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Background. Hypertension (HPT) is often underdiagnosed in children, although significant morbidity and mortality arises from
hypertensive target organ damage and hypertensive crises.

Objectives. To determine the prevalence, complications and causes of severe HPT in children <12 years old at a central hospital.
Methods. Hospital records of children <12 years old with severe HPT (stage 2 and higher) from 2005 to 2014 were reviewed. Demographics,
nutritional status, causes, HIV status, presence of target organ damage and treatment were analysed.

Results. Of 821 children admitted to the paediatric nephrology unit, 152 (18.5%) children had severe HPT, with a mean age of 6.3 years; 86
(57%) were boys. A total of 28 (19%) were HIV-positive, and 19 (68%) were treatment naive. Kidney disease accounted for 82% of cases,
46 (30%) having steroid-resistant nephrotic syndrome, 22 (14%) HIV-associated nephropathy, 19 (13%) glomerulonephritis, 21 (14%)
congenital urinary tract abnormalities and 17 (11%) other renal causes. Renovascular causes accounted for 12 (8%) cases. Of these 12, 7 (58%)
had left ventricular hypertrophy (LVH), compared with 10/125 (8%) who had other forms of kidney disease (p<0.023). Hypertensive crises
occurred in 28 (18%) patients, and were significantly more common in children with HPT secondary to renovascular causes than renal
causes (p=0.001).

Conclusion. Renal diseases were the most common cause of severe HPT in children. Hypertensive crises, retinopathy and LVH are

common in renovascular HPT.
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Hypertension (HPT) is a major non-communicable disease affecting
more than one billion people worldwide, with a rising prevalence.
A study that estimated worldwide blood pressure (BP) trends
from 1975 to 2015 showed an increase in adults with high BP,
from 594 million in 1975 to 1.13 billion in 2015, with the highest
prevalence noted in low-income countries."’ The morbidity and
mortality associated with HPT is increasing, as revealed in a study
that showed a rise in disability-adjusted life years between 1990 and
2015.”) There is evidence from many studies of BP tracking from
childhood to adulthood.™ 1t is therefore important to detect and
treat HPT early so as to reduce the risk of complications.

HPT in childrenisunderdiagnosed as thereis often no measurement
of BP in children presenting to healthcare facilities,” and at times
incorrect measuring techniques are used. The prevalence of HPT
may therefore be an underestimate, as some cases may have been
missed. In a systemic review and meta-analysis of 25 African studies
that recruited patients from 1997 to 2013, the pooled prevalence
of HPT was found to be 5.5% and that of pre-HPT 12.7% among
children and adolescents.”) A local study in school-age children
in the Phoenix area in Durban, South Africa (SA), revealed a
prevalence of 2.1% for pre-HPT and 2.6% for HPT."' Another school
survey by the National Kidney Foundation of SA (NKFSA) over a
9 - 10-year period showed hypertension in 12% of female and 16%
of male adolescents.”’ Other SA studies reported HPT prevalence
ranging from 1 to 24.4% in children.>*""

In younger children, secondary HPT is more common than primary,
with renal and renovascular causes making up the largest proportion.
The prevalence of primary HPT has, however, been increasing in older
children owing to sedentary lifestyles that result in obesity."*""

Hypertensive children should be assessed for target organ damage,
which can affect the heart, retina, kidneys and nervous system.[”]
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Hypertensive target organ damage is an indication for starting
antihypertensive medication."” Left ventricular hypertrophy (LVH) is
the most common form of target organ damage seen in children.™ It
is a risk factor for future cardiac disease, and treatment results in its
regression and reduction in cardiac risk."

