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How to evaluate BP measurements using
the oscillometric method in atrial fibrillation:
the value of pulse rate variation

Xi-xing Wang!, Wei Shuai!, Kui Hong, Jinsong Xu, Ju-xiang Li, Ping Li, Xiao-shu Cheng and Hai Su

An oscillometric device is recommended for blood pressure (BP) measurement in atrial fibrillation (AF), but there is still
controversy concerning its accuracy. Therefore, evaluation of BP values in AF patients remains a challenge. This study

included 251 patients with AF and 154 participants with sinus rhythm (SR). Pulse rate (PR) and BP were measured using an
oscillometric device three times. The differences between the highest and lowest PR and the systolic and diastolic BP (SBP and
DBP) were calculated as APR, ASBP and ADBP, respectively. AF patients were stratified with respect to APR in 0-5, 6-10,
11-15 and > 15 subgroups. The AF group had a greater APR (12.1 + 8.6 vs. 4.10 + 3.21 b.p.m., P<0.001), ASBP and ADBP
than the SR group at similar SBP and DBP. A positive correlation existed between APR and ASBP (r=0.255, P<0.001) in AF
patients, but no correlation was found in SR subjects. Meanwhile, the ASBP in the 0-5 and 6-10 subgroups (9.58 + 5.61 and
10.67 + 6.77 vs. 8.45 + 5.25 mm Hg, nonsignificant) was similar to the SR group, whereas ASBP in the 11-15 and > 15
subgroups was significantly greater than the SR group. Regardless of APR, the ADBP in the AF group was significantly greater

than that of the SR group. The AF patients who exhibited greater variability in their PR also had a greater variability in their
SBP readings. The SBP measurement for AF patients is accurate as the measurement for patients with SR if the APR is of

0-10 b.p.m. in AF.
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INTRODUCTION
Hypertension and atrial fibrillation (AF) often coexist, and both are
strong risk factors for stroke. In addition, many medications used to
treat AF also may induce hypotension that is associated with an
increase in all-cause mortality or adverse events.!”> Therefore,
blood pressure (BP) control is important in AF patients. However,
measuring BP in AF patients is difficult and uncertain, even when
using the auscultatory method, because there is a high variability of BP
that is induced by an irregular ventricular rate and stroke volume.*>

Previously, an oscillometric device was not considered suitable for
BP measurement in AF patients. However, some studies recently
showed that the oscillometric method could detect the systolic BP
(SBP) in a sufficiently accurate manner compared with auscultatory
sphygmomanometry.® Pagonas et al.” suggested that AF did not
significantly affect the accuracy of oscillometric measurements com-
pared with intra-arterial BP if three measurements were performed.
Therefore, some guidelines recommend the oscillometric BP method
in AF patients if repeated measurements were performed.®’

Because an oscillometric BP measurement is based on the
assumption that the cardiac rhythm is regular, the controversy about

its accuracy in AF is ongoing. In clinical practice, a large
intraindividual variability between three BP measurements is often
observed in patients with AF compared with those with sinus
rhythm (SR).!%!1

Currently, the method to evaluate BP values using the oscillometric
method in AF patients is a challenge for clinicians. Because the
irregularity of the ventricular rate varies in patients with AF, and
because the variability of three pulse rate (PR) measurements may
reflect the irregularity of the ventricular rate to some extent, we
suspect that the variability of three PR readings may be associated with
the variability of three BP readings in AF patients. However, the
variability of three BP readings in AF patients with lower PR variability
may be similar to the BP readings in SR subjects, and these BP
readings may be accepted in a clinical setting. The aim of this study
was to test the above-mentioned hypothesis and to identify a cutoff
point for the PR variability with which the variability of three BP
readings was similar to readings in patients with a SR. If this
hypothesis is true, doctors and patients may better evaluate the clinical
value of the BP reading from an oscillometric device by referencing the
PR variability.
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METHODS

The proposal and consent procedures of this study were approved by the Ethics
Committee of the Second Affiliated Hospital of Nanchang University. All
patients provided verbal informed consent.

This study included 251 outpatients with permanent AF and 154 outpatients
with SR from March to July of 2015. At the time of BP measurements, all
subjects received an ECG examination to identify AF or SR. In addition,
information about age, sex, body mass index, smoking status, diabetes
mellitus, cardiovascular disease and the use of antihypertensive or heart rate
(HR)-control treatments was collected.

The exclusion criteria were as follows: acute myocardial infarction, congenital
heart disease, acute heart failure, syncope, hemiplegia and pulseless disease. In
patients with SR, subjects with arrhythmias were also excluded.

