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Abstract 30 
Atrial fibrillation (AF) affects ~3% of the general population and is twice as common with 31 
hypertension. Validation protocols for automated sphygmomanometers exclude people with AF, 32 
raising concerns over accuracy of hypertension diagnosis or management, using out-of-office blood 33 
pressure (BP) monitoring, in the presence of AF. Some devices include algorithms to detect AF; a 34 
feature open to misinterpretation as offering accurate BP measurement with AF. We undertook this 35 
review to explore accuracy of automated devices, with or without AF detection, for measuring BP. 36 

We searched Medline and Embase to October 2018 for studies comparing automated BP 37 
measurement devices to a standard mercury sphygmomanometer contemporaneously. Data were 38 
extracted by two reviewers. Mean BP differences between devices and mercury were calculated, 39 
where not reported and compared; meta-analyses were undertaken where possible. 40 

We included 13 studies reporting 14 devices. Mean systolic and diastolic BP differences from 41 
mercury ranged from -3.1 to +6.1/-4.6 to +9.0 mmHg. Considerable heterogeneity existed between 42 
devices (I2 80% to 94%). Devices with AF detection algorithms appeared no more accurate for BP 43 
measurement with AF than other devices.  44 

A previous review concluded that oscillometric devices are accurate for systolic but not diastolic BP 45 
measurement in AF. The present findings do not support that conclusion. Due to heterogeneity 46 
between devices, they should be evaluated on individual performance. We found no evidence that 47 
devices with AF detection measure BP more accurately in AF than other devices. More home or 48 
ambulatory automated BP monitors require validation in populations with AF. 49 

 50 

246 words 51 

 52 

  53 
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Summary Table 54 
 55 

What is known about the topic 56 
• Hypertension and atrial fibrillation commonly co-exist, so accurate blood pressure 57 

measurement is important to facilitate diagnosis and treatment. 58 
• Guidelines recommend manual measurement of blood pressure with atrial fibrillation, but 59 

also place emphasis on out of office measurement for diagnosis and management of 60 
hypertension. 61 

• Previous evidence suggests that automated blood pressure monitors are accurate for 62 
systolic but not diastolic blood pressure measurement in the presence of atrial fibrillation. 63 

What this study adds 64 
• Whilst individual monitors have been shown to be accurate with atrial fibrillation, there is 65 

considerable heterogeneity between devices, particularly for diastolic blood pressure 66 
measurement, when compared to a mercury standard. Therefore accuracy for other devices 67 
in atrial fibrillation cannot be assumed. 68 

• There are relatively few studies of accuracy in atrial fibrillation, in comparison to the number 69 
of different devices in current clinical use. 70 

• Most published studies are of limited size, and all were conducted on populations who may 71 
not represent the wider population with atrial fibrillation. 72 
 73 

  74 
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Introduction 75 

Raised blood pressure (BP, hypertension) is the main risk factor globally for premature morbidity and 76 

mortality.1 Control of hypertension is fundamental for the prevention of cardiovascular disease, yet 77 

international data show that the prevalence of hypertensive heart disease is not declining.1, 2 Atrial 78 

fibrillation (AF) affects 2-3% of adults in Europe and the USA, and over 10% of those aged 80 years or 79 

older;3, 4 prevalence is expected to double in the next 50 years as the population ages.5 Hypertension 80 

is a risk factor for, and approximately doubles the risk of, AF due to development of left ventricular 81 

hypertrophy and electrical remodelling where BP control is suboptimal.6, 7 Hypertension is found in 82 

half of those with AF, thus obtaining accurate BP readings is an important component of their 83 

diagnosis and managment.8 Current guidelines advise that BP should be measured manually when 84 

the pulse is irregular.9, 10 International protocols for the validation of BP monitors all exclude subjects 85 

with an irregular pulse, identifying those with AF as a special poulation.11, 12 In the absence of agreed 86 

guidelines for BP measurement in AF it is not, therefore, possible to claim validation for accuracy of 87 

BP readings for any monitor in the presence of AF.12, 13 However, studies have undertaken 88 

comparisons of various automated BP measurement devices with mercury sphygmomanometers, 89 

which themselves are disappearing from clinical use on environmental grounds. In fact, a previous 90 

review suggested that automated monitors might be accurate in measuring systolic but not diastolic 91 

BP where AF is present.14 Automated devices are easy to operate and eliminate observer bias, and 92 

are now preferred in some hypertension guidelines.15 There are suggestions that office BP may be 93 

reasonably measured oscillometrically in some AF patients. This is a matter of debate,16, 17 but out of 94 

office BP measurement, by definition, relies on the use of automated devices.13 More recently, 95 

automated BP devices are incorporating algorithms for the detection of AF; 18-23 one (Microlife 96 

WatchBP Home A device) being the subject of a positive National Institute for Health and Care 97 

Excellence (NICE) Technology Appraisal. 19, 24 We therefore carried out a systematic review of the 98 

literature to a) update the evidence base and to inform a position statement on recommendations 99 

on BP measurement in the presence of AF (INSERT REFERENCE TO POSITION STATEMENT), and b) to 100 
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understand the accuracy of newer devices with AF detection in measuring BP, in comparison to 101 

other devices. 102 

 103 

Methods 104 

We searched Medline and Embase from inception to 26th October 2018 using a broad search 105 

strategy (Box 1). Searches were augmented by checking reference lists in review and commentary 106 

articles retrieved. We also reviewed relevant journal collections, conference abstracts, relevant 107 

guidelines and personal archives for additional citations. We included studies that compared 108 

brachial BP measurements using oscillometric or other automated devices with auscultatory 109 

mercury sphygmomanometer measurement (as our non-invasive gold standard). Comparison could 110 

be by either a simultaneous or contemporaneous sequential method. We sought studies of home, 111 

office or ambulatory BP monitoring devices with, or without, automated AF detection functions. It is 112 

important to note that we did not undertake assessment of the accuracy of AF detection of such 113 

devices.  114 

We excluded studies that split comparisons over different assessment sessions, retrospective 115 

analyses, case reports, device studies not comparing BP measurements as primary outcome and 116 

those using intra-arterial BP measurement as gold standard. We assessed conference abstracts as 117 

eligible where sufficient data and detail could be extracted. Searches were confined to English 118 

language papers. Selections were made by one reviewer and checked by a second, with discussion 119 

and resolution of disagreements. 120 

Data on study details and populations were extracted by two reviewers. We included mean and 121 

variance of BP readings for automated devices and mercury comparisons and, where reported, the 122 

proportions of systolic and diastolic BP readings reaching agreement within 5, 10 or 15 mmHg, for 123 

comparison with the relevant standards of the European Society for Hypertension (ESH) 2010 124 

