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ABSTRACT

Management of hypertension (HTN) largely relies on proper and accurate measurement of blood pressure (BP). Even
following the criteria for HTN diagnosis defined in the Fourth report on high BP in children and adolescents, inaccu-
rate diagnosis and misdiagnosis can occur with white coat effect and masked HTN. The use of Ambulatory Blood Pres-
sure Monitoring (ABPM) has been increasing in pediatrics in the last 20 years. The main use of ABPM is to differenti-
ate between sustained HTN and white coat HTN in patients who have elevated casual BP measurements and to detect
masked HTN in high risk patients. ABPM is most useful in patients with casual BP within 20% of the 95th percentile for
age, gender, and height. This report will highlight the use of ABPM in the evaluation of elevated BP and management
of HTN in pediatrics. The discussion includes a review of various non-invasive BP measuring techniques, a description
of ABPM and ABPM-unique data and diagnoses, updated ABPM clinical data more specific to pediatrics, its use in
HTN clinical trials, and future outlook and direction of ABPM in pediatrics.
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1. Introduction

The diagnosis and proper management of hypertension
(HTN) relies on accurate blood pressure (BP) measure-
ments, traditionally performed by manual or automated
devices in clinical settings, known as casual BP. How-
ever, repeated studies have shown that this procedure is
often inaccurate due to inadequate or poorly maintained
equipment and observer bias [1], and disregard of cir-
cadian thythm of BP [2]. An alternative method such as
home self-BP measurement is also problematic as they
are vulnerable to observer error in reporting [3] and de-
vice inaccuracies [4]. Regardless of the measuring
method, elevated BP measurements tend to fall on sub-
sequent measurements as a result of accommodation ef-
fect and regression to the mean. To address this issue, the
Fourth report on high BP in children and adolescents
strictly defines diagnosis of HTN as the average systolic
blood pressure (SBP) and/or diastolic blood pressure
(DBP) > 95th percentile for gender, age, and height on at
least 3 separate occasions [5].

Even with this definition, there are additional diagno-
ses known as white coat hypertension (WCH) and mask-
ed HTN, discussed more in detail in later section, that
complicate the proper diagnosis and management of BP.
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Since the 1990s, the use of ambulatory blood pressure
monitoring (ABPM) has been on the increase in pediat-
rics [2,6], and it appears to be a useful tool to overcome
much of the potential difficulties of BP measurements
discussed above. This review will first compare various
traditional non-invasive BP measurement techniques in
pediatrics. Then ABPM is discussed extensively includ-
ing description of the study, ABPM-unique data and di-
agnoses, ABPM related clinical data concentrating more
in pediatrics, and potential benefits of ABPM in HTN
clinical trials. Finally, needs and future opportunities for
further ABPM research will be discussed.

2. Blood Pressure Measurement Techniques

Traditional non-invasive blood pressure measurement
options include auscultation using mercury or aneroid
sphygmomanometer and oscillometric devices, either
clinic or home monitors. Table 1 summarizes the strengths
and weaknesses of each method. Oscillometric devices
offer convenience and minimization of observer bias, but
they measure mean arterial BP then calculate SBP and
DBP values instead of direct measurement of these val-
ues [7]. The algorithms used to calculate SBP and DBP
vary depending on manufacturer and devices, and they
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Table 1. Traditional blood pressure measurement techniques.

Methods Strengths

Weaknesses

Mercury sphygmomanometer Considered gold standard

Does not require calibration

® No environmentally hazardous substance

Aneroid sphygmomanometer °

sphygmomanometer

More time efficient

.. . . . Requires less training to operate
Clinic oscillometric devices qut ning P

® Reduces white coat effect and may detect masked

HTN

Home oscillometric devices . -
Requires less training to operate

No observer bias or terminal digit preference

Next best gold standard after mercury

No observer bias or terminal digit preference
Easier in small children and infants