An automatic BP device using an oscillometric method (OMRON BP
HEM-7200, Omron Co., Ltd, Dalian, China) was used in this study. The cuff
was placed on the middle of right upper arm. After a 10-min rest in a sitting
position, the PR and BP were taken at a 1-min interval three times, and the
averages were calculated as the final BP and PR values. To evaluate the

Table 1 The baseline characteristics of participants with SR and AF

SR (154) AF (251) P-value
Age (years) 56.4+14.9 66.9+11.8 <0.001
Male (%) 83 (53.2) 138 (55.0) NS
BMI (kg m~2) 24.6+3.3 245+3.6 NS
SBP (mm Hg) 1226+11.4 120.8+20.6 0.372
DBP (mm Hg) 71.7+10.3 71.3+11.2 0.901
Current smokers (%) 21 (13.6) 31 (12.4) 0.760
Diabetes mellitus (%) 7 (4.6) 13 (5.2) 1.000
Hypertension (%) 22 (14.3) 50 (19.9) 0.182
Treatment drugs
B-Blockers (%) 5(3.2) 180 (71.1) <0.001
CCB (%) 11 (7.1) 6 (2.3) 0.318
ACEI (%) 5(3.2) 17 (6.7) 0.176
ARB (%) 4 (2.6) 12 (4.7) 0.431
Diuretics (%) 8 (5.2) 3(1.12) 0.024
Others A-H (%) 3 (1.9 — —
Aspirin (%) 18 (11.6) 126 (50.0) <0.001
Warfarin (%) — 45 (17.9) —

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation;
A-H, antihypertensive drug; ARB, angiotensin receptor blocker; BMI, body mass index;
CCB, calcium channel blocker; DBP, diastolic blood pressure; NS, nonsignificant; SBP,
systolic blood pressure; SR, sinus rhythm.
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variability of the PR, ASBP and ADBP, the difference between the highest and
lowest values of three readings for each parameter was calculated. Based on
APR, AF patients were stratified into four subgroups: APR 0-5, APR 6-10,
APR 11-15 and APR >15.

Statistical analysis

The data were entered using Excel 2007 and analyzed using SPSS19.0 (SPSS
Company, Chicago, IL, USA). Continuous variables were expressed as mean +
s.d. The y? test and two independent sample t-tests were used for the statistical
analysis. Linear correlation analysis was performed to examine the correlation
of mean ABP with APR. A P-value of 0.05 was considered statistically
significant.

RESULTS

The baseline characteristics of participants with sinus rhythm and AF
are shown in Table 1. The SBP, diastolic BP (DBP), body mass index,
the percentage of each gender and smokers, and the prevalence of
diabetes mellitus and hypertension were similar between the SR and
AF groups. However, 71.1% of AF patients received p-blockers, and
this value was only 3.2% in SR subjects. In addition, more AF patients
used aspirin and warfarin. The use of other antihypertensive drugs was
similar between the AF and SR groups.

The levels of SBP (120.8+20.6 wvs. 122.6+11.4mm Hg,
nonsignificant) and DBP (71.3+11.2 vs. 71.7+10.3 mm Hg, non-
significant) were similar between the AF and SR groups, but ASBP
(11.45+7.75 vs. 8.45+5.25 mm Hg, P<0.001), ADBP (8.48 +6.75 vs.
5.27 +5.77 mm Hg, P<0.001) and APR (12.1 +8.6 vs. 4.10 +3.21 b.p.m,,
P<0.001) were significantly greater in the AF group than the SR
group (Figure 1).

To exclude a possible bias from the greater age in the AF group, we
analyzed the data after excluding the AF patients who were more than
70 years old. When the mean age was similar between the two groups,
the AF group still had a significantly greater ASBP and APR than the
SR group (Table 2).

In this study, only 8 (5.2%) patients with SR had a APR
>10 b.p.m., but this value was 48.6% in AF patients.

These results indicate that the patients with AF had a greater PR,
SBP and DBP variation among three BP measurements.

