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Atrial fibrillation does not affect ankle–brachial index
measured using the Doppler method

Michał Dąbrowski, Jacek Lewandowski, Piotr Abramczyk, Izabela Łoń, Zbigniew Gaciong and Maciej Siński

Atrial fibrillation may affect blood pressure measurements. The ankle–brachial index (ABI) is a ratio of systolic blood pressure

measured on the lower and upper limbs that may also be affected by arrhythmia. The purpose of the study was to investigate

whether atrial fibrillation influenced ABI results. Ninety-nine patients (age 66.6±11 years, 63 males and 36 females) who

underwent electrical cardioversion of atrial fibrillation were investigated. ABI measurements using the Doppler method were

performed on both lower extremities before and after electrical cardioversion. Measurements were repeated three times and then

averaged. The ABI using both lower limbs was lower before electrical cardioversion than after restoration to sinus rhythm (right

side: 1.132 (1.065–1.210) during atrial fibrillation vs. 1.179 (1.080–1.242) in sinus rhythm, P=0.019; left side: 1.142

(1.075–1.222) during atrial fibrillation vs. 1.170 (1.098–1.255) in sinus rhythm, P=0.011). However, the upper 95%

confidence interval (CI) margins for the median differences in ABI were 0.045 and 0.040 for right and left, respectively,

suggesting that the observed difference was clinically insignificant. There was a significant correlation between measurements

obtained before and after electrical cardioversion on both lower limbs (r=0.61, Po0.001 and r=0.67, Po0.001). The Bland–

Altman plot showed good agreement between measurements performed using the Doppler method during atrial fibrillation and

sinus rhythm. Study results showed that atrial fibrillation did not have a clinically important effect on ABI measurements.
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INTRODUCTION

The ankle–brachial index (ABI) is the ratio of the systolic blood
pressure (SBP) measured at the ankle to SBP measured at the brachial
artery.1,2 The ABI is used for noninvasive diagnosis of occlusive
peripheral artery disease (PAD), as an indicator of atherosclerosis and
as a marker of cardiovascular disease.3–5 The threshold ABI value most
commonly used is ⩽ 0.90 based on studies reporting 490% sensitivity
and specificity to detect PAD compared with angiography.1,2 Many
factors may influence ABI measurement results, including the method
of measurement, repeated measurements, height, sex, race and heart
rate.6 During atrial fibrillation, blood pressure measurements and ABI
calculations may be biased by high beat-to-beat variability of heart rate
and stroke volume.7 Significant inter- and intra-observer errors during
blood pressure measurements in subjects with atrial fibrillation have
been documented and no accepted guidelines exist on how to perform
blood pressure measurements during atrial fibrillation.8 Furthermore,
there is no recommendation and few reports on how to measure ABI
during atrial fibrillation. In daily practice, it is not routine to perform
electrocardiogram recording or to analyze a patient’s cardiovascular
history before ABI measurement. Thus, patients may have atrial
fibrillation during ABI measurements.
The standard ABI measurement method is the Doppler method.

Although it requires training, ABI results obtained using the Doppler

method correlate well with more invasive and complex methods of
detecting PAD.9,10

The purpose of this study was to investigate whether atrial
fibrillation influenced ABI measurement results. Accordingly, Doppler
ABI measurements performed during atrial fibrillation were compared
with ABI measurements performed in sinus rhythm.

METHODS

Study design
A total of 115 consecutive patients with atrial fibrillation admitted for electrical
cardioversion were screened by the Department of Internal Medicine,
Hypertension and Vascular Diseases, Medical University of Warsaw
(Figure 1). Participants were recruited to the study between October 2012
and December 2015. A total of 16 patients were excluded from the study due to
failure to perform ABI measurement before cardioversion in 6 cases (the
arteries were incompressible in 4 cases, and the investigator could not obtain a
signal in 2 cases), withdrawal of consent after cardioversion (1 patient) and
failure to maintain sinus rhythm after cardioversion (9 patients). A total of 99
patients (age 66.6± 11 years, 63 males and 36 females) underwent the complete
study protocol and were analyzed. Study population characteristics are
presented in Table 1.
Exclusion criteria included circulatory instability, use of vasoconstrictive

agents, limb trauma or upper limb artery stenosis. Neither participants nor
those administering interventions or assessing study outcomes were blinded to
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study conditions or patient cardiac rhythm status. All study procedures were
performed at the Department of Internal Medicine, Hypertension and Vascular
Diseases, Medical University of Warsaw.
The study was accepted by the local bioethical committee, and informed

consent was obtained from all participants. This trial was registered with
ClinicalTrials.gov (NCT02986282).
Two separate study sessions were conducted before and after electrical

cardioversion. The first session ended before propofol anesthesia was induced.

