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Abstract While the routine measurement of blood pres-
sure (BP) in children is common practice, there is lack of
uniformity in the types of devices used to measure BP in
children. Oscillometric devices are replacing convention-
al sphygmomanometry in many medical centers. Howev-
er, the BP determined by these two methods is not identi-
cal, nor is it systematically different. Moreover, there is
paucity of normative data on oscillometric BP measure-
ments in children. Since oscillometric devices may well
ultimately replace conventional standard mercury and
aneroid manometers, users of these devices need not on-
ly to ensure strict adherence to the technique of obtain-
ing BPs as put forth by the National Heart, Lung and
Blood Institute, but also to be certain that the specific de-
vice being used has been tested for accuracy in children
of the target age in accordance with standard guidelines,
and that they are regularly maintained and calibrated.
Due to limited normative data on BPs using oscillomet-
ric devices in children, we feel that further studies are
needed before the auscultatory methods can be altogeth-
er eliminated.

Keywords Hypertension - Methodology -
Sphygmomanometry - Oscillometry

L. Butani

Section of Pediatric Nephrology, Department of Pediatrics,
University of California, Davis Medical Center,
Sacramento, CA 95817, USA

B. Z. Morgenstern

Section of Pediatric Nephrology, Department of Pediatrics,
Mayo Medical School,

Rochester, MN 55905, USA

L. Butani (0=9)

Section of Pediatric Nephrology, Department of Pediatrics,
University of California, Davis Medical Center,

2516 Stockton Boulevard, Ticon II Building, 3rd Floor,
Sacramento, CA 95817, USA

e-mail: Lavjay.butani @ucdmc.ucdavis.edu

Tel.: +1-916-7348118, Fax: +1-916-7340629

: 18 November 2002 / Published online: 21 March 2003

Why are blood pressure measurements important
in children?

The need for blood pressure (BP) measurement in chil-
dren stems from the recognition that both high BP and
frank hypertension are pervasive problems in adults [1].
While the epidemiology of childhood hypertension is
less well defined, the reported prevalence of pediatric
hypertension varies from a low of 0.8% [2] to a high of
5% [3]. Notwithstanding the lower prevalence of hyper-
tension in children, the clinical impact of BP monitoring
in children should by no means be considered negligible
since childhood BP, to date, remains the strongest identi-
fied predictor for adult hypertension [4].

Even if one considers the link between childhood BP
and adult hypertension suspect, the adverse effects of
severe hypertension on organ function can lead to life-
threatening complications such as aortic dissection [5],
intra-cranial hemorrhage, heart failure [6], and encepha-
lopathy [7]. Less devastating, but possibly an equally
worrisome effect of hypertension, is left ventricular
hypertrophy, a major risk factor in adults for morbid car-
diac events [8].

Recognizing the importance of BP monitoring, the
National Heart, Lung, and Blood Institute and the Amer-
ican Academy of Pediatrics have long advocated the rou-
tine monitoring of BP in all children above the age of
3 years on an annual basis [9], or at least at the time of
routine examinations. Consequently, BP measurements
in children have become commonplace in the medical
field. However, at the same time, so has the number of
different devices being employed for its measurement,
causing confusion and lack of uniformity in the method
of BP determination. This raises important questions re-
garding the validity and accuracy of these devices and
also underlies the need for having a standardized means
of testing and monitoring their performance to avoid er-
rors in measurement that could have egregious conse-
quences. The purpose of this review is specifically to
address oscillometric devices and their use in children.
Details pertaining to the process of BP determination in
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children, such as their position, the choice of cuff, etc.,
are not addressed.

