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REVIEW

Use of angiotensin I receptor

blockers
evidence

Abstract: Background: The inci-
dence of hypertension in the pedi-
atric population has been increas-
ing. Childhood blood pressure is
predictive of adult BP. The renin
angiotensin  aldosterone system
pathway is important in the me-
diation of pediatric hypertension.
New therapies approved  for
adults are often used off label
in children with little or no
efficacy and safety data in the
paediatric population The angio-
tensin receptor blockers has been
shown to be effective and safe in
the treatment of pediatric hyper-
tension.

Objective: The objective of this
review is to highlight available
clinical evidence on the efficacy,
safety tolerability and kinetics of
angiotensin receptor blockers in
childhood hypertension and its
antiproteinuric  effect in renal
disease.

Method: The search strategy was
based on Pubmed, Medline data-
base, Cochrane Library, manual,
Google and Yahoo searches. We
summarized ten randomized con-
trolled trials (RCTs .The search
was done in June 2014 and up-
dated in January and May 2015

in children- areview of

in English language .

Results: A total of 120 publica
tions were accessed from which
68 references were included in
the review. The design and out-
come of ten key randomised trials
are summarised. Randomised trials
have demonstrated the efficacy of
angiotensin receptor blockers in
the pediatric population aged 1-16
years. This class of drugs reduce
blood pressures in pediatric pa-
tients with hypertension and pro-
teinuria in renal disease. Safety
pharmacokinetic, dosage, and
palatability of adult formulations
for the paediatric age group are
highlighted

Conclusion: Angiotensin receptor
antagonists are useful effective
and safe alternatives to available
antihypertensive therapy in paedi-
atric population. Angiotensin re-
ceptor antagonists should however
be prescribed cautiously for sexu-
ally active adolescent females due
to concern about angiotensin
receptor blocker fetopathy.

Keywords: Angiotensin receptor
blockers, childhood hypertension,
drug safety, drug efficacy, pharma-
cokinetics and renal diseases.

Introduction

Hypertension is a common disease in adults, with a
prevalence which increases with age, ranging from 15%
in young adults to 60% in persons over the age of 65
years'. Persistent hypertension in children is predomi-
nantly secondary and norms for blood pressure in chil-
dren and adolescents, definitions of hypertension ,
guidelines for the diagnosis and treatment of hyperten-
sion have been published for children aged 2 to 18
years’.

Globally the prevalence of hypertension in childrenison
the increase® and varies between studies a study in
South East Nigeriareported the prevalence of hyperten-
sion in adolescents to be 4% with male and female
prevalence rates of 3.8% and 6.9% respectively®. Chil-
dren with elevated blood pressure tend to maintain that

level of blood pressure into adulthood®.

Normal blood pressure values, definition of hyperten-
sion

In the criteria of the Fourth Report on the Diagnosis,
Evaluation, and Treatment of High Blood Pressure in
Children and Adolescents, normal BP in children is de-
fined as systolic blood pressure (SBP) and diastolic
blood pressure (DBP) less than 90th percentile for age,
sex and height, whereas hypertension is defined as SBP
and/or DBP persistently 95th percentile or more, meas-
ured on at |east three separate occasions with the auscul-
tatory method?.

The fourth report also provides criteria for staging the
severity of hypertension in children and adolescents, and



this is useful clinically to guide evaluation and man-
agement(Tablel)

Table 1: Definition and classification of hypertension in chil-
dren and adolescents

Class SBP and/or DBP Percentile

Normal <90

High-normal > 90" to < 95™
> 120/80 even if below 90™ percentilein
adolescents

Stagel hypertension 95" percentile to the 99™ percentile plus
5mmHg

Stage2 hypertension > 99" percentile plus 5mmHg

Modified from task force on high blood pressure in children &
adol escents?.

The renin-angiotensin-al dosterone system (RAAS)

The renin-angiotensin-aldosterone system (RAAYS)
plays an important role in the pathogenesis of hyperten-
sion in patients of all ages. Angiotensin |1, the principal
pressor agent of RAAS mediates the effects of an
over-active renin-angiotension system such as vaso-
constriction and retention of sodium and water which
leads to hypertension®’. Plasma concentrations of an-
giotensin Il and aldosterone are largely determined by
the level of plasma rennin activity®. Renin is secreted
by the juxtaglomerular apparatus in response to vari-
ous stimuli such as a decrease in arterial blood pressure
as detected by barareceptors a decrease in sodium lev-
elsin the ultrfiltrate of the nephron, and lastly sympa-
thetic nervous system activity, which also controls
blood pressure, acting through the beta; adrenergic re-
ceptors.’

The angiotensin receptors are a class of G protein
coupled receptors with angiotensin |1 as their ligand™.
The receptors are responsible for the signal transduction
of the vasoconstricting effect of angiotensin|l. ™
Angiotensin Il is a very important mediator of pro-
gressive renal failure. It is responsible for proteinuria
which results from glomerular hyperfiltration due to
increased intraglomerular pressure and  structural
changes to the glomeruli caused by proinflamatory
mediators, fibroblast proliferation and production of
superoxide free radicals.*?

