A comparison of the British Hypertension Society
and Association for the Advancement of Medical
Instrumentation protocols for validating blood pressure
measuring devices: can the two be reconciled?

Eoin O’Brien and Neil Atkins

Background: Experience with the original protocols of the Association for the
Advancement of Medical Instrumentation (AAMI) and the British Hypertension
Society (BHS) for validating blood pressure has provided valuable insight into the
methodological problems associated with device validation and has influenced both
the BHS and the AAMI in revising their protocols.

Objectives: To review the revisions of the original BHS and AAMI protocols; to
compare the protocols; and, using the BHS protocol as a framework for validation, to
determine how it should be modified to a protocol that will fulfil the criteria of both
the AAMI and the BHS.

Conclusions: The revised protocols have many similarities but there are some
important differences. These differences merit consideration so as to facilitate
manufacturers seeking to validate devices for acceptance in both Europe and the
United States. Of the two protocols, the BHS protocol is the more elaborate in that (1)
it takes particular care to ensure that observers are trained to a very high standard, (2) it
makes provision for special group validation and (3) it recommends in-use validation
of all devices. By modifying the BHS protocol, it is possible to validate blood pressure
measuring devices (ambulatory devices require special consideration) to satisfy the
criteria of both protocols.
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Introduction Instrumentation (AAMI) published a standard for auto-

mated blood pressure measuring devices that included a
protocol for the evaluation of device accuracy [8]. This
was followed in 1990 by the protocol of the British

The problem of device inaccuracy, which was well-
recognized in the early days of sphygimomanometry [1],

has been voiced strongly in recent years by hypertension
rescarchers, as shown by the growing number of publi-
cations on the subject [2]. In the 1960s and 1970s indi-
vidual groups, frustrated by the failure of manufacturers
to produce evidence of accuracy to match their claims
for device perforimance, began to validate blood pressure
measuring systems according to a variety of protocols
and so illustrated the need for independent device vali-
dation [3—6]. However well-intentioned such protocols
may have been, they had the serious disadvantage of not
permitting comparison of one device with another be-
cause of the differing methodologies of validation [7]. In
1986, the Association for the Advancement of Medical

Hypertension Society (BHS) [9]. These protocols, which
differed in detail, had a common objective: the standard-
ization of validation to establish minimum standards of
accuracy and performance and to facilitate comparison of
one device with another [10]. These two protocols, both
of which have been revised recently [11-14], are likely to
govern the effective procedures for device validation for
the next few years. Although the protocols have many
similarities, there are differences of considerable practical
importance to manufacturers who may wish to have their
equipment validated according to criteria acceptable to
both the European and the American markets. Of the
two, the BHS protocol is more elaborate than the AAMI
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protocol in that it takes particular care to ensure that
observers are trained to a very high standard, it makes
provision for special group validation and it recommends
in-usc validation of all devices. Unlike the AAMI pro-
tocol, which has been adopted as a national standard,
the BHS protocol does not address manufacturing re-
quirements or recommend intra-arterial comparison (an
optional test in the AAMI protocol).

This paper has three aims: first, to review briefly the
experience gained with the original BHS and AAMI
protocols that has influenced the changes made in the
revised protocols; second, to compare one protocol with
the other; and, finally, using the BHS protocol as a
framework for validation, to determine how it should
be modified so as to devise a protocol that will fulfil the
criteria of both the AAMI and the BHS.

Experience with the AAMI and BHS
protocols

Since the AAMI standard was first published in 1987 a
number of devices have been validated according to its
recommendations [15-19] and the AAMI criteria for ac-
curacy have been applied to a number of validations per-
formed according to the BHS protocol [20-32]. Since
the BHS protocol was first published in 1990 it has been
applied to the cvaluation of eight ambulatory systems
[20-26,28]. Additionally, the BHS protocol, either in
its entirety or partially, has been used to evaluate seven
devices of sclf-measurement of blood pressure [29], the
Hawksley random zero sphygmomanometer [30], and
the Dinamap 8100 [31]. The collective experience with
these protocols has illustrated some major aspects of val-
idation that were not apparent when the protocols were
originally drawn up.

