Hypertension—or not? Looking
beyond office BP readings

Follow these strategies and tips for using home and
24-hour ambulatory measurements to more accurately
assess a patient’s blood pressure.

PRACTICE
RECOMMENDATIONS
> Use home blood pressure
measurement (HBPM) for
initial out-of-office evaluation
to confirm hypertension. (A)

) Use 24-hour ambulatory
measurement only when the
results between office and
HBPM are discordant. (A)

) Instruct patients to record
their home BP measurements
twice in the morning

and twice at night for a
minimum of 3 days. ()

Strength of recommendation (SOR)

Good-quality patient-oriented
evidence

0 Inconsistent or limited-quality
patient-oriented evidence

@ Consensus, usual practice,
opinion, disease-oriented
evidence, case series
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ormal blood pressure (BP) is defined as systol-

‘ \ | ic BP (SBP) < 120 mm Hg and diastolic BP (DBP)

< 80 mm Hg.! The thresholds for hypertension (HTN)

are shown in TABLE 1.! These thresholds must be met on at least
2 separate occasions to merit a diagnosis of HTN.!

Given the high prevalence of HTN and its associated comor-
bidities, the US Preventive Services Task Force (USPSTF) recently
reaffirmed its recommendation that every adult be screened for
HTN, regardless of risk factors.? Patients 40 years of age and older
and those with risk factors (obesity, family history of HTN, diabe-
tes) should have their BP checked at least annually. Individuals
ages 18 to 39 years without risk factors who are initially normoten-
sive should be rescreened within 3 to 5 years.”

Patients are most commonly screened for HTN in the out-
patient setting. However, office BP measurements may be inac-
curate and are of limited diagnostic utility when taken as a single
reading."** As will be described later, office BP measurements
are subject to multiple sources of error that can result in a mean
underestimation of 24 mm Hg to a mean overestimation of
33 mm Hg for SBP, and a mean underestimation of 14 mm Hg to
amean overestimation of 23 mm Hg for DBP."*

Differences to this degree between true BP and measured
BP can have important implications for the diagnosis, surveil-
lance, and management of HTN. To diminish this potential
for error, the American Heart Association HTN guideline and
USPSTF recommendation advise clinicians to obtain out-of-
office BP measurements to confirm a diagnosis of HTN before
initiating treatment."* The preferred methods for out-of-office
BP assessment are home BP monitoring (HBPM) and 24-hour
ambulatory BP monitoring (ABPM).

Limitations of office BP measurement

Multiple sources of error can lead to wide variability in the
measurement of office BP, whether taken via the traditional
sphygmomanometer auscultatory approach or with an oscil-
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TABLE 1

Office blood pressure thresholds defining stages of hypertension’
Blood pressure category Systolic (mm Hg) Diastolic (mm Hg)
Normal <120 AND <80
Elevated 120-129 AND <80
Stage 1 hypertension 130-139 OR 80-89
Stage 2 hypertension > 140 OR > 90

lometric monitor."* Measurement error can be
patient related (eg, talking during the reading,
or eating or using tobacco prior to measure-
ment), device related (eg, device has not been
calibrated or validated), or procedure related
(eg, miscuffing, improper patient positioning).

Although use of validated oscillometric
monitors eliminates some sources of error
such as terminal digit bias, rapid cuff defla-
tion, and missed Korotkoff sounds, their
use does not eliminate other sources of er-
ror. For example, a patient’s use of tobacco

FIGURE 1
Tips for obtaining accurate BP measurements

Allow patient
to rest for
5 minutes

Select correct
cuff size

Keep patient’s
arm supported at
level of heart

Have patient
uncross legs and
keep feet flat
on the floor

Have patient
empty bladder

BP, blood pressure.
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30 to 60 minutes prior to measurement can
raise SBP by 2.8 to 25 mm Hg and DBP 2 to
18 mm Hg.* Having a full bladder can elevate
SBP by 4.2 to 33 mm Hg and DBP by 2.8 to
18.5 mm Hg." If the patient is talking during
measurement, is crossing one leg over the op-
posite knee, or has an unsupported arm be-
low the level of the heart, SBP and DBP can
rise, respectively, by an estimated mean 2 to
23 mm Hg and 2 to 14 mm Hg.*

