
 

American Journal of Pediatrics 
2020; 6(2): 109-116 

http://www.sciencepublishinggroup.com/j/ajp 

doi: 10.11648/j.ajp.20200602.18 

ISSN: 2472-0887 (Print); ISSN: 2472-0909 (Online)  

 

Arterial Hypertension in Children with Chronic Kidney 
Diseases 

Karimdzhanov Ilkhamdzhan
*
, Rakhmanova Lola, Iskanova Gulshan, Israilova Nigora,  

Yusupova Gulnoza, Karimova Umida 

Department of Children Diseases N2 of Tashkent Medical Academy, Tashkent, Uzbekistan 

Email address: 

 

*Corresponding author 

To cite this article: 
Karimdzhanov Ilkhamdzhan, Rakhmanova Lola, Iskanova Gulshan, Israilova Nigora, Yusupova Gulnoza, Karimova Umida. Arterial 

Hypertension in Children with Chronic Kidney Diseases. American Journal of Pediatrics. Special Issue: Chronic Kidney Disease in 

Children. Vol. 6, No. 2, 2020, pp. 109-116. doi: 10.11648/j.ajp.20200602.18 

Received: February 18, 2020; Accepted: March 4, 2020; Published: March 10, 2020 

 

Abstract: Arrterial hypertension (HTN) is one of the most common sequelae of chronic kidney disease (CKD) in children. 

In children with chronic kidney disease (CKD) HTN is several times higher than in the general pediatric population. With 

progression of CKD, HTN increases, reaching 45-60% in dialysis patients. The regulation of hypertension in children is 

mandatory in the treatment of CKD due to the fact that hypertension is often goes unrecognized, insufficiently controlled and 

often masked. The etiology of hypertension is different depending on the age of diagnosis. In newborns and young children, 

hypertension occurs due to renovascular diseases such as renal venous thrombosis, renal artery stenosis and other renal 

parenchymal diseases. HTN is considered a marker for disease severity in CKD and is a risk factor for accelerated 

deterioration of kidney function as well as for cardiovascular disease. Activation of the renin–angiotensin–aldosterone system 

plays a pivotal role in renal hypertension. Оbesity and hyperuricemia are the risk factors for HTN in CKD in children and lead 

to the progression of CKD. HTN-induced target organ damage (TOD) manifests as microalbuminuria/proteinuria, retinopathy, 

increase in intima media thickness, atherosclerosis, reduced arterial compliance, cognitive impairment, and left ventricular 

hypertrophy (LVH). In adults and children with CKD, ABPM has been found to be superior than causal blood pressure to 

diagnose hypertension and to monitor adequacy of treatment. The main drug therapy used in children with HTN and CKD 

consists of ACE inhibitors. Strict BP control and limitation of proteinuria with ACE inhibitors and angiotensin receptor 

blockers (ARB) can slow the progression of CKD. 
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1. Introduction 

Arrterial hypertension (HTN) is one of the most common 

sequelae of chronic kidney disease (CKD) in children. In 

children with chronic kidney disease (CKD) HTN is several 

times higher than in the general pediatric population. With 

progression of CKD, HTN increases, reaching 45-60% in 

dialysis patients [1, 2]. There are now many studies 

demonstrating an interaction between CKD and HTN, with 

HTN likely hastening the progression of CKD toward end-

stage renal disease [3, 4, 5]. The regulation of hypertension in 

children is mandatory in the treatment of CKD due to the fact 

that hypertension is often goes unrecognized, insufficiently 

controlled and often masked [6, 7]. Violation of vascular 

regulation, fluid overload, increased cardiac output, and 

peripheral vascular resistance, individually or in 

combination, can lead to HTN in CKD. Hyper-reninemia 

occurs probably due to renin secretion in poorly perfused 

areas such as cysts and scars or after microangiopathic 

damage or tubulo-interstitial inflammation [8] and leads to 

angiotensin II-mediated vasoconstriction, as well as 

aldosterone-mediated salt retention, thus increasing both total 

peripheral resistance and blood volume. Additional delayed 

effects of a high angiotensin II tone include inflammation, 

cardiac hypertrophy and endothelial cell damage, mesangial 
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cell proliferation and fibrosis [9, 10], which contribute 

