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Abstract  Diabetic  retinopathy  (DR)  is the leading  cause  of  legal  blindness  in the  United  States.

Considering  the  increasing  incidence  of  DR,  it  is  extremely  important  to  detect  the  most  cost-

effective  tools for  DR  screening,  so  as  to  manage  this  surge  in demand  and  the socioeconomic

burden it  places  on the  health  care  system.  Despite  the  advances  in  retinal  imaging,  analysis

techniques are  still  superseded  by  expert  ophthalmologist  interpretation.  Teleophthalmology

presents an  immense  opportunity,  with  high  rates  of  sensitivity  and  specificity,  to  manage  the

steadily increasing  demand  for  eye  care  of  patients  with  diabetes,  but  challenges  remain  in the

delivery of  practical,  viable,  and clinically  proven  solutions.

© 2020  Spanish  General  Council  of  Optometry.  Published  by  Elsevier  España,  S.L.U.  This  is  an

open access  article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
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Rol  de la tele-oftalmología  en  el  cribado  de la  retinopatía  diabética

RESUMEN  La  retinopatía  diabética  (RD)  es  la  causa  principal  de ceguera  legal  en  los  Esta-

dos Unidos.  Teniendo  en  cuenta  la  creciente  incidencia  de RD,  es  extremadamente  importante

detectar  las  herramientas  más  económicas  para  su cribado,  para  poder  gestionar  esta  demanda

creciente,  así  como  la  carga  socioeconómica  que  supone  para  el sistema  sanitario.  A  pesar

de los avances  en  términos  de imagen  retiniana,  las técnicas  de análisis  siguen  siendo  reem-

plazadas por  la  interpretación  de los oftalmólogos  expertos.  La tele-oftalmología  se  presenta
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como  una gran  oportunidad,  con  altas  tasas  de  sensibilidad  y  especificidad,  para  gestionar  el

aumento  constante  de  la  atención  ocular  en  los  pacientes  diabéticos,  aunque  la  aportación  de

soluciones  clínicamente  probadas  sigue  suponiendo  un reto.

©  2020  Spanish  General  Council  of  Optometry.  Publicado  por  Elsevier  España, S.L.U.  Este  es  un

art́ıculo Open  Access  bajo  la  licencia  CC  BY-NC-ND  (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Introduction

According  to  the American  Telemedicine  Association,
Telemedicine  is  defined  as  the ‘‘the use  of  medical  infor-
mation  exchanged  from  one site  to  another  via  electronic
communications  to  improve  a  patient’s  health  status’’.1

Due  to  the  increasing  needs  for  more  accessible,  financially
affordable  and  effective  health-care  services,  telemedicine
has  emerged  as  an alternative  method  for  the  assessment  of
specialized  evidence-based  approach,  which  can  be  offered
in  a  cost-effective  manner  especially  in underserved  and
remote  populations.  Taking  into  account  that  the estimated
number  of diabetics  projected  to  reach  642  million  by  the
year  2040,2 the incidence  of ocular  complications  secondary
to  diabetes  is  also  expected  to  increase  substantially.  His-
torically,  current  screening  strategies  for  detecting  diabetic
retinopathy  (DR) have  poor  compliance,  but  technologi-
cal  development  can  enhance  access  to  care.  Establishing
mechanisms  to  overcome  geographic  and  financial  barriers
to  access  is  vital  for preventing  visual  disability.3 The  bur-
den  of  implying  immediate  and  cost-effective  screening  for
patients  with  diabetic  retinopathy  (DR)  via  distant  imag-
ing  of  the  retina  has  become  one  of  the most  widely  used
applications  of  telemedicine  in Ophthalmology.4

The concept of teleophthalmology for the
screening and  management  of patients with
diabetic retinopathy