While in adults severe HPT can be defined as systolic BP 2160 mmHg,
or diastolic BP 2100 mmHg, in children it has not been clearly
defined. In one review on severe HPT in children and adolescents,
severe HPT was defined as stage 2 HPT with severe symptoms,"”!
while in another study, it was defined as BP above stage 2 HPT with
associated symptoms."® Severe HPT can be divided into hypertensive
emergency and hypertensive urgency. Hypertensive emergency is
severe HPT with target organ damage and life-threatening symptoms
such as seizures and encephalopathy, while hypertensive urgency has
less serious symptoms such as vomiting and headache, with no target
organ damage. The management of these two forms of hypertensive
crisis differ as there is a more urgent need to reduce the BP in
hypertensive emergency.">'”

The present study aimed to determine the prevalence of severe
HPT, secondary causes, presence of target organ damage and the
incidence and treatment of hypertensive crises among patients
admitted to the paediatric nephrology unit at Inkosi Albert Luthuli
Central Hospital (IALCH), Durban, SA.

Methods

This 10-year retrospective chart review was done at IALCH, which
serves as a quaternary referral hospital for KwaZulu-Natal and its
neighbouring provinces. Computerised hospital records of patients
admitted to the paediatric nephrology unit at IALCH from 2005 to
2014 were reviewed. Inclusion criteria were all children <12 years
with severe HPT. Severe HPT was defined as stage 2 HPT as defined
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by the ‘Fourth report on the diagnosis, evaluation and treatment of
high blood pressure in children and adolescents, which classifies
BP as follows: normal if <90th percentile, pre-HPT if >90th to <95th
percentile or >120/80 mmHg in adolescents; stage 1 HPT if >95th to
99th percentile plus 5 mmHg, stage 2 HPT if >99th percentile plus 5
mmHg. BP was measured using automatic non-invasive BP devices
with an appropriately sized cuff. Blood pressure was measured three
times to confirm stage 2 HPT. However, for patients who had signs
and symptoms of hypertensive crisis, one reading in the stage 2 HPT
category was adequate to classify the patient as stage 2. A Pediatric
BP Calculator (PedsBP, Shuojing Song, USA) and/or age- and sex-
specific BP tables with height percentiles that utilised data from the
above report were used to classify HPT. Patients excluded from the
study were those >12 years old, children with HPT less than stage 2
and those managed under other specialist units.

Data collected included demographic data, nutritional status,
causes of HPT, HIV status, presence of target organ damage and
hypertensive crisis and its treatment. Nutritional status was assessed
using World Health Organization Child Growth Standards."”?"
Children were classified using BMI or weight-for-length/height:
wasted if <-2; normal if -2 to +2; overweight if >+2 to +3; and obese
if >+3.

Target organ damage assessed for included LVH as determined
by echocardiography undertaken by a paediatric cardiologist,
nephropathy based on presence or absence of proteinuria on
urine dipstick analysis, retinopathy and cerebrovascular accidents.
Hypertensive crisis information included the number of crises, and
the symptoms and treatment of each. Information was captured in
Excel (Microsoft, USA) and analysed by a professional statistician
from the School of Public Health, Biostatistics Department,
University of KwaZulu-Natal.

Permission to conduct the study was obtained from the Biomedical
Research Ethics Committee of the University of KwaZulu-Natal (ref.
no. BE507/15).

Results

One hundred and fifty-two (18.5%) of 821 children admitted over
the 10-year period had severe HPT, as shown in Fig. 1. Table 1
shows the number of patients in each age group. The mean age of
presentation was 6.3 years (range 10 days - 12 years). A total of 86
(57%) were male and 66 (43%) female. Race and nutritional status

Total admissions
n=821

Stage 2 HPT and Below stage 2 HPT
or >12 yrs old

n=669

<12 yrs old
n=152

No HPT or
>12yrs old
n=576

Below stage 2 HPT
n=93

Fig. 1. Admissions to paediatric nephrology unit at Inkosi Albert Luthuli Central
Hospital, 2005 - 2014. (HPT = hypertension.)

are shown in Table 2. Twenty-eight (19%) children were HIV-
positive; of these, 19 (68%) were not on antiretroviral treatment on
presentation (Table 2).