Environmentally hazardous substance

Vulnerable to improper technique, observer bias,
terminal digit preference*, BP variability, and
accommodation effect

e Difficult in small children and infants
® Does not address white coat effect or masked HTN

Requires scheduled calibration

Vulnerable to improper technique, observer bias,
terminal digit preference, BP variability, and
accommodation effect

Difficult in small children and infants
Does not address white coat effect or masked HTN

® SBP and DBP not directly measured
Calculation variation depending on devices

Normal BP tables not based on oscillometric meas-
urements

® Does not address white coat effect or masked HTN

® Reporter error

® SBP and DBP not directly measured

® (Calculation variation depending on devices
.

Device inaccuracy

BP: blood pressure, SBP: systolic blood pressure, DBP: diastolic blood pressure, HTN: hypertension. *Terminal digit preference: a type of observer bias where
observer has tendency to round readings to a certain number (usually zero) leading to overestimation or underestimation of actual BP.

have been reported to be always not consistent with aus-
cultative BP values [8]. In addition, the pediatric norma-
tive BP tables are based on auscultatory measurements,
and therefore, the preferred method of measurement is
auscultation [5]. Thus, the Fourth report recommends re-
peated BP measurement by auscultation for any oscillomet-
ric BP measurement that exceed the 90th percentile for age,
gender, and height [5]. Interested readers are encouraged to
review the extensive discussion on proper environment,
equipment, body position, and technique for accurate BP
measurement in the Fourth report [5].

As noted in Table 1, despite proper techniques that
should be taken with every auscultative BP measurement,
it is still vulnerable to misclassification due to white coat
effect and masking of HTN. ABPM is a newer tool that
is aimed to reduce this misclassification and to make
proper diagnosis of HTN.

3. Ambulatory Blood Pressure Monitoring
3.1. Description of the Equipment and the Study

ABPM equipment usually consists of a cuff, a monitor,
and a rubber tubing that connects the two parts. The cuff
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is usually worn around the non-dominant arm of patients
for 24 hours continuously, and the monitor is usually
attached to their waistline, usually on belts. For ABPM to
be practical in pediatric usage, the monitor should be
small in size and light in weight. There are now available
monitors ranging from 168 to 457 g [9]. There are a
number of ABPM manufactures but almost all the pub-
lished reports of pediatric ABPM used devices from
Spacelabs Healthcare (Issaquah, WA, USA). Typically,
ABPM records BP every 15 to 30 minutes during awake
hours and every 20 to 60 minutes during sleep hours, and
the data are analyzed in relation to a timed activity diary
recorded by the family [9]. Most authorities agree that at
least one valid BP recording per hour is required for an
interpretable study [9]. Readings can take place during
usual activity of children and adolescents including going
to school, doing homework, eating, and non-vigorous
activity like walking and sleeping. Activities not permit-
ted while on ABPM include vigorous exercise, contact
sports, showering, bathing, and swimming. The raw re-
corded BPs are then interpreted by a software that calcu-
lates various mean BP values and ABPM-unique data
called nocturnal dip and BP load, discussed further in the
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next section. Currently, pediatric normative ABPM data
is defined by German healthy school children initially
published by Soergel et al. [10] and later revised using
LMS-transformed data ([L] degree of skewness, [M] age-
and gender-specific estimates of the distribution median,
[S] coefficient of variation) by Wiihl et al. [11]. Currently,
routine use of ABPM is recommended for children aged
5 years and older [9], and the normative tables are avail-
able for ages 5 to 16 year olds [10,11]. A sample ABPM
interpretation report, which includes 95th percentile thresh-
old for patient’s age and gender, various mean BP values,
BP load, nocturnal dip status, and physician’s interpreta-

tion, is shown as Figure 1.
3.2. ABPM-Unique Data

Contrary to casual BP measurement, ABPM records and
calculates more comprehensive BP data including various
mean BP values, nocturnal dip, and BP load as summa-
rized in Table 2. The mean BP, both systolic and dia-
stolic, can be calculated for the entire 24 hour period as
well as awake and sleep periods. These values can then
be compared to the published ABPM normative data
which also include 24 hour, awake, and sleep BP values.
Nocturnal dipping refers to the physiological decline

Table 2. ABPM unique data.