Overview and mechanics of oscillometric devices

Oscillometric devices have all but replaced the mercury
manometer in a large number of medical centers, espe-
cially in European countries where concern about envi-
ronmental contamination with mercury has been greater
[10]. A recent informal poll of pediatric nephrologists re-
vealed that 47% of the 36 respondents used oscillometric
devices for BP measurement most of the time, and an ad-
ditional 17% used them exclusively (personal communi-
cation via the PedNeph List-Serv, April 17, 2002). De-
velopment of the first commercial oscillometric device
for BP measurement started in the early 1970s and re-
sulted in the ‘Dinamap’, an acronym for ‘device for indi-
rect noninvasive mean arterial pressure’ [11]. Since that
time, a plethora of oscillometric devices for automated
BP measurement has flooded the market, including sev-
eral new modifications of the original Dinamap Model
825 (Critikon division of Johnson and Johnson, Tampa,
Fla., USA). The fundamental concept underlying these
devices is the same as that of other cuff-based BP mea-
suring devices, in that compression of the brachial artery
by an inflatable cuff allows indirect determination of the
intra-arterial vascular pressure. However, the physiologi-
cal differences among the various devices are potentially
sizeable, since the auscultatory method relies on the as-
sociation between Korotkoff sounds and systolic and di-
astolic pressure, while oscillometry relies on the associa-
tion between the amplitude of oscillations of the arterial
wall and BP. Another difference is that in oscillometric
devices cuff inflation and deflation are always automated
and that BP determination is made by a microprocessor
using information sent to it from a pressure transducer;
this potentially is tremendously advantageous since it
should eliminate all observer biases. In brief, the BP cuff
gets automatically inflated to between 160 and
180 mmHg (or 70-125 mmHg in the neonatal mode), de-
pending upon the specific device, for the first BP deter-
mination and subsequently to between 20 and 35 mmHg
above the previously recorded systolic value [11]; in
some newer devices, the level of inflation can be select-
ed by the user. After a brief holding period, the cuff
pressure is reduced in a discontinuous manner in 5- to
10-mmHg decrements. As the cuff pressure decreases,
oscillations of the arterial wall increase in amplitude and
reach a maximum when the cuff pressure approaches the
mean arterial pressure. With further deflation of the BP
cuff, oscillations of the arterial wall diminish and even-
tually stop altogether. The monitor uses this information
to compute and display values for the mean, systolic and
diastolic BP. The precise method of BP determination is
far more complicated and is determined by a complex al-
gorithm that varies from one device to another; the pres-
sures displayed on the monitor, therefore, may be ‘calcu-
lated’ rather than actually ‘measured’. These algorithms

have been considered proprietary information and are
therefore kept in confidence, making it impossible for in-
vestigators to verify the accuracy of their underlying
physiological principals.

Advantages of oscillometric devices

The potential advantage of oscillometric devices over
conventional sphygmomanometry is manifold. First and
foremost, they are felt to be convenient and easy to use,
theoretically eliminating the need for highly trained per-
sonnel, although this may not truly be the case [12].
Moreover, by avoiding terminal digit preference and bias
related to prior knowledge of recorded BPs, use of these
devices, if accurate, may improve measurement preci-
sion and substantially lower the sample size required in
clinical trials of hypertension. For younger children, neo-
nates, and infants, in whom movements of the arm may
make it difficult to use auscultation, oscillometric devic-
es use a more reliable method, albeit not completely so.
The success of oscillometric devices in obtaining BPs
has been demonstrated in this age group by Park and
Menard [13]. The use of such devices also obviates the
controversy of whether the Korotkoff 4 or Korotkoff 5
sound, during conventional sphygmomanometry, is a
more accurate reflection of diastolic BP [14], since the
oscillometric devices correlate very closely with direct
intra-arterial diastolic pressures [15].

The greatest advantage of these devices may turn out
to be an ecological one. Since oscillometric devices do
not use mercury they may eventually supplant all mercu-
ry manometers due to the previously mentioned concern
about the environmental hazard posed by this element
[10]. Alternatively, aneroid manometers, when properly
maintained are a less expensive, accurate alternative to
mercury [16], but they suffer from the other observer
biases encountered with the mercury manometer.

Problems with oscillometric devices

While oscillometric devices, when correctly chosen, can
greatly add to the management of patients with hyperten-
sion and improve clinical trials, their use is not without
problems. Caution must be advised before a particular
device is chosen for use, since the accuracy of many
newer devices has not been tested in an unbiased man-
ner. In addition, these are expensive pieces of equipment
and need continued upkeep and servicing to ensure opti-
mal functioning, all of which adds to their cost. This
includes the need for periodic calibration with a frequen-
cy ranging from once every 3 months to once every
2-3 years, either against a mercury manometer or non-
mercury standards, depending on the specific piece of
equipment. Certain drawbacks also exist in the design of
these machines. While perhaps not applicable to any
great extent in pediatrics, it is noteworthy that the upper
limit of systolic pressure that these devices can measure
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Advantages Problems
Conventional sphygmomanometry (CS)  Easy to use Operation: observer biases
Inexpensive Output: affected by technique, environmental,

