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Abstract: Background: Tolvaptan can promote water clearance without a deterioration of serum electrolytes in HF
patients, but its efficacy and safety were unclear. We performed a meta-analysis of randomized controlled trials
(RCTs) to investigate the efficacy and safety of tolvaptan in the treatment of patients hospitalized for heart failure
(HF). Methods: In Oct 2014, a literature search was started and found all studies conducted from 2000 to 2014. We
systematically searched the literature through the MEDLINE database and EMBASE database. Quality assessments
were evaluated with Jadad quality scale. Data were extracted considering the characteristics of efficacy and safety
designs. Result: Eight RCTs enrolling 13453 participants satisfying the inclusion criteria were finally analyzed. There
were significant decreases of body weight (MD=-0.87, 95% CI=-0.94 to0 -0.80, P<0.001) among all subgroups. Signif-
icant increase of serum sodium was found between tolvaptan and placebo groups at day 1 (MD=2.93, 95% CI=2.70
to 3.16, P<0.001) and at day 7 or discharge (MD=3.10, 95% CI=2.78 to 3.42, P<0.001). There were significant dif-
ferences between the day 1 subgroup and day 7 or discharge subgroup (MD=2.99, 95% CI=2.80 to 3.18, P<0.001).
A statistical significant improve in dyspnea (RR=1.10, 95% CI=1.07 to 1.13, P<0.001) and edema (RR=1.05, 95%
Cl=1.02 to 1.08, P<0.001) occurred, whereas there was no difference in rales (RR=2.38, 95% CI=0.89 to 6.38,
P=0.08) and pulmonary congestion (RR=1.02, 95% CI=0.71 to 1.45, P=0.93). Pooled effect measure in the out-
come of common adverse event (RR=1.08, 95% CI=0.99 to 1.18, P=0.08) and serious adverse (RR=0.96, 95%
CI=0.88 to 1.04, P=0.29) event both show no significant occurrence. Conclusion: Tolvaptan decreases body weight,
increases serum sodium, and improves congestion without significant increasing adverse events in HF patients.
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Introduction

Heart failure (HF) is one of the most important
causes of morbidity and mortality in the world
[1]. Approximately 5.3 million men and women
(2.5% of the adult American population) were
suffered from HF in the United State [2]. Various
types of therapeutic agents are advanced for
HF; unfortunately, the number of annual hospi-
talizations for HF and the rate of annual mortal-
ity among HF remain high in the worldwide [3].

Arginine vasopressin (AVP) is secreted from the
posterior pituitary in response to elevation in
plasma osmolality and decreases in arterial
pressure in patients with HF and left ventricular
systolic dysfunction [4]. Elevated AVP plasma
concentrations could activate the V2 recept-

or that is expressed on the basolateral mem-
branes of the renal collecting duct principal
cells, increase the expression of AQP channels,
and cause fluid overload and hyponatremia [5,
6]. Fluid overload has detrimental effect in
patients with HF, as a result of increasing con-
gestion, while hyponatremia is associated with
increased poor outcomes. Loop and thiazide
diuretics are widely used as the standard thera-
py for improving symptoms associated with vol-
ume overload in HF but could lead to several
adverse clinical effects, including electrolyte
imbalance (hyponatremia, hypokalemia), neu-
rohormonal activation, renal dysfunction, and
possibly increased mortality [7-10]. Existence
of an unmet need for more efficacy and safety
strategies, therefore, HF represents a thera-
peutic challenge for health care providers now.
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Tolvaptan is an oral, once-daily, non-peptide,
selective antagonist of the vasopressin V2
receptor whose action on the renal collecting
ducts inhibits vasopressin-mediated water re-
absorption [11, 12]. Accordingly, tolvaptan is
successfully to promote an increase in free
water clearance without a deterioration of ser-
um electrolytes in HF patients in who poorly
respond to conventional diuretics or who are
susceptible to decreasing of plasma electrolyte
concentrations. Currently, a large number of
short or long trials have been reported that this
compound can decrease fluid and increase
sodium levels [13-16]; however, its efficacy and
safety were mixed. Here we conducted a meta-
analysis of randomized controlled trials (RCTs)
of the efficacy and safety of the AVP antagonist
tolvaptan on the treatment of HF, which would
provide clinicians with new strategy of HF phar-
macological therapeutics.

Methods
Search strategy

A meta-analysis of the available published re-
searches about intervention studies of vaso-
pressin antagonist Tolvaptan on HF was per-
formed. In Oct 2014, a literature search was
conducted at Department of Cardiology, the
First College of Clinical Medical Sciences, In-
stitute of Cardiovascular Diseases, China. Th-
ree Gorges University. Articles were preselect-
ed, which had been published between 2000
and 2014. To identify all prospective RCTs
of Tolvaptan in the treatment of heart failure
in patients with symptomatic HF, we syste-
matically searched the literature through the
MEDLINE database and EMBASE database. We
also searched clinicaltrals.gov to make sure
there is no bias caused by the unpublished
data. Searches of MEDLINE database and
EMBASE database included terms “heart fail-
ure” and “tolvaptan”, which are based on En-
glish only. Ethical approval was obtained from
the Scientific Research Committee of the Three
Gorges University.

