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What

What

is already known about this subject:

Vaptans produce an increase of the electrolyte-free
water, which tends to correct hyponatremia and edema.

In adults, vaptans are effective in raising circulating
sodium of hyponatremic patients affected among others by

chronic heart failure or advanced liver disease.

this study adds:

Vaptans have been used in >200 children, most of whom
were affected by heart disease.

Also in children, vaptans are effective in increasing
diuresis, and in raising circulating sodium of

hyponatremic patients.



Abstract

Aims: To systematically review the use of vaptans (nonpeptide
vasopressin receptor antagonists) in children.

Methods: Through a database search (Web of Science, the
National Library of Medicine, Excerpta Medica), we identified
case series and case reports and extracted clinical and
laboratory data.

Results: Twenty-six articles, published since 2008, reported
on 226 patients. Among 115 children with hyponatremic (n=63)
and edematous disorders (n=52), a 48h course of tolvaptan with
an initial dose of 0.38+40.27 mg/kg was administerd in 106,
while intravenous conivaptan was reported in 9 cases. An
increase (p<0.02) in urine output was shown in both edematous
(from 3.2+2.0 to 5.316.7 mL/kg/day) and hyponatraemic (from
3.0£1.5 to 4.442.3 mL/kg/day) patients. In these latter,
sodium increased from 12546 to 13346 mmol/L (p<0.0001). The
increase in sodium level correlated with its basal wvalue, but
not with the administered wvaptan dose.

Among 111 children undergoing cardiac surgery, after tolvaptan
0.2140.01 mg/kg/day, mostly combined with conventional
diuretics, an increase in diuresis by 4114% was seen within
24h (p<0.0001). Similarly, a single add-on dose of tolvaptan
0.45 mg/kg allowed a reduced additional intravenous furosemide
administration (0.2640.23 versus 0.62%0.48 mg/kg, p<0.005).
Side effects were rarely reported, and included excessive
thirst and xerostomia in seven, skin rash in one and elevated
aminotransferases in one patient(s).

Conclusion: Vaptans appear to be safe for edematous and
hyponatremic disorders also in children. Although they
increase diuresis and natremia, no superiority to traditional
diuretics and sodium supplements has been demonstrated.

Reported side effects are rare and non-serious.



1. Introduction

Vasopressin, also known as antidiuretic hormone, 1is
implicated in fluid homeostasis and in the pathogenesis of
edematous and hyponatremic disorders [1-3]. Over the past two
decades, the development of nonpeptide vasopressin receptor
antagonists for the management of edematous and hyponatremic
disorders has nearly exploded. These drugs, known as vaptans,
antagonize the effect of vasopressin by binding to the type 2
vasopressin receptor in the kidney collecting ducts, therefore
increasing water excretion. It has been therefore proposed
that vaptans might be a valuable new tool for the management
of some types of edematous and hyponatremic disorders, like
for example the syndrome of inappropriate vasopressin
secretion, cardiorenal syndrome and nephrotic syndrome [1-3].
Finally, fluid management, a crucial task following cardiac
surgery, 1is a further possible indication for vaptans [4].

The main side effects of vaptans are thirst and dry mouth,
which may limit the rise in sodium concentration. Furthermore,
the use of tolvaptan has been occasionally associated with
increased aminotransferase levels [5].

Information on vaptans in infants and children is very
limited. This review aims at analyzing the literature dealing

with vaptans in this age group.

2. Methods

2.1. Search Strategy

We conducted this review following the 2020 Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
recommendations [6]. Searches were performed in three
databases (Web of Science, the National Library of Medicine,

and Excerpta Medica) to January, 2022. Original reports with



no date or language limits were considered. The search
strategy incorporated the terms (conivaptan OR tolvaptan OR
vaptans) AND (childhood OR child OR pediatrics) AND (anasarca
OR edema OR hyponatremia). References listed within
bibliographies of the retrieved records and publications
already known to us were also considered.

Two authors independently screened the identified titles and
abstracts in an unblinded fashion. Upon retrieval of candidate
reports, full-text publications were reviewed for eligibility.
During the entire process, uncertainties were solved through
discussions and consensus. Institutional Review Board approval

was not required for this literature review.