Angiotensin |l antagonists exerts their blood pres-
sure lowering effects by directly and selectively
blocking the activity of angiotensin 1l on the AT
receptor.Angiotensin-11 antagonists have been shown to
be both well tolerated and effective in lowering blood
pressure in adult clinical trials.®®

Justification for this review

New medicines can result in significant improvements
in reducing morbidity and mortality®®. Drugs approved
for adults are often used in children because lim-
ited pediatric clinical trias, hasled to limited or no pedi-
atric documentation with respect to many drugs ap-
proved for adults . Thisoff label use of drugs in chil-
dren often implies that the dose, dosing frequency, or
the age/weight of the patient is not in agreement with
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drug labeling and includes where atotal lack of infor-
mation in the label about pediatric use of the drug and
the use of a non-approved dose in relation to age or
weight.***"  Concerns has been expressed by different
authors about the interpretation of safety data by the
pharmaceutical industry in relation to new products. **°
This is because many physiologic differences between
children and adults may result in age-related changes in
pharmacokinetics and pharmacodynamics of drugs.
22T herefore adjusting  from adult dosages does not
always give correct doses for children.

Reports have highlighted safety concerns regarding
the use of angiotensin Il receptor blockers in preschool
children. Although considered to be unrelated to the
investigational drug these reports highlighted the deaths
of three preschool children out of the 183 children with
hypertension who received valsartan or candesartan in
two clinical trials.

The primary objective of this review was to highlight
available clinical evidence on the efficacy, safety toler-
ability and kinetics of angiotensin receptor blockers in
childhood hypertension and its antiproteinuric effect
in renal disease.

M ethods

The search strategy was based on Pubmed, Medline da-
tabase, Cochrane Library, manual, Google and Ya
hoo searches. The search was done in English language
in June 2014 and updated in January and may 2015.
There was no limitation to the year of publication.
Search was based on the following keywords : angio-
tensin receptor blockers, childhood hypertension, drug
safety, drug efficacy kinetics, tolerability, renal diseases.
randomised clinical trials in pediatric patients with hy-
pertension, and safety of antihypertensive drugsin

pregnancy .

Results

A tota of 120 publications were accessed from
which 68 references were included in the review .
Ten key randomised trials are summarised and pre-
sented in table 2. Randomised trials have demon-
strated the efficacy of angiotensin receptor blockers in
the pediatric population aged 1-16 years. This class of
drugs reduce blood pressures in pediatric patients with
hypertension and proteinuria in renal disease. Safety
pharmacokinetic, dosage, issues of paediatric formu-
lations and palatability for the child have been high-
lighted
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Table 2: Study design and treatment outcome of studies conducted with arbs

Study

Deisign

in children

Outcome /Conclusion

Lubrano,R et al. *°
Pediatrics 2006;118;e833;

Meier, CM et a. %
BrJClinPharmacol. 2007 ; 63(5): 628—
631.

Flynn, JTet al. %
Hypertension.
2008;52:222-228

Hazan, L et al.®
Hypertension.
2010;55:1323-1330.

Webb NJ et a.*®
Clin J Am Soc
Nephro 12010. 5: 417-424,

Wells, T. eta.®

J Clinhypertens2011 ;13(5):357-65.

Schaefer et al*
J Hypertens 29:000-000 2011

Wells TGeta *°
Paediatr Drugs
2012 1;14(6):401-9.

Moretti, ME. et al *

Obstetrics and Gynecology International

Volume 2012,

Schaefera, F et a*
JHypertens2013 31:993-1000

A randomized study of 10 children (mean
age: 12.3 _ 4.06 years) with proteinuria
resulting from chronic renal diseases of
various causes.

Taste and smell acceptability of five angio-
tensin |1 receptor blockers were compared
among 21 nephropathic children using a
visual analogue scale palatability score.

Thiswas amulticenter double-blind, ran-
domized, multicenter study
performed at 36 centers

A randomized, multicenter, double-blind,
parallel-group,

prospective dose-ranging study in patients 6
to 16 years of age with primary or secon-
dary hypertension

12-week, double-blind, multinational study

Children aged 6 to 16 years old with a
mean sitting systolic BP (SSBP) _95th
percentile for age, sex, and height with
documented hypertension were studied ina
prospective 4-week,double-blind, random-
ized,multicenter study

A 12-week, randomized, double-blind,
parallel-group, active-controlled study

An open-label, multicenter, single-dose
study was conducted in children and ado-
lescents aged 12 months-16 years with
hypertension

aprospective, observational, controlled
cohort
study.

I A multicenter, randomized, double-
blind,parallel-group study, 75 patients with
a documented history of hypertension

In the short term, the combination of
angiotensin-converting enzymein-
hibitors and angiotensin |1 type 1
receptor antagonists for children with
proteinuria of renal origin reduced
proteinuria significantly

From the perspective of the neph-
ropathic child, the taste of pulverized
candesartan cilexetil is superior to
that of irbesartan,losartan, telmisartan
or valsartan

In children _6 years of age, valsartan
effectively lowered SBP and diastolic
blood pressure compared with pla-
cebo. Vasartan treatment had no
demonstrable negative effects on
growth and development

Olmesartan medoxomil was safe and
efficacious in children with hyperten-
sion, resulting in significant blood
pressure reductions.