DR  consists  a leading  cause  of  blindness  all over the
world,  especially  in the working-age  population  of devel-
oped  countries.2 It  must  be  underlined  though  that  early
detection  and  timely  intervention  can  contribute  in  pre-
venting  the  diabetes-related  ocular  complications.5 Lifelong
routine  retinal  evaluation  in combination  with  appropriate
treatment  have  reduced  the risk  of  severe  loss  of  vision  to
less  than  2%  per  person  and  4% per  eye.  Typically,  the  retinal
evaluation  of  eyes with  DR  is  based  on  an in-person  assess-
ment  with  an eye  care  specialist  and  fundoscopy  through
dilated  pupils.  The  purpose  of  the  examination  is  to  assess
the  severity  of  DR  by  detecting  retinal  lesions  and provide
clinicians  adequate  information  in  order  to decide  about  the
required  therapeutic  interventions  and  organize  an appro-
priate  follow-up.  As can  be  inferred,  due  to  the  immense
increase  of the  global  number  of  patients  with  diabetes
mellitus,  the time  investment  needed  from  every  ophthal-
mologist  (in order  to  evaluate  all  diabetics  at  least  once
annually)  will  also  rise  exponentially  over  the next few

years.6 Therefore,  it appears  that  the  concept  of in-person
examinations  is  neither  practical  nor  sustainable  in  the
settings  of  modern  health  care.  Even  if government  and  non-
governmental  agencies  provide  increased  support,  a  large
proportion  of  patients  with  DR  will not  receive  the recom-
mended  minimum  of  an annual  eye  examination.7,8 A wide
spectrum  of psychological,  social,  medical  and  financial
parameters  (need for pupil  dilation,  patient’s  age,  edu-
cational  status,  health  insurance  coverage,  transportation
costs,  poor  patient  awareness,  and limited  access  to eye
care  services)  can  affect  the effective  implementation  of
recommended  screening  guidelines.7---12 Interestingly,  even
in  urban  areas  with  easier  access  to specialized  eye  care,
the  annual  DR  screening  appointments  can  be  missed  due  to
the  lack  of  awareness,  the struggle  in booking  appointments
and  the long  waiting  times.10,13,14 The  difficulty  of adherence
to  the recommended  annual  retinal  assessment  of  diabet-
ics  has  been  recorded  in all  socio-economic  levels.9 The
importance  of  routine retinal  evaluations  to  identify  eyes
at risk  for  visual  loss  was  recognized  by  eye  care  providers
approximately  40  years  ago.  Nowadays,  the  diabetes-related
visual  loss  affects  significant  rates  of the population  caus-
ing continuous  strain  at the health  care  systems.  Although
the  traditional  in-person  strategy  remains  essential  it  may
not  be enough  to  meet  the minimum  standards  for  prevent-
ing  visual  loss.  Therefore,  the needs  of  modern  health  care
call  for  an immediate  modification  in the overall  approach
of  DR  evaluation  and  for this  reason  the  health  systems
have  started  using  tele-ophthalmology  to  address  this issue.4

Several  studies  from  different  countries  have  indicated
that  the implementation  and use  of telematic  screening
can  be successful  from  patient,  caregiver,  and  authorities’
point  of  view.15---20 Characteristically,  Park  and  Mansberger
reported  the results  of  a multicenter  randomized  clini-
cal  trial that  compared  the effectiveness  of  telemedicine
with  non-mydriatic  cameras  to  the  traditional  care  by  eye
care  providers.  They  underlined  that  telemedicine  with  non-
mydriatic  cameras  detected  diabetic  retinopathy,  as  well  as
other  visually  significant  eye  disease,  such  as  glaucoma  or
vascular  occlusions.21

Remote  retinal imaging:  accuracy  and
reliability

Tele-ophthalmology  programs  have  facilitated  the  identifi-
cation  of  DR  cases  by utilizing  digital  retinal  imaging22,23

[Fig.  1]. Several  studies  have  shown  that  the sen-
sitivity  (62.5%---98.2%)  and  specificity  (76.6%---98.7%)  of
tele-ophthalmology  in  diagnosing  DR  are comparable  to
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Fig.  1 Algorithm  for  the  screening  of  diabetic  retinopathy.