ABPM data Definition Normal values
Mean BP . . Normative table for age,
(systolic and diastolic) Average BP over entire study period gender, and height
Mean awake BP . Normative table for age,
(systolic and diastolic) Average BP during the awake hours gender, and height
Mean sleep BP Normative table for age,

(systolic and diastolic)

Nocturnal dip
(systolic and diastolic)

BP load

Average BP during the sleep hours

Percentage drop of BP during sleep hours relative to awake hours:
([mean awake BP — mean sleep BP]/mean awake BP) X 100

Percentage of readings above the 95th percentile for age and gender

gender, and height
>10% (11)

No consensus currently.
Suggested to be > 25% - 50% (9)

Technical Analysis

Hours of 23.7
study:

Statistical Analysis

Threshold Ambulatory BP’s

Mean 24-hr BP:  118/60

24-hr BP loads
Awake BP loads
Sleep BP loads

Dipping status

Interpretation

# successful readings: 56 % successful 78 %
readings:
Awake: 124/82 Sleep: 112/74
Mean Awake BP: 119/56  Mean Sleep BP: 116/62
Systolic: 50 % Diastolic: 2%
Systolic: 34 % Diastolic: 3%
Systolic: 83 % Diastolic: 0 %
Systolic dip: 2.6 % Diastolic dip: +5 %

The study was of adequate technical quality. There was no evidence of sustained hypertension during the awake

period of the study; however, mean sleep BP was elevated, and there was blunted nocturnal SBP dipping and

reversed DBP dipping.

Conclusion: Abnormal study demonstrating nocturnal hypertension.

* Sample report provided by Joseph Flynn, MD, MS

Figure 1. A sample of ambulatory blood pressure monitoring interpretation report.
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in BP observed at night due to circadian rhythm. Normal
dipping is currently defined as >10% decline in mean
SBP and DBP from day to night [12], as blunted noctur-
nal dipping by itself may have clinical significance, as
discussed in later section. There may be racial differ-
ences in nocturnal dipping [13], but presently, there is no
race-specific definition established. BP load is defined as
percentage of ABPM measurements greater than the 95th
percentile for age, gender, and height [14]. At this point,
there is no consensus cut-off percentage that defines ab-
normal BP load in pediatrics with suggested percentage
ranging from 25% to 50% [9,14-16], and greater than
40% - 50% appears to be associated with target organ
damage [15,17].

3.3. ABPM-Unique Diagnosis
With ABPM, additional BP related diagnoses such as

WCH and masked HTN can be made with more certainty.

WCH is defined as BP levels > 95th percentile for age,
gender, and height in physician’s office or clinic but are
normal (<90th percentile) outside of clinical setting. This
is believed to be due to transient, stress-induced elevation
of BP when children are in medical setting. The preva-
lence of pediatric WCH have been reported to range from
10% - 60% depending on methodology used for casual
BP measurement, diagnostic thresholds for casual and
ambulatory BP, and study population (healthy population
versus referred patients for elevated BP) [18]. The like-
lihood of WCH appears to decrease as casual BP meas-
urements increase. Sorof et al. reported that prevalence
of WCH decreased from 87% to 15% when cut-off value
was increased from 95th percentile for age, gender, and
height to 20% above the 95th percentile [19]. As dis-
cussed later, the degree of casual BP elevation may help
to select which patients are appropriate to have ABPM
for evaluation of WCH.