Inclusion and exclusion criteria

The inclusion criteria are as follows: 1) study
design: double-blinded randomized controlled
trial, 2) type of participants: patients with sy-
mptomatic HF, 3) intervention: vasopressin an-
tagonist tolvaptan, 4) comparator: placebo, 5)
outcomes: the changes of serum sodium, the
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changes of weight, the improvement of conges-
tive symptoms, adverse events. We excluded
trails that did not report any of the out comes
mentioned above. The identifying of titles and
abstracts and extracting of data were indep-
endently screened by two reviewers. Corre-
sponding author is responsible for the potential
of disagreement and discordance between the
two reviewers.

Quality assessment and data abstraction

Quality assessments were evaluated with Ja-
dad quality scale (a numerical score between O
and 7, with O being the weakest and 7 being the
strongest), including the following: 1) Random
sequence generation 2) Allocation concealme-
nt 3) Double blinding 4) Description of with-
drawals and drop-out. Extracting of data from
each study is following: patients’ number, tol-
vatan dose, means age, baseline medication,
inclusion criteria, follow-up and primary end-
point.

Statistical synthesis

All statistical analyses were performed using
RevMan 5.0 that is provided by The Cochrane
Collaboration. The effect measure of risk ratio
(RR) with 95% confidence interval (Cl) and the
statistical method of Mantel-Haenszel were
used for dichotomous data, while standardized
mean differences (MD) and Inverse Variance
for continuous data. We used the fixed analysis
model to calculate pooled analyses initially, but
if there was evidence of significant heterogene-
ity, the random analysis model would be rep-
laced. Heterogeneity was assessed using the
chi-square statistic and a P value of less than
0. 05 were considered to represent significant
heterogeneity between trails. The statistic st-
rength was identified by overall effect size Z
and heterogeneity index I2. Additionally, Sensi-
tivity analyses that were conducted to deter-
mine the stability of the overall effects were
performed by the random effects model. Fur-
thermore, we utilized Begg’'s funnel plots to
examine the potential publication bias. All the
statistical significance was set at 0.05.

Result
Search results and study characteristics

There were 221 relevant reports identified by
the search, 19 full text articles were retrieved
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for retrieval from electronic search

221 potentially relevant references identified and screened

202 excluded based on

A 4

title and abstract

19 references retrieved for full text review

Figure 1. Flow diagram of

11 excluded
Not RCT(n=6)

the study selection process
in the Meta-Analysis.

A 4

No placebo(n=3)
No available data(n=2)

8 RCTs eligible randomized cont rolled trials included in the meta analysis

for detailed evaluation. In total, 8 RCTs [17-24]
enrolling 13453 participants satisfying the
inclusion criteria were finally analyzed. Figure 1
shows the flow diagram of the study selection
process in the Meta-Analysis. Characteristics
of the Clinical Trials Included are shown in Table
1. According to the Jadad quality scale, all trials
included are of high quality which is shown in
Table 2.

Changes of body weight

There were significant decreases in the chan-
ge of body weight in each dose of tolvaptan
(15 mg: MD=-1.09, 95% CI=-1.50 to -0.68,
P<0.001; 30 mg: MD=-0.82, 95% CI=-0.89 to
-0.74, P<0.001; 45 mg: MD=-1.29, 95% Cl=-
1.52 to -1.05, P<0.001; Figure 2A). The overall
effect among subgroups show a statistical sig-
nificance (MD=-0.87, 95% CI=-0.94 to -0.80,
P<0.001; Figure 2A), but there was no distinct
dose dependence.

Change of serum sodium
For the change of serum sodium, significant

increase was found between tolvaptan and pla-
cebo groups at day 1 (MD=2.93, 95% CI=2.70
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to 3.16, P<0.001; Figure 2B) and at day 7 or
discharge (MD=3.10, 95% CI=2.78 to 3.42,
P<0.001; Figure 2B). There were significant
differences between the two subgroups (MD=
2.99, 95% CI=2.80 to 3.18, P<0.001; Figure
2B).

Improvement of congestive symptoms

The improvement of congestive symptoms that
we conducted a meta-analysis included dys-
pnea, edema, pulmonary rales, and pulmonary
congestion. The results indicated a statistical
significance in the improvement of dyspnea
(RR=1.10, 95% CI=1.07 to 1.13, P<0.001; Fi-
gure 3A) and edema (RR=1.05, 95% CI=1.02 to
1.08, P<0.001; Figure 3B), whereas there were
no significant differences in the improvement
of pulmonary rales (RR=2.38, 95% CI=0.89 to
6.38, P=0.08; Figure 3C), pulmonary conges-
tion (RR=1.02, 95% CI=0.71 to 1.45, P=0.93;
Figure 3D).

