',\' frontiers
in Pediatrics

REVIEW
published: 30 June 2017
doi: 10.3389/fped.2017.00153

OPEN ACCESS

Edited by:
Ibrahim F. Shatat,
MUSC, United States

Reviewed by:

Gaurav Kapur,

Children’s Hospital of Michigan,
United States

Susan Halbach,

Seattle Children’s Hospital,
United States

*Correspondence:
Yosuke Miyashita
yosuke.miyashita@chp.edu

Specialty section:

This article was submitted to
Pediatric Nephrology,

a section of the journal
Frontiers in Pediatrics

Received: 03 March 2017
Accepted: 19 June 2017
Published: 30 June 2017

Citation:

Peterson CG and Miyashita Y (2017)

The Use of Ambulatory Blood
Pressure Monitoring As Standard
of Care in Pediatrics.

Front. Pediatr. 5:153.

doi: 10.3389/fped.2017.00153

®

Check for
updates

The Use of Ambulatory Blood
Pressure Monitoring As Standard
of Care in Pediatrics

Caitlin G. Peterson and Yosuke Miyashita*

Department of Pediatrics, University of Pittsburgh School of Medicine, Pittsburgh, PA, United States

Hypertension (HTN) is a significant global health problem, responsible for 7.5 million
deaths each year worldwide. The prevalence of HTN is increasing in the pediatric popu-
lation likely attributed to the increase in childhood obesity. Recent work has also shown
that blood pressure (BP) tends to track from childhood to adulthood including BP-related
target organ damage. In the last 25-30 years, pediatric use of ambulatory blood pres-
sure monitoring (ABPM) has been expanding mainly in the setting of initial elevated BP
measurement evaluation, HTN therapy efficacy follow-up, and renal disease. However,
there are many clinical areas where ABPM could potentially be used but is currently
underutilized. This review summarizes the current knowledge and the uses of pediatric
ABPM and explores clinical areas where it can be very useful both to detect HTN and
its longitudinal follow-up. And thus, ABPM could serve as a critical tool to potentially
prevent early cardiovascular mortality and morbidity in wide variety of populations. With
solid data to support ABPM’s superiority over clinic BP measurements and these clinical
areas for its expansion, ABPM should now be part of standard of care in BP evaluation
and management in pediatrics.

Keywords: pediatric hypertension, ambulatory blood pressure monitoring, white coat hypertension, masked
hypertension, hypertensive target organ damage

INTRODUCTION

The prevalence of hypertension (HTN) in children and adolescents ranges from 1 to 5% while
prehypertension has been reported as high as 10% with rates of both HTN and prehypertension
increasing over the past two decades (1, 2) Proper assessment of blood pressure (BP) in children and
adolescents is important because pediatric BP is the strongest identified predictor for adult HTN (3,
4). Most recently, BP trajectory from childhood to young adulthood has been shown to be associated
with target organ changes, specifically left ventricular mass index (LVMI) and carotid intima-media
thickness (cIMT) (5). In the United States, approximately 32% of adults have HTN and worldwide,
the prevalence of adult HTN is around 40% (6, 7). HTN contributes to 7.5 million deaths or 12.8% of
all deaths globally per year (7). In addition to its morbidity and mortality, HTN costs $48 billion each
year to the United States health-care system (8). Other common chronic diseases including coronary
artery disease, renal disease, diabetes, and obesity are also adversely affected by and contribute to
HTN, making it the primary risk factor-related cause of death worldwide (9). And thus, appropriate
diagnosis and treatment of HTN in the pediatric population is important to prevent future cardio-
vascular disease and premature deaths as well as to decrease its economic burden.
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Elevated BP in children and adolescents is often found during
routine well child examinations or sports participation physicals.
The National High Blood Pressure Education Program Working
Group on High Blood Pressure in Children and Adolescents
defines HTN in the Fourth Report as average systolic BP (SBP)
and/or diastolic BP (DBP) >the 95th percentile for age, gender,
and height on three or more occasions (10). Prehypertension is
defined as average SBP and/or DBP between the 90th and 95th
percentile. If the 90th percentile is higher than 120/80, which
is the prehypertension threshold for adults, then 120/80 is also
the threshold value used in adolescents (10). Clinic BP measure-
ments have potential problems including improper technique,
terminal digit preference, observer bias, and accommodation
effect. In addition, BP measurements obtained in clinics may not
necessarily reflect the true BP of an individual throughout the day
while repeated ambulatory BP measurements using automatic
devices may reflect more representative BP values and better risk
stratification (11, 12). We now have pediatric ambulatory blood
pressure monitoring (ABPM) practice guidelines and increasing
clinical outcome data associated with ABPM parameters (13, 14).
This review will briefly discuss the current use of pediatric ABPM
and will have in-depth discussion on the state-of-the-art pediatric
ABPM outcome data and promising clinical areas of expansion
for ABPM to make a provocative argument for its use as standard
of care in pediatric BP evaluation and management.

