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evaluate any pediatric patient suspected of
hypertensive emergency with a thorough
workup while acutely treating the elevated
blood pressure in a gradual manner
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There are limited data related to acute severe
hypertension in children and adolescents.

Most data are based on adult studies.
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Hypertensive crisis is an acute episode of severely elevated

blood pressure with potential for end-organ damage

While there are no specific cutoffs in terms of blood pressure

for hypertensive crisis in pediatric as there are in the adult

population, hypertensive crisis So it is primarily a clinical

diagnosis which should be suspected in any pediatric patient

with blood pressure at or exceeding the limits of stage Il

hypertension.




TaBLE 2. Screening BP Values Requiring Further Evaluation

BLOOD PRESSURE, MM HG

3
E

AGE, Y SYSTOLIC DIASTOLIC SYSTOLIC DIASTOLIC
1 o3 52 98 54
2 100 55 101 58
3 101 58 102 &0
4 102 &0 103 62
5 103 63 103 &4
B 105 66 105 LT
7 106 58 106 B8
8 07 69 107 69
9 107 0 108 71
10 108 n o9 2
11 110 74 111 74
12 13 75 114 75
=13 120 B0 120 B0

Reprinted with permission from Fynn JT, Koelber DC, Baker-Smith CM et alf Subcommittee on Screening and Management of High Blood Pressure
in Chitdren. Clinical Practice Guidefine for Screening and Management of High Blood Fressure in Children and Adolescents. Pediatrics.
201 7-140{3):2201 71904



BEP Categories and Stages in
Children Aged 1-13 years
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Then each year, add 1 mmHg each

HTN = 100/60

Age 3 —103/63

9 —105/65

7 — 107/67
9 — 109/69

11 — 111/71
13 — 113/73




In 2017, the American Academy of Pediatrics (AAP)

published new clinical practice guidelines (CPG) for

the diagnosis, evaluation, and treatment of high

blood pressure in children and adolescents.

The new guidelines recommend screening for BP
abnormalities in children = 3 years old at the annual

preventative visit as opposed to every healthcare encounter.



New blood pressure values (1-18 years)

In the previous guideline from 2014, an important portion of the
children who were included in the percentile table (21%)
consisted of overweight and obese children .

Therefore, the new BP values are below the 2004 values .



Although the new guidelines explicitly describe the many
causes of secondary hypertension, the diagnostic workup for
patients with sustained hypertension is also streamlined

because of the increasing prevalence of primary hypertension

the current CPG recommended goal of therapy is now < 90th

percentile in most children and even lower in special

populations such as children with chronic kidney disease.



Hypertensive crisis can be subcategorized as
*hypertensive urgency, in which there are no signs of
end-organ damage,

* hypertensive emergency, in which signs of endorgan
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EPIDEMIOLOGY

The epidemiology of hypertensive crisis in children is difficult to pinpoint due to variations in

diagnostic criteria and paucity of relevant literature.

In a recent survey conducted by the National Health and Nutrition Examination Survey
(NHANES) in preadolescent and adolescent patients, the morbidity of hypertensive crisis was
found to be between 1 and 4% .

Several retrospective studies conducted in the emergency room (ER) have shown the
prevalence of hypertensive crisis among those presenting with HTN to range from 16 to 54%.
With the wide range of prevalence found for hypertensive crisis in the pediatric population,
more multicentered studies are needed to accurately identify the true prevalence of

hypertensive crisis in this population.



Risk Factors

* BMI that exceeds the gsth percentile
* Preexisting hypertension

* |ess effective outpatient systolic blood pressure control



Primary hypertension

In the United States, primary hypertension is the most common cause of

hypertension observed in children and adolescents

Its general characteristics are as follows:

it is observed in older children (=6 years),

familial history is positive (mother/father and or grandmother/grandfather),
and it is associated with overweight/obesity.

Primary and secondary hypertension cannot be predicted according to blood

pressure values, but it is thought that increased DBP indicates secondary

hypertension in particular, and increased SBP indicates primary hypertension.
According to the AAP guideline, detailed investigation is not necessary if the child
is aged 6 years or above and overweight or obese, familial history is positive, and a

physical examination and history do not suggest secondary hypertension.