those  of  the  traditional  clinical  examinations.24,25 Boucher
et  al.9 studied  291  cases  of  diabetic  patients  who  underwent
DR  screening  using a  non-mydriatic  camera  and  clini-
cal  examination  (complete  ophthalmological  examination
and  dilated  fundoscopy)  in a community-based  population.
The  fundus  photographs  were  transmitted  to  the hospital
server  through  the  File  Transfer  Protocol  (FTP),  in  order
to  be  assessed;  quality  analysis was  done  at the  hospi-
tal  reading  center.  Of  the 291 study  participants,  81.7%
had  fundus  photographs  of adequate  quality  for  interpre-
tation.  Additionally,  the image  quality  was  similar  to  their
previous  studies.26,27 The  use  of  non-mydriatic  fundus  imag-
ing  facilitated  screening  thresholds  for  referrals  of mild
non-proliferative  DR  (NPDR)  and moderate  NPDR  with  a sen-
sitivity  of  97.1%  and  53.3%,  respectively,  and specificity  of
95.5%  and  96.9%,  respectively.  Individuals  with  severe  NPDR
were  accurately  detected  100%  of the time  using  a  screening
threshold  of mild  retinopathy.  Consequently,  telemedicine
provided  a  reliable  and  highly  acceptable  tool  for  DR  screen-
ing,  as  it  can  attract  an  important  number  of  individuals
with  diabetes  and recruit  patients  that  could  be  otherwise
missed  by  the current  strategies  of screening.  A relevant
study  by  Perrier  et al.27 compared  two,  three,  and  four
45-degree  non-mydriatic  fundus  imaging  with  the ETDRS9

standard  stereoscopic  30-degree  fields.  In  comparison  with
the  ETDRS  standard  fields,  they  found that  using two  45-
degree  non-mydriatic  images  sensitivity  and  specificity  of
screening  for  mild  or  severe  DR  (ETDRS  grade  35  or  greater)
were  87.5%  and 92.3%,  respectively.  On the  other  hand,  using
3  and  four  non-mydriatic  images  provided  corresponding  val-
ues  of 88.9%  and  94.6%,  and  88.9%  and  91.9%,  respectively.

Liesenfeld  et  al.25 compared  the  results  of  DR  evaluation
of  129  cases  by  2-field  50-degree  non-stereo  digital  fundus
images  and  by  slit-lamp  fundoscopy  carried  out  by  an oph-
thalmologist.  The  sensitivity  of  detecting  eyes  with  DR  at
risk  [at  least  moderate  NPDR  and/or  presence  of  clinically
significant  macular  edema  (CSME)]  using  digital  photography
among  the  reading  centres  varied  from  70%  to  92%  (median,
85%)  and  specificity  varied  from  73%  to  95%  (median,  90%)
at  a  95%  confidence  interval  (CI).  It was  recommended  that

combining  photography  and measurement  of  visual  acuity
could  improve  screening  and  threshold  referral.

Gomez-Ulla  et  al.28 assessed  the efficiency  of  digital  reti-
nal  images  for the evaluation  of  DR. It  was  shown  that  there
was  an agreement  between  DR  grading  from  digital  images
and  clinical  eye  examination.  Therefore  it appears  that  the
digital  fundus  images  correctly  assessed  the  presence  or
absence  of  DR.

Shi  et al.29 carried  out a systematic  review  and  meta-
analysis  of  20  articles  and  found that  the pooled  sensitivity
of  telemedicine  was  higher  than  80%  in detecting  the
absence  of  DR  and  low-or  high  risk  PDR;  higher  than  70%  in
recording  mild  or  moderate  NPDR  diabetic  macular  edema
(DME),  and  CSME;  and  53%  in severe  NPDR  detection.  Finally,
pooled  specificity  exceeded  90%,  with  the exception  of  mild
NPDR,  where  specificity  was  89%.

