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Abstract:

Introduction:

Ophthalmology is a medical specialty which may benefit from using telemedicine and teleophthalmology services. Such services are
significantly  important  in  the  poor,  remote,  and  impassable  geographical  areas,  where  there  is  no  access  to  the  ophthalmology
services and ophthalmologists. This study aimed to design and implement a teleophthalmology system using the method of store-
and-forward.

Methods:

The study was conducted in 2015 and consisted of two main phases. The first phase was based requirement analysis, and in the
second phase, after designing the prototype, an initial usability testing was undertaken in a teaching hospital. The participants of the
study were 10 optometrists and 10 ophthalmologists (cornea specialists). For each phase of the research, a questionnaire was used to
collect data, and the collected data were analyzed using descriptive statistics.

Results:

In  this  study,  users’  requirements  were  initially  investigated.  Then,  the  teleophthalmology  system  was  designed  based  on  the
literature  review  and  the  results  derived  from  the  requirements’  analysis.  Finally,  usability  testing  showed  that  the  users  were
relatively satisfied with the system.

Conclusion:

According to the results, it can be concluded that the teleophthalmology technology can be used in the country by optometrists and
ophthalmologists to improve eye health care services and to prevent the prevalence of curable eye diseases.
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1. INTRODUCTION

In the recent years, information and communication technology (ICT) has been developed and applied to different
areas of  health care.  Using this  technology,  health care services have changed to be more accessible and effective,
especially when distance is  a  major concern.  In fact,  to overcome geographical  health disparities,  telemedicine has
emerged as a discipline to improve healthcare services across the globe [1, 2]. Telemedicine services can be used in
different  areas  of  healthcare,  such  as  diagnosis,  treatment,  prevention,  education,  and  research  [3],  and  have  been
applied in different medical specialties, such as oncology, dermatology, radiology, and pathology [4].
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Ophthalmology is another medical specialty which may benefit from using telemedicine and teleophthalmology
services. Such services are significantly important in the poor, remote, and impassable geographical areas, where there
is no access to the ophthalmology services and ophthalmologists. In these areas, due to the prevalence of eye diseases
and  a  lack  of  access  to  the  medical  facilities,  patients  may  suffer  from  low  vision  or  blindness.  The  use  of  this
technology can help to facilitate examining, diagnosing, and managing eye diseases, sharing information between the
optometrists and the specialists, conducting research, e-learning programs and professional development [5].

The use of telemedicine services in the specialty of ophthalmology can also help to increase the speed and quality of
eye care services, and can reduce unnecessary and time consuming visits across the country [6 - 8]. As ophthalmology
is an area, in which medical imaging plays an important role in making diagnostic decisions, eye images can be sent via
telemedicine technology to facilitate making a diagnosis [9]. The rapid transmission of data and images is one of the
most  important  aspects  of  teleophthalmology  which  helps  doctors  to  be  able  to  consult  and  make  a  decision  very
quickly. This, in turn, can improve the quality of patient care, particularly in the remote areas [10, 11].

The teleophthalmology services can also be used for public eye screening and diagnosing common eye diseases,
such as cataract and refractive error. These services are delivered via the internet and a patient or a physician is able to
contact a specialist through videoconferencing or web-based information systems [5]. It is notable that three methods;
namely, store-and-forward, synchronous or videoconferencing, and hybrid are used in teleophthalmology [4, 12, 13].
Among  them,  videoconferencing  requires  internet  bandwidth  and  the  costs  of  its  equipment  are  relatively  high  in
addition to the low quality of images; therefore, it might not be suitable for diagnosing eye diseases which require high-
quality color images [14]. Teleophthalmology mostly adopts the store-and forward-method, followed by interactive
services, such as videoconferencing. The hybrid method includes both store-and-forward and real-time communication
methods [15]. It is notable that a teleophthalmology system, like any other web applications should be designed to meet
users’ specific needs and to achieve this, end-users must be involved in the design process [16]. Otherwise, adopting the
existing systems used in other communities might not be a successful approach [17].

