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Introduction: HIV patients are at higher risk for cardiovascular disease and cardiac arrhythmias which can be re-
corded by a handheld single lead ECG device. Quality of ECG depends on the skin condition, which worsens with
the progression of HIV infection.
Objective: To study the quality of the ECG signal acquired by a mobile ECG device in patients with different clinical
stages of human immunodeficiency virus (HIV) infection.
Patients and methods: We studied the quality of 30-second single lead ECGs obtained by a handheld ECG device
(Kardia; AliveCor Inc., San Francisco, USA) in 263 Kenyan adults (203 women) in various stages of HIV. The re-
cordings were made during routine check-ups at the outpatient clinics. ECG quality was categorized as readable
(not interfering with clinical interpretation) or unreadable (impossible clinical interpretation). The progression
of the HIV infection was estimated using the World Health Organization AIDS Clinical Staging (WACS) scale,
ranging from stage 1 (asymptomatic generalized lymphadenopathy) to stage 4 (wasting syndrome and Kaposi
sarcoma).
Results: The median age of patients was 46 (39-53) years. ECG was readable in 201 patients (76.4%) and unread-
able in 62 (23.6%). The WACS score > 1 was associated with 3.95 odds ratio (95% confidence interval 2.14-7.29; p
< 0.0001) for the acquiring an unreadable ECG (univariate logistic regression adjusted to age, sex, body mass
index and time since HIV).
Conclusions: ECG quality recorded by a touch ECG device worsens with advancing HIV infection. For this reason,
the accuracy of arrhythmia diagnosis by mobile ECG appears to be limited in HIV patients.

© 2019 Elsevier Inc. All rights reserved.

Introduction

Human immunodeficiency virus (HIV) causes the acquired immu-
nodeficiency syndrome (AIDS), a progressively destructive process
complicated by malnutrition, waste, development of other infectious
and neoplastic diseases, and shorter life duration [1,2]. HIV patients
have typical, not related to AIDS, risk factors for the cardiovascular
(CV) disease (e.g., diabetes, obesity or smoking) [3]. However, the pres-
ence of AIDS or its pharmacological treatment adds new CV risk factors
such as proatherogenic dyslipidemia, chronic inflammation or in-
creased activity of the renin-angiotensin-aldosterone system [4]. Conse-
quently, hypertension, premature ischemic heart disease or atrial
fibrillation (AF) are frequent in HIV patients.
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The AF risk increases with the HIV load and AIDS duration [4]. To
avoid clinical complication of untreated AF (e.g., ischemic stroke), HIV
patients should regularly have their ECG checked. Still, the acquisition
of standard 12 lead ECG is unavailable for many patients living in places
with limited resources healthcare system. For them, using a mobile ECG
device seems a practical solution [5].

There is an increasing number of studies showing the clinical utility
of mobile ECG technologies, including handheld devices. Kardia
(AliveCor Inc., San Francisco, USA) is an example of the handheld
touch ECG device capable of recording a single lead ECG and transmit-
ting it to a smartphone. In contrast to the standard 12 lead ECG re-
corders that use patient cables and adhesive electrodes, Kardia
requires minimal training and may be readily used anytime and any-
where, both by medical professionals, patients themselves and by
their family members. This device received the Food and Drug Adminis-
tration clearance for the diagnosis of AF and has been used in many clin-
ical studies [5-11]. It is possible to acquire multiple non-standard ECG
leads with Kardia by holding one metal sensor in the right hand and
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touching different body locations with another sensor [10]. Due to a
poor skin-sensor interface, the quality of the ECG signal is sometimes
far from optimal and may negatively impact proper ECG interpretation.
The quality of the ECG depends on many factors like sensor pads clean-
ness, air humidity and temperature and, most importantly, skin conduc-
tive properties which frequently change in the course of HIV infection
due to xerodermic state and dermatoses [12].

In this study, we investigated the quality of the ECG signal acquired
by a touch ECG device (Kardia) in patients with different clinical stages
of established HIV infection at two outpatient clinics in Kenya.

Material and methods
Study design

In this prospective study, 30-second ECGs were recorded by Kardia
in 263 adult HIV positive patients at the outpatient clinics of the Mission
Hospitals in Muthale and Mutomo in Kitui County, Kenya during routine
check-ups. No exclusion criteria were applied. The ECGs were collected
between August and September of 2016. The local Bioethical Committee
at the Strathmore University in Nairobi, Kenya approved the study (per-
mission reference number SU-IRB 0073/16), and each participant gave
informed consent. All study data were anonymized.

