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Abstract
Advances in information and communication technology (ICT) are having an increasing impact on the practice of
ophthalmology. Successive generations of 4G networks have provided continued improvements in bandwidth and download
speeds. Fibre-optic networks were promised as the next step in the development of a faster and more reliable network. However,
due to considerable delays in their widespread implementation, original expectations have not been met. Currently, the new 5G
network is on the verge of widespread release and aims to offer previously unparalleled bandwidth, speed, reliability and access.
This review aims to highlight the potential profound impact near instantaneous communication (the 5G network) may have on
ophthalmology and the delivery of eyecare to the global population. Conversely, if the new network fails to deliver as intended,
the wireless network itself may become yet another obstacle to adopting next-generation technologies in eyecare.

Introduction

The current landscape of ophthalmology and medicine is
rapidly transforming as a direct result of exponential
advancements in information and communication technol-
ogy (ICT). One of the major advances in ICT over the last
two decades has been the development of broadband cel-
lular networks. The widespread roll out of 4G networks has,
with each successive generation, provided improved band-
width and download speeds. Fibre-optic networks were
promised as the next step in the development of a faster and
more reliable network. However, due to considerable delays
in the widespread implementation of these networks, ori-
ginal expectations have not been met. Currently, the new
5G network is on the verge of widespread release and
promises unparalleled bandwidth, speed, reliability and
access. If the 5G network delivers as promised, the potential
exists for an increased focus on the development of virtual
reality (VR), artificial intelligence (AI), teleophthalmology
and telesurgery. In order to reliably develop and success-
fully implement this new ICT within healthcare, a

substantially improved network than what is currently
available worldwide is required. If this does not occur, the
potential exists for the network itself to be a major barrier to
healthcare. This review aims to highlight the potential
profound impact near instantaneous communication (the 5G
network) may have on ophthalmology and the delivery and
adoption of next-generation technologies worldwide.

Main text

Overview of the current networks worldwide

Presently there are up to five main categories of networks
available worldwide: ADSL (asymmetric digital subscriber
line), wireless cellular, cable, fibre optic and less commonly
satellite [1, 2]. The ADSL is a type of broadband that allows
the transferring of data over existing copper telephone lines,
4G is a wireless broadband network, cable employs a
combination of fibre optic and coaxial cables for data
delivery and fibre optic delivers data via a cluster of fibre
optic cables [3, 4]. Literature from 2017 demonstrates South
Korea (KOR), Norway (NOR), Sweden (SWE), Hong Kong
(HKG) and Switzerland (CHE) had the top five average
connection speeds globally [5]. Interestingly, the report also
demonstrated that the United States of America (USA)
ranked 10th with 18.7 Mbps, the United Kingdom (UK)
placed 16th, Australia (AUS) was ranked 50th and China

* Gurfarmaan Singh
1996garrysingh@gmail.com

1 School of Medicine, University of Adelaide, Adelaide, SA,
Australia

12
34

56
78

90
()
;,:

12
34
56
78
90
();
,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s41433-021-01450-z&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41433-021-01450-z&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41433-021-01450-z&domain=pdf
http://orcid.org/0000-0001-6127-8434
http://orcid.org/0000-0001-6127-8434
http://orcid.org/0000-0001-6127-8434
http://orcid.org/0000-0001-6127-8434
http://orcid.org/0000-0001-6127-8434
mailto:1996garrysingh@gmail.com


(CHN) ranked 74th with an average speed of just 7.4 Mbps.
These statistics highlight the failure of current generation
networks to provide a uniformly fast and reliable service in
even some of the more economically developed countries.

In terms of access to the internet, there were ~4.5 billion
internet users in the world at the end of 2019, with Asia and
Europe having the greatest proportion of internet users
(50.3% and 15.9%, respectively) [6]. In 2016, 88% of people
aged 55–64 used the internet recently in the United King-
dom, this decreased slightly to 74% for those aged 65–74
and was 39% for those aged 75+ [7]. Similarly, in the
United States, 67% of those aged over 65+ used broadband
internet, with the highest usages in the 65–69 and 70–74
brackets (82% and 75%, respectively) [8]. In the Southern
hemisphere, an Australian study examining internet usage by
those over 50 found 82% of respondents had internet access
and 93% actively used the technology [9]. A report from
Opensignal found users in KOR, JPN, NOR, HKG and the
United States consistently had access to 4G 90% of the time
[10]. In comparison, Australian users had 4G access in 86%
of cases and UK users were able to access the 4G network
services 77% of the time. These statistics highlight a major
proportion of the world’s population has access to and is
comfortable using the internet. If the new 5G network is able
to deliver as promised, the integration of technologies to
assist in the eyecare of patients is promising.