In  Iran,  uncorrected  refractive  errors  and  cataract  are  the  main  causes  of  visual  impairment  [18,  19]  and  some
geographic areas receive limited eye care services mainly due to the economic status [20]. Therefore, to control the eye
diseases in the country, it has been recommended to pay more attention to clinical screening, especially during primary
eye care services, such as optometry. Moreover, the use of teleophthalmology and modern information technology tools
and protocols  has  been  suggested  [21].  Although several  studies  have  been  conducted  regarding  the  application  of
telemedicine technology in the country [22 - 25], it was the first time that a teleophthalmology system was developed
using the method of store-and-forward. It is expected that the eye care services and saving costs can be gained directly
or indirectly by using the system.

2. MATERIALS AND METHODS

This study was undertaken in 2015 and consisted of two main phases. The first phase was requirement analysis in
which  users’  requirements  were  investigated.  In  the  second  phase,  the  system  was  developed  based  on  the  results
derived from the first phase, and the usability testing was conducted. Due to the prevalence of cataract in the country, it
was selected as an eye disease to be able to pilot the prototype of the system. The setting of the research was a teaching
hospital.

The system designed in this study aimed to connect two groups of users, namely optometrists and ophthalmologists.
In the first phase of the study, 10 optometrists and 10 ophthalmologists (cornea specialists) participated. The method of
convenience sampling was used to select the participants. The ophthalmology clinic was one of the busiest clinic and
more than 100 patients were monthly visited by the ophthalmologists of this clinic. In the second phase of the study, 10
system users (5 optometrists and 5 cornea specialists) evaluated the usability of the system.

To  determine  users’  requirements,  a  questionnaire  was  designed  based  on  the  literature  review  [26  -  29].  The
questionnaire  included  53  closed  questions  which  were  divided  into  two  main  parts:  a)  required  data  elements  for
patients, optometrists and ophthalmologists and b) needed system features. There were two answers for each question,
“necessary” (1) and “unnecessary” (0). At the end of the each part, there was an open-ended question which asked the
participants to suggest further data elements or system features that might not be considered in the questionnaire. The
content and the face validity of the questionnaire were checked by the experts. The reliability was confirmed by using a
statistical test (KR-20 = 0.78).

The usability of the system and users’ satisfaction with the interface was evaluated using the standard Questionnaire
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for User Interaction Satisfaction (QUIS) version 5.5 provided by the University of Maryland [30]. It was a ten-point
Likert scale questionnaire included five parts (27 questions); namely, overall reaction to the software (six questions),
screen  design  and  layout  (four  questions),  terminology  and  systems  information  (six  questions),  learning  (six
questions), and system capabilities (five questions). The questionnaire was translated and its face validity was checked.
According to the literature, the reliability of the questionnaire was (α = 0.94) [30]. This questionnaire was completed by
10 users (optometrists and ophthalmologists) who used the prototype of the system. To analyze the usability testing
data, the Likert scale was divided into three levels “weak (1-3)”, “average (3.1-6)” and “good (6.1-9)”. Mean values
were  calculated  for  different  parts  of  the  questionnaire,  and  were  reported  for  optometrists  and  cornea  specialists
separately. The final results were reported based on the three levels mentioned above.

3. RESULTS

As  noted  in  the  methods  section,  the  questionnaires  were  distributed  among  10  cornea  specialists  and  10
optometrists.  The  response  rate  among  the  cornea  specialists  and  optometrists  was  (n=9,  90%)  and  (n=7,  70%),
respectively.  Regarding  the  age  range,  the  highest  frequency  (n=7,  77.7%)  among  the  cornea  specialists  and  the
optometrists (n=7, 100%) was related to the age group of 24-33. In terms of gender, more men than women were among
the cornea specialists (n=6, 66.6%) and optometrists (n=5, 71.4%) and the highest frequency for working experience
was related to 2-11 years for the cornea specialist (n=8, 88.8%) and for the optometrists (n=7, 100%).

After data analysis, the data elements identified “necessary” by at least 60% of the participants were selected to be
included  in  the  system.  The  data  elements  included  four  main  categories;  namely,  patient  identifying  information,
patient clinical information, optometrist's information, and specialist's information. In terms of the patient identifying
information,  all  of  the  data  elements  except  race  (n=6,  37.5%),  weight  (n=7,  43.7%),  height  (n=4,  25%),  and  the
patient’s address (n=8, 50%) were found necessary to be included in the system.