The importance of indicating device modification
The original BHS protocol emphasized the importance
of manufacturers indicating by a change in model num-
ber any modifications made to blood pressure measur-
ing devices [9]. The importance of this stricture is well-
illustrated by the conflicting reports from a number of
laboratories on the accuracy of the Takeda TM-2420
[15-19,25,27,32], many of which used the AAMI or
BHS validation procedures. The results of the individ-
ual studies on this device, which have been reviewed
in detail elsewhere [33], show that apparent differences
between laboratories can be accounted for by different
models being submitted for validation by the manufac-
turers without the users being aware that modifications
may have been made to the device. This trend has hope-
fully passed, and it is perhaps significant that the two
latest reports on the Takeda stipulate the version being
used [18,26].

Another example of device modification affecting accu-
racy is that reported by Hansen and Orskov [34], who
observed apparently inexplicable variations in mean ar-
terial blood pressure in a longitudinal study, which were

inconsistent with the observed changes in systolic and
diastolic blood pressure. It became apparent that the soft-
ware programs of the SpaceLabs 90202 monitors used
at the beginning of the study had been updated by the
manufacturer when the monitors were repaired. Also,
new devices supplied by the manufacturers during the
study, though ostensibly the same 90202 mode, also con-
tained the updated software. The company readily ad-
mitted that it had modified the software program for
mean arterial pressure in the interests of greater accuracy
and that the modification had resulted in mean arterial
pressure being 3—4 mmHg higher with the new program,
but they had not disclosed this to the user [34].

The importance of device modification is also illustrated
in the evaluation of the Profilomat ambulatory system
[21]. The Profilomat was developed for use in general
practice by modifying the more expensive and elaborate
CH-Druck ambulatory system [20]. During validation it
became evident that the Profilomat was providing fewer
valid measurements during ambulatory use than the par-
ent CH-Druck, because the facility for repeating meas-
urements in the event of a failed measurement had been
removed; when it was replaced the modified recorders
comfortably fulfilled the protocol requirements [21].

The revised BHS protocol emphasizes, therefore, that it
is incumbent upon manufacturers to indicate clearly all
modifications in the technological and software compo-
nents of automated devices by changing the device num-
ber. Furthermore, modified devices must be subjected to
renewed validation [14].

The effect of blood pressure level on device
accuracy

During the validation of six ambulatory devices in our
laboratory [20-25], a tendency was noted for accuracy
to deteriorate with increasing levels of blood pressure
[35]. When the data were analysed according to tertiles
of pressure for low, medium and high pressure ranges
all six devices held their overall grading, or improved
them slightly in the low and medium pressure ranges,
but in the high pressure range the devices lost accuracy.
A similar tendency has also been reported by Pannarale
and colleagues for oscillometric measurement [36].

The revised BHS protocol recommends, therefore, that
the validation analysis should be performed not alone for
the overall pressure range but also according to tertiles of
pressure {14].

The effect of age on device accuracy

Miller and colleagues [37] have observed that discrepan-
cies between an ambulatory device and mercury stan-
dard were systematically related to characteristics of the
study participants, such as age, sex and race, with age
demonstrating the strongest correlation. Clark and col-
leagues [38] have noted a tendency for ambulatory sys-
temns, especially those using the oscillometric technique,
to be less accurate in the elderly. These results suggest
that ambulatory systems for use in the elderly should be
evaluated specifically in an aged population and that the
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effects of age and blood pressure level on accuracy should
be examined carefully [39].

Both revised protocols acknowledge the influence of age
on the accuracy of blood pressure measurement and the
BHS protocol has a special group validation procedure
for devices that might be used particularly in the elderly.

The importance of in-use testing

To overcome the problem of devices losing accuracy un-
der the stress of everyday use, the BHS protocol stipulates
that validation should take place only after the device has
had a reasonable period of use [14]. This test serves a
number of functions. First, devices may fail to-function
during the in-use phase [29] and it would be clearly
wasteful of resources to proceed to the main validation
procedure with such a device. The test serves, therefore,
as an indicator of the ability of the device to stand up
to the stresses of everyday use. The value of the in-use
phase in highlighting inadequacies in the device that may
be amenable to easy correction by the manufacturers
has been illustrated by the account cited above of the
Profilomat having had the facility for a repeat measure-
ment removed in the interests of reducing the cost of
the device [21]. The period of use also permits some
expression by the user as to the ease of use and comfort
of the device, and sometimes useful recommendations
can be made to the manufacturer that result in improved
equipment [20-25].