The second session began in the same operating room with the patient fully
conscious ∼ 1 h following cardioversion. Study procedures were performed
within 2 h. All 99 patients underwent successful electrical cardioversion and
both study sessions. No adverse events were observed.

ABI measurements
All measurements were performed in the intensive care unit at an ambient
temperature of 21 °C shortly after written informed consent was obtained. All
patients were awake, fasted and in the supine position. ABI was measured
according to the AHA (American Heart Association) guidelines by either an
investigator (MD) or a study nurse trained by the vascular department.6 SBP
was measured using a Doppler device (Echo Sounder ES-101EX, Hadeco,
Kawasaki, Japan) and a validated and calibrated aneroid sphygmomanometer
(Minimus II, Riester, Jungingen, Germany). For each measurement, the
appropriate cuff size was used, with the cuff width measuring at least 40% of
the limb circumference. The arm with higher SBP and the higher SBP
measured on the posterior tibial or dorsalis pedis artery was used to calculate
the ABI. During both study sessions throughout the study, ABI measurements
were repeated 3 times in an alternating clockwise (right arm, right popliteal,
right dorsalis pedis, left popliteal, left dorsalis pedis, left arm, right arm) or
counterclockwise sequence starting with the left arm, with each successive set of
measurements taken in the reverse order. The same sequence of limb pressure
measurements was used during the study. The measurements were repeated
three times, and the mean measurement results were used for calculations. One
investigator (MD), a study nurse trained at the vascular department, performed
all ABI measurements.

End point
The primary end point of this study was the difference between ABI
measurements before and after electrical cardioversion evaluated using com-
parison of central tendency measures and Bland–Altman plot inspection.

Statistical methods
Sample size calculations were based on preliminary observations made by the
study team. The calculations showed that a sample size of 79 subjects would be
needed to detect a 0.1 difference in ABI measured in sinus rhythm and during
atrial fibrillation with a two-tailed α of 0.05 and a 1-β of 0.9. Our initial sample
size estimate of 115 patients incorporated the assumption of attrition due to
noneffective electrical cardioversion, patient decisions to quit the study or
failure to obtain adequate ABI. Intraobserver variability was calculated using
intraclass correlation coefficients.
Data were processed using a normality test (Shapiro–Wilk test). ABI in sinus

rhythm and during atrial fibrillation were compared using the Wilcoxon
signed-rank test. A paired two-tailed t-test was used for normal data
distributions. The Bland–Altman plot was used to analyze agreement between
ABI measurements performed in sinus rhythm (reference conditions) and
during atrial fibrillation (experimental conditions). Correlations were analyzed
between ABI measurements in sinus rhythm and those during atrial fibrillation,
and Spearman’s rho coefficient was estimated. Statistical significance was
established at Po0.05. Sensitivity and specificity for detection of PAD
(ABI ⩽ 0.9) during atrial fibrillation were calculated. All data were calculated
using R 3.1.3 statistical software (www.r-project.org) and were expressed as
median (interquartile range) and mean values11 as appropriate.

RESULTS

In the investigated population, 3 cases of PAD (ABI ⩽ 0.9) and 5
borderline PAD cases (ABI 0.91–1.0) were detected. The reference
standard was the ABI measurement performed in sinus rhythm.
Restoration of sinus rhythm was associated with a significant

decrease in heart rate from 101.9± 23 to 64.3± 8 beats per min,
respectively (Po0.001).
There was a statistically significant difference in the mean ABI

during atrial fibrillation compared with sinus rhythm on both lower
extremities (right: 1.132 (1.065–1.210) vs. 1.179 (1.080–1.242), respec-
tively, P= 0.019; left: 1.142 (1.075–1.222) vs. 1.170 (1.098–1.255),

Figure 1 STARD (Standards for Reporting of Diagnostic Accuracy) flowchart
representing the selection of the study patients.

