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Abstract

The 2017 US guidelines for pediatric hypertension place considerable emphasis on blood pressure measurements, which are
the cornerstone for hypertension diagnosis and management. It is recognized that when the diagnosis of hypertension is
based solely on office blood pressure measurements, many children are misclassified (over- or underdiagnosed). Therefore,
out-of-office blood pressure evaluations using ambulatory or home blood pressure monitoring are often necessary to obtain
an accurate diagnosis. Strong evidence for the diagnostic and clinical value of ambulatory blood pressure monitoring in
children has justified its central role in decision making in recent pediatric recommendations. However, ambulatory blood
pressure monitoring is not widely accessible in primary care. There is little evidence for home blood pressure monitoring in
children, yet this method is widely available and feasible for the evaluation of elevated blood pressure in children. This
article presents a case for using home blood pressure monitoring for the management of children with suspected or treated
hypertension in clinical practice in comparison to using office measurements or ambulatory blood pressure monitoring, as
well as its optimal application. More research on home blood pressure monitoring in children is urgently needed.

Introduction

Hypertension in children and adolescents is an emerging
public health issue that is mainly attributed to the rising rate
of pediatric obesity [1-3]. Thirteen years after the ‘Fourth
Report on the Diagnosis, Evaluation, and Treatment of High
Blood Pressure in Children and Adolescents’ was published
in the US in 2004 [1], the American Academy of Pediatrics
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(AAP) published new guidelines for pediatric hypertension
[2, 3]. The attention that the 2017 AAP guidelines place on
blood pressure (BP) measurements and the diagnosis of
hypertension is impressive. The part devoted to ‘BP Mea-
surement’ made up one-third of the text’s pages and one-
fourth of its references. Seven of 8 changes presented as
‘significant’ address BP measurements and hypertension
diagnosis, as well as 10 of the 30 ‘key action statements’
and 12 of the 27 ‘additional consensus opinion recom-
mendations’ [2].

The strong commitment of the AAP to obtain more
accurate BP measurements in clinical practice is expected to
improve pediatric care because, as in adults, BP measure-
ments are the sole test for hypertension diagnosis and
management in children. Inadequate BP evaluation often
leads to over-diagnosis, with consequent unnecessary
investigations and long-term treatment, or underdiagnosis,
with consequent undertreatment and exposure to future
disease risk.

Methods available for BP evaluations in clinical practice
are office BP measurements, ambulatory BP monitoring
(ABPM) and home BP monitoring (HBPM) [2]. This article
aims to (1) compare HBPM with office BP measurements
and ABPM in children with suspected or treated
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hypertension, (2) discuss the 2017 AAP recommendations
on BP measurements in children, and (3) present the opti-
mal clinical application of HBPM in children on the basis of
the current evidence.

The case for out-of-office BP measurements

Although office BP measurements remain the basis for
hypertension evaluations in adults and children, it is
recognized that out-of-office BP evaluations using ABPM
or HBPM are often necessary to obtain an accurate diag-
nosis, mainly due to the white-coat hypertension (WCH)
and masked hypertension (MH) phenomena, which are
common among both untreated and treated individuals [2,
4]. Studies in general population samples of children and
adolescents using either ABPM or HBPM showed that
when office BP measurements are used for screening, one of
two children with elevated office BP will have WCH, while
many children with MH will be missed (Fig. 1) [5, 6].
Moreover, even with carefully taken office BP measure-
ments in a hypertension clinic, WCH is as common as
sustained hypertension, and again, children with MH are
often missed (Fig. 1) [7]. Thus, office BP measurements
should only be regarded as a screening method, the accu-
racy of which is improved with repeated visits [8]. Simple
approaches to this should be developed [9]. However, when
a diagnosis of hypertension is based solely on office BP
measurements, more children are misclassified than cor-
rectly diagnosed.