International Protocol for validation of BP measuring devices.11 Mean differences were expressed as 125 
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device minus mercury values. Where not reported, differences between devices and mercury were 126 

calculated from the reported BP values using a matched pairs approach, with adjustment for intra-127 

class correlation coefficients for systolic and diastolic BP reported in a previous review.14, 25 Meta-128 

analyses of pooled data were undertaken using random effects models in Stata v14.0. Two reviewers 129 

undertook independent quality assessment of included studies with the QUADAS-2 tool.26 130 

 131 

 132 

Medline 

1. Exp blood pressure determination 

2. Exp atrial fibrillation 

3. 1 AND 2 

 

Embase: 

1. Blood pressure measurement

2. Atrial fibrillation 

3. 1 AND 2 

Box 1. Search strategy 133 

 134 

 135 

Results 136 

Searches up to 26th October 2018 retrieved a total of 746 unique citations. Fifty nine full texts were 137 

assessed for eligibility and 13 studies covering 14 devices met inclusion criteria (Figure 1). There 138 

were no disagreements on data extraction between reviewers. There were eight studies of 139 

automated BP monitors designed for home and/or office use,27-34 and six studies of four ambulatory 140 

BP devices;27, 35-39 one of these only reported mean 24 hour ambulatory BP, as opposed to 141 

contemporaneous measurement with mercury comparison, so was not included in meta-analyses.35 142 

Three studies used a simultaneous method to compare BP measurements,30, 34, 39 the remainder used 143 

varied sequential protocols. Studies were all undertaken in hospital settings, recruiting either 144 
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inpatients, outpatients or both, and the mean ages of participants ranged from 68 to 83 years (Table 145 

1). Six studies reported achievement of some, or all, of the standards for the 2010 International 146 

Protocol, although none adopted the precise protocol itself.27, 29, 30, 32, 34, 39 Four of the devices studied 147 

included AF or arrhythmia detection features.31, 32, 34-36 148 

Mean BP differences between mercury and automated devices were reported, or calculated from 149 

data, for nine studies: For six home or office devices, the pooled systolic difference from mercury 150 

standard was 1.0 mmHg (-1.1 to 3.1; I2 = 81%; Figure 2); heterogeneity was accounted for by 151 

exclusion of one outlying study on the Microlife BP A6 (Microlife, Heerbrugg, Switzerland),31 pooled 152 

difference from mercury on exclusion was -0.2 mmHg (-1.1 to 0.8; I2 = 24%). Pooled diastolic 153 

difference was 1.5 mmHg (-1.4 to 4.5; I2 = 94%; Figure 3), heterogeneity could not be accounted for 154 

by any one study. 155 

For two ambulatory devices (three studies), pooled systolic difference from mercury was 0.5 mmHg 156 

(-0.9 to 1.9; I2 = 0%; Figure 2) and pooled diastolic difference was 2.0 mmHg (2.8 to 6.8; I2 = 92%; 157 

Figure 3). Diastolic heterogeneity was accounted for by between device differences: A&D-TM-2430 158 

(A&D Company, Tokyo, Japan) difference form mercury -2.4 mmHg (-4.1 to -0.7; I2 = 0%) and 159 

Spacelabs 90207 (Spacelabs Healthcare, WA, USA) 6.4 mmHg (2.1 to 10.6; I2 = 68%). 160 

QUADAS-2 quality assessments identified some concern over risk of bias, usually due to unclear 161 

reporting of recruitment strategies, for all but two studies.35, 39 Inspection of funnel plots quantified 162 

with Egger’s tests did not suggest evidence of small study publication bias (systolic and diastolic BP; 163 

P = 0.15).40 Levels of agreement varied between and within device manufacturers. 164 

Six studies of nine devices reported proportions of readings differing from mercury standard for one 165 

or more of the thresholds set by the 2010 International Protocol (Table 2).11 Reporting of all 166 

thresholds was only complete in four studies.30, 39, 41, 42 In single studies, only one home device, the 167 

Tensoval duo control (Hartmann-Rico AG, Heidenheim, Germany), and one ambulatory device, the 168 

Spacelabs 90207, met all standards for BP accuracy; one other study of Spacelabs 90207 only 169 
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reported against the 5 mmHg thresholds, which were not met.27 The Microlife Watch BPA100Plus 170 

(Microlife, Heerbrugg, Switzerland) met the systolic but not the diastolic BP standards. 171 

Four devices studied feature AF or arrhythmia detection indicators: the Tensoval duo control, 172 

Microlife BP A6, Microlife Watch BPA100Plus and the A&D-TM-2430.31, 32, 34-36 Of these, all except the 173 

Microlife BP A6 agreed well for systolic BPs. Only the Tensoval device was also accurate for diastolic 174 

BP, although the Microlife BPA6 also showed reasonable diastolic agreement. 175 

 176 

Discussion 177 

This systematic review and meta-analysis examined the available evidence for accuracy of 178 

automated BP measurements compared to a mercury standard. We only found data assessing 14 179 

devices, a number of which are no longer in production. This represents only a small proportion of 180 

the monitors currently available on the market. We found considerable heterogeneity of BP 181 

differences according to individual device and type of device, which limited our ability to draw 182 

general conclusions.  183 

For systolic BP measurement, ambulatory measurements with either the A&D-TM-2430 device or 184 

the Spacelabs 90207 appeared comparable to mercury readings, whilst, for clinical or home settings, 185 

reports showed good agreement for the Philips Sure Signs VSi (Philips Medical Systems, Andover, 186 

Massachusetts, USA), Welch Allyn Vital Sign 300 (Welch Allyn, Beaverton, Oregon, USA), Microlife 187 

Watch BPA100Plus and the Tensoval duo control. The latter was the only monitor that met the 188 

International Protocol limits of agreement for both systolic and diastolic BP.  189 

The Microlife Watch BPA100Plus met the systolic International Protocol standards but also 190 

underestimated systolic BP by 3mmHg. Two other devices, the Omron HEM-750CP (Omron 191 

Healthcare Co. Ltd, Kyoto, Japan) and the Microlife BPA6, overestimated systolic BP by 5 to 6mmHg. 192 
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For diastolic BP measurements, the A&D-TM-2430 ambulatory BP monitor underestimated BP by 2 193 

mmHg whilst the Spacelabs 90207 overestimated it by 6 mmHg.  Among home and office devices 194 

accurate for systolic readings, only the Tensoval device performed accurately for diastolic BP as well.  195 