further to HTN and end-organ damage. For adequate 

management of HTN and prevention of target organ damage, 

the use of modern methods for monitoring and controlling 

blood pressure is important [11]. At the same time, the 

diagnosis and treatment of HTN in children with CKD 

remains a problem today [8]. Antihypertensive drugs, 

including angiotensin converting enzyme (ACE) inhibitors, 

provide renoprotection and slow the progression of CKD in 

children with and without proteinuria [12]. The use of ACE 

inhibitors in CKD in children is often accompanied by 

hyperkalemia [13]. Monitoring blood pressure and diet are 

factors in the regulation of HTN, however, they are difficult 

to control in children [14]. 

Hypertension in children in the general population is quite 

rare, with a prevalence of up to 2% -18%, but in children 

with CKD, the prevalence increases to 50% or more [15, 16]. 

In the cohort studies of CKiD, HTN was detected in 54% of 

children with CKD, while the NAPRTCS registry revealed 

HTN in 76.6% of patients [17, 18]. The etiology of 

hypertension is different depending on the age of diagnosis. 

In newborns and young children, hypertension occurs due to 

renovascular diseases such as renal venous thrombosis, renal 

artery stenosis and other renal parenchymal diseases. HTN 

more prevalent in preterm neonates, with the presence of 

umbilical lines, postnatal acute kidney injury, patent ductus, 

intraventricular hemorrhage, and chronic lung disease, 

associated with HTN [19, 20, 21]. 

At the same time, in older children and adolescents, the 

most common causes of hypertension are characterized by 

renal parenchymal and renovascular diseases [22, 23]. 

Children with CKD most often present with secondary HTN, 

as BP elevation is a common consequence of renal damage 

and decreased renal function. [4]. The Kidney Disease 

Outcome and Quality Initiative found the prevalence of HTN 

in children with CKD to be 70%, and it may even be as high 

as 80% in those with stage IV and V CKD [24]. A more 

recent study of the CKiD cohort found that 52% of patients 

whose BP was measured by ambulatory blood pressure 

measurement (ABPM) met the criteria for HTN [23]. In the 

NAPRTCS registry cohort, 76% of children on chronic 

dialysis had HTN, 57% of which were cases of uncontrolled 

HTN requiring further investigation to direct management 

[25, 18]. 

2. Pathophysiology of HTN in Children 

with CKD 

In contrast to adult populations HTN is rarely a direct 

cause of CKD in children, however, it likely contributes to its 

progression [26]. Fundamentally, increased blood pressure is 

caused by an increase in cardiac output and/or of total 

peripheral resistance. Both can be altered by a plethora of 

different mechanisms in uremia and renal failure. 

Additionally, children with certain underlying diseases, e.g. 

glomerulopathies and polycystic kidney disease, are 

especially susceptible to hypertension [3, 5]. HTN is 

considered a marker for disease severity in CKD and is a risk 

factor for accelerated deterioration of kidney function as well 

as for cardiovascular disease [27, 28]. Activation of the 

renin–angiotensin–aldosterone system plays a pivotal role in 

renal hypertension. While plasma renin activity is typically 

found to be markedly elevated only in patients with renal 

artery stenosis, many patients with CKD have inappropriately 

normal renin levels (i.e. lower levels would be expected, 

considering their degree of hypertension and fluid overload 

[29, 30]. Hyper-reninemia occurs probably due to renin 

secretion in poorly perfused areas such as cysts and scars or 

after microangiopathic damage or tubulo-interstitial 

inflammation [31, 32] and leads to angiotensin II-mediated 

vasoconstriction as well as aldosterone-mediated salt 

retention, thus increasing both total peripheral resistance and 

blood volume. Additional delayed effects of a high 

angiotensin II tone include inflammation, cardiac 

hypertrophy and endothelial cell damage, mesangial cell 

proliferation and fibrosis [10], which contribute further to 

hypertension and end-organ damage. The sympathetic 

nervous system plays a critical role at the level of the kidneys 

with the progression and persistence of pediatric HTN. 