Losartan significantly lowered pro-
teinuria and was well tolerated after
12 weeksin children aged 1to 17
years with proteinuriawith or without
hypertension.

V alsartan appeared to provide dose-
dependent reductionsin SSBP and
SDBP in children with hypertension
over adoserange of 0.1 mg' kg to 4.6
mg’ kg (10 mg-160 mg).

Valsartan and enalapril provided
comparable BP reductions and effec-
tive BP control and were well toler-
ated in hypertensive children aged 6-
17 years.

Olmesartan medoxomil was well
tolerated and demonstrated a pharma-
cokinetic profile in pediatric patients
similar to that of adults when adjusted
for body size

inadvertent exposure to ACE inhibi-
tordARBs in the first trimester of
pregnancy may not present significant
risks for malformationsin live births
but may be associated with higher
rates of spontaneous abortion.

Ina dose dependent manner.
Valsartan demonstrated significant
reductions in BP compared with base-
line and provided consistent reduc-
tions over26 weeks.

Discussion

Efficacy

Currently, multiple antihypertensive agents are approved

for usein children”®. Data onthe use of renin angio-
tensin system antagonists in the treatment of child-
hood hypertension are available®®. This review high-
lights the efficacy, safety tolerability and kinetics of

angiotensin receptor blockers in childhood hyperten-

sionand its antiproteinuric effect in renal disease.

Two recent trials have demonstrated the efficacy of
angiotensin receptor blocker monotherapy in the pediat-
ric population aged 1-16 years. Once-daily oral prepara-
tions of valsartan achieve adequate blood pressure con



trol in the pediatric population®. In children and adoles-
cents aged 6-16 years significant dose-dependent reduc-
tions from baseline in mean sitting systolic BP (msSBP)
were observed for recipients of valsartan following 2
weeks' treatment®!. Compared to enalapril in hyperten-
sive children and adolescents aged 6-17 years, valsartan
was no less effective than enalapril in reducing BP. Fol-
lowing 12 weeks' treatment, the least square mean re-
duction from baselinein mean systolic blood pressure
in recipients of valsartan was non-inferior to that in re-
cipients of enalapril and waswell tolerated®*,

In a multicenter, randomized, double-blind, parallel-
group study, 75 patients with a documented history of
hypertension were randomized to receive valsartan
(0.25, 1 or 4 mg/kg per day) for 6 weeks, then reran-
domized to receive placebo or valsartan for 2 weeks. At
Week 6, significant reductions in MSSBP (P<0.05) from
baseline were observed for all three val sartan doses™.
The efficacy and safety of olmesartan medoxomil in
children with hypertension, defined as systolic blood
pressure measured at or above the 95th percentile (90th
percentile for patients with diabetes, glomerular kidney
disease, or family history of hypertension) for age, gen-
der, and height while off any antihypertensive medica-
tion current was investigated. Efficacy results showed
a dose-dependent, statistically significant reduction in
seated trough systolic and diastolic blood pressure. The
olmesartan medoxomil dose response remained statisti-
cally significant when adjusted for body weight. Olme-
sartan medoxomil was safe and efficacious in children
with hypertension, resulting in significant blood pres-
sure reductions®.

Regardless of underlying agtiology, the presence of hy-
pertension is associated with cardiovascular morbidity
and progressive kidney injury®. Inthe Chronic Kidney
Disease in Children study, 37% of children with chronic
kidney disease were diagnosed with elevated BP, and
yet 39% of these were not receiving antihypertensive
medication®’.

The use of Angiotensin Il receptor blockers is largely
established in adult  patients with kidney disease be-
cause, like converting enzyme inhibitors, they are more
effective than most other antihypertensive drugs in
slowing the progression towards end-stage kidney dis-
ease™,

A subgroup analysis of a 12-week, double-blind study
demonstrated that losartan significantly lowered protein-
uria versus placebo and amlodipine and was well toler-
ated in children (1-17 years old) with proteinuria secon-
dary to Alport syndrome. Losartan maintained proteinu-
ria reduction, and enalapril produced a further protein-
uria reduction over the 3-year study period. Both agents
were generally well tolerated."ARAs can be considered
effective and safe in lowering BP and proteinuria in the
pediatric age group™.

A study enrolled 10 children (mean age: 12.3 _ 4.06
years) with proteinuria resulting from chronic rena dis-
eases of various causes and investigated whether the
combination of an angiotensin-converting enzyme in-
hibitor and an angiotensin Il type 1 receptor antagonist
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offers better control of proteinuria and cardiovascular
parameters without causing adverse side effects. In the
short term, the combination of angiotensin-converting
enzyme inhibitors and angiotensin 1l type 1 receptor
antagonists for children with proteinuria of renal origin
reduced proteinuria significantly, compared with base-
line or either drug aone. Furthermore, echocardio-
graphic studies gave evidence of reduction of left ven-
tricular hypertrophy. Additional studies will  evaluate
long-term results®.