What is 5G?

The 5G network is the fifth generation of wireless broad-
band networks, offering speeds and reliability that surpass
its 2G, 3G and 4G predecessors. 5G is based on the use of

an architectural structure incorporating the conventional
macrocellular network with an overlay of small cell net-
works [11]. As shown in Fig. 1, this allows users to connect
to two networks simultaneously. The dual connectivity
allows the macrocellular network to act as the control plane
and the small cells to act as the user plane. The control
plane is responsible for signalling between networks and the
user plane is assigned for data services (e.g. video streaming
or calls). The use of two separate (yet intercommunicating)
networks intends to create a higher performing network.

Peak data rates for the new 5G network have been
reported to be in the range of 5.8–10 Gbps, with Vodafone
UK reporting average speeds of 150–200Mbps [12, 13].
Theoretically, at peak rates, the new network will be at least
two orders of magnitude faster. According to Lifewire, in
order to stream 4K Ultra HD content on YouTube, a speed
of at least 15Mbps is needed to stream without interruptions
[14]. As the current generation network’s average speed in
many countries is below this requirement, more people are
forced to stream at lower resolutions. Though this difference
may be minor when watching video streams for entertain-
ment, the difference in resolution and latency is considerably
more important in medical applications, such as remote
surgery. While data on the minimum resolution requirements
for remote surgery are not available, the impact of resolution
on performance during endoscopic and laparoscopic proce-
dures is more well established. One study of 11 expert
laparoscopic surgeons reported a 2D/4K monitor resulted in
better surgical performance amongst participants compared
to a 2D/HD monitor. Furthermore, surgical performance
using 2D/4K monitor while operating in narrow spaces was
comparable to a 3D/HD monitor [15]. Another study

Fig. 1 A schematic
representation of the 5G
network. The control plane
represents the division of 5G
responsible for background
communication between
networks. The user plane
represents the networks
responsible for data services.
The user, macrocellular and
small cell nextworks all
intercommunicate (double-sided
arrows) and work in synergy.
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evaluating the impact of resolution on trans-spheroidal
pituitary surgery found that the 4K endoscope enhanced the
reliability of intraoperative judgement on the extent of
resection when compared with its HD counterpart, thereby
minimising unexpected residuals post-operatively [16].

Though the prospect of 5G is promising, there are some
challenges in its implementation. 5G is reliant on different
waveforms to its predecessors, many current devices are not
compatible and thus new compatible devices will need to be
purchased in order to experience the benefit of the new
network. In addition, the widespread distribution of the
population and the large geographics of nations will also
create challenges with regard to implementing adequate
infrastructure for the new 5G network. The importance of
addressing these infrastructural and coverage limitations is
paramount to allow the world population to entirely
experience the potential profound impact 5G may have on
ophthalmic care.

Wireless cellular networks, such as 5G have historically
been optimised for on-the-go connectivity, whereas the
other networks (e.g. cable, fibre optic) offer more stable
connectivity needed in permanent structures. Whilst the
new generation 5G offers unparalleled bandwidth and
wireless connectivity, the networks ability to offer reliable
connectivity indoors remains a challenge. The new 5G
operates at millimetre wave bands (24, 28, 37 and 39 GHz)
and mid-spectrum bands (2–3 GHz) in addition to 1–2-GHz
spectrum used by current generation wireless networks [17].
The most notable challenge with millimetre wave fre-
quencies is that they have difficulty penetrating dense
building structures or foliage. This is due to these wave
bands being of a shorter wavelength and thus unable to
propagate through high-density structures [18]. Telecom
providers are aiming to overcome the challenges of indoor
reliable connectivity through the use of small cells, with
providers aiming to increase the number of small cells by
900% from 2018 to 2026 [19]. The major benefit of mul-
tiple small cells compared to traditional large cells is con-
siderably less land space is required, overcoming the
challenges associated with acquiring land in high-density
metropolitan regions. Furthermore, the likely lower costs
and increased efficiency of establishing 5G makes the
wireless network preferred over dedicated fixed-line com-
munication for widespread use.