Access  and cost-effectiveness

The efficiency  of  a  tele-ophthalmology  program  is  based  on
its  ability  to  limit  the burden  on the  health system  by  offer-
ing services  to  the  target  population  by  using  limited  health
care  resources.  Population-based  interventions  require  two
important  parameters;  decent  levels  of  diagnostic  accu-
racy  and cost-effective  evidence-based  care.4 It  has  been
estimated  that  only  50%---90%  of  the  population  will  need
specialized  eye  care,  whereas  less  than  10%  will require  fur-
ther  management  for  vision-threatening  DR.30 The  in-person
clinical  evaluation  of  diabetes-related  retinal  complications
may  often  be  inefficient,  taking  into  account  that  more
cost-efficient  tools  such  as remote  retinal  photography  are
gradually  becoming  more  available.

Nathoo  et  al.31 reported  the results  of  the assessment
of  394 diabetics  (788  eyes)  using  tele-ophthalmology.  Out
of  them  only  27.2%  had  DR  and  over  a 2-year  interval
telemedicine  contributed  in saving  approximately  450  round
trips,  showing  that  tele-ophthalmology  can  be efficiently
used  for DR  screening.  Although  these figures indicate  the
reduced  travel  time  and cost  for  a  rural-population  it  does
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not  take  into  account  the  cost  saved  from  time  away from
work  or lost wages  during  eye  consultations.

A  relevant  study  for  the rural  population  India  studied
the  use  of  tele-ophthalmology  as  a tool  for  DR  screening
in  order  to  assess  its  cost-effectiveness  when  compared
with  no  screening.32 This  study  highlighted  that  the cost
of  quality-adjusted  life-years  (QALYs)  for  this application
of  telemedicine  was  cost-effective  when compared  to  no
screening  at  all.  Despite  the fact  that  DR  monitoring  via
tele-ophthalmology  programs  was  initially  used for  rural  and
distant  populations  with  limited  access  to  eye  care,  later
studies  indicated  that  it may  also  be  useful  in  urban  settings.
Chin  et  al.10 utilized  non-mydriatic  fundus  photography  as  a
tool  for  DR  screening  among  patients  with  poor  compliance
to  their  annual  eye  check-up  in both  rural  (872  participants
from  remote  medical  clinics  at Native  American  Indian  reser-
vations)  and  urban  areas  (517  patients  from  a  primary  care
clinic  at  an  urban  academic  medical  center).  All  partici-
pants  had  a  diagnosis  for  diabetes  and  confirmed  that they
have  not  had  a  dilated  fundus examination  within  the last  12
months.  Images  acquired  were  sent  electronically  to  a  reti-
nal  specialist  who  carried  out a  remote  review.  It  was  shown
that  digital  images  were  of  sufficient  quality  for evaluation.

Tele-ophthalmology  based on  mobile  imaging  units  can
ameliorate  DR screening  and  decrease  the possibility  of  poor
compliance  or  lost follow-up  appointments.13 Digital  images
from  both  eyes  of  3505  diabetics  were  acquired  via  3  differ-
ent  mobile  units  around  different  provinces  of  Canada.  After
obtaining  the  fundus  images,  retinal  specialists  reviewed
this  material  in order  to  organize  further  consultations  and
management  of  the disease.  Interestingly,  a  mean  of  85.6%
individuals  did not  require  a  further  referral,  suggesting  that
ophthalmology  assessments  through  telemedicine  can  save
significant  time  and  can  contribute  in prioritizing  patients
that  need  further  interventions  [Fig.  2].

