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Abstract

Background Chronic systemic hypertension has a well-known association with increased cardiovascular morbidity and mortal-
ity. One of the most important target organs affected in systemic hypertension is the heart. In addition, chronic kidney disease
(CKD) further increases the mortality from cardiovascular disease. The aim of this study was to evaluate the differences in the
cardiovascular changes in pediatric patients with primary hypertension (pHTN) vs. those with secondary hypertension from
chronic kidney disease (CKD-HTN).

Methods This was a retrospective chart review of patients with CKD-HTN and pHTN. The medical records were reviewed for
anthropometric data, biochemical assessment of renal function, and for cardiovascular changes on echocardiogram.

Results Twenty-three patients with pHTN and 29 patients with CKD-HTN were included in the study. There were no differences
in age, gender, weight, height, body mass index, and blood pressure between the 2 groups. There was a high prevalence of left
ventricular diastolic dysfunction among both the groups (CKD-HTN 25 vs. pHTN 26%). Reduced mitral valve inflow Doppler
E/A ratio, a marker of left ventricular diastolic dysfunction in echocardiogram, was more pronounced in CKD-HTN patents, in
comparison to those with pHTN (p =0.042). Also, diastolic function worsened with declining glomerular filtration rate in
patients with CKD-HTN. Similarly, patients with CKD-HTN had a larger aortic root dimension when compared to patients with
pHTN (p = 0.049).

Conclusions The prevalence of left ventricular diastolic dysfunction is similar in patients with pHTN and CKD-HTN. Patients
with CKD-HTN appear to have more severe diastolic dysfunction and larger aortic root dimensions.
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Introduction

Systemic hypertension (HTN) is one of the major risk factors
for cardiovascular morbidity and mortality. In adults, elevated
blood pressure has been shown to be associated with stroke
and coronary artery disease [1]. The severity and duration of
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HTN have an impact on target organ damage. Children diag-
nosed with HTN at an early age are at higher risk for devel-
oping adverse cardiovascular events in adulthood [2, 3].
Secondary hypertension is relatively more common in chil-
dren when compared to adults. Chronic kidney disease (CKD)
is one of the common causes of secondary hypertension in
pediatric patients [4].

In children and adults with CKD, cardiovascular disease
(CVD) is the leading cause of mortality. This is especially true
in those with advanced CKD due to the higher prevalence of
non-traditional risk factors, such as dysregulation of mineral
metabolism, in addition to other traditional risk factors [5, 6].
However, there is evidence that CVD even occurs in early
CKD which can progress with time [7, 8]. Thus, chil-
dren with CKD and HTN (CKD-HTN) could have acceler-
ated risk for CVD, when compared with subjects with pHTN.
Understanding the early echocardiographic changes in these
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patients, when compared to those with pHTN may help in
early recognition and prevention of CVD.

Increased afterload on the left ventricle due to HTN causes
left ventricular hypertrophy (LVH) and remodeling [9]. LVH
is the most common manifestation of cardiac involvement in
patients with hypertension [10, 11]. It has been demonstrated
in many studies that LVH is an independent predictor of ad-
verse cardiovascular outcomes [12, 13]. In addition to LVH,
left ventricular remodeling is also prevalent in patients with
HTN [14]. Systolic function of the heart is rarely affected in
pediatric patients with HTN. However, diastolic dysfunction,
an indicator of the compliance of the heart, has been previous-
ly reported in children with HTN [14, 15]. Many studies have
replicated an increase in the left ventricular mass in children
with primary hypertension (pHTN) and secondary HTN due
to chronic kidney disease (CKD-HTN) [10, 14—18]. Dilatation
of the aortic root has been well described in adults with HTN.
Approximately 10% of adults with HTN have dilatation of the
aortic root [18, 19].

There is a relative paucity of literature comparing cardio-
vascular changes in patients with pHTN and CKD-HTN.
Given this background, we tried to compare and analyze the
markers of cardiovascular changes among pediatric patients
with pHTN and CKD-HTN. We hypothesize that the patients
with CKD-HTN might have an additional risk for cardiac
abnormalities when compared to those with pHTN. We also
evaluated the association of cardiovascular changes in these
patients with variables related to CKD, including kidney func-
tion, proteinuria, and abnormal mineral metabolism.

