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Performance of hand-held
electrocardiogram devices to
detect atrial fibrillation in a
cardiology and geriatric ward
setting

I read the article on the performance of two
hand-held electrocardiogram devices for detect-
ing atrial fibrillation by Desteghe et al.1 with great
interest. As the founder of AliveCor, I supplied
the senior author Dr. Heidbuchel with the
AliveCor device, as it was neither approved nor
available for sale in Belgium at that time, and his
group understood that it could be used only for
clinical research purposes. It had been approved
by the FDA and EC and was commercially avail-
able in the USA and the UK. Per email communi-
cation, the investigators downloaded the Apple
iPhone App in December, 2014 but did not
update the app for the duration of the study for
consistency purposes. AliveCor had to voluntarily
recall that version of the App in February, 2015
due to several defects which impaired diagnostic
accuracy.2 Our commercial AFib algorithm has
been biased for enhanced specificity when com-
pared with the algorithm used in two previous
AFib detection studies3,4 as our product is primar-
ily sold directly to patients, who may not seek a
physician read. The version of our AF detection
algorithm utilized in the published AF screening
studies3,4 was biased to very high sensitivity
because every positive result would be reviewed
by a Cardiologist. The result of the ‘recalled’
defects in the app version used in the Europace
study, and our enhanced specificity biasing,
resulted in the very low sensitivity of 55% in the
cardiology patients, and 79% in the geriatric
patients and high specificity of 98% in both patient
groups after exclusion of paced rhythms.1 This
was significantly different than the published per-
formance of the research algorithm in the two
previous AF studies using the AliveCor device,3,4

and would impact the economic assessments
made in the Desteghe article. Higher sensitivity
(71%) compared with the 55% seen in the cardiol-
ogy patients, and very high specificity (99.4%) of
our commercial algorithm during AFib screening
has been demonstrated in a recent presentation.5

I contacted Drs. Desteghe and Heidbuchel to
notify them of these issues after seeing the publi-
cation, and offered to re-analyse the electrocar-
diographic data using the currently released non-
defective algorithm, or the original research AF

algorithm, but the ECG data were no longer avail-
able on the iOS recording device, so this was not
possible.
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‘Performance of handheld
electrocardiogram devices to
detect atrial fibrillation in a
cardiology and geriatric ward
setting: authors’ response’

We would like to thank Dr Albert, Founder and
Chief Medical Officer of AliveCor, for his inter-
pretation of our study results to the readership in
the light of different software versions.1 As one
may have noted in the article, ‘despite’ the findings
of our study, our conclusions were positive about
using AliveCor (as well as MyDiagnostick) in a
hospital screening setting.2 Those conclusions
only get stronger with the clarifications of Dr
Albert. Improvement of the accuracy of the
AliveCor algorithm will further reduce the costs

for both in-hospital and out-of-hospital screening
for atrial fibrillation (AF).

We confirm that we downloaded the AliveCor
iPhone app at the end of December 2014 and
started screening of hospitalized cardiology and
geriatric patients mid-January 2015 with the latest
available version of the app, as was known to
and confirmed by AliveCor Inc. For the sake of
consistency, all recordings in our study were per-
formed using the same protocol without adjust-
ments or updates to both devices. The study was
carried out in a short time span of �4 months
(inclusion was finished by the end of May 2015).
The ‘biased’ enhanced specificity of the active
AliveCor algorithm was confirmed in our study
with high percentages varying between 96.1 and
98.1%.

On the basis of the experience of our study,
we are convinced that a hospital population cre-
ates a more challenging AF screening setting than
ambulatory patients. It remains speculative in how
far observed sensitivity and specificity in other
populations are applicable to the in-hospital set-
ting. Especially, hospitalized geriatric patients
(with a mean age of 83 years in our study) are
often very weak, have tremor, or cannot handle
whatever device. Moreover, a high prevalence of
implanted devices and known AF further contrib-
ute to screening complications. Nevertheless,
with a properly structured approach, using hand-
held devices is the way to go in a hospital setting,
because the detection by pulse taking (even by
trained nurses) is not specific and screening using
12-lead electrocardiograms is definitely not cost-
effective.3,4

More studies and advances in these technolo-
gies can further optimize the usability and accu-
racy of handheld ECG monitors, such as
MyDiagnostick and AliveCor. We hope that our
work provides further impetus to companies to
continue development on important technologi-
cal aids for screening AF. This will especially serve
those patients who have the highest risk to
develop AF, such as hospitalized cardiologic or
geriatric patients.
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Monocyte-to-HDL-cholesterol
ratio and left atrial remodelling
in atrial fibrillation
I was grateful to read an interesting paper by
Suzuki et al.1 which revealed that the ratio of cir-
culating intermediate CD14þþCD16þ mono-
cytes was significantly higher in patients with atrial
fibrillation (AF) compared with control group.
Intermediate CD14þþCD16þ monocytes also
showed a strongly negative correlation with left
atrial appendage (LAA) flow during sinus rhythm.
Moreover, the ratio of circulating intermediate
CD14þþCD16þ monocytes was found as an
independent predictor for the presence of AF.

