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SUMMARY

Medical therapy for severe aortic valve stenosis (AS) is necessary for inoperable patients due to comorbid condi-
tions. Tolvaptan (TLV), unlike other diuretics, resulted in modest changes in filling pressures associated with an increase
in urine output, suggesting that TLV improves congestive heart failure (CHF) due to severe AS without hemodynamic
instability.

We retrospectively investigated 14 consecutive patients > 80 years of age admitted due to decompensated CHF with
severe AS at Juntendo University Hospital from April 2014 to November 2015. Seven of the 14 patients were treated
with TLV. We examined the safety and efficacy of TLV treatment for severe AS.

Mean age was 90.0 + 6.3 years and mean aortic valve area was 0.57 + 0.22 cm’. Urine volume at day 1 of TLV
treatment was increased and urine osmolality significantly decreased at day 1 of TLV treatment (all P < 0.05). New York
Heart Association classification and brain natriuretic peptide levels significantly improved 1 week after treatment and at
discharge (all P < 0.05) whereas brain natriuretic peptide levels did not improve in the patients without TLV. Severe ad-
verse events did not occur during TLV treatment. During the first 3 days, blood pressure and heart rate were relatively

stable. TLV treatment did not affect serum creatinine, blood urea nitrogen, or the estimated glomerular filtration rate.
In elderly patients with severe AS, TLV treatment improved CHF without hemodynamic instability. Further pro-
spective studies are needed to assess the safety and efficacy of TLV in decompensated heart failure due to severe AS.
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ortic valve stenosis (AS) is a progressive disease char-
A acterized by inadequate cardiac output, decreased
exercise capacity, heart failure, or death from cardio-
vascular causes.” The prevalence of calcific AS increases with
age, which is found in approximately 9.8% of octogenarians.””
Furthermore, medical therapy has very little to offer to symp-
tomatic patients with severe AS, and they usually need sur-
gery.”® However, medical therapy may be needed as a bridge
therapy in cases of transcatheter aortic valve implantation in
inoperable patients due to comorbid conditions, including high
age.” Although diuretics are beneficial when there is abnormal
accumulation of fluid, they must be used in patients with AS
with caution because rapid progression of hypovolemia may
induce lower cardiac output and critical hypotension.
Recently, tolvaptan (TLV) has been developed to treat pa-
tients with congestive heart failure.'""” TLV has a specific fea-

ture of excreting only water without increasing electrolyte ex-
cretion because it functions as an antagonist to the vasopressin
V2 receptor in renal collecting tubules.'® In addition, it has
been shown that TLV treatment resulted in favorable but mod-
est changes in filling pressures (ie, pulmonary capillary wedge
pressure, right atrial pressure, and pulmonary artery pressure)
associated with a significant increase in urine output.” There-
fore, TLV is a potential candidate for improving decompensat-
ed heart failure due to severe AS without hemodynamic insta-
bility. In this study, we investigated the safety and efficacy of
TLV in 7 elderly patients with decompensated heart failure due
to severe AS.
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METHODS

Subjects: We retrospectively investigated 14 consecutive pa-
tients aged > 80 years admitted to Juntendo University Hospi-
tal between April 2014 and November 2015 for decompensat-
ed congestive heart failure with severe AS. Seven patients were
treated with TLV (the TLV group) and the remaining 7 were
treated without TLV (the control group). All patients provided
written consent, and study protocols were approved by the in-
stitutional review board. Demographic data, including age, sex,
body weight, blood pressure, heart rate, New York Heart Asso-
ciation (NYHA) classification, and medication during hospi-
talization; laboratory data, including hemoglobin, sodium, al-
bumin, renal function, liver function, and brain natriuretic
peptide (BNP) levels; and comorbidities, including ischemic
heart disease, atrial fibrillation, atrial flutter, hypertension, dys-
lipidemia, and diabetes mellitus were obtained from our medi-
cal records.