Although many sources of BP measure-
ment error can be reduced or eliminated
through standardization of technique across
office staff, some sources of inaccuracy will
persist. Even if all variables are optimized, re-
lying solely on office BP monitoring will still
misclassify BP phenotypes, which require
out-of-office BP assessments."® FIGURE 1 re-
views key tips for maximizing the accuracy
of BP measurement, regardless of where the
measurement is done.

I Automated office BP (AOBP) lessens
some of the limitations inherent with the tra-
ditional sphygmomanometer auscultatory
and single-measurement oscillometric de-
vices. AOBP combines oscillometric technol-
ogy with the capacity to record multiple BP
readings within a single activation, thereby
providing an average of these readings.! The
total time required for AOBP is 4 to 6 minutes,
including a brief rest period before the mea-
surement starts. Studies have reported com-
parable readings between staff-attended and
unattended AOBP, which is an encouraging
way to eliminate some measurement error
(eg, talking with the patient) and to improve
efficiency.>®

Waiting several minutes per patient to
record BP may not be practical in a busy of-
fice setting and may require an alteration
of workflow. There is a paucity of literature
evaluating practice realities, which makes it
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difficult to know how many patients are get-
ting their BP checked in this manner. Several
studies have shown that BP measured with
AOBP is closer to awake out-of-office BP as
measured with ABPM (discussed in a bit),>®
largely through mitigation of white-coat ef-
fect. Canada now recommends AOBP as the
preferred method for diagnosing HTN and
monitoring BP.°

Home blood pressure monitoring
HBPM refers to individuals measuring their
own BP at home. It is important to remember
this definition, as the term is sometimes ap-
plied to a patient’s BP measured at home by
an observer or to an individual taking their
own BP outside of the home (kiosk, pharma-
cy, at work). The short-term reproducibility of
mean BP with HBPM is high. The test-retest
correlations of HBPM range from 0.70 to 0.84
mm Hg for mean SBP, and from 0.57 to 0.83
mm Hg for mean DBP."" In contrast to 24-
hour ABPM, HBPM is better tolerated, cheap-
er, and more widely available.'*'5

There is strong evidence that HBPM
adds value over and above office measure-
ments in predicting end-organ damage and
cardiovascular disease (CVD) outcomes,
and it has a stronger relationship with CVD
risk than office BP.! Compared with office BP
measurement, HBPM is a better predictor
of echocardiographic left ventricular mass
index, urinary albumin-to-creatinine ratio,
proteinuria, silent cerebrovascular disease,
nonfatal cardiovascular outcomes, cardiovas-
cular mortality, and all-cause mortality.'>'®
There is no strong evidence demonstrating
the superiority of HBPM over ABPM, or vice
versa, for predicting CVD events or mortal-
ity."” Both ABPM and HBPM have important
roles in out-of-office monitoring (FIGURE 2°).

Clinical indications for HBPM

HBPM can facilitate diagnosis of white-coat
HTN or effect (if already on BP-lowering med-
ication) as well as masked uncontrolled HTN
and masked HTN. Importantly, masked HTN
is associated with nearly the same risk of tar-
get organ damage and cardiovascular events
as sustained HTN. In one meta-analysis the
overall adjusted hazard ratio for CVD events

N MDEDGE.COM/FAMILYMEDICINE

was 2.00 (95% CI, 1.58-2.52) for masked HTN
and 2.28 (95% CI, 1.87-2.78) for sustained
HTN, compared with normotensive indi-
viduals.'® Other studies support these results,
demonstrating that masked HTN confers risk
similar to sustained HTN.'%2

Even treated subjects with masked un-
controlled HTN (normal office and high
home BP) have higher CVD risk, likely due
to undertreatment given lower BP in the of-
fice setting. Among 1451 treated patients in
a large cohort study who were followed for a
median of 8.3 years, CVD was higher in those
with masked uncontrolled HTN (adjusted
hazard ratio = 1.76; 95% CI, 1.23-2.53) com-
pared to treated controlled patients (normal
office and home BP).?!

