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Blood Pressure Measurement in Children

Clinical Question

P (population/problem) In pediatric patients

I (intervention) what is the best method of blood pressure measurement
C (comparison)

O (outcome) to identify elevated blood pressure?

Target Population
Pediatric patients (0 to 18 years)

Recommendation(s) (See Table of Recommendation Strengths following references)
Patients

1.

It is recommended that children over the age of 3 years have their blood pressure measured at least once a year as
part of routine preventive health screening (AAP Committee on Practice and Ambulatory Medicine and Bright Futures Steering
Committee 2007 [5], Local Consensus [5]).

Note: Data from the 2006 National Ambulatory Medical Care Summary indicates that blood pressure was
recorded at 25.8% (SE 1.6) of visits by children (0-17 years of age) (Cherry 2008 [4a]).

It is recommended that all children with any chronic medical condition(s) and/or being treated with medications

known to raise blood pressure have their blood pressure measured at least once during every health care encounter
(National High Blood Pressure Education Program Working Group on High Blood Pressure in Children and Adolescents 2004 [5], Local

Consensus [5]).

Method

3.

It is recommended that auscultation with mercury or aneroid sphygmomanometer be used for diagnostic
evaluation of blood pressure elevation (National High Blood Pressure Education Program Working Group on High Blood
Pressure in Children and Adolescents 2004 [5], Local Consensus [5]).

Note 1: Blood pressure measurement with an oscillometric device may be acceptable for routine surveillance
(National High Blood Pressure Education Program Working Group on High Blood Pressure in Children and Adolescents 2004 [5], Jones

2003 [5], Local Consensus [5]). An elevated blood pressure reading obtained with an oscillometric device should be
repeated using the auscultatory method (National High Blood Pressure Education Program Working Group on High Blood
Pressure in Children and Adolescents 2004 [5]).

Note 2: Use of automated devices may be necessary for blood pressure measurement in newborns and young
infants, in whom auscultation may be difficult (National High Blood Pressure Education Program Working Group on High
Blood Pressure in Children and Adolescents 2004 [5], Local Consensus [5]).

It is recommended that the following procedure for blood pressure measurement be followed, regardless of the
type of device used (Pickering 2005 [5], National High Blood Pressure Education Program Working Group on High Blood Pressure
in Children and Adolescents 2004 [5], Chobanian 2003 [5b]).
a. Correct position: child is sitting, with legs uncrossed with cuff at heart level. Infants and small children may
be lying down.
Note: Blood pressure measurements may be elevated when the patient is lying down (Eser 2007 [4b], Netea 2003
[4b]). When patients are lying down, the arm used for blood pressure measurement is supported at the level of
the right atrium to avoid falsely elevated blood pressure measurements (Netea 2003 [4b]).
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b. Rest period before measurement: at least 5 minutes of rest in sitting position before blood pressure
measurement.

c. Correct size blood pressure cuff: use an appropriate cuff size based on arm circumference.
Note 1: The width of the cuff’s inflatable bladder is at least 40% of arm circumference. The inflatable bladder
length should cover 80-100% of the circumference of the arm (Pickering 2005 [5], National High Blood Pressure
Education Program Working Group on High Blood Pressure in Children and Adolescents 2004 [5]).
Note 2: Refer to manufacturer’s marks on the cuff to determine the correct cuff size or measure the arm
circumference at the midpoint between the olecranon and the acromion.
Note 3: If a cuff is too small, the next largest cuff should be used, even if it appears large.

d. Average of two measurements: to best characterize blood pressure values, obtain an average of 2 or more
values. If blood pressure is elevated, wait at least 30 seconds and repeat the measurement. Reported blood
pressure for the visit is the average of the two sets of values.