Safety and tolerability

There are very few data on the safety of antihypertensive
drugs in pregnancy .**  Generaly the class of angio-
tensin 1l receptor blockers (ARBS) has proved to be
better tolerated than other leading classes of antihyper-
tensive agents*?*,

Exposure to angiotensin Il receptor blockers during the
second part of pregnancy can lead to reduced fetal kid-
ney perfusion that may result in oligpamnios and neo-
natal renal insufficiency, and these are similar to ab-
normalities observed after exposure to angiotensin-
converting enzyme inhibitors*, Intrauterine growth re-
striction, prematurity, patent ductus arteriosus, severe
neonatal hypotension, neonatal anuria, and neonatal or
fetal death have also been observed with these drugs .
Anuria associated with oligohydramnios may produce
fetal limb contractures, craniofacial deformities,and pul-

monary hypoplasia®“.

Although published cohort studies and series ##+4650
showed different malformation rates after first trimester
exposure to ACE inhibitorsARBs, angiotensin Il recep-
tor blockers should be avoided in pregnancy. However
if these agents are prescribed accidentally to a pregnant
woman, monitoring of amniotic fluid volume and beta®
microglobulin fetal blood levels after discontinuation of
the AT1 antagonist can provide critical data for advising
parents on pregnancy and fetal outcome®. In a study
there were no differences in rates of major malforma-
tions. Both the ACE-ARBs and disease-matched groups
exhibited significantly lower birth weight and gesta-
tional ages than the healthy controls (P <0.001 for both
variables). There was a significantly higher rate of mis-
carriage noted in the ACE/ARB group (P <0.001).
These results suggest that ACE inhibitorsARBs are not
major human teratogens, however, they may be associ-
ated with an increased risk for miscarriage®.

A trial of angiotensin Il receptor blockers (ARBs) was
performed in children 0-5 years of age. Three deaths
occurred in the 183 (1.6%) hypertensive children partici-
pating in the two trials. At least two of these deaths
occurred in children known to be susceptible to drugs
acting on the renin-angiotensin system, that is, children
with ongoing nephrotic syndrome and acute gastroen-
teritis. Clinicians who prescribe ARBs in preschool chil-
dren need to be aware of the risk of drug toxicity espe-
cialy in children susceptible to intravascular dehydra-
tion. Clinicians should consider discontinuing the drugs
in the presence of acute diarrhoea™.



The efficacy and safety of valsartan were studied in 90
children (mean age: 3.2 years;, 60% male; 30% black)
with systolic blood pressure (SBP) _95th percentile.
Nineteen percent received valsartan in addition to previ-
ous antihypertensive therapy. Adverse events were mi-
nor and serious adverse events and drug-related adverse
events occurred infrequently .Valsartan treatment had no
demonstrable negative effects on growth and develop-
ment. >

The safety of valsartan were studied in 90 children
(mean age: 3.2 years; 60% male; 30% black) with sys-
tolic blood pressure (SBP) =95™ percentile. Adverse
events were minor and occurred at similar frequenciesin
both the val sartan and placebo arms . All of the valsartan
doses evaluated in studies were well tolerated. The
majority of adverse events were mild or moderate and
transient in nature, the most frequent being cough, fever,
upper respiratory infection, and diarrhea and are simi-
lar to findings in other clinical trials of antihyperten-
sive medications conducted in older children®*>*

Phar macokinetics

An open-label, multicenter, single-dose study character-
ized the pharmacokinetics and short-term safety of
olmesartan medoxomil in children and adolescents aged
12 months-16 years with hypertension. Olmesartan me-
doxomil was well tolerated and demonstrated a pharma-
cokinetic profile in pediatric patients similar to that of
adults when adjusted for body size®. Losartan unlike
valsartan , requires oxidative transformation to the ac-
tive compound . *® In children, plasma valsartan levels
peak at two hours after oral administration and subse-
quently reduce in a biexponential manner. > The plasma
half-life is about four hours in children under six years
of age. In children aged 6-12 years, the plasma half-life
is about five hours. * Clearance is not significantly
affected by age after correcting for fat free body mass.
The rate of clearance is 0.076-0.098 L/hour/kg in chil-
dren aged 1-16 years. No significant dosage adjustment

is needed in mild to moderate kidney or liver disease.
56,57

Dosage and palatability

Currently available data indicate that extrapolating adult
doses of the angiotensin antagonists, val sartan®®, irbesar-
tan”, losartan® and, candesartan® is safe and effective
in treating children with arterial hypertension or protein-
uria.

A dose response study in children aged 6-16 years dem-
onstrated that valsartan was efficacious and well toler-
ated in doses ranging from 10 to 160mg

( 0.1-4.6 mg/kg)**>>. The recommended dosage of val-
sartan for treating hypertension in the pediatric popula
tion is 1.3-2.7 mg/kg, with a starting dose of 1.3 mg/
kg®%. This amounts to a starting dose of 40 mg in chil-
dren below 35 kg and 20 mg for children below 15 kg.
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Doses 160 mg (4.7 mg/kg) have not been tested in chil-
dren and may not be recommended™*.

