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Introduction  

Measurement of blood pressure is the commonest measurement made in clinical practice, and the inter-
pretation of the figure resulting from that measurement has far-reaching implications for the individual in 
whom the technique is performed. If the measurement is erroneously low, for example, the patient may be 
denied the most valuable drug treatment to prevent future stroke and heart attack, whereas if, on the 
other hand, the measurement is erroneously high, the individual may be commenced on lifelong blood 
pressure lowering drugs unnecessarily. It is imperative, therefore, that the device being used to measure 
blood pressure is accurate and, because blood pressure is a complex haemodynamic variable, it is accepted 
that all blood pressure measuring devices must be validated independently in the clinical setting.  
Validation of blood pressure measuring devices began in the 1980s with a series of ad hoc validation 
protocols on devices [1]. From the 1990s onwards, device validation became more structured with the 
publication of standards and protocols from the Association for the Advancement of Medical 
Instrumentation (AAMI) and the British Hypertension Society (BHS) [2–7]. In 2002, the Working Group on 
Blood Pressure Monitoring of the European Society of Hypertension (ESH), which is composed of experts in 
blood pressure measurement, many of whom have considerable experience in validating blood pressure 
measuring devices, published the International Protocol, which simplified previous protocols and was based 
on evidence from a large number of validation studies [8]. The International Protocol was drafted in such a 
way as to be applicable to the majority of blood pressure measuring devices on the market. The validation 
procedure was therefore confined to adults over the age of 30 years (who constitute the majority of 
subjects with hypertension), and it did not make recommendations for special groups, such as children, 
pregnant women and the elderly, or for special circumstances, such as during exercise, or for abnormal 
pathophysiological circumstances, such as atrial fibrillation, or arterial stiffness as may occur in the elderly. 
The protocol did not preclude investigators and manufacturers from applying the International Protocol to 
assessment and validation in these circumstances. For full background information on this revision, it is 
recommended that investigators familiarise themselves with the original protocol, which can be 
downloaded directly from www.dableducational.org.  
Initially, the results of validation studies were published in peer-reviewed journals and, every few years, 
‘state-ofthe-market’ papers summarising device accuracy were published in general and specialised 
journals [9]. However, it became apparent that many of these publications were not accessible to many 
would-be purchasers of blood pressure measuring devices. To overcome this deficiency, the Working Group 
of the European Society of Hypertension launched the www.dableducational.org website in 2004. This now 
receives visits from over 5000 organisations in 100 countries in all continents. 



 

Since the International Protocol was published in 2002, 78 reported studies have been analysed and this 
analysis is the evidence base for the changes being incorporated in the first revision of the International 
Protocol [1,10].  
Because of the increasing ban on the use of mercury-containing sphygmomanometers, there is a need for 
an equivalent standard device that does not contain mercury.  
The following are the basic changes to the revised protocol: 

 
(1) Forms replace free-text results so that all data must be standardised.  
(2) The age restriction is reduced from 30 to 25 years to facilitate recruitment.  
(3) Phase 1 has been removed, as this is now considered redundant.  
(4) As a consequence of improvements in technology, pass levels have been tightened. This is of benefit to 

manufacturers who strive to produce devices of the highest standard.  
(5) Controls on the distribution of observer measurements are introduced to ensure that the intended 

recruitment ranges are reasonably maintained throughout the full procedure.  
(6) Due to difficulties experienced in recruiting subjects in high ranges, the recruitment limits have been 

relaxed under certain conditions.  
 
Support facilities provided by the dablEducational website to assist validation studies are outlined in 
Appendix B.  
Devices passing the stricter criteria of this revision will be classed as having passed ESH-IP2. It will 
supersede the original protocol [8] for new studies from 1st July 2010 and for publications from 1st July 
2011.  
The sphygmocorder [11,12] option described in the previous protocol is not included because no validated 
model is currently available.  
This protocol validation applies only to the recorded measurements and does not extend to average 
measurements or any other derived statistics.  
 

Validation requirements 
 
General requirements  
 
Environment: 

 
(1) The room should be at a comfortable temperature and there should be no noise or other influences 

that may cause disturbance, such as telephones and pagers.  
(2) Ambient noise should not be at a level that could interfere with the auscultation of blood pressures.  
 
Equipment: 
 
(1) Two standard mercury sphygmomanometers, the components of which have been checked carefully 

before the study, are used as reference standards. They should be within 1 m of the observers who 
should be able to follow the menisci at eye level from 40 mmHg to 180 mmHg.  

(2) Bladders must be available so that, on each subject, there is one of sufficient length to encircle 
80%–100% of the arm circumference [13].  

(3) Good quality nonelectronic stethoscopes with wellfitting earpieces should be used.  
 



 

Test device: 
 
(1) The test device bladder should be that provided according to the manufacturer’s instructions. If 

different cuff sizes are recommended by the manufacturer, the appropriate cuff/bladder should be 
used but no other part of the apparatus should be changed.  

(2) If the device detects blood pressure by auscultation, the same microphone(s) must be used 
throughout the validation test.  