Mercury

Aneroid

Oscillometry

Commonly available
Pediatric BP normative data based on it

Perhaps the “gold” standard
Minimal maintenance required
to maintain calibration

Portable; inexpensive
Accurate
Measures same parameters as mercury

Easy to use

No mercury in the instrument

Frees user to allow more than one thing
to be done at the same time

Eliminates observer biases

Easier to use in infants and young
children compared with CS

and mechanical factors (e.g., cuff size)
Debate over use of K4 vs. K5 as being
representative of diastolic BP

Environmental issues re handling, spills, disposal

Often not maintained

Easily loses calibration

Gauge more subject to bias/misread than
mercury column?

Often not calibrated

Design: expensive and requires periodic
maintenance
Many devices on the market,

few of which have been validated for use

in children

Output: affected by technique, environmental,

and mechanical factors (e.g., cuff size).

High initial inflation pressure may cause anxiety
and motion artifacts

Limited normative data available for children

BP reading not equivalent to CS readings

is limited and varies from 240 to 280 mmHg (or about
160-190 mmHg in the neonatal mode) [15]. Difficulties
may also arise in BP measurements in children with car-
diac arrhythmias and in those children who are uncoop-
erative and cannot hold still, leading to motion artifacts,
although this may also be true with conventional
sphygmomanometry [11]. Moreover, the rapid rate of in-
flation of the cuff by the machine may be uncomfortable
and disconcerting to children, and may cause them to re-
sist the BP measurement, leading to erroneously high
readings. In fact, a ‘first-reading’ effect, in which the
first of several BP readings is 3-5 mmHg higher than
subsequent readings a few minutes later, has been noted
by several investigators using oscillometric as well as
auscultatory devices [13, 17]. Therefore, repeat measure-
ments of BP are important in children to avoid over-
diagnosis of hypertension. The optimal number of mea-
surements, per patient and per visit, for oscillometric de-
vices, may vary from machine to machine. For one par-
ticular device, the Dinamap 845 XT, the reliability was
noted to increase quite significantly when the number of
BP measurements went from three to four per visit, and
the number of visits went from one to two [18]. Lastly,
an issue that has irked clinical investigators for long is
the knowledge that the algorithms used for determination
of BP by oscillometric devices vary from one manufac-
turing company to another and also between different
models of the same device. These algorithms have been
considered to be proprietary information, and being con-
fidential, have never been subjected to scientific scruti-
ny, causing health-care professionals to be somewhat
skeptical of their validity [19]. Some important advanta-
ges and disadvantages of oscillometric devices compared

with auscultatory methods of BP measurement are
shown in Table 1.

Comparability of oscillometric devices with other
methods of BP determination

In the PedNeph survey, 67% of the respondents felt that
oscillometric devices gave accurate and reliable BP read-
ings for clinical decision making, and as many as 55%
perceived the devices to be accurate enough even for
purposes of clinical research. Several studies have dem-
onstrated the accuracy of oscillometric devices in mea-
suring BP in children. However, it is important to re-
member that all oscillometric devices do not report
the same results when used simultaneously in the same
patient [20], so it is crucial to keep the specific type of
device in mind when determining its suitability. Studies
have evaluated the correlation of oscillometric readings
with BP readings obtained by invasive means. Park and
Menard [15] compared the Dinamap model 1846 and a
conventional mercury sphygmomanometer with radial
artery pressures in a group of infants and children admit-
ted to the intensive care unit. While both the Dinamap
1846 and the conventional mercury sphygmomanometer
readings correlated well with intra-arterial BP measure-
ments, the correlation coefficient was better for BP read-
ings obtained using the Dinamap 1846. The difference
between the Dinamap 1846 and intra-arterial BP read-
ings was small and ranged from -7 to +7 mmHg, -9 to
+10 mmHg, and —10 to +8 mmHg for systolic, diastolic,
and mean BP, respectively. Similarly, BP readings ob-
tained in infants using the Dinamap 847 neonatal and
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Fig. 1 Relationship between systolic pressure measured by Dina-
map and by radial artery catheter. Linear regression equation is
y=1.05x-5.36 and r=0.970, where y=the Dinamap and x=radial
artery pressures. Broken line is calculated regression line; solid
line is line of identity. (Reprinted from [15])

