may have an
additional value to predict clinical outcomes more than
cholestatic enzymes.

In summary, LS measured by ultrasonography is
mainly determined by CVP. Therefore, LS may be a
reliable, noninvasive indicator of congestive hepatopathy.
Furthermore, LS is expected to be a noninvasive surrogate
marker of liver fibrosis and cirrhosis in patients with
advanced right-sided HF including Fontan circulation and
terminal HF patients who require LVAD or transplantation.
Based on the association not only with liver congestion but
also with pathological changes, LS might be a more useful
prognostic marker more than serum liver function tests HF
patients, although this requires further evaluation.

There are some limitations to use LS in assessing HF
patients. First, the relations of LS with pathological findings
should be revealed. The dependence on congestion has
been demonstrated, however, the associations with liver
damage including fibrosis and necrosis due to HF have to
be resolved if LS derived HF managements are performed.

Secondary, previous studies did not show the prognostic
impact of LS in HF patients.

In future, large scale studies could be carried out to
resolve the agenda, which will be enable since this technique
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has an acceptable reproducibility.

Renal congestion

Cardiorenal syndrome is widely recognized as an important
pathophysiological mechanism of HE, because reduced renal
function is associated with adverse clinical outcomes in patients
with HF (28-30). Although there are various mechanisms of
cardiorenal syndrome, the importance of renal congestion has
become recognized (31,32). The presence of renal congestion
in HF is currently estimated on the basis of increased CVP.
As the kidneys are encapsulated organs like the liver, renal
stiffness might increase as a result of congestion. However, a
previous study failed to find a significant correlation between
renal stiffness and CVP (Figure 4) (18).

We recently reported the usefulness of Doppler-derived
intrarenal venous flow (IRVF) pattern for the assessment
of renal congestion in patients with HF (33). Despite a
lack of studies regarding the role of ultrasound in assessing
renal congestion, we would like to introduce the rationale
and clinical implications of our method. Renal congestion
mainly occurs in renal parenchymal regions accompanied
by increased renal interstitial pressure (34). The altered
parenchymal conditions may directly compress vessels
in the renal parenchymal regions, which reduce vessel
capacitance or compliance accompanied by increased CVP
(Figure 6). The changes to vessel morphology and function

Cardiovasc Diagn Ther 2018;8(1):57-69
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Figure 7 Changes of intrarenal Doppler flow by acute renal congestion. Sequential images of intrarenal Doppler flow at baseline, a

10 mmHg of CVP, and a 15 mmHg of CVP. Note IRP is relatively high compared to CVP. CVP, central venous pressure; IRP, intra-renal

medulla pressure.

consequently affect vessel flow. We use intrarenal Doppler
ultrasound (IRD) to evaluate intrarenal hemodynamics. We
evaluate changes of Doppler signals at interlobar vessels
because they are adjacent to renal parenchymal regions
(Figure 6).

As part of a preliminary experimental study
(Figure 6), we examined the changes of Doppler signals at
the interlobar vessels in a rat model of acute congestion
(Figure 7). To create an acute renal congestion model, we
used Wistar rats (n=12, 16-18 weeks, 371.5+9.9 g), and
injected 5 mL saline intravenously over 30 seconds, which
was repeated until the CVP increased to 10 or 15 mmHg
(Figure 6). We confirmed the increase of renal medulla
pressure (RMP) accompanied by increased CVP by using
a catheter with a fiber-optic pressure sensor (FISO-LS-
PT9, FISO Technologies, Quebec, Canada) (Figure 6).
CVP at baseline was 2.5+1.2 mmHg, and RMP at baseline
was 6.1x1.8 mmHg. RMP at CVP of 10 mmHg was
ranged from 12 to 26 mmHg (16.9+2.7 mmHg) and RMP
at CVP of 15 mmHg was ranged from 15 to 30 mmHg
(20.7+1.8 mmHg). Compared to baseline, the velocity of
the renal interlobar artery increased dramatically, with
rapid deceleration and increased renal medulla pressure
(Figure 7). Resistance index (RI) of interlobar artery, which
was calculated as (maximum velocity-minimum velocity)/
maximum velocity, was significantly increased accompanied
with increasing of CVP and RDP; RI at baseline was
0.45£0.05, RI at CVP of 10 mmHg was 0.66x0.11, and RI
at CVP of 15 mmHg was 0.8+0.14 (P<0.001 ANOVA). In
contrast, venous flow patterns are marked by the appearance
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of discontinuous flow with increased RMP. As the RMP
increases, the flow changes from biphasic to monophasic.
The venous flow at baseline showed only continuous
pattern. The flow pattern at CVP of 10 mmHg was altered
to biphasic (n=10) and monophasic (n=2). At CVP of
15 mmHg, almost rats showed monophasic pattern (n=11).
These alterations suggest that changes of vessel compliance
and capacitance due to renal congestion induce increased
RMP. Thus, intrarenal Doppler profile is a surrogate
marker of renal congestion.

