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were more likely treated by a primary-physician 
(p = 0.015). Cases with suspected foreign-body diag-
nosis were referred more to the ER (p < 0.001). For 
most cases of eyelid complaints and diagnoses, pri-
mary physician care was sufficient (p < 0.001). Con-
junctival complaints and diagnoses received sig-
nificantly more ophthalmologist-based treatment 
(p < 0.001).  Corneal disorders were significantly 
referred more to the ER (p = 0.001).
Conclusion  Despite of possible ethical and legal 
problems and clinical limitations of this instrument, 
Tele-ophthalmology using objective aids such as 
smartphone photography can be an efficient tool in 
aiding the primary-physician, especially for patients 
with low access to ophthalmologists, with major 
impact on patient management.
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Introduction

During the COVID-19 pandemic, the increasing use 
of telemedicine has become widespread [1]. Teleoph-
thalmology was initially limited mainly to diabetic 
retinopathy [2, 3]. With time the use of teleoph-
thalmology became broader, including treatment of 
urgent cases, treatment of anterior and posterior seg-
ment diseases, review for retinopathy of prematurity 
(ROP), glaucoma monitoring, and monitoring of 
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age-related macular degeneration (AMD) [3–5]. In 
absence of dedicated equipment teleophthalmology 
was mostly limited to the ocular surface.

Recent studies demonstrated that attaching a sim-
ple magnifying lens to a smartphone camera could 
produce accurate and detailed image of the cornea 
and the anterior segment of the eye [6–8]. Kalra et al. 
[9] demonstrated that current novel smartphones 
camera are able to produce high quality images of the 
ocular surface even without an additional lens. Cur-
rently, smartphone-based ophthalmic imaging is a ris-
ing and promising technique.

Hogarty et  al. studied current applications in the 
Google play store and Apple app store that are meant 
for ophthalmology use, such as: visual acuity tests; 
aid for low vision patients; strabismus tests and aid 
tools; anterior segment examination and education. 
Almost all of the applications are not validated, but 
there is a great potential in this field [10–12].

Up do this date there is a limited number of studies 
combining teleophthalmology with primary physician 
care. Moreover, most of the existing literature in this 
discipline describe the use of professional slit-lamp or 
posterior segment cameras and not, smartphone cam-
eras. Tan et al. [13] conducted a systematic review of 
12 studies to test the diagnostic accuracy of real-time 
teleophthalmology and face-to-face encounter. The 
consultation was made through images and/or lives 
video. In 7 studies, teleophthalmology was found to 
be not inferior to face-to-face encounter. A different 
research showed that for corneal and anterior segment 
diseases, the use of simple means of photography 
(such as a cell-phone camera) provides low sensitiv-
ity (about 68% on average) but high specificity (about 
95% on average) [14].

Recent studies exhibit that teleophthalmology can 
be useful in managing ophthalmic conditions, even 
without dedicated equipment [15–17].

Mines et  al. [18] described teleophthalmology in 
the US Army in 2004–2009 and showed that in many 
cases the decision for the necessity of evacuation 
changed due to counseling with an ophthalmologist.

In the IDF, the routine medical treatment for sol-
diers is based on a primary physician. In relevant 
cases, the primary physician gives referrals to special-
ists. It is important to note that according to the IDF 
clinical guidelines, some medications, such as steroi-
dal eye drops, require a specialist recommendation 
and cannot be prescribed by a primary care physician.

During the year 2020, the access to specialist in 
general, and ophthalmologists specifically, reduced 
due to COVID-19 restrictions. In order to address this 
shortcoming, diminish the exposure to outer civil-
ian populations and reduce referrals to the ER, there 
was an increase in the use of telemedicine. These acts 
were necessary in order to maintain the military’s 
competence. In most of the cases, consultation was 
conducted via phone calls, text messages, or a com-
bination of both.

This study aims to describe the cases in which IDF 
primary physicians used teleophthalmology. This 
article will test the hypothesis that teleophthalmol-
ogy can contribute to primary caregivers and increase 
medical access for ophthalmology care worldwide 
by smartphone-based teleophthalmology. Currently, 
there are only a few other studies which demonstrate 
the potential significance of smartphone-based tel-
eophthalmology on the treatment decision of the pri-
mary caregivers. This study aims for assessing this 
method and its consequences.