ABPM USE IN PEDIATRICS

In order to overcome the limitations of clinic BP measurements
mentioned above, ABPM has been in use in children and adoles-
cents in the last 25-30 years (15, 16). A detailed description of
ABPM and equipment has been published by the American Heart
Association (AHA) in 2008 (13),and interested readers are encour-
aged to review this publication. In brief, a monitor is worn in the
child’s home environment, which should provide more accurate
measurement of their true BP including during sleep. The device
consists of a light-weight monitor and appropriately sized BP cuff
worn on the non-dominant arm. Awake measurements occur
every 15-20 min and sleep measurements occur every 20-30 min.
Most authorities define a valid study as one with at least one valid
reading per hour, and >40 BP readings in the 24 h period or >65%
of all possible BP readings for a partial day study(13). Both oscil-
lometric and auscultatory devices are available and validated for
children (17). The largest cross-sectional pediatric ABPM study
to formulate normative data used oscillometric devices (18, 19).
Oscillometric devices usually have fewer erroneous readings and
are easier to use than auscultatory devices (13). Mainly for these
reasons, oscillometric ABPM devices are more commonly used
in current pediatric clinical practice. During the study period, a
diary is kept to record when the child is awake, asleep, and active
in addition to any medication taken during the study period that
may influence BP. ABPM may cause mild sleep disturbance in
some children but is generally well tolerated (14).

When analyzing ABPM data, the mean SBP and DBP are calcu-
lated for the 24 h period as well as awake and sleep hours. BP load
is calculated as the proportion of readings above threshold values
expressed in percentages. In children and adolescents, threshold

values are the 95th percentile of gender and height. ABPM is not
performed in young children (<5 years old) because there are no
normative data for this age group, and this age group is unlikely
to tolerate the frequent BP measurements. Currently, indications
for ABPM include confirming the diagnosis of HTN, evaluating
for white coat hypertension (WCH) and masked hypertension
(MH), assessing effectiveness of antihypertensive medication,
and determining if symptoms can be attributed to drug-related
hypotension (14). There are six categories of BP staging based on
combination of clinic BP measurements and ABPM:

(1) BPis considered normal if clinic BP < 90th percentile, mean
awake and sleep SBP and DBP < 95th percentile, and awake
and sleep SBP and DBP loads are all <25%,

(2) WCH is when clinic BP > 95th percentile and mean awake
and sleep SBP and DBP < 95th percentile, and awake and
sleep SBP and DBP loads are all <25%,

(3) Prehypertension is when clinic BP > 90th percentile or
>120/80 and mean awake and sleep SBP and DBP < 95th
percentile, and awake or sleep SBP or DBP load is >25%,

(4) MH is when clinic BP < 95th percentile and mean awake or
sleep SBP or DBP > 95th percentile, and awake or sleep SBP
or DBP load is >25%,

(5) Ambulatory HTN is when clinic BP > 95th percentile and
mean awake or sleep SBP or DBP > 95th percentile, and
awake or sleep SBP or DBP load is 25-50%, and finally

(6) Severe ambulatory HTN is when clinic BP > 95th percentile
and mean awake or sleep SBP or DBP > 95th percentile, and
awake or sleep SBP or DBP load is >50%. These diagnosis
categories are found in a table in the AHA 2014 Update (14).