In terms of the patient  clinical  information,  all  items,  such as disease history,  family history,  allergies,  and eye
images were considered essential (n=16, 100%). Regarding the optometrist's information, the medical council unique
number of the optometrist  (n=10, 62.5%) and his/her phone number (n=13, 81.2%) were found necessary.  The last
category was related to the specialist's information and all items, such as the medical council unique number (n=10,
62.5%), phone number (n=14, 87.5%) and the workplace address (n=10, 62.5%) were reported necessary. Similarly, all
of the system features listed in the questionnaire, such as the possibility of uploading images (n=13, 81.2%), searching
(n=16,  100%),  prescribing  (n=14,  87.5%),  and  reporting  (n=14,  87.5%)  were  considered  necessary  by  most  of  the
specialists and optometrists.

The  prototype  of  the  system  was  designed  based  on  the  results  derived  from  the  first  phase.  To  develop  the
prototype, ASP.net programming language was used. The system was designed to be used by both ophthalmologists
and optometrists. The first page of the system was a log in page and included a general description about the system,
rules  and  regulations,  and  some  information  about  tele-ophthalmology.  New  users  had  to  click  and  complete  a
registration form which included their name, surname, date of birth, sex, telephone number, email address, username
and  password.  When  completing  the  registration  form,  the  type  of  the  user  either  as  an  optometrist  or  as  an
ophthalmologist should be determined by the user. Finally, the registration process was completed and the account was
activated by the site administrator.

The system had four main sections for optometrists that included logging in/out page, adding a new consultation
request, checking the status of the previous requests, and viewing/revising personal information. An optometrist could
add a new consultation request in the system. Each request required four steps to be completed. First of all, patient
demographic (e.g., age, sex, name, etc.) and clinical data (e.g., disease history, family history, allergy, etc.) were entered
into  the  system manually  by  the  optometrist.  Then,  the  eye  images  were  attached in  Fig.  (1)  and  the  optometrist’s
opinion was added in the next step. The optometrist could save the eye images as part of the patient records without
sending them to the specialist and the reasons for not sending the images to the specialist could also be entered into the
system. The eye images could be obtained and uploaded in three different angles (center, temporal, and nasal). Finally,
a specialist would be selected from a list of the ophthalmologists and a consultation request would be sent to him/her.

Similar to the optometrists, the system had four sections for ophthalmologists that included logging in/out page,
responding to the consultation requests, checking previous requests, and viewing/revising personal information. After
sending a consultation request by an optometrist, the specialist could be notified by email and could see the consultation
request  on  his/her  personal  panel.  The  consultation  request  was  a  read-only  file,  so  the  information  could  not  be
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changed. The specialist was also able to review the patient demographic and clinical information, eye images, and the
opinion of the optometrist, and could add his/her diagnosis and care plan by clicking on the “reply” button (Fig. 2). The
specialist  could  also  recommend  visiting  the  patient  was  necessary  or  not,  and  if  it  was  necessary,  it  should  be
completed in less or more than two weeks. The diagnosis and the recommendations and treatment plans could also be
entered by the specialist in the relevant boxes. Finally, the specialist's opinion would be sent back to the optometrist.

Fig. (1). Teleophthalmology consultation request.

As the system designed in this  study was a  web-based system, it  was accessible  anywhere and anytime via  the
internet. The usability of the system was evaluated by five optometrists and five cornea specialists. They were asked to
work with the system, to enter at least two consultation requests, and to complete a standard questionnaire (QUIS) at the
end. It was a nine-point likert scale questionnaire and for analyzing data, the scores were divided into three categories:
weak (0-3), medium (3.1- 6), and good (6.1- 9).
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Fig. (2). Reply to the consultation request.

Table 1. Usability testing of, and users’ satisfaction with, the teleophthalmology system.