Common causes of hypertension in children
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severe

uncontrolled hypertension
pressure-induced increase in (renal)
natriuresis vascular ras;:stanna autoregulation failure

-
E

microcirculatory
activation * damage




»Severe hypertension induces changes in the renal arterioles
that lead to;
< endothelial damage,

+ platelet and fibrin deposition, and
+ thromboxane release.

» This cascades into
< vasoconstriction,
< ischemia,
< Myointimal proliferation, and
< decompensation of autoregulatory mechanisms, resulting in
hypoperfusion to the:
* heart,
* kidney, and
* brain.
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*Hypertensive crisis can be a source of morbidity and mortality in the

pediatric.

*it is well-known that secondary causes of pediatric hypertension

contribute to a greater incidence of hypertensive crisis in pediatrics.

*Hypertensive crisis may manifest with non-specific symptoms as

well as distinct and acute symptoms in the presence of end-organ

damage.




Hyperensive changes
on fundoscopy
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Laboratory Findings

¢|nitial laboratory studies should include:
«Complete blood count
eElectrolytes
eBlood urea nitrogen
e5erum creatinine
eSerum calcium
sUrinalysis
e(Chest radiography
sElectrocardiography



Imaging tests for diagnosis of hypertensive crisis
Chest radiography
Intravenous pyelography
Voiding cystourethrography
Cardiac catheterization
Renal ultrasonography
Renal scan

Renal arteriography
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HYPERTENSION

l Hypertensive

High-normal BP Urgency / Crisis

wymptomatic secondary




*Oral treatment should be considered if the patient can

use oral medication and life-threatening complications
are absent.
* Intravenous agents should be considered if oral intake is

not possible and the patient’s clinical status is not stable

or severe complications are present (such as congestive

heart failure).



Treatment of hypertensive urgency

Oral antihypertensive agents are generally sufficient, although
parenteral therapy 1s sometimes indicated.

Theories suggest:
- One-third of total planned BP reduction during the first 6 hours
. Another third during next 24-36 hours
. Final third during next 24-96 hours or longer



.
S
ivl

9 o
.;-'I

.

||.'.|ul:|||-|1'|.'|I|I:I aHaanTWﬂ'ﬂHE L

-"] I“: == gAVironmental

# nrganism ilﬂuﬁmhﬂdlmh‘”rﬂ“""aﬂﬂnllm

physiie: ;[[E

mﬂ. E At DU mek
substange uaﬂnn';'i"ﬂ“.m““' Eﬂf“*!’ Y o pagusm::
indey TN I'l]_.tH'-‘E-*_I I e
r‘:“"‘"lnn“ BX“.“ !n,ﬂ;g,;sggv““ danger:...

all Wﬂnvlrnnmﬂm#&ﬂ'&nmmmmmr ullutmn
E]‘IEI‘I‘.IIEEI'“”"“E““’“EI!"“*“'radlaii‘lmg ﬂ[:lnry inlogical

wasteis mmm- it s h:l:l:luzy-qﬂ_ Hl.lllrm.'tur'ﬂ

lethality =
liul:TEHr hinhzard







Turk Pediatri Ars 2020; 551 11-22

Table 6. Antihypertensive drugs and doses (1)