Methods

This was a retrospective, cross-sectional study. The 
computerized database was reviewed for all the cases 
in which a physician, mostly doctors without speciali-
zation, consulted an ophthalmologist between March 
and June 2020. The patient identity was confidential 
to the researchers. All the consultations were con-
ducted with the same ophthalmologist. The medical 
records were reviewed for: patient age and sex; type 
of army service; mandatory service (combatant, com-
bat assist and non-combatant) and career service; 
patients’ complaints; the ophthalmologist diagnosis; 
use of photographs from smartphone camera during 
the consultations; use of objective visual acuity test; 
the outcome of the consultation (no need for treat-
ment, primary physician-based treatment, specialist-
based treatment, referral to ER).

The physicians who consulted were asked via 
phone call whether the counseling spared them a 
referral to the emergency room or changed manage-
ment. In cases where ER referral was decided, they 
were asked whether the referral was as a result of the 
counseling, or they would have referred even without 
the counseling.
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The study was approved by the local ethics 
committee.

Statistical analysis

Data were collected using Microsoft Excel 2016 
sheet. Statistical analysis was done using SPSS 25.0 
software. Categorical variables were compared by 
Chi-square test. When the number of expected fre-
quencies was low, the variables were compared using 
Fisher’s exact test.

Results

The study population included 245 patients. The male 
to female ratio was 2.6:1. The mandatory service to 
career service ratio was 5.6:1. The Demographics of 
the study population are shown in Table  1. In man-
datory service group, 51.9% were combatant, 30.1% 
were combat support and 18.0% were non-combatant 
soldiers.

In 152 cases (62.0%) there was a use of cellphone 
camera photographs. In 27 cases (11.0%), an objec-
tive visual acuity test (application or Snellen chart) 
was used.

The complaints were classified according to ana-
tomical and clinical groups: conjunctival complaints 
(72 cases, 29.4%); pain (72 cases, 29.4%); eyelid 
complaints (59 cases, 24.1%); itching of eye (39 
cases, 15.9%); administrative (36 cases, 14.7%) dis-
charge (35 cases, 14.3%); decrease visual acuity (28 

cases, 11.4%); foreign body sensation (23 cases, 
9.4%); contusion (12 cases, 4.9%); other (21 cases, 
8.6%). Table  2 presents the detailed compliant 
groups.

The diagnoses were classified, similarly according 
to anatomical and clinical groups: conjunctival disor-
ders (104 cases, 42.4%); eyelid disorders (56 cases, 
22.9%); corneal disorders (15 cases, 6.12%); skin 
disorders (15 cases, 6.1%); suspected foreign body 
in eye (12 cases, 4.9%); contusion of eye and adnexa 
(an unspecific diagnosis, 12 cases, 4.9%); visual dis-
turbance disorders (an unspecific diagnosis, 11 cases, 
4.5%); other (34 cases, 13.9%). Table 3 presents the 
detailed groups of diagnoses.

The most common diagnoses were acute con-
junctivitis (21 cases, 8.6%); conjunctival hyperemia 
(unspecified diagnosis, 20 cases, 8.2%); scleritis/
episcleritis (18 cases, 7.3%); chronic allergic conjunc-
tivitis (18 cases, 7.3%); chalazion (18 cases, 7.3%) 
hordeolum and other deep inflammation of eyelid (16 
cases, 6.5%); acute atopic (allergic) conjunctivitis (11 
cases, 4.5%).

Primary physician-based treatment was given in 
92 cases (37.6%). Specialist-based treatment (medi-
cations that primary care physicians are not author-
ized to prescribe in the IDF) was given in 61 cases, 
(24.9%). For 53 cases (21.6%) no treatment was 
required. Only 32 cases (13.1%) were referred to the 
ER, and only 7 cases (2.9%) needed ophthalmologist 
referral within 1 week.

A telephone survey with treating physicians was 
conducted in 235 consults out of a total of 245 cases 
(95.9%). The consult prevented ER referral for 96 
patients (39.2%) and changed the physician treatment 
plan in 173 cases (70.6%). Four patients (0.02%) that 
would not have been referred to the emergency room 
prior to the consultation were eventually referred to 
the ER.

