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Material and methods: In this single-center prospective study, the HR and SaO, measurements were performed
using the built-in sensor and light source of a Samsung Galaxy S8 smartphone and compared to the results of
VSM and ABG device. The Bland-Altman analysis was used to evaluate and visualize the agreement between
the methods.

Results: The data of 101 patients were analyzed. There was a high correlation between HR measured by
smartphone and HR measured by VSM [P < 0.0001; 0.9918 (95% CI = 0.987-0.994)]. In addition, the SaO, values
obtained by smartphone were highly correlated with those by ABG (P < 0.0001; 0.968 (95% CI = 0.952-0.978)).
Conclusion: The HR and Sa0, values obtained by smartphone were found to be consistent with the measurements
of the reference devices. With the growing use of smartphone technology in the health field, we foresee that pa-

tients will be able to make their own triage assessment before presenting to the hospital.

© 2019 Elsevier Inc. All rights reserved.

1. Introduction

Heart rate (HR) and oxygen saturation (Sa0-) are two basic param-
eters in the evaluation of patients admitted to the emergency depart-
ment. In certain cases, having prior knowledge of these parameters
may be helpful in referring patients to the hospital and making an accu-
rate and timely diagnosis. Conventionally, HR is measured by manual or
mechanical palpation of peripheral arterial pulses [1]. However, palpa-
tion of pulses or SaO, measurement may be difficult to undertake for pa-
tients or their relatives that do not have the necessary medical training
or skills. As a result, some patients apply to health centers simply for the
determination of their vital parameters [2].

Today, there are many free software applications utilizing the pro-
cessing capabilities of smartphones. These applications are specifically
designed for self-use and allow users to obtain HR in minutes (bpm)
and Sa0, levels in %. In recent years, with the addition of certain devices
and software to smartphones, non-medically trained individuals can
also measure parameters, such as HR and Sa0O, at any time and place.
This allows patients with dyspnea, blood pressure disorder, and heart
rhythm to obtain information about their own vital parameters through
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a smartphone that is widely available at any time, without requiring a
specific device or incurring any additional cost.

The assessment and follow-up of vital signs undertaken by mobile
devices not only allow emergency medical intervention to be under-
taken at an early stage when there is a deterioration in his/her health
status, but also reduces unnecessary hospital admissions, time spent
on transport, and health-related costs [3]. Garde et al. argued that health
data obtained from mobile devices could be useful in terms of identify-
ing patients that need to be admitted to hospital [4].

Although smartphones are calibrated to perform the measurement
of vital parameters, there is a lack of validation studies concerning appli-
cations that only use the built-in technology of these devices [5,6]. The
measurement of arterial blood gas (ABG) analysis is the gold standard
in Sa0, measurement [7]. To the best of our knowledge, to date, no stud-
ies have been conducted to compare the ABG results to determine the
accuracy of smartphone SaO, measurements in patients admitted to
the emergency department. Therefore, in this study, we aimed to eval-
uate the accuracy of HR and Sa0, data obtained using a smartphone
compared with the measurements of a vital signs monitor (VSM) and
an ABG device, respectively.

2. Material and methods

The study was approved by the University Review Board (dated
22.01.2018 and numbered 2017/KK/150).
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2.1. Study design and setting

This single-center prospective study was carried out between Janu-
ary 2018 and June 2018 with eligible patients that applied to a tertiary
care center and the emergency service of this center serves approxi-
mately 50,000 patients annually. Of the patients that presented to the
emergency service of this center, those requiring an ABG evaluation
due to indications of chronic obstructive pulmonary disease, congestive
heart failure, acute dyspnea, pneumonia, and multiple trauma consti-
tuted the sample of the study. This study investigated the Sa0O, and
HR measurement reliability and efficacy of a Samsung Galaxy S8 (SM-
G950F) smartphone and the Samsung Health application (model code
SM-G950F and version 6.1.0.047) preinstalled on the smartphone. The
smartphone Sa0, data were compared with the SaO, values obtained
by a VSM (Welch Allyn, Connex Spot Monitor 71 WT) equipped with a
Nellcor probe, and an ABG device (Radiometer ABL80O,
754R0428N007), both available in the emergency service. The HR data
measured by the smartphone were compared with the HR values ob-
tained from the same VSM simultaneously. The triage nurse/paramedic
measured the HR and Sa0, values using VSM and noted them in the
study form. The smartphone measurements were undertaken by a second
emergency service nurse blinded to the HR and Sa0- values determined
by VSM and recorded in another form. The real-time ABG analysis was
performed by doctors working in the emergency room on the same day
and the results were noted in the ABG section of the study form.