Auscultatory versus automated
(oscillometric) BP measurements

The 2017 AAP guidelines for pediatric hypertension
recommend that the diagnosis of office hypertension be
based on auscultatory BP measurements [2]. BP measure-
ments taken with an automated (oscillometric) device can
be used for screening, but elevated BP measurements need
to be confirmed through auscultatory measurements [2].
Interestingly, ABPM is recommended as the ultimate
diagnostic method for hypertension before starting treat-
ment; however, this is performed almost exclusively using
automated oscillometric devices [2]. Regarding HBPM, the
AAP guidelines state that because of limited evidence, the
method should not be used for diagnosis and that few
oscillometric devices have been validated in children [2].
Indeed, published evidence on the accuracy of automated
oscillometric BP monitors in children is limited. A recent
systematic review identified 31 formal validation studies of
oscillometric BP monitors in children, of which 42% were
published a decade ago or longer [10]. Of these 31 studies,
16 evaluated devices for office BP measurements, 5 of
which failed; 9 evaluated ABPM devices, of which 3 failed;
and 6 evaluated HBPM devices, one of which failed [10].
The currently used normalcy tables for ABPM in children
[11] are based on a single study that used an oscillometric
ambulatory BP monitor (Spacelabs 90207) that exhibited
questionable measurement accuracy for children in two
validation studies (Table 1) [10, 12, 13]. In the first vali-
dation study, which studied 85 children and adolescents, the
device failed the British Hypertension Society’s protocol
criteria for systolic and diastolic BP and the US Association
for the Advancement of Medical Instrumentation’s protocol
criteria for diastolic BP [12]. In the second validation study
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Oscillometric (SpaceLabs 90207). Questionable accuracy in 2 validation studies in children [10, 12, 13]

Blood pressure monitor validation study in children

Auscultatory (mercury)

Table 1 Studies used to develop the normative tables for office, ambulatory and home blood pressure measurements in children and adolescents
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Oscillometric (Omron 705 IT). Passed single validation study in children [10]

6-18

Greece

778

Home [31]

of 112 children and adolescents, the device passed the
British Hypertension Society’s protocol criteria for both
systolic and diastolic BP, but failed the US Association for
the Advancement of Medical Instrumentation’s protocol
criteria for diastolic BP (Table 1) [13].

Thus, the accuracy of automated oscillometric BP mea-
suring devices in children is imperfect, and accuracy is not
any better for ABPM than it is for HBPM or office BP
measurements [10]. Despite these deficiencies, the evidence
supporting the superiority of ABPM over office BP mea-
surements in children is indisputable, as indicated by
comparative data on its association with preclinical target
organ damage [14]. The advantage of using ABPM in
children is well recognized; this advantage is mainly due to
ABPM'’s potential to improve the detection of children at
increased cardiovascular risk, but unfortunately, to date,
ABPM has not been widely adopted, and robust normative
values are lacking [15].

Home versus ambulatory BP monitoring

When considering office BP measurements, ABPM and
HBPM in children (Table 2), an important factor that should
be considered is that office BP measurements are widely
available and are used for screening and HBPM is widely
available in the general population, yet ABPM is unfortu-
nately limited to hypertension specialists—mainly in
pediatric nephrology centers [15, 16]. Thus, the use of
HBPM in children should be standardized in clinical prac-
tice and should be further supported by future studies, and
the use of ABPM should be expanded in additional settings.

Barriers to performing ABPM that are faced by primary
care providers have been recognized. In a recent survey in
the US, the top-ranked barriers in adults were (1) challenges
in accessing ABPM, (2) costs of ABPM, (3) concerns about
the willingness or abilities of patients to successfully per-
form ABPM, and (4) concerns about its accuracy and
benefits [17]. Indeed, the cost of the devices is high, ABPM
is inadequately reimbursed in many countries, fitting the
device and downloading the data take time, and occasion-
ally, users are unwilling to wear the device, particularly for
repeated evaluations.

For HBPM, surveys in the US, Canada and Germany
showed that>70% of pediatric nephrologists routinely
apply this method in children with hypertension or renal
disease, and 64% of them consider HBPM as more
important than office BP measurements [18, 19]. Further-
more, studies in adults have shown that more patients prefer
to use HBPM than ABPM [4], yet such data in children are
still lacking. However, there are barriers for utilizing HBPM
in primary care as well. In the previously mentioned survey
from the US [17], the top barriers to performing HBPM
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Table 2 Facts and issues in blood pressure measurement methods for hypertension evaluation in children

Clinical need

Issues

Evidence

Availability - use

Blood

pressure

* Must be regularly performed in all

children.

* Screening not always performed.

* Well studied.

¢ Widely available.

