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1. Doctor-to-doctor remote diagnosis

A remote diagnosis means that a doctor provides medical 
care to a distant patient via the Internet. This is expected 
to remedy regional differences in the quality of medical 
care and to provide high-level medical care to patients 
on isolated islands and in remote areas. In addition to 
conventional remote diagnostic imaging and remote 
pathological diagnosis, new types of remote care such as 
remote surgical support and remote intensive care, which 
can be called "urban medicine delivered remotely", have 
emerged in recent years. The demand for online medical 
care is also increasing because of COVID-19. In Japan, 
online medical care was clearly defined by the revision 
of "Guidelines for Proper Implementation of Online 
Medical Care" in July 2019 (1). In addition, medical 
fees were revised this year (2), and the case where a 
doctor in a remote location provides medical treatment 
using an information communication device under some 

conditions will be counted as a medical fee.
 There are two major formats for telemedicine, 
"Doctor-to-Doctor-to-Patient" and "Doctor-to-Patient 
with Doctor". The first doctor is a specialist who has 
richer knowledge and clinical experience but works at 
the hospital located away from the attending physician 
and the patient. The second doctor is the patient's 
attending physician who can actually contact the patient. 
The major difference between the two methods is the 
way in which a specialist is involved. In the "Doctor-
to-Doctor-to-Patient" format, the attending physician 
and the specialist exchange information based on 
information obtained from the patient by the attending 
physician, and the attending physician conducts a 
formal examination and makes a diagnosis based on 
the advice of the specialist. In contrast, in the "Doctor-
to-Patient with Doctor" format, the specialist examines 
and diagnoses the patient with support and information 
shared by the attending physician near the patient. The 
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Fifth Generation (5G) mobile communications technology became available in Japan as of the end of 
March 2020. The Ministry of Internal Affairs and Communications (MIC) is proceeding with a plan 
to use 5G for a doctor-to-doctor remote diagnosis system. This remote diagnosis offers patients the 
benefit of receiving advanced medical care without having to travel long distances. The provision of a 
remote diagnosis will provide elderly patients in rural areas with an earlier diagnosis without burdening 
patients in Japan where the aging population and the uneven distribution of doctors are increasing. 
However, the system will increase the burden on specialists by expanding the doctor's catchment 
area. As a solution to that problem, deep learning-based artificial intelligence (AI) is expected to 
reduce the burden on doctors. In order to realize 5G- and AI-based real-time diagnostic support, 
diagnostic imaging using AI and an AI model that provides instructions are required. This is because 
ultrasonography and endoscopy, which can be used for remote diagnosis, do not acquire data on fixed 
areas like a CT or MRI scan. The AI model needs to instruct the doctor at the patient's home in order to 
collect appropriate information in accordance with the patient's symptoms and status. In order to build 
an interactive AI model, the interactions between doctors who are making a remote diagnosis should 
be recorded as training data and a 5G-based remote diagnosis system should be created. A remote 
diagnostic support system incorporating 5G and interactive diagnostic imaging incorporating AI will 
result in a system that places less of a burden on patients and doctors.
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attending physician conducts examinations using testing 
equipment while receiving specialized knowledge and 
technical guidance from the specialist.

2. The 5G era: Opportunities for doctor-to-doctor 
remote diagnosis

In Japan, 5th Generation (5G) mobile communications 
t e c h n o l o g y  b e c a m e  a v a i l a b l e  f r o m  J a p a n ' s 
telecommunications carriers, DoCoMo, au, and 
SoftBank as of the end of March 2020 (3-5). In 
conjunction with this, the Ministry of Internal Affairs 
and Communications (MIC) is proceeding with a 
plan to use 5G for telemedicine (6). 5G is a new 
generation of mobile communications and has a 
higher communication speed than the conventional 4th 
Generation. The main impact of 5G is the improvement 
in Internet speed. The maximum downstream speed is 
about 3.4 Gbps and the maximum upstream speed is 
about 182 Mbps (3), enabling real-time transmission 
of 4K and high-quality video. This facilitates Doctor-
to-Doctor with Patient remote diagnosis, whereby 
a specialist diagnoses the patient with the attending 
physician while watching video of the examination 
performed at the patient's home in real time. This 
remote diagnostic support gives patients the benefit 
of receiving advanced medical care without having 
to travel long distances. The provision of remote 
diagnostic support will provide elderly patients in 
rural areas with an earlier diagnosis without burdening 