For the determination of SaO, and HR using VSM, the right index fin-
ger was used. Blood was drawn from the radial artery using a blood gas
injector and analyzed on the ABG device immediately to determine the
amounts of arterial gases. The smartphone SaO, and HR measurements
of the patients were obtained by gently pressing the right index finger
on the related sensor located on the back of the phone and making
sure that the tip of the finger completely covered the sensor (Fig. 1).
In this process, continuous waveform formation and measurement
took 15 s to complete. Each measurement was repeated three times.
The room temperature was maintained at 20 °C (68 °F) to 25 °C (77
°F) in order to prevent any effect of the temperature changes on the re-
sults. The feature of the Samsung Galaxy S8 smartphone used in this
study is that it performs SaO, and HR measurements using a dedicated
sensor built in the device, rather than a camera and flash light.

The patients' age, gender, complaints at the time of presentation to
the emergency service, blood pressure, HR measured by the
smartphone and VSM, and Sa0O, measured by VSM and ABG were
noted on the study form of each patient. The VSM and ABG devices
were calibrated by a biomedical service provider prior to the study. Ex-
cluded from the study were patients aged under 18 years, those that did
not agree or give consent to participate in the study, those requiring ur-
gent intervention (blue code, unstable patients), those not able to adapt
to the measurements with a device (unconscious, confused, etc.), those
with a high degree of hypothermia that might adversely affect the mea-
surement from the skin, and those wearing nail polish or false nails.
Other demographic data that might negatively affect the measurement
of saturation using a pulse oximeter, such as hypo/hyperthermia, obe-
sity, and chronic diseases were noted.

We estimated the sample size required for this study to be 80 in light
of the results from a previous simulation study. Similar to that simula-
tion study, we targeted the highest estimable rate using the least possi-
ble resources [8]. As a result, the current study was completed with 114
patients who were selected using convenience sampling.

2.2. Statistical analysis

All data were processed by SPSS v. 22.0 for Windows (IBM, USA) and
MedCalc software version 16.8.4 (MedCalc Software, Ostend, Belgium).
Numerical variables were presented as median and categorical variables
as numbers and percentages. The Shapiro-Wilk test was employed to
evaluate the normality of the distribution of continuous variables. The
Bland-Altman analysis was conducted to assess and visualize the agree-
ment between the methods used in the study. The following paired
comparisons were undertaken: VSM HR - smartphone HR, ABG Sa0, -
VSM Sa0,, and ABG Sa0, - smartphone Sa0,. A P value of <0.05 was ac-
cepted as statistically significant. The 95% limits of agreement (LOA), de-
fined as “the range within which most differences between
measurements by the two methods will lie”, were calculated for all
paired comparisons.

3. Results

The results of 13 of 114 patients were excluded from the study for
technical reasons (being unable to verify the ABG results due to drawing
venous instead of arterial blood and clotted blood samples). The data of
a total of 101 patients, 48 male (47.5%) and 53 female (52.5%), were an-
alyzed. 48 male (47.5%) and 53 female (52.5%) patients were included
in the study. The mean age of the male and female patients was 68.08
and 72 years, respectively. According to the age distribution of the pa-
tients, the highest number of patients were in the 60-69 years group
(25.75%, n = 26). When the diagnosis of the patients was examined ac-
cording to the category of diseases, it was determined that pulmonary
diseases were the reason for the highest rate of referral to the emer-
gency service (41.59%, n = 42) (Table 1).