Masked HTN is a converse of WCH as defined as
normal casual BP (<90th percentile for age, gender,
height) but elevated ambulatory levels. The prevalence of
masked HTN in pediatrics is also unclear with reported
prevalence ranging from 4.2% to 20% [20-24] depending
on study methods including study population and tech-
nique to detect masked HTN: ABPM versus home BP
measurements. Masked HTN also includes patients with
nocturnal HTN such as the sample ABPM interpretation
in Figure 1. ABPM has the capability to pick up noctur-
nal HTN where both casual BP measurement and home
BP measurement likely will miss this diagnosis.

3.4. ABPM versus Home BP Monitoring

Currently, there is no consensus on which technique (ABPM
versus home BP monitoring) would be the most efficient
and cost-effective way to diagnose WCH and masked
HTN in pediatrics. According to the American Heart
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Association consensus statement, ABPM is a superior
technique and is considered the gold standard for evalua-
tion of both WCH and masked HTN [9]. However, pro-
ponents of home BP monitoring ague that there is not
enough data to support one method being superior over
the other [25]. Two studies have compared diagnosis of
HTN comparing casual BP, home BP, and ABPM. In a
sub-study of the ESCAPE (Effect of Strict blood pressure
Control and ACE inhibition on Progression of chronic
renal failure in pEdiatric patients) trial with children ages
3 to 19 years old with mild to moderate renal failure,
home BP monitoring was superior to casual BP in detect-
ing HTN, but even the maximum diagnostic sensitivity by
both methods compared to ABPM was 81% [26]. This
means that one out of four children diagnosed as hyper-
tensive by ABPM could be missed by combination of
home BP and casual BP [26]. In the second study, in
children ages 6 to 18 years old referred for suspected
HTN, home BP monitoring had sensitivity, specificity
and positive and negative predictive values of 55%, 92%,
74% and 82%, respectively for diagnosis of sustained
HTN, 89%, 92%, 70% and 98%, respectively for diagno-
sis of WCH, and 36%, 96%, 50% and 93%, respectively
for diagnosis of masked HTN when compared to ABPM
diagnosis [21].

3.5. Adult ABPM Data

ABPM has been in use longer in adults, and because of
more frequent cardiovascular events, normative data is
more evidence based on patient outcome. Normal 24-hour
ABPM cut-off for adults has been defined as <130/80
[27,28]. In hypertensive European adult population, higher
ambulatory SBP or DBP predicted cardiovascular events
even after adjustment for classic risk factors including
casual BP [29]. In general rural Japanese adult popula-
tion, ABPM showed stronger predictive power for stroke
risk than casual BP measurement [30].

Studies have also shown that ABPM predicts target
organ damages better than casual BP. PIUMA (Progetto
Ipertensione Umbria Monitoraggio Ambulatoriale) study,
an Italian adult registry of morbidity and mortality in
subjects with primary HTN, showed that ABPM strati-
fied cardiovascular risks including left ventricular hyper-
trophy (LVH) independent of casual BP [31,32]. LVH
has been established as an independent risk factor for car-
diovascular disease in adults [33,34]. Similarly, ABPM
results and carotid intima-media thickness, a known risk
factor for stroke [35], appears to correlate better than
casual BP. In a cross-sectional analysis of 214 healthy
adult volunteers, 4 automated ambulatory blood pressure
taken every 2.5 hours correlated positively with carotid
intima-media thickness and carotid plaque even when
adjusted for demographic covariates, automated casual
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BP, and manual casual BP [36].

The long-term clinical outcome data in adults with
masked HTN and WCH are available. As expected, adults
with masked HTN, diagnosed by ABPM, in multiple
studies have shown higher rates of cardiovascular mor-

tality and events compared to normotensive subjects [37].

The available data on WCH appears to be inconclusive
both in target organ damage and patient outcome. Tradi-
tionally, WCH was viewed as a benign condition as num-
ber of studies illustrated similar rates of cardiovascular
events between WCH subjects and normotensive subjects
[38]. However, in a larger, international collaborative
study, the incidence of stroke tended to increase after 6
years of follow-up, raising a question of whether WCH
as a benign condition [39]. The data is also inconclusive
for target organ damage, as some studies showed an as-
sociation between WCH and intermediate target organ
damage, by echocardiogram and carotid ultrasound, while
others showed lack of association [38]. Table 3 summa-
rizes the relationship between various BP diagnoses and
their cardiovascular risks.