patients in Japan where the aging population and the 
uneven distribution of doctors are increasing. 
 5G is expected to allow real-time remote diagnosis via 
high-quality video. However, there is no great advantage 
in using it in hospitals that can use optical communications 
because 5G is for mobile communications. 5G is effective 
when video or data needs to be communicated in real 
time from a place other than a hospital. Situations 
involving 5G and its advantages and requirements are 
summarized in Table 1. The mobility of equipment 
for each examination used in remote diagnosis is 
summarized in Table 2. Table 1 shows communication 
between hospitals does not require 5G if there are 
existing wired connections. In contrast, 5G is highly 
useful when making a remote diagnosis at a patient's 
home, and especially when making a diagnosis based on 
imaging such as ultrasonography or endoscopy. Aging 
of the population is progressing and the number of 
doctors is unevenly distributed in Japan. Here, remote 
diagnostic support will make it easier for elderly people 
living in areas far away from hospitals with specialists 
to receive a diagnosis. In addition, in the new era of 
COVID-19, the elderly - who are highly susceptible 
– can benefit from remote diagnostic support without 
crowding into hospitals. Preparations for such a remote 
diagnosis system are underway. In China, patients 
with COVID-19 underwent ultrasonography using 
a 5G-based robot-assisted remote ultrasound system 
between temporary hospitals and specialists at a 
hospital 700 km away (7).
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Table 1. Comparison of whether 5th Generation (5G) mobile technology is required to facilitate real-time remote diagnosis 
between two points

Site of diagnosis

Hospital

Hospital

Hospital

Site of examination

Hospital

Ambulance

Patient's home

    Advantages of using 5G

                   None

Real-time remote diagnosis can 
be provided by an emergency 
specialist

Real-time remote diagnosis 
can be provided regardless of 
location or region.

                    Necessity of 5G

× It is not necessary if an optical 
communications network is available at 
both hospitals.

○  It is necessary because conventional 
mobile communications cannot handle 
high-quality video in real time.

Δ  It is not necessary if the patient's home 
has an optical communications network.

Types of examinations available

Ultrasonography, Endoscopy, 
Skin examination, MRI, CT 
Scan, X-Ray

Ultrasonography, Endoscopy, 
Skin examination

Ultrasonography, Endoscopy, 
Skin examination

Location

Table 2. Comparison of the mobility of equipment for type of examination used in remote diagnosis

Type of examination 

Ultrasonography
Endoscopy
Skin examination
MRI
CT Scan
X-Ray

Need to be performed
in real time

○
○
×
×
×
×

Mobility

○  Mobile examination equipment is being developed.
○  Mobile examination equipment is being developed.
○  Examination is possible if using a camera and a PC.
Δ  Examination is possible if there is a vehicle equipped with the equipment.
Δ  Examination is possible if there is a vehicle equipped with the equipment.
Δ  Examination is possible if there is a vehicle equipped with the equipment.