According  to  another  study  that  was  carried  out  in
the  United  States33 higher  rates  of  diabetics  are  keen
on  undergoing  a  tele-ophthalmology  screening,  while  the
vast  majority  of  them  does  not  require  further  follow-ups
until  their  next  annual  examination.  In  a primary  care  set-
ting,  the  long-term  effectiveness  of  telemedicine  in DR
screening  examinations  in  comparison  with  traditional  clin-
ical  examination,  may  contribute  more  frequent  screening
examinations  and can  be  considered  as  a useful  tool  for  the
monitoring  of  these patients.  In  a similar  manner  with  the
above  mentioned  studies,  most  patients  did  not warrant  a
further  referral  to  an eye  care  specialist.34

Patients’ perceptions  on tele-ophthalmology

Telemedicine  is  a validated,  cost-effective  method  to
improve  monitoring.35 However,  the  acceptability  of
telemedicine  as  a novel  screening  tool  from  patients  con-
sists  one  of  the most important  parameters  of  its  efficiency.
Patients  appear  to  perceive  tele-ophthalmology  as  a  highly
acceptable  approach  for their  DR  screening.9 After  complet-
ing  a  relevant  questionnaire  the  majority  of  patients  (90.8%)
expressed  that  they  found it  as  a  very  acceptable  method
for  monitoring  if  an ophthalmologist  was  not  available.  Fur-
thermore,  82%  (239  patients)  declared  their  preference  for
this  type  of  screening  over the traditional  approach,  as

Fig.  2 Fundus  photography  (right  eye)  of  a  patient  with

background  diabetic  retinopathy.  This  patient  needs  regular

monitoring and  good  control  of  diabetes.  (b)  Fundus  pho-

tography of  the  right  eye  of  a  diabetic  patient  with  severe

diabetic  maculopathy  with  multiple  hard  exudates  that  should

be referred  for  further  assessment  and  management  by a  medi-

cal  retina  specialist.  (c)  Fundus  photography  (right  eye)  of  a

patient  with  diabetic  macular  oedema,  cotton  wool  spots  and

retinal  hemorrhages.  This  is a case  of a  moderate  to  severe  non-

proliferative  diabetic  retinopathy  that  calls  for  treatment  with

panretinal  laser  photocoagulation  and  intravitreal  injections

with anti-VEGF  (Vascular  Endothelial  Growth  Factor)  agents.
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Table  1  Summary  of  major  challenges  in the  implementation  of  tele-ophthalmology  for  diabetic  retinopathy  screening.

Quality  of care  Quality  of  care  appears  to  be causing  a  significant  degree  of  skepticism  for  ophthalmologists.  This

derives from  the fact  that  tele-ophthalmology  interferes  with  the  classic  attitude  of  a  physician’s

clinical examination  and  personal  interaction  with  his  or  her  patients.

Liability Possible  standard  malpractice  considerations  have  to  be taken  into  account,  especially  in cases  where

there may  be  relevant  gaps  in  the  laws  of  each  country

Image quality Teleophthalmology  programs  must  take  into  account  that  the  ungradable  rate  is  a  critical  issue.  In  cases

of an  ungradable  image,  that  encounter  becomes  unusable.  The  patient  will not  benefit,  and  it  drains

resources  from  the  program.  Reduction  of  ungradable  images  will  increase  the  financial  sustainability

and clinical  effectiveness  of  the  program.

Workflow Validated  protocols  are  required  in  order  to  clearly  delineate  workflow  and  roles/responsibilities.

Additionally,  the  time  burden  on physicians  needs  to  assess  all  cases  should  also be  estimated.

Security Data  encryption,  password  protection,  and  adherence  to  federal  regulations,  compliant  backup  and

archiving must  to  be  in accordance  with  all devices,  from  workstations  to  mobile  devices.

Financing and

reimbursement

Financial  sustainability  can  be a  substantial  challenge,  especially  for  programs  that  are not

university-based  or  are  not  part  of  a federal  program.

Patient

perceptions

The  patient’s  attitude,  satisfaction  and  compliance  to  a  tele-ophthalmology  program  should  be

assessed at  regular  intervals.

Training  of

health  care

providers

All  professionals  involved  in  such  screening  programs  must  receive  appropriate  training  regarding

DICOM [Digital  Imaging  and  Communications  in Medicine]  standards  and compliance,  regulations,  as

well as  hardware  and  software  that  will  be  used.