Confirmation of Elevated Blood Pressure
5. It is recommended that the following guidelines be used to diagnose elevated blood pressure, based on the current
gender-, age-, and height-appropriate blood pressure tables (National High Blood Pressure Education Program Working Group

on High Blood Pressure in Children and Adolescents 2004 [5]).

a. Systolic blood pressure (SBP) and/or diastolic blood pressure (DBP) (i.e., average of two measurements as
per 4d. above) less than the 90" percentile is normal.

b. Systolic blood pressure (SBP) and/or diastolic blood pressure (DBP) (i.e., average of two measurements as
per 4d. above) between the 90™ and 95™ percentile or BP equal to or exceeding 120/80 at any age is
prehypertension (see Table below) (Local Consensus [5])

c. Systolic blood pressure (SBP) and/or diastolic blood pressure (DBP) (i.e., average of two measurements as
per 4d. above) greater than 95" percentile on >3 occasions is hypertension.

6. Itis recommended that elevated blood pressure measurements be confirmed on repeated visits before
characterizing a child as having prehypertension or hypertension (See Table below) (Pickering 2005 [5], National High
Blood Pressure Education Program Working Group on High Blood Pressure in Children and Adolescents 2004 [5], Local Consensus [5]).

Note 1. Incorrect technique may result in inaccurate blood pressure measurements (Eser 2007 [4b], Prineas 2007 [4b],
Sala 2005 [4b], Mourad 2003 [4b], Netea 2003 [4b], National High Blood Pressure Education Program Working Group on High Blood

Pressure in Children and Adolescents 2004 [5], Jones 2003 [5], Local Consensus [5])— See Blood Pressure Assessment
Algorithm on page 7.

Note 2: Blood pressure at high levels tends to fall on subsequent measurements as the result of (1) an
accommodation effect (i.e. reduction of anxiety by the patient from one visit to the next), and (2) regression to the
mean.(Chiolero 2007 [4a], National High Blood Pressure Education Program Working Group on High Blood Pressure in Children and
Adolescents 2004 [5]).

Note 3: Recommended frequency of measurement varies with blood pressure level (see Table below).

Table: Classification of Hypertension in Children and Adults with Measurement Frequency

SBP* or DBP** Percentile Frequency of BP Measurement
Normal < 90™ percentile Recheck at next scheduled physical
examination.
Prehypertension 90™ to < 95™ percentiles Recheck in 6 months.
or
>120/80 at any age
Stage 1 hypertension | >95™ and < 99™ percentile plus 5 mmHg Recheck in 1-2 weeks or sooner if patient

is symptomatic. If persistently elevated
on 2 additional occasions, evaluate or
refer to hypertension specialist within 1
month

Stage 2 hypertension | > 99" percentile plus 5 mmHg Evaluate or refer to pediatric
hypertension specialist (e.g pediatric
nephrology or pediatric cardiology)
within 1 week or immediately if
symptomatic

*Systolic blood pressure **Diastolic blood pressure
Source: (National High Blood Pressure Education Program Working Group on High Blood Pressure in Children and Adolescents 2004 [5])
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7. Itis recommended that children and adolescents be referred according to their blood pressure values (See

Appendix):

a. Children and adolescents whose blood pressure is > 90" percentile but < 99" percentile plus 5 mmHg can be
referred to primary care provider for confirmation or consider referring to a pediatric hypertension specialist
(e.g., pediatric nephrology or pediatric cardiology) (Local Consensus [5]).

b. If a patient’s blood pressure is > 99" percentile plus 5 mmHg, the patient should be referred to a pediatric
hypertension specialist (i.e., pediatric nephrology or pediatric cardiology) for prompt evaluation and treatment
(Local Consensus [5]).

Discussion/summary of evidence

In 2004, the Fourth Report on the Diagnosis, Evaluation and Treatment of High Blood Pressure in Children and
Adolescents (National High Blood Pressure Education Program Working Group on High Blood Pressure in Children and Adolescents 2004
[51) (hereafter referred to as the Fourth Report) was published. This report was an update of an earlier national
consensus reports (National High Blood Pressure Education Program Working Group on Hypertension Control in Children and
Adolescents 1996 [5], Second Task Force on Blood Pressure Control in Children 1987 [5], Blumenthal 1977 [5]), based on peer-reviewed
scientific literature published in English since 1997. In the Fourth Report (National High Blood Pressure Education Program
Working Group on High Blood Pressure in Children and Adolescents 2004 [5]), revisions pertinent to blood pressure measurement
included revised blood pressure tables and the identification of blood pressure values that indicate prehypertension,
which are consistent with the Joint National Committee on the Prevention, Detection, Evaluation and Treatment of
High Blood Pressure (JNC 7) (Chobanian 2003 [5b]).