Furthermore, the ASBP of the APR 0-5 or APR 6-10 AF subgroup
was similar to that of the SR group (9.58 +5.61 and 10.67 +6.77 vs.
8.45+ 5.25 mm Hg, nonsignificant), but the ASBP of the APR 11-15
or APR > 15 AF subgroup was significantly greater than that of the SR
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Figure 1 Comparison of the blood pressure (BP) and pulse rate (PR) parameters between the atrial fibrillation (AF) and sinus rhythm (SR) groups. DBP,

diastolic blood pressure; SBP, systolic blood pressure.
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Table 2 The comparison between AF and SR groups with similar mean ages

Grouping (N) Male (%) Age (years) SBP (mm Hg) ASBP (mm Hg) DBP (mm Hg) ADBP (mm Hg) PR (b.p.m.) APR (b.p.m.)
SR (154) 82 (53.2) 56.4+14.9 122.6+11.4 8.45+5.25 71.7+10.3 5.27+5.77 73.54+13.20 4.10+3.21
AF (154) 80 (51.9) 58.9+7.9 116.0+18.0 11.30+7.30 69.6+11.2 8.43+6.50 80.80+12.50 11.40+8.90
P-value NS 0.063 <0.001 < 0.001 0.099 <0.001 <0.001 <0.001
Abbreviations: AF, atrial fibrillation; DBP, diastolic blood pressure; NS, nonsignificant; PR, pulse rate; SBP, systolic blood pressure; SR, sinus rhythm.

Table 3 The comparison of BP and PR parameters between SR and the four AF subgroups

Grouping N Age (years) SBP (mm Hg) ASBP (mm Hg) DBP (mm Hg) ADBP (mm Hg) PR (b.p.m.) APR (b.p.m.)
SR 154 56.4+14.9 122.6+11.4 8.45+5.25 71.7+10.3 5.27+5.77 73.54+13.20 4.10+3.21
AF APR 0-5 52 63.4+11.92 120.7+18.2 9.58+5.61 68.2+9.8° 7.27+4.732 76.79 +14.26° 3.25+1.38°
AF APR 6-10 77 64.73+11.0° 123.9+23.9 10.57 +6.77 729+12.6 7.25+5.932 81.50+13.03° 7.96+1.34°
AF APR 11-15 58 67.4+10.9° 120.3+18.8 10.57 +6.742 69.3+10.4 7.48+5.12° 79.23+10.87° 12.52+1.26°
AF APR >15 64 68.5+12.1° 117.0+19.82 14.81+10.02° 73.7+10.5 11.86+8.99° 86.95+15.01° 23.81+7.97°

Abbreviations: AF, atrial fibrillation; BP, blood pressure; DBP, diastolic blood pressure; PR, pulse rate; SBP, systolic blood pressure; SR, sinus rhythm.

2Compared with SR, P<0.05.
bCompared with SR, P<0.01.
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Figure 2 Correlation between APR and ABP in the atrial fibrillation (AF) and sinus rhythm (SR) patients. BP, blood pressure; DBP, diastolic blood pressure;

PR, pulse rate; SBP, systolic blood pressure.
group. The ADBPs of the four AF subgroups were significantly greater
than that of the SR group (Table 3).

A linear correlation analysis showed a positive correlation between
APR and ASBP (r=0.255, P<0.001) or ADBP (r=0.307, P<0.001)
in AF patients. However, in SR patients, no correlation was found
between APR and ASBP, whereas a positive correlation existed
between APR and ADBP (r=0.211, P=0.009; Figure 2).

DISCUSSION

In this study, an index, APR, was used to express the variability of the
PR among three BP measurements. It is well known that in patients
with sinus rhythm, when the PR is measured using an oscillometric
device, it can accurately represent the ventricular rate (HR); thus, the
APR in this study is mainly dependent on the HR variation during the
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period of the three BP measurements. Conversely, the PR measured
using an oscillometric device is less than the HR because of the pulse
deficit in AF patients. In addition, the variation of the HR in the
period of the three BP measurements was large in the AF patients.
Therefore, the APR may be a comprehensive result of the irregular HR
during BP measurement and during the period in which the three BP
measurements were taken.

First, the present study demonstrated that the mean PR was higher
in the AF group than in the SR group, and the mean APR was
significantly greater in the AF group than in the SR group (12.1 +8.6
vs. 4.1 +£3.2 b.p.m.). In addition, in this study, only 8 patients with SR
had a APR >10b.p.m. (5.2%), but this value was 48.6% for the AF
patients. These results indicated a greater PR variation in the three BP
measurements in the AF group.



Second, the present study showed that APR was variable in AF
patients, with a APR of 0-10 b.p.m. in 51.4% of patients and more
than 10 b.p.m. in 48.6% of patients. These results indicate that the
irregularity of the ventricular rate was different among the AF patients.
In addition, patients with a higher PR had greater APR values. These
results may indicate that the rapid HR may induce a greater APR.