Confusion of

scope

Every  tele-ophthalmology  project  should  clearly  define  its  scope,  objectives  and targets  regarding  the

health care  services  provided.

they  considered  it faster,  easier, more  accessible  and  con-
venient.  Eighteen  per  cent  of  participants  indicated  that
they  would  prefer  a personal  interaction,  whereas  3.2%
stated  that  they  do not  trust  the validity  of  digital  reti-
nal  imaging.  Interestingly,  95%  underlined  their  preference
to  have  their  next  DR  examination  via  a telemedicine  sys-
tem  and  be  referred  to  an eye  specialist  only  if required.
Additionally,  most of the participants  (91%)  signified  their
intention  of  being  more  compliant  in the future  if they  are
monitored  with  this  new  screening  approach.  Subsequently,
tele-ophthalmology  strategy  for  DR  screening  may  persuade
more  individuals  to  attend  a regular  retinal  screening.  Sim-
ilarly,  a  study  conducted  in  Kenya36 revealed  that  diabetics
find  a  tele-ophthalmology  approach  more  convenient  and
helpful  compared  to traditional  clinical  examination

Valikodath  et al.35 explored  the  factors  that  may  influ-
ence  patients’  attitudes  toward  telemedicine.  Their study
showed  that  in overall  patients  were  keen  on  participating  in
a  telemedicine  programme.  Their attitudes  were  influenced
by  their  perceptions  and  health,  but  not  their demographics.
Those  individuals  that  were receptive  focused  on  conve-
nience,  while  those  that  were  unreceptive  underlined  their
patient-doctor  relationship  or  having  long-standing  diabetes
mellitus.  The  results  from  this study  indicated  that  tele-
ophthalmology  should  be  designed  for people  who  are  in
need  and  receptive  to similar  programmes.

The keys to successful implementation

The  high  costs  of  setting  the initial capital  outlay consist
one  of  the  primary  burdens  of  a  successful  DR  screening
program.  The  two  main  investments  are related  with  the
staff  training  and the  digital  fundus  cameras.4 Gomez-Ulla
et  al.  analyzed  the costs  of  tele-ophthalmology  program

in order  to  compare  them  with  the clinical  assessment  by
an  eye  specialist.37 The  study  took  into  account  several
factors  including  the  capital  expenditure,  human  resource
component,  lost time  and wages  of  patients  during  screen-
ing,  patient  travel  expenses,  and  the cost  of  subsequent
consultation  for  patients  who  required  further  manage-
ment.  From  the perspective  of  a public  health  system,
the cost  for  clinical  fundoscopy  is  less  due  to  the lower
capital  expenditure  and  maintenance  costs.  On  the  other
hand,  tele-ophthalmology  offers  lower  travel  costs  and  lost
wages  for the  patients.  Additionally,  ungradable  images
because  of  poor field  definitions,  media  opacities  and small
pupil  size  may  cause  further  limitations  to  the  imple-
mentation  of  telemedicine  in DR  monitoring.34 As  can  be
expected  due  to  the increased  rates of  cataracts  in  diabetic
patients,  telemedicine  programs  with  digital  non-mydriatic
fundus  cameras  may  have  a higher  percentage  of  ungradable
images.  The  presence  of  images  that cannot  be properly
graded  lead  to  more  referrals  and in-person  examina-
tions  with  an ophthalmology  and  subsequently  to  increased
expenses  that diminish  the cost-effectiveness  of  the  pro-
gram.