Office

 Often applied incorrectly (devices, cuffs,
measurement protocol, hypertension

threshold).

* Normalcy table based on large database.

* Auscultatory and automated

 Use of accurate devices, appropriate
cuffs, measurement protocol and

correct interpretation.

devices.

 Often unrepresentative due to white-coat

and masked hypertension.

* Must become widely accessible.

* Available mainly in specialists ¢ Considerable evidence on usefulness in diagnosis, * Not preferred by patients for repeated use

Ambulatory

* Doctors to be trained in its importance,
indications, application, interpretation.
* More devices and cuffs need to be

validated in children.

(adults).

mainly for detecting white-coat, masked, and

nocturnal hypertension.
» Normalcy table based on single study.

setting.
* Exclusively automated

¢ Few devices validated in children.

* Costly.

devices.

* Reimbursement is necessary.

* Doctors to be trained in clinical
application and interpretation.

* Some evidence on usefulness in detecting white- ¢ Limited evidence in children.

* Available and used by most

Home

e Few devices validated in children.

coat and masked hypertension and in following

treated hypertension.
* Normalcy table based on single study.

pediatric nephrologists.

* Mostly automated

¢ More devices and cuffs need to be

validated in children.

¢ Unclear recommendations on clinical

application (devices, interpretation).

(oscillometric) devices.

¢ Potential for unstandardized conditions

and inaccurate reporting.

were (1) compliance with the correct protocol, (2) accu-
racy of the results, (3) out-of-pocket costs of the devices,
and (4) time needed to instruct patients.

ABPM is promoted for the detection of WCH, MH and
nocturnal hypertension [2]. For WCH detection, it is
unfortunately very unlikely that many children with ele-
vated office BP will be evaluated with ABPM in every-
day clinical practice, outside of pediatric nephrology
settings. Regarding HBPM, two studies comparing
against ABPM (taken as the reference) for WCH diag-
nosis in children showed high sensitivity and specificity
(74-89% and 91-92%, respectively) [7, 20], which are in
line with studies in adults [4]. Thus, HBPM appears to be
a reliable screening tool for WCH and is also a useful and
realistic alternative when ABPM is not available.
Although the 2017 US guidelines for adults state that
either ABPM or HBPM should be used to detect WCH
[21], the 2017 AAP guidelines recommend that only
ABPM should be used in children due to the limited
evidence regarding the use of HBPM in children [2]. For
MH, the AAP guidelines repeatedly emphasize the use-
fulness of ABPM [2], yet most of such children are
unlikely to be subjected to ABPM due to their low office
BPs. Since the AAP guidelines include ‘obesity’ in the
list of high-risk conditions for which ABPM may be
useful, the candidate population is large. In adults, HBPM
is regarded as a reliable alternative to ABPM for detecting
MH; [4] however, in children two studies have revealed
high specificity (92-96%) but low sensitivity (36-38%)
[7, 20], and further research is needed. For nocturnal
hypertension, ABPM is indeed a unique tool, yet novel
HBPM devices can also assess BP during sleep, though to
date, they have not been studied in children [22].

Thus, it is clear that, in children, the research evidence
on ABPM is stronger than for HBPM. However, the
preliminary evidence in children is in line with that in
adults, showing that the reproducibility of HBPM is
superior to that of office BP measurements and close to
that of ABPM [23, 24]. Moreover, the association of
HBPM with several indices of preclinical target-organ
damage appears to be similar to ABPM and superior to
office BP measurements [25, 26].

Efforts should be made to increase the amount of
research performed regarding the utility and effectiveness
of HBPM in children in primary care settings, as this
modality may be easier and more preferable for families,
particularly for repeated use in children with treated
hypertension. HBPM is a useful and feasible method for
assessing out-of-office BP in most untreated or treated
children with possible WCH or MH. ABPM for con-
firming these diagnoses is preferable for children, yet in
practice, a repeat HBPM session under medical super-
vision will probably be the most realistic option for most
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Table 3 Recommendations for

 Use automated oscillometric upper-arm-cuff devices validated in children.
* Prefer devices with automated memory or PC link capacity.
* Use cuff size that fits the individual’s arm size (the inflatable bladder length should be

80-100% of the individual’s arm circumference and the width 40-50%, or otherwise
according to the manufacturers’ instructions supported by validation study).