PEDIATRIC ABPM OUTCOME DATA

Adult ABPM studies have consistently reported superiority
of ABPM parameters over clinic BP in predicting mortality,
cardiovascular events, and target organ damage such as left ven-
tricular hypertrophy (LVH) (20-22). In contrast to adults, there
are no pediatric data available that correlate patient outcome
with ABPM parameters largely due to very low incidence of
mortality and cardiovascular events. However, there have been
an increasing number of pediatric studies that have investigated
ABPM parameters with target organ changes, including the heart,
the arterial wall thickness, the kidneys, and central nervous
system development. The following subsections will summarize
published pediatric ABPM studies showing correlation between
ABPM parameters with various target organ changes. This will
be followed by subsections summarizing pediatric ABPM studies
on WCH, MH, renal disease, and antihypertensive medication
efficacy.

Target Organ Damage

Table 1 summarizes the pediatric ABPM studies that have
investigated its parameters with target organ changes and their
references. Among the target organs, the most studied is the
heart, specifically the correlation between ABPM parameters
and LVMI, which is a representation of left ventricular mass
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TABLE 1 | Summary of pediatric ambulatory blood pressure monitoring (ABPM)
studies of association between its parameters and target organ damage.

Organ Target organ Correlation Reference

damage marker with ABPM
parameters?

Heart Left ventricular Yes (23, 24,
mass index 26-28)

Arterial vessels Carotid intima- Yes (80-32)
media thickness

Kidneys Microalbuminuria No (34, 35)

Central nervous system  Executive function Yes (87-40)
tests

normalized by body surface area. It is now well established that
left ventricular mass starts to increase with increasing BP even
in the pediatric age range (23, 24), and LVH is an established
risk factor of cardiovascular events in adults (25). There are
several studies that have demonstrated that ABPM parameters
are superior to clinic BP measurements in predicting higher
left ventricular mass. Sorof et al. demonstrated LVMI strongly
correlating with ABPM parameters such as mean SBP and SBP
load where there was no correlation with clinic BP measurements
(26). Maggio et al. found systolic ambulatory HTN by ABPM
in 48% of obese children where clinic BP was normal in 55%
of these hypertensive children, and after adjustment, LVMI was
only associated with 24 h SBP (27). Richey et al. demonstrated
that ABPM parameters such as higher 24 h SBP load predicted
greater likelihood of increasing LVMI (28). Increased cIMT has
been established as an independent risk factor for strokes in
adults (29). There are now multiple pediatric studies showing an
association between abnormal ABPM parameters with increased
cIMT (30, 31). Further, obesity has also been associated with
increased cIMT, but Lande et al. demonstrated several ABPM
parameters to correlate strongly with cIMT in an age, gender,
and body mass index matched study (32). In adults, microalbu-
minuria has been shown to be a marker of HTN-induced renal
injury (33). However, pediatric ABPM studies have not demon-
strated ABPM parameters to independently predict presence of
microalbuminuria in non-diabetic children and adolescents to
date (34, 35).

There is fairly extensive adult literature, which demonstrates
that HTN is associated with poorer cognitive performance
including learning and memory, executive functions; and visu-
ospatial, visuoconstructional, psychomotor, and perceptual abili-
ties, and chronic uncontrolled HTN predicts cognitive decline
over time (36). More recently, there is emerging preliminary
data, which suggest that children and adolescents with primary
HTN are associated with neurocognitive deficits when compared
to normotensive controls. Early studies in children on the link
between HTN and cognitive function include a cross-sectional
study that demonstrates children with elevated clinic SBP have an
independent association with lower digit span test scores, which
is a measure of short-term memory, attention, and concentra-
tion (37). This was followed by a matched longitudinal study of
parental ratings of executive function of children with ABPM
confirmed primary HTN. At the time of initial diagnosis, hyper-
tensive children had lower parental rating of executive function

compared to matched normotensive children (38). After 1 year
of antihypertensive therapy, ABPM demonstrated improved BP
in the hypertensive group, which also correlated with improve-
ment in parental ratings of their executive function (39). Most
recently, a multicentered study of neurocognition in children
demonstrated that children with ABPM confirmed untreated
primary HTN had lower performance on neurocognitive testing,
in particular, on measures of memory, attention, and executive
functions, compared to normotensive matched controls (40).

In summary, the above published studies suggest that proper
diagnosis of HTN by ABPM in children and adolescents has
the potential to prevent and/or to treat target organ damages, in
particular, the heart, the arterial vessels, and the central nervous
system, which may not be possible with clinic BP measurements
alone.