Overcoming  the  burden  of  ungradable  retinal  pho-
tographs  and  ensuring  quality  are both  inextricably
correlated  with  the successful  implementation  and sus-
tainability  of such a  program.  Standardized  and  verified
protocols,  sufficient  training  of  photographers,  and  probably
allowing  some  re-adjustments  through  a  defined  protocol  for
selective  mydriasis,  if required,  are some of the most  sub-
stantial  parameters.13,33 Some  studies  have underlined  the
importance  of  pupil  dilation  in improving  the image  quality
in  reducing  the  ungradability.38,39 It must  be taken  into  con-
sideration  though  that  mydriasis  may  influence  the patients’
perspective  regarding  telemedicine’s  high  acceptability.4
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Probably,  the  implementation  of  scanning  laser  ophthal-
moscopy  with  ultrawide  field  (UWF)  imaging  technology
can  contribute  in  obtaining  images  of  higher  quality  with
a  better  field  of  view  even  in  non-dilated  patients.40 A
relevant  study  compared  the rate  of ungradable  retinal
photographs  between  non-mydriatic  multifield  fundus  pho-
tography  (NMFP)  and non-mydriatic  UWF  imaging.  The  study
showed  that  the  ungradable  rate  per  patient  was  substan-
tially  lower  in  images  acquired  from  UWF  imaging  compared
to  NMFP.  Notably,  non-mydriatic  UWF  imaging  limited  the
amount  of  images  that  could  not  be  graded  by  81%.  More-
over,  UWF  imaging  increased  the ability  of  detecting  DR  from
11.7%  to 24.2%  (P  <  0.0001)  and  referable  DR  (moderate
NPDR  or  DME  or  worse)  from  6.2%  to  13.6%  (P  < 0.0001).
Finally,  more  severe  cases of DR  could  be  detected  based
on  the  existence  of mainly peripheral  lesions  observed  only
with  UWF  images,  suggesting  that  UWF  can  be  very  helpful
in  organizing  large  population-based  tele-ophthalmology  DR
screening  programs.40

In  overall,  the results  of  such  a program  are not
immediate,  and may  be  moderate  in  the early  years
of  the  implementation,  before they  gradually  start to
improve.41 Although  early recognition  and  treatment  of
diabetic  retinopathy  is  of  proven  value  in reversing  or  pre-
venting  loss  of  vision,  the  infrastructure  to  detect  cases
that  require  treatment  is  not  yet  universally  available.42

The  familiarity  of patients  and  primary  care  providers  with
tele-ophthalmology  needs  to  be  enhanced,  so  that  issues
regarding  compliance  will  be  curtailed.43 Consequently,  in
order  to ensure  good  medical  practice  and provide  quality
health  care  services,  tele-ophthalmology  programs  need  to
be  well  organized  and ready  to  encounter  their  main  chal-
lenges  [Table  1].

Conclusions  and  future  perspectives

The  national  DR  screening  tele-ophthalmology  program  in
the  United  Kingdom  has  been  described  as  one  of  the most
successful  programs.  It  has  underlined  the  importance  of
monitoring  DR  and  its  complications  together  with  alter-
ations  of  the  overall  glycemic  status.  Notably,  DR  is  not any
longer  considered  as  a  leading  cause  of blindness  in England
and  Wales.44 The  concept  of  this  program  was  to identify  the
target  population  and  provide  a functional  referral  system
for  patients  that required  further  management.  Addition-
ally,  a  continuous  program  of  quality  assurance  and  control
was  carried  out.

A  multidisciplinary  collaborative  approach  for  DR  screen-
ing  must  be  undertaken  by more  countries  in order  to
improve  retinopathy  evaluation  rates.  A  primary  care  physi-
cian  or  an  endocrinologist  can  be  the first  point of contact
for  the  majority  of  the  diabetics,  as  this  strategy  can
increase  the  probability  of  having  a  retinal  screening.6

Therefore,  if primary  care  or  multispecialty  clinics  are
equipped  with  fundus  cameras,  especially  in areas  without
access  to eye  care  specialists.  Interestingly,  several  studies
have  shown  that properly  trained  primary  care  physicians
can  reliably  evaluate  fundus  images.45,46 Decent  training  and
education  on diabetes  and its  ocular  complications  can fur-
ther  improve  our  understanding  and  improve  the  screening
among  diabetics.11 Future  studies  and  randomized  control

trials  are  require  in  order  to  improve  our strategies  and
approach  leading  to  improved  tele-ophthalmology  services
that  will  cover  efficiently  a wider  population.
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