Table 3 shows the causes of severe HPT in the study group. Renal
causes accounted for 82% of cases, the most common cause being
nephrotic syndrome. Renovascular causes accounted for 12 (8%)
cases, Takayasu arteritis 8 (5%) and renal artery stenosis 4 (3%).
Systemic causes were noted in 3 (2%) children. All patients with
severe HPT secondary to steroid-resistant nephrotic syndrome
received prednisolone in an attempt to induce remission. However,
severe HPT was only diagnosed when patients were on low-dose
steroids (<0.5 mg/kg/day) or weaned off steroids, to remove steroids
as a possible causal agent for severe HPT.

Sixty-three (42%) children were assessed for LVH, of whom 21
(33%) were found to have this. Ten (48%) children with LVH had
renal causes, while 7 (33%) had renovascular causes. However, LVH
affected patients with renovascular causes more often than patients
with renal causes, as 58% (7/12) with renovascular causes had LVH,
compared with 8% (10/125) who had other forms of kidney disease
(p<0.023). Although this difference was statistically significant, the

Table 1. Patients with severe HPT (stage 2 or higher), by age
group (N=152)

Age n (%)
<28 days 2(1)

29 days - 2 years 24 (16)
>2 years 126 (83)

HPT = hypertension.

Table 2. Demographics and nutritional and HIV status of
children with severe HPT (N=152)

Characteristic n (%)
Sex

Male 86 (57)

Female 66 (43)
Race

Black African 138 (91)

Indian 7(5)

White 2 (1)

Not recorded 5(3)
Nutritional status

Normal 90 (59)

Overweight 7 (5)

Obese 7 (5)

Wasted 13 (9)

Not recorded 35 (23)
Height

Normal 86 (57)

Stunted 26 (17)

Tall 5(3)

Not recorded 35 (23)
HIV status

Negative 104 (68)

Positive

Untreated 19 (12)
Treated 9 (6)
Unknown 20 (13)

HPT = hypertension.
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proportion of patients not assessed for LVH among those with renal
causes was high, as only 33% of patients with renal causes were
assessed for LVH.

Seventy-seven (51%) children had nephropathy. Of these, 70 (91%)
had severe HPT secondary to renal aetiology, 4 (5%) renovascular
aetiology and in 3 (4%), the aetiology was unknown. Four (3%) had
hypertensive retinopathy. Cerebrovascular accident (CVA) was noted
in 4 (3%) patients. Retinopathy and CVA were noted more frequently
in those with renovascular causes (75%) as opposed to renal causes
(25%), but this was not statistically significant (p>0.3).

Hypertensive crises occurred in 28 (18%) patients. Of these, 22
(79%) had 1 hypertensive crisis, 4 (14%) had 2 and 2 (7%) had 3
crises. The most common symptoms noted were encephalopathy
and seizures, which occurred in 25 (89%) and 24 (86%) children,
respectively (Fig. 2). The most commonly used drugs for the crises
were nifedipine and labetalol, which were used as the sole agent in
11 (40%) and 4 (14%) children, respectively. Four (14%) children had
a combination of both drugs used sequentially. Less frequently used
drugs included sodium nitroprusside, furosemide and amlodipine.
Seventeen (61%) children with hypertensive crises were treated with
1 drug only, while 5 (18%) were treated with 2 drugs. Hypertensive
crisis was significantly more common among the children with
renovascular causes than in those with renal causes (OR 7.5; 95% CI
2.2 -26.2; p=0.001) of HPT.

Discussion

There was an 18.5% prevalence of severe HPT (stage 2) among
children admitted to the paediatric nephrology unit at IALCH over
the 10-year study period. While most previous studies determined
the prevalence of HPT in children, there is a limited number of
studies that assessed specifically for severe HPT in children. In
keeping with reports from other studies of HPT in children, males
in the present study were more commonly affected by severe HPT
than females, at 57% and 43%, respectively, a ratio of almost 3:2.
In another study on HPT prevalence, cardiac complications and
antihypertensive medication use in children, 61% of patients were
male and 39% female.”