2.2. Eligibility criteria

We included original articles and letters reporting humans
18 years or less of age with an edematous or hyponatremic
disorder, who were treated with a vaptan. Children managed
with a vaptan after heart surgery were also retained. Reports
addressing the use of vaptans in polycystic kidney disease, in
which a different mechanism of action is exploited, were not

included [7].

2.3. Data Extraction

Data were collected using a checklist and transcribed into a
spreadsheet. The data extracted for reports meeting inclusion
criteria were demographics, underlying condition, comedication
(including supplementation with salt), laboratory wvalues,
diuresis, chosen vaptan (and mode of administration), duration
of vaptan treatment and possible side effects (including
excessive thirst, dry mouth, and elevated aminotransferase
levels). When needed, attempts were made to contact authors of

the original reports to obtain missing data.



2.4. Completeness of reporting

Completeness of reporting was judged for each included case
using the following three components [8]: 1. description of
history, physical examination and previous treatment; 2.
information on dosage and treatment duration; and 3.
information on laboratory wvalues and urine output. Each
component was rated as 0, 1, 2, or 3 and the reporting quality
was graded according to the sum of each item as excellent (9),

good (6 to 8), or acceptable (3 to 5).

2.5. Analysis

Categorical data are given as counts and were analyzed using
the Fisher exact test. Continuous data are presented as mean
and standard deviation and were compared using analysis of
variance with the Tukey post-test. The formulas recommended by
Hozo et al. were used to estimate mean and standard deviation
from median, range and size of a sample [9]. Two-sided P-

values of <0.05 were considered statistically significant.

3. Results

3.1. Search Results

The literature search process is summarized in Figure 1. For
the final analysis, we retained 26 reports published since
2008 [10-35]: 10 from Asia (Japan, N=7; Turkey, N=3), 8 from
Europe (United Kingdom, N=3; Germany, N=2; France, N=1; Italy,
N=1; Spain, N=1) and 8 from the United States of America. The
included articles described 226 patients. Reporting
completeness was excellent in 34, good in 191 and acceptable

in the remaining case.



3.2. Findings

3.2.1. Hyponatremic and edematous disorders

3.2.1.1. Basal data

Four articles included a total of 93 cases, which were
analyzed retrospectively. The remaining 20 reports included 22
cases: 19 single case reports and one article describing 3
cases. The main indication for treatment was edema in 63 (52%
males and 48% females) and hyponatremia in 52 (56% females and
44% males) patients, as depicted in table 1. Eighty-five
percent of cases were affected by a congenital heart disease.
Nervous system diseases, kidney diseases and oncological
diseases accounted for most of the remaining cases. All
edematous children and the great majority (80%) of
hyponatremic children were on treatment with at least one
diuretic. The management rather often also included sodium
supplementation, fluid restriction and glucocorticosteroids

(more frequently in hyponatremic than in edematous patients).

3.2.1.2. Treatment with vaptans for 48 hours

An initial oral tolvaptan dose of 0.38 + 0.27 mg/kg body
weight was given in 106 cases [10-24, 26-33, 35]. An identical
tolvaptan dose was administered 24 hours later in 92 cases
[10-13, 15, 17-24, 26-28, 31-33]. The tolvaptan dose was
increased (from 0.33 to 0.66 mg/kg body weight) respectively
decreased (from 0.28 to 0.14 mg/kg body weight) in each one
case [27,28]. A second dose of tolvaptan was not administered
in the remaining 12 cases [14, 16, 29, 30, 35]. Intravenous
conivaptan was administered in 9 cases: an initial bolus of
0.34 + 0.15 mg/kg body weight [10-13], followed by maintenance
of 0.34 £ 0.13 mg/kg body weight per day in eight cases [10-



12]. A second bolus of 0.20 mg/kg body weight was administered
12 hours later in the remaining case [13].

Sodium values and urine output immediately before and 48 hours
after tolvaptan or conivaptan were assessed (figure 2). The
basal urine output was similar in edematous and hyponatremic
patients before vaptans (p=ns), while the blood sodium level
was significantly lower in hyponatremic than in edematous
patients (p<0.0001). Medication with wvaptans was followed by a
significant increase in urine output in both groups of
patients (edematous: from 3.2 £ 2.0 to 5.3 = 6.7 mL/kg body
weight daily, p<0.02; hyponatremic: from 3.0 + 1.5 to 4.4 =
2.3 mL/kg body weight daily, p<0.01). Sodium was almost
identical before and after vaptans in edematous patients (from
132 + 8 to 134 £+ 5 mmol/L, p=ns) but significantly increased
in hyponatremic patients (from 125 + 6 to 133 = 6 mmol/L,
p<0.0001) . The urine output and the sodium level were similar
in the two study groups after vaptans (p=ns).

