ORIGINAL RESEARCH

Getting the hypertension Dx
right: Patient positioning matters

Taking blood pressure with the patient seated on the
edge of an exam table led to misclassification of
prehypertension or hypertension in 13.2% of patients.

ABSTRACT

Purpose P> This study evaluated the effect of
patient positioning on the diagnosis of hyper-
tension in a clinic setting and the importance
of following guidelines for measuring blood
pressure (BP).

Methods P> In the trial part of this study, we
recorded BP measurements by an aneroid
sphygmomanometer with patients seated
first on an examination table, a commonly
observed practice, and second in the standard
seated position as defined by the American
Heart Association. Two measurements were
obtained in each position for 204 patients, and
we determined the difference between the
average readings in the 2 positions. Factored
into the comparison was an estimation of in-
herent variance of the device and observer
achieved by repeated measurements on a
healthy individual.

Results » This investigation included an ini-
tial observational study of 25 regional pri-
mary care offices, the results of which showed
frequent lack of adherence with accepted
guidelines in patient positioning during BP
measurement. The overall systolic and diastolic
BPs were more than 2 mm Hg lower in the
standard seated position compared with the
examination table position (P<.001). Noncom-
pliance with the position guideline resulted
in misclassification of 15 patients (7.4%) as
prehypertensive, when, in fact, they were nor-
motensive. Misclassification of hypertension
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occurred in 12 patients (5.9%), when, in fact,
they were normotensive. Logistic regression
using relevant clinical factors did not identify
those individuals who were misclassified.
Conclusion » This study underscores the
importance of patient positioning on BP de-
terminations in order to accurately diagnose
hypertension.

he high prevalence of hypertension
T and its burden of disease in the United
States and worldwide are well known.
Hypertension is a major risk factor for coro-
nary heart disease, congestive heart failure,
ischemic and hemorrhagic stroke, chronic
kidney disease, and peripheral arterial dis-
ease.? Among all risk factors, hypertension
ranked first worldwide in disability-adjusted
life-years.> However, misclassification of an
individual’s blood pressure (BP) as prehy-
pertension or hypertension also confers sig-
nificant health and financial burdens due to
unnecessary medical encounters, testing, and
treatment, and to increased cost of insurance
coverage and out-of-pocket expenses. A cor-
rect assessment of BP in the outpatient setting
depends on accurate measurement technique.
The diagnosis of hypertension is based

on indirect measurement of BP using in-
office, ambulatory, or home monitoring. Al-
though office BP measurement is less than
ideal, it is used most often to diagnose and
monitor hypertension. Furthermore, most
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Only 10 of

25 offices we
visited in our
area measured
BP with patients
properly seated
in a chair. Most
had their
patients sit on
the edge of the
examination
table.

200

published trials of treatment recommenda-
tions are based on office BP measurements.*

Automated oscillometric and aneroid
sphygmomanometers are common BP
measurement devices. Proper technique is
particularly important with the aneroid sphyg-
momanometer to obtain consistent and accu-
rate results.” Good training and an ability to
hear the Korotkoff sounds are crucial.

Expert consensus groups such as the
American Heart Association (AHA) publish
recommendations for proper technique in
reliably measuring BP,%® and they emphasize
the importance of patient positioning dur-
ing BP measurement. The individual should
be seated comfortably in a chair with both
arms and back supported, legs uncrossed,
and feet flat on the floor. We'll refer to this as
the “standard position.” Although the proper
technique for measuring BP has been widely
advocated, a recent literature review for the
US Preventive Services Task Force concluded
that surprisingly few studies are available
on the diagnostic accuracy of office BP
practices.’

One paper evaluated the effect of leg
crossing on accuracy of BP measurement. No
subjects were reclassified as hypertensive,
but the study lacked statistical rigor.'° Another
study found variable BP readings regardless
of body position."