Finally, given the relative high prevalence of WCH,
performing ABPM appears to be cost-effective in adults.
A study showed that in new patients being evaluated for
elevated BP, ABPM being incorporated in diagnostic
process potentially saved 3% to 14% for cost of care and
10% to 23% reduction in treatment days taking in ac-
count for estimates of testing costs, treatment costs, and
prevalence of WCH [40].

3.6. Pediatric Data

Early pediatric studies showed validity and reproducibility
of ABPM. Lurbe et al. found valid measurements in 76.4
+ 15.6% of total measurements in unselected children
between ages 3 to 18 years, and 84.1% of all monitoring
had successful measurement rate of >80%, and 64% had
successful measurement rate > 90% [41]. Kahn et al.
found similar results with 83% of the ABPM studies con-
sidered successful [42].

Table 3. Definition of blood pressure diagnosis with ABPM
and their cardiovascular (CV) risks.

Ambulatory BP Office BP CV risk*
Normal BP Normal Normal -
Sustained HTN Elevated Elevated ++
Whli;f,rﬁoat Normal Elevated +-?
Masked HTN Elevated Normal ++

*For children, CV risks defined by target organ damage.
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In contrast to adults, there is no pediatric data avail-
able to date that correlates patient outcome with ABPM
data largely due to very low incidence of cardiovascular
events. However, there have been an increasing number
of studies that show an association between abnormal
ABPM results with target organ abnormalities, including
the heart, the carotid intima-media thickness, the kidneys,
and perhaps a unique concern to pediatrics, central nerv-
ous system development.

Among these organs, the most studied is the heart,
specifically the correlation between BP and LVH. Multi-
ple pediatric studies have found a correlation between
elevated casual BP measurements with LVH [43-46], and
these results have been duplicated by ABPM studies dem-
onstrating correlation between HTN and LVH [17,47-49].
To expand on this point, ABPM-unique data, such as 24
hour systolic BP index (defined as percentage over the
95th percentile for age, gender, and height) and night
time mean SBP have been found to correlate with left
ventricular mass index [17,50]. Recent pediatric studies
also suggest an association between abnormal ABPM
with increased carotid intima-media thickness [49,51,52].
Because obesity is also associated with increased carotid
intima-media thickness, a study by Lande et al. may be
most intriguing since this study had a control group with
matched age, gender, and body mass index [52]. There
have also been recent reports to suggest that hypertensive
target organ damage may include abnormalities in central
nervous system development. Children and adolescents
aged 10 to 18 years old who were proven to have sus-
tained HTN by ABPM demonstrated lower parental rat-
ings of executive function compared to normotensive
controls [53]. These parental ratings improved 12 months
later with antihypertensive therapy, confirmed with lower
ABPM measurements [54]. Further, odds of having learn-
ing disabilities were about 4 times higher for hyperten-
sive subjects (proven either by ABPM or 3 casual BP
measurements) compared to normotensive subjects ad-
justed for age, gender, obesity, and low socioeconomic
status, regardless of whether they were receiving Atten-
tion Deficit Hyperactivity Disorder therapy [55].