Our review included four monitors with AF detection technology. Accuracy was not consistently 196 

better for these devices with considerable inter-device variation between the two Microlife devices, 197 

and no evidence of better overall performance compared to devices without AF detection features 198 

was noted. 199 

 200 

Strengths and weaknesses 201 

Pooled analysis of findings was limited by a lack of data, and relatively small sample sizes in most 202 

studies. The mean age of participants was high (~70 years), with little evidence to support any 203 

judgement on accuracy of monitors in participants of a younger age. Since AF is an age related 204 

condition this may not be important.4 We undertook comprehensive searches and sought 205 

unpublished data from colleagues actively researching in the field, however, there may be 206 

manufacturer’s data that we were not able to access. The key limitation in this review is the 207 

restricted number of devices that appear to have any published assessment of their BP measuring 208 

performance in AF. Although we present pooled mean differences from our analyses, the large 209 

variation between device types and within the home and office monitor group, precludes any 210 

assumption that the apparently small pooled mean differences can be generalised to other 211 

monitors. We retrieved, but did not include, a small number of studies reporting device comparison 212 

with intra-arterial BPs, since our interest was in the clinical interpretation of reported BP readings.43-213 

46 Quality assessment using the QADAS-2 tool did not effectively discriminate between studies, 214 

mainly due to unclear reporting of recruitment methods, so no subgroup analyses by study quality 215 

were feasible. 216 

 217 
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Relevance to existing literature 218 

This review updates the 2012 review of Stergiou et al.14 They reviewed eight studies of 11 devices, 219 

and observed that overall study methodology was variable and sample sizes were usually lower than 220 

those dictated for validation studies.11, 47 Their pooled data from six studies showed systolic BP to be 221 

overestimated, on average, by 0.5mmHg (-1.0 to 1.9; I2 =39%) and diastolic BP by 2.5mmHg (-0.6 to 222 

5.7; I2 =93%). Preliminary findings from their current update confirm a similar systolic difference and 223 

unchanged correlation coefficient (0.5mmHg (-1.0 to 1.9); correlation coefficient 0.87), but a smaller 224 

pooled diastolic over-estimation of 1.5mmHg (-0.6 to 3.6); these overall updated pooled figures 225 

remain subject to significant heterogeneity between studies (I2 =77% for systolic and 94% for 226 

diastolic) emphasising the difficulty in generalising across different devices.48 One other recent large 227 

observational study pooling findings across N specialist centres reported correlation coefficients 228 

consistent with previous reviews, and an overall over-estimation of BP of 1.1/0.6mmHg. There was, 229 

however, no standardisation of choice of machine and no analysis by type of device, although this 230 

does represent real clinic observational data.49 For this review, we identified five additional studies 231 

published since the 2012 review,14 covering three new devices.31, 35-37, 39 The Tensoval device study 232 

was the highest weighted single study in the previous review (44%), but inclusion of only full study, 233 

rather than subgroup data, masks a rate dependency for accuracy.41 Nevertheless, it still performed 234 

well against other newer home BP monitors. Overall, we found substantial heterogeneity of accuracy 235 

between devices according to setting and device. Whilst we identified evidence for accuracy of two 236 

ambulatory devices for systolic BP readings, there was greater variation between home or office 237 

monitors. Diastolic BP accuracy varied to a much greater degree in all settings. 238 

Although no study followed the International Protocol for validation of BP devices, a number 239 

reported against its standards.11 Nine studies noted some absolute differences between automated 240 

and auscultatory BP measurements, permitting a partial assessment against this criterion of the 241 

International Protocol.11 Several devices met one standard for systolic BP differences but only the 242 
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Spacelabs 90207 and the Tensoval Duo Control met these International Protocol criteria in full. The 243 

Microlife Watch BPA100Plus met the standards for systolic BP but not diastolic readings. 244 

In AF, beat to beat variations in stroke volume and ventricular filling lead to marked intra-person and 245 

inter-observer variation in measured, particularly diastolic, BP.50 Consequently, automated 246 

oscillometric BP measurement is regarded as inaccurate in the presence of AF. Neither the 2014 247 

NICE guidelines, nor the 2012 European Society for Cardiology guidelines, on management of AF 248 

discuss BP measurement.51, 52 Therefore, current NICE guidance remains that of the 2011 249 

hypertension guideline that BP should be measured manually in the presence of pulse irregularity, 250 

following pulse palpation,9 and this is consistent with European guidelines (ESH 2013).10 It should, 251 

however, be noted that intra and inter observer variability using mercury measurement of BP are 252 

also greater in AF compared with sinus rhythm.53, 54 The systolic and diastolic BP differences may be 253 

a consistent feature of the oscillometric method, which detects systolic and mean BP directly but 254 

derives diastolic BP from an algorithm, leaving it more susceptible to error with pulse irregularity.16 255 

Revised algorithms may be able to improve precision in AF,55 and accuracy can be improved by 256 

repetition of BP measurements.56 We endorse advice to measure BP manually, exercising caution 257 

with oscillometric devices, and recommend at least three BP measurements be undertaken with the 258 

mean systolic BP value adopted, for maximal accuracy. 259 

 260 

Clinical implications 261 

Stergiou et al. concluded that monitors already validated in sinus rhythm against international 262 

protocols are accurate in measuring systolic but not diastolic BP in the presence of sustained AF.14 263 

The heterogeneity between devices in this review, in some cases including different models from the 264 

same manufacturer derived from the same base model, suggests that no assumptions can be made 265 

about the accuracy of other monitors in the presence of AF. We also found that inclusion of AF 266 

detection functions does not indicate a greater likelihood of accuracy in BP measurement and care 267 

should be taken not to assume this in practice. On the available evidence, the Tensoval device 268 
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appears to be a good choice for home BP monitoring in the presence of arrhythmia. This device is, 269 

however, unusual in possessing both oscillometric and auscultatory modes of action. It is able to 270 

detect arrhythmia and selects auscultatory mode in this setting, only using oscillometric mode if 271 

unable to detect Korotkoff sounds. This technology may account for its superior performance 272 

compared to other devices in this review. Importantly, we found no studies of accuracy based 273 

outside of hospital settings where most BP measurement arises, and the available evidence is based 274 

on a range of older populations. 275 

There does, however, seem to be evidence to support accuracy in interpreting systolic ambulatory 276 

BP measurements. Guideline recommendations of adoption of ambulatory BP monitoring for 277 

diagnosis in sinus rhythm are based on robust evidence, associating measurements with outcomes.57 278 