The purpose of our study was to compare
BP measurement in 2 positions: the standard
position described above, and the examina-
tion table position in which the patient is
seated on the edge of the table with back,
arms, and feet unsupported.

METHODS

We conducted our literature search across
several scientific and medical literature da-
tabases, including PubMed, ScienceDirect,
and CINAHL. Only English-language articles
were reviewed.

We followed the BP measurement guide-
lines of the AHA. Prior to beginning the study,
we provided instructions in proper BP mea-
surement technique to the nurses who would
obtain the data. The minimum sample size of
patients needed to identify a difference of at
least 2 mm Hg was 26, as estimated by power

analysis. This was calculated using an alpha
of .05 and a beta of .13.

The study population consisted of pa-
tients presenting consecutively to a teaching
family medicine center. Adult patients, ages
18 and older, were informed about the study
and invited to participate. Those who agreed
were asked to read and sign an informed con-
sent approved by a regional institutional re-
view board for human subjects. We excluded
patients who declined participation for any
reason, who were in severe pain or distress
that may have prevented them from complet-
ing the protocol, or who had limited mobility
that could interfere with climbing onto the
examination table. Patients considered for
the study totaled 250, 28 of whom were ineli-
gible. Another 18 patients declined participa-
tion, leaving 204 who completed the protocol.

Before testing began, we estimated the
standard deviation of each aneroid sphyg-
momanometer and the assigned observer
by repeatedly measuring the BP of a healthy
normotensive individual sitting in the stan-
dard position. We obtained 46 measurements
over 2 days to avoid subject and operator fa-
tigue. Standard deviation for systolic BP was
3.6 mm Hg; for diastolic it was 3.8 mm Hg.

During testing, nurses recorded BP for
each patient twice in the examination table
position and twice in the standard position.
They entered data into an Excel workbook for
subsequent analysis. All examination rooms
were equipped with newly purchased aner-
oid sphygmomanometers, and the appropri-
ate cuff size was selected for each patient.
Patients were instructed to remain quiet
during the measurements. Patients sat first
on the edge of the examination table. After a
5-minute rest, BP was measured twice in the
same arm. Measurements were separated by
1 to 2 minutes. Patients then sat in the chair
and rested another 2 minutes before BP was
again measured twice in the same arm. The
arms and back were supported in the chair
and the stethoscope placed at heart level.

As per protocol, we obtained 4 BP read-
ings on each patient and calculated the dif-
ference between the average systolic and
diastolic BP values from the 2 positions. The
standard error of the mean of this differ-
ence was determined using the equation,
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SEd=/Sd? + Sd?
N 2 2’

where Sd is the standard deviation of the
aneroid sphygmomanometer and observer.'?
A one-sided, 95% confidence upper bound
for the standard error of the difference is
1.65 x SEd. We compared patient-specific dif-
ferences against this upper bound to identify
significant systolic and diastolic BP changes
due to positioning. If the patient’s BP differ-
ence exceeded the upper bound, it was attrib-
uted to the positional change and not to varia-
tion inherent to the sphygmomanometer and
observer.

As an example, consider a patient whose
average systolic BP readings from the ex-
amination-table and standard positions, re-
spectively, were 128 mm Hg and 120 mm Hg.
Assuming an SEd of 3.55 and an upper bound
of 5.86, the observed 8 mm Hg difference in
average systolic BPs would be considered
significant. The amount of random variation
from the sphygmomanometer and observer
would not be expected to exceed 5.86 mm Hg.

In accordance with accepted standards,
prehypertension was defined as a BP be-
tween 120-139/80-89 mm Hg, and hyperten-
sion was defined as a BP 2140/90 mm Hg.*
BP below 120/80 mm Hg was considered
normal. We calculated each patient’s average
systolic and diastolic BP values in the 2 po-
sitions and thereby classified the individual
as normotensive, prehypertensive, or hyper-
tensive. We regarded as misclassified any pa-
tient whose BP showed significant lowering
between the examination-table and standard
positions resulting in a change of classifica-
tion from prehypertensive or hypertensive to
normotensive. For example, a patient with an
examination-table position average reading
of 126/85 mm Hg and a standard position av-
erage reading of 118/78 mm Hg would have
been misclassified as prehypertensive.