White Coat Hypertension

White coat hypertension in children and adolescents may be fairly
common as studies have reported a wide range of prevalence
of 13-52% of children with elevated clinic BP measurements
(41-43). ABPM serves an important role in the initial evaluation
of elevated BP measurement as misdiagnosis of HTN in patients
with WCH may lead to unnecessary testing and treatment, which
may cause adverse side effects and events and will add unneces-
sary health care cost. The clinical significance of WCH is not clear
at this point in children and adolescents, but there are studies to
suggest that it may represent a prehypertensive state. Pediatric
ABPM studies suggest that WCH may result in intermediate
target organ changes (41, 44). In a study where age, gender, and
BMI were matched for ABPM confirmed WCH subjects with
confirmed hypertensive subjects and normotensive subjects, the
mean LVMI of WCH subjects was between that of normotensive
and hypertensive subjects. The difference between the WCH
subjects and normotensive subjects was statistically significant
(45). Another study found that ABPM confirmed WCH subjects
tended to have higher LVMI than normotensive subjects but lower
than hypertensive subjects, although no statistically significant
differences were found between the groups (41). There is cur-
rently no practice guideline on laboratory and imaging evaluation
or subsequent follow-up of children and adolescents with WCH,
but efforts are underway for longitudinal studies for children and
adolescents with WCH.

Masked HTN

The prevalence of MH in general pediatric population has been
reported to be just under 10% (42, 46) and around 35-50% in
children and adolescents who have risk factors for HTN such as
chronickidney disease (CKD) and post-coarctation of aorta repair
(47-49). Currently, the mechanism of MH is still unclear. There
are convincing data to suggest that left ventricular mass changes
detected in children and adolescents with MH is very similar to
those with sustained HTN (42, 46). Thus, identifying patients
with MH is critical so target organ damages can be reversed and to
potentially delay cardiovascular events. Diagnosis of MH is diffi-
cult since performing ABPM in all pediatric patients with normal
clinic BP measurements is impractical. Identifying children with
risk factors for MH with conditions discussed in sections below
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and/or family history of early HTN and cardiovascular events is
critical since ABPM could potentially “unmask” their HTN and
reduce cardiovascular risk factors. Similar to WCH, further stud-
ies are needed so that evidence-based practice guidelines could
be formulated in order to identify which pediatric populations
should undergo ABPM to identify MH.

CKD and Renal Transplantation

One of the most important populations to properly diagnose
HTN is children with CKD as HTN is a well-known modifiable
risk factor for progression of CKD (47, 50-52). These patients
can often be missed as having HTN because of an increased
risk for MH compared to the general population (49). A cross-
sectional analysis of CKD in Children cohort with CKD stage 2
through 4, ages 9 through 15 years, found 38% of participants
had MH and 18% had HTN confirmed by ABPM (49). Seventeen
percent of this cohort had LVH with 34% from the MH group
and 20% with confirmed HTN with increase in LVH prevalence
from 19 to 39% over a 2-year period (49). Most importantly, the
reduction in the rate of progression of CKD by tight BP control
was demonstrated by the Effect of Strict Blood Pressure Control
and ACE Inhibition on the Progression of Chronic Renal Failure
in Pediatric Patients (ESCAPE) trial where intensified ABPM-
guided HTN therapy over a 5-year period led to a 35% reduction
in subjects with 50% decline in renal function or progression to
end stage renal disease (52).

Hypertension implication in the renal transplant children
and adolescents is similar to CKD population including its
high prevalence, cardiovascular significance, and prognosis of
allograft. When ABPM was used in renal transplant patients,
prevalence of MH was found to be around 25-45%, and
prevalence of uncontrolled HTN among treated patients ranged
between 18 and 82% with median prevalence of 53% suggestive of
the importance of routine use of ABPM in post-renal transplant
population (53). Yearly ABPM-guided HTN treatment in 22 renal
transplant patients after median follow-up of 9 years showed 14 of
17 children with treated HTN had excellent BP control, and the
prevalence of LVH was only 4.5% with no progression of cIMT
(54). Last, tighter BP control by annual ABPM-guided therapy
resulted in normotensive group to have stabilization of the allo-
graft function at 2 years after transplantation, and in contrast,
the hypertensive group had a statistically significant decline in
allograft function suggestive of preservation of allograft function
with better BP control (53).

Thus, based on these published reports in CKD and post-renal
transplant children and adolescents, the use of ABPM appears to
be critical in their longitudinal follow-up not only to properly
detect HTN but also to treat their HTN to slow down the progres-
sion of CKD or to preserve their allograft function.