Adverse events
Pooled effect measure in the outcome of com-

mon adverse event, such as, dizziness, dry mo-
uth, thirst (RR=1.08, 95% CI=0.99 to 1.18,
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Table 1. Characteristics of the Clinical Trials Included in the Meta-analysis

Patients Tolvaptan

Trials Mean age Baseline medication Inclusion criteria Follow-up Primary endpoint
Number dose
Gheorghiade 2003 [17] 254 30 mg/d 67.6£10.9 ACEI/ARB, digoxin, B-blockers, hydralazine/ Irrespective of LVEF, signs of vol- 25 days Body weigh changes, adverse event
45 mg/d 65.6+13.1 nitrates, furosemide ume overload, (rales, JVD, edema)
60 mg/d 68.5+13.6
65.1+12.9 (placebo)
Gheorghiade 2004 [18] 319 30 mg/d 62.0£14.0 ACEI/ARB, digoxin, B-blockers, diuretics, LVEF<40%, systemic congestion 60 days Body weigh changes, adverse event
60 mg/d 62.0+13.0 calcium channe blockers, furosemide, evidences (rales, JVD, edema),
intravenous inotropes NHYA classes Ill to IV
90 mg/d 62.0+14.0
60.0+£14.0 (placebo)
Gheorghiade 2007 [19] TralA 2048 30 mg/d 65.8+11.7 ACEI/ARB, digoxin, B-blockers, hydralazine/ LVEF<40%, signs of congestion NG Global clinical status changes
65.6+11.9 (placebo) nitrates, furosemide, diuretics, aldosterone- (dyspnea, JVD, edema)
blocking agent, calcium channe blockers,
TralB 2085 30 mg/d 66.0+11.7 King ag !
nesirtide, intravenous inotropes
65.6+12.2 (placebo)
Konstam 2007 [20] 4133 30 mg/d 65.9+11.7 ACEI/ARB, B-blockers, diuretics, aldoste- LVEF<40%, signs of volume expan- 9.9 months All-cause mortality and cardiovascular
65.6412.0 (placebo) rone-blockers sion, NHYA classes Il to IV death or hospitaliz- -ation heat failure
Udelson 2007 [21] 240 30 mg/d 65.0+12.0 ACEI/ARB, B-blockers, diuretics, aldoste- LVEF<30%, NHYA classes Il to Ill lyear  Symptom changes
63.0+12.0(placebo) "one-blockers
Matsuzaki 2011 [22] 117 15 mg/d 66.949.60 Furosemide Signs of volume overload, (edema, NG Body weigh changes
30 mg/d 66.4+12.5 JVD, hepatomegaly, et al.)
45 mg/d 62.6+12.5
67.8+9.6 (placebo)
Matsuzaki 2011 [23] 124 15 mg/d 71.3+10.6 Loop diuretic/ thiazide diuretic/ Furose- Signs of volume overload, (edema, 27 days Body weigh changes
71.0410.9 (placebo) mide, aldosterone-blockers JVD, pulmonary congestion,)
Hauptamn 2013 [24] 4133 30 mg/d 64.5+13.8 ACEI, B-blockers, diuretics LVEF<40%, signs of fluid overload NG Body weigh changes, Serum sodium
63.6+13.7 (placebo) changes

D=day; ACEI=Angiotensin-Converting Enzyme Inhibitors; ARB=Angiotensin receptor blocker; LVEF=left ventricular ejection fraction; JVD=jugular venous distention; NHYA=New York Heart Association classification; NG=Not Given.
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Table 2. Summary of the quality evaluation by Jadad scale of clinical trials of tolvaptan in patients
with heart failure

! Random sequence Allocation Double  Description of withdrawals
Trials . o Score
generation concealment  blinding and drop-out

Gheorghiade 2003 [17] 2 2 1 1 7
Gheorghiade 2004 [18] 2 2 1 1 7
Gheorghiade 2007 [19] 2 2 1 1 7
Konstam 2007 [20] 2 1 1 1 6
Udelson 2007 [21] 2 2 1 1 7
Matsuzaki 2011 [22] 2 2 1 1 7
Matsuzaki 2011 [23] 2 2 1 1 7
Hauptamn 2013 [24] 2 1 1 1 6
A Tol Placeb Mean Difference Mean Difference

Study or Subgrou Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl

1.1.1 15mg

Matsuzaki 201111 -1.62 155 28 -0.53 0.96 52  1.3% -1.09[-1.72, -0.46] =

Matsuzaki 2011111 =1.54 1.61 46 -0.45 0.93 52 1.9% =1.09 [-1.62, -0.56] R

Subtotal (95% CD 74 104  3.2%-1.09 [-1.50, -0.68] >

Heterogeneity: Chiz = 0.00, df = 1 (P = 1.00); I? = 0%

Test for overall effect: Z = 5.27 (P < 0.00001)