A search of the literature since 2003 was performed (see Search Strategy below). No evidence to invalidate the
Fourth Report (National High Blood Pressure Education Program Working Group on High Blood Pressure in Children and Adolescents
2004 [5]) was found, although several studies related to blood pressure measurement were identified.

The Fourth Report (National High Blood Pressure Education Program Working Group on High Blood Pressure in Children and
Adolescents 2004 [5]) recommends the auscultatory method of blood pressure measurement as the standard for diagnosis
of elevated blood pressure, in part because the current NHBLI blood pressure tables are based on ausculatory
measurements. Blood pressure values obtained with an oscillometric device are not interchangeable with values
obtained by auscultation or values obtained with different oscillometric devices (Pickering 2005 [5], National High Blood
Pressure Education Program Working Group on High Blood Pressure in Children and Adolescents 2004 [5], Butani 2003 [5]).Since the
report was published, several authors have published nomograms for oscillometric blood pressure measurements for
different ages (Kent 2007 [4a], Park 2005 [4b]) and racial/ethnic groups (Sung 2008 [4a]).

The Fourth Report (National High Blood Pressure Education Program Working Group on High Blood Pressure in Children and
Adolescents 2004 [5]) recommends that a consistent method be used to measure blood pressure to ensure accurate,
reproducible and comparable blood pressure values. After comparing four different methods of blood pressure
measurement, Houweling et al (2006 [4a]) demonstrated that different measurement methods produce different blood
pressure values, reinforcing the need for use of a consistent method of blood pressure measurement in order to
compare blood pressure values over time. Several investigators demonstrated that body position, such as whether the
patient is lying down, whether the arm is supported or unsupported, and whether the antecubital space is on the same
level of the right atrium, influences blood pressure values (Eser 2007 [4b], Sala 2005 [4b], Mourad 2003 [4b], Netea 2003 [4b]).
Blood pressure cuff size should be based on measured mid-arm circumference, measured at the mid-point between the
olecranon and the acromion. In very small neonates, oscillometric blood pressure measurements may be too high, due
to limitations in available cuff sizes for very small arm circumferences (Dannevig 2005 [4b]). Prineas (2007 [4b])
examined trends in mid-arm-circumference and the availability of appropriate blood pressure cuff sizes, concluding
that an increasing number of falsely high blood pressure measurements were likely due to lack of adequate sizes of
pediatric blood pressure cuffs even though mid-arm circumference measurements in children are increasing.

Podoll et al. (2007 [4b]) compared the blood pressure measurements obtained by staff using standard practice at the

“vital signs station” in a pediatric hypertension clinic and the blood pressure measurements obtained in the
examination room by trained personnel carefully following the Fourth Report method for blood pressure
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measurement. Blood pressure measurements taken at the vital signs stations were higher than those taken in the
examination room: the mean difference between the two readings was > 13 mm Hg for SBP and 9 mm Hg for DBP.
With this difference, some normotensive patients would be misdiagnosed as having prehypertension or hypertension.
The results of this study suggest that if vital signs station blood pressure measurements are elevated, children with
elevated initial measurements must be checked in the examination room before a making a diagnosis.

Health Benefits, Side Effects and Risks

The Fourth Report emphasizes importance of early recognition of both prehypertension and hypertension in children
and adolescents, due to present and future health risks, including target-organ abnormalities and the risk of
cardiovascular disease (National High Blood Pressure Education Program Working Group on High Blood Pressure in Children and
Adolescents 2004 [5]). Several reports published since the Fourth Report have confirmed the presence of cardiovascular
risk factors in youths with elevated blood pressure (zhu 2007 [3a], Juonala 2006 [3a], Lane 2004 [5])and obesity (Sorof 2004
[4b]).
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Note: Full tables of evidence grading system available in separate document:
e Table of Evidence Levels of Individual Studies by Domain, Study Design, & Quality (abbreviated table below)
e Grading a Body of Evidence to Answer a Clinical Question
e Judging the Strength of a Recommendation (abbreviated table below)