Methods

This was a retrospective chart review of patients with pHTN
and CKD-HTN followed at the Holtz Children’s/Jackson
Memorial Hospital during the period of January 2009 through
December of 2016. This review was approved by the
Institutional Review Board of Human Subjects Research at
the University of Miami and Holtz Children’s Hospital.
Pediatric patients with HTN who underwent both renal and
cardiac evaluation, including a transthoracic echocardiogram,
were included in this study.

The patients with diagnosis of systemic HTN were obtain-
ed using the diagnosis code (ICD 9 codes 401-404 and ICD 10
codes 110-115). Among these patients, those who had com-
plete evaluation (cardiology visit, nephrology visit, echocar-
diogram, and laboratory evaluation), within a 6-month win-
dow were included in this study. HTN is defined as a blood
pressure of >95th percentile for age, gender, and height per-
centile or history of hypertension on antihypertensive medica-
tions. Patients with history of congenital heart disease, genetic
disorders, organ transplant recipients, and secondary hyper-
tension not related with CKD were excluded. We also
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excluded the patients with advanced CKD (stages 4-5, dialy-
sis, or kidney transplantation) since these patients might have
fluid overload and marked anemia, confounding factors, con-
tributing to cardiovascular changes. The patients included in
this study were classified into 2 groups: pHTN and HTN due
to CKD (CKD-HTN). pHTN is diagnosed in patients with no
identifiable etiology for HTN. CKD is defined as abnormal
renal structures and or function for > 3 months [20].

The medical records of the patients included in this study
were then reviewed and data collected. The following vari-
ables were extracted from the medical records: weight, height,
body mass index (BMI), systolic, and diastolic blood pres-
sures during the nephrology evaluation. In general practice,
the blood pressure was measured routinely by standard
oscillometric equipment. If the blood pressure was elevated,
there would be two more repeat measurements to confirm
HTN, and the average value was recorded in the electronic
medical record. The Z-scores for the blood pressure values
were calculated using an online tool from the Baylor
College of Medicine (Houston, TX) (www.bcm.edu/
bodycomplab/Flashapps/BPVAgeChartpage.html). This
online tool uses the data provided by the Fourth Report from
the National High Blood Pressure Education Program
(NHBPEP) working group on Children and Adolescents in
2004. Selected laboratory tests, including blood urea nitrogen
(BUN), serum creatinine, calcium, phosphorus, alkaline phos-
phatase, intact parathyroid hormone (iPTH), 25-hydroxy vita-
min D, uric acid, and low-density lipoprotein cholesterol con-
centrations, as well as hemoglobin A1C (HbA1C), were col-
lected. The glomerular filtration rate (GFR) was calculated
using bedside Schwartz formula from the available laboratory
data.

The transthoracic echocardiograms were performed using
one of the two available ultrasound systems in our laboratory
(Vivid 9, GE Medical Systems, Milwaukee, W1; iE33, Philips
USA, Bothell, WA). The data of interest in echocardiography
were left ventricular systolic and diastolic function parame-
ters, left ventricular mass index (LVMI), left ventricular ge-
ometry, and aortic root measurements. The Z-scores for
weight, height, and BMI were calculated using CDC growth
charts (www.cdc.gov/growthcharts/zscore.htm).

Left ventricular ejection fraction (EF) and shortening frac-
tion (SF) were used as measurements of left ventricular sys-
tolic function. EF was calculated using biplane Simpson meth-
od in the apical views of the heart as recommended by the
American Society of Echocardiography. SF was calculated in
the parasternal short axis views using M-mode data. The other
M-mode measurements calculated include interventricular
septal thickness in diastole (IVSD), left ventricular end dia-
stolic dimension (LVEDD), posterior wall thickness at end
diastole (PWD), and left ventricular end systolic dimension
(LVESD). The relative wall thickness (RWT) and indexed left
ventricular mass (LVMI) were also calculated using the above
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M-mode measurements. RWT was calculated using the for-
mula (2 x PWD)/LVEDD [21, 22]. The left ventricular mass
was calculated using the Devereux formula [22]. The LVMI
was then calculated by dividing the calculated left ventricular
mass in grams by the patient’s height (in meters) raised to the
power of 2.7 (LVMI = left ventricular mass (gm)/height
(m)>7).