The same cannot yet be said of ambulatory BP measurement in AF however,58 yet given this caveat, 279 

guidelines do not exclude AF patients from ambulatory monitoring.59 The ambulatory devices 280 

covered by this review appear accurate for systolic BP and should be preferred, compared to 281 

unevaluated ambulatory devices. 282 

Given the lack of available evidence for accuracy of most commonly used BP monitors in the 283 

presence of AF, the British and Irish Hypertension Society (BIHS) stresses the importance of a patient 284 

bringing their home BP monitor to appointments, and recommends occasional validation of home 285 

monitors against clinical devices at individual clinic appointments (https://bihsoc.org/wp-286 

content/uploads/2017/11/BP-Measurement-Poster-Automated-2017.pdf). The BIHS also maintains 287 

the only publicly available independent peer reviewed list of BP monitors (https://bihsoc.org/bp-288 

monitors/). 289 

 290 

Further research 291 

The guideline development group for the 2011 NICE guidelines on hypertension remarked on 292 

concerns about the accuracy of automated devices for measuring BP in people with AF and 293 
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considered this an important area for technology development to see if such problems can be 294 

resolved.9 The findings of this review emphasise that caution. There is currently a lack of evidence 295 

regarding the accuracy of most commonly used BP monitors in the presence of AF, and validity of a 296 

device in sinus rhythm cannot be assumed to imply similar accuracy with arrhythmia. Proposals for a 297 

new universal standard for validation of BP monitors recognise this problem, and suggest that 298 

subgroup validation studies in AF should follow successful validation of devices.60 299 

Further work is required to determine which automated BP monitors are suitable for people with 300 

hypertension and AF, to explore whether existing algorithms should be modified or replaced to 301 

improve accuracy of BP measurement in AF compared to mercury standard, and to confirm the 302 

validity of ambulatory BP measurements in predicting cardiovascular outcomes in the presence of 303 

AF.  304 

 305 

Conclusions 306 

The limited data available support the accuracy of some monitors for ambulatory, home or clinical 307 

use to measure and monitor BP in the presence of AF. For most widely used devices, no evidence 308 

has been found. Devices intended for use with AF should be chosen according to existing evidence of 309 

accuracy and have this confirmed by comparison against validated clinical devices for individuals 310 

being assessed. Further validation studies are needed, particularly for devices equipped to detect AF, 311 

before any general conclusions can be drawn regarding accuracy of BP measurement in the presence 312 

of AF. 313 

  314 



 Blood Pressure Measurement in atrial fibrillation 

Page | 14 

Acknowledgements 315 
Funding statement 316 
CEC is supported by a NIHR Clinical Lectureship and RMcM by a NIHR Professorship. The views 317 

expressed are those of the authors and not necessarily those of the NIHR, the NHS or the 318 

Department of Health. 319 

Authors' contributions 320 
This study was conceived by CEC and RMcM. CEC undertook the searches, selected studies, 321 

extracted and analysed the data. SMcD reviewed the search results, checked and agreed study 322 

selections and extracted data. CEC drafted the manuscript which was revised by SMcD and RMcM. 323 

All authors have read and reviewed the final manuscript.  324 

Conflict of interest statement 325 
CEC sits on, and RMcM chairs the British and Irish Hypertension Society Blood Pressure 326 

Measurement Working Party. We both regularly review validation studies of blood pressure 327 

monitors against objective criteria set out in international protocols as part of our work with this 328 

registered charity. No manufacturer funding is received. CEC, has, in the past been loaned bilateral 329 

blood pressure monitors by Microlife and Jawon Medical for unrestricted evaluation. No company 330 

had any involvement in the design or conduct of this study. 331 

  332 



 Blood Pressure Measurement in atrial fibrillation 

Page | 15 

References 333 
 334 

1. Naghavi M, Wang HD, Lozano R, Davis A, Liang XF, Zhou MG et al. Global, regional, and 335 

national age-sex specific all-cause and cause-specific mortality for 240 causes of death, 336 

1990-2013: a systematic analysis for the Global Burden of Disease Study 2013. Lancet 2015; 337 

385(9963): 117-171. 338 

 339 

2. Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K, Adair-Rohani H et al. A comparative risk 340 

assessment of burden of disease and injury attributable to 67 risk factors and risk factor 341 

clusters in 21 regions, 1990-2010: a systematic analysis for the Global Burden of Disease 342 

Study 2010. Lancet 2012; 380(9859): 2224-2260. 343 

 344 

3. Majeed A, Moser K, Carroll K. Trends in the prevalence and management of atrial fibrillation 345 

in general practice in England and Wales, 1994-1998: analysis of data from the general 346 

practice research database. Heart (British Cardiac Society) 2001; 86(3): 284-8. 347 

 348 

4. Kirchhof P. The future of atrial fibrillation management: integrated care and stratified 349 

therapy. Lancet 2017; 390(10105): 1873-1887. 350 

 351 

5. Kannel WB, Wolf PA, Benjamin EJ, Levy D. Prevalence, incidence, prognosis, and 352 

predisposing conditions for atrial fibrillation: population-based estimates. The American 353 

journal of cardiology 1998; 82(8A): 2N-9N. 354 

 355 



 Blood Pressure Measurement in atrial fibrillation 

Page | 16 

6. Benjamin EJ, Levy D, Vaziri SM, D'Agostino RB, Belanger AJ, Wolf PA. Independent risk 356 

factors for atrial fibrillation in a population-based cohort. The Framingham Heart Study. 357 

Jama 1994; 271(11): 840-4. 358 

 359 

7. Manolis AJ, Rosei EA, Coca A, Cifkova R, Erdine SE, Kjeldsen S et al. Hypertension and atrial 360 

fibrillation: diagnostic approach, prevention and treatment. Position paper of the Working 361 

Group ‘Hypertension Arrhythmias and Thrombosis’ of the European Society of Hypertension. 362 

Journal of Hypertension 2012; 30(2): 239-252. 363 

 364 

8. Go AS, Hylek EM, Phillips KA, et al. Prevalence of diagnosed atrial fibrillation in adults: 365 

National implications for rhythm management and stroke prevention: the anticoagulation 366 

and risk factors in atrial fibrillation (atria) study. JAMA 2001; 285(18): 2370-2375. 367 

 368 

9. National Institute for Health and Clinical Excellence. Hypertension: The clinical management 369 

of primary hypertension in adults, CG127,  National Institute for Health and Clinical 370 

Excellence: London, 2011. 371 

 372 

10. Mancia G, Fagard R, Narkiewicz K, Redon J, Zanchetti A, Bohm M et al. 2013 ESH/ESC 373 

Guidelines for the management of arterial hypertension. J Hypertens 2013; 31: 1281-1357. 374 

