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Abstract
The objective of this study was to compare the cost between two 
procedures for fundus examination in patients with diabetes. In 
our setting, two alternatives for fundus examination are available 
for patients with diabetes. In the first alternative, a digital image is 
taken with a nonmydriatic fundus camera when the patient is at the 
endocrinology consultation, and the image is then examined by an 
ophthalmologist. In the second alternative, a direct fundus examina-
tion is made by an ophthalmologist. We calculated the costs of both 
procedures from both Public Healthcare System (PHS) and patient 
perspectives using the official scales to compute personnel, consum-
ables, capital cost of equipment, travel expenses, and time loss of 
the patient caused by attending the consultation. The first alterna-
tive (digital fundus image) required 2.69, 0.03, and 1.62 Euros per 
patient for personnel, consumables, and capital cost of the equipment, 

respectively. A direct fundus examination was needed in 31% of 
patients that had an additional cost of 0.97 Euros per patient for the 
PHS plus 14.97 Euros per patient because of travel cost and loss of 
income. The second alternative (direct fundus examination) required 
2.69, 0.11, and 0.33 Euros per patient for personnel, consumables, 
and capital cost, respectively. All patients in this second alternative 
had to attend a consultation that implied travel and loss of income 
costs. Attending a consultation represented a cost of 48.29 Euros per 
patient. From the PHS perspective, direct fundus examination is less 
costly than using digital fundus images. The higher cost of the digital 
fundus option is a consequence of the higher capital costs required 
by the equipment needed to obtain the digital image. However, from 
a global perspective, the digital image alternative is more convenient 
because the travel cost and loss of income of the patient are lower.

Key words: cost analysis, digital fundus imaging, direct fundus 
examination, diabetic retinopathy

Introduction
iabetic retinopathy is a major cause of blindness in adults.1 
Since evolving retinopathy can be detected by fundus 
examination, imaging of the retina is regularly used for 
diagnosing and grading the condition. Recently, digital 

retinal photography has been used as a tool to assess patients with 
diabetes for both clinical and research purposes.

Regular fundus examinations that detect signs of treatable diabetic 
retinopathy have clinical benefits. Prospective studies have shown 
that the appropriate treatment of diabetic retinopathy can signifi-
cantly reduce the risk of suffering vision loss.2–4 Moreover, it has been 
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estimated that detection and appropriate treatment of this condition 
could save over 400 million USD anually in healthcare-related costs.5 
However, despite the benefits of undergoing regular fundus examina-
tion, several studies demonstrated that a relevant number of patients 
with diabetes do not undergo such examination.6–9 Socioeconomic 
factors and geographic restrictions, among other factors, account 
for this poor compliance.10 The use of digital imaging for retinal 
examinations and telecommunication technologies may facilitate the 
retinal evaluation of patients with diabetes and therefore increase the 
rate of the examined population.11

Digital images taken with a nonmydriatic funduscopic camera can 
be electronically stored and later retrieved by an ophthalmologist 
for evaluation.12–15 This technique has several benefits. For instance, 
general practitioners (GP) may establish periodic contact with special-
ists and use the images for continuing medical education purposes. 
Avoiding unnecessary displacement of patients and reduction in 
the outpatient overload are also relevant advantages. The use of 
new technologies in medicine entail the modernization of medical 
equipment and personnel training, resulting in increasing costs that 
must be taken into consideration. Therefore, comparative cost, cost–
benefit, and cost-effectiveness analysis are required to choose the 
most appropriate alternative.16–19

In the Spanish Public Healthcare System (PHS), the follow-up of 
patients with diabetes is made by GPs at Primary Care Centers (PCCs) 
and by endocrinologists at the reference hospitals. Appointments for 
fundus examination are subsequently requested at the ophthalmol-
ogy services at the hospitals. Therefore, patients with diabetes are 
given two appointments: one for the endocrinologist or the GP, and 
another one for the ophthalmologist. Having the possibility of obtain-
ing fundus digital images at the endocrinologist or GP office to be 
examined later on by an ophthalmologist could increase the follow-
up efficiency of these patients because the second appointment may 
be avoided. Such a procedure, based on a “store-and-forward” tech-
nique, is currently available in our hospital.12,13,20 Here we report the 
results we have obtained after comparing the cost of assessment of 
diabetic retinopathy by using digital fundus images obtained at the 
endocrinologist office and by direct fundus examination made in a 
second appointment at the ophthalmologist office.