Demographics of the world population

According to the World Health Organisation, at least 2.2
billion people suffer from a vision impairment (best eye
presenting < 6/12) or blindness [20]. The World Bank
estimated ~45% of the world population was based in rural
areas [21]. This average is a direct result of countries, such
as Trinidad and Tobago, Burundi, Papua New Guinea and

Liechtenstein have at least 85% of their citizens inhabiting
rural areas [22]. Conversely, countries, such as AUS, UK
and USA having a predominantly urban population, with no
more than 40% of the citizens in these countries residing in
rural areas [23–25]. While literature is not available on the
rural vs urban distribution of ophthalmologists in countries,
such as the UK and USA, data from AUS and Africa does
suggest the majority of ophthalmologists are based in
capital cities [26, 27]. Assuming the same applies globally,
in its current state, the ability of those in rural or remote
areas to access specialised eyecare is limited by the dis-
tribution of readily available ophthalmic care. In addition,
non-urgent referrals to some ophthalmology departments
can result in prolonged wait times for outpatient visits and
elective surgery. Given the large geographic of the global
populous and the disproportional distribution of ophthalmic
workforce, instantaneous communication promised by 5G
may be key in improving the delivery of eyecare.

The potential of the 5G network

Virtual reality

VR technology has the potential to enhance eye healthcare
via a number of avenues, including improved patient
communication and education, and its incorporation into
ophthalmic surgical training. Language barriers may com-
promise the eye healthcare of many patients due to chal-
lenges in information communication. A more efficient
network carries with it the potential to further improve the
quality of translation services provided, particularly at
centres in less multicultural towns/cities. The proposed new
network offers the opportunity to increase both the number
of languages/dialects available for translation and quantity
of remote translators available from other geographical
regions (e.g. overseas). The VR technology can be used to
provide real-time translation services, while considerably
reducing the impact of lack of translator availability in
providing a high standard of healthcare. Furthermore, some
languages are heavily reliant on non-verbal cues and the
translator being able to “virtually” interact with a patient
face to face would likely help to improve communication.

Emerging evidence is demonstrating the utility of VR
technology as a patient education tool [28, 29]. The “image
intensive” nature of ophthalmic practice is highly suited to
this technology. In order to play a VR video at 240p (very
low equivalent TV resolution), a bandwidth of 25Mbps is
required, with an increase in required bandwidth to 1 Gbps
for the equivalent of 4K resolution (very high definition)
[30]. The current average bandwidth in many developed
countries is currently well below this [5, 12]. However, the
5G network makes the incorporation of VR into ophthalmic
practice a real possibility.

The potential impact of 5G telecommunication technology on ophthalmology



Presently, ophthalmology training programmes face
considerable challenges in ensuring all trainees receive a
consistent and uniform experience through the duration of
their training. Worldwide, the challenges associated with
ensuring a consistent trainee experience include an
unstructured curriculum, financial costs, human costs and
time constraints [31]. The widespread use of VR technology
to assist in trainee education may play a key role in
addressing some of the aforementioned barriers to surgical
training. In its current form, VR technology is available
through the use of simulators for trainee education. The
EYESI surgical simulation system has been used to develop
a training curriculum for phacoemulsification surgery and
the MicroVisTouch surgical simulator has been used to
simulate components of vitreoretinal surgery [32, 33].
Furthermore, the use of such technology as an objective
measure of a trainees ability is encouraging. A study from
Denmark reported a high correlation between performance
on the EYESI surgical simulator and real-life surgical per-
formance in cataract surgery [34]. Another study from
Germany reported the use of EYESI simulator as a warm-up
improved average performance during vitreoretinal surgery
and had a positive correlation with performance on the
simulator versus in theatre [35]. Though these results are
encouraging, the availability and cost of these simulators as
well as expert demonstrators have likely limited their
implementation worldwide.