Echocardiography: Echocardiography was performed at ad-
mission, and severe AS was defined as follows: 1) aortic jet ve-
locity > 4 m/s, 2) mean systolic pressure gradient > 40 mmHg
in the presence of normal cardiac output, or 3) effective aortic
orifice < 1.0 cm’.

Efficacy of TLV treatment: We examined daily urine volume
for the first week in both groups, and plasma and urine osmo-
lality for the first 3 days in the TLV group. We also estimated
body weight, NYHA classification, and BNP levels before
TLV treatment, at day 7, and at discharge.

Safety of TLV treatment: Occurrence of severe adverse
events, including all-cause death, sudden cardiac death, cardio-
genic shock, ventricular tachycardia, ventricular fibrillation,
and worsening of heart failure, during hospitalization was ex-
amined. For the first 3 days, blood pressure and heart rate were
measured every 8 hours from initiation of TLV treatment. Se-
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rum concentrations of hemoglobin (Hb), hematocrit (Ht), sodi-
um, potassium, creatinine, blood urea nitrogen (BUN), esti-
mated glomerular filtration rate (¢GFR), total bilirubin (T-bil),
aspartate transaminase (AST), alanine transaminase (ALT),
gamma-glutamyl transpeptidase (y-GTP), total protein (TP),
and albumin (Alb) before treatment, at day 7, and at discharge
were also examined. Worsening renal function was defined as
increases in serum creatinine > 0.3 mg/dL from baseline to dis-
charge.””

Statistical analysis: Continuous variables are expressed as the
mean =+ standard deviation (SD), and categorical variables as
percentages. Statistical differences between the groups were
analyzed by the Student #-test and chi-square test. The changes
of continuous variables were analyzed using the paired #-test.
The changes of NYHA classification were analyzed as a dis-
crete variable using the Wilcoxon signed rank test. JMP (Ver-
sion 5.0 for Windows, SAS Institute, Cary, NC, USA) was
used for the statistical analyses, and P values < 0.05 were con-
sidered statistically significant.

RESULTS

Table I presents the characteristics of the study patients at
baseline. In the TLV group, mean age was 90.0 + 6.3 years,
and mean body mass index was 21.1 + 4.5 kg/m’. Before TLV
treatment, all patients, except patient #4, had been treated with
other diuretics (ie, furosemide, azosemide, and spironolac-
tone). Carperitide, a vasodilator, was used by patients #1 and 4.
Inotropic agents were used by patients #3, 4, and 5. Patients #5
and 6 had consumed beta-blockers, and patients #1 and 7 had
consumed ARBs. The mean dose of TLV was relatively low
(4.8 + 1.8 mg daily). The mean treatment period was 9.4 + 6.2
days (range: 3-21). The doses of TLV were not increased dur-

Table I. Baseline Characteristics of Study Patients

Patient # 1 2 3 4 5 6 7 Controls (n=7)
Gender F M F F F M M F/M 6/1
Age (years) 89 94 97 80 93 94 83 89+5
BMI (kg/m’) 21.8 20 189 294 14.3 21.1 223 24.51(2.7)
NYHA class 4 4 3 4 4 4 4 39(0.4)
Nobhria-Stevenson B B B C B B B B/C 7/0
Clinical scenario 1 2 2 2 2 2 2 1.7 (0.5)
Previous ADHF N Y N N N N N Y/N 3/4
Hypertension Y N Y N N Y Y Y/N 6/1
Diabetes mellitus Y N N N N N N Y/N 2/5
Dyslipidemia Y N N N N Y N Y/N 4/3
AF/AFL N N Y N Y N Y Y/N 4/4
IHD N N N N N N N Y/N 2/5
Medication
Tolvaptan (mg/day) 3.75 3.75 3.75 7.5 7.5 3.75 3.75 Y/NO/7"
Other diuretics
Furosemide 20mg iv Smg iv NA NA 40mg po 20mg iv 20mg po Y/N 6/1
Azosemide NA NA 60mg po NA 30mg po NA NA Y/N 5/2
Spironolactone NA 25mg po 25mg po NA 25mg po NA NA Y/N 4/3
Inotropic agents NA NA Digoxin Dopa Pimo NA NA Y/NO/7
Vasodilator Carp NA NA Carp NA NA NA Y/N 2/5
Beta blocker NA NA NA NA Biso Meto NA Y/N 0/7
ACE-I/ARB Tel NA NA NA NA NA Tel Y/N 5/2