Atrial fibrillation is initiated and maintained by a
complex interaction between electrical, contrac-
tile, and structural remodelling.2 Inflammation,
oxidative stress, and subsequent atrial fibrosis are
shown to be significant contributors of structural
remodelling process.3 It has been already shown
that the extent of atrial fibrosis as a hallmark for
structural remodelling has had a prognostic and
therapeutic role in AF patients.4 Monocytes are
the most important sources of pro-inflammatory
and pro-oxidant cytokines at inflammatory sites,
which leads to atrial adverse electrical and/or
structural remodelling and may represent a pre-
requisite for AF.4 Because of its anti-inflammatory
and anti-oxidant actions, the relationship between
high-density lipoprotein cholesterol (HDL-C) and
AF has also been investigated. In our recent
study,5 we combined both parameters as ‘mono-
cyte count-to-HDL-C ratio (MHR)’ and evaluated
its prognostic value among AF patients under-
going catheter ablation. For the first time in the lit-
erature, we demonstrated that MHR was found
as an independent predictor of AF recurrence
after cryoballoon-based AF ablation. We also
showed that MHR has been significantly corre-
lated with LA diameter and duration of AF history.

These findings supported that the monocyte accu-
mulation and reduced HDL-C may participate in
atrial remodelling by the release of activated sub-
stances, including oxygen-free radicals, proteases,
and pro-inflammatory cytokines. One of the
important limitations of our study was using an
automatically counted monocyte numbers rather
than the proportion of monocyte subsets. Thus,
the study by Suzuki et al.1 may support and con-
firm our previous findings when the ratio of circu-
lating intermediate CD14þþCD16þ monocytes
to HDL-C levels has been calculated and analysed.
Because MHR combines the two detrimental
processes like inflammation and oxidative stress,
it could be used as a novel marker for prediction
of the severity of atrial remodelling. However,
additional large-scale prospective studies in differ-
ent populations are needed to confirm the role
of MHR and/or circulating intermediate
CD14þþCD16þ monocytes/HDL-C in the
pathophysiology and prognosis of AF.
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Monocyte-to-HDL-cholesterol
ratio and left atrial remodelling
in atrial fibrillation: author’s
reply

We thank Dr Canpolat1 for his interest in our
recent study.2 Many studies have established a

strong association between inflammation, oxida-
tive stress, and atrial fibrillation (AF); the patho-
genesis and progression of AF seem to be
simultaneously influenced by multiple factors.3–5

Canpolat et al. showed in their study that among
commonly measured clinical factors, the ‘mono-
cyte to high-density lipoprotein cholesterol
(HDL-C) ratio (MHR)’—a combined inflamma-
tory and oxidative stress marker—was independ-
ently associated with AF recurrence after cryo-
energy ablation and correlated with the left atrial
(LA) diameter.6 In our study, we investigated the
role of intermediate CD14þþCD16þ mono-
cytes in the pathogenesis of AF and showed that a
monocyte subgroup, intermediate
CD14þþCD16þmonocytes, was independently
associated with the presence of AF. In addition,
intermediate CD14þþCD16þ monocytes
reflected LA functional remodelling. Of note, the
total monocyte count in healthy controls and AF
patients without any other obvious co-morbid-
ities was not predictive for the AF status.2

In their letter to the editor, Canpolat et al.
now hypothesize that the ‘intermediate
CD14þþCD16þ monocytes to HDL-C ratio’
is able to predict severity of LA remodelling. To
this end, we performed a sub-analysis of our
data including MHR and intermediate
CD14þþCD16þ MHR (iMHR). In addition, for a
complete analysis, we looked at classical
CD14þþCD16– MHR (cMHR) as well as non-
classical CD14þCD16þþ MHR (nMHR).
Univariate logistic regression analysis revealed
that the MHR [odds ratio (OR): 1.041; 95% confi-
dence interval (CI): 1.004–1.078, P = 0.027] and
iMHR (OR: 2.057; 95% CI: 1.301–3.251, P =
0.002) both influenced the presence of AF.
Furthermore, parameters such as body mass
index, diastolic blood pressure (dBP), total choles-
terol (T-chol), HDL-C, triglycerides (TG) and
proportion of classical CD14þþCD16– mono-
cytes, and intermediate CD14þþCD16þ mono-
cytes also influenced the AF status. There was no
statistical significant association of cMHR and
nMHR values with AF (OR: 1.040; 95% CI: 0.997–
1.085, P = 0.070 and OR: 1.259; 95% CI: 0.976–
1.623, P = 0.076, respectively). Although iMHR
was strongly associated with the presence of AF
(P = 0.002), the cell proportion of intermediate
CD14þþCD16þ monocytes (collinear to MHR
and iMHR) of all parameters had the strongest
association with the presence of AF in univariate
analysis (P = 0.001).

In contrast to intermediate CD14þþCD16þ
monocytes, the iMHR did not show significant
correlation with any clinical and laboratory
parameters including the duration of AF, echocar-
diogram parameters, BNP level, and LA volume in
AF patients.

There are several limitations inherent to the
different design of our present study and in the
study of Canpolati et al. First, to avoid bias of
other systemic diseases, our study population was
limited to patients without any co-morbidities.
Secondly, mean HDL-C level in our study
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