Clinical staging of established HIV infection

To assess the progression of the HIV infection, the World Health Or-
ganization recommends using the AIDS Clinical Staging (WACS) [1]
scale, which is a four-stage system designed specifically for the develop-
ing countries with limited access to CD4+ cell counters. The WACS as-
sessment starts from the asymptomatic HIV positive patients with
generalized lymphadenopathy (stage 1), through the presence of unex-
plained moderate to severe weight loss, mild to severe bacterial, viral
and fungal infections (stages 2 and 3), and ending with the develop-
ment of HIV-wasting syndrome and Kaposi sarcoma (stage 4). The clin-
ical staging of HIV patients enrolled in this study was regularly assessed
by the medical professionals working in both outpatient clinics.

Recording of ECG

All ECGs were collected by trained medical students who voluntarily
participated in the program “Treating with a mission” (leczymyzmisja.
pl/en/) under the auspices of the Poznan University of Medical Sciences,
Poznan, Poland.

All ECGs (standard lead I) were acquired from patients sitting up-
right on a chair. Each patient was holding the Kardia's sensors in the fin-
gers of the right and left hands (attempt 1). The ECG signal was
transferred to an iOS or Android smartphone for instant visual inspec-
tion and assessment of the ECG quality. For completely unreadable
ECGs, two additional attempts were made. With a patient still holding
one of the Kardia's sensors in the right hand, the second sensor touched
the chest area corresponding to V1 location (attempt 2), and if this ap-
proach failed, then the region corresponding to V5 location (attempt 3).
If all three attempts failed no other recording was acquired. During each
attempt, Kardia's sensors touched the finger and chest areas with no vis-
ible pathological skin changes. Each recorded ECG was presented to a
patient, a medical professional taking care of the patient on the site,
and stored in the smartphone's internal memory for further detailed
analysis by a cardiologist.

Data analysis

Kardia allows saving the recorded ECG as a pdf file and this format
substantially limits the detailed measurement of the signal and noise
amplitudes. In consequence, the ECG quality was analyzed only visually
and, based on this approach, divided into two categories - readable and

unreadable (Table 1). The readable category (score 0) contained ECG
with at least good quality or some technical artifacts which, however,
did not interfere with the clinical interpretation. The unreadable record-
ing (score 1) contained ECG with excessive noise and artifacts making
its interpretation either uncertain or utterly impossible.

Only ECGs with a readable signal underwent further evaluation for
the following findings: different types of supraventricular (premature
narrow-QRS preceded or not by a visible P wave) and ventricular ar-
rhythmias (premature wide-QRS unpreceded by any P wave), including
AF, atrioventricular conduction abnormalities, and the visually deter-
mined ECG signal quality.

Statistical analysis

Continuous data are shown as median and the 25th, and 75th per-
centiles. The comparisons of continuous data between the groups of
readable vs. unreadable ECGs were made using the Mann-Whitney U
test. The dichotomized data are shown as numbers and percentages.
The logistic regression analysis (unadjusted or adjusted to the patient's
essential clinical characteristics) quantified the odds ratio (OR) with
95% confidence interval (CI) for the presence of the unreadable ECG in
different clinical stages of HIV infection. Statistical data analysis was
performed using MedCalc Statistical Software version 18.10 (MedCalc
Software bvba, Ostend, Belgium). Results of statistical comparisons
were considered statistically significant if p-value < 0.05.

Results

The median age of all patients was 46 (39-53) years, 203 were
women (77%). There were 181 (68.8%) of asymptomatic HIV positive
patients in WACS = 1, and 82 (31.2%) symptomatic patients with
WACS > 1. For all patients, the median time since HIV diagnosis was 7
(5-9) years, WACS score 1 (1-2), body mass index 21.1 (19.1-24.3)
kg/m? and heart rate 76 (68-86) beats/min.

The ECGs were readable in 201 patients (76.4%) and unreadable in
62 (23.6%), including 58 (22.1%) individuals with an uncertain interpre-
tation and 4 (1.5%) subjects with the worst quality making the ECG in-
terpretation impossible. Except for the clinical staging of HIV infection,
there were no other significant clinical differences between patients
with readable and unreadable ECG (Table 2). ECG examples from pa-
tients from each WACS group are shown in the Supplementary material
as Fig. 1.

Seventeen (8.5%) out of 201 patients with a readable ECG presented
resting tachycardia whereas 19 (9.5%) bradycardia. Single supraventric-
ular and ventricular premature beats were found in 2 (1%) and 10 (5%)
patients, respectively, and the second-degree atrioventricular block
(Mobitz 2 type) in 1 patient (0.5%). No other arrhythmias, including
AF, were found in the studied group.

The number of patients with unreadable ECGs was as follows: 27
(14.9%) out of 181 in the WACS 1 grade, 9 (40.9%) out of 22 in the
WACS 2 grade, 21 (42.0%) out of 50 in the WACS 3, and 5 (50.0%) out
of 10 in the WACS 4.

The univariate logistic regression showed that an increase of the
WACS score by 1 was associated with a significantly higher risk for ac-
quiring an unreadable ECG by Kardia device both in the analysis unad-
justed (OR: 1.96; 95% CI: 1.46-2.62; p < 0.0001) and adjusted (OR:
1.87; 95% CI 1.38-2.53; p < 0.0001) to patient's' age, sex, body mass
index and time since HIV diagnosis.

