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Abstract

Background: In recent years, the importance of telemedicine has increased significantly.
Especially in the field of echocardiography, virtual reality glasses offer the possibility of real-
time data transmission without restrictions in the examination process. In particular, the care of
critically ill newborns with suspected CHD might be improved by allowing a specialized
paediatric cardiologist to remotely guide an echocardiographic examination. The current study
aims to prove whether novices, under Google Glass guidance by a paediatric cardiologist, can
perform an appropriate neonatal echocardiography. Methods: The current study is a
prospective monocentric single-blinded pilot study. Participants were supposed to perform
two test runs: The first test run was “unguided” and the second test run was instructed via
Google Glass. A validated training simulator for neonatal echocardiography “EchocomNeo,
Echocom GmbH” was used. The study took place at the Leipzig Heart Center, Department of
Pediatric Cardiology fromApril 2022 to November 2022. Results:A total of 21medical students
were enrolled. In total 252 views (126 views in each test run) were recorded. The overall
performance was significantly higher in the Google Glass guided test run compared to
“unguided” (structure score: 77.6% vs. 63.2%. p< 0.001 and quality score: 58.7% vs. 47.2%,
p< 0.001). Also, the time was significantly lower in the Google Glass guided test run than in the
unguided test run, p= 0.014. Conclusion: Google Glass guidance by a paediatric cardiologist
could optimize the performance of novices in echocardiography using a standardized neonatal
echo-simulator with structural normal cardiac anatomy.

Introduction

Over the last decade, the interest in telemedicine has been growing rapidly. Especially during the
COVID-19 pandemic, with restricted personal exchange and interaction, many attempts have
been made to integrate telemedicine into everyday clinical practice.1 Likewise, interest in
telemedicine is growing in the field of cardiology, especially for echocardiography.2–4 It could be
shown that particularly community hospitals, which do not have a specialised cardiologist on
site, have profited from telemedicine.5 There are two methods of transmitting echocardio-
graphic data: The “store and forward technology”6,7 and the “real time transmission.” The latter
offers the advantage that the paediatric cardiologist can not only evaluate but also guide the
examination and it provides the opportunity to communicate directly with patients and families.
By the use of “tele-echocardiography,” costs could be saved, particularly by avoiding
unnecessary transfers to specialised hospitals.3,5 Furthermore, the establishment of telemedicine
enables an improved training of physicians and thus a better quality of echocardiography.5,8,9

In recent years, a new wearable communication device, called “smart glasses,” has attracted
interest in the clinical field. Among the various providers, Google Glass is probably the most
frequently used device,10 with already promising results. Since 2014, there have been isolated
publications on the applicability of Google Glass in everyday clinical practice, particularly in the
surgical fields.11–13

Google Glass enables a new way of telemedical communication: To the fact that controlling
can be done completely verbally, physicians are able to continue their practical activities without
any restrictions. For echocardiography in particular, this offers the advantage that the
examination can be performed under the guidance of a specialist. The number of neonatologists
performing point-of-care ultrasound is increasing.14 Ultrasound machines are thus readily
available, but expertise in echocardiography is still limited.15 This may result in incorrect
diagnoses, unnecessary transfers to specialised centres of paediatric cardiology, and delayed
initiation of vital therapies.3 The use of Google Glass so far is mainly related to remote
monitoring and barely to the assistance in procedures via virtual reality glasses. Data on the
applicability of Google Glass in guiding an echocardiographic examination are scarce, with only
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a small number of cases reported.16–18 In the context of increasingly
present telemedicine, live data transmission using virtual reality
glasses could potentially help to optimise and centralise patient
care and facilitate interhospital communication. The current study
aims to prove whether novices, under Google Glass guidance by an
experienced paediatric cardiologist, can perform an adequate
neonatal echocardiography.

Methods and materials

Study design

The current study is a prospective monocentric single-blinded
pilot study to examine the feasibility of smart glasses to instruct a
complete neonatal echocardiographic examination. We used
Google Glass (V3 R 17). To standardise the examination and for
ethical reasons, we used a well established training simulator for
neonatal echocardiography “EchocomNeo, Echocom GmbH,
Nieheim Germany.”

Study population and setting

The study took place at the Leipzig Heart Center, Department of
Pediatric Cardiology from April 2022 to November 2022.
Participants were recruited from medical school in Leipzig.

Inclusion criteria: Medical students without any experience in
echocardiography.