Complaints of a foreign body sensation were sig-
nificantly more likely, and mostly, treated by pri-
mary physician (60.9% vs 35.1%. p-value = 0.015). 
ER referral was mostly, and significantly more 
likely to be spared in these cases (66.7% vs 38.3%. 
p-value = 0.012). Cases that were diagnosed with 
suspected foreign body were referred more signifi-
cantly to the ER (50.0% vs 11.2%. p-value < 0.001). 
Eyelid complaints were significantly more likely, 
and mostly, treated by primary physician (63.2% vs 
29.8%. p-value < 0.001). This correlation was also 

Table 1   Demographics of the study population

All study 
popula-
tion

Manda-
tory 
service

Career ser-
vice

Missing

Total 245 206 37 2
Male 177 147 28 2
Female 68 59 9 0
Age
Mean 21.5 19.4 32.6 26.5
Median 20 19 29 27
Std. Devia-

tion
6.43 1.07 10.92 9.19

Minimum 18 18 20 20
Maximum 57 25 57 33
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maintained in the diagnoses groups. Eyelid dis-
orders were significantly more likely, and mostly, 
treated by primary physician (71.4% vs 27.5%. 
p-value < 0.001). Conjunctival complaints received 
significantly more ophthalmologist-based treatment 
(47.2% vs 15.6%. p-value < 0.001).

Conjunctival disorders diagnoses group were sig-
nificantly more likely to get specialists-based treat-
ment (42.3% vs 13.5%. p-value < 0.001).

Corneal disorders were significantly referred 
more to the ER (40.0% vs 11.3%. p-value = 0.001). 

In 5 out of 6 cases of subconjunctival hemor-
rhage ER referral was spared (83.3% vs 39.7%. 
p-value = 0.043).

The study included a total of 36 administrative 
visits. Administrative consults were mostly, and 
significantly more likely to get no treatment (66.7% 
vs 13.9%. p-value < 0.001) and significantly less 
likely required ambulatory ophthalmologist referral 
(0% vs 17.4%. p-value = 0.002) or urgent ophthal-
mologist follow-up (within 1 week) (0% vs 15.1%. 
p-value = 0.598).

Table 2   Compliant groups 
and the details of the groups

*Patient can be on more 
than 1 group- according to 
the complaints

Group Frequency Percentage of the 
study population

Conjunctiva Total 72 29.4
Hyperemia of conjunctiva 66 26.9
Lesion of conjunctiva/cornea 4 1.6
Subconjunctival hemorrhage 3 1.2
Swollen conjunctiva 2 0.8

Pain 72 29.4
Eyelid Total 59 24.1

Swollen eyelid 39 15.9
Pain in eyelid 19 7.8
Lesion of eyelid 12 4.9
Hyperemia of eyelid 9 3.7
Itching of eyelid 2 0.8

Itching 39 15.9
Administrative 36 14.7
Discharge Total 35 14.3

Eye discharge 19 7.8
Tears 18 7.3

Decreased visual acuity 28 11.4
Foreign body sensation 23 9.4
Other Total 17 6.9

Floater 6 2.4
Headache 5 2.0
Follow up 4 1.6
Strabismus 1 0.4
Rt. Parietal forehead hypoesthesia 1 0.4
Color vision disturbance 1 0.4
Skin lesion near eye 1 0.4

Contusion & laceration Total 12 4.9
Contusion 10 4.1
Laceration 2 0.8

Photophobia 6 2.4
Dry eye 4 1.6
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Table 3   Diagnoses groups and details of the groups

Frequency Percentage of the 
study population

Conjunctival disorders Total 104 42.4
Conjunctivitis acute 21 8.6
Conjunctival hyperemia 20 8.2
Episcleritis / scleritis 18 7.3
Conjunctivitis allergic (chronic) 18 7.3
Conjunctivitis, acute atopic (allergic) 11 4.5
Conjunctival disorder, unspecified 7 2.9
Subconjunctival hemorrhage 6 2.4
Nevus 2 0.8
Pinguecula 1 0.4

Eyelids Total 56 22.9
Chalazion 18 7.3
Hordeolum and other deep inflammation of eyelid 16 6.5
Herpes simplex 9 3.7
Atopic dermatitis 4 1.6
Blepharitis 3 1.2
Cellulitis/abscess of face 3 1.2
Dermatitis /eczema of unspecified cause 1 0.4
Herpes zoster 1 0.4
Urticaria allergic 1 0.4
Eyelid cyst(s)/sebaceous cyst 1 0.4

