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| BLOOD PRESSURE MONITORING

ESH-IP for the validation of blood

pressure monitors:
a success story and its future

The validation of blood pressure monitors is an important prerequisite for the accu-
rate measurement of blood pressure. In the last decade the European Society of
Hypertension Infernational Protocol (ESH-IP) has expanded the device validation
procedure worldwide by three 1o fourfold compared o the period before its origi-
nal publication in 2002 and is now the preferred validation protocol. In keeping

with improvements in device technology, the International Protocol was revised, in

2010 and imposes stricter requirements for device accuracy.

by Dr G.S. Stergiou, Dr N Karpettas, Dr N Atkins and Dr,E. O'Brien

Blood pressure measurement and
protoco|s for device validation

Blood pressure measurement is widely. used
across the healthcare system, by clinicians of
almost all specialties, nurses, medical assistants
and even patients themselves. People with high
blood pressure generally have their blood pres-
sure measured in the office or clinic and because
of the phenomenon of “white coat hyperten-
sion’, such measurements are often falsely ele-
vated, so 24-hour ambulatory blood pressure
monitoring and/or self-monitoring by patients
at home is often recommended [1]. In all cases,
the accuracy of the blood pressure monitor is
therefore an important prerequisite for the reli-
able assessmient of the level of blood pressure so
as to enable the accurate diagnosis of high blood
pressure and to enable reliable decision making
and Jong-term drug treatment [1].

In 1987 the US Association for the Advance-
ment of Medical Instrumentation (AAMTI) pub-
lished the first protocol for formal validation of
all blood pressure monitors against the mercury
standard [2]. This was followed in 1990 by the
British Hypertension Society (BHS) protocol
[3] and revised versions of these protocols were
published in 1993. In 2002, the European Soci-
ety of Hypertension Working Group on Blood
Pressure Monitoring published the International
Protocol (ESH-IP) for the validation of blood
pressure monitors [4]. The ESH-IP was devel-
oped on the evidence of a large number of vali-
dation studies pcrformed using the AAMI and
BHS protocols. The purpose of developing the
ESH-IP protocol was to simplify the validation
procedure and reduce the sample size required
without losing the evaluation accuracy of the
previous more complicated, cumbersome and
costly protocols. In the rapidly expanding market

of blood pressure monitors for home, ambula-
tory and office measurements, it was anticipated
that such a simplified protocol would facilitate
greater use of the validation procedure by more
centers throughout the world, thereby facilitat-
ing independent validation of greater numbers
of devices,

Application of the ESH-IP for device
VG;ICICI"!OI"I (2002-2009)

A systematic review of the use of the ESH-IP
for validating blood pressure measuring devices
was recently performed [5]. The review cov-
ered the number of reported validation studies

(compared to the use of other protocols), the
main study results, the performance in follow-
ing the protocol’s requirements and criteria, the
problems in data reporting, the issues within
the protocol that might need modification or
clarification, and the impact of applying more
stringent validation criteria. This analysis, which
relies on data from 104 validation studies con-
ducted using the protocol between 2002 (ESH-
IP publication) and 2009, forms the basis for the
recommendations in the revised ESH-IP [5].

According to the systematic review, within 8
years after the publication of the ESH-IP there
were 48 studies reported using the BHS proto-
col, 38 using the AAMI and 104:using the ESH-
IP [5]. In particular, between January 2007 and
June 2009, 29 studies have been reported using
the BHS and/or the AAMI protocols compared
to 67 using the ESH-IP [5]. Thus, it appears
that the ESH-IP has succeeded in expanding
the validation procedure worldwide by three
to four-fold compared to the period before its
publication [5] and now is the preferred vali-
dation protocol. A total of 26 different research
groups performed ESH-IP studies and evaluated
devices from 32 different manufacturers [5].

Whether a blaod pressure monitor is designed for use by o healtheare professional or by the patient himself,
it is wilal that the monitor be validoled. The Europaan Society of Hypertension
International Protocol (ESHIP) is now the mest widely used protocal for BP menitar validetion,
The 2070 revision to the protocal tightens the validation criteria
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ESH-IP validations have been conducted in 18
countries, the vast majority of them in Curope
(70%), with some in the USA, in China and
elsewhere [5]. Of these studies, 80% validated
oscillometric devices, 80% upper arm devices
(the rest being wrist devices); 65% of devices
were designed for self-home monitoring, 20%
were professional devices for office/clinic use
and 15% were for ambulatory blood pressure
measurement [5].

Interestingly, the proportion of the reported
validation studies that fulfilled the ESH-IP cri-
teria is impressively high (85%) [5]. This suc-
cess might reflect improved accuracy of devices
due to advancement in technology. However,
other reasons are possible, such as a publica-
tion bias whereby negative studies are not pub-
lished, and that the ESH-IP criteria are too easy
to fulfil and need to be made more stringent.

There were also problems in conducting and
reporting some of the ESH-IP validation studies
that make the interpretation of the results rather
questionable. A total of 21 different types of vio-
lations of the ESH-IP were detected, appearing
33 times and involving 23 studies [5]. Twenty
per cent of the violations were regarded as major
(affecting the protocol integrity, requirements
and stringency of criteria), whereas the rest
were minor with negligible impact [5]. Some of
the studies did not provide a complete report of
recruited and excluded subjects and others did
not report the cufl sizes used, particularly for
observer measurements. These findings suggest
that a more standardized report of the validation
study results is necessary.