The arrival of the 5G network holds the potential address
these barriers and improve the provision of VR education to
trainees. The high speeds and considerable increase in
bandwidth offered by the new 5G network create the pos-
sibility for the use of digitally assisted virtual surgery
(DAVS) e.g. NGENUITY by Alcon or Artevo 800 by Zeiss
in surgical education. DAVS systems compared to analogue
microscopes offer higher-performance magnification,
improved depth of field, operating at lower levels of illu-
mination, no use of chemical dyes for image enhancement
and better ergonomics for surgeons [36, 37]. Increasingly,
surgeons are finding features of DAVS that could not be
achieved on traditional microscopes, such as on-screen
integration with overlays of other intraoperative image
modalities, e.g. toric marking, endoscopic or intraoperative
optical coherence tomography (OCT) views and fluidics
parameters [38]. The viewing on a 4K display screen allows
the opportunity for not only the surgeon but also any trai-
nees in the room to view the same images simultaneously.
The streaming of these 4K feeds live to trainees in other
geographical regions would potentially allow for a means of
real-time surgical training. This 4K streaming technology
may also be greatly beneficial to overseas fellows as it
would assist in eliminating several challenges faced by
fellows in order to receive specialist training including
regulations, language differences and costs associated with

travel. Furthermore, implementation of DAVS may assist in
reducing the impact of limited availability of local surgeons
to make dedicated teaching trips to other geographical
locations. An additional benefit of DAVS is that it holds the
potential to allow retired surgeons no longer suited to sur-
gical work to act as dedicated educators in remote super-
vising roles and could allow instant access to expert advice
regarding more complex cases. The use of 5G for the
implementation of DAVS is exciting. The new network
could allow surgery occurring in tertiary/quaternary centres
to be live streamed to overseas trainees with full depth
perception and augmented overlays, offering a learning
experience comparable to that of being physically present
within the operating theatre.

The integration of VR in medicine demonstrates a great
deal of promise; there are however several factors requiring
consideration prior to its widespread implementation.
According to current reports, a bandwidth of 100Mbps is
required in order to live-stream sub-4K resolutions with full
immersion for more than 15 min without nausea [39]. This
speed requirement far exceeds what is available on the
current generation of networks; however, the new 5G net-
work carries with it the potential to address this major
barrier limiting the widespread implementation of VR. In
addition to inadequate bandwidth, a major limitation of the
VR technology is its design; devices tend to be bulky, have
cumbersome wiring and limited battery life [40]. Further-
more, the cost of VR simulators can exceed $170,000 AUD
and decreasing this cost will also assist in increased its
integration into ophthalmology [41]. The live streaming of
VR feeds over large distances also creates an issue of
confidentiality. Ensuring confidentiality regarding a
patient’s medical condition is one of the key underpinning
principles of medical practice. Encryption of transmissions
would greatly assist in reducing the risk of cyber hijacking,
it would also be important to convey this added risk to
patients participating in VR communication.

Artificial intelligence

AI is a generalised term used to describe a system that
displays properties of human intelligence [42]. Deep
learning refers to the inputting of a large amount of raw data
in multiple layers of representation, with each subsequent
input allowing the system to improve its ability to dis-
criminate between data and classify the information pre-
sented [42]. The implementation of AI into the clinical care
of patients presents an opportunity to significantly impact
the efficiency of workflow, whilst maintaining a high
standard of care. The large volumes of image-based data,
particularly in the medical retina subspecialty, are well-
suited to “AI training”. A Taiwanese study reported that the
sensitivity and specificity of a cloud-based AI utilising OCT
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for the detection and classification of aged-related macular
degeneration (AMD) was similar to experienced retinal
specialists [43]. This study also reported that the AI made
appropriate management recommendations [43]. Another
study from Germany, which trained the AI on 1.2 million
OCT images demonstrated over 95% sensitivity and spe-
cificity to detect exudative AMD [44]. Similar results have
been shown with the use of AI for the diagnosis of diabetic
retinopathy (DR) [45, 46]. Having near-instantaneous
communication with aforementioned trained networks can
herald an age of “instant” triaging where primary care
workers can upload high-resolution scans and receive
instant “specialist equivalent” triaging feedback. This will
significantly short-circuit the traditional referral pathway
and hopefully allow urgent cases to be accurately triaged
and referred.

AI is also conceivably a tool that could overcome lan-
guage barriers. Theoretically, an AI translator could
“speak” an indefinite number of languages facilitating
clinician–patient communication. Although limited data is
currently available, companies, such as Google and Baidu,
are showing great progress in this area and the arrival of
highly proficient AI translators may be on the horizon
[47, 48].