BMI indicates body mass index; NYHA, New York Heart Association; ADHF, acute decompensated heart failure; AF/AFL, atrial fibrillation/atrial flutter;
THD, ischemic heart disease; Dopa, dopamine; Pimo, pimobendan; Carp, carperitide, Bivso bisoprolol; Meto, metoprolol; ACE-I, angiotensin converting en-
zyme inhibitor; ARB, angiotensin receptor blocker, and Tel, telmisartan. “P<0.05and “P <0.01 TLV treatment versus Controls.
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ing the treatment period. In all patients, the reason for discon-
tinuation of TLV treatment was improvement of heart failure,
as assessed by their physician. There were no significant dif-
ferences in the characteristics of study patients between the
TLV group and the control group. Compared to the control
group, the TLV group used more inotropic agents.

Table II shows the results of echocardiography at base-
line. The mean aortic valve area, mean flow velocity, mean
pressure gradient, mean ejection fraction, mean E/e’ ratio, and
mean estimated right ventricle pressure were 0.57 + 0.22 cm’,
4.6 +0.27 m/s, 47.7 £ 54 mmHg, 59.6 £ 8.1%, 21.7 £ 11.3 m/
s, and 42.8 + 13.0 mmHg, respectively. Compared to the con-
trol group, the TLV group had higher aortic jet velocity and
mean systolic pressure gradient.

Efficacy of TLV treatment: As shown in Figure 1A, compared
with the day before TLV treatment (day O: 44 + 23 mL/hour),
the urine volume at days 1 and 2 was increased (day 1: 60 + 27
mL/hour, P = 0.005; day 2: 63 + 23 mL/hour, P = 0.054) in the
TLV group, but it remained unchanged (day 0: 60 + 27 mL/
hour, day 1: 60 + 27 mL/hour, day 2: 63 + 23 mL/hour) in the

control group. Compared with day 0, there were no differences
in the urine volumes at days 3—6 in both the TLV and control
groups. Urine osmolality significantly decreased from day O to
day 1 of TLV treatment (from 401 + 132 to 271 £ 145 mL, P =
0.02; Figure 1B), whereas serum osmolality did not change for
the first 3 days of TLV treatment. Mean NYHA classification
at day 0 was 3.9 + 0.4, and it was significantly improved 1
week after TLV treatment and at discharge (1 week: 2.6 + 0.5,
P =0.031; discharge: 2.6 £ 0.5, P = 0.016; Figure 2A left). Ad-
ditionally, NYHA classification improved 1 week after treat-
ment and at discharge in the control group (day 0: 3.9 = 0.4; 1
week: 2.4 + 0.5, P = 0.016; discharge: 2.4 + 0.5, P = 0.016;
Figure 2A right). Compared with the mean body weight at day
0 (46.4 £ 11.3 kg), the values decreased 1 week after TLV
treatment and at discharge (1 week: 45.1 £ 11.7 kg, P = 0.16;
discharge: 43.2 + 11.1 kg, P = 0.002; Figure 2B left). In the
control group, body weight significantly decreased 1 week af-
ter treatment, but did not improve at discharge (day 0: 52.6 +
3.7 kg; 1 week: 46.3 £ 9.8, P = 0.048; discharge: 46.7 £ 9.6, P
= 0.059; Figure 2B right). BNP levels at day O were 1003 +