In another study patients aged <6 years received an
oral suspension of olmesartan medoxomil at a dose of
0.3mg/kg of bodyweight (not to exceed 20 mg), those
aged =6 years who weighed 235 kg received olmesartan
medoxomil 40 mg tablets, and those who weighed <35
kg received ol mesartan medoxomil 20 mg tablets. >

Lack of paediatric formulations such as suspensions
or other age-appropriate drug formulations for drugs
originally designed for use in adults, isa major barrier
to the use of angiotensin antagonists in drug therapy
of hypertension in children and palatability of the
medication is crucial for adherence to prescribed drug
regimen®®. From the perspective of the child with kidney
disease, the taste of pulverized candesartan measured
by means of a visual analogue scale the palatability
score. s significantly superior to that of pulverized irbe-
sartan, losartan, telmisartan or valsartan®. Tablets are
crushed by parents and administered mixed with
solid food or a paatable drink®®. An extemporane-
oudly formulated solution of valsartan can be prepared
for children who are unable to swallow commercially
available tablets™

Generally angiotensin receptor blockers can be used
as monotherapy or as fixed dose combinations®®. The
combination of a diuretic and an angiotensin receptor
blocker works well because diuretics induce reflex acti-
vation of the renin angiotensin system potentiating the
action of renin angiotensin system blockers. The combi-
nation of a renin angiotensin system blocker and a cal-
cium channel blocker (CCB) has also been widely used
in adults and these agents also have complementary ac-
tions, °"¢

Conclusion

Angiotensin I receptor blockers selectively block the
angiotensin type | receptor. Given its effects on angio-
tensin blockade, angiotensin Il receptor blockers re-
duce blood pressure in hypertension and proteinuria
in kidney disease. For these reasons, and good safety
and tolerability profile, angiotensin Il receptor blockers
are an attractive drug for usein children with hyperten-
sion. However angiotensin receptor antagonists should
be prescribed cautiously for sexually active adolescent
females due to concern about angiotensin receptor
blocker fetopathy.

Conflict of interest: None
Funding: None




185

References

1.

10.

11.

The sixth report of the Joint Na-
tional Committee on prevention,
detection, evaluation, and treat-
ment of high blood pressure. Arch
Intern Med 1997; 157: 2413-46.
National High Blood Pressure
Education Program Working
Group on High Blood Pressurein
Children and Adolescents. The
fourth report on the diagno-
sis,evaluation, and treatment of
high blood pressure in children
and adolescents. Pediatrics 2004;
114: 555-576

Din- Dzietham R, Liu Y, Bielo
MV, Shamsa F: High blood pres-
sure tremdsin children and adoles-
centsin national surveys. 1963 to
2002. Circulation 2007, 116:1488
-1496.

Ujunwa FA ,Ikefuna AN, Nwoko-
cha ARC and Chinawa JM. Hyper-
tension and prehypertension
among adol escents in secondary
schoolsin Enugu, South East Ni-
geria. Italian J Pediatrics 2013;
39:70

Anjana P, Kaur N, Kumari K,
Sidhu S: Variation in blood pres-
sure among school children of
Anmritsar (Punjab). Anthropologist
2005; 7:201-204.

Weir MR, DzauVJ The rennin-
angiotensin-aldosterone system: a
specific target for hypertension
management. Am J Hypertens;
1999. 12:2055-213S

Kim S, IwaoH . Molecular and
cellular mechanisms of angio-
tensin |1-mediated cardiovascular
and renal diseases. Pharmacol
Rev. 2000 ; 52:11-34

Ram CV. Direct inhibition of
renin: aphysiological approach to
treat hypertension and cardiovas-
cular disease". Future Cardiology
2009 5; (5): 453-65.

Pratt RE, Flynn JA, Hobart PM,
Paul M, DzauVJ . “Different sec-
retory pathways of rennin from
mouse cells transfected with the
human rennin gene. J Biol Chem
1988; 263 (7): 3137-41
deGasparo M, Catt KJ, Inagami T,
Wright W, Unger T .
“international union of pharma-
cology .. XXIIl The angiotensin
Il receptors *’. Pharmacol. Rev.
2000; 52 (3): 415-72..

Higuchi S, Ohtsu H, Suzuki H,
Shirai H, Frank GD, Eguchi S.
Angiotensin Il signal transduction
through the AT1 receptor: novel
insights into mechanisms and
pathophysiology. Clin. ci. 2007;
112 (8): 417-25.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Wolf G, Butzmann U, Wenzel UO.
The renin-angiotensin system and
progression of renal disease: from
hemodynamics to cell biology.
Nephron Physiol.2003;93: P3-P13
Choonara|. Safety of new medi-
cinesin young children. Arch Dis
Child.2011; 96: 9

Kimland E and Odlind V. Off-
Label Drug Use in Pediatric Pa-
tients Clinical Pharmacology &
Therapeutics. 2012; 91(5) : 796-
801