HBPM also can be used to monitor BP
levels over time, to increase patient involve-
ment in chronic disease management, and to
improve adherence with medications. Since
2008, several meta-analyses have been pub-
lished showing improved BP control when
HBPM is combined with other interven-
tions and patient education.?>** Particularly
relevant in the age of increased telehealth,
several meta-analyses demonstrate improve-
ment in BP control when HBPM is combined
with web- or phone-based support, system-
atic medication titration, patient education,
and provider counseling.** A comprehen-
sive systematic review found HBPM with
this kind of ongoing support (compared with
usual care) led to clinic SBP reductions of
3.2 mm Hg (95% CI, 1.6-4.9) at 12 months.?

HBPM nuts and bolts
When using HBPM to obtain a BP average ei-
ther for confirming a diagnosis or assessing
HTN control, patients should be instructed
to record their BP measurements twice in
the morning and twice at night for a mini-
mum of 3 days (ie, 12 readings).?*" For each
monitoring period, both SBP and DBP read-
ings should be recorded, although protocols
differ as to whether to discard the initial
reading of each day, or the entire first day of
readings.?* Consecutive days of monitoring
are preferred, although nonconsecutive days
also are likely to provide valid data. Once BP
stabilizes, monitoring 1 to 3 days a week is
likely sufficient.

CONTINUED
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FIGURE 2

How to use home BP and 24-hour ambulatory BP monitoring®

The patient’s BP in the office is
elevated or borderline.

Is BP elevated?

Have the patient measure BP at
home, twice in the morning and | Yes
twice at night, for at least 3 days.

Hypertension is confirmed.

A

No

Continue to screen BP routinely.

average BP elevated?

No | Arrange for 24-hour ABPM. Is the | yes
-«

ABPM, automated blood pressure monitoring; BP, blood pressure.

TABLE 2

Blood pressure (mm Hg) thresholds based on assessment method!

Office/clinic BP Home BP 24-hour ABPM Awake BP average Nighttime BP
monitoring average on 24-hour ABPM average on 24-hour
average ABPM

Normal/optimal < 120/80 < 120/80 < 115/75 < 120/80 < 100/65
stage T 130/80 130/80 125/75 130/80 110/65
hypertension

stage2 140/90 135/85 130/80 135/85 120/70
hypertension

ABPM, automated blood
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pressure measurement; BP, blood pressure.

Most guidelines cite a mean BP of
> 135/85 mm Hg as the indication of high BP
on HBPM.!"#% This value corresponds to an
office BP average of 140/90 mm Hg. TABLE 2!
shows the comparison of home, ambulatory,
and office BP thresholds.

Device selection and validation
As with any BP device, validation and proper
technique are important. Recommend only
upper-arm cuff devices that have passed vali-
dation protocols.*® To eliminate the burden
on patients to accurately record and store
their BP readings, and to eliminate this step
as a source of bias, additionally recommend
devices with built-in memory. Although
easy-to-use wrist and finger monitors have
become popular, there are important limita-
tions in terms of accurate positioning and a
lack of validated protocols.?!*?

The brachial artery is still the recom-
mended measurement location, unless oth-

erwise precluded due to arm size (the largest
size for most validated upper-arm cuffs is
42 cm), patient discomfort, medical contra-
indication (eg, lymphedema), or immobility
(eg, due to injury). Arm size limitation is par-
ticularly important as obesity rates continue
to rise. Data from the National Health and
Nutrition Examination Survey indicate that
52% of men and 38% of women with HTN
need a different cuff size than the US stan-
dard.® If the brachial artery is not an option,
there are no definitive data to recommend
finger over wrist devices, as both are limited
by lack of validated protocols.