The correlation between basal sodium and increase induced by
vaptans was studied in 22 hyponatremic cases [10-13, 15, 17-
23, 27, 28, 31-33]. In these patients, the increase in sodium
level after 48 hours significantly (p<0.0l1) correlated with
its basal value (figure 3). On the contrary, no significant
correlation was noted between the vaptan dose and the increase

in sodium level (p=ns).

3.2.1.3. Treatment with vaptans for one week

In 26 edematous and two hyponatremic cases, oral tolvaptan
(0.5 + 0.3 mg/kg body weight per day) was given for about one
week [17, 28, 31, 33]. The urine output, which was 3.9 + 2.4
mL/kg body weight daily before treatment, was 5.3 + 2.3 mL/kg
(p=0.10) body weight daily three days later and 6.7 + 4.1
mL/kg body weight daily (p<0.01) one week later.



3.2.1.4. Treatment with vaptans for 6 months or more
In seven hyponatremic patients, tolvaptan was given for 6
months or more [15, 19, 22, 26, 27]. Circulating sodium, which
was 128 + 4 mmol/L before tolvaptan, was found to be 134 * 4
mmol/L (p<0.05) two days later and 138 + 4 mmol/L (p<0.005)
one month later (0.2 + 0.1 mg/kg body weight per day). Six
months after starting tolvaptan, sodium was 2135 mmol/L in all

cases.

3.2.1.5. Speed of correction

Individual sodium levels before and 48 hours respectively 10
days after tolvaptan or conivaptan were documented in the
cases presented in figure 4. A correction of sodium of more
than 16 mmol/L in 48 hours was observed in 5 out of 22 cases

[13, 16, 28, 30, 35].

3.2.1.6. Side effects

A skin rash was observed in one [23], excessive thirst and
dry mouth in seven cases [10,21]. Information on
aminotransferase levels before and after treatment with
tolvaptan was provided for 69 cases [17, 19, 20, 21, 26-27,
30-32, 35]. The mentioned parameters were within normal ranges
both before and on treatment in 68 cases. Slightly increased
aminotransferase levels were observed on tolvaptan in one

Japanese child [21].

3.2.2. After heart surgery

Two retrospective studies analyzed the effect of oral tolvaptan
in children undergoing open heart surgery.

Eighty-six infants 1.2 £ 0.2 years of age were given tolvaptan
0.21 + 0.01 mg/kg body weight daily, mostly (N=84) combined with

conventional diuretics [34]. This treatment regimen was followed by



a significant increase in diuresis by 41 * 4% 24 hours later
(p<0.0001) and by 52 + 6% 7 days later (p<0.0001). This treatment
strategy was associated with a tendency to correct hyponatremia in
cases with this dyselectrolytemia (no detailed corresponding
information was provided). Transient self-remitting hypernatremia
(151 mmol/L) was observed in one of the 86 cases.

In a second study with 43 children (2.3 * 3.2 years of age), a
single add-on dose of tolvaptan (0.45 mg/kg body weight) was given
in 25 cases [25]. As compared with the remaining 18 cases, this
treatment strategy allowed a reduced additional intravenous
furosemide administration (0.26 + 0.23 versus 0.62 + 0.48 mg/kg body
weight; p<0.005) without any deleterious effect on central venous
pressure and urine output. In this study, the circulating sodium

level was normal both before and after tolvaptan.

4. Discussion

Vaptans produce a selective water diuresis without affecting
sodium and potassium excretion [1,3]. The ensuing loss of
electrolyte-free water tends to correct hyponatremia and edema
[1,3]. The results of the present literature review indicate
that oral tolvaptan and intravenous conivaptan have so far
been prescribed in more than 200 children. The majority of
them were affected by a chronic heart disease, presented with
apparently refractory hyponatremia or edema and were
prescribed a vasopressin antagonist for compassionate use.