The BHS protocol retains the in-use phase in the revised
version [14] and the AAMI protocol has incorporated
an in-use phase for devices measuring ambulatory blood
pressure [12].

Importance of adhering to the protocols

The importance of adhering meticulously to the AAMI
or BHS protocols is that devices validated with the pro-
tocols can be compared. However, if the protocols are
modified such comparisons are not possible. This arises,
for example, in two validation studies in pregnancy
[20,40] in which the protocols were modified by substi-
tuting the Hawksley random zero sphygmomanometer
for the standard mercury sphygmomanometer stipulated
in both the AAMI and BHS protocols [8,9]. The inac-
curacy of ambulatory devices in detecting diastolic blood
pressure in pregnancy noted in these studies must be
viewed critically as the comparative standard (the Hawk-
sley) has itself been shown to be inaccurate [30].

Comparison of the revised BHS and AAMI
validation protocols

The revised standard of the AAMI [57] and the pro-
tocol of the BHS [59] have many similarities but there
are some important differences. These differences, which
merit consideration so as to facilitate manufacturers seek-
ing to validate devices for acceptance in both Europe and
the United States, have been reviewed in detail elsewhere
[33], and are briefly summarized in Table 1.

Can the AAMI and BHS protocols be
reconciled?

Of the two protocols, the BHS protocol is the more
elaborate in that it takes particular care to ensure that
observers are trained to a very high standard, it makes
provision for special group validation and it recommends
in-use validation of all devices [14]. It does not rec-
ommend intra-arterial comparison, an optional test in
the AAMI protocol [12]. Taking the BHS protocol as a
framework for validation, how should it be modified so
that it meets the AAMI criteria as well? To answer this
question it is necessary to consider separately devices de-
signed for measuring blood pressure in static conditions
(the majority of devices) and those designed specifically
for measuring ambulatory blood pressure.

Devices for static measurement

Phase | (before~use device calibration), Phase II [in-use
(field) assessinent] and Phase 111 (after-use device calibra-
tion) can be conducted without change, as in the revised
BHS protocol [14]. Phase 1V (static device validation)
should be conducted as published but the following ad-
ditional features should be included to comply with the
AAMI protocol.

Participant selection

The BHS protocol allows a distribution of study partic-
ipants with a range of arm circumferences by chance,
whereas the AAMI stipulates that 10% of participants
should have an arm circuinference less than 25cm and
10% an arm circumference greater than 35cm. Both
protocols recommend that participants should be above
or below similar limits of blood pressure, but the AAMI
standard states this in percentages and the BHS protocol
in absolute numbers. In practice this means that to com-
ply with both protocols nine participants (rather than at
least eight as in the BHS protocol) should have pres-
sures in each of the following categories: systolic blood
pressure > 180 and < 100 mmHg; diastolic blood pressure
>100 and <60 mmHg.

Measurement to the nearest 1 mmHg

Measurements should be taken to the nearest 1 mmHg
rather than to the nearest 2 mmHg. As this modification
is, in theory at least, more accurate than measuring to the
nearest 2 mmHg it will not be necessary also to measure
to the nearest 2mmHg, as recommended in the BHS
protocol. It should be borne in mind that the markings at
2mmHg intervals on most mercury sphygmomanome-
ters are likely to bias an observer towards rounding meas-
urements to the nearest 2 mmHg.

Sequential versus simultaneous same-arm
measurements

Both revisions of the protocols stipulate that opposite-
arm comparisons should not be performed because of
the problem of inter-arm difference. The revised BHS
protocol recommends only a sequential same-arm test.
However, the sequence of measurement stipulated in
the BHS protocol [14] can be modified if the inflation
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Table 1. Main features of and differences between the Association for the Advancement of Medical Instrumentation (AAMI) and the British

Hypertension Society (BHS) protocols.