With the aim of determining which of the ESH-
1P validation criteria were easily passed by the
currently available accurate devices and which
were only marginally passed, several ‘arbitrar-
ily choser’ changes in all the validation criteria
of the protocal were tested [5]. The impact of
applying these arbitrary criteria on the evalu-
ation of devices that had passed the ESH-IP in
published validation studies was also investi-
gated and helped to decide on which criteria to
tighten in the revision of the ESH-IP.

ESH-IP revision 2010

On the basis of these analyses a revised ver-
sion of the protocol was published in Febru-
ary 2010 [6]. There are several changes in the
revised protocol, regarding participants’ age,
blood pressure limits for inclusion, distribution
of observer blood pressure measurements and
validation results reporting [6]. However, the
most challenging change is the tightening of
the validation criteria for the pass level. It has
been estimated that about orie third of valida-
tions that passed the ESH-IP 2002 will not sat-
isfy the criteria of the revised ESH-2010 (Ster-
giou G, et al. unpublished data 2010). Thus, the

application of the revised ESH-IP is expected
to more than double the validation fail rate.

Indeed it appears that time has come to increase
the level of minimal accuracy requirements for
device approval. First, 85% of the devices tested
so far using the ESH-IP have been successful
[5], implying an improvement in current tech-
nology of blood pressure monitors {although
as mentioned above a publication bias cannot
be excluded). Second, a recent analysis of suc-
cessful ESH-IP validation studies showed a
trend towards an improvement in accuracy of
the electronic devices in the period between
2002-2010, as assessed by their performance in
passing several validation criteria (Stergiou G,
et al. unpublished data 2010).

Conclusions

Eight years after its publication, the ESH-IP
has proven to be successful in achieving its
goals. The large number of published stud-
ies, devices tested, and investigators involved
indicate that the protocol has succeeded in
expanding the validation procedure world-
wide by three to four-fold compared with the
period before its initial publication. However,
there is a need to tighten the accuracy criteria
s0 as to encourage the manufacture of better
devices and there is also a need to improve the
validation methodology by standardizing the
reporting of validation studies. These issues
have been successfully addressed in the 2010
revision of the ESH-IF.

References

1. Q'Brien E, Asmar R, Beilin L, Imai Y, Mallion JM,
Mancia G, et al. European Society of Hypertension
recomumendations for conventional, ambulatory
and home blood pressure measurement. | Hyper-
tens 20{]3 21:821-48.

. Association for the Adva.ncernent of Medical
Instrumentation. ‘The national standard of elec-
tronic or automated sphygmomanometers. Arling-
Lon, VA: AAMI;1987.

. O'Brien E, Petric ], Littler W, De Swiet M, Pad-
field P, O'Malley K, et al. The British Hypertension
Society protocol for the evaluation of automated

ra

L]

and semi-automated blood pressure measuring
devices with special reference to-ambulatory sys-
- terns. | Hypertens 1990;8:607-19.

4, O'Brien E, Pickering T, Asmar R, Myers M, Parati
G, Staesser |, et al. European Society of Hyperten-
sion International Protocol for validation of blood
pressure measuring devices in adults. Blood Press
Monit 2002;7:3-17. ;

5. Stergiou G, Karpettas N, Atkins N, O’Brien E. Euro-
pean Society of Hypertension International Proto-
col for the validation of blood pressure monitors:

a critical review of its application and rationale for

revision. Blood Press Monit 2010;15:39-48.

6. O’Brien E, Atkins N, Stergiou G, Karpettas N, Parati
G, Asmar R, et al. European Society of Hyperten-
sion International Protocol revision 2010 for the

validation of blood pressure measuring devices in
adults, Blood Press Monit 2010;15:23-38.

The authors

George S. Stergiou'* MD, FRCP,

Associale Professor of Medicine ¢ Hypertension
Nikos Karpettas' MD, Clinical Research Fellow
Neil Atkins® PhD, Statistician

Eoin O'Brien” Professor of Molecular Pharmacology

! Hypertension Center, Third University Depart- -
ment of Medicine, Sotiria Hospital, Athens,
Greece. ;

2 dabl Lid, 34 Main Street, Blackrock, Co. Dublin,
Ireland.

* Conway Institute of Biomolecular & Biomedical
Research, University College Dublin, Ireland.

* Corresponding author:

George S. Stergiou, MD

Hypertension Center

Third University Department of Medicine
Sotiria Hospital

152 Mesogion Avenue

Athens 11527, Greece

Tel: +30 210 7763117

E-mail: gstergi@med.uoa.gr

Comments on this article?

Feel free to post them at

\

This disposable
Eschmann-style
“bougie” is used
to guide the
endotracheal
tube during
difficult
intubations. The 'ﬁ'
tube slides over
the introducer
which helps to
guide the way,
especially
helpful for
“blind”

intubations.
SH RNINC.
NESTHESIA

U._S.A. 813-889-9614 « Fax 813-886-2701

straight curved Malizable

i www.ihe-online.com & search 45555



	IMG_0002
	IMG_0003
	IMG_0004