Table II. Echocardiogram Data of Study Patients

Patient # 1 2 3 4 5 6 7 Mean (SD) Controls (n=7)
LVDd (mm) 51 48 44 50 43 46 40 46.0 (4.0) 46.1 (7.4)
LVDs (mm) 37 34 33 35 30 27 26 31.7(4.2) 30.1 (7.6)
IVS (mm) 12 11 11 12.5 9 11 15 11.6 (1.8) 11.0 (1.8)
PW (mm) 12 11 12 12 12 11 14 12.0 (1.0) 10.1 (1.5)
LVEF (%) 54 57 49 60 57 73 67 59.6 (8.1) 58.7 (13.8)
AV flow velocity (m/s) 4.8 4.6 4.5 4.7 4.9 4.1 44 4.6 (0.3) 3.9 (04)
Mean systolic PG (mmHg) 51 52 45 47 54 40 42 47.7 (5.4) 35.1 (9.4)"
AVA (cm?) 0.36 0.40 0.40 0.80 0.40 0.80 0.80 0.57(0.22) 0.61 (0.14)
AVAI (cm’/ m®) 0.26 0.27 0.34 0.55 0.38 0.55 0.48 0.40 (0.12) 0.42 (0.05)
MR (grade) mild mild moderate mild  moderate  mild trivial NA mild/moderate 3/2
E/e’ ratio 14.8 14.8 27 28 42 10.2 14.7 21.7(11.3) 19.5(7.7)
Estimated RVP (mmHg) 64.5 36 46 36 41 52 24 42.8 (13.0) 35.0(11.9)
IVC (mm) 23 12 19 18 15 17 14 16.9 (3.6) 14.7 (2.9)

LVDd indicates left ventricular end-diastolic diameter; LVDs, left ventricular end systolic diameter; IVS, interventricular septum; PW, posterior wall;
LVEE, left ventricular ejection fraction; AV, aortic valve; AVA, aortic valve area; AVAL aortic valve area index; MR, mitral valve regurgitation; RVP, right
ventricular pressure; and IVC, inferior vena cava; P <0.05 TLV treatment versus controls.
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Figure 1. Changes of urine volume and urine osmolality after TLV treatment. Compared with the day before TLV treat-
ment, the urine volume at days 1 and days 2 was increased. Compared with day 0, there were no significant differences in
the urine volumes at days 3-6 (A). Urine osmolality significantly decreased from day O to day 1 of TLV treatment (B).
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Figure 2. Changes of NYHA classification, body weight, and BNP levels after TLV treatment. NYHA classification signif-
icantly improved in the TLV and control groups (A). The mean body weight decreased at discharge in the TLV group and
decreased 1 week after treatment in the control group (B). BNP levels decreased 1 week after TLV treatment and at dis-
charge, whereas BNP levels did not improve in the control group (C).

789 pg/mL, which decreased 1 week after TLV treatment and
at discharge (1 week: 481 + 468 pg/mL, P = 0.01; discharge:
439 + 327 pg/mL, P = 0.02; Figure 2C left), whereas BNP lev-
els in the control group did not improve at 1 week after TLV
treatment and at discharge (day 0: 1005 + 839 pg/mL; 1 week:
909 + 1258 pg/mL, P = 0.60; discharge: 399 + 589 pg/mL, P =
0.09; Figure 2C right).

Safety of TLV treatment: Severe adverse events did not occur
in the TLV group. In the control group, one patient received
transcatheter aortic valve implantation. During the first 3 days,
systolic and diastolic blood pressures every 8 hours were rela-
tively stable than before TLV treatment (Figure 3). However,
patients experienced increased heart rate after TLV treatment.
The mean heart rate at 56 and 64 hours after initiation of TLV
treatment was significantly higher relative to the baseline rate
(P =0.03 and 0.04, Figure 3). In the control group, systolic
and diastolic blood pressures and heart rate did not change sig-
nificantly. TLV treatment did not affect Hb, Ht, sodium, potas-

sium, serum creatinine, BUN, eGFR, T-bil, AST, ALT, and
y-GTP levels during the study period, whereas the control
group showed increased Hb and Ht levels 1 week after treat-
ment and increased potassium level at discharge. TP and Alb
levels increased after TLV treatment, although the control
group had slightly decreased TP and Alb levels (Table III).
Only patient #3 in the TLV group met the criteria of worsening
renal function at discharge.