ABPM can also be a useful tool to “unmask” masked
HTN in high risk patients and to provide a marker of pro-
gression in diabetic nephropathy. A cross-sectional study
in children after renal transplantation showed masked
HTN in 24%, uncontrolled HTN (defined as daytime
ABPM HTN undetected by casual BP while on antihyper-
tensive therapy) in 21%, and non-nocturnal dipping (de-
fined as <10%) in 71% of patients [56]. A cross-sec-
tional multicenter trial of chronic peritoneal dialysis
children found day time SBP load to be an independent
predictor of LVH in a population where prevalence of
LVH was found to be high at 70.2% [57]. ABPM ab-
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normalities also have been shown to correlate with pro-
gression of diabetic nephropathy in both type I and type
II diabetes mellitus (DM). Persistent microalbuminuria
occurs during the subclinical stage of diabetic nephropa-
thy, before the onset of overt proteinuria in DM. In a
study among adolescents and young adults with type I
DM, non-nocturnal dipping ABPM pattern was observed
in 80% of proteinuric subjects, 58% of micro-albuminu-
ric subjects, 18% in normoalbuminuric subjcts, and 10%
in non-diabetic controls [58]. The same study group also
showed that nocturnal increase in SBP preceded the de-
velopment of micro-albuminuria in adolescents and
young adults with type I DM initially without micro-
albuminuria and HTN, and the risk of microalbuminuria
increased when nocturnal dipping fell to <10% [59]. In
type II DM, the data appears to be similar. In adolescents
with recent diagnosis of type II DM, casual BP was not
significantly different in patients with microalbuminuria
versus without micro-albuminuria, while average day-
time SBP and average daytime SBP load detected by
ABPM were significantly higher in patients with microal-
buminuria compared to patients without microalbuminuria
and non-diabetic control subjects [60].

Similar to adults, the prognostic significance of WCH
in pediatrics is unclear. Recent reports have mixed con-
clusions on whether WCH is associated with target organ
damages, in particular, left ventricular mass index and
carotid intima-media thickness [22,61,62]. Among chil-
dren referred for suspected hypertension who underwent
ABPM, WCH subjects had left ventricular mass index
between those of confirmed hypertensives and nor-
motensives, although the difference between WCH sub-
jects and normotensives did not reach statistical signify-
cance [22]. No significant differences were found in the
carotid intima-media thickness between the three groups
[22]. A Hungarian school-based adolescent study showed
higher intima-media thickness in both WCH and hyper-
tensive subjects compared to normotensive controls while
there was no difference between left ventricular mass
index between WCH subjects and controls [61]. Finally,
a study among children referred for suspected hyperten-
sion showed left ventricular mass index greater than 95th
percentile for age in 33% of WCH males and 36% of
WCH females [62]. Based on these results, some of the
pediatric HTN experts feel that WCH is a prehyperten-
sion condition, thus warranting continued follow-up of
BPs.

As expected, the relationship between BP and target
organ damage is much clearer in masked HTN, both in
otherwise healthy population and in high risk populations
such as patients with chronic kidney disease. The BP
associated target organ damages appear to be indistin-
guishable from those of sustained HTN, which parallel
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the adult data. A study among 592 youth ages 6 to 18
years old, subjects with masked HTN had higher left
ventricular mass index and a higher rates of left ven-
tricular mass index above the 95th percentile for age and
gender compared to normotensive controls [20]. Among
85 patients referred for elevated BP, left ventricular mass
indexes were significantly larger in ABPM confirmed
hypertensives and masked hypertensives compared to
confirmed normotensives [22]. The evidence for target
organ damage from masked HTN are even more pro-
nounced in high risk patients. A cross-sectional analysis
of Chronic Kidney Disease in Children (CKiD) cohort
showed that children 9 through 15 years of age with
chronic kidney disease stage 2 through 4 (estimated glome-
rular filtration rate 15 to 89 ml/min/1.73 m”) had 38%
prevalence of HTN and 18% confirmed HTN by ABPM
[63]. Further, 17% of this cohort had LVH, and a multi-
variable analysis showed that both masked and con-
firmed HTN were the strongest independent predictors of
LVH with both odds ratios just over 4 [63]. Thus the re-
lationship between various BP related diagnoses and car-
diovascular risks, as indicted in Table 3, appear to stay
intact both in otherwise healthy hypertensive and high
risk children and adolescents.

