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Hypertension in children and adolescents
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Hypertension is a major health problem in most developed and developing countries. Worldwide, approximately 1
billion people have hypertension, and 13% of all deaths are closely related to hypertension. Recently, the prevalence
of elevated blood pressure (BP) in children and adolescents has increased, probably due to the increased prevalence
of overweight and obesity among youths. Increasing evidence suggests that adult hypertension has its antecedents in
childhood, as childhood BP predicts adult BP. Additionally, pediatric hypertension may cause premature atherosclerosis
and early development of cardiovascular disease. Therefore, the identification and treatment of hypertension in
childhood is likely to have an important impact on long-term outcomes of cardiovascular disease. International
hypertension guidelines for children and adolescents have recently been significantly revised, especially regarding the
diagnosis of hypertension. This review presents the recent guidelines for the diagnosis, evaluation, management, and

treatment of hypertension in children and adolescents.
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Table 1. Classification of hypertension in children and adolescents

For children aged 1-13 yr

For children aged =13 yr
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Table 2. Examples of physical examination findings and history suggestive of
secondary hypertension or related end organ damage secondary to hypertension

Normal BP
Elevated BP

Stage 1 HTN

Stage 2 HTN

<90th percentile

>90th to <95th percentile
or 120/80 mmHg to
<95th percentile
(whichever is lower)

>95th to <95th percentile
+ 12 mmHg, or 130/80 to
139/89 mmHg (whichever
is lower)

>95th percentile
+ 12 mmHg, or =140/90

mmHg (whichever is lower)

<120/<80 mmHg

120/<80 to
129/<80 mmHg

130/80 to 139/89 mmHg

=>140/90 mmHg

Adapted from Flynn JT et al. Pediatrics 2017;140:20171904 [3].
BP, blood pressure; HTN, hypertension.
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Body system Finding history Possible etiology
Vital signs Tachycardia Hyperthyroidism
pheochromcytoma
Neuroblastoma
Decreased lower extremity ~ Coarctation of the aorta
pulses; drop in BP from
upper to lower
extremities
Eyes Proptosis Hyperthyroidism
Retinal changes Severe HTN, more likely to
be associated with
secondary HTN
Ear, nose, Adenotonsillar hypertrophy  SDB
throat History of snoring Sleep apnea
Height, Growth retardation Chronic renal failure
weight Obesity (high BMI) Cushing syndrome
Truncal obesity Insulin resistance syndrome
Head, neck  Elfin facies Williams syndrome
Moon facies Cushing syndrome
Thyromegaly, goiter Hyperthyroidism
Webbed neck Turner syndrome
Skin Pallor, flushing, diaphoresis  pheochromcytoma
Acne, hirsutism, striae Cushing syndrome
Anabolic steroid abuse
Cafe-au-lait spots Neurofibromatosis
Adenoma sebaceum Tuberous sclerosis
Malar rash Systemic lupus
Acanthosis nigricans T2DM
Hematologic  Pallor Renal disease
Sickle cell anemia
Chest, cardiac  Chest pain Heart disease
Palpitations

Exertional dyspnea
Widely spaced nipples
Heart murmur

Turner syndrome
Coarctation of the aorta

Friction rub Systemic lupus (pericarditis)
Collagen vascular disease

Apical heave LVH

Abdomen Abdominal mass Wilms tumor
Neuroblastoma
pheochromcytoma

Epigastric, flank bruit RAS

Palpable kidneys Polycystic kidney disease
Hydronephrosis

Genitourinary

Ambiguous or virilized
genitalia

Urinary tract infection

Vesicoureteral reflux

Hematuria, edema, fatigue

Abdominal trauma

Multicystic dysplastic kidney

Congenital adrenal
hyperplasia

Renal disease

Extremities Joint swelling Systemic lupus
Collagen vascular disease
Muscle weakness Hyperaldosteronism
Liddle syndrome
Neurologic, Hypokalemia, headache, Reninoma
metabolic dizziness, polyuria,
nocturia
Muscle weakness, Monogenic HTN (Liddle
hypokalemia syndrome, GRA, AME)

Adapted from Flynn JT et al. Pediatrics 2017;140:20171904 [3].

PCC, pheochromcytoma; BP, blood pressure; HTN, hypertension; SDB, sleep-disor-
dered breathing; BMI, body mass index; T2DM, type 2 diabetes melitus; LVH, left
ventricle hypertrophy; RAS, renin-angiotensin system; GRA, glucocorticoid-remedi-
able aldosteronism; AME, apparent mineralocorticoid excess.
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Table 3. Suggested schema for staging of ambulatory BP levels in children
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Table 4. Home blood pressure values (SBP/DBP mmHg)

Boy Girl
Height Number 50th percentile 95th Number  50th percentile  95th percentilea)
(cm) (SBP/DBP) percentile” (SBP/DBP) (SBP/DBP)
(SBP/DBP)
120-129 23 105/64 119/76 36 101/64 119/74
130-139 51 108/64 121177 51 103/64 120/76
140-149 39 110/65 125/77 61 105/65 122177
150-159 41 112/65 126/78 7 108/66 123/77
160-169 45 115/65 128/78 148 110/66 124/78
170-179 91 117/66 132/78 46 112/66 125/79
180-189 57 121/67 134/79 7 114167 128/80

Adapted from Flynn JT et al. Pediatrics 2017;140:20171904 [3].
SBP, systolic blood pressure; DBP, diastolic blood pressure.