DISCUSSION

To the best of our knowledge, this is the first study to ex-
amine the efficacy and safety of low-dose TLV treatment for
patients with acute decompensated heart failure, particularly
elderly patients, with severe AS. We showed that low-dose
TLV is a candidate for treatment of heart failure accompanied
by severe AS.
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Figure 3. Changes of blood pressure and heart rate after TLV treatment. During the first 3 days, systolic and diastolic blood
pressures at every 8 hours were relatively stable, whereas patients experienced increased heart rate after TLV treatment.
Table III. Changes of Laboratory Data at Baseline, 1 Week After Treatment, and Discharge
TLV treatment (n =7) Controls (n=17)
Baseline 1 week Discharge Baseline 1 week Discharge
Hb (mg/dL) 10.0 (1.6) 10.0 (1.6) 10.5 (2.0 11.0 (2.1) 124 (1.2) 11.8(1.9)
Ht (%) 30.1(5.3) 32.0(5.5) 313 (5.5) 33.0(5.9) 38.9(2.8)" 36.5 (5.6)
Sodium (mEq/L) 136.3 (3.6) 139.3 (2.7) 137.4 (3.6) 140.3 (4.2) 144.3 (5.8) 1404 (2.4)
Potassium (mEq/L) 4.6 (0.5) 4.5(0.7) 4.4(0.5) 3.7(0.5) 3.9(0.7) 4.1(03)
Creatinine (mg/dL) 1.26 (0.74) 1.17 (0.61) 1.12(0.58) 0.94 (0.46) 0.76 (0.29) 0.69 (0.19)
eGFR (mL/minute/1.73m’) 43.8 (21.5) 472 (24.2) 49.9 (24.2) 56.1(29.1) 63.3(22.2) 65.1 (12.8)
T-bil (mg/dL) 0.70 (0.19) 0.57 (0.17) 0.61 (0.16) 0.95(0.51) 1.03 (0.39)" 0.73 (0.37)
AST (mg/dL) 19.7(5.2) 18.6 (3.9) 193 4.2) 32.0(25.3) 32.3(234) 18.9 (2.3)
ALT (mg/dL) 11.7 (4.6) 9.6(3.2) 104 (3.1) 15.4 (5.9) 16.6 (7.3)" 13.1(5.4)
y-GTP (mg/dL) 22.7(5.9) 23.7(5.6) 18.9(2.3) 24.4 (13.6) 25.7 (10.6) 20.1 (10.2)
TP (mg/dL) 5.5(0.8) 5.9(0.9) 6.2(0.7) 6.5(0.7) 6.3(0.2) 6.0 (0.4)
Alb (mg/dL) 3.1(0.5) 3.1(0.3) 3.5(04) 3.5(0.5) 3.1(0.2) 2.9(0.6)

Hb indicates hemoglobin; Ht, hematocrit; eGFR, estimated glomerular filtration rate; T-bil, total bilirubin; AST, aspartate transaminase; ALT, alanine
transaminase; y-GTP, gamma-glutamyl transpeptidase; TP, total protein; and Alb, albumin. "P < 0.05 and *'P < 0.01 Baseline versus Follow-up, P < 0.05

TLV treatment versus controls.