Mean ±SD
Assessment Areas

Mean ±SD
(Ophtalmologists)

Mean ±SD
(Optometrists)

Overall reaction to the software 8.2±0.4 7.7 ±1.1
Screen design and layout 8.8±0.1 8.3 ±0.9

Terminology and system information 6.5±0.6 7.3 ±1.7
Learning 8.7±0.3 8.7±0.3

System capabilities 7.3±1.0 7.6 ±1.2

As Table 1 shows, the mean values for both optometrists and specialists were between 6.1 and 9 in different areas
which showed that the users were relatively satisfied with the system. From the specialists’ point of view, the system
“interface design” (8.8±0.1)  and from the optometrists’  point  of  view, the system “learnability” (8.7±0.35) had the
highest  mean values.  The lowest  mean values were related to “terminology and system information” and the mean
values for the specialists and the optometrists were (6.5±0.6) and (7.3±1.7), respectively. To check the accuracy of
diagnoses, the diagnoses made by the specialists were compared with the written diagnoses in the patients’ medical
records and the results showed that the diagnoses were the same in most cases (Kappa=0.9, 95% CI: 0.71, 1.00). In
addition to the above results, some participants believed that the benefits of the system need to be demonstrated before
implementing the system in a wider setting. Although the system was easy to use and easy to learn, the users were
interested to have more interaction with the system and to receive more messages regarding their interactions. The users
were  also  interested  in  having  access  to  more  system features,  such  as  having  access  to  the  medical  websites  and
searching patients, optometrists and ophthalmologists by using their names, ID number or the date of consultation.
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4. DISCUSSION

In many developing countries, teleophthalmology is being used to provide eye care to the underserved urban and
remote rural population [15]. However, it was the first time in Iran that such a system was developed. In this study,
since eye diseases are diverse, cataract was selected to be able to collect patients’ data and to evaluate the usability of
the system. Cataract is an eye disease which has a high prevalence in the country and may lead to blindness [31].

According to the World Health Organization, about 80% of eye diseases which may lead to low vision or blindness
are  preventable  or  curable.  Therefore,  an  action plan for  eye  health  was  suggested in  2014 and aimed to  make the
ophthalmology  services  available  across  the  world,  to  strengthen  eye  health  services  in  different  countries,  and  to
integrate  eye  health  services  with  other  health  care  services  [32].  To date,  in  order  to  improve the  availability  and
accessibility of eye health services, telemedicine applications and in particular, teleophthalmology technology has been
developed and applied in different countries [15]. Such a service can be considered as a basic ophthalmology service,
and regardless of socioeconomic status, it may simply be available to people who are not able to visit a specialist, but
need to know his/her opinions. Some of the advantages of this method are saving costs, reducing unnecessary referrals
to  the  specialists,  reducing  the  number  of  unnecessary  travels,  and  developing  effective  communication  between
optometrists and ophthalmologists [33, 34].

While similar studies have focused on the final evaluation of the teleophthalmology systems and paid less attention
to  the  system  design  process  and  users’  requirements  [35],  in  this  study,  optometrists  and  ophthalmologists  were
consulted and their opinions were sought to develop and pilot the initial version of the system in several rounds of
review to get the final product. It is notable that due to the resource restrictions, the teleophthalmology system was
developed using the method of “store and forward”. It was a web-based system and a slit lamp was used to take eye
images.  Although  using  a  slit  lamp  allows  examining  the  eye  under  high  magnification,  it  is  expected  that  new
technologies, such as the smart phones and their built-in cameras can also be used in teleophthalmology services in the
near future [15].

Despite the advantages of teleophthalmology technology, there are concerns about the quality of images and the
accuracy of diagnoses [36]. For example, Kiage et al. showed that poor quality images can severely limit the ability of
teleglaucoma assessment to diagnose optic nerve damage and glaucoma [37]. However, the results of the current study
showed that in most cases, the diagnoses made using the teleophthalmology system was similar to those written in the
patients’  records.  Moreover,  the  results  of  usability  testing showed that  the  users  were  relatively  satisfied  with  the
system’s functions. Even though, there were a number of weaknesses which should be improved in the final product to
be able to implement it in other settings.

5. LIMITATIONS

Although it was the first time that a teleophthalmology system was developed in the country, the current study had
some limitations. This paper aimed to explain an initial setting up process, which might be useful for other researchers
to be able to produce a similar system. Although the initial evaluation of the system showed some weaknesses which
can be eliminated in the future versions of the system, organizational and financial supports are needed to develop the
final product and to evaluate such a system in a real environment. Therefore, conducting further research by using the
final product is recommended.

Another limitation of this study was related to the limited number of the participants. As the researchers aimed to
develop  a  new  system,  not  to  generalize  the  results  to  a  bigger  population,  it  seems  that  such  a  small  group  of
participants does not influence the system design process. In fact, the main aim of recruitment was to involve a number
of potential users to be able to design a useful system for them.