Despite the obvious limitations of the present systematic
review, the results generally confirm those reported in
adulthood. In the latter age group, well-designed studies have
shown that oral (tolvaptan or lixivaptan) or intravenous
(conivaptan) vaptans are effective in raising circulating
sodium of hyponatremic patients affected among others by
chronic heart failure or advanced liver disease both in and

out of the hospital. Most patients had asymptomatic or mildly



symptomatic hyponatremia and a sodium concentration close to
normal. The increase in sodium level in these studies ranged
on the average between 2 and 7 mmol/L in 24 hours [1-3].
Furthermore, a correction of hyponatremia exceeding 8 mmol/L
in 24 hours was observed in about every fifth case (mostly in
patients with more severe hyponatremia at baseline). Finally,
thirst, often associated with dry mouth, increases
substantially with these drugs, which may limit the rise in
blood sodium level [1-3]. Finally, an increase in
aminotransferase level sometimes occurs while on tolvaptan
[5].

It is currently unclear whether vaptans have added a new
tool to the treatment armamentarium of chronic edema and
hyponatremia [36, 37]. In adult patients with edema resistant
to typically effective doses of loop diuretics, concurrent
administration of thiazide-diuretics, which block distal
sodium chloride reabsorption, is usually advised [36, 37].
Furthermore, recent results provide a rationale for the
concurrent use of glifozins, which inhibit the proximal
tubular sodium-glucose transporter [37, 38]. On the contrary,
there is presently no clear-cut role for vaptans in resistant
edema [37]. Although several therapeutic approaches are
available for chronic hyponatremia including urea, fluid
restriction and salt tablets, vaptans provide a simplified and
appealing approach in this setting [39-41]. A further case for
vaptan therapy is hyponatremia in subjects awaiting liver
transplantation [39-41].

Recently, tolvaptan has also been shown to slow the
progression of cyst development and kidney failure in adult
patients with autosomal dominant polycystic kidney disease,
the most common inherited disorder of the kidney [5]. A trial

in pediatric patients 1is currently underway [7].



5. Conclusions

Vaptans appear to be safe for edematous and hyponatremic
disorders in childhood. They might therefore be considered as
part of the therapeutic armamentarium for these conditions.
However, despite a solid pathophysiological rationale, vaptans
have so far not dramatically changed the treatment of
edematous and hyponatremic disorders in adults [39].
Additional clinical trials with selected populations including

among others children may be warranted.



ACKNOWLEDGEMENTS

Dr. Piffer is supported by an internal funding from Ente
Ospedaliero Cantonale for junior researchers. Dr. Lava is the
current recipient of research grants from Fonds de
perfectionnement, Centre Hospitalier Universitaire Vaudois
(CHUV), Lausanne, Switzerland; Fondation SICPA, Prilly,
Switzerland; Fondazione Dr. Ettore Balli, Bellinzona,
Switzerland; Fondazione per il bambino malato della Svizzera
italiana, Bellinzona, Switzerland; and Frieda Locher-Hofmann

Stiftung, Zirich, Switzerland.

CONFLICT OF INTEREST STATEMENT

There are no competing interests to declare.

F'UNDING INFORMATION

This research received no external funding.

DATA AVAILABILITY STATEMENT

The data presented in this study is available from the

corresponding author upon reasonable request.

CONTRIBUTORS

Dr. Bianchetti and Dr. Lava conceived the study design, and
wrote the draft of manuscript. Dr. Piffer and Dr. Milani
conducted the literature search and performed article
selection, data extraction and analysis, and reporting
quality. Dr. Leoni-Foglia and Dr. Simonetti corrected the
draft of the manuscript. All authors contributed to revising

the manuscript and approved the final version.



REFERENCES

1. Hays RM. Vasopressin antagonists - progress and promise. N

Engl J Med. 2006;355(20):2146-2148. doi: 10.1056/NEJMe068236.

2. Decaux G, Soupart A, Vassart G. Non-peptide arginine-
vasopressin antagonists: the vaptans. Lancet.

2008;371(9624) :1624-1632. doi: 10.1016/50140-6736(08)60695-9.

3. Berl T. Vasopressin antagonists. N Engl J Med.
2015;372(23) :2207-2216. doi: 10.1056/NEJMrald03672.

4. Flores S, Bronicki RA. Fluid management after congenital
cardiac surgery: the good, the bad, and the indifferent.
Pediatr Crit Care Med. 2017;18(7):718-719. doi:
10.1097/PCC.0000000000001172.