Gélkmar and Caligkan. Pediatric hypertension

Drug class Drug Initial dose Maximum doss Daily intervals Contraindications
ACE inhibitors Captopril 03-0.5 mg/kg/dose 6 mglkg 2-3 doses Pregnancy,
Enalapril 0.08-0.6 mg kg Single dose kalemia,
Ramipril L5-6mg Single dose single kidney
ARBs Losartan 07 mgkg-50 mg 1.4 mg-100 mg Single-two doses or renal artery
stenosis, renal
artery stenosis in
both kidneys
Calcium Amlodipine 0.06-0.3 mg kg 510 mg Single dose Congestive heart
channel Nifedipine (extended 0.25-0.5mg/kg img/kg-120mg Single-two doses failure
blockers release form)
Diuretic Amiloride 0.4-0.6 mg kg 0 mg Single dose Sports people,
Furosemide 0.5-2 mg/kg 6m Single-two doses  diabetes mellitus
Spironolactone 1 mg/kg 3.3 mg/kg-100 mg Single-two doses
Hydrochlorothiazide 0.5-1 mg'kg 3 mg/kg/day Single-two doses
Beta blocker  Atenolol 0.5-1 mg/kg 1 mgfkg-100mg Single-two doses Asthma
Propranelal 1mgfkg 4 mglkg640mg  2-3 doses
Central Clonidine 0.1 mgfkg Limg 1 doses
alpha-blocker
Peripheral Doxazosin lmg 4 mg Single dose
alpha-blocker Prazosin 0.05-0.1 mg/kg 05 mglkg 3 doses
Vasodilater Hydralazine 075 mg/kg 7.5 mg/kg-200 mg 4 doses
Minoxidil 0.1 mgfkg 50-100 mg Single-3 doses




Drugs used in hypertensive urgency

Route

Furosemide Lliuretic IV/PO
Nifedipine Ca++ channel Sub-lingual
blocker /
PO
Clonidine Central a PO
agonist
Minoxidil Vasodilator PO

1-2
mg/kg/dose

0.1-0.25
mgkg/dose

0.05-0.3 mg

0.1-2
mg/kg/dose

Electrolyte
disturbances

Precipitous drop in
blood pressure;
tachycardia:headache

Rebound
hypertension; sedation

Pericardial effusion




Drug

Nicardipine

Labetalol

Esmolol

Hydralazine

Sodium
nitroprusside

Class

Ca++ channel
blocker

a and f§
blocker

B blocker

Vasodilator

Vasodilator

Drugs used in hypertensive eme

Route

IV

IV in
infusion

Dose

1-3 meg/kg/min

o.25-1.5 mg/kg/hr
o.2-1 mg/kg/dose
Maximum 20mg/dose

Bolus 100-500 mcg
OVer 1 min;

pa-0.5 mg/kg/dose,
every 4-6 h

o.5-0.8meg/kg/min

geney

Adverse Effect

Headache; increased
intracranial pressure

Use with caution in
hyperkalemia and
CHF

Can cause CHF,
bradycardia and
brochospasm;
contraindicated in
cocaine toxicity
Tachycardia, flushing,
Lupus like syndrome

Thiocyanate toxicity
with decreased renal
function

7



Preferred Parenteral Drugs for Selected

Hypertensive
Emergencies

EMERGENCIES PARENTERAL DRUGS

Hypertensive encephalopathy

Malignant hypertension (when
IV therapy is indicated)

Myocardial infarction/unstable

angina

Acute left ventricular failure

Adrenergic crisis

Postoperative hypertension

39

Nitroprusside, nicardipine, labetalol

Labetalol, nicardipine, nitroprusside,
enalaprilat

Nitroglycerin, nicardipine, labetalol,
esmolol

Nitroglycerin, enalaprilat, loop
diuretics

Phentolamine, nitroprusside

Nitroglycerin, nitroprusside, labetalol,
nicardipine
18/10/2023



Treatment-resistant hypertension

Treatment-resistant hypertension is defined as persistence of hypertension

despite intake of three or more antihypertensive drugs at the highest doses

*One should be sure that treatment is received at the recommended doses.

*Renovascular hypertension should be considered primarily in the differential

diagnosis.

*Renal Doppler USG, MR or CT angiography may be planned according to the
clinical status.

* Renin-aldosterone values and serum electrolytes may give information in terms
of monogenic hypertension.

Ambulatory blood pressure measurements may be used to confirm the diagnosis.



Treatment consists of

salt restriction,

eavoidance of substances that may increase blood pressure,

*investigation and elimination of the cause of secondary hypertension that could
not be diagnosed previously.