Sympathetic hyperactivity has been noted in CKD and is 

thought to be mediated by excess free radical formation, 

reduced nitric oxide (NO) bioavailability, and excessive 

production of angiotensin II [33, 34]. In hypertensive 

patients, an imbalance exists between NO – a vasodilator – 

and other vasoconstrictors [35]. NO is also known to increase 

renin, the precursor for the RAAS. The RAAS involves 

several players: renin is released by juxtaglomerular cells in 

the kidneys in response to low BP, causing cleavage of 

angiotensinogen (precursor made in the liver) to angiotensin 

I. Angiotensin II acts on the zona glomerulosa of the adrenal 

cortex to release aldosterone in order to increase water 

absorption and sodium uptake from the distal convoluted 

tubule and the collecting duct, [34] alters baroreceptor 

reflexes to higher set points resulting in potentiation of the 

effects of noradrenaline in the sympathetic nerve terminal; 

[33] and stimulates the release of antidiuretic hormone from 

the pituitary to increase water uptake and associated blood 

volume [36, 37]. HTN, nephron mass, and proteinuria are 

intimately linked and have compounding effects on one an 

other, and they are the three main risk factors for CKD 

progression. Loss of nephron mass leads to glomerular 

hyperfiltration and increased GFR [38]. Proteinuria is caused 

either by damage to the glomerular capillary wall or by 

decrease in tubular reabsorption of protein leading to further 

destruction of the renal tubular cells - interstitial 

inflammation and subsequent fibrosis [39, 40, 41]. 

Albuminuria has also been demonstrated to be an 

independent risk factor of pediatric HTN [42]. Studies have 

found that in 62% of patients, pronounced proteinuria is 

associated with lower GFR [41]. 

2.1. Risk Factors for HTN in CKD in Children 

Оbesity in children worldwide is increasing. WHO 
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statistics in 2016 indicated that 41 million children under 5 

years old and 340 million children and adolescents aged 5 to 

19 years were overweight and obese [43]. The prevalence of 

obesity in the USA was 17% from 2011 to 2014 in the 

pediatric population [44]. In Europe, an estimated prevalence 

of 20% of children and adolescents are overweight, with one-

third of these being considered as obese [45]. In Russia 

overweight and obesity are 19,9% and 5,6% respectively 

[46]. Obesity, or increased BMI, can now be considered as a 

risk factor for cardiovascular disease, diabetes and for CKD 

[47-49]. 

The increase in CKD in those who are obese is thought to 

be in part due to increased metabolic demands which, lead to 

a compensatory glomerular hyperfiltration injury in the 

kidney [50, 51]. Now its termed obesity-related 

glomerulopathy, and it has been speculated that a decrease in 

the number of functional nephrons might also be implicated 

in the pathogenesis [51]. Obesity can lead to RAAS 

activation along with other metabolic pathways leading to 

HTN and the metabolic syndrome [52, 53]. Hyperuricemia is 

another risk factor for HTN in children and inherited 

disorders of purine metabolism are the most common cause 

of hyperuricemia. Hyperuricemia and CKD are closely 

related, since the accumulation of uric acid is associated with 

hypertension, metabolic syndrome and microalbuminuria, 

which are also risk factors for the progression of CKD [54, 

55]. 70% percent of patients with an eGFR <60 mL/min/1.73 

m
2
 had hyperuricemia, compared to 34% of those with an 

eGFR >60 mL/min/1.73 m
2
 [56, 57]. 

2.2. HTN and the State of Target organs in Children with 

CKD 

Hypertension is a major comorbidity associated with CKD 

and is one of the main factors contributing to the progression 

of CKD. HTN-induced target organ damage (TOD) manifests 

as an injury to several organs: (A) kidney: 

microalbuminuria/proteinuria, chronic kidney disease [58, 

59], (B) eye: retinopathy (1), (C) vessels: increase in intima 

media thickness, atherosclerosis, reduced arterial compliance 

(58), (D) brain: cognitive impairment [60], and (E) heart: left 

ventricular hypertrophy (LVH). [61]. 