5. Blair HA, Keating GM. Tolvaptan: A review in autosomal
dominant polycystic kidney disease. Drugs. 2015;75(15):1797-
1806. doi: 10.1007/s40265-015-0475-x.

6. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC,
Mulrow CD, Shamseer L, Tetzlaff JM, Akl EA, Brennan SE, Chou
R, Glanville J, Grimshaw JM, Hrébjartsson A, Lalu MM, Li T,
Loder EW, Mayo-Wilson E, McDonald S, McGuinness LA, Stewart
LA, Thomas J, Tricco AC, Welch VA, Whiting P, Moher D. The
PRISMA 2020 statement: An updated guideline for reporting
systematic reviews. J Clin Epidemiol. 2021;134:178-189. doi:
10.1016/3.jclinepi.2021.03.001.

7. Schaefer F, Mekahli D, Emma F, Gilbert RD, Bockenhauer D,
Cadnapaphornchai MA, Shi L, Dandurand A, Sikes K, Shoaf SE.
Tolvaptan use in children and adolescents with autosomal
dominant polycystic kidney disease: rationale and design of a
two-part, randomized, double-blind, placebo-controlled trial.
Eur J Pediatr. 2019;178(7):1013-1021. doi: 10.1007/s00431-019-
03384-x.



8. Vismara SA, Lava SAG, Kottanattu L, Simonetti GD, Zgraggen
L, Clericetti CM, Bianchetti MG, Milani GP. Lipschiitz's acute
vulvar ulcer: a systematic review. Eur J Pediatr.

2020;179(10) :1559-1567. doi: 10.1007/s00431-020-03647-y.

9. Hozo SP, Djulbegovic B, Hozo I. Estimating the mean and
variance from the median, range, and the size of a sample. BMC

Med Res Methodol. 2005;5:13. doi: 10.1186/1471-2288-5-13.

10. Rianthavorn P, Cain JP, Turman MA. Use of conivaptan to
allow aggressive hydration to prevent tumor lysis syndrome in
a pediatric patient with large-cell lymphoma and SIADH.
Pediatr Nephrol. 2008;23(8):1367-1370. doi: 10.1007/s00467-
008-0809-y.

11. Jones RC, Rajasekaran S, Rayburn M, Tobias JD, Kelsey RM,
Wetzel GT, Cabrera AG. Initial experience with conivaptan use
in critically ill infants with cardiac disease. J Pediatr
Pharmacol Ther. 2012;17(1):78-83. doi: 10.5863/1551-6776-
17.1.78.

12. Sahu R, Balaguru D, Thapar V, Haque I, Pham-Peyton C,
Bricker JT. Conivaptan therapy in an infant with severe
hyponatremia and congestive heart failure. Tex Heart Inst J.

2012;39(5) :724-726.

13. Peters S, Kuhn R, Gardner B, Bernard P. Use of conivaptan
for refractory syndrome of inappropriate secretion of
antidiuretic hormone in a pediatric patient. Pediatr Emerg

Care. 2013;29(2):230-232. doi: 10.1097/PEC.0b013e318280d6ca.

14. Regen RB, Gonzalez A, Zawodniak K, Leonard D, Quigley R,
Barnes AP, Koch JD. Tolvaptan increases serum sodium in
pediatric patients with heart failure. Pediatr Cardiol.

2013;34(6) :1463-1468. doi: 10.1007/s00246-013-0671-y.

15. Horibata Y, Murakami T, Niwa K. Effect of the oral

vasopressin receptor antagonist tolvaptan on congestive



cardiac failure in a child with restrictive cardiomyopathy.
Cardiol Young. 2014;24(1):155-157. doi:
10.1017/S1047951112002272.

16. Kraayvanger L, Latza J, Vockelmann C, Berlit P, Weber R.
Tolvaptan treatment of severe stroke-like symptoms and
bilateral subcortical diffusion restriction due to syndrome of
inappropriate secretion of ADH after polytrauma. J Neurol.

2014;261(7):1436-1438. doi: 10.1007/s00415-014-7381-0.

17. Shimizu M, Ishikawa S, Yachi Y, Muraoka M, Tasaki Y,
Iwasaki H, Kuroda M, Ohta K, Yachie A. Tolvaptan therapy for
massive edema in a patient with nephrotic syndrome. Pediatr

Nephrol. 2014;29(5):915-917. doi: 10.1007/s00467-013-2687-1.