Table 1 Baseline characteristics of the patients included in the

analysis

Age (years), mean± s.d. 66.5±11

Number, n 99

M/F, n (%) 63/36 (63.6/36.3)

BMI (kg m−2), mean± s.d. 28.5±5

Systolic blood pressure (mm Hg), mean± s.d. 130.4±17

Diastolic blood pressure (mm Hg), mean± s.d. 87.4±10

Heart rate (beats per min), mean± s.d. 101.9±23

Current smokers and ever smoked, n (%) 11 (10.9)

Hypertension, n (%) 49 (48.5)

Diabetes mellitus, n (%) 19 (18.8)

Hypercholesterolemia, n (%) 34 (33.7)

Coronary heart disease, n (%) 14 (13.9)

Previous myocardial infarction, n (%) 7 (6.9)

Peripheral artery disease history, n (%) 3 (3.0)

Intermittent claudication, n (%) 0 (0)

ACE inhibitors, n (%) 32 (31.7)

AT1 receptor antagonists, n (%) 10 (9.9)

Calcium antagonists, n (%) 9 (8.9)

β-Adrenolytics, n (%) 68 (67.3)

Diuretics, n (%) 31 (30.7)

Statins, n (%) 39 (38.6)

Antithrombotic drugs, n (%) 56 (55.4)

Abbreviations: ACE, angiotensin-converting enzyme; AT1, angiotensin II receptor, type 1;
BMI, body mass index; M/F, male/female.
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respectively, P= 0.011) (Figure 2). The median ABI differences and
confidence intervals (CIs) were 0.024 (95% CI: 0.004–0.045) and
0.022 (95% CI: 0.005–0.040) for the right and left sides, respectively.
The Bland–Altman plot showed good agreement between Doppler

method measurements during atrial fibrillation and in sinus rhythm
(Figure 3). There was also a correlation between overall results during
atrial fibrillation and in sinus rhythm (r= 0.61, Po0.001 and r= 0.67,
Po0.001) for the right and left sides, respectively (Figure 4). Among
the subgroup of patients with heart rates below 100 per min during
atrial fibrillation (52 patients), the ABI was not significantly different
before or after electrical cardioversion (right side: 1.145 (1.077–1.222)
vs. 1.180 (1.087–1.240) respectively, P= 0.350; left side: 1.170 (1.095–
1.222) vs. 1.190 (1.110–1.260) respectively, P= 0.414). Among the
subgroup of patients with heart rates over 99 beats per min (47
patients) during atrial fibrillation, ABI was significantly different
before and after electrical cardioversion (right side: 1.119 (1.055–
1.190) vs. 1.190 (1.075–1.250) respectively, P= 0.018; left side: 1.120
(1.030–1.211) vs. 1.164 (1.080–1.250) respectively, P= 0.004).
The single observer intraclass correlation coefficient was 0.93 (95%

CI: 0.91–0.95) for measurements performed in sinus rhythm that
differed from observations performed during atrial fibrillation (intra-
class correlation coefficient= 0.83; 95% CI: 0.79–0.86).

DISCUSSION

To date, no reports exist concerning the impact of AF on ABI
measurement accuracy using the reference Doppler method. Because
the prevalence of atrial fibrillation and PAD increases with age,12,13 it
becomes more likely that patients will have symptoms or will not in be
in sinus rhythm during PAD screening.

The main finding of the study is that the Doppler method ABI
measurements during atrial fibrillation corresponded well with those
in sinus rhythm. This finding was unexpected, as previous unpub-
lished observations showed significant differences between ABI
measurements during atrial fibrillation and sinus rhythm. However,
those preliminary observations were based on nonrepeated measure-
ments performed by different observers. In the current study, the
authors analyzed the means of three ABI measurements. Furthermore,
all measurements were performed by a single trained and experienced
investigator. Good reproducibility of measurements was demon-
strated, with a single observer intraclass correlation coefficient of
0.93 (95% CI: 0.91–0.95).
Repeated blood pressure measurements have been suggested for

patients with atrial fibrillation to overcome variations in stroke
volume.8,14 Automated oscillometric measurements of blood pressure
have shown satisfactory accuracy in determination of SBP in patients
with atrial fibrillation.15,16 Pagonas et al.17 found that systolic and
diastolic blood pressure measurement biases did not significantly differ
during atrial fibrillation in Bland–Altman analysis of oscillometric and
invasive blood pressure measurements repeated 3 times. Other studies
also showed that blood pressure measurements could be performed
with satisfactory accuracy in patients with atrial fibrillation.18,19