* Measurements by parents in young children, or self-measurements in adolescents.

* In a quiet room, after 5 min rest in the sitting position, with back supported, arm resting at
heart level, feet flat on floor, and avoid talking during rest period and measurements.

home blood pressure monitoring ~ Devices

in children and adolescents in

clinical practice [4, 29, 30]
Conditions
Schedule

* Monitor blood pressure for 7 routine school days (no less than 3).

* Take duplicate morning and evening measurements (before drug intake if treated) with 1

min interval.

Interpretation

* Calculate the average of all measurements after discarding the first day.

* Evaluate the average value using normalcy table for home blood pressure in children.
* Average blood pressure > 95th percentile for gender and height indicates home

hypertension.

* Home blood pressure measurement alone not to be used for treatment decisions in

children.

children. For the long-term follow-up of cases with treated
hypertension, HBPM appears to be more suitable, accep-
table, and cost-effective than ABPM [4]. Thus, HBPM has
been endorsed by the 2017 US guidelines for hypertension
for adults, in which HBPM plays a primary role in detecting
WCH or masked uncontrolled hypertension in patients on
drug therapy [21].

Application of home BP monitoring in
clinical practice

Several issues with using HBPM in children require further
investigation. However, in the last decade, evidence has
been accumulating, and the findings are in line with those of
studies conducted with adults [4, 27]. Although the evi-
dence for using ABPM in children is stronger, at the present
time and in the years to come, HBPM will remain more
easily accessible in primary care than ABPM [16]. It is clear
that more data regarding HBPM in children must be
obtained. However, since ABPM is not widely available,
the lack of available data should not prevent practicing
physicians from applying HBPM in clinical practice [18,
19]. This is expected to refine the diagnosis of hypertension
compared to the use of office BP measurements alone.
Thus, methodological guidance regarding HBPM that is
based on available data or derived from an extrapolation of
evidence in adults appears to be a reasonable strategy at the
present time, at least in settings where ABPM is not
available.

For the optimal application of HBPM in children in
clinical practice, recommendations need to be provided for
the selection of devices, conditions of measurement, mon-
itoring schedule, and interpretation of results (Table 3). An
important difference in children and adolescents is that their
daytime ambulatory BP measurements are significantly
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higher than their home BP measurements, whereas there is
no such difference in adults. This difference has been
demonstrated in a review of comparative studies [27] and in
a comparison of the 95th percentiles of the normalcy tables
for HBPM and daytime ABPM in children [28]. This can
most likely be attributed to young individuals’ high levels
of physical activity during the day, which is reflected in
ABPM results. Practical recommendations for applying
HBPM in children and adolescents in clinical practice are
presented in Table 3 [4, 29, 30], and BP thresholds for home
hypertension detection by gender and height are shown in
Table 4 [28, 31]. As both ABPM and HBPM thresholds
have been based on single and relatively small datasets,
more data are needed.

Conclusions

The 2017 AAP guidelines for pediatric hypertension place
considerable emphasis on BP measurements, which are
essential for the accurate diagnosis of hypertension as well
as treatment titration. It is recognized that many children are

Table 4 Blood pressure thresholds (95th percentiles, mmHg) for home
hypertension in children and adolescents by gender and height (based
on the Arsakeion School study in 767 children and adolescents).[31]

Height (cm) Boys Girls

120-129 119/76 119/74
130-139 121/77 120/76
140-149 125/77 122/77
150-159 126/78 123/77
160-169 128/78 124/78
170-179 132/78 125/79
180-189 134/79 128/80
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over- or underdiagnosed when only office BP measure-
ments are used. Therefore, out-of-office BP evaluations
using ABPM (as the preferred method) or HBPM are often
necessary for accurate diagnoses. Although ABPM is better
studied in children than HBPM, it is not easily accessible in
primary care, and HBPM might be preferred by patients for
repeated evaluations. HBPM is widely available in clinical
practice and is used in the evaluation of children with ele-
vated BP. Clear recommendations need to be provided to
practicing doctors on the standardization and optimal
application of HBPM in clinical practice based on the
available evidence. Relevant research questions on the
practical application of HBPM in children should be added
to the pediatric hypertension research agenda and should be
addressed in future studies.
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