Exclusion criteria: Previous experience in echocardiography.

Study protocol

Before participation, written informed consent was obtained from
all subjects involved. Following inclusion, participants received a
video briefing (five minutes) on Google Glass, as well as
instructions on the principles of echocardiography.
Furthermore, a briefing on the echocardiography simulator was
given by the study physicians. The following standard views had to
be performed—1. Subcostal long axis, 2. Apical four-chamber
view, 3. Parasternal short axis at the level of the aortic valve, 4.
Parasternal short axis, level of papillarymuscles, 5. parasternal long
axis, and 6. Suprasternal long axis. The appropriate characteristics
for each plane were determined according to international
standards.9 Participants were supposed to perform two test runs:
The first test run as “unguided” and the second test run instructed
via Google Glass as “Google Glass guided.”

First test run “unguided” (Pre-test)
Standard echocardiographic views were performed independently
by the participants on the echo-simulator according to written
instructions. The instructions contained an example image for
each axis, as well as details of the obligatory structures, which had
to be displayed. It also contained information on the positions and
movements of the transducer. The test run was terminated after
90 s or by the participants themselves when they were satisfied with
the obtained view. The participants did not receive any feedback on
the correctness or evaluation of their examination.

Second test run, “Google Glass guided” (Posttest)
The participants were guided remotely via Google Glass by a
paediatric cardiologist. Google Glass was connected to a computer
via WiFi (5G hotspot), Figure 1. For the instruction with Google
Glass, defined terms were used (e.g. tilting, positioning, clockwise
and counterclockwise rotation, etc.). The test run was terminated

after 90 s or by the guiding paediatric cardiologist when he was
satisfied with the obtained view.

For both test runs, the last ultrasound sequences were recorded
(as short echocardiographic loops) for documentation and post-
hoc analysis. Another paediatric cardiologist, blinded to the
examinations, subsequently assessed the echocardiographic
images of the participants and evaluated the examination (one
score for the depiction of the required anatomical structures
“structure score” and one score for the general imaging quality
“quality score”). Furthermore, the time until correct axis setting
was analysed and compared between both test runs (i.e. “pretest-
posttest design”). For each correctly displayed anatomical
structure, two points were scored. The quality score was graded
by the paediatric cardiologist according to the subjective
impression of the imaging quality (Table 1). In addition, the time
for each view was analysed and compared between both test runs.

Technical data

Google Glass V3 R 17
Communication: wireless interface-Bluetooth 5.0, IEEE 802.11ac;
connections: USB 2.0, USB-C; input: multi-touch gesture
touchpad, microphone; camera: 8 megapixel; operating system:
Android 8.0 (Oreo); distribution partner “Cloudwuerdig GmbH”
(Software Engineer) as part of the “Public Cloud Group GmbH”
(IT consultant): two limited licenses for the conference software
“Meet” and the GoogleWorkspace;WiFi connection (5G hotspot);
computer: Apple MacBook (Figure 2). In order to facilitate the use
of the glasses for the participants, only the live data transmission
and hands-free control of Google Glass were used in this study and
no other virtual reality functions.

Echo-Simulator “EchocomNeo, Echocom GmbH, Nieheim,
Germany”
The simulator consists of a life-sized neonatal silicon manikin, a
dummy probe, a 3D tracking device, and a computer. The 3D
tracking system tracks the position of the dummy probe, and
according to its position, a stored real 3D data set is sliced,
simulating a real echocardiographic examination. The validated
simulator is widely used to train neonatologists and paediatric
cardiologists.20–24 In this application, a split screen displays a 2D
echocardiography image side-by-side with a 3D virtual scene. The
latter is used for guidance of trainees using the simulator. This

Figure 1. Participant with Google Glass in front of the echocardiography-simulator.
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virtual reality scene was omitted for the purpose of this study so
that there was no additional support by the simulator.

Statistical analysis

A descriptive statistical analysis was performed with SPSS 29. Data
are reported as median, minimum, and maximum or n (%). Data
were tested for normal distribution (Shapiro–Wilk test). Data
without homogeneity of variance were analysed by Wilcoxon
signed-rank test.

Results

Participant characteristics

A total of 21 medical students were enrolled. The mean age was
25.5 years (minimum 22 years, maximum 34 years) and 57.1% of
the participants were female.