The diastolic function of the left ventricle was calculated
from left ventricular inflow pulsed Doppler and from tissue
Doppler imaging (TDI) of the left ventricular lateral wall and
the interventricular septum, as recommended by the American
Society of Echocardiography. Normal left ventricular inflow
Doppler has two components: an E wave which represents
early filling of the ventricle and a smaller A wave which rep-
resents late diastolic filling during atrial contraction. The nor-
mal TDI is characterized by early (¢”) and late (a’) diastolic
myocardial excursion velocities.

The diameter of the aortic root was calculated in the
parasternal long axis views during systole. It represents
the maximal diameter of the aorta at the level of the
sinuses of Valsalva [23]. The Z-scores for the aortic
root were calculated using an online Boston Children’s
Hospital Z-score calculator.

Definitions of echocardiographic data

An E/A ratio less than 1 [24] and/or an E/e’ ratio Z-score
greater than +2 [15] is defined as diastolic dysfunction of
the left ventricle. The Z-scores for E/e’ were calculated using
the reference values established by Eidem et al. in 2004 [25].
LVH is defined as LVMI of greater than 95th percentile for
age and gender [26]. Using LVMI and RWT, left ventricular
geometry is generally classified into four patterns: (1) normal
geometry: normal LVMI and RWT; (2) concentric remodel-
ing: normal LVMI and increased RWT; (3) eccentric hyper-
trophy: increased LVMI and normal RWT; and (4) concentric
hypertrophy: increased LVMI and RWT [14].

Statistical analysis

Descriptive characteristics were expressed as mean (SD), me-
dian [interquartile range], and percentage of occurrence. A
non-parametric Mann-Whitney (two-tail) test and one-way ¢
test (parametric data) were employed to evaluate differences
in variables between hypertensive children with or without
CKD. Fisher’s exact test was used for non-parametric data,
and chi-squared test was used to evaluate contingency tables
between the two groups. Correlation analysis was also done to
evaluate the relationship between the variables. Statistical
analyses were performed using GraphPad Prism (La Jolla,
CA) and IBM-SPSS Statistical software (IBM Corporation,
Armonk, NY). A significance level (a) of 0.05 was used for
each of the tests.

Results

From the cohort of 110 pediatric patients with a diagnosis of
systemic HTN who had concurrent care with both pediatric
cardiologist and pediatric nephrologist during the study, only
60 patients had laboratory tests performed and a comprehensive
echocardiography evaluation done within a 6-month period. Of
these 60 patients, we excluded 8 who had clinical course as
expected in patients with pHTN, but laboratory tests revealed
low GFR. A repeat laboratory evaluation could not be per-
formed in these 8 patients to confirm the renal insufficiency
as they were lost to follow up. The final group consisted of
23 patients with pHTN and 29 patients with CKD-HTN
(Table 1). Among the 52 study subjects, 52% were Latinos
and 46% were African Americans. Among the 29 subjects with
CKD-HTN, 15 (53%), 10 (34%), and 4 (13%) had CKD stages
1, 2, and 3, respectively. The etiology of CKD included dys-
plastic, obstructive, or reflux nephropathy (n=15; 8, 6, and 1
with stage 1, 2, and 3 CKD, respectively), cystic kidney disease
(n=5; 3 in stages 2, and 1 each with stage 1 and 3 CKD),
diabetic nephropathy (n =3, all with stage 1 CKD), focal seg-
mental glomerulosclerosis (n =2, both had stage 3 CKD), re-
sidual CKD following atypical hemolytic uremic syndrome
(n=2; 1 with stage 1 and the other with stage 2 CKD), and
acquired atrophic kidney post perinatal complications (n =2,
both with stage 1 CKD). The median interval between bio-
chemical assessment and echocardiogram was 9 weeks in the
pHTN group and 4 weeks in the CKD-HTN group, respective-
ly. There were no significant differences between the two
groups in terms of age, gender, BMI, systolic and diastolic
blood pressures, or percentage of patients with stage 2 HTN.
The estimated GFR calculated was significantly lower for the
CKD-HTN group when compared to the pHTN group (p =
0.03). Similarly, the urine protein/creatinine ratio was signifi-
cantly higher in the CKD-HTN group compared to the pHTN
group (p=0.02). It was also noted that the number of antihy-
pertensive medications used for treatment of HTN was higher
in patients with CKD-HTN when compared to those with
pHTN (p=0.007). Serum calcium, phosphorus, 25-hydroxy
vitamin D, uric acid, low-density lipoprotein cholesterol, and
hemoglobin A1C levels were not significantly different be-
tween the groups. Three patients in the CKD-HTN group were
diagnosed with secondary hyperparathyroidism, but none were
severe enough to be treated with activated vitamin D. The iPTH
levels in these patients were 106 pg/ml (patient 1), 109 pg/ml
(patient 2), and 158 pg/ml (patient 3). Among these, patient 3
was noted to have diastolic dysfunction of the left ventricle with
E/e’ ratio Z-score of +2.13. The other two did not meet the
criteria for diastolic dysfunction. Patients 1 and 3 met the
criteria for LVH, with LVMI Z-scores of +2.06 and +3.49,
respectively. None of these patients had dilatation of the aortic
root. There was limited data on iPTH in the pHTN group, and
therefore, a comparative analysis could not be performed.
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Table 1 Demographics and