Antihypertensive Medication Efficacy

Ambulatory blood pressure monitoring is not only an effective
way to properly diagnose HTN at the onset but it is also an effec-
tive way to determine the efficacy of HTN therapy. Seeman et al.
demonstrated that nearly half of the pediatric patients on antihy-
pertensive medications were found to have uncontrolled HTN
by ABPM parameters. In addition, 35% of this study population

had reclassification of controlled or uncontrolled HTN after
having ABPM from their original classification based on clinic
BP measurements, and the prevalence of LVH was significantly
higher in uncontrolled HTN group compared to controlled
HTN group (55). Similarly, Halbach et al. found that performing
ABPM resulted in 63% of treated hypertensive children to have
their medication changed (56). Last, Flynn also reported 4 out of
7 patients requiring adjustment of antihypertensive medications
after undergoing ABPM (57). Thus, these studies are convincing
of the clinical usefulness of ABPM for longitudinal BP assessment
in efficacy of treated hypertensive children and adolescents.

Ambulatory blood pressure monitoring’s superiority at
detecting treatment-induced BP changes compared to clinic
BP measurements makes it ideal for its use in pediatric anti-
hypertensive medication clinical trials. Using the ESCAPE trial
cohort, Gimpel et al. showed that SD of ABPM responses were
up to 39% smaller than those of clinic BP measured responses.
Using power analysis, they showed that depending on the mag-
nitude of the aimed BP reduction, sample size could be reduced
by 57-75% with the use of ABPM, which would be critical in
reducing the number of hypertensive subjects receiving placebo
drugs (58).

CLINICAL AREAS OF EXPANSION
FOR ABPM

The use of ABPM in children and adolescents has become more
prevalent especially when evaluating to distinguish sustained
HTN from WCH for elevated clinic BP measurements and in
patients with kidney diseases including CKD and post-renal
transplantation as discussed in the previous section. However,
there is a wide spectrum of clinical areas where ABPM is not
routinely used currently and where it could be very useful in
detecting hypertensive patients. Table 2 demonstrates these
conditions in which ABPM can potentially be utilized even if they
have normal clinic BP measurements.

Coarctation of Aorta

Coarctation of aorta is one of the more common causes of sec-
ondary HTN in pediatrics and makes up about 2% of all children
and adolescents with HTN (59). More recent reports have also
demonstrated long-term mortality and morbidity even after

TABLE 2 | Clinical areas of expansion for ambulatory blood pressure monitoring
(ABPM).

Potential clinical areas where ABPM should be used to detect masked
HTN

Coarctation of aorta

Non-renal solid organ transplantation
Hematopoietic transplantation
Diabetes mellitus

Obstructive sleep apnea

Turner syndrome

William syndrome
Neurofibromatosis, type |

Sickle cell disease
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successful coarctation repair. The survival rates of coarctation
repair patients have been reported to be up to 20% less compared
to age- and gender-matched populations mainly due to cardio-
vascular disease (60), and rates of persistent aortic hypoplasia and
HTN have been reported to be as high as 20-48 and 21-42%,
respectively (61, 62). Further, even in post-coarctation repair
patients where the aortic arch were reported to be normal, 27%
had hypertensive clinic BP measurements, 61% had HTN diag-
nosed by ABPM, and 55% had LVH with higher rates of LVH in
ABPM confirmed hypertensive group compared to normotensive
group (63). Therefore, ABPM appears to be a critical tool in fol-
lowing BP in post-coarctation of aorta repair patients (60, 63).

Non-Renal Solid Organ Transplantation

The literature on the use of ABPM is scarce in non-renal solid
organ transplantation. Because of the frequent uses of gluco-
corticoids and nephrotoxic agents such as calcineurin inhibitors
and higher prevalence of CKD, HTN has been reported to be
significantly higher than the general pediatric population in
liver, intestinal, and heart transplantation (64-67). In the adult
cardiac transplantation data registry, HTN incidence is 90%
at 5 years after transplantation, and it is one of the main risk
factors for cardiac allograft vasculopathy, the fourth leading
cause of death at 10 years after transplantation (68). In adult
liver transplant patients, cardiovascular disease is the second
most common cause of non-liver death behind cancer (69).
There have been a small number of pediatric ABPM studies in
liver and heart transplant recipients, and they have concluded
that clinic BP readings poorly correlate with ABPM parameters
(70, 71). Therefore, ABPM should be strongly considered as part
of routine posttransplant surveillance evaluation for precise
diagnosis of HTN so that onset of cardiovascular mortality and
morbidity may be delayed. This is also a fertile area for future
and larger studies to investigate the exact prevalence of HTN in
these high risk groups.