AAMI

BHS

Publication

Scope

Protocol design

Observers

Device calibration
In-use assessment

Participants for validation

Summary paper in Hypertension [11]
Full standard from AAMI for fee

National standard

Six parts
(1) Requirements for a national standard
(2) Rationale for a standard
(3) Non-invasive validation
(4) Intra-anterial validation
(5) Data analysis and reporting
(6) Assessment of ambulatory systems

Two observers

Observer accuracy not tested
Observers not necessarily blinded
Observer agreement after study
Not a provision

Ambulatory devices only

85 participants

Summary paper in J Hypertens (13)
Full protocol in J Hypertens [14)

Validation protocol

Seven phases (Fig. 1)
(1) Before-use calibration
(2) In-use assessment
(3) After-use calibration
(4) Static device validation
(5) Grading of device
(6) Special group validation
(7) validation in special circumstances

Two observers

Observer accuracy tested

Observers blinded

Observer agreement before and during study
Calibration agreement of three devices

All devices

85 participants

255 paired measurements
No exclusion criteria

AC stipulated

BP range not specified

General proviso for special groups

Accuracy criteria Grading:

255 paired measurements

Exclusion: AF. Sounds to zero

AC not stipulated

No. participants per quartiles of BP
Special groups/circumstances stipulated

Revised grading with A, B and C categories

95% within 10 and 85% within 5mmHg

Mean difference <5 mmHg
SD <8mmHg
Reference standard Hg manometer/nearest 1 mmHg
Measurement analysis Simultaneous or sequential
Accuracy/BP level Not included
Intra-arterial comparison Permitted

Basic information Not addressed

Mean difference <5mmHg
SD <8 mmHg

Hg manometer/nearest 2 mmHg
Sequential only

Accuracy at low/medium/high BP
Rejected

Detailed report

AC, arm circumference; AF, atrial fibrillation; BP, blood pressure.

mechanism of the device permits simultaneous compari-
son using the following sequence, which merely requires
the observers to measure additional pressures during the
measurement of the test instrument at blood pressure
comparisons 2, 4 and 6 (Table 2).

This sequence provides the data necessary for analysis
by both the sequential and the simultaneous techniques,
thereby fulfilling the requirements of both protocols.

Accuracy criteria
In addition to grading the test device according to the
BHS accuracy criteria, the accuracy criteria of the AAMI

and a percentage grading can be applied to the data
(Table 1).

Devices for ambulatory measurement

The requirements demanded for validating devices for
static measurement also apply to those for measuring
blood pressure under ambulatory conditions, but other
considerations must also be given attention. Both revi-
sions of the BHS and AAMI protocols acknowledge that
if the ambulatory system being evaluated has been de-
signed to measure blood pressure intermittently during
the 24-h period when the participant has been instructed
to cease activity and to keep the arm still during meas-
urement, the static validation test is all that is required.
Both protocols stipulate, however, that the ambulatory
system must be subjected to an in-use assessment and that
calibration should be tested after use. The revised BHS
protocol acknowledged that the recommendations made
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Fig. 1. British Hypertension Society validation procedures.
From [14].

in the original protocol for recordings every 15 min dur-
ing the day had proved onerous for participants and in
the revised protocol 30-min intervals are stipulated for
the day and night-time periods. However, the revised
AAMI protocol adopts the original BHS requirement of
15-min intervals during the day. Both protocols stipulate
that three devices should be tested but the requirement
for the AAMI is for 30 24-h studies in 10 participants
and the BHS requirement is for 24 24-h studies in 24
participants, half of whom should be normotensive and
half hypertensive. To comply with both protocols, there-
fore, it will be necessary to increase the number of 24-h
studies in the BHS protocol from 24 to 30 and to in-
crease the day-time recordings from 30- to 15-min in-
tervals.

Table 2. Blood pressure (BP) comparisons.