We reviewed charts and gathered data,
including subject age, sex, obesity (defined as
a body mass index of >30 kg/m?), and history
of diabetes, hypertension, or smoking. Other
than age, all data were binary. We performed
logistic regression analysis using the Excel
Add-in Real Statistics Resource Pack software
(Release 4.3)' to determine if these factors
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TABLE 1

Positional blood pressure changes*

Exam table position
mean (range), mm Hg

Standard position
mean (range), mm Hg

Systolic 127.1 (88-181) 125 (84-174)
Diastolic 79 (57-115) 76.8 (57-114)
*P<.001.

could predict significant lowering of BP due
to positional change.

1 Our associated observational study.
We also conducted a separate observational
study of 25 regional primary care offices to
evaluate compliance with the AHA guide-
lines for measuring BP. The office nurses tak-
ing measurements were not informed of the
study’s purpose to prevent deviation from
their common practice.

Data on 9 guideline criteria were col-
lected to assess supervision of patients before
and during measurements, including having
the patient sit in a chair in quiet and comfort-
able surroundings with arms and back sup-
ported and feet on the ground. We also noted
the type of BP measuring device used. Ad-
ditionally, observers assessed the technique
of the individuals using a manual device,
including cuff placement and deflation rate.
The observations were conducted during a
clinic visit by a medical student knowledge-
able in the AHA guidelines for measuring
BP by automated oscillometric or aneroid
sphygmomanometric devices. We conducted
the study over a 2-week period in the second
quarter of 2016.

RESULTS
Power analysis performed prior to the study
showed that a minimum of 26 patients would
be needed to predict a 2 mm Hg difference
between BPs obtained in the 2 positions. Of
the 204 patients used in the logistic regression
analysis, 78 were men and 126 were women.
Ages ranged from 18 to 101 years, yielding a
mean of 54. One-hundred sixteen had previ-
ously received a diagnosis of hypertension,
39 had diabetes, 92 were obese, 22 were cur-
rent smokers, and 68 were former smokers.
TABLE 1 shows the means and ranges
of systolic and diastolic BP for both study
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In our study,
13.2% of
patients
classified as
prehypertensive
or hypertensive
when they sat
on the exam
table were
found to be
normotensive
when seated

in the chair.
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TABLE 2

Diagnostic misclassification of blood pressure
due to nonstandard positioning

N=204 Significant Misclassification, Misclassification,
lowering prehypertension hypertension
Subjects* 62 (30.4%) 15 (7.4%) 12 (5.9%)
Systolic readings 49 3 10
Diastolic readings 31 14 5

*Counts of subjects by either systolic or diastolic blood pressure changes. Subjects showing blood pressure changes for both systolic and diastolic readings were

counted only once.

206

positions. With this study population, mean
BP recorded in the examination-table posi-
tion decreased in the standard position by
2.1 and 2.2 mm Hg for systolic and diastolic
BP, respectively (P<.001).

Significant BP lowering—as defined by
a one-sided 95% confidence upper bound
for the standard error of differences between
study positions—was determined to be
5.86 and 6.22 mm Hg for systolic and diastolic
pressures, respectively. Significant lowering
of BP and misclassification due to position-
ing are summarized in TABLE 2. Significant
lowering of mean systolic or diastolic BP with
positional change from table to chair
occurred in 62 subjects (30.4%). Misclassifi-
cation of prehypertension occurred in 7.4% of
subjects, and misclassification of hyperten-
sion occurred in 5.9%.

Logistic regression using patient age, sex,
obesity, and history of diabetes, hyperten-
sion, and smoking as independent factors did
not predict significant BP lowering with posi-
tional change.