biochemical data Parameter pHTN (n=23) CKD-HTN (n=29) p value
Age (year) 12 [5.4,15] 13 [7.5,16] 0.46
Male gender (%) 65% 55% 0.57
Body mass index Z-score 0.3[-0.2,2.2] 0.9 [-0.3,1.6] 0.73
Weight Z-score 0.5 [-0.1,2.2] 0.5[0,1.3] 0.70
Height Z-score 0.2 [-0.6,0.9] 0[-1.3,0.8] 0.30
Systolic blood pressure Z-score 1.6 [0.8, 2.1] 1.3 0.7, 2.4] 0.53
Diastolic blood pressure Z-score 0.7 [0.3,1.4] 0.8 0.3, 1.4] 0.86
Stage 2 hypertension 22% 21% 1.0
Numbers of anti-HTN medications 0 [range 0-2] 1 [range 0-3] 0.007*
eGFR (ml/min/1.73 m?) 102 [96,122] 95 [74,114] 0.03*
Urine protein/creatinine ratio (mg/mg) 0.11 [0.05,0.16] 0.16 [0.1,0.47] 0.02%
Serum calcium (mg/dL) 9.919.7,10] 9.8 [9.3,10] 0.21
Serum phosphorus (mg/dL) 4.8 [4.6,5.5] 5.1[4.2,5.3] 0.43
Serum uric acid (mg/dL) 5[3.9.6.7] 6.4 [5,7.1] 0.07
Serum low density lipoprotein (mg/dL) 90 [86,136] 108 [87,142] 0.45

All data reported in median [interquartile range]. Stage 2 hypertension: systolic or diastolic blood pressure above
99th percentile +5 mmHg for age gender and height percentile (with or without antihypertensive medication)

pHTN primary hypertension, CKD-HTN hypertension in chronic kidney disease, eGFR estimated glomerular

filtration rate

*p < 0.05 indicates statistical significant

Comparison of cardiac variables

Table 2 shows the comparative data of cardiac variables be-
tween the two groups. There was no statistically significant
difference in the systolic function of the left ventricle between
the groups. There was a higher prevalence of diastolic dys-
function of the left ventricle in both the groups (pHTN 26%
vs. CKD-HTN 25%). The absolute value of E/A at the left
ventricular inflow, a marker of diastolic dysfunction, was low-
er in patients in the CKD-HTN group when compared to the
pHTN group (p = 0.042). Also, patients with CKD-HTN had
a larger aortic root dimension in comparison to patients with

pHTN (p= 0.049) (Table 2 and Fig. 1). With no difference in
BMI between the two study groups, these above results are
unlikely to be influenced by obesity.

There was a higher prevalence of LVH in the CKD-HTN
group compared to the pHTN group (35 vs. 26%), but this did
not reach statistical significance (p = 0.56). The patterns of LV
remodeling in the two groups were as follows (pHTN vs.
CKD-HTN): (1) normal geometry 39 vs. 31%, (2) concentric
remodeling 35 vs. 34%, (3) eccentric hypertrophy 13 vs. 7%,
and (4) concentric hypertrophy 13 vs. 28% (Fig. 2).