1.1.2 30mg

Gheorghiade 2003 -0.79 099 64 0.32 046 62  7.3% -1.11[-1.38, -0.84] =

Gheorghiade 2007 TrialA -1.71 1.8 978 -0.99 1.83 997 20.5% -0.72 [-0.88, -0.56] -

Gheorghiade 2007 TrialB -1.82 2.01 1021 -0.95 1.85 1002 18.6% -0.87 [-1.04, -0.70] -

Konstam 2007 -1.76 1.91 1999 -0.97 1.84 1999 38.9% -0.79 [-0.91, -0.67] =]

Udelson 2007 -0.1 3.6 91 0.1 43 89 0.4% -0.20 [-1.36, 0.96] _

Matsuzaki 201111 -1.35 154 33 -0.53 0.96 29  1.3% -0.82[-1.45, -0.19]

Subtotal (95% C) 4186 4178 B87.1%-0.82 [-0.89, -0.74] ]

Heterogeneity: Chi2 = 7.67, df = 5 (P = 0.18); I? = 35%

Test for overall effect: Z = 20.55 (P < 0.00001)

1.1.3 45mg

Gheorghiade 2003 =0.96 0.93 62 0.32 0.46 62 7.9% -1.28 [-1.54, -1.02] e S

Matsuzaki 201111 -1.85 1.1 28 -0.53 0.96 29 1.8% -1.32 [-1.86, -0.78] P

Subtotal (95% C 920 91 9.7%1.29 [-1.52, -1.05] *

Heterogeneity: Chiz = 0.02, df = 1 (P = 0.90); I> = 0%

Test for overall effect: Z = 10.84 (P < 0.00001)

Total (95% C) 4350 4373 100.0%-0.87 [-0.94, -0.80] ]

Heterogeneity: Chiz = 23.09, df = 9 (P = 0.006); I = 61% _44 _‘2 % ; j.

Test for overall effect: Z = 23.50 (P < 0.00001)

Test for subgroup differences: Chi? = 15.40. df = 2 (P = 0.0005). 12 = 87.0% Favours tolvaptan: Favours. placebo

Tolvaptan Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.2.1 dayl
Gheorghiade 2004 2.77 3.56 71 0.2 3.12 69 2.9% 2.57 [1.46, 3.68]
Gheorghiade 2007 3.28 4.11 1743 0.41 3.53 1772 55.4% 2.87 [2.62, 3.12] =
Hauptamn 2013 4.72 4.4 232 1.18 3.4 243 7.1% 3.54 [2.83, 4.25] .
Subtotal (95% CI 2046 2084 65.4%2.93 [2.70, 3.16] L 2

Heterogeneity: Chiz = 3.46, df = 2 (P = 0.18); 12 = 42%
Test for overall effect: Z = 24.60 (P < 0.00001)

1.2.2 day7 or discharge

Gheorghiade 2007 2.01 4.55 1095 -1.06 3.9 1084 28.1% 3.07 [2.71, 3.43] -
Konstam 2007 5.49 5.57 162 1.85 5.1 161 2.6% 3.64 [2.48, 4.80] e
Hauptamn 2013 4.9 5.2 232 1.93 5.5 243 3.8% 2.97 [2.01, 3.93] S T
Subtotal (95% CI 1489 1488 34.6%3.10 [2.78, 3.42] <&
Heterogeneity: Chi2 = 0.92, df = 2 (P = 0.63); I2 = 0%

Test for overall effect: Z = 18.96 (P < 0.00001)

Total (95% CD 3535 3572 100.0%2.99 [2.80, 3.18] L J

Heterogeneity: Chiz = 5.11, df = 5 (P = 0.40); 12 = 2%
Test for overall effect: Z = 31.05 (P < 0.00001)
Test for subgroup differences: Chi? = 0.73. df = 1 (P = 0.39). |12 = 0%

-4 -2 0 2 4
Favours Placebo Favours Tolvaptan

Figure 2. Pooled mean difference in the changes of body weight (A) and serum sodium (B) in the studies consider-
ing tolvaptan compared to placebo therapy in HF patients. There were significant decreases in the change of body
weight in each dose of tolvaptan (15 mg: MD=-1.09, 95% CI=-1.50 to -0.68, P<0.001; 30 mg: MD=-0.82, 95%
Cl=-0.89 to -0.74, P<0.001; 45 mg: MD=-1.29, 95% Cl=-1.52 to -1.05, P<0.001). The overall effect showed a sta-
tistical significance (MD=-0.87, 95% CI=-0.94 to -0.80, P<0.001), but there was no dose dependence. Significant
increase was found between tolvaptan and placebo groups at day 1 (MD=2.93, 95% CI=2.70 to 3.16, P<0.001) and
atday 7 or discharge (MD=3.10, 95% CI=2.78 to 3.42, P<0.001). The overall effect showed a statistical significance
(MD=2.99, 95% CI=2.80 to 3.18, P<0.001).