Due to the time and resources constraints, the researchers focused on only one disease, i.e. cataract. However, the
application could be tested and expanded for other eye diseases. The system could also be improved by adding more
information about post-surgical status of patients. In terms of the usability testing, the final product needs to be used by
more users (optometrists and ophthalmologists) to be able to evaluate it in a bigger sample size and show how usable it
is from users’ perspectives. Furthermore, the clinical effectiveness of this system was not evaluated in this study due to
the resource restrictions. It seems that conducting post-implementation studies with more patients can help to evaluate
the impact of the system (e.g., reducing unnecessary travels and improving quality of care).
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CONCLUSION

According  to  the  results,  it  can  be  concluded  that  the  teleophthalmology  technology  can  be  used  easily  by
optometrists and ophthalmologists to improve eye health care services. The use of this technology, especially in the
rural or underserved areas can help to prevent or treat many eye diseases in a timely manner. This technology can also
be used for screening those who are at the risk of eye diseases, such as cataract and can improve the eye care services in
the society.

CONSENT FOR PUBLICATION

Not applicable.

CONFLICT OF INTEREST

The authors declare no conflict of interest, financial or otherwise.

ACKONWLEDGEMENTS

This work was supported by Iran University of Medical Sciences (IUMS/SHMIS_92/21956).

REFERENCES

[1] Andreassen HK, Kjekshus LE, Tjora A. Survival of the project: a case study of ICT innovation in health care. Soc Sci Med 2015; 132: 62-9.
[http://dx.doi.org/10.1016/j.socscimed.2015.03.016] [PMID: 25795426]

[2] Hojabri R, Borousan E, Manafi M. Impact of using telemedicine on knowledge management in healthcare organizationn: A case study. Afr J
Bus Manag 2011; 6(4): 10.
[http://dx.doi.org/ 10.5897/AJBM11.2711]

[3] Morse AR. Telemedicine in ophthalmology: promise and pitfalls. Ophthalmology 2014; 121(4): 809-11.
[http://dx.doi.org/10.1016/j.ophtha.2013.10.033] [PMID: 24694522]

[4] Newton MJ. The promise of telemedicine. Surv Ophthalmol 2014; 59(5): 559-67.
[http://dx.doi.org/10.1016/j.survophthal.2014.02.003] [PMID: 25130894]

[5] Matimba A, Woodward R, Tambo E, Ramsay M, Gwanzura L, Guramatunhu S. Tele-ophthalmology: Opportunities for improving diabetes
eye care in resource- and specialist-limited sub-saharan Aafrican countries. J Telemed Telecare 2016; 22(5): 311-6.
[http://dx.doi.org/10.1177/1357633X15604083] [PMID: 26407990]

[6] Verma M, Raman R, Mohan RE. Application of tele-ophthalmology in remote diagnosis and management of adnexal and orbital diseases.
Indian J Ophthalmol 2009; 57(5): 381-4.
[http://dx.doi.org/10.4103/0301-4738.55078] [PMID: 19700877]

[7] Kulshrestha M, Kelly S, Mahmood U. Teleophthalmology in practice. In: Graschew G, Rakowsky S, Eds. Telemedicine techniques and
applications. Rijeka, Croatia: InTech Open 2011; pp. 393-413.
[http://dx.doi.org/10.5772/18175]

[8] Tang RA, Morales M, Ricur G, Schiffman JS. Telemedicine for eye care. J Telemed Telecare 2005; 11(8): 391-6.
[http://dx.doi.org/10.1258/135763305775013509] [PMID: 16356312]

[9] Chaba Y. Mobile communication and power engineering. In: Barbosa SDJ, Chen P, Cuzzocrea A, et al. (eds). Second international joint
conference AIM/CCPE 2012, Bangalore, India, April 27-28, 2012.