In clinical settings, IRD studies can be performed using
a commercially available Vivid E9 echocardiography system
(GE Healthcare, Horton, Norway). In addition, a variable-
frequency 2.5-5-MHz sector transducer can be adapted,
yielding data similar to those obtained from a convex
array probe. IRD is usually recorded in the right kidney,
with the patient in the left lateral decubitus position. We
have already confirmed that the data do not differ from
those obtained in the right kidney independent of patient
position. The velocity range of the color Doppler is set to
approximately 12-16 cm/s in order to determine interlobar
vessels, and the sample volume is set on the basis of the
color Doppler signals derived from the interlobar vessels
(Figure 8).

Furthermore, patients with HF can also exhibit
intrarenal Doppler profiles similar to those seen in an acute
renal congestion model (Figure §). The major determinant
of the IRD profile is CVP and not cardiac index
(Figure 9) (32). Although the majority of patients with
a monophasic pattern have elevated CVP >10 mmHg,
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Figure 8 Intra-renal color Doppler image and IRVF pattern. (A) Intra-renal color Doppler image in a normal subject. A Doppler sample
point at interlobar vessels is marked with an asterisk; (B) representative cases of each IRVF pattern. Case 1 is a continuous IRVF with normal
hemodynamic profile. Case 2 with DCM showed a biphasic discontinuous IRVF pattern with slightly increased CVP and reduced CI. Case
3 with mitral stenosis and right-sided heart failure had a monophasic discontinuous IRVF pattern with significantly increased CVP and

preserved CI. IRVE, intrarenal venous flow; CVP, central venous pressure; CI, cardiac index.

P<0.001
] P<0.001 l
o5 T 1 5.0 4
20 Ng 4.0
g £
£ 230+
E15 x
o °
é £
- 10 _§ 2.0+
ilT :
5 _I_ © 10
0 0.0
Continuous Biphasic Monnphasic Continuous Biphasic Monnphasic
flow flow flow flow flow flow

Figure 9 Comparisons of between IRVF patterns. In our cohort of first heart failure hospitalization, RAP from pulmonary artery catheter
studies at stable condition after medications is shown in left panel. Mean RAP in patients with monophasic flow is significantly higher than
other flow pattern. Mean RAP in patients with biphasic flow is slightly higher, but not significant compared to patients with continuous flow.
As shown in right panel, cardiac index did not differ between IRVF patterns. IRVE, intrarenal venous flow; RAP, right atrial pressure.
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Figure 10 Comparisons of clinical outcomes according to IRVE. (A) Kaplan-Meier curves at 1-year follow-up for the probability of freedom

from death from cardiac causes and unplanned hospitalizations for heart failure of three classifications of IRVF; (B) Kaplan-Meier curves of

four classifications based on the IRVF continuous and discontinuous patterns and right atrial pressure (RAP). Independent of RAP estimated

by echocardiography, IRVF could distinguish high risk heart failure patients. Quoted from reference (32). IRVE, intrarenal venous flow;

RAP, right atrial pressure.

patients with a biphasic pattern have modestly elevated
CVP. In the comparisons with the prevalence of right
atrial pressure estimation based on inferior vena
cava observation (eRAP) >10 mmHg, elevated eRAP
>10 mmHg is observed in 94% of HF patients with
a monophasic pattern, 60.8% in HF patients with a
biphasic pattern, and 13.7% in in HF patients with a
continuous pattern, respectively. These findings suggest
that a continuous pattern is observed in the setting
of normal CVP, and a monophasic pattern strongly
associates with elevated CVP. However, a biphasic
pattern could not be determined based on the CVP level.

As the main clinical implication of the IRD profile,
IRVF pattern is an independent determinant of primary
endpoints defined as death from cardiovascular disease
or unplanned hospitalization for HF (Figure 10).
Univariate and multivariable Cox proportional hazard
model analyses were summarized in Table 2. As shown in
the multivariable model, biphasic and monophasic flow
pattern, but not CVP >10 mmHg, were identified as a
significant predictor of the endpoints independently of
sodium and BNP levels. In particular, its significance as a
prognostic marker has been confirmed to be independent
of eRAP (Figure 10). The results mean that a biphasic
pattern, which does not depend on CVP as above

© Cardiovascular Diagnosis and Therapy. All rights reserved.

cdt.amegroups.com

mentioned, may be more sensitive for renal congestion as
compared to eRAP.

In addition, we strongly expect that IRD-guided
therapy can achieve optimal decongestion. As mentioned
earlier, the IRD profile may be superior to eRAP for the
estimation of clinical outcomes, which suggests that IRD
may be a more reliable surrogate of renal congestion
than CVP. A representative case supporting our concept
is presented in Figure 11. Nevertheless, large-scale
prospective studies are required to corroborate our
concept.