Di Paolo E.R. Unlicensed and off-
label drug usein a Swiss pediatric
university hospital. Swiss Med.
WKly. 2006;136 : 218-222
Moraes-Carpi, C., Estaf, L.,
Rubio, E., Lurbe, E. Morales-
Olivas, F.J. Drug utilization and
off-label drug use among Spanish
emergency room pagdiatric pa-
tients. Eur. J. Clin. Pharma-
col.2010;66: 315-320

Kimland, E., Nydert, P., Odlind,
V., Béttiger, Y. &Lindemalm, S.
Paediatric drug use with focus on
off-label prescriptions at Swedish
hospitals-a nationwide study. Acta
Paediatr.; e-pub : 2012.
Sammons HM, Gray C, Hudson H,
et al. Safety in paediatric clinical
trials-a 7-year review. Acta Paedi-
atr. 2008;97:474-7.

deVries TW, van Roon EN. Low
quality of reporting adverse drug
reactionsin paediatric randomized
controlled trials. Arch Dis Child
2009;95:1023-6.

Fernandez E, Perez R, Hernan-
dez A, TgadaP, ArtetaM and.
Ramos JT . Factors and Mecha-
nisms for Pharmacokinetic Differ-
ences between Pediatric Popula-
tion and Adults. Pharmaceutics
2011; 3: 53-72

Kearns, G.L., Abdel-Rahman,
S.M., Alander, SW., Blowey,
D.L., Leeder, J.S. & Kauffman,
R.E. Developmenta pharmacology
—drug disposition, action, and ther-
apy ininfants and children. N.
Engl. J. Med. 2003;349: 1157-
1167

TullusK. Safety concerns of an-
giotensin Il receptor blockersin
preschool children. Arch Dis
Child .e pub. ; 2011

Kavey RE, Daniels SR, Flynn JT.
Management of high blood pres-
surein children and adolescents.
Cardiol Clin. 2010;28:597-607.
Flynn JT, Newburger W, Daniels
SR, Sanders SP, Portman RJ, Hogg
RJ, et d. A randomized, placebo-
controlled trial of amlodipinein chil-
dren with hypertension. J Pediatr
2004; 145:353-359.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Shahinfar S, Cano F, Soffer BA,
Ahmed T, Santoro EP, Zhang Z, et
al. A double-blind, dose-response
study of losartan in hypertensive
children. Am J Hypertens 2005;
18:183-190.

Soffer B, Zhang Z, Miller K, Vogt
BA, Shahinfar S. A double-blind,
placebocontrolled, dose-response
study of the effectiveness and
safety of lisinopril for children
with hypertension. Am J Hypertens
2003; 16:795-800.

Trachtman H, Hainer JW, Sugg J,
Teng R, Sorof M, Radcliffe J.
Efficacy, safety, and pharmacoki-
netics of candesartan cilexetil in
hypertensive children aged 6 to 17
years. J Clin Hypertens 2008;
10:743-750.

Wells T, Frame V, Soffer B, Shaw
W, Zhang Z, HerreraP, et al. A
doubleblind, placebo-controlled,
dose-response study of the effec-
tiveness and safety of enalapril for
children with hypertension. J Clin-
Pharmacol 2002; 42:870-880.
Schaefer F, van de Walle J,
Zurowska A, Gimpel C, van Hoeck
K, Drozdz D, et al. Efficacy, safety
and pharmacokinetics of candesar-
tan cilexetil in hypertensive chil-
dren from 1 to less than 6 years of
age. J Hypertens 2010; 28:1083-
1090.

Kaushik M, Mohiuddin SM Clini-
cal utility of valsartan in treatment
of children and adolescents with
high blood pressure Adolescent
Hlth Med Therapeutics 2011 ;2 :
97 - 103

Wedls T, Blumer J, Meyers
KE , Neto JP,, Meneses R, Lit-
win M, Vandewdle J, Solar -
Yohay S, Shi V, Han G. Va-
sartan Pediatric study group.
Effectiveness and safety of valsar-
tan in children aged 6 to 16 years
with hypertension . J Clin hyper-
tens 2011 ;13(5): 357-65.

Croxtall JD . Vasartan: in chil-
dren and adol escents with hyper-
tension Paediatr Drugs 2012;14
(3):201-7.

Scheefera F, LitwinbMi, Jacek
Zachwigjac, Aleksandra
Zurowskad, Sandor Turie, Amie
Grossof, Nicole Pezousg and Ma-
homed Kadwag.Efficacy and
safety of valsartan compared to
enalapril in hypertensive children:
a 12-week, randomized, double-
blind,parallel-group study. J Hy-
pertension 2011; 29:000-000



34.

35.

36.

37.

38.

39.

40.

41.

42.