Materials and Methods
SETTING

The Complejo Hospitalario Universitario de Santiago de Compostela 
(CHUSC) is a referral hospital serving a population of approximately 
350,000 persons. The follow-up of patients with diabetes is made by 
the endocrinology service at the CHUSC or by the GP at the PCC. For 

fundus examination, these patients are further referred to the oph-
thalmologist at the CHUSC. This referral pattern forces the patients to 
attend both the GP or endocrinologist consultation and the ophthal-
mologist consultation. Currently at two PCCs and the endocrinology 
service of our hospital, we can capture fundus images using nonmy-
driatic fundus cameras to facilitate teleconsultation screening.

In our setting, for fundus examination the patients have two alter-
natives. In the first alternative, a digital fundus image is obtained 
with a nonmydriatic camera while the patient is at the endocrinology 
consultation and visualized later by an ophthalmologist on a regu-
lar computer monitor. This alternative avoids requesting a second 
appointment for fundus examination. In the second alternative, the 
patient must request an additional appointment with the ophthal-
mologist to undergo a direct fundus examination. We compared the 
costs of both alternatives.

COSTS OF DIGITAL FUNDUS IMAGE ALTERNATIVE
Estimates of the cost of digital image alternatives were based on 

the “store-and-forward” system already in use in our hospital. In 
this system, fundus digital images are taken by means of a non-
mydriatic camera (Canon, Model CR5-45NM, Canon Inc., Tokyo) 
located at the endocrinology service at the CHUSC the same day the 
patient is at the endocrinology consultation and stored on a remote 
server via intranet. Subsequently, the images are retrieved by an 
ophthalmologist in the CHUSC, examined, and the results are sent 
back to the endocrinology service.12 To assure secure transmission, a 
key number was attached to each set of images for each patient and 
no patient data were included. The images were Joint Photographic 
Experts Group (JPEG) compressed at a 1:3 ratio. It has been shown 
that JPEG compression of 1:30 can be achieved without affecting 
the ability of the ophthalmologist to detect retinal abnormalities.21 
Four images (45° field each) were taken of each eye, which covered 
the macula, the nasal retina and the optic disk, and the superior 
and inferior temporal areas. Labor, consumables, and capital costs 
were assessed from 100 consecutive procedures carried out from 
May to July 2003. Labor costs were calculated by using the official 
PHS cost scales22,23 and were prorated according to the number of 
minutes for completing relevant tasks. Costs related to consumables 
were calculated according to the prices of each item given by the 
department of stock register and supplies of our hospital in 2004. 
For calculating capital costs, the equivalent annual cost17,18 was 
calculated on the basis of the equation NPV=E*AF10.3%, where 
NPV is the net current value of the equipment cost, AF10.3% is the 
annuity factor for 10 years (the economic life) at a rate of interest 
of 3% (equal to 8.5302), and E is the equivalent annual cost of the 
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equipment. According to previous studies24,25 for cost per patient 
calculations, we estimated that 3,000 fundus images per year could 
be produced with this equipment. In this alternative, no travel costs 
were included because the patient had to attend the endocrinologist 
consultation regardless of whether or not a fundus examination was 
performed. Costs caused by a required second direct examination of 
patients with signs of retinopathy or because of unreadable images 
were also included in this evaluation.

COSTS OF DIRECT FUNDUS EXAMINATION ALTERNATIVE
This alternative involved costs for both the PHS and patient. 

Calculations for this alternative were made from 100 consecutive 
patients with diabetes attending an outpatient general ophthalmol-
ogy consultation at the ophthalmology service of the CHUSC from 
January 2003 to April 2004. These patients were scheduled for a 
fundus examination. As for the previous alternative, all of the labor, 
consumables, and equipment costs were calculated. As for digital 
images, we considered that 3,000 patients per year could have been 
examined with the equipment used for direct fundus examination, 
and equipment cost calculations were made on this basis.

In order to calculate patient costs, the patients were asked to fill 
out a questionnaire on the same day as the consultation, indicating 
the type of transportation they used, distance they traveled, whether 
or not they had a companion accompanying them, and how much 
they were willing to pay to avoid the appointment with the ophthal-
mologist. The answer choices for the last question were 0, 1.5, 4.5, 
10, 45, 50, 75, 100, 110, or more than 110 Euros. The choices were 
used to apply the concept of “willingness to pay” to participate in a 
healthcare program or to receive a specific healthcare treatment.17,26–28 
Travel expenses were calculated by using the official motoring 
costs22,23 and applied to the number of miles traveled by the patients 
to attend the consultations obtained from the reported data. To 
quantify the loss of income, we used the minimum interprofessional 
salary in accordance with the 2003–2004 official salary scales for 
the Autonomous Community of Galicia.29 To minimize the seasonal 
effect, coefficients were calculated and deducted from the labor costs 
for each quarter, thus obtaining a deseasonalized series.30