(3) If the test device requires software, this should be loaded and tested.  
(4) A familiarisation session, involving a number of test measurements, should be performed before 

starting the validation study. This should be reported.  
(5) If the device allows blood pressure measurement by more than one method (e.g. oscillometry and 

auscultation), then separate validation studies for each measurement method must be performed.  
(6) If there is an optional feature intended to assist measurement, such as a facility to mark a blood 

pressure, then separate validation studies must be performed with and without the facility.  
 
Observer requirements 
 
A supervisor and two observers are required. The following should be observed: 

 
(1) Observers should have adequate hearing and sight.  
(2) Observers should be trained and experienced in blood pressure measurement [14,15].  
(3) Observer measurements must be recorded to the nearest 2 mmHg.  
 
Subject requirements  
 
The requirements stated in this protocol refer to a study in the general adult population. Validation studies 
in specific groups may necessitate modification of these requirements and all such changes or additions 
should be clearly laid out in Form 1 – Device and Study Details.  
Numbers: 33 subjects. Sex: At least 10 male and 10 female. Age range: All subjects should be at least 25 
years of age Heart rhythm: Sinus rhythm unless the device is being validated for arrhythmias.  
Blood pressure range: 10 to 12 subjects in each of the three SBP and three DBP recruitment ranges as 
shown in Form 3 – Study Results.  
 
Blood pressure requirements  
 
(1) Recruitment pressures are intended to ensure a uniform distribution of test pressures across a 

representative range.  
(2) The number of observer test measurements in each pressure range must be between 22 and 44.  
(3) The difference between the range with the highest count and that with the lowest count cannot 

exceed 19.  
(4) The overall SBP range must be from r 100 to Z 170 mmHg and the overall DBP range must be from r 50 

to Z 120 mmHg.  
(5) Ideally recruitment blood pressures should be in the range 90–180 mmHg for SBP and 40–130 mmHg 

for DBP. However, if patients with blood pressures outside these ranges are available they may be 
included but only to a maximum of four such pressures.  

(6) The number of subjects in each recruitment range must be from 10 to 12 subjects. All SBP pressures 
below 130 mmHg and DBP pressures below 80 mmHg are counted as ‘Low Range’. All SBP pressures 
above 160 mmHg and DBP pressures above 100 mmHg are counted as ‘High Range’.  

 



 

Accuracy requirements 

 
The protocol classifies observer-device differences as in Form 3 – Study Results. When comparing and 
categorising these differences, they are categorised into one of four bands according to their rounded 
absolute values.  
Accuracy is determined by the number differences in these ranges both for individual measurements (Part 
1) and for individual subjects (Part 2). To pass, a device must achieve all the minimum Pass Requirements 
shown.  
Accuracy is contingent on strict adherence to the protocol, and results from validations not adhering to this 
protocol may be called into question.  
 
Validation procedure, analysis and report  
 
The validation procedure and report should be carried out according to Forms 1–4. These are designed to 
produce a standard comprehensive and focussed report.  
 
Form 1 – Device and Study Details should be filled at the outset. 
 
A copy of Form 2 – Subject Data is filled for each subject screened. Subject measurements recorded by the 
observers and, when possible, a test device printout of data recorded for a subject should be attached to 
each relevant form. Data from these forms should be entered into a computer for appropriate analysis. 
The results of the analysis are entered into Form 3 – Study Results. 
 
Form 4 – Study Report describes the report layout which includes all the elements from Form 1 – Device 
and Study 
 
Details and Form 3 – Study Results. 
 
It is imperative that all data are completed so that the report contains all of the information required. 
Forms 2 and 3 include numbered clear and shaded boxes. 
The clear boxes indicate directly recorded data; the shaded ones refer to calculations. 
The agreement between the investigator and sponsor should state that a full report of the validation study 
will be published irrespective of the result. 
A photograph of the validated device and cuff against a white background should be provided. 



 



 



 



 



 



 

 



 



 



 



 



 



 

Appendix B: Support facilities provided by the dablEducational website to assist validation studies 
 
(1) The 2002 ESH International Protocol is available to download as a pdf file from 

www.dableducational.org [8]. This protocol outlines the history and development of validation 
protocol methodology. 

(2) Manufacturers are referred to the device equivalence procedure on www.dableducational.org [18]. 
Manufacturers of blood pressure measuring devices may make modifications to a device, which has 
previously been successfully validated for accuracy, that do not affect its measurement accuracy. The 
modified device should not require further validation. The procedure for manufacturers to declare the 
equivalence of a modified device with a device that has been validated earlier is described. 

(3) Manufacturers are referred to the facility for posting validation results on www.dableducational.org. 
This facility speeds up the posting of validation results on the dablEducational Trust website (without 
compromising later publication of a full paper). 

(4) Manufacturers are referred to the facility for applying for performance accreditation for devices that is 
additional to the accuracy criteria of the International Protocol on www.dableducational.org and 
www.pressionearteriosa.net [19]. Although standard validation protocols provide assurance of the 
accuracy of blood pressure monitors, there is no guidance for the consumer as to the overall quality of 
a device. The PA. NET International Quality Certification Protocol denotes additional criteria of quality 
for blood pressure measuring devices. At the end of the certification process, ARSMED attributes a 
quality index to the device and a quality seal with four different grades (bronze, silver, gold and 
diamond) which may be used on the packaging of the appliance or in advertising. A quality certification 
is released to the manufacturer and published on www.pressionearteriosa.net and 
www.dableducational.org.  
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