Schaefera F, Coppob R, Baggac A,
Senguttuvand P, Schlosshauere R,
Zhangf Y, and Kadwa M. Effi-
cacy and safety of valsartan in
hypertensive children 6months to
5 years of age J Hypertens2013
31:993-1000 _

Hazan L, Oscar A. Rodriguez H,
Bhorat A E., Koichi,B, Heyrman
R, for the Assessment of Efficacy
and Safety of Olmesartan in Pedi-
atric Hypertension (AESOP)
Study Group. A Double-Blind,
Dose-Response Study of the Effi-
cacy andSafety of OlmesartanMe-
doxomil in Children and Adoles-
cents with Hypertension. Hyper-
tension. 2010;55: 1323-1330;
Wuhl E, Schaefer F. Managing
kidney disease with blood pressure
control. Nature Reviews Nephrol-
ogy 2011;7(8):434-44.

Flynn JT, Mitsnefes M, Pierce C,
Cole SR, Parekh RS, Furth SL,
Warady BA. Blood pressurein
children with chronic kidney dis-
ease: areport from the Chronic
Kidney Disease in Children study.
Hypertension. 2008;52: 631-637.
Casas JP, Chua W, Loukogeor-
gakis S, Valance P, Smeeth L,
Hingorani AD, et d. Effect of
inhibitors of the reninangiotensin
system and other antihypertensive
drugs on renal outcomes: system-
atic review and meta-anaysis.
Lancet 2005;366(9502): 2026-33.
Webb NJ, Shahinfar S, Wells
TG, Massaad R, Glem GW , Mc
Crary C,LamC. Losartan and
enalapril are comparable in reduc-
ing proteinuriain children with
Alportsyndrome. Pediatric Ne-
phrology. 2010:25;5: 801-811
Lubrano R, SosciaF, Elli M,
VentrigliaF, Raggi C, Travas
soE,Scateni S, Di MaioV, Ver-
sacci P, Masciangelo R, Romero
S,Rena and Cardiovascular Ef-
fects of Angiotensin-Converting
Enzyme Inhibitor Plus Angio-
tensin || Receptor Antagonist
Therapy in Children With Protein-
uria Inhibitor. Pediatrics
2006;118;€833;

Black HR, Graff A, Shute D, et a.
Vasartan, anew angiotensin |1
antagonist for the treatment of
essential hypertension: Efficacy,
tolerability and safety compared to
an angiotensin-converting enzyme
inhibitor, lisinopril. 3 Hum Hyper-
tens. 1997;11:483-489.

Briggs GG, Freeman RK, and

Y affe SJ. Drugs in Pregnancyand
Lactation: a Reference Guide to
Fetal and Neonatal Risk, Lippin-
cott, Williams & Wilkins, Balti-
more, MD, USA, 9" edition, 2011.

45.

46.

47.

48.

49.

50.

51.

52.

Oparil S, Dyke S, HarrisF, et al.
The efficacy and safety of valsar-
tan compared with placebo in the
treatment of patients with essential
hypertension. Clin. Ther.
1996;18:797-810

Bos - Thompson MA . Hillaire -
buys D, Muller F, Dechaud H,
Mazurier E, Boulot P, Morin D,
Fetal toxic effects of angiotensin 1
receptor antagonists: case report
and follow-up after birth. Ann
Pharmacotherapy 2005;39(1):157
-61.

Moretti, ME Caprara D, Drehutal,
Yeung E,Cheung S, Federico L,
and KorenG.The Fetal Safety of
Angiotensin Converting Enzyme
Inhibitors and Angiotensin Il Re-
ceptor Blockers. Obstet Gynecol
International 2012.1-6

M. Barr Jr., “Teratogen update:
angiotensin-converting enzyme
inhibitors,” Teratology, 1994; 50,
(6): 399-4009,

Quan. A., “Fetopathy associated
with exposure to angiotensin con-
verting enzyme inhibitors and
angiotensin receptor antago-
nists,”Early Human Devel opment,
2006:82; 1: 23-28,

Cox .. RM., . Anderson, J. M and
Cox P., “Defective embryogenesis
with angiotensin I receptor an-
tagonists in pregnancy,” Bri J Ob-
stet Gynaecol. 2003:110 ;11:1038
-1040,

Simonetti G. D., Baumann T.
,Pachlopnik JM., Von Vigier R.O,
and Bianchetti M. G., “Non-lethal
fetal toxicity of the angiotensin
receptor blocker candesartan,”
Pediatric Nephrology, 2006. 21: 9,
pp. 1329-1330,

Biswas, P. N, Wilton,. L. V. and
Shakir S. W., “The safety of val-
sartan: results of a postmarketing
surveillance study on 12 881 pa-
tients in England,” J Human Hy-
pertension, 2002:16; 11: 795-803
Shahinfar S, Cano F, Soffer BA,
Ahmed T, Santoro EP, Zhang Z,
Gleim G, Miller K, Vogt B,
Blumer J, Briazgounov |. A double
-blind, doseresponse study of
losartan in hypertensive children.
Am J Hypertens. 2005;18:183—
190.

Flynn JT. Meyers KEC, Pacheco
JN, Meneses, R, Zurowska A,
Bagga A, Mattheyse L, Shi V,
Gupte, J,Solar-Yohay S, Han G;
for the Pediatric Vasartan Study
GroupEfficacy and Safety of the
Angiotensin Receptor Blocker
Vasartan in Children With Hyper-
tension Aged 1 to 5 Years Hyper-
tension. 2008;52:222-228.)