Other Total 31 12.7
Disorders of vitreous body 4 1.6
Dry eye syndrome 4 1.6
Administrative purpose encounter 4 1.6
Keratomileusis (refractive surgery) 3 1.2
Pseudophakia 3 1.2
Strabismus and other disorders of binocular eye movement 2 0.8
Other retinal disorders 2 0.8
Bell’s palsy 1 0.4
Uveitis unspecified 1 0.4
Covid 19 1 0.4
Glaucoma 1 0.4
Facial nerve disorders 1 0.4
Follow-up examination unspecified 1 0.4
Anisocoria 1 0.4
Endocrine exophthalmos 1 0.4
Convergence insufficiency 1 0.4

Corneal disorder Total 15 6.1
Corneal disorder unspecified 8 3.3
Keratitis 6 2.4
Keratoconus 1 0.4

Skin disorders Total 15 6.1
Herpes simplex 9 3.7
Cellulitis/abscess of face 3 1.2
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Use of objective visual acuity test was found with 
significant correlation for ER referral (33.3% vs 
10.6%. p-value = 0.001).

Use of smartphone photography was significantly 
correlated with getting any type of treatment (70.3% 
vs 32.1%. p-value < 0.001). Furthermore, it was found 
with significant correlation for getting specialist-
based treatment (75.4% vs 57.6%. p-value = 0.015).

Discussion

During the first wave of COVID-19 virus in Israel 
(March–April 2020), in order to prevent the infection 
of soldiers from the civilian population, a military 
directive was issued ordering the need to reduce the 
number of medical referrals to specialists and ER to 
a minimum. Ergo, the need for telemedicine in gen-
eral and teleophthalmology in particular has risen 
significantly.

This study confirms many presumptions about tel-
eophthalmology. Corneal disorders, foreign body in 
the eye, and multiple complaints have required more 
specialist treatment or ER referral. On the other hand, 
for complaints and diagnoses that does not involve 

the eyeball itself, such as skin disorders and eyelid 
disorders (mostly chalazion or hordeolum), primary 
physician care was sufficient. For administrative con-
sults, the consultation spared referral and granted the 
patient immediate treatment.

For the foreign body sensation, complaints con-
sultation spared ER referral, and, in most cases, the 
primary physician could give a sufficient treatment, 
(60.9% in our study). On the contrary, when the con-
sulting ophthalmologist suspected the presence of a 
foreign body according to anamnesis or findings in 
photos, ER referral was needed. A subjective foreign 
body sensation can be the symptom of many diag-
noses such as dryness, various infections, and not 
necessarily foreign body penetration. Anamnesis or 
objective findings can help differentiate between the 
diagnoses. The conclusion is that teleophthalmology 
can be an aid tool for primary care in cases of foreign 
body sensation in the eye. In cases with low access to 
medical services, or in military outlines where medi-
cal referral may be a burden, the benefit might be 
even higher.

In this study, conjunctival disorders were signifi-
cantly more likely to require a specialist-based treat-
ment. Revising these cases demonstrates that almost 

Table 3   (continued)

Frequency Percentage of the 
study population

Dermatitis/eczema of unspecified cause 1 0.4
Herpes zoster 1 0.4
Urticaria allergic 1 0.4

Foreign body/chemical 
conjunctivitis

Total 12 4.9

Foreign body in eye external unspecified 5 2.0
Acute chemical conjunctivitis 5 2.0
Foreign body in conjunctival sac 2 0.8

Contusion Total 12 4.9
Contusion of eye and adnexa 8 3.3
Hyphema 2 0.8
Fracture of nose 1 0.4
Laceration of face 1 0.4

Visual disturbance Total 11 4.5
Visual disturbance unspecified 8 3.3
Myopia 1 0.4
Refractive error unspecified 1 0.4
Astigmatism 1 0.4

Headache 6 2.4
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all of them were treated with steroidal eye drops. It 
is important to note that common conjunctival dis-
orders usually do not require steroidal eye drops 
and are self-limited. In our study steroids have been 
given mainly for diagnoses of allergic conjunctivitis 
and episcleritis. It was not administered as a primary 
treatment for viral conjunctivitis, where the indica-
tions for steroid administration are only membranes 
or sub-epithelial infiltrates. The IDF medical clinical 
guidelines require specialist recommendation in order 
to prescribe steroidal eye drops. In civil medicine, a 
specialist recommendation is not required. A possible 
reason that contributed to the increase in the use of 
steroidal drops lies in the need to diminish referrals 
due to the Covid-19 period directive thus requires 
treatment with faster response.