Antiretroviral treatment for HIV-positive patients reduces the
incidence of HIV-associated nephropathy (HIVAN). In this study, 14%
of the patients with severe HPT had HIVAN, making it the second
most common cause of severe HPT after nephrotic syndrome. Free
antiretroviral treatment has been offered in the public sector in SA
since April 2004, but despite this favourable development, 19 (68%)
HIV-positive children were not on treatment.

The majority of the children had severe HPT due to secondary
causes, and 12 (8%) children had HPT of unknown aetiology despite
extensive investigations. In older children and adolescents, primary
HPT is more common than secondary, which is more often seen
in younger children."** In a study by Gupta-Malhotra et al.?* on
essential (primary) v. secondary HPT that included children from
birth to 19 years, essential HPT occurred at a significantly older age
than secondary HPT, with median ages at diagnosis of 12 years (range
3 - 17 years) and 9 years (range 0.08 - 19 years), respectively. The lower
prevalence of primary HPT in the current study may be due to the
exclusion of children older than 12 years, and of those with less severe
forms of HPT, since primary HPT presents in less severe forms.

The majority of HPT patients in the current study (125; 82%) had a
renal aetiology. This is in keeping with the results of other studies. A
study in Romania looking at aetiology and BP patterns in secondary
HPT in children showed that renal parenchymal disease accounted
for 83.2% of secondary HPT, which is similar to the present study’s
results.”” Two other studies that have demonstrated renal causes as
the most common causes of secondary HPT are a Polish®™ and a
Thai"”” study in which 68% and 62.7%, respectively, of their cases of
HPT were due to renal parenchymal disease. In the present study,

renovascular causes accounted for 8% of the cases of severe HPT,
which is similar to the Polish study above in which renovascular
causes accounted for 10% of the cases.*

While CVA and hypertensive nephropathy were assessed in the
present study in almost all patients with severe HPT, LVH was
only assessed in 42% of patients, and even fewer were assessed for
hypertensive retinopathy (17%), as shown in Fig. 3. This was a result
of limited resources, and staffing constraints.

Table 3. Causes of severe HPT (stage 2 or higher) in children
by age (N=152)

Age (years),
Cause n (%) mean (SD)
SRNS 46 (30) 5.6 (2.8)
HIVAN 22 (14) 7.5 (2.4)
CAKUT 21 (14) 4.8 (3.9)
Glomerulonephritis 19 (13) 7.1(2.7)
Renovascular* 12 (8) 7.8 (3.5)
Other renal’ 17 (11) 5.4 (3.5)
Systemic disease’ 3(2) 8.3 (3.8)
Primary 12 (8) 6.7 (4.2)
Total 152 (100) 6.3 (3.3)

HPT = hypertension; SD = standard deviation; SRNS = steroid-resistant nephrotic
syndrome; HIVAN = HIV-associated nephropathy; CAKUT = congenital
abnormalities of the kidney and the urinary tract.

*Takayasu arteritis, renal artery stenosis (RAS), facute kidney injury of unknown
cause, chronic kidney disease of unknown cause, haemolytic uraemic syndrome,
tubulo-interstitial nephritis, #*Henoch-Schénlein purpura, systemic lupus
erythematosus, Wegener’s granulomatosis.
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Fig. 2. Symptoms and signs that occurred in hypertensive crises (multiple
symptoms per patient).
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Fig. 3. Target organ damage: assessment and results. ( LVH = left ventricular
hypertrophy; CVA = cerebrovascular accident).
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It is recommended by the ‘Fourth report on the diagnosis, evaluation
and treatment of high blood pressure in children and adolescents’
that all children and adolescents with established HPT be assessed
by echocardiogram for LVH."” Regression of LVH has been noted
with antihypertensive treatment. A study by Kupferman et al.*
showed that there may be a decline in LVH with BP reduction in
children with chronic kidney disease. In the present study, only 42%
of patients were assessed for LVH, owing to limited resources and
staffing constraints. Of these, 33% were noted to have LVH. In a US
study by Hanevold et al.,” the prevalence of LVH was 41.1%.”” The
proportion of patients with LVH in the present study was lower than
this, possibly because fewer patients were assessed for LVH.