HTN, nephron mass, and proteinuria are intimately linked 

and have compounding effects on one an other, and they are 

the three main risk factors for CKD progression [62]. Retinal 

abnormalities are common in CKD stages 3 to 5, and are 

more severe and more likely to threaten vision than in 

hospital patients with CKD stages 1 to 2 [63]. Regarding the 

fundus of the eye examination, this study reported that, 4 

patients (13.3%) developed fundus abnormalities, 3 patients 

(10%) had intraretinal Hge and only one patient (3.3%) had 

myopic fundus, meanwhile the most detected retinal 

microvasculature abnormalities were congested vessels 

(33.3%) then hyperemic disc (16.7%) followed by attenuated 

arteries (13.3%) [64]. 

cIMT is significantly elevated among children with CKD 

as is the prevalence of other cardiovascular risk factors such 

as hypertension and dyslipidemi and significantly associated 

with them [1, 65]. LVH (left ventricular hypertrophy) may be 

evident in hypertensive children with CKD and patient with 

masked hypertension [66]. 

Makarova T. et al. detect changes in the cardiac muscle in 

patients already at the first stage of CKD [67]. A significant 

increase in the volume of the heart cavities, the thickness of 

the walls and left ventricular myocardial mass in patients was 

detected in the terminal stage of CKD [2]. 

Children with CKD may have low-average cognition 

compared with the general population, with mild deficits 

observed across academic skills, executive function, and 

visual and verbal memory. Limited evidence suggests that 

children on dialysis may be at greatest risk compared with 

children with mild to moderate stage CKD and transplant 

recipients [68]. 

3. Diagnosis and Monitoring HTN in 

Children with CKD 

Hypertension is common in children with chronic kidney 

disease (CKD) and end-stage renal disease. Hypertension is a 

known independent risk factor for renal disease progression 

in children [69, 70]. It is also a risk factor for left ventricular 

hypertrophy and increased carotid intima-media thickness in 

children with CKD [65, 66]. Diagnosis and monitoring of 

HTN depends on accurate BP measurements. Several widely 

used methods for monitoring blood pressure are known: 

causal BP measurement, self-measured BP and ambulatory 

blood pressure monitoring (ABPM). With causal BP 

measurements of blood pressure, it is difficult to make 

accurate records, since the child often has to sit motionless 

for 5 minutes to get the records. Simultaneously self-

measured BP measurements reliability of data is low [4]. 

ABPM has been shown to be a more accurate technique than 

causal BP to diagnose hypertension and to stratify 

cardiovascular risk, especially in patients with CKD stages 

3–5 [22, 71]. In adults and children with CKD, ABPM has 

been found to be superior than causal blood pressure to 

diagnose hypertension and to monitor adequacy of treatment 

[72]. ABPM also correlates better with end organ damage 

[73]. ABPM uses a wearable, oscillometric BP device that 

automatically measures and records BPs at fixed intervals 

(every 20 min when awake and every 30 min to 1 h during 

sleep) over an entire 24-h period [74]. This allows the 

assessment of child's overall exposure to elevated BP (BP 

load) and changes in normal circadian BP pattern. 

Furthermore, ABPM minimizes the effect of anxiety-induced 

BP elevations known as white coat hypertension (WCH) as 

BP is monitored over a longer period in the child's own 

environment [75].] ABPM is also able to diagnose masked 

hypertension, a condition in which CBP in an office setting is 

normal, but the BP is found to be high at other times during 

24 hours [76]. Masked hypertension is not a benign entity 

and has been shown to predict end organ damage thus 

necessitating its detection and management [66]. In children 

from the CKiD cohort with an eGFR of 30–90 mL/min/1.73 
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m
2
, 42% were normotensive, 4% had white coat HTN, 35% 

had masked HTN, and 14% had ambulatory HTN. BP load 

was elevated in 52%, while mean BP was elevated in only 

32%. Creatinine ratio change was also associated with 39% 

higher odds of having an abnormal ABPM [23]. 

According to Gupta et al. masked hypertension was 

detected in 19.6% and 21.7% had confirmed hypertension. 

Thirty-four (73.9%) children were already receiving 

antihypertensive medication. In these, casual blood pressure 

(CBP) was elevated in 23.5% and ABPM in 47%. Among 

children with hypertension as defined by ABPM, LVH was 

detected in 32.2%. It was found that higher the number of 

abnormal ABPM indices (assessed by BP Index, nocturnal 

dipping and BP Load) higher the likelihood of LVH. ABPM 

is better in detecting hypertension and monitoring adequacy 

of treatment in children with CKD [77]. 