[10] Bahaadinbeigy K, Yogesan K. Advances in teleophthalmology: Summarising published papers on teleophthalmology projects. In: Graschew
G, Roelofs TA, Eds. Advances in telemedicine: Applications in various medical disciplines and geographical regions. Rijeka, Croatia: InTech
Open 2011; pp. 231-42.
[http://dx.doi.org/10.5772/13595]

[11] Yogesan K, Kumar S, Goldschmidt L, Cuadros J. Teleophthalmology. Berlin, Germany: Springer 2006.
[http://dx.doi.org/10.1007/3-540-33714-8]

[12] Prathiba V, Rema M. Teleophthalmology: A model for eye care delivery in rural and underserved areas of India. Int J Family Med 2011.
[http://dx.doi.org/10.1155/2011/683267]

[13] Chen L-S,  Tsai  C-Y, Liu T-Y, et  al.  Feasibility of  tele-ophthalmology for  screening for  eye disease in remote communities.  J  Telemed
Telecare 2004; 10(6): 337-41.
[http://dx.doi.org/10.1258/1357633042602035] [PMID: 15603631]

[14] O’Day  R,  Smith  C,  Muir  J,  Turner  A.  Optometric  use  of  a  teleophthalmology  service  in  rural  Western  Australia:  comparison  of  two
prospective audits. Clin Exp Optom 2016; 99(2): 163-7.
[http://dx.doi.org/10.1111/cxo.12334] [PMID: 26956453]

http://dx.doi.org/10.1016/j.socscimed.2015.03.016
http://www.ncbi.nlm.nih.gov/pubmed/25795426
http://dx.doi.org/%2010.5897/AJBM11.2711
http://dx.doi.org/10.1016/j.ophtha.2013.10.033
http://www.ncbi.nlm.nih.gov/pubmed/24694522
http://dx.doi.org/10.1016/j.survophthal.2014.02.003
http://www.ncbi.nlm.nih.gov/pubmed/25130894
http://dx.doi.org/10.1177/1357633X15604083
http://www.ncbi.nlm.nih.gov/pubmed/26407990
http://dx.doi.org/10.4103/0301-4738.55078
http://www.ncbi.nlm.nih.gov/pubmed/19700877
http://dx.doi.org/10.5772/18175
http://dx.doi.org/10.1258/135763305775013509
http://www.ncbi.nlm.nih.gov/pubmed/16356312
http://dx.doi.org/10.5772/13595
http://dx.doi.org/10.1007/3-540-33714-8
http://dx.doi.org/10.1155/2011/683267
http://dx.doi.org/10.1258/1357633042602035
http://www.ncbi.nlm.nih.gov/pubmed/15603631
http://dx.doi.org/10.1111/cxo.12334
http://www.ncbi.nlm.nih.gov/pubmed/26956453


Teleophthalmology in Practice The Open Medical Informatics Journal, 2017, Volume 11   27

[15] Sreelatha OK, Ramesh SV. Teleophthalmology: improving patient outcomes? Clin Ophthalmol 2016; 10: 285-95.
[http://dx.doi.org/10.2147/OPTH.S80487] [PMID: 26929592]

[16] McCurdie T, Taneva S, Casselman M, et al. mHealth consumer apps: the case for user-centered design. Biomed Instrum Technol 2012;
46(s2)(Suppl.): 49-56.
[http://dx.doi.org/10.2345/0899-8205-46.s2.49] [PMID: 23039777]

[17] Fichman RG, Kohi R, Krishnan R. The Role of information systems in healthcare: current research and future trends. Inf Syst Res 2011;
22(3): 419-28.
[http://dx.doi.org/10.1287/isre.1110.0382]

[18] Fotouhi A, Hashemi H, Mohammad K, Jalali KH. The prevalence and causes of visual impairment in Tehran: the Tehran eye study. Br J
Ophthalmol 2004; 88(6): 740-5.
[http://dx.doi.org/10.1136/bjo.2003.031153] [PMID: 15148203]

[19] Katibeh M, Pakravan M, Yaseri M, Pakbin M, Soleimanizad R. Prevalence and causes of visual impairment and blindness in central Iran; the
Yazd eye study. J Ophthalmic Vis Res 2015; 10(3): 279-85.
[http://dx.doi.org/10.4103/2008-322X.170362] [PMID: 26730314]

[20] Hashemi H, Khabazkhoob M, Rezvan F, et al. Cataract surgical rate between 2006 and 2010 in Tehran province. Iran J Public Health 2015;
44(9): 1204-11.
[PMID: 26587494]