Table of Evidence Levels (see note above)

Quality level Definition
Systematic review, meta-analysis, or meta-

1at or 1bt synthesis of multiple studies

2aor2b Best study design for domain

3aor3b Fair study design for domain

4aor4b Weak study design for domain

5 Other: General review, expert opinion, case
report, consensus report, or guideline

ta = good quality study; b = lesser quality study

Table of Recommendation Strength (see note above)

Strength Definition
“Strongly recommended” There is consensus that benefits clearly outweigh risks and burdens
(or visa-versa for negative recommendations).
“Recommended” There is consensus that benefits are closely balanced with risks and burdens.
No recommendation made There is lack of consensus to direct development of a recommendation.

Dimensions: In determining the strength of a recommendation, the development group makes a considered judgment in a consensus process
that incorporates critically appraised evidence, clinical experience, and other dimensions as listed below.

Grade of the Body of Evidence (see note above)

Safety / Harm

Health benefit to patient (direct benefit)

Burden to patient of adherence to recommendation (cost, hassle, discomfort, pain, motivation, ability to adhere, time)
Cost-effectiveness to healthcare system (balance of cost / savings of resources, staff time, and supplies based on published studies or
onsite analysis)

Directness (the extent to which the body of evidence directly answers the clinical question [population/problem, intervention,
comparison, outcome])

7. Impact on morbidity/mortality or quality of life

agrwpE

o
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Appendix

Is patient’s SBP and/or DBP 2 90" percentile

BLOOD PRESSURE ASSESSMENT ALGORITHM
based on the 2004 guideline table criteria
specified for the patient’s gender, age, and height?

Assessment
Discontinued
! v

Was the correct blood pressure cuff size used? @ Remeasure with o
correct cuff

! ~
Was patient seated and in the rest position @ .Remeasure w'_t!" patient
for 5 minutes before measuring blood pressure? in correct posmon. after | —
correct rest period
! ¥

Was blood pressure measured using a @ Remeasure using
sphygmomanometer and a stethoscope? sphygmomanometer

Take 2 blood pressure readings on the right arm with a 30 second interval between them

v

Using the average of the 2 blood pressure readings, assign patient’s status based on the
2004 guideline table criteria specified for patient’s gender, age, and height:

-SBP and/or DBP < 90" Percentile is Normal

+SBP and/or DBP 2 90™ Percentile but < 95th Percentile is Prehypertension
*BP 2 120/80 (any age) is Prehypertension

-SBP and/or DBP 2 95" Percentile on 2 3 occasions is Hypertension

Evidence: National High Blood Pressure Education Program Working Group on High Blood Pressure in Children and Adolescenis 2004 [5]

Is the patient’s blood pressure status in either _ Monitor at
the Prehypertension or Hypertension range? regular intervals

Is BP 2 95™ percentile but
Is BP 2 99" percentile plus 5 mm Hg? ]L_" < 99" percentile plus 5 mm Hg?

Refer to Specialist for

Evaluation and Treatment
Within 1 week or immediately if
symptomatic

Primary Care to Confirm Status or

Consider Referring to Specialist
Recheck in 1-2 weeks or sooner if symptomatic

Copyright © 2009 Cincinnati Children's Hospital Medical Center; all rights reserved. Page 7 of 9
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Supporting information

Group/team members

Mark Mitsnefes, MD, Nephrology

Holly Ippisch, MD, Preventive Cardiology

Elaine Urbina, MD, Preventive Cardiology

Debbie Parrott, RNII, Nephrology/Urology Outpatient Center

Clinical Effectiveness Support

Kimberly Mason, RN, MSN, PCNS-BC, Evidence Facilitator

Danette Stanko-Lopp, MA, MPH, Epidemiologist

Barbarie Hill, MLS, Pratt Library

Marta Clark, MHA, PhD, Asst VP, Business Unit Performance Improvement
Elizabeth Ricksecker, MA, EPIC Outcomes Manager