Proteinuria as a marker of hypertensive nephropathy was difficult
to assess in this study, as the majority of patients had nephrotic
syndrome, meaning that the presence of proteinuria was more
likely due to the primary disease than it was a complication of HPT.

Hypertensive retinopathy is well documented in adults; however,
there are limited studies available on children. In a study by
Williams et al.”” that assessed hypertensive retinopathy in severely
hypertensive children, 18% of the children who had eye assessments
had hypertensive retinopathy. The same study showed that in
patients with renovascular disease, there was a higher prevalence
of hypertensive retinopathy, although this was not statistically
significant.”” In our study, 4 (15%) patients had hypertensive
retinopathy, comparable to the results of the study by Williams et al.,””
with 3 (75%) having HPT secondary to renovascular causes.

HPT is a known risk factor for CVA in adults, and improved BP
control reduces this risk. In children, HPT may be an important factor
in the development of stroke."™ In our study, 4 (3%) patients had
CVAs, with 3 (75%) of these having HPT secondary to renovascular
causes.

Hypertensive crisis occurred in 28 (18%) children. The most
common presentations in the present study were encephalopathy and
seizures, which occurred in 89% and 85% of the cases, respectively.
Unlike these results, a study in Taiwan showed headache (54.5%) and
dizziness (45.5%) as the two most common presenting symptoms."”
In the present study, the proportion of patients with hypertensive crisis
was significantly higher among children with renovascular causes of
HPT than intrinsic renal causes (58% v. 16%, p<0.001).

Intravenous antihypertensive therapy is recommended for
hypertensive emergencies for a controlled reduction in BP"
aiming to reduce it by 25% in the first 8 hours, then gradually over
24 - 48 hours. Hypertensive urgencies can be treated with oral or
intravenous antihypertensives."”’ The recommended intravenous
drugs include esmolol, hydralazine, labetalol, nicardipine and
sodium nitroprusside."” In the present study, almost 90% of
patients with hypertensive crisis had hypertensive emergencies,
yet only 36% were treated with intravenous antihypertensives. The
most commonly used antihypertensive was oral nifedipine. The
reason for the limited use of intravenous antihypertensives is that
the majority of patients were treated in a general ward, owing to
limited space in the intensive care unit. In the general ward, close
intensive BP monitoring is not possible, owing to limited staff and
equipment, hence the use of oral nifedipine, which is also more
readily available and is more easily administered in a general care
setting.

The strengths of the current study are that it was carried out over
a long period of time and a significantly large number of patients
were included in the study. A limitation of the study is that it was
conducted at a single centre and not all parameters, such as LVH
and retinopathy, were assessed in every patient (Fig. 3). This limits
the conclusions that can be drawn from some of the data obtained.
Another limitation of the study is that, being retrospective, the actual
technique of BP measurement in the children may not have been
standardised over the period.

Conclusion

Our findings of severe HPT in children aged <12 years showed that
it occurred more commonly in males. The most common cause
was glomerular disease, with the majority of the patients having
steroid-resistant nephrotic syndrome. Renovascular HPT is the
more severe form, as a higher proportion of these patients had target
organ damage and hypertensive crises. A high proportion of children
with HIV infection who were not on antiretroviral treatment were
diagnosed with severe HPT.

Based on our current findings, we strongly recommended HIV
testing in all children, with early commencement of treatment in
those who test HIV-positive, to reduce the prevalence of HIVAN,
which is a significant cause of severe HPT. Long-term studies should
be done in our population to monitor the progression of LVH and
retinopathy in children on antihypertensive treatment. Children
presenting with encephalopathy or seizures should have their BP
checked as these were the most common presentations in children
with hypertensive crisis.
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