We estimate that in civil environment most of the 
conjunctival disorders could have been treated by pri-
mary physician.

Use of smartphone photography was correlated 
with getting specialist-based treatment. Examination 
of these cases demonstrates that 50% of them (76 out 
of 152) were in the conjunctival disorder diagnoses 
group. Smartphone photography is limited to ocular 
surface disorders. The fact that specialist recommen-
dation is required for prescribing steroidal drops can 
explain the positive correlation between using a pic-
ture and specialist-based treatment.

This study found that using an objective tool to 
assess visual acuity increased the need for ER refer-
ral. A possible explanation for this lies in the fact that 
objective findings, such as decreased visual acuity 
even in the absence of other complaints, can indi-
cate problems in the posterior segment of the eye that 
require a specialist’s examination. We recommend 
that primary physicians using teleophthalmology 
should strive to use as objective means as possible, in 
order to improve the efficiency of the tool.

The consult prevented a significant amount of ER 
referrals, and for most cases, changed the physician 
treatment plan. Furthermore, the medical training in 
Israel has hardly any exposure to ophthalmology. For 
the primary physician, additional clinical ophthalmic 
experience is needed. Due to the lack of experience, 
the consultation helped the primary physician to get 
to the correct diagnosis. This data suggests that tel-
eophthalmology was indeed a beneficial tool.

This research has some limitations. First, this is a 
descriptive study and not interventional. The study 

did not examine the accuracy of the diagnosis or the 
effectiveness of the treatment. We tried to follow-up 
on the cases and find out about the treatment results, 
unfortunately, we could not find enough data. Most 
of the cases probably improved, but there was no 
documentation of it since they did not return to their 
physician if they improved. We could not extract suf-
ficient data about the patients that were referred to the 
ER, or about the patients that returned to follow-up 
with an ophthalmologist. The reason for this is the 
fact that the army database does not collect data from 
other health providers, such as civilian ER or civilian 
ophthalmologists. In some cases, the primary physi-
cian documented part of the referral, but it was docu-
mented poorly. Second, there is a possibility of recall 
bias in the study due to phone survey with the treating 
physicians. Third, there is a very noticeable selection 
bias in the study population- the treating physicians 
probably did not consult about less occult cases. Sim-
ilarly, the treating physicians probably did not con-
sult about grave cases, and probably refer the patient 
to the ER or an urgent ophthalmologist examination. 
However, these moderate cases may be the cases 
that will benefit the most from teleophthalmology. 
In addition, for some complaints, such as new onset 
visual disturbances teleophthalmology cannot supply 
proper consult without dedicated equipment. Adding 
a magnifying lens for improving the images and thus 
the efficiency of the consultations, is an inexpensive 
and practical method to assimilate smartphone based 
teleophthalmology to common practice.

It is worth noting that telemedicine also raises dif-
ficulties: the possibility of violating medical confi-
dentiality; cheap but less professional market forma-
tion for remote counseling; there is no legislation on 
the subject; meeting documentation in text or video; 
violation of equality (patients without internet access 
will have no access to this medical service) [19–21].

In conclusion, teleophthalmology can contribute 
to primary caregivers, and increase medical access 
for ophthalmology care. In our study, the teleconsul-
tation had major impact on sparing ER referrals and 
affected the treatment for most of the patients. Our 
study demonstrated for the first time such a significant 
impact in case management in ophthalmology using 
telemedicine based. We have yet to find any further 
studies that have shown such significant effect on 
the decision making of primary caregivers using tel-
eophthalmology. Despite of possible ethical and legal 
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problems and clinical limitations of this instrument, 
teleophthalmology as described in this study seems 
as an efficient tool in aiding primary-care physicians, 
especially for patients with low access to an ophthal-
mologist. Using objective tools such as photography 
and Snellen chart or application to assess the visual 
acuity may improve the efficacy of this tool.
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