In almost all cases, pulsed Doppler waveforms of the
interlobar arteries and veins are recorded. Particular care
should be taken to ensure the patient holds their breath
during IRD recording. Because the region of interest is
small, it may be moved out of view if the patient cannot
hold their breath. Therefore, this technique may be
unsuitable during the acute phase of HF exacerbation. In
addition, the ability of IRD to predict clinical outcome in
HF must be assessed in large-scale, multicenter studies.
The present study could not determine which factor is
more important in determining the IRVF profile, why
a discrepancy is present between the CVP level and
renal congestion, and how concomitant factors including
diabetes and hypertension contribute to renal parenchymal

Cardiovasc Diagn Ther 2018;8(1):57-69
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Table 2 Univariate and multivariable predictors of death from cardiac causes or unplanned hospitalization for heart failure by the cox

proportional hazard model

Univariate Multivariable model
Predictor
HR (95% ClI) P value HR (95% ClI) P value

Hemoglobin 0.79 (0.70-0.88) <0.001
BUN (per 10 mg/dL increase) 1.31 (1.14-1.50) <0.001
eGFR (per 10 increase) 0.98 (0.97-0.99) 0.006
Sodium (per 1 mEqg/L increase) 0.84 (0.74-0.91) <0.001 0.93 (0.86-0.99) 0.02
BNP (per 100 pg/mL increase) 1.06 (1.04-1.08) <0.001 1.05 (1.02-1. 07) <0.001
Loop diuretics 2.39 (1.38-4.16) 0.002
LVEF (per 10% increase) 0.85 (0.76-0.94) 0.002
E/E' >15 2.77 (1.66-4.64) <0.001
LAVI (per 10-mL increase) 1.19 (1.09-1.30) <0.001
RV-FAC (per 10% increase) 0.67 (0.55-0.79) <0.001
Moderate or severe TR 2.81 (1.60-4.93) <0.001
RAP >10 mmHg 5.26 (2.93-9.43) <0.001
RI =0.70 1.78 (1.06-3.00) 0.03
HV-S/D <0.55 (lower quartile) 3.99 (2.38-6.69) <0.001
IRVF pattern

Continuous 1 -

Biphasic 8.23 (3.45-19.7) <0.001 6.85 (2.82-16.6) <0.001

Monophasic 23.1 (10.0-53.5) <0.001 17.8 (7.62-41.9) <0.001

Quoted from reference (33). HR, hazard ratio; Cl, confidence interval; BNP, brain natriuretic peptide; BUN, blood urea nitrogen; eGFR,
estimated glomerular filtration rate; E/E', ratio of early diastolic peak velocity of Doppler transmitral flow to early diastolic mitral annular
velocity; HV-S/D, ratio of hepatic vein systolic to diastolic flow velocities; IRVF, intrarenal venous flow; LVEF, left ventricular ejection
fraction; RAP, right atrial pressure; RI, resistance index; RV-FAC, right ventricular fractional area change ratio.

compliance. Therefore, future studies are needed to clarify

the related pathophysiology.

Conclusions

Decongestion is key in the management of HF patients.

© Cardiovascular Diagnosis and Therapy. All rights reserved.

In clinical settings, objective methods to evaluate organ
congestion, in particular liver and kidney congestion, using
ultrasonography may be useful for assessing decongestion
status in patients with HF. As there is currently no
established method at present, further studies are required

to determine a feasible marker for determining optimal
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Postoperative day 10 Day 30 After 1 year

Figure 11 Changes of chest X-ray, inferior vena cava, IRVF by IRD guided therapy in a case of post MVR, and TAP. This 70s male
patient (same case in Figure 8, case 3) showed residual congestion at postoperative day 10. Bilateral pleural effusion, distended IVC without
respiratory variation, and monophasic IRVE. After aggressive decongestion therapy using ultrafiltration and use of tolvaptan, which is a drug
for STADH however, is available as a diuretic in Japan, pleural effusion was disappeared, and IVC was distended yet, but respiratory variation
of IVC was observed at postoperative day 30. Based on the chest X-ray and IVC findings, it was considered that optimal decongestion was
achieved. However, IRVF still showed a discontinuous pattern. Therefore, physicians continued administration of tolvaptan with furosemide,
because it was considered that the patient might be still at vulnerable heart failure condition with residual renal congestion based on clinical
outcome shown in Figure 10. After spending a year, the patient was carefully observed at our outpatient clinic, and continuous IRVF pattern
could be observed. Currently, he is stable and has not never been rehospitalized. IRVE, intrarenal venous flow; IRD, intrarenal Doppler
ultrasound; MVR, mitral valve replacement; TAP, tricuspid annuloplasty; IVC, inferior vena cava; SIADH, syndrome of inappropriate

secretion of antidiuretic hormone.
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