BPA Observers 1 and 2

BPB Observer 3 with test instrument

BP1 Observers 1 and 2 with mercury standard

BP2 Observer 3 with test instrument and observers 1 and 2
with mercury standard

BP3 Observers 1 and 2 with mercury standard

BP4 Observer 3 with test instrument and observers 1 and 2
with mercury standard

BPS5 Observers 1 and 2 with mercury standard

BP6 Observer 3 with test instrument and observers 1 and 2
with mercury standard

BP7 Observers 1 and 2 with mercury standard

Both protocols acknowledge that posture may affect ac-
curacy. The revised BHS protocol reconimends that am-

bulatory systems be subjected to testing for posture in a
subgroup of 30 participants in the standing, supine and
sitting positions. The revised AAMI protocol stipulates
that a full validation be performed in the supine, sit-
ting and standing positions so that there are 765 paired
measurements for analysis. This stipulation assumes that
the device can be validated by simultaneous comparison,
whereas our experience is that most devices cannot be
validated in this way because of their inflation/deflation
characteristics. Because of this the BHS protocol makes
provision only for sequential comparison. We believe
that the AAMI requirement for full validation in three
positions in 85 participants will be practical, albeit at a
high cost, only for the few devices suitable for simul-
taneous comparison, and that it will be impractical for
devices requiring sequential comparison. At this stage we
can only alert manufacturers of ambulatory systems to
this serious problem and suggest that the decision as to
which protocol to follow should be based on a number
of considerations, not least of which would be the fea-
sibility of performing simultaneous comparison.

Finally, the revised BHS protocol recommends a non-
invasive assessment during exercise for ambulatory sys-
tems that claim accuracy during motion [14]. The re-
vised AAMI protocol recommends comparison in oppo-
site arms using direct intra-arterial measurement either
during bicycle exercise with standard intra-arterial tech-
niques or during ambulatory activity using the Oxford
system to provide continuous recording [12]. The BHS
protocol does not advocate intra-arterial testing [14], and
though this is included in the AAMI protocol, it is not
mandatory [12]. Moreover, both revised protocols rec-
ommend that opposite-arm1 comparisons should not be
used because of inter-arm differences.

In summary, the following modifications to the BHS
protocol will fulfil the criteria of both the revised BHS
and AAMI protocols for all blood pressure measuring
devices:

(1) consideration of arm circumference and limits of
blood pressure in participant selection (Table 1);

(2) measurement to the nearest 1 mmHg in the main
validation test;

(3) sequential and simultaneous (when feasible) com-
parison using the sequence outlined in Table 2;

(4) analysis to include the AAMI accuracy criteria of
mean difference £5mmHg with standard devia-
tion of differences £ 8 mmHg, and 95% of device
measurements within 10mmHg and 85% within
5 mmHg for systolic and diastolic blood pressures;

(5) for ambulatory devices, the number of 24-h stud-
ies to be increased from 24 to 30 and the day-
time recording intervals from 30 to 15min; care-
ful consideration has to be given to the choice
of validation procedure.

1093



1094

Journal of Hypertension 1994, Vol 12 No 9

References

(A

16.

18.

19.

20.

O’Brien E, Fitzgerald D: The history of indirect blood pressure
measurement. In Handbook of Hypertension, Edited by Birken-
hager WH, Reid JL. Vol 14: Blood Pressure Measurement. Edited
by O’Brien E, O’Malley K. Amsterdam: Elsevier; 1991:1-54.
O’Brien E, O'Malley K: Clinical blood pressure measurement.
In Handbook of Hypertension. Edited by Birkenhiger WH, Reid
JL. Vol 15: Clinical Hypertension. Edited by Robertson JIS. Am-
sterdam: Elsevier; 1992:14-50.

Hunyor SN, Flynn JM, Cochineas C: Comparison of per-
formance of various sphygmomanometers with intra-arterial
blood pressure readings. BM/J 1978, 2:159-162.

Pickering TG, Cvetkovski B, James GD: An evaluation of
electronic recorders for self-monitoring of blood pressure.
J Hypertens 1986, 4 (suppl 5):5328-5330.