Our observational study revealed that
proper positioning in a chair was followed
in only 10 of the 25 offices. In the remaining
offices, patients were seated on the exami-
nation table. A 5-minute rest period before
measuring BP was allowed in only 10 of the
25 offices. An automated oscillometric device
was used in only 2 of the 25 offices.

DISCUSSION

In this study, 27 subjects (13.2%) were mis-
classified as prehypertensive or hypertensive
as a result of deviating from the standard po-
sition in obtaining BP. Although the standard

position is universally recommended, the
guideline is not always followed in clinical
practice.'

One study by Villegas et al found that
60% of physicians and nurses working in a
major hospital were measuring BP inaccu-
rately.” In our initial observational study,
60% of primary care practices visited did not
adhere to the recommended patient position-
ing. These medical offices are located in the
community surrounding our facility and are
operated by the same health care organiza-
tion. The misclassification of prehypertension
and hypertension observed in our prospec-
tive comparison of BP recordings in table and
chair positions is, therefore, likely to occur to
some degree at these practices, as well.

Similar diagnostic misclassifications
have been reported in other medical settings.
In a published survey of 114 medical offices,
McKay and coworkers noted frequent incon-
sistencies with published guidelines in mea-
suring BP.'®

Common clinical demographic data ob-
tained during this study showed no associa-
tion with the positional BP change. Increased
muscle tension due to lack of body support
while sitting on the edge of the examination
table could be the cause of elevated BP for
this subgroup of individuals. Measuring mus-
cle tension of the arms and back while seated
on an exam table and chair was beyond the
scope of this study.

In clinical practice, different types of
BP measuring devices are used. Calibration
and quality control of these devices is often
lacking.!” Before starting our study, we de-
termined the statistical variance of the an-
eroid sphygmomanometers and found it to
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approximate the manufacturer’s precision
specification. Guidelines recommend using
the mean of 2 BP readings as representing the
patient’s BP for a given clinic visit. Additional
readings are recommended if there is more
than a 5 mm Hg difference between the ini-
tial 2 readings.*

In our study, we used sampling statis-
tics of the BP readings and clinical guideline
BP ranges in making diagnostic determina-
tions. The inability to identify those patients
whose BP will be affected by positional
change highlights the importance of follow-
ing standard BP measurement guidelines for
all patients.

I Study limitations. Positional change
in BP from examination table to chair lacks
a comparison to BP changes in positioning
from chair to table. If similar BP changes in
the reverse sequence were to be observed,
this would add support to the hypothesis
that muscle tension of the unsupported
body is a cause of BP elevation in certain
individuals. We believe, however, that the
sequence of BP measurements (from table
to chair) did not have a significant impact
because all patients were allowed to rest in
each position before the BP was measured.
The BP was therefore measured in a steady-
state in both positions.

Additionally, BP measurement by aner-
oid sphygmomanometry is highly dependent
on observer skill and hearing ability. Fur-
thermore, a disproportionate number of BP
measurements recorded in the study ended
in zero, suggesting terminal digit bias by
the observer. These sources of error may be
avoided using an automated oscillometric
measuring device.'® Automated devices also
allow for repeated independent measure-
ments that minimize the white-coat effect.
However, there are also limitations to the
accuracy of oscillometric equipment. This is
especially true when recording BP in the el-
derly, a group whose stiff arterial walls may
cause erroneous measurements.'

I Guideline justification. Nonadherence
to standard positioning when measuring BP
leads to certain individuals being misclassi-
fied as prehypertensive or hypertensive. Mis-
classification in turn leads to unnecessary
medical encounters, testing, and treatment.
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Misdiagnosis is also likely to increase the cost
of an individual’s insurance coverage and
out-of-pocket health care expenses. JFP
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Increased muscle
tension due to
lack of body
support while
sitting on the
edge of the
examination
table could be
the cause of the
elevated BP.
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