P=0.08; Figure 4A) and serious adverse, such Cl=0.88 to 1.04, P=0.29; Figure 4B) event
as, death, HF worsening, stroke (RR=0.96, 95% both show no significant occurrence. A meta-
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A Tolvaptan Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Gheorghiade 2007 TrialA 684 894 646 915 24.4% 1.08 [1.03, 1.15] -
Gheorghiade 2007 TrialB 678 941 597 914 23.2% 1.10 [1.04, 1.17] Bl
Konstam 2007 1364 1835 1243 1829 47.7% 1.09 [1.05, 1.14] =
Hauptamn 2013 155 211 119 198 4.7% 1.22 [1.06, 1.41] S
Total (95% CD 3881 3856 100.0% 1.10[1.07, 1.13] ¢
Total events 2881 2605
Heterogeneity: Chiz = 2,55, df = 3 (P = 0.47); I2 = 0% ’o 5 0=7 i 1=5 2=
Test for overall effect: Z = 6.49 (P < 0.00001) ’ Favou;s Placebo Favours Toivaptan
B Tolvaptan Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Gheorghiade 2007 TrialA 570 772 550 790 23.9% 1.06 [1.00, 1.13]
Gheorghiade 2007 TrialB 610 828 570 805 25.4% 1.04 [0.98, 1.11]
Konstam 2007 1180 1600 1124 1595 49.5% 1.05 [1.00, 1.09]
Matsuzaki 201111 18 24 7 18 0.4% 1.93 [1.03, 3.60] =
Matsuzaki 2011111 22 44 19 42 0.9% 1.11[0.71, 1.72] N
Total (95% CI) 3268 3250 100.0% 1.05 [1.02, 1.08] ]
Total events 2400 2270
Heterogeneity: Chi2 = 3.93, df = 4 (P = 0.42); I = 0% o: > °=5 1 3 5

Test for overall effect: Z = 3.25 (P = 0.001)

Tolvaptan

Favours Placebo Favours Tolvaptan

Matsuzaki 201111 4 7 1 6 29.5% 3.43 [0.51, 22.94] 2011
Matsuzaki 20111 7 9 2 5 70.5% 1.94 [0.63, 6.01] 2011
Total (95% CI) 16 11 100.0% 2.38 [0.89, 6.38]

Total events 11 3

Heterogeneity: Chiz = 0.27, df = 1 (P = 0.61); I? = 0%
Test for overall effect: Z = 1.73 (P = 0.08)

Tolvaptan Placebo

Events Total Events Total Wei

0.001 01 1 10 1000

Matsuzaki 201111 22 44 19 42  65.
Matsuzaki 201111 9 17 10 16 34,
Total (95% CI) 61

Total events 31 29

Heterogeneity: Chiz = 0.51, df = 1 (P = 0.48); 12 = 0%
Test for overall effect: Z = 0.09 (P = 0.93)

Figure 3. Pooled relative risk in the improvement of

Favours Placebo Favours Tolvaptan
Risk Ratio Risk Ratio
ht M-H, Fixed 1__Year M-H, Fixed
4% 1.11[0.71, 1.72] 2011
6% 0.85[0.47, 1.52] 2011

58 100.0% 1.02[0.71, 1.45]

001 0.1 1 10 100
Favours Placebo Favours Tolvaptan

dyspnea (A), edema (B), pulmonary rales (C), pulmonary con-

gestion (D) in the studies considering tolvaptan compared to placebo therapy in HF patients. The results indicated
a statistical significance in the improvement of dyspnea (RR=1.10, 95% CI=1.07 to 1.13, P<0.001) and edema
(RR=1.05, 95% CI=1.02 to 1.08, P<0.001), whereas there were no significant differences in the improvement of

pulmonary rales (RR=2.38, 95% CI=0.89 to 6.38, P=

1.45, P=0.93).

analysis of the common adverse event, includ-
ing dizziness, dry mouth, thirst, urinary frequen-
cy was performed. A significant occurrences
were found in dry mouth (RR=5.89, 95% Cl=
3.41 to 10.17, P<0.001; Figure 4B), thirst (RR=
6.79, 95% CI=5.24 to 8.81, P<0.001; Figure
4C), urinary frequency (RR=4.29, 95% CI=2.59
to 7.10, P<0.001; Figure 4D), but dizziness
(RR=1.07,95% CI=0.90to 1.28, P=0.46; Figure
4A).

Publication bias

The Begg’s funnel plot was performed to evalu-
ate the potential publication bias in the studies

22122

0.08) and pulmonary congestion (RR=1.02, 95% CI=0.71 to

of clinical manifestations changes and out-
comes considering tolvaptan compared to pla-
cebo therapy in HF patients. All the shape of
funnel plots did not show any asymmetrical evi-
dence and no significant publication bias (Fi-
gure 5).