“Hypertension level.

Table 5. Screening tests

Patient population

Screening test

All patients

In the obese (BMI >95th
percentile) child or
adolescent, in addition
to the above

Optional tests to be

obtained on the basis of

history, physical
examination, and initial
studies

Urinalysis
Chemistry panel, including electrolytes, blood urea nitrogen, and creatinine

Lipid profile (fasting or nonfasting to include high-density lipoproteina and
total cholesterol)

Renal ultrasonography in those <6 yr of age or those with abnormal
urinalysis or renal function

Hemoglobin A1c (accepted screen for diabetes)

Aspartate transaminase and alanine transaminase (screen for fatty liver)

Fasting lipid panel (screen for dyslipidemia)

Fasting serum glucose for those at high risk for diabetes mellitus

Thyroid-stimulating hormone

Drug screen

Sleep study (if loud snoring, daytime sleepiness, or reported history of
apnea)

Complete blood count, especially in those with growth delay or abnormal
renal function

Adapted from Flynn JT et al. Pediatrics 2017;140:€20171904 [3].

BMI, body mass index.
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Table 6. Antihypertension medications for use in children and adolescents

Class of drug Drug Age or weight Starting dose (per day) Maximum dose (per day)
Thiazidediuretics Chlorthalidone Child 0.3 mg/kg 2 mg/kg/day (50 mg)
Chlorothiazide Child 10 mg/kg/day 20 mg/kg/day (375 mg/day)
Hydrochlorothiazide Child 1 mg/kg/day 2 mg/kg/day (37.5 mg/day)
Calcium channel blockers  Amlodipine 1-4yr 0.1 mg/kg 0.6 mg/kg (5 mg/day)
=6yr 2.5mg 10 mg
Felodipine >6yr 2.5mg 10 mg
Isradipine Child 0.05-0.1 mg/kg 0.6 mg/kg (10 mg/day)
Nifedipine extended release Child 0.2-0.5 mg/kg/day 3 mg/kg/day (120 mg/day)
ACE inhibitors Benazepril >6yr 0.2 mg/kg/day (10 mg/day) 0.6 mg/kg/day (40 mg/day)
Captopril <lyr 0.05 mg/kg/dose 6 mg/kg/day
>1yr 0.5 mg/kg/dose 6 mg/kg/day
Enalapril >1mo 0.08 mg/kg/day (5 mg/day) 0.6 mg/kg/day (40 mg/day)
Fosinopril >6yr, <50 kg 0.1 mg/kg/day (5 mg/day) 40 mg/day
>50kg 5 mg/day 40 mg/day
Lisinopril >6yr 0.07 mg/kg/day (5 mg/day) 0.6 mg/kg/day (40 mg/day)
Ramipril 1.6 mg/m?/day 6 mg/m?/day
Quinapril 5 mg/day 80 mg/day
ARBs Candesartan 1-5yr 0.02 mg/kg/day (4 mg/day) 0.4 mg/kg/day (16 mg/day)
=6yr, <50 kg 4 mg/day 16 mg/day
>50kg 8 mg/day 32 mg/day
Irbesartan 6-12yr 75 mg/day 150 mg/day
=>13yr 150 mg/day 300 mg/day
Losartan >6yr 0.7 mg/kg (50 mg) 1.4 mg/kg (100 mg)
Olmesartan >6yr, <35kg
>35kg 10 mg 20 mg
20 mg 40 mg
Valsartan >6yr 1.3 mg/kg (40 mg) 2.7 mg/kg (160 mg)

Adapted from Flynn JT et al. Pediatrics 2017;140:20171904 [3].
ACE, angiotensin converting enzyme; ARB, angiotensin receptor blocker.

Table 7. Antihypertensive drugs for hypertensive emergencies and urgencies

Drug Class Dose Route SA0Z ABt o|JchA a1Eto] WAY
Esmolol Beta-blocker 100-500 pg/kg/min Intravenous infusion 310 Z2A} O 222 T1#3ItHTable
Hydralazine Direct vasodilator 0.1-0.2 mg/kg/dose Intravenous or intramuscular )

(0.4 mg/kg/dose) bolus 7) [3]. BUE W= S A A
Labetalol Alpha and beta bloker  Bolus: 0.2-1 mg/kg/dose Intravenous bolus or infusion Zol Bx k] 25% o|AF WEm
(40 mg/dose)
Infusion: 0.25-3 mg/kg/hr oF Ht}
Nicardipine Calcium channel blocker Bolus: 30 pg/kg (2 mg) Intravenous bolus or
Infusion: 0.5-4 pg/kg/min infusion
Sodium Direct vasodilator Strating: 0-3 pg/kg/min Intravenous infusion
niroprussiae Maximum: 10 pg/kg/min .7=;1§

Adapted from Flynn JT et al. Pediatrics 2017;140:€20171904 [3].
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