 375 

11. O'Brien E, Atkins N, Stergiou G, Karpettas N, Parati G, Asmar R et al. European Society of 376 

Hypertension International Protocol revision 2010 for the validation of blood pressure 377 

measuring devices in adults. Blood Press Monit 2010; 15(1): 23-38. 378 

 379 



 Blood Pressure Measurement in atrial fibrillation 

Page | 17 

12. Stergiou GS, Dolan E, Kollias A, Poulter NR, Shennan A, Staessen JA et al. Blood pressure 380 

measurement in special populations and circumstances. Journal of Clinical Hypertension 381 

2018; 20(7): 1122-1127. 382 

 383 

13. Cohen DL, Townsend RR. Blood Pressure in Patients With Atrial Fibrillation: Part 1––384 

Measurement. The Journal of Clinical Hypertension 2017; 19(1): 98-99. 385 

 386 

14. Stergiou GS, Kollias A, Destounis A, Tzamouranis D. Automated blood pressure measurement 387 

in atrial fibrillation: a systematic review and meta-analysis. J.Hypertens 2012; 30(11): 2074-388 

2082. 389 

 390 

15. Daskalopoulou SS, Rabi DM, Zarnke KB, Dasgupta K, Nerenberg K, Cloutier L et al. The 2015 391 

Canadian Hypertension Education Program recommendations for blood pressure 392 

measurement, diagnosis, assessment of risk, prevention, and treatment of hypertension. 393 

Can J Cardiol 2015; 31(5): 549-68. 394 

 395 

16. Watson T, Lip GYH. Blood pressure measurement in atrial fibrillation: goodbye mercury? J 396 

Hum Hypertens 2006; 20(9): 638-640. 397 

 398 

17. Myers MG, Stergiou GS. Should Oscillometric Blood Pressure Monitors Be Used in Patients 399 

With Atrial Fibrillation? Journal of Clinical Hypertension 2015; 17(7): 565-6. 400 

 401 

18. Marazzi G, Iellamo F, Volterrani M, Lombardo M, Pelliccia F, Righi D et al. Comparison of 402 

Microlife BP A200 Plus and Omron M6 blood pressure monitors to detect atrial fibrillation in 403 



 Blood Pressure Measurement in atrial fibrillation 

Page | 18 

hypertensive patients.[Erratum appears in Adv Ther. 2014 Dec;31(12):1317]. Adv Ther 2012; 404 

29(1): 64-70. 405 

 406 

19. Kearley K, Selwood M, Van den Bruel A, Thompson M, Mant D, Hobbs FR et al. Triage tests 407 

for identifying atrial fibrillation in primary care: a diagnostic accuracy study comparing 408 

single-lead ECG and modified BP monitors. BMJ Open 2014; 4(5): e004565. 409 

 410 

20. Stergiou GS, Karpettas N, Protogerou A, Nasothimiou EG, Kyriakidis M. Diagnostic accuracy 411 

of a home blood pressure monitor to detect atrial fibrillation. J Hum Hypertens 2009; 23(10): 412 

654-8. 413 

 414 

21. Wiesel J, Abraham S, Messineo FC. Screening for Asymptomatic Atrial Fibrillation While 415 

Monitoring the Blood Pressure at Home: Trial of Regular Versus Irregular Pulse for 416 

Prevention of Stroke (TRIPPS 2.0). American Journal of Cardiology 2013; 111(11): 1598-1601. 417 

 418 

22. Wiesel J, Arbesfeld B, Schechter D. Comparison of the Microlife blood pressure monitor with 419 

the Omron blood pressure monitor for detecting atrial fibrillation. American Journal of 420 

Cardiology 2014; 114(7): 1046-8. 421 

 422 

23. Wiesel J, Fitzig L, Herschman Y, Messineo FC. Detection of atrial fibrillation using a modified 423 

microlife blood pressure monitor. American Journal of Hypertension 2009; 22(8): 848-52. 424 

 425 



 Blood Pressure Measurement in atrial fibrillation 

Page | 19 

24. Willits I, Keltie K, Craig J, Sims A. WatchBP Home A for opportunistically detecting atrial 426 

fibrillation during diagnosis and monitoring of hypertension: a NICE Medical Technology 427 

Guidance. Applied health economics and health policy 2014; 12(3): 255-65. 428 

 429 

25. Borenstein Michael. Introduction to meta-analysis,  Wiley: Chichester, 2009. 430 

 431 

26. Whiting PF, Rutjes AS, Westwood ME, et al. Quadas-2: A revised tool for the quality 432 

assessment of diagnostic accuracy studies. Annals of Internal Medicine 2011; 155(8): 529-433 

536. 434 

 435 

27. Stewart MJ, Gough K, Padfield PL. The accuracy of automated blood pressure measuring 436 

devices in patients with controlled atrial fibrillation. Journal of Hypertension 1995; 13(3): 437 

297-300. 438 

 439 

28. Vazquez-Rodriguez B, Pita-Fernandez S, Regueiro-Lopez M, Garcia-Pedreira D, Carro-440 

Rodriguez MJ, Perez-Rivas G et al. Concordance between automatic and manual recording of 441 

blood pressure depending on the absence or presence of atrial fibrillation. American Journal 442 

of Hypertension 2010; 23(10): 1089-94. 443 

 444 

29. Anastas ZM, Jimerson E, Garolis S. Comparison of noninvasive blood pressure measurements 445 

in patients with atrial fibrillation. J Cardiovasc Nurs 2008; 23(6): 519-24; quiz 525-6. 446 

 447 



 Blood Pressure Measurement in atrial fibrillation 

Page | 20 

30. Lamb TS, Thakrar A, Ghosh M, Wilson MP, Wilson TW. Comparison of two oscillometric 448 

blood pressure monitors in subjects with atrial fibrillation. Clinical & Investigative Medicine - 449 

Medecine Clinique et Experimentale 2010; 33(1): E54-62. 450 

 451 

31. Selmyte-Besuspare A, Barysiene J, Petrikonyte D, Aidietis A, Marinskis G, Laucevicius A. 452 

Auscultatory versus oscillometric blood pressure measurement in patients with atrial 453 

fibrillation and arterial hypertension. BMC cardiovascular disorders 2017; 17(1): 87. 454 