18. Hirano D, Kakegawa D, Yamada A, Ito A, Miwa S, Ida H.
Tolvaptan in a pediatric patient with diuretic-resistant heart
and kidney failure. Pediatr Int. 2015;57(1):183-185. doi:
10.1111/ped.12590.

19. Sami SA, Moffett BS, Karlsten ML, Cabrera AG, Price JF,
Dreyer WJ, Denfield SW, Jeewa A. Novel use of tolvaptan in a
pediatric patient with congestive heart failure due to
Duchenne muscular dystrophy and congenital adrenal
hyperplasia. J Pediatr Pharmacol Ther. 2015;20(5) :393-396.
doi: 10.5863/1551-6776-20.5.393.

20. Sato N, Sugiura T, Nagasaki R, Suzuki K, Ito K, Kato T,
Inukai S, Saitoh S. Effects of tolvaptan on congestive heart

failure complicated with chylothorax in a neonate. Pediatr

Int. 2015;57(5):1020-1022. doi: 10.1111/ped.12697.

21. Higashi K, Murakami T, Ishikawa Y, Itoi T, Ohuchi H,
Kodama Y, Honda T, Masutani S, Yamazawa H, Senzaki H, Ishikawa
S. Efficacy and safety of tolvaptan for pediatric patients
with congestive heart failure. Multicenter survey in the

working group of the Japanese Society of PEdiatric Circulation



and Hemodynamics (J-SPECH). Int J Cardiol. 2016;205:37-42.
doi: 10.1016/7.1ijcard.2015.12.003.

22. Marx-Berger D, Milford DV, Bandhakavi M, Van't Hoff W,
Kleta R, Dattani M, Bockenhauer D. Tolvaptan is successful in
treating inappropriate antidiuretic hormone secretion in
infants. Acta Paediatr. 2016;105(7):e334-e337. doi:
10.1111/apa.13415.

23. Willemsen RH, Delgado-Carballar V, Elleri D, Thankamony A,
Burke GA, Nicholson JC, Dunger DB. Tolvaptan use during
hyperhydration in paediatric intracranial lymphoma with SIADH.
Endocrinol Diabetes Metab Case Rep. 2016;2016:16-0066. doi:
10.1530/EDM-16-0066.

24. Gilbert RD, Evans H, Olalekan K, Nagra A, Hag MR,
Griffiths M. Tolvaptan treatment for severe neonatal
autosomal-dominant polycystic kidney disease. Pediatr Nephrol.

2017;32(5) :893-896. doi: 10.1007/s00467-017-3584-9.

25. Katayama Y, Ozawa T, Shiono N, Masuhara H, Fujii T,
Watanabe Y. Safety and effectiveness of tolvaptan for fluid
management after pediatric cardiovascular surgery. Gen Thorac
Cardiovasc Surg. 2017;65(11):622-626. doi: 10.1007/s11748-017-
0798-5.

26. Tuli G, Tessaris D, Einaudi S, De Sanctis L, Matarazzo P.
Tolvaptan Treatment in Children with Chronic hyponatremia due
to inappropriate antidiuretic hormone secretion: a report of
three cases. J Clin Res Pediatr Endocrinol. 2017;9(3) :288-292.
doi: 10.4274/7crpe.4531.

27. Alzarka B, Usala R, Whitehead MT, Ahn SY. Hyponatremia: an
unusual presentation in a neonate with chromosome 1g2l.1
deletion syndrome. Front Pediatr. 2018;6:273. doi:
10.3389/fped.2018.00273.



28. Koksoy AY, Kurtul M, Ozsahin AK, Cayci FS, Tayfun M,
Bayrakci US. Tolvaptan use to treat SIADH in a child. J
Pediatr Pharmacol Ther. 2018;23(6):494-498. doi: 10.5863/1551-
6776-23.6.494.

29. Tejero Hernadndez MA, Garcia Martinez E, Arroyo Marin MJ,
Gémez Guzman E. Tolvaptdn en un caso de sindrome cardiorrenal
pedidtrico: ;Cudl es su papel? [Tolvaptan in a pediatric
cardiorenal syndrome: What is its role?]. Arch Argent Pediatr.

2018;116(2) :e279-e282. doi: 10.5546/aap.2018.e279.