= o o
o O 8
P
\\
<

8 8
r S
\\

\\

~
o
1

Dinamap Pressure (mmHg)
8 3 8
$
>

0 30 40 50 60 70 80 90 100 10 120 130
Radial Artery Pressure (mmHg)

Fig. 2 Relationship between diastolic pressure obtained by Dina-
map and by radial artery catheter. Linear regression equation is
y=1.10x-4.65 and r=0.903. Broken line is calculated regression
line; solid line is line of identity. (Reprinted from [15])

Dinamap 845 vital signs monitor were found to correlate
well with BP values obtained using a central aortic cath-
eter, with even smaller mean absolute pressure differ-
ences than seen in the previous study [21] (Figs. 1, 2).
Recent comparisons between BP readings using a
mercury sphygmomanometer and some oscillometric de-
vices, especially the newer models, demonstrate that the
two methods are not comparable. A large single-center
study evaluating the newer Dinamap model 8100 against
the conventional mercury sphygmomanometer in over
7,000 children found that the mean Dinamap 8100 read-
ings were higher for both systolic (by 10 mmHg) and dia-
stolic (by 5 mmHg) values. However, the 95th percentile
confidence intervals for differences in systolic and dia-
stolic BPs between the two methods were quite large and

Table 2 Protocols for assessment of the accuracy of BP measur-
ing devices — British Hypertensive Society (BHS) grading criteria

Grade Difference between test and ‘standard’ device
readings (%)
<5 mmHg <10 mmHg <15 mmHg
A 60 85 95
B 50 75 90
C 40 65 85
D Worse Worse Worse

Table 3 Protocols for assessment of the accuracy of BP measur-
ing devices — Association for the Advancement of Medical Instru-
mentation (AAMI) criteria

Grade Mean difference Standard deviation
between devices

Pass <5 mmHg <8 mmHg

Fail >5 mmHg >8 mmHg

ranged from —4 to +24 mmHg and —14 to +23 mmHg, re-
spectively, making the ‘error’ non-systematic and unpre-
dictable [22]. Similarly, in the Bogalusa Heart Study, sig-
nificant differences were noted in BPs obtained using the
Dinamap 8100 and a conventional sphygmomanometer.
While the mean systolic pressure with the Dinamap 8100
was higher than that obtained using a conventional
sphygmomanometer, similar to the study of Park and
Menard [15], the mean diastolic pressure was, in fact,
lower with the Dinamap 8100 [17]. Moreover, an age-
related difference was noted in the discrepancies between
the two devices for diastolic BP. In children under 8 years
of age, the Dinamap 8100 diastolic BPs were higher com-
pared with the conventional sphygmomanometer read-
ings, while in children over 8 years, the Dinamap 8100
underestimated diastolic BP (Tables 2 and 3).

Based on the guidelines put forth by the British Hy-
pertensive Society (BHS) and the Association for the
Advancement of Medical Instrumentation (AAMI) for
evaluating BP measuring devices for accuracy [23],
O’Brien et al. [24] recently reviewed several oscillomet-
ric devices available in the market and found that only a
few fulfilled accuracy criteria for both protocols. Some
of the devices that are recommended in this report for
use in children are the CAS Model 9010 (CAS Medical
systems, Branford, Conn., USA) for in-hospital use, the
Omron HEM-750CP (Omron Health Care, Vernon Hills,
Ill., USA) for self-measurement and the Daypress 500
(Neural Instruments, Florence, Italy) for ambulatory BP
monitoring, although only at rest. One of the more com-
monly used oscillometric devices in the United States,
the Dinamap model 8100, has yielded varying results
when tested for accuracy.