The results of the Bland-Altman analysis showed that the mean dif-
ference was —0.20 between VSM HR and smartphone HR (Fig. 2) (95%
Cl = —0.524 to 0.124), —1.04% between VSM Sa0, and ABG Sa0,
(Fig. 3) (95% Cl = —1.299 to —0.780), and —0.67% between SP Sa0,
and ABG Sa0,, (Fig. 4) (95% Cl = —0.845 to —0.494). The correlation co-
efficient were 0.9918 for VSM HR - smartphone HR (95% CI = 0.987 to
0.994; P < 0.0001), 0.936 for VSM Sa0, - ABG Sa0, (95% CI = 0.907 to
0.957; P < 0.0001), and 0.968 for smartphone Sa0O, - ABG Sa0; (95%
CI = 0.952 to 0.978) (Tables 2-3).

4. Discussion

Mobile applications are software programs that run on smartphones
or other mobile communication devices. These programs may be either
accessories added to these devices or a combination of accessories and
software. For the appropriate follow-up and diagnosis of patients, it is
crucial to determine their vital parameters, such as HR and SaO,.

Fig. 1. A. The built-in oxygen saturation and heartbeat sensor of a Samsung Galaxy S8 smartphone. B. Demonstration of the measurement of heart rate and oxygen saturation using the
built-in sensor on the Samsung Galaxy S8 smartphone based on the contact photoplethysmography method. When the tip of the right index finger is directly placed on the sensor, a
dedicated light source (not camera flash light) is activated (red) to visualize blood cells. C. Demonstration of the measurement of arterial oxygen saturation using a vital parameter

monitor.
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Table 1

Distribution of the patients according to disease groups.
Disease group n %
Pulmonary 42 41.59
Cardiac 15 14.85
Urinary 11 10.89
Surgical 10 9.90
Other 10 9.90
Endocrine 7 6.93
Neurological 6 5.94
Total 101 100

Recently, smartphones have been increasingly used for many purposes
in the health field, particularly for the measurement of HR and SaO,.

Smartphone applications use different methods to measure HR. One
example is phonocardiogram, which utilizes the microphone of the mo-
bile phone to measure the heartbeat by listening. This method requires
an online server analysis or training the application to recognize the
heart sounds of the user [9]. Another method to measure HR is
photoplethysmography (PPG) based on the same principle a pulse ox-
imeter uses for Sa0, measurement. PPG analyzes rhythmic color
changes in the skin caused by the beating of the heart [10].

There are two methods for the PPG measurement of HR: First is non-
contact PPG, in which the camera is held in front of the user's face and
the measurement is undertaken without the need for skin contact. Sec-
ond is contact PPG, in which the user places his/her finger on the camera
and the flash light provides the light source required for the blood cells
to become visible [11]. Tomlinson et al. compared the HR and SaO,
levels of healthy children and the triage values of pediatric patients
using a camera-based application (CBA) and probe-based application
(PBA) using Apple iPhone 5 and iPhone 6 applications [12]. The authors
reported the mean differences as —3.0 bpm between PBA HR and triage
HR, —12.0 bpm between CBA HR and triage HR, —0.17% between PBA
Sa0, and triage Sa0,, and —0.33% between CBA Sa0, and triage Sa0,.
In the current study, the mean differences between VSM HR and
smartphone HR and VPM Sa0, and smartphone Sa0O, were in favor of
smartphone measurements, similar to those of PBA and better com-
pared to CBA. The reason for the more favorable results obtained from
smartphone use in the current study may be because the Samsung Gal-
axy S8 is equipped with a light source and sensor specifically designed
for SaO, and HR measurements, rather than relying on the phone cam-
era and flash light as was the case for CBA in the study by Tomlinson
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et al. Another reason may be that in pediatric patients, the size of finger-
tips may not be sufficient for an accurate CBA measurement of HR or
children may have lower adaptability to the device or measurement
process compared to the adult sample in our study.