Correlation analysis showed a strong association between
BMI Z-score and LVMI Z-score in both the groups (CKD-

Table 2 Echocardiographic

parameters Parameter pHTN (n=23) CKD-HTN (n =29) p value
Ejection fraction (%) 65 [60,69] 65 [61,69] 0.95
Shortening fraction (%) 37 [35,40] 36 [34,40] 0.76
Aortic root diameter (Z-score) -02[-1.2,0.3] 0.4 [-0.1,1.0] 0.049*
LVMI (Z-score) 0.7 [0.1,1.7] 1.1[0.4,2.1] 0.33
LVH (%) 26% 35% 0.56
E/A ratio 2.1[1.7.2.5] 1.8 [1.5,2.1] 0.042*
Lateral wall E/e’ ratio Z-score 0.7 [0.1, 1.8] 0.4 [-0.6,1.8] 0.29
Septal wall E/e’ ratio Z-score 0.5[-0.5, 1.0] 0.2 [-0.6,1.6] 0.70

All data reported in median [interquartile range]

*p < 0.05 indicates statistical significant

PpHTN primary hypertension, CKD-HTN hypertension in chronic kidney disease, LVH left ventricular hypertro-

phy, LVMI indexed left ventricular mass
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Fig. 1 Comparison of aortic root diameter and diastolic dysfunction (E/A
ratio) in patients with primary hypertension (pHTN) vs. chronic kidney
disease hypertension (CKD-HTN). Patients with CKD-HTN had larger

HTN r=0.68, p<0.001; pHTN r=0.44, p=0.04) (Fig. 3).
There was an inverse correlation between the GFR as estimat-
ed by the Schwartz method and septal E/e’ ratio (the higher the
ratio, the worse the diastolic function) (Fig. 4). There was no
significant association of GFR with systolic blood pressure
(p=0.79) and diastolic blood pressure (p =0.37).

Discussion

HTN is relatively infrequent in the pediatric population. The
spectrum of cardiovascular morbidity and mortality secondary
to HTN in the pediatric population is different from that in
adults. In the adult population, coronary artery disease is the
most common condition coexisting with HTN, which in-
creases the morbidity and mortality. Whereas in children with
HTN, in particular those with CKD, arrhythmia and cardio-
myopathy are the major causes of cardiovascular morbidity
and mortality [27]. Alterations in neurohormonal and calcium

Fig. 2 Prevalence of different
forms of left ventricular geometry
among the two groups with
primary hypertension (pHTN)
and chronic kidney disease hy-
pertension (CKD-HTN)
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aortic root Z-score when compared to those with pHTN. Patients with
CKD-HTN had lower E/A ratio, an indicator of diastolic dysfunction,
when compared to those with pHTN

metabolism play a role in development of HTN in children
with CKD. This altered metabolism causes abnormal miner-
alization of the vascular smooth muscles contributing to in-
creased vessel stiffness [27, 28]. Furthermore, alterations in
lipoprotein, fibroblast growth factors, and homocysteine me-
tabolism in addition to inflammation could contribute to early
CVD [29, 30].

In this study, patients in the CKD-HTN group required a
higher number of antihypertensive medications when com-
pared to those in the pHTN group. While this could reflect
more severe HTN in this group, patients with CKD may have
been treated with renin angiotensin antagonists for ameliora-
tion of proteinuria, even in the absence of HTN. Also, the
target systolic blood pressure for patients with CKD at our
center is the 90th percentile, whereas the target for pHTN is
< 95th percentile.