While AI technologies are available offline, it may not be
feasible (in terms of cost or technician availability) to place
all of the infrastructure necessary in smaller or more remote
centres. An efficient 5G network could allow for the use of
cloud-based technologies as discussed above and also allow
for instantaneous transmission of data required for AI ana-
lysis from smaller hospitals to larger centres with access to
AI infrastructure.

Teleophthalmology

In recent times, videoconferencing for ophthalmology
patients has been explored as a potential solution for the
challenges created by the urban-centric distribution of
ophthalmologists. The data available thus far does suggest
that teleophthalmology may be a viable method of patient
care, particularly for those in rural or remote areas. An audit
of 709 patients consulted through the use of tele-
ophthalmology by Lions Outback vision in AUS found they
were able to successfully diagnose 95% of patients [49].
Furthermore, teleophthalmology was able to provide access
to surgical interventions more efficiently. Over this 1-year
period, the use of teleophthalmology saved over 10 days of
outreach clinic, based solely on the 287 cataract patients
seen and managed [49]. This highlights the potential for
teleophthalmology programmes to not only reduce the
impact of geographic distribution on patient care but also to
reduce waiting times for elective surgery. A meta-analysis
from Canada reported that teleophthalmology was

equivocal to face-to-face consultations for detection of age-
related macular degeneration and DR [50]. This further
supports the use of teleophthalmology for the eyecare of
patients in the future. A teleophthalmology screening sys-
tem used for ophthalmic triaging in remote Brazil, reported
85% accuracy and a negative predictive value of ~97%
when compared to an onsite local ophthalmologist [51].
This study involved the use of a single mobile phone for
image and patient information collection. A similar system
could be deployed for those patients in more remote
regions.

The patient response to the use of teleophthalmology has
also been encouraging. A study of 109 patients who used
the service in rural Western AUS found 69.1% of patients
were “very satisfied” and 24.5% were “satisfied”, with no
patients reporting they were dissatisfied or worse [52]. The
study also found older patients felt they could easily explain
their medical issues over conferencing, the service was
time-saving and saved them significant costs that would be
associated with travelling to appointments. Similarly, a
Spanish study reported that ~94% of patients gave a score
of at least 8 out of 10 for general satisfaction when par-
taking in a teleophthalmology-based screening programme
for DR [53]. An American study assessing the patient-
perceived value of teleophthalmology in an urban, low-
income population with diabetes also found 87% of patients
were open to a teleophthalmology exam if it were recom-
mended by their primary care physician [54]. Another major
potential benefit of increased implementation of telehealth
is improved social and emotional well-being for rural
patients. This is likely due to a reduction in need for patients
to travel and subsequent sense of alienation they may
experience due to their isolation from family and local
community [55].

The arrival of the 5G network may create the potential
for the concurrent use of AI (e.g. automated OCT) with
teleophthalmology. Similarly, the concurrent use of tele-
ophthalmology with remote operated stereo slit lamps may
be a possibility. Nankavil et al. have demonstrated remote
operation of a slit lamp while acquiring high-resolution live
video to and from America, Canada and the Netherlands
[56]. A review of telehealth interventions found that image-
based triage was twice as effective in reducing the need for
appointments when compared with non-image-based [57].
This could have a profound impact on the efficiency of
workflow for ophthalmologists and considerably reduce the
cost of attending hospital or office-based appointments. The
use of teleophthalmology may also reduce the number of
missed appointments, reducing the resource wastage of
the already-strained public healthcare system. Tele-
ophthalmology could additionally be beneficial for metro-
politan patients with physical disabilities, the elderly and
those with busy schedules.

The potential impact of 5G telecommunication technology on ophthalmology



The Covid-19 pandemic has had a considerable impact
on ophthalmic practice and altered the landscape in which
eyecare is delivered worldwide. Due to government-
imposed social distancing restrictions, concerns regarding
patient and staff safety, there has been a surge in the use of
telehealth platforms to deliver healthcare [58].