The website www.stridebp.org maintains
a current list of validated and preferred BP de-
vices, and is supported by the European Soci-
ety of Hypertension, the International Society
of Hypertension, and the World Hypertension
League. There are more than 4000 devices on
the global market, but only 8% have been vali-
dated according to StrideBP.
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Advances in HBPM

that offset previous limitations

The usefulness of HBPM depends on patient
factors such as a commitment to monitor-
ing, applying standardized technique, and
accurately recording measurements. Dis-
cuss these matters with patients before rec-
ommending HBPM. Until recently, HBPM
devices could not measure BP during sleep.
However, a device that assesses BP during
sleep has now come on the US market, with
preliminary data suggesting the BP mea-
surements are similar to those obtained
with ABPM.** Advances in device memory
and data storage and increased availability
of electronic health record connection con-
tinue to improve the standardization and
reliability of HBPM. In fact, there is a grow-
ing list of electronic health portals that can
be synced with apps for direct transfer of
HBPM data.

Ambulatory blood pressure
monitoring

ABPM involves wearing a small device con-
nected to an arm BP cuff that measures BP at
pre-programmed intervals over a 24-hour pe-
riod, during sleep and wakefulness. ABPM is
the standard against which HBPM and office
BP are compared.'?

Clinical indications for ABPM
Compared with office-based BP measure-
ments, ABPM has a stronger positive cor-
relation with clinical CVD outcomes and
HTN-related organ damage.! ABPM has the
advantage of being able to provide a large
number of measurements over the course
of a patient’s daily activities, including sleep.
It is useful to evaluate for a wide spectrum
of hypertensive or hypotensive patterns, in-
cluding nocturnal, postprandial, and drug-
related patterns. ABPM also is used to assess
for white-coat HTN and masked HTN.!
Among these BP phenotypes, an estimat-
ed 15% to 30% of adults in the United States
exhibit white-coat HTN.! Most evidence sug-
gests that white-coat HTN confers similar
cardiovascular risk as normotension, and it
therefore does not require treatment.*® Con-
firming this diagnosis saves the individual

N MDEDGE.COM/FAMILYMEDICINE

and the health care system the cost of unnec-
essary diagnosis and treatment.

One cost-effectiveness study using ABPM
for annual screening with subsequent treat-
ment for those confirmed to be hypertensive
found that ABPM reduced treatment-years
by correctly identifying white-coat HTN, and
also delayed treatment for those who would
eventually develop HTN with advancing
age.*® The estimates in savings were 3% to
14% for total cost of care for hypertension and
10% to 23% reduction in treatment days.** An
Australian study showed similar cost reduc-
tions.*” A more recent analysis demonstrated
that compared with clinic BP measurement
alone, incorporation of ABPM is associated
with lifetime cost-savings ranging from $77 to
$5013, depending on the age and sex of the
patients modeled.*

ABPM can also be used to rule out
white-coat effect in patients being evalu-
ated for resistant HTN. Several studies dem-
onstrate that among patients with apparent
resistant HTN, approximately one-third have
controlled BP when assessed by ABPM.¥-!
Thus, it is recommended to conduct an out-
of-office BP assessment in patients with ap-
parent resistant HTN prior to adding another
medication.*

Twelve percent of US adults have
masked HTN.*> As described earlier, these
patients, unrecognized without out-of-office
BP assessment, are twice as likely to experi-
ence a CVD event compared with normoten-
sive patients.}4*%

ABPM nuts and bolts

ABPM devices are typically worn for 24 hours
and with little interruption to daily routines.
Prior to BP capture, the device will alert the
patient to ensure the patient’s arm can be
held still while the BP measurement is be-
ing captured.* At the completion of 24 hours,
specific software uses the stored data to cal-
culate the BP and heart rate averages, as well
as minimums and maximums throughout the
monitoring period. Clinical decision-making
should be driven by the average BP measure-
ments during times of sleep and wakeful-
ness."'** FIGURE 3 is an example of output
from an ABPM session. TABLE 3" offers a

comparison of HBPM and ABPM.
CONTINUED
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FIGURE 3
Example of 24-hour ambulatory BP monitoring
output