Third, the present study showed a positive correlation between APR
and ASBP in AF patients, whereas no correlation was found between
APR and ASBP in SR patients. These results imply that the PR
variability affects the measurement of SBP using oscillometric devices
in AF patients. Because the ASBP in the AF patients with a APR of
0-10 b.p.m. was close to the ASBP in the SR patients, we suggest that
when the APR was 0-10 b.p.m., the SBP measurement in AF patients
may be as accurate as in patients with SR. Therefore, the SBP in 51.4%
of the AF patients (APR of 0—10 b.p.m.) in this study may be clinically
acceptable. If the ASBP in the AF patients with a APR of >10b.p.m.,
especially if APR was > 15 b.p.m., was significantly greater than ASBP
in the SR patients, the SBP reading in these patients may be not as
accurate as in SR patients.

The reason for this result is unclear. We suggest that the basic
theory of oscillometric BP measurement is related. Unlike auscultatory
BP measurements, oscillometric measurements calculate the BP by
measuring a series of small pressure pulses while the cuff pressure is
decreased from above the SBP to the DBP. In other words, the
determination of the SBP and the DBP is on an envelope curve that is
created based on the relationship between the oscillometric pulse
amplitude and the cuff pressure. Currently, the algorithm used to
calculate the SBP and the DBP is dependent on the envelope curve
from the regular heart rhythm. Although most oscillometric BP
devices are designed to accommodate some level of HR variation
during the BP measurement cycle, significant HR variability can create
a situation where the reference BP is difficult to determine. A common
example occurs in AF patients. In AF patients, especially those with
more irregularity (indicated by a greater APR), the envelope curve
may vary far from the patients with SR; thus, the BP measurement
may be more inaccurate. When the rhythm of ventricular beats
changes more obviously, the BP readings were more variable among
the three measurements.'>!?

Previously, Giantin et al'* indicated that the BP values of
ambulatory blood pressure monitoring in stable AF patients
(HR 60-100 b.p.m.) were similar to those patients with SR, whereas
the BP values in very unstable AF (HR over 100 b.p.m.) were not. This
study found that AF patients with a HR over 100 b.p.m. measure using
ECG often have a greater APR. The finding that a greater APR induces
a less accurate SBP measurement in the present study is concomitant
with the study of Giantin et al.'*

Fourth, our results demonstrate that the greater ASBP and APR in
the AF group were not dependent on the greater age in the AF group.
When the data from the AF patients > 70 years of age were excluded,
the AF group still had a significantly greater ASBP and APR than the
SR group when these two groups had similar mean ages.

Finally, our results show that, regardless of APR, ADBP in the AF
group was significantly greater than in the SR group. Meanwhile, there
was a stronger positive correlation between APR and ADBP (r=0.307,
P<0.001) in AF patients compared with SR patients (r=0.211,
P=0.009). These findings mean that DBP determined using the
oscillometric method is not accurate as in SR patients. Previously,
the study of Pagonas and Westhoff!® also showed a greater DBP bias
(between the noninvasive and intra-arterial measurements) in AF
patients compared with SR patients (8.6 +£9.8 vs. —3.9 + 10.4 mm Hg),
whereas the SBP bias was similar. Because a positive correlation existed
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between APR and ADBP but not between APR and ASBP in the SR
patients, we consider that the DBP measured using the oscillometric
device may be easily influenced by the variation in HR.

Clinical implications

Although the mean SBP value of the three measurements measured
using the oscillometric device has been suggested by some studies to
be clinically acceptable,”"!>1% our results showed quite a large
variability in SBP measurements in AF patients. The present study
provides useful information for doctors to better evaluate the BP when
using an oscillometric device: when the APR of three BP measure-
ments is 0-10 b.p.m., the SBP reading may be as accurate as the SBP
reading in SR patients, and it is clinically acceptable. However, when
the APR is >10b.p.m., the SBP reading may not be reliable, and
more BP measurements are needed. However, the DBP reading is less
reliable than the SBP reading if ADBP was significantly greater than
that of the SR group, regardless of APR.

Limitations

In this study, the BP difference among three oscillometric measure-
ments in SR was used as a reference to confirm our discovery that a
greater APR is associated with a less accurate BP measurement in AF
patients. Therefore, a study using intra-arterial BP measurement is
needed.

In addition, the treatments were quite different between the SR and
AF groups. This difference may affect the BP measurement but could
not induce the greater ASBP and APR in the AF group. To identify
this point, more research is needed.

CONCLUSION

There is a positive relationship between the variations in the pulse rate
and the SBP measured using an oscillometric BP device. The AF
patients who exhibit a greater variability in their pulse rate will also
have a greater variability in their BP readings. The SBP measurement
in AF patients may be considered as accurate as the SBP measurement
in SR patients if APR is 0-10 b.p.m.
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