[21] Mohammadi SF, Saeedi-Anari G, Alinia C, Ashrafi E, Daneshvar R, Sommer A. Is screening for glaucoma necessary? A policy guide and
analysis. J Ophthalmic Vis Res 2014; 9(1): 3-6.
[PMID: 24982725]

[22] Chavooshi B, Mohammadkhani P, Dolatshahee B. Telemedicine vs. in-person delivery of intensive short-term dynamic psychotherapy for
patients with medically unexplained pain: A 12-month randomized, controlled trial. J Telemed Telecare 2017; 23(1): 133-41.
[http://dx.doi.org/10.1177/1357633X15627382] [PMID: 27036877]

[23] Ayatollahi H, Hasannezhad M, Saneei Fard H, Kamkar Haghighi M. Type 1 diabetes self-management: developing a web-based telemedicine
application. Health Inform Manage J 2016; 45(1): 16-26.
[http://dx.doi.org/10.1177/1833358316639456]

[24] Mireskandari M, Kayser G, Hufnagl P, Schrader T, Kayser K. Teleconsultation in diagnostic pathology: experience from Iran and Germany
with the use of two European telepathology servers. J Telemed Telecare 2004; 10(2): 99-103.
[http://dx.doi.org/10.1258/135763304773391549] [PMID: 15068646]

[25] Khodaie M, Askari A, Bahaadinbeigy K. Evaluation of a very low-cost and simple teleradiology technique. J Digit Imaging 2015; 28(3):
295-301.
[http://dx.doi.org/10.1007/s10278-014-9756-2] [PMID: 25561065]

[26] Ng M, Nathoo N, Rudnisky CJ, Tennant MT. Improving access to eye care: teleophthalmology in Alberta, Canada. J Diabetes Sci Technol
2009; 3(2): 289-96.
[http://dx.doi.org/10.1177/193229680900300209] [PMID: 20144360]

[27] Bursell SE, Brazionis L, Jenkins A. Telemedicine and ocular health in diabetes mellitus. Clin Exp Optom 2012; 95(3): 311-27.
[http://dx.doi.org/10.1111/j.1444-0938.2012.00746.x] [PMID: 22594547]

[28] Massin P, Aubert JP, Erginay A, et al. Screening for diabetic retinopathy: the first telemedical approach in a primary care setting in France.
Diabetes Metab 2004; 30(5): 451-7.
[http://dx.doi.org/10.1016/S1262-3636(07)70142-8] [PMID: 15671914]

[29] Boucher MC, Desroches G, Garcia-Salinas R, et al. Teleophthalmology screening for diabetic retinopathy through mobile imaging units
within Canada. Can J Ophthalmol 2008; 43(6): 658-68.
[http://dx.doi.org/10.3129/i08-120] [PMID: 19020631]

[30] Alexandru C. Usability testing and improvement of telemedicine websites. M.Sc. diss. University of Edinburgh. Edinburgh. 2010.

[31] John S, Sengupta S, Reddy SJ, Prabhu P, Kirubanandan K, Badrinath SS. The Sankara Nethralaya mobile teleophthalmology model for
comprehensive eye care delivery in rural India. Telemed J E Health 2012; 18(5): 382-7.
[http://dx.doi.org/10.1089/tmj.2011.0190] [PMID: 22500741]

[32] World  Health  Organization.  Universal  eye  health:  a  global  action  plan  2014-2019.  2016  [cited  29  Mar  2016].  Available  from:
http://www.who.int/blindness/actionplan/en/

[33] Misra V, Vashist P, Malhotra S, Gupta SK. Models for primary eye care services in India. Indian J Community Med 2015; 40(2): 79-84.
[http://dx.doi.org/10.4103/0970-0218.153868] [PMID: 25861167]

[34] Borooah S, Grant B, Blaikie A, et al. Using electronic referral with digital imaging between primary and secondary ophthalmic services: a
long term prospective analysis of regional service redesign. Eye (Lond) 2013; 27(3): 392-7.
[http://dx.doi.org/10.1038/eye.2012.278] [PMID: 23258310]