Discussion

We conducted a systematic meta-analysis of
RCTs evaluating the efficacy and safety of vaso-
pressin antagonist tolvaptan compared with
placebo in HF patients presenting with conges-
tive symptoms. The meta-analysis demonstrat-
ed that tolvaptan had a beneficial effect in HF

Int J Clin Exp Med 2015;8(12):22117-22128



Gheorghiade 2004 64 78 64 79 1.01[0.87, 1.18] 2004
Gheorghiade 2007 TrialA 498 1015 411 1027 13.8% 1.23 [1.11, 1.35] 2007 -
Gheorghiade 2007 Trialg 586 1048 492 1028 14.5% 1.17 [1.07, 1.27] 2007 53
Konstam 2007 1835 2063 1770 2055 16.6% 1,03 [1.01, 1.06] 2007
Udelson 2007 116 120 112 120 15.6% 1.04 [0.98, 1.10] 2007
Matsuzaki 201111 32 33 18 29  5.8% 1.56 [1.17, 2.09] 2011 I S
Matsuzaki 2011111 28 53 42 57 5.6% 0.72[0.53,0.97] 2011 |
Hauptamn 2013 170 242 184 232 13.5% 0.89 [0.80, 0.98] 2013
Total (95% Ci) 4716 4689 100.0% 1.08 [0.99, 1.18]
Total events 3368 3112
Heterogeneity: Tau? = 0.01; Chi? = 59.51, df = 8 (P < 0.00001); I = 87% 52 0=5 i : s
Test for overall effect: Z = 1.75 (P = 0.08) 'Favours T(’)|\li.ptan Favours Placebo
a Tolvaptan Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl _Year M-H, Fixed, 95% CI
Gheorghiade 2003 6 64 2 62 09% 2.91[0.61, 13.85] 2003 ﬂ‘;
Gheorghiade 2004 4 78 1 79 5.0% 0.37 [0.12, 1.11] 2004
Konstam 2007 179 2063 161 2055 74.2% 1.11 [0.90, 1.36] 2007
Udelson 2007 16 120 16 120 7.4% 1.00 [0.52, 1.91] 2007 =1
Matsuzaki 201111 1 33 0 29 0.2% 2.65 [0.11, 62.56] 2011
Hauptamn 2013 27 242 26 232 12.2% 1.00 [0.60, 1.65] 2013 -1
Total (95% CI 2600 2577 100.0% 1.07 [0.90, 1.28] J
Total events 233 216 ) ) ) )
Heterogeneity: Chiz = 5.72, df = 5 (P = 0.33); I2 = 13% 001 01 10 100
Test for overall effect: Z = 0.74 (P = 0.46) Favours Tolvabtan Favours Placebo
Tolvaptan Placebo Risk Ratio Risk Ratio
S or Subgrou Events Total Events Total WeightM-H, Random, 95% CI M-H, Random, 95% CI
Cheorghiade 2003 9 64 2 62 9.5% 4.36 [0.98, 19.38] |
Cheorghiade 2004 7 78 3 79 11.3% 2.36 [0.63, 8.81) B =TT
Cheorghiade 2007 TrialA 43 1015 5 1027 17.0% 8.70 [3.46, 21.88] Sl
Gheorghiade 2007 TrialB 118 1048 10 1028 22.7% 11.57 [6.10, 21.85] =
Konstam 2007 174 2063 44 2055 29.5% 3.94[2.85, 5.45] -
Udelson 2007 16 120 2 120 10.0% 8.00 [1.88, 34.04] —r—
Total (95% C) 4388 4371 100.0%  5.89 [3.41, 10.17] >
Total events 367 66
Heterogeneity: Tau? = 0.24; Chi? = 12.18, df = 5 (P = 0.03); 12 = 59% t t t i
Test for overall effect: Z = 6.35 (P < 0.00001) 0'g:vour£:l!.olvantan LFavours :!P.Ioacebomo
c Tolvaptan Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Gheorghiade 2003 20 64 3 62 4.9% 6.46 [2.02, 20.65]
Konstam 2007 331 2063 43 2055 69.0% 7.67 [5.61, 10.47] L |
Udelson 2007 32 120 7 120 11.2% 457 [2.10, 9.95] — =
Matsuzaki 201111 9 33 3 29 5.1% 2.64 [0.79, 8.82] T =
Hauptamn 2013 28 242 5 232 8.2% 5.37 [2.11, 13.67] — -
Gheorghiade 2004 6 78 1 79 1.6% 6.08 [0.75, 49.32] T
Total (95% CD 2600 2577 100.0% 6.79 [5.24, 8.81] *
Total events 426 62
Heterogeneity: Chiz = 4.20, df = 5 (P = 0.52); IZ = 0% ! t t |
Test for overall effect: Z = 14.44 (P < 0.00001) O'E;VOWS #olvaptan LFa\murs ;&cebomo
d Tolvaptan Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Gheorghiade 2003 14 64 3 62 17.4%  4.52[1.37,14.97] e
Gheorghiade 2007 TrialA 13 1015 3 1027 17.0% 4.38 [1.25, 15.34] —
Gheorghiade 2007 TrialB 10 1048 4 1028 23.0% 2.45[0.77, 7.79] T
Udelson 2007 38 120 6 120 34.2%  6.33[2.78, 14.42) —a—
Gheorghiade 2004 0 78 1 79 8.5% 0.34 [0.01, 8.16] =
Total (95% C) 2325 2316 100.0% 4.29[2.59, 7.10] >
Total events 75 17
Heterogeneity: Chi2 = 4.21, df = 4 (P = 0.38); I> = 5% t + t i
Test for overall effect: Z = 5.65 (P < 0.00001) i Fhuptan Eavours acibol
B Talvaptan Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M—H, Fixed, 95% Cl _Year M-H, Fixed, 95% C1
Cheorghiade 2003 4 64 5 62 0.6% 0.78 [0.22, 2.75] 2003 _
Gheorghiade 2004 9 78 6 79 0.7% 1.52 [0.57, 4.07] 2004 N S
Gheorghiade 2007 TrialA 60 1015 49 1027  5.6% 1.24 [0.86, 1.79] 2007 =
Gheorghiade 2007 TrialB 45 1048 60 1028  7.0% 0.74 [0.50, 1.07] 2007 -]
Konstam 2007 537 2072 543 2061 63.0% 0.98 [0.89, 1.09] 2007 n
Udelson 2007 52 120 63 120 7.3% 0.83 [0.63, 1.08] 2007 =
Matsuzaki 201111 3 33 4 29 0.5% 0.66 [0.16, 2.70] 2011 — T
Matsuzaki 201111l 2 53 7 57 0.8% 0.31[0.07, 1.41] 2011 B
Hauptamn 2013 120 242 123 232 14.5% 0.94 [0.78, 1.11] 2013 -
Total (95% CD 4725 4695 100.0% 0.96 [0.88, 1.04] |
Total events 832 860
Heterogeneity: Chi2 = 8.65, df = 8 (P = 0.37); I = 8% =0_01 051 1:0 100:
Test for overall effect: Z = 1,05 (P = 0.29) Favours Tolvaptan Favours Placebo
Int J Clin Exp Med 2015;8(12):22117-22128