The graph below shows 40 measurements taken over 24 hours, including 8 taken
during sleep (shaded portion), while the patient was wearing the ambulatory blood
pressure monitoring (ABPM) device. The overall BP average is 127/80 mm Hg, with an
awake average of 131/83 mm Hg and a sleep average of 114/68 mm Hg. This use of
ABPM helped clarify that the patient—whose office BP average was 143/85 mm Hg—
had white-coat hypertension.

mm Hg
170 =¢
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Time

BP, blood pressure.

Limitations of ABPM

While ABPM has been designed to be almost
effortless to use, some may find it inconve-
nient to wear. The repeated cuff inflations
can cause discomfort or bruising, and the
device can interfere with sleep.*® Inconsistent
or incorrect wear of ABPM can diminish the
quality of BP measurements, which can po-
tentially affect interpretation and subsequent
clinical decision-making. Therefore, consider
the likelihood of correct and complete usage
before ordering ABPM for your patient. Such
deliberation is particularly relevant when

TABLE 3

there is concern for BP phenotypes such as
nocturnal nondipping (failure of BP to fall
appropriately during sleep) and postprandial
HTN and hypotension.

Trained personnel are needed to oversee
coordination of the ABPM service within the
clinic and to educate patients about prop-
er wear. Additionally, ABPM has not been
widely used in US clinical practices to date,
in part because this diagnostic strategy is not
favorably reimbursed. Based on geographic
region, Medicare currently pays between $56
and $122 per 24-hour ABPM session, and
only for suspected white-coat HTN.*® Dis-
crepancies remain between commercial and
Medicaid/Medicare coverage.*

Other modes of monitoring BP

The COVID pandemic has changed health
care in many ways, including the frequency
of in-person visits. As clinics come to rely
more on virtual visits and telehealth, ac-
curate monitoring of out-of-office BP has
become more important. Kiosks and smart
technology offer the opportunity to supple-
ment traditional in-office BP readings. Ki-
osks are commonly found in pharmacies and
grocery stores. These stations facilitate BP
monitoring, as long as the device is appropri-
ately validated and calibrated. Unfortunately,
most kiosks have only one cuff size that is too
small for many US adults, and some do not

Comparison of home BP monitoring and 24-hour ambulatory BP monitoring"**

HBPM ABPM
Advantages Advantages
e Can identify masked hypertension and white-coat e Can identify masked hypertension and white-coat

hypertension

hypertension

e Low cost and easily accessible (a device can be purchased e Can identify greater BP variability from one 24-hour session

for less than $35)

of measurements

* Provides BP measurements during sleep

Disadvantages

Disadvantages

¢ Heightened chance for BP measurement error e Limited availability and higher associated cost for patient

e Patient responsible for technique and keeping record of BP

measurements .
time)

e Limited ability to collect nocturnal BP measurements

and clinic (a monitor and software costs approximately
$2000, and monitoring session requires staff and clinician

* Some patients may not tolerate the device

ABPM, ambulatory blood pressure monitoring; BP, blood pressure; HBPM, home blood pressure monitoring.
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have a back support.***” Additionally, despite
US Food and Drug Administration clearance,
many kiosks do not have validated protocols,
and the reproducibility of kiosk-measured BP
is questionable.*54

I Mobile health technology is increas-
ingly being examined as an effective means
of providing health information, support,
and management in chronic disease. Smart-
phone technology, wearable sensors, and
cuffless BP monitors offer promise for provid-
ing BP data in more convenient ways. How-
ever, as with kiosk devices, very few of these
have been validated, and several have been
shown to have poor accuracy compared with
oscillometric devices.*®**° For these reasons,
kiosk and smart technology for BP monitor-
ing are not recommended at this time, unless
no alternatives are available to the patient. JFP
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