53.

54.

55.

56.

57.

58.

59.

60.

61.

186

Wells T, Frame V, Soffer B, Shaw
W, Zhang Z, Herrera P, Shahinfar
S; EnalaprilPediatric Hypertension
Collaborative Study Group. A
doubleblind, placebo-controlled,
dose-response study of the effec-
tiveness and safety of enalapril for
children with hypertension. J Clin
Pharmacol. 2002;42:870-880.
Batisky DL, Sorof JM, Sugg J,
Llewellyn M, Klibaner M, Hain-
erJwW,Portman RJ, Falkner B;
Toprol-XL Pediatric Hypertension
Investigators. Efficacy and safety
of extended release metoprolol
succinate in hypertensive children
6 to 16 years of age: aclinical trial
experience. J Pediatr.
2007;150:134 -139.

Wells TG, Blowey DL , Sullivan
JE , Blumer J, Sherbotie JR
Song S, Rohatagi S, Heyrman R,
Salazar DE Pharmacokinetics of
olmesartanmedoxomil in pediatric
patients with hypertension. Pediatr
Drugs 2012 . 1;14(6):401-9.
Habtemariam B, Sallas W, Sunkara
G, Kern S, Jarugula V, Pilla G.
Population pharmacokinetics of
valsartan in pediatrics. Drug Metab
Pharmacokinet. 2009;24:145-152.
Blumer J, Batisky DL, Wells T,
Shi V, Solar-Yohay S, Sunkara G.
Pharmacokinetics of valsartan in
pediatric and adolescent subjects
with hypertension. J Clin Pharma-
col. 2009;49:235-241.

Zurowska, Arvind Bagga, Lionel
Mattheyse, Victor Shi, Jitendra-
Gupte, Susan Solar-Y ohay and
Joseph T. Flynn, Kevin E.C.
Meyers, Jose Pacheco Neto, Re-
jane de Paula M eneses, Guangy-
angHanAl eksandraEfficacy and
Safety of the Angiotensin Receptor
Blocker Valsartan in Children
With Hypertension Aged 1 to 5
years Hypertension. 2008;52:222-
228;

Sakarcan A, Tenney F, Wilson JT,
Stewart JJ, Adcock KG, Wells TG,
Vachhargjani NN, Hadjilambris
OW, Slugg P, Ford NF,Marino
MR. The pharmacokinetics of
irbesartan in hypertensive children
and adolescents. J ClinPharmacol
2001; 41:742-9.

EllisD, Vats A, Moritz ML, Reitz
S, Grosso MJ, JanoskyJE.Long-
term antiproteinuric and renopro-
tective efficacy and safety of losar-
tan in children with proteinuria. J
Pediatr 2003; 143:89-97
Simonetti GD, von Vigier RO,
Konrad M, Rizzi M, Fossa-
liE,Bianchetti MG, CHIId Project.
Candesartan cilexetil in children
with hypertension or proteinuria: pre-

liminary data. Pediatr Nephrol 2006;
21: 1480-2.



62.

63.

Vasartan Prescribing informa-
tion. East Hanover, NJ: Novartis
Pharmaceuticals Corporation,
2008. Available from: http://
www.pharma.us.novartis.com/
products/name/diovan.jsp. Ac-
cessed January 16, 2015.

Meier, CM , Meier,1 Giacomo D.
Simonetti,1,2 SilviaGhiglia,3
Emilio Fossali,3 Petrizia Salice, 3
Costanzo Limoni4 &Mario G.
Bianchetti,1 CHIldProject. Palat-
ability of angiotensin Il antago-
nists among nephropathic children.
British Journal of Clinical Pharma-
cology Br J Clin Pharmacol 63:5
628-631 628 Br J Clin Pharma-
col. 2007 May; 63(5):628-631.

64.

65.

66.

NahataMC, Holas C, Chiu YL,
Notario G, Kapral D. A pooled
analysis of seven randomized
crossover studies of the palatability
of cefdinir oral suspension versus
amoxicillin-clavulanate potassium,
cefprozil, azithromycin, and amox-
icillin in children aged 4-8 years.
Clin Ther 2005; 27:1950-60.
Nunn T, Williams J. Formulation
of medicines for children. Br J
Clin Pharmacol 2005; 59: 674-6.
Bakrishnan R, Phatak H, Gleim G,
Karve S. Assessment of the use of
angiotensin receptor blockersin
major European markets among
paediatric population for treating
essential hypertension. J Hum
Hypertens. 2009;23:420-425.

187

. Stanton T, Reid JL. Fixed dose

combination therapy in the treat-
ment of hypertension. J Hum Hy-
pertens 2002;16:75-8.

. Jamerson KA, et a. Rationale and

design of the avoiding. cardiovas-
cular events through combination
therapy in patients living with
systolic hypertension
(ACCOMPLISH) trid: the first
randomized controlled trial to com-
pare the clinical outcome effects of
first-line combination therapiesin
hypertension. Am J Hypertens
2004,17:793-801