Medical treatment for severe AS has not been established
because most diuretics and vasodilators induce rapid progres-
sion of hypovolemia, which cause lower cardiac output and
critical hypotension. In this study, however, TLV did not affect
blood pressure, only modestly increased heart rate, and signifi-
cantly increased urine output even in elderly patients with se-
vere AS. TLV treatment improved symptoms and BNP levels
and reduced body weight safely, whereas the BNP levels in the
control group did not improve. Additionally, the control group
showed increased Hb and Ht levels 1 week after treatment,
which may indicate temporal hemoconcentration. TLV acutely
produces free-water diuresis and an increase in serum osmolal-
ity, which have beneficial effects on the oncotic forces leading
to tissue congestion. These effects produce a sustained move-
ment of fluid from the extravascular to the vascular space with-
out hemodynamic instability.'*'® A clinical study showed that
15-60 mg doses of tolvaptan resulted in modest but favorable

changes in filling pressures (ie, pulmonary capillary wedge
pressure, right atrial pressure, and pulmonary artery pressure)
that can be associated with a significant increase in urine out-
put in patients with heart failure.'” These effects differ from
those of loop diuretics, in which a rapid reduction in intravas-
cular volume pressure diminishes intracapillary hydrostatic
pressure but has no effect on oncotic pressure.'”'® This mecha-
nism may work to preserve hemodynamic stability in patients
with severe AS.

Both chronic kidney disease and worsening renal func-
tion are independent predictors of poor outcomes in patients
with acute decompensated heart failure.” " All study patients,
except patient #3, did not show changes in serum creatinine,
BUN, and eGFR levels during TLV treatment. In some studies,
favorable effects for renal function of tolvaptan, unlike loop di-
uretics, have been reported in both in vitro and in vivo investi-
gations.””® Compared with furosemide, tolvaptan induced
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aquaresis without compromising renal function or activating
the sympathetic nervous system and renin—angiotensin—aldos-
terone system in a canine model of heart failure.”” In an open-
label, randomized, placebo-controlled crossover trial, tolvaptan
caused aquaresis without decreasing renal blood flow or in-
creasing plasma renin activity and serum aldosterone, which
are both components of the renin—angiotensin—aldosterone
system in patients with heart failure.”® TLV has effects on the
renin—angiotensin—aldosterone and sympathetic nervous sys-
tem that are quite different from those of loop diuretics, which
may preserve renal function in elderly patients with severe AS.

In patients with euvolemic and hypervolemic hy-
ponatremia, TLV was effective in increasing serum sodium
concentration.”*” In this study, serum sodium levels increased
but not significantly during TLV treatment. Although the pre-
cise mechanism(s) remains unknown, low-dose and short-term
TLV treatment may be preferable from the point of view of so-
dium metabolism.

Several patients took a very low dose (3.75 mg) of TLV
as an initial dose, as determined by their physicians. Because
this study was retrospective, we could not assess the reasons
why their physicians determined the initial dose of TLV. How-
ever, this low-dose TLV was effective and safe for the elderly
patients with severe AS. Therefore, low-dose TLV could be
used as the initial treatment for these patients with hemody-
namic instability, although the efficacy and safety of high-dose
TLV remain unclear.

This was a retrospective observational study with a small

sample size. Therefore, we could not evaluate the direct effects
of TLV treatment on congestive heart failure after exclusion of
the effects from standard therapy. Further prospective studies
will be needed to clarify the efficacy of low-dose TLV in pa-
tients with severe AS. In this study, all patients showed pre-
served ejection fraction and systolic blood pressure > 100
mmHg at baseline. Therefore, the efficacy and safety of TLV
treatment in patients with low cardiac output is uncertain. Fur-
thermore, we do not have the precise infusion and intake vol-
ume data, which affects intravascular volume. However, the ef-
fects of infusion and intake volume may be limited because all
study patients were admitted due to severe congestive heart
failure and received a small amount of infusion and intake vol-
ume. In addition, we examined both body weight and urine
volume daily. These data suggested that TLV treatment in-
creased urine volume and decreased body weight regardless of
the infusion and intake volume.
Conclusions: In elderly patients with severe AS, TLV treat-
ment increased urine volume and decreased body weight,
which resulted in improvements in patients who experienced
heart failure without causing hemodynamic instability. Further
prospective studies are needed to assess the safety and efficacy
of TLV in the treatment of decompensated heart failure due to
severe AS.
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