[35] Kim J, Driver DD. Teleophthalmology for first nations clients at risk of diabetic retinopathy: a mixed methods evaluation. JMIR Med Inform
2015; 3(1): e10.
[http://dx.doi.org/10.2196/medinform.3872] [PMID: 25705814]

http://dx.doi.org/10.2147/OPTH.S80487
http://www.ncbi.nlm.nih.gov/pubmed/26929592
http://dx.doi.org/10.2345/0899-8205-46.s2.49
http://www.ncbi.nlm.nih.gov/pubmed/23039777
http://dx.doi.org/10.1287/isre.1110.0382
http://dx.doi.org/10.1136/bjo.2003.031153
http://www.ncbi.nlm.nih.gov/pubmed/15148203
http://dx.doi.org/10.4103/2008-322X.170362
http://www.ncbi.nlm.nih.gov/pubmed/26730314
http://www.ncbi.nlm.nih.gov/pubmed/26587494
http://www.ncbi.nlm.nih.gov/pubmed/24982725
http://dx.doi.org/10.1177/1357633X15627382
http://www.ncbi.nlm.nih.gov/pubmed/27036877
http://dx.doi.org/10.1177/1833358316639456
http://dx.doi.org/10.1258/135763304773391549
http://www.ncbi.nlm.nih.gov/pubmed/15068646
http://dx.doi.org/10.1007/s10278-014-9756-2
http://www.ncbi.nlm.nih.gov/pubmed/25561065
http://dx.doi.org/10.1177/193229680900300209
http://www.ncbi.nlm.nih.gov/pubmed/20144360
http://dx.doi.org/10.1111/j.1444-0938.2012.00746.x
http://www.ncbi.nlm.nih.gov/pubmed/22594547
http://dx.doi.org/10.1016/S1262-3636(07)70142-8
http://www.ncbi.nlm.nih.gov/pubmed/15671914
http://dx.doi.org/10.3129/i08-120
http://www.ncbi.nlm.nih.gov/pubmed/19020631
http://dx.doi.org/10.1089/tmj.2011.0190
http://www.ncbi.nlm.nih.gov/pubmed/22500741
http://dx.doi.org/10.4103/0970-0218.153868
http://www.ncbi.nlm.nih.gov/pubmed/25861167
http://dx.doi.org/10.1038/eye.2012.278
http://www.ncbi.nlm.nih.gov/pubmed/23258310
http://dx.doi.org/10.2196/medinform.3872
http://www.ncbi.nlm.nih.gov/pubmed/25705814


28   The Open Medical Informatics Journal, 2017, Volume 11 Ayatollahi et al.

[36] Gupta  SC,  Sinha  SK,  Dagar  AB.  Evaluation  of  the  effectiveness  of  diagnostic  &  management  decision  by  teleophthalmology  using
indigenous equipment in comparison with in-clinic assessment of patients. Indian J Med Res 2013; 138(4): 531-5.
[PMID: 24434260]

[37] Kiage D, Kherani IN, Gichuhi S, Damji KF, Nyenze M. The muranga teleophthalmology study: Comparison of virtual (teleglaucoma) with in-
person clinical assessment to diagnose glaucoma. Middle East Afr J Ophthalmol 2013; 20(2): 150-7.
[http://dx.doi.org/10.4103/0974-9233.110604] [PMID: 23741134]

© 2017 Ayatollahi et al.

This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International Public License (CC-BY 4.0), a
copy of which is available at: https://creativecommons.org/licenses/by/4.0/legalcode. This license permits unrestricted use, distribution, and
reproduction in any medium, provided the original author and source are credited.

http://www.ncbi.nlm.nih.gov/pubmed/24434260
http://dx.doi.org/10.4103/0974-9233.110604
http://www.ncbi.nlm.nih.gov/pubmed/23741134
https://creativecommons.org/licenses/by/4.0/legalcode

	Teleophthalmology in Practice: Lessons Learned from a Pilot Project 
	[Introduction:]
	Introduction:
	Methods:
	Results:
	Conclusion:

	1. INTRODUCTION
	2. MATERIALS AND METHODS
	3. RESULTS
	4. DISCUSSION
	5. LIMITATIONS
	CONCLUSION
	ETHICS APPROVAL AND CONSENT TO PARTICIPATE
	HUMAN AND ANIMAL RIGHTS
	CONSENT FOR PUBLICATION
	CONFLICT OF INTEREST
	ACKONWLEDGEMENTS
	REFERENCES