30. Gurbiz F, Tastan M, Turan I, Yiksel B. Efficiency of
single dose of tolvaptan treatment during the triphasic
episode after surgery for craniopharyngioma. J Clin Res
Pediatr Endocrinol. 2019;11(2):202-206. doi:
10.4274/jcrpe.galenos.2018.2018.0182.

31. Kerling A, Toka O, Ruffer A, Miller H, Habash S, Weiss C,
Dittrich S, Moosmann J. First experience with Tolvaptan for
the treatment of neonates and infants with capillary leak
syndrome after cardiac surgery. BMC Pediatr. 2019;19(1):57.
doi: 10.1186/s12887-019-1418-6.

32. Delbet JD, Parmentier C, Ulinski T. Tolvaptan therapy to
treat severe hyponatremia in pediatric nephrotic syndrome.
Pediatr Nephrol. 2020;35(7):1347-1350. doi: 10.1007/s00467-
020-04530-6.

33. Saimiya M, Kaku Y, Nishimura M. Efficacy of oral tolvaptan
for severe edema and hyponatremia in a patient with refractory
nephrotic syndrome. CEN Case Rep. 2021;10(4) :523-526. doi:
10.1007/s13730-021-00601-1.

34. Kojima T, Kanai A, Yoshiba S, Kobayashi T, Sumitomo N.
Efficacy and safety of tolvaptan after pediatric congenital
heart disease surgery. Heart Vessels. 2021;36(5):717-723. doi:
10.1007/s00380-020-01743-5.



35. Zeybek C, Bozat AD, Calisici E, Bolat A, Saygili Karagol
B. Tolvaptan response in a hyponatremic newborn with syndrome
of inappropriate secretion of antidiuretic hormone. Case Rep

Pediatr. 2021 May;2021:9920817. doi: 10.1155/2021/9920817.

36. Ellison DH, Felker GM. Diuretic treatment in heart
failure. N Engl J Med. 2017 Nov 16;377(20):1964-1975. doi:
10.1056/NEJMral703100. Erratum in: N Engl J Med.
2018;378(5) :492.

37. Wilcox CS, Testani JM, Pitt B. Pathophysiology of diuretic
resistance and its implications for the management of chronic
heart failure. Hypertension. 2020;76(4) :1045-1054. doi:
10.1161/HYPERTENSIONAHA.120.15205.

38. Cowlie MR, Fisher M. SGLT2 inhibitors: mechanisms of
cardiovascular benefit beyond glycaemic control. Nat Rev

Cardiol. 2020;17(12):761-772. doi: 10.1038/s41569-020-0406-8.

39. Jovanovich AJ, Berl T. Where vaptans do and do not fit in
the treatment of hyponatremia. Kidney Int. 2013;83(4) :563-567.
doi: 10.1038/ki.2012.402.

40. Lee JJ, Kilonzo K, Nistico A, Yeates K. Management of
hyponatremia. CMAJ. 2014;186(8) :E281-E286. doi:
10.1503/cmaj.120887.

41. Sterns RH, Hix JK, Silver SM. Management of hyponatremia
in the ICU. Chest. 2013;144(2):672-679. doi: 10.1378/chest.12-
2600.






Table 1: Basal clinical data in 115 pediatric patients included in
this review of the literature. Data are given as mean = SD or as
frequency.

All Edema Hyponatremia P-value
N 115 63 52
Age, years 4.1 + 2.9 ¢ 5.6 =+ 5.4
5.4 4.6
Underlying condition
Heart disease 98 62 36 <0.001*
Nervous system 7 0 7
disease
Kidney disease 4 1 3
Cancer 3 0 3
Further conditions 3 0 3
Management
Diuretics 105 63 42 <0.001
Sodium 13 0 13 <0.001
supplementation
Fluid restriction 12 1 11 <0.005
Corticosteroids 10 2 8 <0.05
Further drugs 6 0 6 <0.005

* versus further underlying conditions.
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Vaptans in childhood. Flowchart of the literature search.
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Figure 2

Sodium blood values and urine output immediately before and 48

hours after tolvaptan or conivaptan in children with



hyponatremic or edematous disorders.
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Figure 3

Relationship between basal sodium and increase in sodium after
treatment with a vaptan for 48 hours in 22 hyponatremic
children for whom this information was available. No
significant correlation was noted between the vaptan dose and

the increase in sodium level.
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Individual sodium blood values before and 48 hours,

respectively 10 days, after tolvaptan or conivaptan.
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