Since there was a significant difference in the rate of an unreadable
ECG between subjects with the WACS equal 1 and WACS over 1, we re-
peated logistic regression analysis. Compared with patients with WACS
= 1, those with WACS > 1 had a four-fold higher risk of getting an un-
readable ECG by Kardia in the unadjusted (OR: 4.25; 95% CI:
2.33-7.73; p < 0.0001) and adjusted (OR: 3.95; 95% Cl 2.14-7.29; p <
0.0001) analysis.
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Table 1
The quality score of ECG recorded by Kardia according to the number of artifacts and the feasibility of clinical interpretation.
Quality score Signal artifacts ECG example
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Discussion

In this study, we have found that a 30-second ECG acquired by a
touch ECG device may be, on average, unreadable in >20% of HIV pa-
tients. This rate increases to 40-50% with the progression of clinical
staging of HIV infection, regardless of patients' age, gender, duration of
HIV infection and body mass index. We were surprised to find out,
that it is four-fold more probable to record an unreadable ECG by Kardia
in patients with the more advanced stage of HIV infection, i.e., WACS
over 1.

Stage 1 by WACS is characterized by no HIV-related symptoms and
no signs on physical examination, except the persistent generalized
lymphadenopathy. From the WACS grade, 2 starts an unexplained
weight loss from moderate to severe, until the development of the
wasting syndrome. It is accompanied by various recurrent or permanent
infections, chronic inflammation, and more complex pharmacotherapy.
In other words, HIV patients with WACS over 1 are considered as a more
advanced stage of the disease [13]. Comparing to healthy people, HIV
patients have higher resting energy expenditure and substantial meta-
bolic disarrangements like hyponatremia and hyperkalemia [14-16].
Drying of the skin, known as the xerodermic state [12], is observed in
HIV patients with lower CD4 count and as a side effect of applied phar-
macotherapy [17-19].

A significant association between skin diseases and the WACS has
been reported in HIV patients and skin involvement by infection, and

chronic inflammation may be present in up to 90% of them [17,18].
HIV patients present more substantial transepidermal water loss than
healthy people [19]. We hypothesize that these factors might alter the
skin electrical conductivity and cause an increase in skin-electrode im-
pedance and in-turn a reduction in the ECG quality [20,21].

Limitations of the study.

We decided to make no more than three attempts to record the sin-
gle lead 30-second ECG by Kardia for practical reasons since the clinics
had limited time slots available for check-up examinations. Further,
the only visual inspection could be used for the quality assessment of
the recorded ECG since the Kardia stores and exports all ECGs only in
pdf and no other usable format. However, such simple approach ap-
peared to be effective and practical. Not applying ECG gel or saline solu-
tion to the patient's fingers before ECG recording may be another
limitation. We have carefully followed Kardia's instructions on how to
work with the device: “do not use the sensor on a portion of the body
with too much body fat, body hair or dehydrated skin, a successful re-
cording may not be possible”. There is, however, no recommendation
that in case of poor signal quality the patient's skin should be moistur-
ized by ionically-active media [22]. Further, the only visual inspection
could be used for the quality assessment of the recorded ECG since we
had been working with ECGs recorded only in pdf format. However,
such a simply approach appeared to be effective and practical. Finally,
our study was observational and not explanatory, and altogether the ob-
tained results should be treated as preliminary. Therefore, there may be

Table 2
Comparison of clinical characteristics of patients with a readable and unreadable ECG acquired by the Kardia device.
Patients with a readable ECG Patients with an unreadable ECG Pvalue
(N =201) (N=62)
Median IQR Median IQR
Age [years] 46 39-52 47.5 41-54 0.17
Time since HIV diagnosis [years] 7 6-9 7 4-8.5 0.25
Body mass index [kg/m?] 214 19.2-24.4 204 18.9-24.1 0.33
Pulse Rate [beats/min] 76 68-86 79 68-89 0.32
WHO AIDS Clinical Stage [] 1 1 2 1-3 <0.0001
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other causes of higher rates of unreadable ECGs by Kardia in HIV pa-
tients unknown to the research team.

In summary, the percentage of unreadable ECGs recorded by Kardia
ranged from 15 to 50% in HIV patients, depending on the stage of HIV in-
fection. Patients with more advanced HIV have a four-fold higher risk of
an unreadable ECG than subjects in the early or benign stage. It appears
that handheld devices with dry metal electrodes may not recognize AF
and thus underestimate the AF burden in HIV patients. Finally, although
not tested in this study, we propose to moisturize the fingers' skin be-
fore recording by Kardia. Preliminary results of this study will serve as
a starting point to a comprehensive prospective ECG study of the HIV
patients.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.jelectrocard.2019.05.011.
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