The test runs (“unguided” and “Google Glass guided”) were
fully completed by all participants. Overall, 252 views (126 views in
examination 1 and 126 views in examination 2) were recorded.
One view (parasternal short axis view of student number 17,
“unguided”) could not be saved properly due to technical
difficulties. Therefore, no score was given for the quality of
this axis.

Performance scores (structure score, quality score) and time

The time was significantly lower in the Google Glass guided test
run (mean 40.1 s) than in the unguided test run (mean 47.7 s)
Table 2. Also, the overall performance (structure score and quality
score) was significantly higher in the Google Glass-guided test run
compared to “unguided” (<0.001) Table 3. Both test runs showed
minimal quality scores of 0%. It should be noted that the results of
the suprasternal long axis differed from the other views. Here, an
equivalent performance of the “unguided” test run compared to
“Google Glass guided” was shown, but without significance
(structure score 45.2% vs. 45.2% p= 1; quality score 42.9% vs.
33.%, p= 0.33; time 64.1s vs. 64.7s, p= 0.9), Figure 3.

Discussion

To the best of our knowledge, this is the first study investigating if
the performance of novices doing an echocardiographic exami-
nation on neonates can be improved through smart glass support
by a paediatric cardiologist.

In recent years, the impact of telemedicine has grown rapidly,
boosted by the restrictions of the COVID-19 pandemic. Especially
echocardiography seems to offer excellent conditions for tele-
medical implementation. There are two methods of transmitting
echo data: The “store and forward technology”4,6,7 and the “real
time transmission.” Using the so-called “Tele-Echocardiography”
via real-time transmission, an immediate diagnosis and influence
on the examination are possible. The first live transmission of
neonatal echocardiography via integrated services digital network
(ISDN) lines (digital network lines) was reported in 1996 by Fisher
et al.25 In a recent study, using desktop videoconferencing
computers for tele-echocardiography over ISDN lines, Sable
et al. were able to show that real-time transmission of
echocardiography in neonates could be cost-effective, improves
patient care, and enhance sonographer education.3 Especially,
unnecessary long transports might be avoided using tele-

Table 1. Performance scoring system

View
required
structures

point range to
be achieved
(structure
score)

Point range to
be achieved
(quality score)

Subcostal long axis LA, LV, RA,
RV

0-8 0-4

Apical four chamber
view

LA, LV, RA,
RV, IVS*

0-10 0-4

Parasternal short
axis

LA, RA, AV,
PA

0-8 0-4

Parasternal short
axis, ventricle plane

LV,
papillary
muscles

0-4 0-4

Parasternal long
axis

LA, LV, A,
CA, IVS**

0-10 0-4

Suprasternal long
axis

AA 0-2 0-4

LA= left atrium; LV= left ventricle; RA = right atrium; RV= right ventricle; IVS* =
interventricular septum vertical; IVS** = interventricular septum horizontal; AV= aortic valve
cross section; PA= pulmonary artery; CA= cardiac apex; A= Aorta/ left outflow tract;
AA= aortic arch; structure score - 0, 1 or 2 points were distributed for each structure; quality
score – 0, 1, 2, 3 or 4 points were given for the quality; a higher score indicated a better
imaging quality.

Figure 2. Google Glass V3 R 17.

Table 2. Time of test run “unguided” and “Google Glass guided”; mean (min;
max)

unguided n= 126 Google Glass guided n= 126 p-value

Time (s) 47.7 (6;90) 40.1 (8;90) 0.014

Table 3. Structure score and quality score of both test runs (“unguided” and
“Google glass guided”); mean (min;max)

Unguided
n= 126

Google Glass
guided n= 126 p-value

Structure score (%) 63.2 (0;100) 77.6 (0;100) < 0.001

Quality score (%) 47.2 (0;100) 58.7 (0;100) < 0.001
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echocardiography. This advantage could also be shown for the
ambulatory management of CHDs in a retrospective study from
Phillips et al.1 However, the results as to which method is
preferable differ. In a large study by Haley et al., there was no
significant difference in real-time transmission of echocardiogra-
phy and recorded echocardiography studies by the fourth year of
the study.7 Yet, they emphasised the advantage of direct guidance
of echocardiography using real-time transmission. Lewin et al.
concluded from their data that real-time transmission seems to be
superior to video recordings. There are numerous studies that were
able to show successful paediatric tele-echocardiography with
excellent quality images.4,5,8,26,27