Fitzgerald D, O’Callaghan W, O’Malley K, O’Brien E: Inaccu-
racy of London School of Hygiene sphygmomanometer. BMJ
1982, 284:18-19,

Brunner HR, des Combes BJ, Waeber B, Porchet M: Accuracy
and reproducibility of ambulatory blood pressure recordings
obtained with the Remler system. j Hypertens 1983, 1 (suppl
2):291-292.

O'Brien E, O'Malley K, Sheridan J: The need for a standardized
protocol for validating non-invasive ambulatory blood pressure
measuring devices. | Hypertens 1989, 7 (suppl! 3):519-520.
Association for the Advancement of Medical Instrumentation:
American National Standard for Electronic and Automated
Sphygmomanometers. Washington: AAML; 1987,

O’Brien E, Petrie }, Littler WA, Padfield PL, O'Malley K,
Jamieson M, et al.: British Hypertension Protocol: Evaluation
of automated and semi-automated blood pressure measuring
devices with special reference to ambulatory systems. J Hyper-
tens 1990, 8:607-619.

O'Brien £, O’'Malley K: Twenty-four-hour ambulatory blood
pressure monitoring: a review of validation data. J Hyperens
1990, 8 (suppl 6):511-S16.

White WB, Berson AS, Robbins C, Jamieson M}, Prisant LM,
Roccella E, et al.: National standard for measurement of rest-
ing and ambulatory blood pressure with automated sphygmo-
manometers. FHypertension 1993, 21:504-509.

Association for the Advancement of Medical Instrumentation:
American National Standard: Electronic or Automated Sphyg-
momanometers. Arlington, Virginia: AAMI; 1993,

O'Brien E, Petrie ], Littler WA, de Swiet M, Padfield PL, Aliman
D, et al.: Short report. An outline of the British Hypertension
Society protocol for the evaluation of blood pressure measur-
ing devices. J Hypertens 1993, 11:677-679.

QO’Brien E, Petrie ), Littler W, de Swiet M, Padfield PL, Altman
DG, et al.: The British Hypertension Society protocol for the
evaluation of blood pressure measuring devices. J Hypertens
1993, 11 (suppl 2):543-562.

Jamieson M), Fowler G, MacDonald TM, Webster |, Witte K,
Lawson L, et al: Bench and ambulatory field evaluvation of
the A&D TM-2420 automated sphygmomanometer. | Hypertens
1990, 8:599-605.

Clark S, Fowlie S, Coats A, Radaelli A, van der Putt M, Bird
R, et al.: Ambulatory blood pressure monitoring: validation of
the accuracy and reliability of the TM-2420 according to the
AAMI recommendations. ] Hum Hypertens 1991, 5:77-82.
Clark S, Hofmeyr GJ, Coats AJS, Redman CWG: Ambulatory
blood pressure monitoring during pregnancy: validation of the
TM-2420 monitor. Obstet Gynecol 1991, 77:152-155.

White WB, Pickering TG, Morganroth ), James GD, McVabe
EJ, Moucha O, et al: A multicenter evaluation of the A&D
TM-2420 ambulatory blood pressure recorder. Am J Hypertens
1991, 4:890-896.

O'Brien E, Atkins N, Sheridan N, Killeen C, Costelloe R, Ly-
don S, et al.: Evaluation of the Accutracker Il non-invasive
ambulatory blood pressure recorder according to the AAMI
Standard. /| Amb Monit 1991, 4:27-33.

O’Brien E, Mee F, Atkins N, O'Malley K: Accuracy of the CH-
Druck/Pressure Scan ERKA ambulatory blood pressure mea-

22,

23.

24.

26

28.

29.

30.

31.

32.

33,

35.

36.

37

38.

39.

40.

suring system determined by the British Hypertension Society
protocol. J Hypertens 1993, ¥1 (suppl 2):51-57.

O'Brien E, Mee F, Atkins N, O’Malley K: Accuracy of the Pro-
filomat ambulatory blood pressure measuring system deter-
mined by the British Hypertension Society protocol. J Hyper-
tens 1993, 11 (suppl 2):59-515.