However, those studies analyzed only systolic and diastolic blood
pressure, not ABI.
In our study, ABI measurements were repeated 3 times. Although it

is a time-consuming method, other investigators have also used the
mean of three measurements while evaluating blood pressure during
atrial fibrillation.17,20

Figure 2 Boxplots of ankle–brachial index (ABI) measured on right and left lower extremity before and after electrical cardioversion; *P=0.019, **P=0.011.
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In the current study, patients were evaluated before and after
electrical cardioversion. This characteristic represents an important
advantage of the study, as the protocol design enabled exact evaluation
of the bias in ABI measurement related to the arrhythmia. In contrast
to our study, previous investigations that assessed blood pressure
variability during atrial fibrillation analyzed separate cohorts of
subjects with atrial fibrillation and in sinus rhythm.17–19,21

Comparison of ABI measurements before and after electrical
cardioversion revealed a statistically significant difference. However,
further analysis revealed that the upper bound of calculated CI for the
median difference did not support statistical significance (Po0.05).
Nonetheless, this low value of the upper bound of calculated CI
strongly suggested that the observed median difference was clinically

insignificant. This finding was confirmed by the results of Bland–
Altman plot inspection that showed good agreement between mea-
surements performed during atrial fibrillation and in sinus rhythm
(Figure 3).
Notably, the analysis of the subgroup of patients with heart rates

below 100 beats per min showed no difference in ABI during
arrhythmia and in sinus rhythm compared with the group with atrial
fibrillation 4100 beats per min, among whom a difference was
present. This finding suggests that ABI measurement was more prone
to bias during atrial fibrillation with higher ventricular rates.
In the current study, PAD was detected in a small number of

subjects. However, it must be emphasized that the study included
consecutive patients admitted for electrical cardioversion rather than

Figure 3 Bland–Altman plot for the right (upper panel) and left (lower panel) side showing agreement between ankle–brachial index (ABI) measurements performed
using the Doppler method during atrial fibrillation and in sinus rhythm. A full color version of this figure is available at the Hypertension Research journal online.

Figure 4 Significant correlation (Po0.05) between ankle–brachial index (ABI) measurements performed using the Doppler method before and after electrical
cardioversion—the right (r=0.61, Po0.001, right panel) and left (r=0.67, Po0.001, left panel) side, respectively.
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for PAD examination. A similar percentage of PAD subjects was also
observed by other investigators in the general population.22 It would
be interesting to include more patients already diagnosed with PAD in
future studies. It is also noteworthy that this study was performed
using the reference Doppler method performed by a single trained
observer. As such, there was no interobserver variability and very good
intraobserver reliability that may not be the case in real-life conditions.
In this study, higher blood pressure values were noted before

electrical cardioversion (Table 2). The influence of arousal before the
electrical cardioversion procedure must be taken into consideration, as
the blood pressure-reducing action of the anesthetic would be less
pronounced. However, because ABI is a ratio of blood pressures
measured on arteries of the same caliber, increased blood pressure
should affect both vascular beds similarly.
Additional analysis was performed while considering only the first

measurements performed during atrial fibrillation and in sinus
rhythm. No significant difference was detected between measurements
obtained during atrial fibrillation and in sinus rhythm in the case of
the left lower extremity. In contrast, a difference was detected,
although judged to be clinically insignificant, when using repeated
measurements. This finding strongly suggests that the accuracy of
averaged repeated measurements is higher than that of a single
measurement in subjects with atrial fibrillation. Furthermore, rho
statistic values increased with the number of measurements, averaging
between 0.46 and 0.56 for single right- and left-sided measurements,
0.56 and 0.6 for the average of two measurements and 0.61 and 0.67
for the average of three measurements, respectively. This finding also
suggests that repeated measures may increase the measurement
accuracy.

CONCLUSION

The results of this study show that atrial fibrillation does not have a
clinically important effect on ABI measurements. This conclusion does
not apply to other ABI measurement methods, such as the oscillo-
metric method. Considering the study data, ABI evaluation should be
performed using repeated measurements in patients with atrial
fibrillation. Although this approach is time consuming, it is consistent
with guidelines supporting averaged blood pressure measurements for
patients with atrial fibrillation.8,14

Further research of the population evaluated for PAD is needed
because atrial fibrillation may cause more biased ABI results in
subjects with lower ABI values.
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