 455 

32. Stergiou GS, Destounis A, Kollias A, Tzamouranis D, Karpettas N, Kalogeropoulos P et al. 456 

Accuracy of automated oscillometric blood pressure measurement in patients with atrial 457 

fibrillation. Journal of Hypertension 2011; 29: e2. 458 

 459 

33. Jani B, Bulpitt CJ, Rajkumar C. Blood pressure measurement in patients with rate controlled 460 

atrial fibrillation using mercury sphygmomanometer and Omron HEM-750CP deice in the 461 

clinic setting. J Hum Hypertens 2006; 20(7): 543-5. 462 

 463 

34. Farsky S, Benova K, Krausova D, Sirotiakova J, Vysocanova P. Clinical blood pressure 464 

measurement verification when comparing a Tensoval duo control device with a mercury 465 

sphygmomanometer in patients suffering from atrial fibrillation. Blood Pressure Monitoring 466 

2011; 16(5): 252-7. 467 

 468 

35. Giantin V, Perissinotto E, Franchin A, Baccaglini K, Attanasio F, Maselli M et al. Ambulatory 469 

blood pressure monitoring in elderly patients with chronic atrial fibrillation: Is it absolutely 470 



 Blood Pressure Measurement in atrial fibrillation 

Page | 21 

contraindicated or a useful tool in clinical practice and research? Hypertension Research 471 

2013; 36(10): 889-894. 472 

 473 

36. Maselli M, Giantin V, Corrado D, Franchin A, Attanasio F, Pengo V et al. Reliability of 474 

Oscillometric Blood Pressure Monitoring in Atrial Fibrillation Patients Admitted for Electric 475 

Cardioversion. Journal of Clinical Hypertension 2015; 17(7): 558-64. 476 

 477 

37. Olsen R, Amlie A, Omvik P. Twenty-four-hour ambulatory blood pressure monitoring in atrial 478 

fibrillation. Blood Pressure Monitoring 2002; 7(3): 149-56. 479 

 480 

38. Lip GY, Zarifis J, Beevers M, Beevers DG. Ambulatory blood pressure monitoring in atrial 481 

fibrillation. American Journal of Cardiology 1996; 78(3): 350-3. 482 

 483 

39. Miszkowska-Nagorna E, Neubauer-Geryk J, Wolf J, Wielicka M, Raczak G, Narkiewicz K et al. 484 

The accuracy of SpaceLabs 90207 in blood pressure monitoring in patients with atrial 485 

fibrillation. Blood Pressure 2017: 1-7. 486 

 487 

40. Egger M, Davey SG, Schneider M, Minder C. Bias in meta-analysis detected by a simple, 488 

graphical test. BMJ 1997; 315(7109): 629-634. 489 

 490 

41. Farsky S, Benova K, Krausova D, Sirotiakova J, Vysocanova P. Clinical blood pressure 491 

measurement verification when comparing a Tensoval duo control device with a mercury 492 

sphygmomanometer in patients suffering from atrial fibrillation. Blood Press Monit 2011; 493 

16(5): 252-7. 494 



 Blood Pressure Measurement in atrial fibrillation 

Page | 22 

 495 

42. Stergiou GS, Destounis A, Kollias A, Tzamouranis D, Karpettas N, Kalogeropoulos P et al. 496 

ACCURACY OF AUTOMATED OSCILLOMETRIC BLOOD PRESSURE MEASUREMENT IN PATIENTS 497 

WITH ATRIAL FIBRILLATION: 1A.04. Journal of Hypertension 2011; 29: e2. 498 

 499 

43. Eysenck W, Kanthasamy V, Patel N, Veasey R, Furniss S, Sulke N. Blood pressure 500 

measurement in atrial fibrillation: Is there a niche for brachial cuff and suprasystolic 501 

algorithms? Journal of Interventional Cardiac Electrophysiology 2017; 48: S80-S81. 502 

 503 

44. Halfon M, Wuerzner G, Marques-Vidal P, Taffe P, Vaucher J, Waeber B et al. Use of 504 

oscillometric devices in atrial fibrillation: a comparison of three devices and invasive blood 505 

pressure measurement. Blood Pressure 2017: 1-8. 506 

 507 

45. Lakhal K, Martin M, Ehrmann S, Faiz S, Rozec B, Boulain T. Non-invasive blood pressure 508 

monitoring with an oscillometric brachial cuff: impact of arrhythmia. Journal of Clinical 509 

Monitoring and Computing 2017: 1-9. 510 

 511 

46. Pagonas N, Schmidt S, Eysel J, Compton F, Hoffmann C, Seibert F et al. Impact of atrial 512 

fibrillation on the accuracy of oscillometric blood pressure monitoring. Hypertension 2013; 513 

62(3): 579-84. 514 

 515 

47. O'Brien E, Pickering T, Asmar R, Myers M, Parati G, Staessen J et al. Working Group on Blood 516 

Pressure Monitoring of the European Society of Hypertension International Protocol for 517 



 Blood Pressure Measurement in atrial fibrillation 

Page | 23 

validation of blood pressure measuring devices in adults. Blood Pressure Monitoring 2002; 518 

7(1): 3-17. 519 

 520 

48. Stambolliu E, Kollias A, Kyriakoulis K, Stergiou GS. Automated versus auscultatory or intra-521 

arterial blood pressure measurement in atrial fibrillation: a systematic review and meta-522 

analysis. Journal of Hypertension 2018; 36(e-Supplement 1): e16. 523 

 524 

49. Salvetti M, Jelakovic B, Dorobantu M, Viigimaa M, Manolis AJ, Redon J et al. Automated 525 

blood pressure measurement in patients with hypertension and atrial fibrillation. Data from 526 

the ESH research project “management of arterial hypertension in patients with high blood 527 

pressure and atrial fibrillation”. Journal of Hypertension 2018; 36(e-Supplement 1): e29-e30. 528 

 529 

50. Stergiou GS, Kollias A, Destounis A, Tzamouranis D. Automated blood pressure measurement 530 

in atrial fibrillation: a systematic review and meta-analysis. Journal of Hypertension 2012; 531 

30(11): 2074-82. 532 

 533 

51. Atrial fibrillation : management (CG180),  National Institute for Health and Clinical 534 

Excellence: London, 2014. 535 

 536 

52. Camm AJ, Lip GY, De Caterina R, Savelieva I, Atar D, Hohnloser SH et al. 2012 focused update 537 

of the ESC Guidelines for the management of atrial fibrillation: an update of the 2010 ESC 538 

Guidelines for the management of atrial fibrillation. Developed with the special contribution 539 

of the European Heart Rhythm Association. Eur Heart J 2012; 33(21): 2719-47. 540 

 541 



 Blood Pressure Measurement in atrial fibrillation 

Page | 24 

53. Sykes D, Dewar R, Mohanaruban K, Donovan K, Nicklason F, Thomas DM et al. Measuring 542 

blood pressure in the elderly: does atrial fibrillation increase observer variability? Bmj 1990; 543 