Type of data

Video
Video
Multiple images
Multiple images
Multiple images
Multiple images
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(10-12). This is effective when combined with 5G-based 
remote diagnosis, which mainly uses diagnostic imaging. 
Figure 1 shows an overview of a 5G-based remote 
diagnosis system in which a specialist and an attending 
physician are supported by deep learning. Deep learning 
replaces the diagnosis conventionally performed by a 
specialist, and the specialist performs a final check after 
the remote diagnosis is made. This reduces the burden 
on specialists. Because the obtained images can be 
saved, the images that deep learning has used to make a 
diagnosis can be checked again. Not only can the burden 
on the doctor be reduced, but the patient's waiting time 
can also be greatly shortened through the convenient 
application of remote diagnosis. 
 However, it is difficult to realize 5G-based artificial 
intelligence (AI) remote diagnosis support by combining 
the current technologies. There are two reasons. The first 
is the types of images that are mainly obtained using 
ultrasonography or endoscopy in remote diagnosis, but 
well-calibrated deep learning applications in medicine 
involve CT and MRI. Ultrasonography and endoscopy 
do not acquire data on fixed areas like a CT or MRI scan, 
the angle and position of imaging change depending 
on the state of the operator and the patient. This means 
that more varied images are expected to be obtained, 
and more training data are required to construct a 
highly accurate AI model. The second reason is that the 
specialist not only makes a diagnosis based on images 
but also gives additional instructions to the operator 
depending on examination results and the patient's 
condition obtained in remote diagnosis. Similarly, AI 
needs to make a diagnosis based on the received video 
and to give instructions to the operator who lacks 
specialized knowledge in 5G-based AI remote diagnosis. 
Little research has been conducted in this area, while 
diagnostic imaging is currently being studied in multiple 
areas of medicine. In order to provide a remote diagnosis 
incorporating AI in the future, instructions given to the 
operator depending on the patient's condition should be 
recorded and collected as learning data.
 Finally, the potential of introducing AI into a remote 
diagnosis is expected to be used not only for diagnosis 
but also for matching specialists and patients. As 
5G-based remote diagnosis removes the distance between 

3. 5G era: Challenges for doctor-to-doctor remote 
diagnosis

Remote diagnosis is likely to benefit the elderly, 
especially those living in rural areas, but it is likely 
to increase the burden on doctors. Remote diagnosis 
requires at least two doctors: an attending physician 
who visits the patient's home directly and a specialist 
who diagnoses the disease and instructs the attending 
physician. Although the area covered by the attending 
physician remains the same, remote diagnosis will force 
a specialist to spend more time diagnosing patients 
who live in a wider area in addition to his/her current 
patients. 
 On the other hands, one of the challenges is securing 
specialists can realize the remote diagnosis service using 
5G communications technology. By providing remote 
diagnostic support, mid-sized hospitals are predicted 
to see patients from an even larger area. However, the 
number of specialists is limited, and the number of 
patients per specialist will increase. In other words, 
remote diagnostic support will decrease the burden 
on elderly in rural areas and increase the burden on 
doctors. Faced with this challenge, deep learning is 
expected to be widely used as a technology to reduce 
the burden on doctors. In recent years, deep learning 
has performed well in image recognition. Many deep 
learning applications involving CT (8) or MRI (9) scans 
have been proposed, resulting in highly accurate image 
interpretation. In addition, deep learning applications 
using ultrasonography and endoscopy image are also 
being studied. CT and MRI scans cannot be performed at 
the patient's home, but ultrasonography and endoscopy 
can be performed using mobile devices. By combining 
these mobile devices with 5G communications 
technology and deep learning, real-time simple remote 
diagnostic support can be provided without the actual 
contact between a specialist and the patient.

4. Prospects: Realizing 5G- and AI-based doctor-to-
doctor remote diagnosis

Deep learning has been studied for various applications 
in medicine, though the main one is image recognition 

Figure 1. An overview of a 5G-based remote diagnosis system using AI. 5G, 5th Generation; AI, artificial intelligence.
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patients and specialists, patients will have more choices. 
At that time, AI could also be used to find the specialist 
suitable for the patient's symptoms and condition.
 In conclusion, 5G communications technology allows 
a specialist to make a diagnosis remotely in real time 
using images from examinations such as ultrasonography 
and endoscopy. This will reduce the burden of travel for 
patients and make it easier for people in the suburbs and 
the elderly to receive an expert diagnosis. The obstacles 
posted by distance have disappeared, but specialists must 
oversee more patients, and the burden on specialists may 
increase. Remote diagnostic support using AI is expected 
to be a solution to this problem. Real-time diagnosis 
using AI enables an examination in accordance with the 
patient's schedule. In addition, video can be saved so a 
specialist can check the examination results later.
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