A meta-analysis of tolvaptan in HF

Risk Ratio

Gheorghiade 2003

m
1.99[1.30, 3.0

3]

22123




A meta-analysis of tolvaptan in HF

Figure 4. Pooled relative risk in the outcome of common adverse event (A), serious adverse event (B) in the stud-
ies considering tolvaptan compared to placebo therapy in HF patients. In the outcome of common adverse event
(RR=1.08, 95% CI=0.99 to 1.18, P=0.08) and serious adverse (RR=0.96, 95% CI=0.88 to 1.04, P=0.29) event
both show no significant occurrence. In the common adverse event of dizziness (a), dry mouth (b), thirst (c), urinary
frequency (d), A significant occurrences were found in dry mouth (RR=5.89, 95% CI=3.41 to 10.17, P<0.001), thirst
(RR=6.79, 95%Cl=5.24 to 8.81, P<0.001), urinary frequency (RR=4.29, 95% CI=2.59 to 7.10, P<0.001), but dizzi-

ness (RR=1.07, 95% CI=0.90 to 1.28, P=0.46).
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Figure 5. Begg's funnel plots for publication bias test in the studies considering tolvaptan compared to placebo
therapy in HF patients. A. The changes of body weight; B. The changes of serum sodium; C. The improvement of
dyspnea; D. The improvement of edema; E. The improvement of pulmonary rales; F. The improvement of pulmonary
congestion; G. The outcome of common adverse event; H. The outcome of serious adverse event.

patients, in addition to standard therapy includ-
ing diuretics, ACEI, ARB and B-blockers. There
were significant decrease in the change of body
weight, increase in the change of serum sodi-
um, remission of part of congestion signs, with-
out obvious significance in serious adverse
event. All references included were based on
design of The Efficacy of Vasopressin Anta-
gonism in Heart Failure Outcome Study With
Tolvaptan (EVEREST) [25], a prospective, ran-
domized, multicenter, double-blind, placebo-
controlled study, which relatively provided us
concordant models.