Results
DIGITAL IMAGE COSTS

During the endocrinology consultation, the personnel used to 
obtain a digital fundus image were a nurse and an ophthalmolo-
gist who subsequently examined the image. About one third of the 
patients (27%) showed signs of diabetic retinopathy. In 4% of cases, 
the quality of the images was not high enough to assess the exis-

tence or absence of diabetic retinopathy. Since these patients (31%) 
required a second direct examination, the derived costs of this pro-
cedure were also factored into the costs of the digital alternative. The 
estimated time needed by the nurse was 5 minutes per patient (0.72 
Euros) as was the time needed by the ophthalmologist (1.97 Euros). 
The consumables equaled 0.03 Euros per patient. The depreciation 
plus the opportunity cost at 3% rate of the equipment (funduscopic 
camera and personal computers) represented a net present value of 
39,000 Euros or an equivalent annual cost of 4,572 Euros (1.52 Euros 
per patient, assuming 3,000 patients/year). The maintenance at a 
7.5% rate represented a total cost of 2,925 Euros or an equivalent 
annual cost of 292.50 Euros (0.10 Euros per patient, assuming 3,000 
patients/year). The total capital cost (depreciation, opportunity, and 
maintenance costs) of the equipment was 1.62 Euros per patient. 
The second direct fundus examination performed in 31% of patients 
for the reasons stated above represented a total of 97.03 Euros 
(3.13 euros per patient, as calculated for direct examination costs). 
Considering the total of 100 patients, that represents 0.97 Euros per 
patient. Similarly, the travel and loss of income of these 31 patients 
was 1,496.99 Euros that, considering the total 100 patients, represents 
14.97 Euros per patient. Therefore, the total cost (PHS + Patient) of 
the whole procedure to obtain a digital fundus image was 20.28 Euros 
per patient (Table 1).

Table 1. Costs of Digital Eye Fundus Examination
DIGITAL FUNDUS EXAMINATION

RESOURCE ITEM COST/PATIENT

PHS costs:

Staff cost:
    Nurse, 5 min
    Ophthalmologist, 5 min

0.72
1.97

Consumables 0.03

Capital cost:
     Depreciation + opportunity cost, 3% rate 39,000 (NPV); 4,572 (EA)
    Maintenance cost, 7.5% rate 2,925 (total); 292.50 (AC)

1.52
0.10

Subsequent examination (31% patients) 0.97

Total cost for PHS 5.31

Patient costs (second examination):
Travel + loss of income (31% patients) 14.97

Total cost (PHS + patient) 20.28

PHS, Public Healthcare System; NPV, net present value; EA, equivalent annual; Total, 
total costs in 10 years; AC, annual cost; all values are given in Euros.
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DIRECT FUNDUS EXAMINATION COSTS
From the PHS perspective, this alternative includes personnel, con-

sumables, and equipment. The required personnel consisted of a nurse 
and an ophthalmologist who performed the direct fundus examina-
tion with dilation of the pupil. Both required 5 minutes per patient to 
perform the whole procedure, which in salary terms equals 0.72 Euros 
for the nurse and 1.97 Euros for the ophthalmologist, respectively. 
The estimated consumable (eyedrops, gauze) represented 0.11 Euros 
per patient. The depreciation plus opportunity cost at 3% rate of 
the equipment (ophthalmoscope, slit lamp, lenses) represented a net 
present value of 8,220 Euros or an equivalent annual cost of 936.64 
Euros. This item represented 0.31 Euros per patient (assuming 3,000 
patients/year). The maintenance cost at 7.5% rate represented a total 
cost of 616.50 Euros or an equivalent annual cost of 61.65 Euros. 
This represented 0.02 Euros per patient (assuming 3,000 patients/
year). The total cost of a direct fundus examination for the PHS was 
3.13 Euros per patient.

From the patient perspective, undergoing a direct fundus exami-
nation implied travel expenses and loss of income for both the 
patient and their companion. The mean waiting time for this second 
consultation with the ophthalmologist was 72.3 days. The type of 
transportation used by the patients included ambulance (2%), on foot 
(3%), train (3%), bus (22%), and car (66%). The mean cost for the 
last two options was calculated by using the official reimbursement 
amount (0.12 Euros/km for bus, 0.17 Euros/km for car). Using the 
data reported by the patients (travel distances, type of transportation, 
companion), the mean cost per patient to attend the ophthalmologist 
consultation was 21.60 Euros. