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Abstract:

A 60-year-old woman was admitted to our hospital due to coronavirus disease 2019 (COVID-19) pneumo-
nia with a chief complaint of persistent low-grade fever and dry cough for two weeks. Thoracic computed to-
mography demonstrated a crazy paving pattern in the bilateral lower lobes. In a COVID-19 ward, we used a
novel wireless stethoscope with a telemedicine system and successfully recorded and shared the lung sounds
in real-time between the red and green zones. The fine crackles at the posterior right lower lung fields
changed from mid-to-late (day 1) to late inspiratory crackles (day 3), which disappeared at day 5 along with

an improvement in both the clinical symptoms and thoracic CT findings.
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Introduction

The year 2016 marks the 200th anniversary of the inven-
tion of the stethoscope by Dr. Réne Théophile Hyacinthe
Laennec (1). In the view of diagnostic accuracy, the stetho-
scope may not be as strong a tool as hoped for, especially
for trainees. However, we have recently developed a novel
stethoscope with a telemedicine system in collaboration with
JVC Kenwood (2-5), or Digital Global Systems, for disas-
ters, after the tsunami following the 2011 Great East Japan
earthquake in northeastern Japan. In this coronavirus pan-
demic, we found that the novel technological approach
could be successfully applied to the coronavirus disease
2019 (COVID-19) ward.

Case Report

A 60-year-old woman was referred to our isolated emer-
gency room for suspected COVID-19. She had a 2-week
history of dry cough after having a transient high fever of

38C. Right upper lobectomy for lung cancer had been car-
ried out 26 years previously. Her vital signs were normal
except for low grade fever of 37.2°C, tachycardia 106 beats
per minute, and tachypnea of 24 breaths per minute. Tho-
racic computed tomography (CT) revealed a subpleural re-
ticular shadow with ground glass opacities, indicating a
crazy paving pattern in the bilateral lower lobes, predomi-
nantly seen at the base of the right lung (Fig. 1A, B).

After admission to the COVID-19 ward, we tried record-
ing the sequential changes in lung sounds, in a seated posi-
tion, from the posterior right lower lung fields with relaxed
respiration. We used the novel wireless stethoscope, manu-
factured by Digital Global Systems company (Japan) to re-
cord the lung sounds directly by connecting systems be-
tween a wireless receiver and a cellular phone (Fig. 2, red
zone). It can also transfer and share the sounds by telemedi-
cine using 3 G/4 G or Wi-Fi to an outside area such as
green zones and/or other distant areas through a cloud sys-
tem (Fig. 2, green zone) (6).

Physicians with personal protective equipment (PPE) ap-
plied the wireless stethoscope (Fig. 3A) over the patient’s
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Figure 1. Sequential changes of thoracic CT. Thoracic CT taken on admission demonstrated GGO
with superimposed interlobular and intralobular septal thickening, also called a ‘“‘crazy-paving pat-
tern” in both lower lung lobes predominantly on the right side (A, B), which had almost completely
disappeared by the day of discharge (C, D).
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Figure 2. Telemedicine system for real time auscultation and record the lung sounds. Physicians
can record and share the lung sounds at a time via the route; 1) wireless stethoscope—2) receiver/
cellular phone—3) from the red zone to green zone via 3 G/4 G or Wi-Fi—4) cloud server—5) auscul-
tate and record the lung sounds at a real time in green zone or distant area outside the hospital via a
cloud system.
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Figure 3. Auscultation method with a novel device. Physi-
cians with PPE apply the wireless stethoscope over the patient’s
lungs (A), with lung sounds being automatically transferred to
the receiver and recorded in an app in the cellular phone (B).
Both the receiver and the cellular phone are usually wrapped
in plastic. The lung sounds are simultaneously transferred to a
cloud server as well and can be shared in real time with the
medical staff in the green zone using a cellular phone or tablet-
type device.

lungs. The lung sounds were automatically transferred via a
wireless receiver to a cellular phone on the table (Fig. 3B)
by the bed side and recorded in an application on the cellu-
lar phone. Importantly, the recorded lung sounds were also
transferred, via a telemedicine system (Fig. 2), from the red
zone (i.e., depressurized rooms) to the green zones, where
nurses or other physicians could hear them in real time us-
ing a cellular phone or tablet-type device (Fig. 3C).

To minimize the risk of contact transmission, we wrapped
the wireless receiver and cellular phone (Fig. 3B) with plas-
tic.

On admission (day 1), physical examination indicated
mid-to-late inspiratory crackles (fine crackles) mainly con-
sisting of high-pitched sounds (higher than 500 Hz) at the
posterior right lower lung fields (supplementary material 1-
3: day 1 original sound and frequency based data of lower
or higher than 500 Hz. https://www.dgs-j.com/download/).
The respiratory  syndrome-coronavirus 2
(SARS-CoV-2) polymerase chain reaction (PCR) examina-
tion done from a nasopharyngeal specimen was positive.

severe acute

She was thus diagnosed with COVID-19 pneumonia at the
day of admission and was thereafter treated with supportive
care. On day 3, subtle fine crackles with high pitched
sounds (mainly higher than 500 Hz) were noted only at the
late inspiratory phase and the duration of the individual
crackles became shorter (supplementary material 4-6: day 3
original sound and frequency based data of lower or larger
than 500 Hz, https://www.dgs-j.com/download/), which dis-
appeared by day 5 (supplementary material 7: day 5 original
sound: https://www.dgs-j.com/download/) along with the im-
provement of the lung lesions and other clinical symptoms
(Fig. 1C, D).

She was discharged uneventfully at day 12 after confirm-
ing two consecutive negative results for the nasopharyngeal
SARS-CoV-2 PCR test.

Discussion

We successfully recorded and evaluated the lung sounds
of COVID-19 by a novel wireless stethoscope with its cloud
system during the clinical course, which demonstrated the
healing process of COVID-19 pneumonia along with the im-
provement of the clinical symptoms and heart-resolution
computed tomography (HRCT) findings. This was character-
ized by the change of the timing of inspiratory crackles
from “mid to late” to “late” inspiratory crackles with rela-
tively high-pitched sounds higher than 500 Hz through the
phase (both day 1 and day 3). Indeed, Piirila et al. (7) re-
ported that the beginning of crackles in community acquired
pneumonia had shifted in comparison to the initial phase
(average 6 days after the onset of pneumonia) and the later
phase (2 or 4 days later). Although the lung sounds of
COVID-19 pneumonia have not been previously described
elsewhere, severe cases under mechanical ventilation occa-
sionally have coarse crackles at their acute exaggerated res-
piratory phase, while most cases with mild to moderate
COVID-19 pneumonia usually seem to have subtle fine
crackles or no adventitious sounds through the phase. In this
regard, this is the first report of mild COVID-19 pneumonia,
describing the representative sequential lung auscultation un-
der PPE conditions.

Regarding the HRCT findings, Pan et al. (8) reported that
the pathognomonic radiological findings were classified into
four patterns based on the time from initial onset, such as
ground glass opacities (GGO) at stage 1 (0-4 days), a crazy-
paving appearance at stage 2 (5-8 days), consolidation at
stage 3 (9-13 days), and gradual resolution of consolidation
at stage 4 (14 days after). Although the initial onset of the
COVID-19 pneumonia in this case was precisely unknown,
the presence of a crazing paving pattern at the initial visit
seemed to correspond to stage 2.

COVID-19 pneumonia lacks data regarding lung sounds;
however, this case demonstrated that careful auscultation
specifically focused on the involved area on thoracic CT re-
flected the disease status. In this perspective, even with PPE,
the accumulation of sequential lung sounds of COVID-19

3215



Intern Med 59: 3213-3216, 2020 DOI: 10.2169/internalmedicine.5565-20

pneumonia using a wireless stethoscope is considered to be
useful for characterizing the disease in future studies.

The authors state that they have no Conflict of Interest (COI).

Acknowledgement
We are grateful to the Mr. Toshiaki Nishiyama for his contri-
bution to use the novel telemedicine system.

References

1. Minami T, Minami A, Manzoor K, Saraya T. Modern technology
in respiratory medicine: lung ultrasonography-is it time for the
stethoscope to give up its throne? Pulm Res Respir Med Open J 3:
55-56, 2016.

2. Tasaka S, Saraya T. Consistency of interpretation of lung sounds

Answer found in a blowing sound: amphoric breathing due to cyst
formation in pulmonary adenocarcinoma. Intern Med 58: 423-425,
2019.

4. Saraya T, Nunokawa H, Sada M, Takizawa H. Critical pitfall: an-

other cause of wheezing. BMJ Case Rep 2017: 2017.

. Shirai T, Saraya T, Oda M, Takizawa H. Memory of World War II

with loud atypical friction rub due to pulmonary asbestosis. BMJ
Case Rep 2017: 2017.

. Inc DGS [Internet]. [cited 2020 Apr 1]. Available from: https://ww

w.dgs-j.com/

. Piirila P. Changes in crackle characteristics during the clinical

course of pneumonia. Chest 102: 176-183, 1992.

. Pan F, Ye T, Sun P, et al. Time course of lung changes at chest

CT during recovery from coronavirus disease 2019 (COVID-19).
Radiology 295: 715-721, 2020.

The Internal Medicine is an Open Access journal distributed under the Creative

between experienced physicians and automatic analysis using a
newly developed algorithm based on the acoustic characteristics.

Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. To
view the details of this license, please visit (https://creativecommons.org/licenses/
by-nc-nd/4.0/).

Pulm Res Respir Med Open J SE: S8-S11, 2016.
3. Saraya T, Fujiwara M, Mikura S, Fukuda N, Ishii H, Takizawa H.

© 2020 The Japanese Society of Internal Medicine
Intern Med 59: 3213-3216, 2020

3216