300(6718): 162-3. 544 

 545 

54. Ochiai H, Miyazaki N, Miyata T, Mitake A, Tochikubo O, Ishii M. Assessment of the accuracy 546 

of indirect blood pressure measurements. Japanese Heart Journal 1997; 38(3): 393-407. 547 

 548 

55. Sugimachi M, Sunagawa K, Okamoto H, Hoka S. [New algorithm for oscillometric noninvasive 549 

automatic arterial pressure measurement in patients with atrial fibrillation]. Masui 2002; 550 

51(7): 784-90. 551 

 552 

56. Halfon M, Wuerzner G, Marques-Vidal P, Vaucher J, Liaudet L, Waeber B et al. 553 

Reproducibility and accuracy of blood pressure measurements with three oscillometric 554 

devices in patients with atrial fibrillation. Journal of Hypertension 2016; 34: e1. 555 

 556 

57. Lovibond K, Jowett S, Barton P, Caulfield M, Heneghan C, Hobbs FDR et al. Cost-effectiveness 557 

of options for the diagnosis of high blood pressure in primary care: a modelling study. The 558 

Lancet 2011; 378(9798): 1219-1230. 559 

 560 

58. Kotecha D, Lip GY. Ambulatory blood pressure in atrial fibrillation: an irregular conundrum of 561 

rate and rhythm. Hypertens Res 2013; 36(10): 854-5. 562 

 563 



 Blood Pressure Measurement in atrial fibrillation 

Page | 25 

59. Parati G, Stergiou G, O'Brien E, Asmar R, Beilin L, Bilo G et al. European Society of 564 

Hypertension practice guidelines for ambulatory blood pressure monitoring. Journal of 565 

Hypertension 2014; 32(7): 1359-66. 566 

 567 

60. Stergiou GS, Alpert B, Mieke S, Asmar R, Atkins N, Eckert S et al. A Universal Standard for the 568 

Validation of Blood Pressure Measuring Devices: Association for the Advancement of 569 

Medical Instrumentation/European Society of Hypertension/International Organization for 570 

Standardization (AAMI/ESH/ISO) Collaboration Statement. Hypertension 2018; 71(3): 368-571 

374. 572 

 573 

 574 

  575 



 Blood Pressure Measurement in atrial fibrillation 

Page | 26 

Table and Figure legends 576 
 577 

Table 1. Included studies 578 

Table 2. Agreement with International Protocol Standards 579 

Figure 1. PRISMA flow chart of review  580 

Figure 2. Mean systolic differences by device 581 

Figure 3. Mean diastolic differences by device  582 



Page | 27  Submitted Manuscript V7 
 

 



Study ID Subjects Mean age 

(years)

Setting Device description Device 

type

AF or arrhytmia 

detection

BP measurement method QUADAS-2 summary 

judgement - At risk of bias?

Anastas 2008 Male and female patients with AF aged 18 

years or more, arm circumference 27 to 34 

cm, and able to co-operate with protocol

79 Medical telemetry unit of a community 

hospital, Pacific Northwest

Welch Allyn Vital Sign 300 

(Welch-Allyn, Beaverton, 

Oregon) with standard BP 

cuff (5082-206-2, Welch-

Allyn, Tycos Instruments Inc, 

Skanetateles Falls, New 

York)

Office No Single sequential same arm BP measurements were undertaken in randomised 

order using a calibrated mercury sphygmomanometer and a Welch Allyn Vital 

Sign 300 monitor 

Yes

Farsky 2011 Male and female patients aged 18 years or 

more with permanent AF and peripheral 

frequency of up to 100 b
.
min

-1
, 

independent of the disease aetiology

68 Two clinics (Faculty Hospital of Purkyneˇ 

University in Brno and Regional Hospital 

in Novy´ Jicˇı´n) in Czech Republic and 

three clinics (Faculty Hospital of Nursing 

in Pres˘ov and Nitra and Dom srdca, 

Martin) in Slovakia

Tensoval duo control (TDC; 

Hartmann-Rico AG, 

Heidenheim, Germany)

Home Yes Simultaneous arm BP measurements were undertaken using both a calibrated 

mercury sphygmomanometer and a TDC digital device (which offers auscultatory 

and oscillometric BP monitoring methods) 

Yes

Giantin 2013 Male and female inpatients, aged 65 years 

or more, with permanent, stable AF (heart 

rate;  60–100 b
.
min

-1
)

83 Geriatric hospital unit, Padua University 

Hospital

A&D-TM-2430 (Kitamoto Shi, 

Saitama, Japan)

ABPM Yes Using the dominant arm, three BP measurements using the ABPM device were 

calibrated against a standard Hawksley random zero mercury 

sphygmomanometer to confirm that the values did not differ by > 5 mmHg. The 

ABPM device recorded BP at 15 min intervals during the day (0701–2200 hours) 

and at 20 min intervals during the evening and night (2201–0700 hours)

No

Jani 2006 Medically stable male and female patients 

with rate controlled AF (heart rate; 75 

b
.
min

-1
)

70 Cardiology clinic Omron HEM-750CP (Omron 

Healthcare Co. Ltd, Kyoto, 

Japan)

Home No Four supine BP readings were undertaken in the right arm at 2 min intervals, after 

a rest period of 15 min

Yes

Lamb 2010 (Omron) Male and female hospital outpatients or 

inpatients aged 18 years or more with AF 

and stable heart rate and BP for 24 hours

74 Royal University Hospital, Canada Omron HEM 711 AC (Omron 

Healthcare Co. Ltd, Kyoto, 

Japan)

Home No Supine BP readings were recorded in each arm simultaneously using one test 

monitor and the mercury sphygmomanometer. The second test monitor then 

replaced the first and readings were repeated. The mean of two mercury readings 

for each arm was compared with each single device reading for each arm

Yes

Lamb 2010 (Welch-

Allyn)

Male and female hospital outpatients or 

inpatients aged 18 years or more with AF 

and stable heart rate and BP for 24 hours

74 Royal University Hospital, Canada Welch-Allyn 52000 series 

NIBP/oximeter (Welch-Allyn, 

Beaverton, Oregon, USA)

Office No Same as Lamb 2010 (Omron) Yes

Lip 1996 Male and female normotensive and 

hyertensive outpatients with chronic AF

72 Medical outpatient clinic, City Hospital, 

Birmingham, England

Spacelabs 90207 (Spacelabs 

Healthcare, WA, USA) 

ABPM No The ABPM device was calibrated using the mean of two readings from a Hawksley 

random zero mercury sphygmomanometer, taken before and after the first ABPM 

measurement. The ABPM recorded BP every 30 min over a 24 hour period (day: 