However, none of these studies used virtual reality glasses. Due
to the possibility of “hands free controlling”Virtual Reality Glasses
have attracted interest also in the field of cardiac ultrasound.
Among the various providers, Google Glass is probably the most
frequently used device.10 In a prospective pilot study by Russell
et al., users were able to achieve adequate ultrasound images of the
parasternal long axis and to determine the ejection fraction of a
healthy adult patient using Google Glass guidance.6 This is
consistent with our findings. With a mean structure score of 77.6%
and a quality score of 58.7%, the “Google Glass guided” test run
showed a significantly better overall performance compared to the
“unguided” test run with a structure score of 63.2% and a quality
score of 47.2%, p< 0.001. Furthermore, the “Google Glass guided”
performance was faster, with a mean time of 40.1 s, compared to
“unguided” with a mean time of 47.7 s, p< 0.014.

The standard views showed different impact of Google Glass
guidance in comparison to the unguided examination. Especially
the suprasternal long axis showed better to equivalent performance

of the “unguided” test run compared to “Google Glass guided,” but
without significance (structure score 45.2% vs. 45.2% p= 1; quality
score 42.9% vs. 33%, p= 0.33; time 64.1s vs. 64.7s, p= 0.9). In
particular, the hand position of the study participant omitted the
view of the transducer for the cardiologist and thus guidance was
severely impeded. This influenced the performance of the
echocardiography, especially in the suprasternal long axis view.
Furthermore, the neonatal echocardiography simulator shows an
albeit small different localisation of the suprasternal long axis view
compared to real newborns and thus also could have influenced the
performance score for this axis.

We used the standardised neonatal echo-simulator
[“EchocomNeo, Echocom GmbH,” 22, 23, 24] for ethical reasons.
Likewise, the echocardiography simulator offers better compa-
rability of the ultrasound sequences (for example, various
ultrasound conditions in different patients concerning weight or
thorax shape). By using the principle echocardiographic standard
views, we were able to ensure complete visualisation of the
entire heart.

Our data show that Google Glass guidance by a specialised
paediatric cardiologist could optimise the performance of
echocardiography using a standardised neonatal echo-simulator
with structural normal cardiac anatomy.

Besides the overall advantages of telemedicine mentioned
above, there are some restrictions. An important restriction of tele-
echocardiography is the dependency on an appropriate data
transmission. In our study, we used a mobile 5GWiFi hotspot with
theoretical download speeds of up to 10 gigabits per seconds
(Gbit/s). This WiFi is currently not available everywhere and
therefore needs to be established. Furthermore, physicians must be

Figure 3. Bar charts of the performance scores and time: “unguided” (yellow) vs “Google Glass guided” (green); up left – time; up right – structure score; below – quality score.
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instructed in the use of telemedical devices. A great challenge for
clinical application will be the data protection regulations.
Informed consent is mandatory before recording them with
Google Glass, particularly if not using a password-protected,
encrypted network.28

Still, tele-echocardiography using Google Glass could poten-
tially help to optimise and centralise patient care and facilitates
interhospital communication.

Further studies are planned to analyse the impact of Google
Glass guidance on the diagnosis of CHDs on the neonatal echo-
simulator.

Limitations

There are several possible limitations that could affect our study.
First, the number of participants is small, limiting the statistical
analysis.With the pre-test-posttest study design, a training effect of
the participants cannot be ruled out with certainty. However, from
the authors’ point of view, this bias can be classified as very small,
as the participants had no previous experience in handling
echocardiography. In addition, the participants did not receive any
feedback on the correctness or evaluation of their examination 1.
From the authors’ point of view, this possible training effect is
therefore limited to the positioning and movement of the
ultrasound probe. Furthermore, the participants were instructed
to follow only the instructions of the paediatric cardiologist during
examination 2 and not to adjust axes independently. The echo-
simulator cannot exactly replace the examination of a real patient
but provides a more comparable study setting. The six standard
views were included in the structure score with different weighting.
Only the quality score had the same rating scale for all views (0%,
25%, 50%, 75%, and 100%). Furthermore, due to the restricted
assessable suprasternal long axis, the results of the performance
scores could be biased.

Conclusion

Google Glass guidance by a specialised paediatric cardiologist
could optimise the performance of echocardiography using a
standardised neonatal echo-simulator with structural normal
cardiac anatomy.

Consent

All procedures performed with human participants were in
accordance with the ethical standards of the institutional research
committee and with the 1964 Helsinki Declaration and its later
amendments (approval of the local ethic committee, application
number 542/21-ek). Informed consent was obtained from all
individual participants included in the study.
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