O’Brien E, Mee F, Atkins N, O’Malley K: Accuracy of the
Spacelabs 90207 determined by the British Hypertension So-
ciety protocel. ) Hypertens 1991, 9 (suppl 5):525-531.
O’Brien E, Mee F, Atkins N, O’Malley K: Accuracy of the No-
vacor DIASYS 200 determined by the British Hypertension
Society protocol. / Hypertens 1991, 9 (suppl 5):59-515.
O’Brien E, Mee F, Atkins N, O’Malley K: Accuracy of the
Del Mar Avionics Pressurometer 1V determined by the British
Hypertension Society protocol. / Hypertens 1991, 9 (supp!
5):51-S7.

O’Brien E, Mee F, Atkins N, O'Malley K: Accuracy of
the Takeda TM-2420/TM-2020 determined by the British
Hypertension Society protocol. | Hypertens 1991, 9 (suppl
5):517-523.

Palatini P, Penzo M, Canali C, Pessina AC: Validation of the ac-
curacy of the A&D TM-2420 Model 7 according to the British
Hypertension Society recommendations for ambulatory blood
pressure monitoring and the effect of microphone replacement
on its performance. /| Amb Monit 1991, 4:281-288.

Imai Y, Sasaki S, Minami N, Munakakata M, Hashimoto J,
Sakuma H, et al.: The accuracy and performance of the AXD
TM 2421, a new ambulatory blood pressure monitoring de-
vice based on the cuff-oscillometric method and the Korotkoff
sound technique. Am J Hypertens 1992, 5:719-726.

O'Brien E, Atkins N, Mee F, O'Malley K: Evaluation of the
Spacelabs 90202 according to the AAMI standard and BHS
criteria. | Hum Hypertens 1991, 5:223-226.

O'Brien E, Mee F, Atkins N, O’Malley K: Inaccuracy of seven
popular sphygmomanometers for home-measurement of blood
pressure. | Hypertens 1990, 8:621-634.

O’Brien E, Mee F, Atkins N, O'Malley K: Inaccuracy of
the Hawksley random zero sphygmomanometer. Lancet 1990,
336:1465-1468.

O’Brien E, Mee F, Atkins N, O’Malley K: Short report: Accuracy
of the Dinamap portable monitor, model 8100, determined by
the British Hypertension Society protocol. / Hypertens 1993,
11:761-763.

Tochikubo O, Minamisawa K, Miyajima E, Ishii M, Yanaga
A, Yukinari Y: A new compact 24-hour indirect blood pres-
sure recorder and its clinical application. jpn Heart | 1988,
29:257-269.

O'Brien E, O'Malley K, Atkins N, Mee F: A review of val-
idation procedures for blood pressure measuring devices. In
Ambulatory Blood Pressure Measurement. Edited by Waeber B.
New York: Raven Press; 1994:1-32,

Hansen KW, Orskov H: A plea for consistent reliability in
ambulatery blood pressure monitors: a reminder. /| Hypertens
1992, 10:1313-1315.

O’Brien E, Atkins N, Mee F, O’Malley K: Comparative accuracy
of six ambulatory devices according to blood pressure levels.
J Hypertens 1993, 11:673-675.

Pannarale G, Bebb G, Clark S, Sullivan A, Foster C, Coats
AJS: Bias and variability in blood pressure measurement with
ambulatory recorders. Hypertension 1993, 2:591-598.

Miller ST, Elam T, Graney M), Applegate B: Discrepancies in
recording systolic blood pressure of elderly persons by ambu-
latory blood pressure monitor. Am J Hypertens 1992, 5:16-21.
Clark S, Fowlie S, Pannarale G, Bebb G, Coats A: Age and
blood pressure measurement: experience with the TM-2420
ambulatory blood pressure monitor and elderly people. Age
Ageing 1992, 21:398-403.

O'Brien E, Mee F, Atkins N, O’Malley K: Technical aspects of
ambulatory blood pressure monitoring devices in the elderly.
Cardiol Elderly 1993, 1:464-469.

Brown MA, Buddle ML, Cario GM, Whitworth JA: Ambula-
tory blood pressure monitoring during pregnancy: compari-
son with mercury sphygmomanometry. Am J Hypertens 1993,
6:745-749.