Few pediatric studies have followed the strict guide-
lines of the AAMI and BHS protocols to evaluate the
Dinamap 8100. In a small study in a cohort of pre-puber-
tal children (813 years old), compared with the conven-



tional sphygmomanometer, the Dinamap 8100 was found
to overestimate systolic BP and underestimate diastolic
BP. These differences, however, were within the range
acceptable by both the validation standards [25]. The
mean difference (standard deviation) between the BP
readings obtained by the Dinamap 8100 and the conven-
tional sphygmomanometer was 4.8 (7.5) mmHg for sys-
tolic and —1.9 (7.5) mmHg for diastolic BP, making the
device acceptable to the AAMI. Similarly, using the
BHS criteria, the Dinamap 8100 achieved a grade of B
since more than 50% of its readings were within
5 mmHg and more than 90% were within 15 mmHg of
the conventionally obtained measurements. However,
other studies have not been as supportive of this device.
In a study by O’Brien et al. in 1993 [26], the Dinamap
8100 was evaluated for accuracy in an adult population
according to the strict guidelines of the BHS protocol,
and found to achieve a grading of D (unacceptable) for
diastolic BP and B (acceptable) for systolic BP. There-
fore, in the absence of further study in a larger group of
children, the use of the Dinamap 8100 cannot be recom-
mended without reservation. Furthermore, it has recently
been documented that the Dinamap has been pro-
grammed is such a way that it specifically cannot report
certain values of BP [27]. When data from three separate
studies were pooled together, certain ‘skip’ patterns were
noted for systolic BP using two different models of the
Dinamap; several systolic BP values such as 89, 119,
120, and 124 mmHg were never reported by the device.
While this ‘error’ would probably not significantly im-
pact the clinical management of patients, it could affect
epidemiological studies, since the direction and extent of
the ‘error’ are unpredictable.

Also, while several oscillometric devices designed for
BP determination at the wrist are available and may po-
tentially reduce the error related to cuff size (since there
is less variation in cuff and wrist dimensions between
ages compared with arm size differences), none of these
devices have been validated for use in children [24].

How do we reconcile the concerns with
oscillometric devices?

It is unclear as to whether the source of the discrepancy
in the readings between oscillometric devices and con-
ventional sphygmomanometry is mechanical and lies in
the oscillometric device, or due to observer error while
using the conventional sphygmomanometer. Moreover,
the lack of perfect concordance between the Korotkoff
sounds and arterial wall oscillations further adds to the
problem. It is also certainly possible that the ‘error’ aris-
es from the more accurate determination of BP (especial-
ly the diastolic BP) by the oscillometric device. Perhaps
oscillometry measures a ‘truer’ pressure, closer to intra-
arterial BP, thereby eliminating the error inherent in the
conventional sphygmomanometer, which necessarily has
to rely on the Kortokoff sounds as an indirect and ap-
proximate indicator of ‘true’ pressure [28]. It must be

317

noted that the currently accepted normal values for BP in
children [9] are based upon measures that were exclu-
sively obtained by auscultation. What is clear from stud-
ies comparing oscillometric devices with conventional
sphygmomanometers is that these two methods of BP
measurement should not be used interchangeably and
that they may be measuring different biological parame-
ters.

However, it is apparent that these devices are begin-
ning to replace auscultation. Users of oscillometric de-
vices must bear in mind several issues to ensure repro-
ducibility and accuracy of BP measurements obtained
using these devices.

1. Of greatest importance is the need to use devices that
have been validated, using the aforementioned guide-
lines, in children.

2. All oscillometric devices, no matter how accurate
when taken out of the box, are machines subject to
mechanical and electrical stress. Calibration and
maintenance on a regular basis are critical.

3. Although oscillometric devices eliminate observer
bias, they share with the sphygmomanometer the like-
lihood that BP readings may be affected by environ-
mental (e.g., ambient temperature) and patient factors
(e.g., stress and arm size-cuff size discrepancies), to-
wards which meticulous attention must be directed.

4. As mentioned earlier, BPs obtained by conventional
sphygmomanometry and using oscillometric devices
should not be used interchangeably for study purpos-
es, since even with the most accurate of devices, dif-
ferences do exist between the two.

5. Lastly, normative data in use at present in children are
based on BP measurements obtained by conventional
sphygmomanometry. Therefore, using these norms to
determine if the BP, measured in a particular child by
an oscillometric device, is normal or not, may not be
appropriate. Some normative reference data on BPs
using an oscillometric device are available for chil-
dren younger than 5 years of age [13]; the number of
children studied, however, was quite small, and limit-
ed to a single device that is no longer manufactured.
Further studies are certainly needed to establish more
accurate normative data on oscillometric BP measure-
ments before a complete substitution can be made
from using mercury manometers to oscillometry.
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