An increase in the afterload on the left ventricle in HTN
causes LVH as a compensatory mechanism [13]. The increase
in left ventricular mass related to the somatic growth, known

Left ventricular geometry in patients with hypertension
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Fig. 3 Correlation between BMI

Primary hypertension

Chronic kidney disease
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as eutrophy, is regulated by growth factors like growth hor-
mone and insulin-like growth factor. Pathological cardiac re-
modeling, known as hypertrophy, is regulated by neurohor-
monal signaling pathways and often involves fibrosis of the
cardiac tissue [31]. In adults LVH is known to increase the
incidence of adverse cardiovascular events by 4.1 fold. Severe
LVH has been reported to be associated with longer duration
of HTN [32]. Left ventricular remodeling, defined as change
in the size, shape, structure, and function of the heart, is seen
in patients with HTN [32]. The data on the prevalence of left
ventricular remodeling patterns is conflicting. In a study by
Radulescu et al., concentric hypertrophy was noted to be more
prevalent in males whereas eccentric hypertrophy was com-
mon in females with HTN [33]. In that study, it was also noted
that concentric hypertrophy was the most common pattern of
left ventricular remodeling in patients with CKD. In another
study on adult patients with HTN, eccentric hypertrophy was
more prevalent than concentric hypertrophy [34]. Sladowska-
Kozlowska et al. showed that eccentric hypertrophy is more
prevalent in pediatric patients with pHTN [35]. In that study,
the main determinants for left ventricular remodeling were
visceral obesity and metabolic abnormalities. There is also a
well-known association between obesity and increased left
ventricular mass [36]. As shown in Fig. 3, our study was in
agreement with this finding.
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Fig. 4 Association between glomerular filtration rate and diastolic function.
This figure demonstrates an inverse correlation between septal E/e’ (a
measurement of diastolic function) and glomerular filtration rate (GFR)
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In our study, the most common form of abnormal geometry
of the left ventricle was concentric remodeling in both the
groups. We also noted that concentric hypertrophy was more
prevalent in the CKD-HTN group (CKD-HTN 28% vs. pHTN
13%; p < 0.01). There were no significant associations between
the type of left ventricular geometry and the other demographic
factors evaluated in our study. We therefore hypothesize that
additional factors not evaluated in our study might play a role in
left ventricular remodeling in these patients.

Left ventricular remodeling can lead on to diastolic dys-
function [14]. Diastolic function is a measure of the compli-
ance of the myocardium. As the diastolic function worsens,
patients develop elevated end diastolic pressures in the left
ventricle, which may lead on to increased left atrial pressure,
putting them at higher risk for pulmonary edema with fluid
overload. There is higher prevalence of diastolic dysfunction
in pediatric patients with pHTN and CKD-HTN [11, 37].
Lindblad et al. showed that TDI is more sensitive in diagnos-
ing ventricular diastolic dysfunction in comparison to pulsed-
wave Doppler imaging [15]. In our study, there was a high
prevalence of diastolic dysfunction in both the groups, with no
significant difference. However, the absolute value of the E/A
ratio at the left ventricular inflow was significantly lower in
the CKD-HTN group in comparison to the pHTN group. This
might point to a trend towards more severe diastolic dysfunc-
tion in the CKD-HTN group. Pearson correlation analysis
showed direct correlation between the renal function and the
left ventricular diastolic function.

Dilatation of the aortic root has a well-known association
with HTN [38]. In our study, we found that aortic root dimen-
sion was higher in the CKD-HTN group when compared to
the pHTN group (p =0.049). We hypothesize that abnormal
metabolism in patients with CKD-HTN might have contribut-
ed to this observation. Longitudinal studies are needed to con-
firm this association.

Limitations
The major limitation of this study is its retrospective and

cross-sectional study design. Another limitation is the smaller
number of study subjects due to exclusion of several subjects
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from the data analysis in view of missing biochemical results
or extended lapse of time between the cardiac evaluation and
the biochemical tests. The number of subjects included in
regression analysis is also smaller in this study. In addition,
there was no data on ambulatory blood pressure in most of the
patients, due to its retrospective nature. Thus, it is probable
that a significant proportion of subjects with pHTN could have
had white coat hypertension, when compared to the CKD-
HTN group.

Conclusions

From this study, we may conclude that there is an increased
prevalence of diastolic dysfunction in patients with systemic
HTN irrespective of whether it is pHTN or CKD-HTN. We
found a trend towards more severe diastolic dysfunction in
CKD-HTN in comparison to pHTN. There appears to be a
direct correlation between the severity of diastolic dysfunction
and worsening renal function as measured by GFR. Also,
patients with CKD-HTN have larger aortic root dimension
when compared to patients with pHTN. There is a need for
larger longitudinal studies to confirm these findings.
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