Finally, once proper diagnosis of HTN is achieved and
therapy is started, ABPM can be used to assess the treat-
ment efficacy more completely. One of the early pediat-
ric ABPM study by Flynn is an example of this use. Out
of seven patients, four patients were determined to have
poorly controlled HTN by ABPM, not detected by casual
BP measurements, prompting a change in their therapy or
further diagnostic testing [6].

In summary, there is increasing number of published
pediatric ABPM reports. Early studies showed validity
and reproducibility of ABPM in children and adolescents.
More recent reports have shown correlation between ab-
normal ABPM studies with various hypertensive target
organ damages including the heart, the carotid intima-
media thickness, and the central nervous system devel-
opment. ABPM also appears to be useful in detecting
masked HTN in high risk population including dialysis
and renal transplant patients, and in predicting develop-
ment of microalbuminuria, an early sign of diabetic neph-
ropathy. Lastly, similar to adults, the relationship be-
tween WCH and target organ damage is unclear at pre-
sent time, and target organ damages in masked HTN pa-
tients appear to be indistinguishable from those of sus-
tained HTN, both in otherwise healthy and in high risk
populations.

3.7. Current Clinical Indications in Pediatrics

The main use of ABPM is to differentiate between sus-
tained HTN and WCH in patients who have elevated
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casual BP measurements and to detect masked HTN in
high risk patients. ABPM is most useful in patients with
casual BP within 20% of the 95th percentile for age,
gender, and height since patients with casual BP greater
than 20% above the 95th percentile are more likely to
have sustained HTN and not WCH [64]. Table 4 sum-
marizes the current clinical indications for use of ABPM.
ABPM is also useful in follow-up evaluations in deter-
mining effectiveness of antihypertensive therapy, evalua-
tion of resistant HTN, and assessment of dipping status
in high risk patients such as DM.

3.8. Clinical Trial Uses in Pediatrics

As illustrated in the previous section, pediatric ABPM
clinical research data have been increasing in the recent
years. In clinical trials, potential benefits of ABPM include
confirmation of HTN diagnosis prior to enrollment and
exclusion, elimination of observer bias, reduction of
measurement variability between trial centers, reduction
of placebo effect, and perhaps most importantly, reduce-
tion of sample size. As another sub-study of ESCAPE
trial, Gimpel et al. showed that standard deviation of
ABPM responses were up to 39% smaller than those of
casual BP measured responses. Using power analysis,
they showed that depending on the magnitude of the
aimed BP reduction, sample size can be reduced by 57% -
75% with the use of ABPM [65]. Many pediatric stud-
ies are often limited by difficulty in enrolling large num-
ber of patients, and not only ABPM will help to over-
come this limitation, but it will also reduce the number of
patients who would receive placebo medication in blinded
placebo-controlled drug trials.

4. Current Needs and Future Directions

Even with increasing pediatric ABPM data, there is a

sufficient need for further clinical research in many areas.

First and foremost is the necessity for normative data
based on larger population that include nonwhite popula-
tions [9]. Second is a further analysis to correlate ABPM

results with well-defined or intermediate end points for
sustained hypertensive patients and those with WCH,
which should help to define more evidence-based normal
values. Related to this analysis, there is a need to evalu-
ate efficacy of therapy with ABPM and reversal of target
organ damage [9]. Third is to develop standardized pro-
tocols appropriate for validation of monitors specific for
pediatric patients [9]. Fourth is pediatric-specific cost
effective analysis. A number of adult studies have sug-
gested significant cost savings with use of ABPM, but
there has only been one notable pediatric cost effective
analysis of ABPM use in the initial BP evaluation. In this
study, Swartz et al. projected saving of $2.4 million per
1000 patients with use of ABPM [66]. The largest cost
difference between evaluations based on casual BP meas-
urement versus ABPM in this analysis was the echocar-
diogram obtained in patients determined to have sus-
tained HTN solely by casual BP. However, if WCH also
becomes an indication for target organ damage investiga-
tion, as suggested by some of the studies discussed above,
further revised cost analysis is needed. Fifth is the use of
ABPM in pediatric non-renal transplant patients to de-
tect masked HTN in this high risk group. There is a
number of pediatric ABPM reports in renal transplant
patients [56,67,68], but data in cardiac [69-71], liver [72],
small bowel, lung, and hematopoietic cell transplanta-
tions are scarce. Finally, there is a concern that undergo-
ing ABPM itself can produce abnormal nocturnal dipping.
An adult study with veterans with chronic kidney disease
showed that among the patients with most amount of sleep,
wearing ABPM monitor was associated with less time
spent in bed at night, less sleeping hours during those
hours, reduced sleep efficiency, and more sedentary dur-
ing waking hours around ABPM monitoring. Further
analysis showed that waking after sleep onset more than
the median time was associated with greater odds for
non-dipping (OR = 10.5, p = 0.008) [73]. Thus, a pediat-
ric study with similar design would be intriguing.