In pharmacologic treatment,

*extended release drugs should be preferred and the highest dose that will not lead

to adverse effects should be used.
*All drugs should be used as instructed, and one of these drugs should be a diuretic
*Clinical studies have shown that the addition of aldosterone receptor blockers

(such as spironolactone) is helpful in the treatment of undiagnosed

hyperaldosteronism and in the elimination of excess volume in adults.

*There are insufficient data related to this issue in children for those patients.



Renal insufficiency
* |t can be a cause or consequence of hypertensive emergency.

* Particularly noted in patients on haemodialysis; those on EPO
therapy; and in patients with renal transplants, especially those
receiving cyclosporin and corticosteroids

 The primary goal of management is to limit further renal damage
through blood pressure control

* Antihypertensive drugs that preserve renal blood flow,

such as calcium antagonists

and a-adrenergic blocking agents are appropriate.

* In refractory hypertension,
other vasodilators such

as sodium nitroprusside,
fenoldopam or

hydralazine



TABLE 4 | Endocrne parameters and freatment of diseases with monogenic hypartension.

Condiion Phenotype Gene/Locus Pattern of Age Potassium Renin Aldosterone Aldo: PRA  Glucocorticowrd Mineralo Treatment
MM MM inhertance (PRA) ratio Resp. corticoid
receptor blocker
Resp.
Liddla's 177200 B00TED AD Chid Mor} Il 4 Armrdlonde,
Adlult Triamisrens
Gordon's 145280 - AD Chid Mot } M er 4 - Trisentenens
Adult
FMl 218030 oldz3z AR Infang 1 ) i | Mnerslooonico
Child id rec,
Fedult artagonEst
H-P 605115 E00983 AL Child Mor ] ¥ + reversed Arrilonde,
Adlult Trismierens
Thiacid
GRA 10380 el1DE13 AL Infant Mori | L] T Amilonde,
Child Triamisrene
FHD BB e00570 AD Adut Moer ) i ' | t Meweralocortice
id rec,




Pediatric Hypertensive Emergency/Urgency
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Treatment algorisms for hypertensive crisis
Measure BP and Height and Calculate BMI

Determine BP category for gender, age, and hewght*
|

r ¥ ¥ ¥ |
Stage 2 Hypertension® Stage 1 Hypertension® Prehypertensive* Normotensive®
l v -
: Educate on
RepeatBP| __ 90-<05% | T“L*.’;:f;,:““ | <00%, |Heart Healthy
Owver J visils or 120/80 mmHg Changes?’ Lifestyle!
g For the family
=85% 90-<95% nrlmumnmug
h
Diagnostic Workup Diagnostic Workup - T
Include Evaluation for Include Evaluation for [ iy i
Target-Organ Damage? Target-Organ Damage?*
Secondary or Primary Secondary Primary i
Hypertension | Hyperension  Hyperension Hypertension
. Consider Diagnostic
Consider Referral Rx Specif Therapeutic Workup and Evaluation for
To provider with experfise f PV Lifestyle Target-Organ Damage?
in pediatric hypertension or Cause Changes? If avenweight
or comorbidity exists
Normal Overweight >95% Overweight Normal Owverweaight
BMI BMI BMI
Weight SUll 295% [ weight Monitor Weight
: ¥l -—
ociohr, okt Reduction | | Drug Rx Reduction| | Q6 Mo Reduction
and Drua Rx . 4




Hypertension in Children
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CONCLUSION

e Patients with hypertensive emergencies may
require immediate reduction in elevated blood
pressure to prevent and arrest progressive end-
organ damage.

* The best clinical setting in which to achieve this

blood pressure control is in the intensive care
unit, with the use of titratable intravenous

hypotensive agents.

 The appropriate therapeutic approach in each
patient will depend on the clinical presentation.
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1- in hypertensive crisis

* A- we target 90% control in 15t 4 hrs
* B- target organ damage depend is unavoidable

* C-can be treated with oral antihgypertensives



2- As regard monogenic hypertension

e A- bestis to treat with vasodilators
e B- difficult to control

e C- must be Admitted to PICU



3- A child experiencing PRES

* A- would be left with brain damage
* B- need high index of suspicious

* C-lesions are only limited to posterior brain