AVP antagonist tolvaptan could decrease the
expression of AQP channels by inhibiting the
activation of V2 receptor on the renal collecting
duct principal cells, which help removing excess
fluid without increasing electrolyte excretion
into urine [26]. Significance in the decrease of
body weight and the increase of serum sodi-
um demonstrated this point. We stratified the
change of body weight three subgroups by
means of dose, 15 mg, 30 mg and 45 mg, to
analysis its sensibility. Heterogeneity of body
weight change is probably coming from dose
difference according to indexes I? (15 mg: 0%,
30 mg: 35%, 45 mg: 0%, total: 61%). But there
was no distinct dose dependent in the effect of
draining off water, and then we chosen the 30
mg tolvaptan population to perform a meta-
analysis in the change of serum sodium com-
pare to placebo. The result that change of the
index I°> of plasma sodium between two sub-
groups (day 1 and day 7 or discharge) was 2%
indicated that tolvaptan generated a sustained
and effective increase of plasma sodium levels
without influence of time in HF patients with
hyponatremia.

Congestive symptoms, such as dyspnea, ed-
ema, pulmonary rales and pulmonary conges-
tion are the major cause of hospitalization and
rehospitalization in HF patients [27]. The ad-
ministration of tolvaptan could relive the con-
gestion by the way of getting rid of excess fluid
in patients hospitalized for heart failure. This
meta-analysis of congestion improvement in-
cluded dyspnea amelioration, edema disappe-
arance, pulmonary rales vanishing, and pulmo-
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nary congestion relief. The results indicated
that tolvaptan improved the symptoms associ-
ated with water overload, especially in dyspnea
and edema in the studies considering tolvap-
tan compared to placebo therapy. But there
was no significant difference in the improve-
ment of pulmonary rales and pulmonary con-
gestion. The time of observation, dose of
tolvaptan and implementation of trials may be
the influence of inconformity of congestion
improvement. There was an apparently trend to
get a remission of pulmonary rales and pulmo-
nary congestion. Congestion may cause sub-
endocardial ischemia or necrosis, ventricular
shape and a series of ventricular remolding,
even contribute to progression of heart failure,
which associated with increasing of intravascu-
lar volume and left ventricular diastolic pres-
sure [28]. The early application of tolvaptan is
not only an effective measure to remit conges-
tion, but also a way to delay the process of ven-
tricular remolding and HF worsening.

For safety, there was no significant difference
in the trials considering tolvaptan compared to
placebo therapy in HF patients both in common
adverse event and serious adverse event. But
we could see a trend to increase common
adverse event and decrease serious adverse
event in Figure 4. Among common adverse, diz-
ziness, dry mouth, thirst and urinary frequency
has been performed subgroups meta-analysis
due to a significant heterogeneity (1°=87%). The
occurrence of urinary frequency that was asso-
ciated with the aquaretic effect presented an
apparent significance in tolvaptan treatment
compared to placebo. Then the augmented
loss of fluid appeared to be compensated by a
concomitant increase in feeling of dry mouth
and thirst, resulting fluid intake [27]. These
common adverse events were well tolerated in
HF patient with tolvaptan. Tolvaptan appeared
to generate increased urinary discharging with-
out activation of the renin-angiotensin system
and changes of renal function compared wi-
th conventional diuretic therapy [28, 29]. This
compound also has been manifested to incre-
ase renal blood flow, reduce renal vascular
resistance, and ameliorate glomerular filtration
rate in patients with heart failure [30]. These
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findings demonstrated that treatment with
tolvaptan in HF patient is less associated with
renal dysfunction than conventional diuretic
therapy. There was a tendency for tolvaptan to
get a lower rate of serious adverse event than
placebo although no significance between the
two groups. In other word, tolvaptan did not
increase the occurrence of serious adverse
event, such as, death, HF worsening, stroke.

Over all HF patients, hospitalization and mortal-
ity rates were 27% and 24% each year [3]. What
were worse, among inpatients with HF, 42%
died and 31% were residents within 1 year [3].
A recent study of mortality and readmission
rates in acute decompensated heart failure dis-
covered that 60 day mortality rate was 7.0%
and 30 and 60 day readmission rates were
16.7% and 20.6% in general internal medicine
[31]. A more effective and safety treatment
should be used to remit these conditions. We
believe that Tolvaptan may give a more bal-
anced perspective in this population.

Potential limitations existed in the process of
our meta-analysis. First, 8 RCTs trials contained
two ethnic groups, American, and Japanese,
which would affect the outcome. As we all
know, different race may generate a diverse
activation slightly in response to the same ther-
apy. Second, follow-up of all references includ-
ed were inconformity, leading to some discrep-
ancies in the observation of adverse event.
Third, the definition of serious adverse event
was various in different trials. Nonetheless, our
meta-analysis achieved a serious data signifi-
cantly associate with sufficient population and
accordant design.

Despite the limitation of this meta-analysis of
RCTs, the findings of this study conformed that
tolvaptan could decrease the body weight,
increase the serum sodium, and improve part
of congestion symptom without significant in-
crease the adverse event in HF patient. This
may provide an effective and safety therapy in
HF patient. Future long-term clinical trials with
larger sample sizes should be concentrated on
understanding the exact mechanisms of tolvap-
tan treatment.
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