Hematopoietic Cell Transplantation

Similarly, survivors of hematopoietic cell transplantation
patients have been reported to have higher risk of HTN from
multifactorial etiologies including the use of glucocorticoids,
nephrotoxic medications including calcineurin inhibitors and
various chemotherapy agents, total body irradiation, graft
versus host disease, and kidney injury (72, 73). In a late mortal-
ity analysis of hematopoietic cell transplantation patients with
median age of 25.9 years old, these survivors have a 2.3-fold
increase in risk for premature cardiovascular related death (74).
Seventy percent of children and adults have HTN during the
first 2 years after hematopoietic cell transplant (72). Again,
ABPM could be very useful aspect of routine posttransplant
surveillance evaluation for the same reasons as the solid organ
transplant recipients.

Type | Diabetes Mellitus

Ambulatory blood pressure monitoring also appears to be
promising tool in following pediatric patients with type I dia-
betes mellitus (T1DM). Children with TIDM were frequently
found to have ABPM confirmed HTN with most of them being

nocturnal HTN suggestive of the important role of ABPM in
this population (75). Perhaps more clinically relevant, there was
an independent association between nocturnal HIN detected
on ABPM with development of microalbuminuria, which is a
marker of diabetic nephropathy, in a cohort of adolescents and
young adults with TIDM followed for more than 5 years (76).
Combining the findings of these studies, ABPM could be used
routinely in children and adolescents with TIDM not only to
diagnose HTN earlier but also to use it longitudinally for more
strict nocturnal BP control to prevent or to slow the progression
of diabetic nephropathy.

Obstructive Sleep Apnea

One of the more common comorbidity of obesity and obesity-
related HTN is obstructive sleep apnea, and the use of ABPM
appears to be helpful in this population. In a tertiary care hospital-
based population, there was an independent association between
apnea-hypopnea index and nighttime SBP and mean arterial
pressure adjusting for adiposity variables suggestive of children
with moderate-to-severe obstructive sleep apnea having higher
ABPM parameters compared with children who were primary
snorers (77). Similarly, in children with apnea-hypopnea index
>5/h, ABPM parameters such as 24 h mean BP and BP loads were
significantly increased, and perhaps more clinically relevant, early
morning BP surge was more likely to occur in these children (78).
Thus, ABPM could be very useful in detecting these abnormal BP
patterns even if they have normal clinic BP in otherwise high-
risk group of children and adolescents for future cardiovascular
disease. Although not completely curative, adenotonsillectomy
improved some of the ABPM parameters (79), suggestive of
improvement in obstructive sleep apnea having contribution
to lowering of BP. Best to our knowledge, although no pediatric
study to date has shown lowering of BP with continuous positive
airway pressure, adult literature has shown significant decreases
in daytime and nighttime SBP and DBP with improvement in
number of patients with prehypertension from 94 to 55% and
MH from 30 to 5% (80).

Other Pediatric Conditions with HTN

Association

There are relatively common conditions in children and adoles-
cents known to increase the risk of HTN including polycystic
ovary syndrome, William syndrome, Neurofibromatosis type I,
and Turner Syndrome. Single centered studies in each of these
conditions have identified higher detection rates of HTN by
ABPM compared to clinic BP measurements (81-85). Women
with polycystic ovary syndrome have been found to have
increased cardiovascular disease risk factors earlier in life (86),
while women with Turner syndrome have a markedly increased
incidence of ischemic heart disease, HTN, and stroke (87). Both
children and adults with Williams syndrome have been found
to have increased cardiovascular disease risk factors (82, 88).
Traditionally, patients with sickle cell disease were observed
to have lower clinic BP measurements largely attributed to
poor urinary concentrating ability. However and surprisingly,
a cross-sectional analysis of children with sickle cell disease
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found 10% to have elevated clinic BP measurements and 44%
to have ABPM diagnosed HTN suggestive of high rates of MH
in this population. Further, 59% of subjects were found to have
impaired SBP nocturnal dipping and 13% had reversed noctur-
nal dipping (89).