0700-2300, night: 2300-0700 hours) and data were condensed into 1 hour 

averages

Yes

Maselli 2015 Male and female patients with persistent 

AF attending a cardiology deparment for 

cardioversion who remained stable with 

or wihout drugs to control hear rate (60-

100 b
.
min

-1
)

68 Department of Cardiology (Centro 

Gallucci – Padua), Padua University 

Hospital

A&D TM-2430 (A&D 

Company, Tokyo, Japan)

ABPM Yes Using the higher reading arm, and after 5 min of supine rest, three 

sphymomanometric (using a mercury Erkameter 300 device) and three 

oscillometric (using the ABPM device) BP measurements were obtained

Yes

Miszkowska-Nagórna 

2017

Male and female patients with stable AF 

attending a clinic for cardioversion

63 Department of Hypertension and 

Diabetology, and the Department of 

Cardiology and Cardiac Electrotherapy of 

the Teaching Hospital of Medical 

University of Gdańsk, Poland

Spacelabs 90207 (Spacelabs 

Healthcare, WA, USA) 

ABPM No After several min of rest, BP was obtained simultaneously using a mercury 

sphygmomanometer and an ABPM oscillometric device (triggered every two 

min). Measurements were repeated 10 times and the average of successfully 

obtained pairs was used for analysis

No



Olson 2002 Male and female AF patients attending a 

clinic for cardioversion

71 Department of Heart Disease, 

Haukeland Hospital, Bergen, Norway

Accutraccer II (Suntech 

Medical Instruments, 

Raleigh, North Carolina, USA, 

or Diasys Integra, Novacor, 

Ruell, France)

ABPM No BP was measured by the standard auscultatory technique by using an aneroid 

sphygmomanometer. Three measurements were performed during seated rest, 

with 1 min intervals. The mean of the last two measurements was noted as the 

patient’s office BP. Thereafter a 24 hour ABPM monitor was fitted

Yes

Selmyte-Besuspare 

2017

Male and female patients with AF and 

arterial hypertension, aged 18 years or 

more

68 Department of Cardiology, Vilnius 

University Hospital, Santariskiu Klinikos, 

Lithuanua

Microlife BP A6 PC with AF 

detection system (Microlife, 

Heerbrugg, Switzerland)

Home Yes After 5 min of rest, four auscultatory BP measurements were performed on the 

non–dominant arm and used as the reference tecnique. Four oscillometric BP 

measurements were then obtained, using the Microlife device, according to the 

manufacturer’s instructions, using the same arm

Yes

Stergiou 2011 Subjects with AF 74 Hypertension Centre, Third University 

Department of Medicine, Sotiria 

Hospital, Athens-Greece

Microlife Watch BPA100Plus 

(Microlife, Heerbrugg, 

Switzerland)

Home Yes Two sets of three BP measurements were obtained using the test device or a 

mercury sphygmomanometer and each set of measurements were averaged to 

give a single systolic and diastolic value

Yes

Stewart 1995 (Takeda 

UA-751)

Male and female inpatients and 

outpatients, with normotension and 

hypertension and confirmed AF

72 Medical wards and outpatient 

department, Western General Hospital, 

Edinburgh, Scotland 

Takeda UA-751 (A&D 

Company, Tokyo, Japan)

Office No BP was measured twice with each device and  a Hawksley random-zero 

sphygmomanometer during seated rest. Hawksley BP readings were taken 

immediately before and after each device test using a sequential arm technique. 

Each patient also had three sequential measurements with the Hawksley 

sphygmomanometer

Yes

Stewart 1995 (Copal 

UA-251)

Male and female inpatients and 

outpatients, with normotension and 

hypertension and confirmed AF

72 Medical wards and outpatient 

department, Western General Hospital, 

Edinburgh, Scotland 

Copal UA-251  (A&D 

Company, Tokyo, Japan)

Office No Same as Stewart 1995 (Takeda UA-751) Yes

Stewart 1995 

(Accutracker 1)

Male and female inpatients and 

outpatients, with normotension and 

hypertension and confirmed AF

72 Medical wards and outpatient 

department, Western General Hospital, 

Edinburgh, Scotland 

Accutracker 1 (Suntech 

Medical Instruments, 

Raleigh, North Carolina, USA)

ABPM No Same as Stewart 1995 (Takeda UA-751) Yes

Stewart 1995 

(Spacelabs 90207)

Male and female inpatients and 

outpatients, with normotension and 

hypertension and confirmed AF

72 Medical wards and outpatient 

department, Western General Hospital, 

Edinburgh, Scotland 

Spacelabs 90207 (Spacelabs 

Healthcare, WA, USA) 

ABPM No Same as Stewart 1995 (Takeda UA-751) Yes

Vazquez-Rodriguez 

2010

Inpatients with AF, aged 24-96 years 74 Short-Stay Medical Unit of the Complexo 

Hospitalario Universitario A Coruña, 

Spain

Philips Sure Signs VSi (Philips 

Medical Systems, Andover, 

MA)

Office No Using the higher reading arm, four automatic and four manual measurements 

were made alternately, with 5 min intervals of rest in between each 

measurement

Yes



Device (study)
Device 

type
≤5mmHg ≤10mmHg ≤15mmHg ≤5mmHg ≤10mmHg

International 
protocol 
standards

All of: 65 81 93 65 81

Two of: 73 87 96 73 87

ABPM devices

Accutracker 1 
(Stewart 1995)

50 36

Spacelabs 
90207 
(Miszkowska-
Nagórna 
2017)**

60 91 96 72 96

Spacelabs 
90207 (Stewart 
1995)

50 29

Home and 
office devices

Copal UA-251 
(Stewart 1995)

68 75

Microlife 
Watch 
BPA100Plus 
(Stergiou 
2011)*

69 85 93 47 76

Omron HEM 
711 AC (Lamb 
2010)

49 72 84 47 77

Takeda UA-751 
(Stewart 1995)

65 54

Systolic agreement Diastolic agree



Tensoval duo 
control (Farsky 
322011)**

80 93.6 97.7 81.6 93.7

Welch Allyn 
Vital Sign 300 
(Anastas 2008)

51 85 85

Welch-Allyn 
52000 (Lamb 
2010)

46 72 81 57 86

ABPM: ambulatory blood pressure monitoring

*meets International Protocol standards for systolic blood pressure accuracy

** meets International Protocol standards for systolic and diastolic blood pressure accuracy



≤15mmHg

93

96

98

88

92

ement



97.3

92

96
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