Table 4. Clinical uses of ABPM in pediatrics.

Purpose

Condition

Distinguish between sustained HTN and WCH

Evaluate effectiveness of therapy and identify resistant hypertensive
patients

Tighter BP control including evaluation of nocturnal HTN to reduce
renal albumin excretion

Evaluate for masked HTN

Elevated casual BP measurements within 20% of 95th percentile for
age, gender, height

Sustained hypertensive patients while on therapy

Diabetes

Coarctation of the aorta, solid organ and bone marrow transplant pa-
tients, Polycystic ovary disease gene carriers, William syndrome,
Turner syndrome, Neurofibromatosis I

ABPM: Ambulatory blood pressure monitoring, BP: blood pressure, HTN: hypertension, WCH: white coat hypertension. *Revised from reference [9].

Copyright © 2011 SciRes.

1JCM



The Clinical Application of Ambulatory Blood Pressure Monitoring in Pediatrics 657

Lastly, the roles of casual BP, home BP, and ABPM
will need to be better defined in evaluation of elevated
BP. While American Heart Association ABPM consensus
statement suggests superiority of ABPM over home BP
measurements [9], others suggest that home BP meas-
urements and ABPM can be interchangeable [21,25,74].
Thus, further studies are needed in pediatric patients to
clarify who, when, and in which clinical settings, ABPM
versus home BP measurements, are appropriate.

5. Conclusions

Since the initial report on blood pressure in children and
adolescent was released in 1977, the understanding of BP
evaluation and management in pediatrics has evolved
extensively, including proper diagnosis of sustained HTN
versus WCH and detection of masked HTN. Parallel to
adults, recent pediatric ABPM studies are starting to un-
cover the clinical significance of HTN, especially with
target organ damage both in otherwise healthy hyperten-
sive patients and high risk patients. ABPM also has many
future needs, which also means ample opportunities for
many future clinical trials. These trials will hopefully help to
further clarify the proper indication and role of ABPM in
elevated BP evaluation and HTN management in children
and adolescents.

6. Key Points

1) Inaccurate diagnosis of HTN occur due to WCH and
masked HTN even with proper BP measurement tech-
niques and following the Fourth report HTN diagnosis
criteria.

2) ABPM is a tool to aid in proper BP evaluation for

children and adolescents aged 5 years and older, espe-

cially to differentiate between sustained HTN and WCH
in patients who have elevated casual BP measurements
and to detect masked HTN in high risk patients.

ABPM is most useful in patients with casual BP within

20% of the 95th percentile for age, gender, and height.

Unlike adults, pediatric ABPM data have not been

correlated with patient outcome data. However, pediat-

ric ABPM data have shown abnormal ABPM to corre-
late with hypertensive target organ damage including

LVH, increased carotid intima-media thickeness, and

abnormal central nervous system development. ABPM

also appears to be useful in detecting masked HTN in
high risk population and in predicting development of
diabetic nephropathy.

4) ABPM is a promising tool in pediatric BP clinical
trials including antihypertensive drug trials, and there are
many future clinical research needs and opportunities.

3
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