In summary, there are a relatively large number of clinical
areas discussed in this section where ABPM is currently underu-
tilized but should be used routinely to detect MH and to follow
BP longitudinally in order to prevent and to delay the onset of
cardiovascular disease in growing number of high risk children
and adolescents with chronic conditions. The 2016 European
Society of HTN guidelines for the management of high BP in
children and adolescents recommends ABPM for pediatric
patients with diabetes mellitus type 1 and 2, CKD, solid organ
transplants including renal, liver and heart, and severe obesity
with or without sleep disordered breathing (90).

COST EFFECTIVENESS OF ABPM

Traditional practice in pediatrics for a new diagnosis of HTN
often included extensive evaluation of secondary causes of
HTN including laboratory investigation, imaging studies, and
target organ damage assessment, most often echocardiogram. A
cost analysis at a pediatric HTN clinic where the protocol was
to perform ABPM on all patients with stage I HTN clinic BP
measurements found projected saving of $2.4 million for every
1,000 patients given their WCH rate of 46% (91). The cost savings
were mainly attributed to not doing renal ultrasonography and
echocardiogram on children with WCH, and authors speculated
that the ABPM cost savings could be even higher as laboratory
testing and number of clinic visits would be reduced for children
with WCH. Davis et al. found that universal ABPM use at a pedi-
atric HTN referral center accrued the lowest average charge per

Repeat ABPM

HTN therapy longitudinally?

Patients with normal clinic BP measurements but
o high risk for masked HTN
Elevated clinic BP measurements o Chronic kidney disease
*ABPM use not recommended for symptomatic * Post-solid °’$a“ tra.nspla.ntatl?n
hypertensive and/or severe hypertensive patients ® Post-coarctation of aorta repair
® Post-hematopoietic transplantation
¢ Diabetes mellitus
e Obstructive sleep apnea
¢ Turner Syndrome
¢  Williams Syndrome
* Neurofibromatosis, type 1
¢ Sickle Cell disease
A 4
ABPM ABPM
v v A4 l
Sustained HTN WCH Nomial ARFM Masked HTN

HTN therapy

Repeat ABPM for treatment efficacy

ABPM, ambulatory blood pressure monitoring; WCH, white coat hypertension).

FIGURE 1 | Schematic diagram of various points of ABPM utility in pediatric hypertension evaluation and management (BP, blood pressure; HTN, hypertension;
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hypertensive youth identified and concluded that its universal use
may be the most economically and clinically efficient diagnostic
strategy (92).

LIMITATIONS OF ABPM

There are some limitations in our current knowledge and clinical
use of pediatric ABPM. The most glaring is the need for more
comprehensive normative ABPM data (14, 90). The ABPM
normalized data being used today are based on values from the
German Working Group on Pediatric HTN, which evaluated
1,141 children aged 5-20 years (18, 19). These children were a
homogeneous Caucasian central European population, which is
likely not generalizable in children of different races worldwide,
and thus, normative data based on larger and multiethnic cohort
are greatly needed. Another area in need of improvement is the
development of BP measurement device that can measure DBP
more accurately as this German normative data have almost flat
DBP curve across all height in both genders (93).

Ambulatory blood pressure monitoring monitor avail-
ability in pediatric clinics is currently suboptimal. Based on a
recent on-line survey among pediatric nephrologists at centers
belonging to the Midwest Pediatric Nephrology Consortium in
North America, 94% of the survey responders were at centers
where ABPM was available, but 57% of responders stated that
patients sometimes had to wait to have ABPM as monitors
were not available at the time of the visits. This inconvenience
is likely attributable to approximately 75% of survey respond-
ers practicing at centers owning <10 monitors (publication
in press). Last, another potential barrier is the cost to start an
ABPM program and its income potential. One ABPM monitor
along with the software costs around $3,500-$4,000. In the
United States, many government-based and other private health
insurances either do not cover or have fairly low reimburse-
ment rate for ABPM for children despite the cost effectiveness
mentioned above and ABPM published guidelines starting in
2008. It is estimated that 190-200 ABPM studies would need to
be performed to recover the initial starting cost (94). With wide
spectrum of potential clinical areas of expansion as discussed
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