In another study conducted with children, the accuracy of HR
values measured on the finger and ear using a probe inserted into
the smartphone were compared and found to be better for the ear-
lobe method [13]. Although the authors noted a significant correla-
tion between these two methods, their coefficients were not as
high as those achieved in the current study. This can also result
from problems due to the children's lack of cooperation in the mea-
surement process and the sensor not being able to detect smaller fin-
gertips. In addition, the previous study was carried out with a device
and software technology available in 2014, compared to our study, in
which we used a more advanced smartphone released in 2017 with
an application updated in 2018. We believe that the technological
progress that has taken place since 2014 has had a positive effect
on our measurement results.
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Table 2

Comparison of the HR values measured by the smartphone and VSM, and the results of the
Bland-Altman analysis, correlation coefficient, and significance level of correlation (HR:
heart rate, VSM: vital signs monitor).

HR calculated by VSM  HR calculated by smartphone

Mean 86.4 86.6
Median 88.0 87.0
Standard deviation 12.484 12.741
Standard error of the mean 1.248 1.274

Regression equation

Intercept (95% CI)

Slope (95% CI)

Correlation coefficient (95% CI)
Significance level of correlation coefficient

y = 0.000000 + 1.000000x
0.0000 (—4.3000 to 0.0000)
1.0000 (1.0000 to 1.0500)
0.990 (0.985 to 0.993)

P <0.0001

In a study with 100 healthy volunteers, Alexander et al. compared
the accuracy of SaO, measurement of VSM and a smartphone, and
despite concluding that the results of the two methods were not cor-
related, the authors did acknowledge that their results could not be
generalized to other applications used for the measurement of vital
signs [14]. In the same study, Alexander et al. noted that the sample
only consisting of healthy volunteers might be considered a limita-
tion and future studies should be undertaken with those who are un-
well. Accordingly, we performed the measurements on patients who
presented to the emergency department, rather than healthy
volunteers.

The single-center design is the major limitation of the current study.
In addition, the smartphone measurements were undertaken by health
professionals with experience in this area. There may be differences in
the speed and quality of measurements performed by patients and
their relatives who lack sufficient knowledge of or experience with
smartphone measurements.

In conclusion, the use of smartphones for the measurement vital
parameters in daily life is becoming widespread. In this study, we
compared our results to those of earlier studies and found that paral-
lel to the development of technology and software updates for these
devices, the accuracy of smartphone measurements is increasing day
by day. However, studies on this subject are still limited in number,
and therefore, we recommend further research to be undertaken
with different patient populations and larger samples.

Table 3

Comparison of the SaO, values measured by the smartphone with those obtained from
VSM and ABG device. The results of Bland-Altman analysis, correlation coefficient and sig-
nificance level of correlation coefficient (SaO,: oxygen saturation, VSM: vital signs moni-
tor, ABG: arterial blood gas, SP: smartphone).

Sa0, Sa0, calculated Sa0, calculated
calculated by by
by VSM ABG device smartphone
Mean 95.06 94.02 94.39
Median 96.0 95.0 95.00
Standard deviation 3.508 3.738 3.487
Standard error of the 0.350 0.373 0.348

mean

VSM Sa0,-ABG Sa0,

SP Sa0,-ABG Sa0,

Regression equation y = —4.103448 + y = 0.0542 +
1.034483x —0.006171x

Intercept (95% CI) —7.2533 (—14.1041t0  —0.08542 (—4.9254 to
—0.4024) 4.7545)

Slope (95% CI) 0.0657 (—0.0006 to —0.00617 (—0.0572 to
0.1381) 0.04489)

Correlation coefficient (95% 0.936 (95% Cl = 0.907  0.968 (95% CI = 0.952

qn to 0.957) to 0.978)
Significance level of P <0.0001 P <0.0001

correlation coefficient
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Abbreviations

SPSS Statistical Package for the Social Science
Sao, oxygen saturation
HR heart rate

VSM vital signs monitor

ABG arterial blood gas

PPG photoplethysmography
CBA camera based application
PBA probe based application
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