Restrictions have extended to the point of complete
lockdowns in countries, such as China, Italy, France, UK
and India [59]. A survey of 1260 ophthalmologists in India
reported that 77.5% were using telemedicine in some
capacity to deliver eyecare [60]. The majority of specialists
used phone consultations, whilst ~10% employed video
calls. A survey of American neuro-ophthalmologists noted a
64.4% increase in telehealth video consults [61]. This sur-
vey identified ease of access, continuity and efficiency of
care as benefits and specifically highlighted the challenges
in the detection and management of conditions requiring
funduscopic examination as a barrier. In the UK, oculo-
plastics subspecialists reported video consultation software
was most notably helpful for follow-up and post-operative
patients [62]. They reported video quality was sufficient for
history-taking, external ocular examination and could be
supplemented by patients providing close-up pictures as
necessary. In addition, 62% of patients included in the study
preferred virtual consults over face-to-face due to better
safety and convenience. Teleophthalmology has also
demonstrated great promise in paediatric and strabismus
patients during the Covid-19 period [63].

Covid-19 has also created many challenges surrounding
medical education, with many students being withdrawn
from placements as a direct result of the pandemic. An
additional benefit of the increased implementation of tele-
medicine technologies in ophthalmology is medical student
education. The highly visual nature of ophthalmology lends
well to the delivery of virtual didactic lectures, online cases
and “attending” virtual consultations with patients [64].

The Covid-19 pandemic appears to have further accel-
erated the integration of telemedicine into ophthalmology.
While the data is limited, teleophthalmology is proving to a
viable alternative to face-to-face consultations. In the future,
there is a strong possibility video consultations will become
the norm and increasing bandwidth will be required to
support this shift towards virtual practice. Though in
building WiFi and fixed connections may be sufficient for
use by clinicians in hospitals, true teleophthalmology will
require a widespread wireless cellular network. If 5G deli-
vers as promised and barriers, such as the inability to carry
out funduscopic examinations can be overcome, tele-
ophthalmology will likely become a key aspect of practice
in the post-pandemic future.

A systematic review of barriers to the worldwide adop-
tion of telemedicine found cost, concerns regarding reim-
bursement, issues surrounding confidentiality, legal liability

and security of data were the most frequent barriers reported
by organisations [65]. This study also reported age, level of
education, computer literacy and bandwidth were some of
the more frequent barriers reported by patients. In relation to
the minimum bandwidth required to successfully carry out
telehealth consultations, speeds as low as 318–512 kbps
have been reported to be sufficient [66, 67]. Whilst the vast
majority of nations’ average internet speeds far exceed the
minimum speed requirements, the issue appears to stem
from an inability to maintain consistent bandwidth over an
extended period of time. In alignment with this, a UK-based
Whole System Demonstrator Action Network briefing paper
reported connectivity problems were severely restrictive for
the provision of seamless care using telehealth [68]. These
findings are also consistent with a telehealth study of 287
participants which revealed only 73.5% of patients were
satisfied with their internet connectivity for videoconferen-
cing for the 1-year duration of the trial [69]. Only eight
patients were unable to participate in the trial due to not
being able to connect to the internet and two withdrew due
to issues with repeatedly disconnecting. Similarly, another
paper from the UK stressed the importance of reliable
bandwidth in order to minimise loss of sound and/or picture
and ensure a high quality of healthcare is provided to
patients [70]. The new 5G network carries with it the
potential to address this issue of bandwidth reliability and
overcome a major barrier to the provision of tele-
ophthalmology to the global population, particularly those
in rural or remote regions.

The integration of telemedicine using 5G into eyecare is
very promising, however much like in the case of VR,
ensuring transmissions are heavily encrypted and secure
from cyber attacks is an additional major barrier for the
provision of improved eyecare to patients.

Telesurgery

The development of remote surgery technology in the future
holds the potential to not only revolutionise patient care of
those in rural and remote areas, but also improves access to
specialist teaching for trainees and general ophthalmologists
[71]. Currently, data on the incorporation of real-time tel-
ementoring in ophthalmology is limited. An early example
of its use involved the transmission of a live feed of an
endoscopic dacryocystorhinostomy with interactive ques-
tions and answers format from a hospital in Hawaii to the
Philippines [72]. Similarly, the use of real-time tele-
mentoring was demonstrated to be beneficial in the removal
of an orbital tumour, where an orbital specialist mentored a
general ophthalmologist over 200 miles away through the
procedure without incidence [73]. The potential benefit of
real-time telementoring has been demonstrated in Ortho-
paedic Surgery and General Surgery. A pilot study from
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Canada, used real-time telementoring by an orthopaedic
surgeon to guide four physicians through leg fasciotomies
on cadavers. The study concluded surgical telementoring
may enable physicians to safely perform two-incision leg
fasciotomy in remote environments [74]. Another study
from California reported telementoring for guidance of
surgical trainees through sleeve gastrectomy procedures
was a highly rated learning tool by both mentors and
mentees [75]. Recently a case report of two patients suc-
cessfully undergoing laparoscopic high-anterior and low-
anterior resections, respectively, using telementoring has
demonstrated the potential of the 5G network [76]. In both
cases a connection speed of at least 98Mbs was achieved
and both procedures reported a score greater than 9.5/10 for
image quality. In addition, verbal communication during
both procedures was rated 10/10. A German study reported
the 5G network achieved the minimum requirements for
data volume, rate and latency needed for video transmission
during telesurgery [77]. These studies highlight the poten-
tial that exists for the incorporation of telementoring into
ophthalmology for the training of future specialists and
guidance of generalists through procedures requiring
specialist input.