Search strategy

1. Original Search
OVID Databases

Medline, CINAHL and the Cochrane Database for Systematic Reviews (CDSR)

OVID Filters
Publication Date
Limits

Journal Filter

2003 to present

Humans and English Language

“All child (0 to 18 years)”

General interest medical journals: British Medical Journal, JAMA, Lancet, New England Journal of Medicine
General interest pediatric journals: Archives of Diseases in Childhood Archives of Diseases in Childhood Fetal &
Neonatal Edition, Archives of Pediatric and Adolescent Medicine, Journal of Pediatrics, Pediatrics

Topic-specific specialty journals: American Heart Journal, American Journal of Cardiology, American Journal of
Hypertension, Blood Pressure Monitoring, Hypertension, Journal of Human Hypertension, Journal of
Hypertension, Pediatric Nephrology

Search Terms and MeSH Terms

Patients/Population

Intervention/Exposure

Outcomes

Pediatric patients, pediatrics

Ambulatory patients/outpatients

Blood Pressure/ph [Physiology]

Blood Pressure Determination/ct [Contraindications]]

Blood Pressure Determination/is [Instrumentation]

Blood Pressure Determination/mt [Methods]

Blood Pressure Determination/st [Standards]

Blood Pressure Determination/sn [Statistics & Numerical Data]
Diagnostic Errors/in [Instrumentation]]

Diagnostic Errors/sn [Statistics & Numerical Data]

Predictive Value of Tests — additional limits Diagnosis/specificity, Diagnosis/sensitivity
Casual blood pressure measurements.mp

Accurate blood pressure measurement

2. Additional articles identified from reference lists and clinicians.

Known conflicts of interest
Elaine Urbina MD is a member of the National High Blood Pressure Education Program Working Group on High Blood Pressure in Children

and Adolescents.

Applicability issues

Outcomes that are planned to be measured include:

grwNE

composite)

Percent of patients having blood pressure evaluated at current visit

Percent of patients having blood pressure measurements documented in structured data fields (completeness)

Proportion of population accurately diagnosed as hypertensive.

Proportion of population accurately diagnosed as pre-hypertensive.

Percent of at-risk patients whose elevated blood pressure is confirmed by using the gold standard measurement process (all or none

Copyright © 2009 Cincinnati Children's Hospital Medical Center; all rights reserved. Page 8 of 9
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Complete operational definitions are on file.

Copies of this Best Evidence Statement (BESt) are available online and may be distributed by any organization for the global purpose of

improving child health outcomes. Website address: http://www.cincinnatichildrens.org/svc/alpha/h/health-policy/ev-based/default.htm

Examples of approved uses of the BESt include the following:

« copies may be provided to anyone involved in the organization’s process for developing and implementing evidence based care;

« hyperlinks to the CCHMC website may be placed on the organization’s website;

« the BESt may be adopted or adapted for use within the organization, provided that CCHMC receives appropriate attribution on all written or
electronic documents; and

« copies may be provided to patients and the clinicians who manage their care.

Notification of CCHMC at HPCEInfo@cchmc.org for any BESt adopted, adapted, implemented or hyperlinked by the organization is
appreciated.

Additionally, for more information about CCHMC Best Evidence Statements and the development process, contact the Health Policy & Clinical
Effectiveness office at: 513-636-2501 or HPCEInfo@chmcc.org.

Note

This Best Evidence Statement addresses only key points of care for the target population; it is not intended to be a comprehensive
practice guideline. These recommendations result from review of literature and practices current at the time of their formulation. This
Best Evidence Statement does not preclude using care modalities proven efficacious in studies published subsequent to the current
revision of this document. This document is not intended to impose standards of care preventing selective variances from the
recommendations to meet the specific and unique requirements of individual patients. Adherence to this Statement is voluntary. The
clinician in light of the individual circumstances presented by the patient must make the ultimate judgment regarding the priority of
any specific procedure.

Reviewed by:  Clinical Effectiveness
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