4. Treatment 

HTN develops very early in childhood CKD. It is linked 

with rapid progression of kidney disease, increased morbidity 

and mortality hence the imperative to start anti-hypertensive 

medication when blood pressure (BP) is persistently > 90th 

percentile for age, gender, and height in hypertensive 

children with CKD [78]. Today known different guidelines 

on the management of HTN in CKD. In particular [79]. 

KDIGO guidelines indicate that antihypertensive therapy 

should be initiated immediately for children with CKD with a 

BP over the 90th percentile and now also recommends 

targeting BP <50th percentile for children with CKD and 

proteinuria. The European Society of Hypertension more 

recently defined a target BP reduction to <75th percentile for 

nonproteinuric CKD and <50th for proteinuric CKD [80]. 

Usually treatment in children without CKD begin with 

lifestyle modifications (weight control, healthy diet, sodium 

reduction, and maintained exercise [5]. Treatment of 

hypertension in children, with and without CKD, is based on 

3 factors: degree of BP elevation, the presence of 

cardiovascular risk factors, and the presence of target organ 

damage. The priority for the doctor in the treatment is diet, 

but in children population difficult control [81]. 

Another important goal of therapy is the elimination of 

symptoms and signs of hypertension, as well as damage to 

target organs. LVH, detected on cardiac echocardiography, is 

a sensitive tool for detecting damage to the target organ in 

children with hypertension. LVH is detected in 40% of these 

children [82, 83]. However, the first line of therapy in 

children with HTN and CKD is RAAS. Children receiving 

RAAS drugs have better control over blood pressure than 

those receiving other classes of antihypertensive drugs [7, 

10]. 

The main drug therapy used in children with HTN and 

CKD consists of ACE inhibitors. Strict BP control and 

limitation of proteinuria with ACE inhibition can slow the 

progression of CKD [57]. According to the results of the 

ESCAPE study, American Academy of Pediatrics in 2017 

recommends the treatment of hypertension in children with 

ACE inhibitors or angiotensin receptor blockers (ARB) - 

especially in patients with proteinuria) [84, 85, 86]. ARB and 

ACE inhibitors, when used together, improve the outcomes 

of cardiovascular and renal outcomes. Combination therapy 

is believed to provide a greater antiproteinuric effect than 

monotherapy [83]. In children with HTN and CKD, lisinopril 

and enalapril (ACE inhibitors), bisoprolol (beta-1 adrenergic 

receptor blocker), amlodipine and felodipine 

(dihydropyridine calcium channel blockers) found to be safe 

and effective [87, 88, 89]. Often a single agent will be 

insufficient to achieve currently recommended targets of BP 

<50th percentile in proteinuric CKD children and at least 

50% of children will require additional agents [10]. In 

addition, used diuretics, mainly thiazides, which, reducing 

the extracellular fluid volume overload and cardiac output, 

possibly due to a decrease in peripheral vascular resistance, 

the other important contributor to BP [90]. In the early stages 

of CKD, thiazides can be effective, but their effectiveness 

decreases after GFR drops below 60 ml / min / 1.73 m 2 and 

they are ineffective in stages IV and V of CKD, where 

furosemide is the best choice [91]. 

5. Conclusion 

Thus, HTN is common in children with all stages of CKD. 

Оbesity, hyperuricemia and metabolic syndrome are risk 

factors for HTN and the progression of CKD. The ABPM is 

the best method for monitoring blood pressure, and with diet 

prevents the progression of the disease. Blood pressure and 

CKD in children are closely linked and often cause a 

decrease in renal function in children. In CKD in children, 

hypertension is often masked, and therefore, this is especially 

important in the treatment, reno and cardioprotection. The 

best drugs for treating hypertension and CKD are ACE 

inhibitors, together with other drugs that affect RAAS. It is 

very important in children with CKD to study the state of 

target organs, due to their frequent damage, deterioration of 

their functions and development of complications, which 

reduces the quality of life of children. 
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