The dawn of the new 5G network has made the concept of
telesurgery for patients requiring surgery a realistic possibi-
lity in the next 10 years. The concept of telesurgery refers to
the use of a high-powered internet network and robotics in
order to conduct surgical procedures where the patient and
surgeon are not within the same hospital [78]. The major
limitation to the development of telesurgery thus far has been
the limitation in network speeds. The insufficient network
speeds result in increased and inconsistent latency times, this
results in a considerable delay in time between a surgeon’s
movement and the robotic arm’s replication of the action.
One experiment qualitatively reported an average latency of
10.4 ms was suitable to carry out the endonasal telesurgery
with a distance of 800 km between the robot and the surgeon
[79]. Another study evaluating the effect of latency on sur-
gical performance reported that surgical time, motion and
errors were directly proportional to latency [80]. These stu-
dies highlight the need for a reliable and high-speed network
in order for telesurgery to become a realistic option for
patient management. There is evidence that a latency of
≤200 ms optimises telesurgery in terms of difficulty, security,
precision and fluidity of manipulation [80]. This latency can
be achieved with current networks, but requires over 40
technicians to be present, a dedicated network and high-
speed fibre optic cables [78]. Additional benefits of robot-
assisted surgery include elimination of tremors, unprece-
dented levels of manoeuvrability and visualisation [81]. The
use of the Da Vinci Xi Surgical System has demonstrated
feasibility in penetrating keratoplasty. One study evaluated
12 procedures with robot assistance and reported an average

procedure duration of 43.9 min with no intraoperative
adverse events [82]. Remote surgery holds the potential to
considerably reduce the impact of geography, population and
specialist distribution on the ability to deliver quality eyecare
to patients. If the new 5G network delivers on ultrafast speed
and reliable connectivity, telesurgery could revolutionise
patient care. Telesurgery also presents an opportunity for
patients to make previously unseen choices in regard to
selecting their surgeons. Furthermore, telementoring could
be combined with telesurgery to offer an additional educa-
tional method for the education of trainees or foreign doctors
unable to be trained conventionally by specialists.

The concepts of remote surgery and telementoring are
hopeful solutions to address many of the major barriers to
the delivery of eyecare to patients. Prior to the widespread
implementation of these technologies, there are consider-
able ethical dilemmas and liability concerns that require
consideration. The practice of having sub-specialised oph-
thalmologists guiding general specialists through compli-
cated procedures digitally creates an issue of whether
ophthalmologists would be doing more harm than good.
During these procedures, a very realistic possibility exists
that the general ophthalmologist may have difficulty inter-
preting a mentor’s instructions or make an error, thereby a
complication may occur which they are not trained to
manage. Furthermore, in case of complications or poor
patient outcomes who would legally be responsible in this
situation would need to be clearly defined. Similarly, while
remote surgery could potentially revolutionise eyecare, if a
loss of signal was to occur and any subsequent complica-
tions ensued, clearly defining who would be liable out of the
hospital, surgeon or internet provider will be essential.

Conclusion

The dawn of the 5G network presents the opportunity for
the development and implementation of technologies that
hold the potential to address many of the current barriers for
the delivery of specialist eyecare to the global population.
These technologies are particularly suited to ophthalmic
practice. The technologies developed may play a key role in
addressing current challenges, including waiting times,
costs associated with care, cultural appropriateness, geo-
graphic population and specialist distribution. If the 5G
network delivers as promised, technologies including VR,
AI, teleophthalmology and telesurgery may be key assistive
components in the delivery of improved healthcare to the
global population.
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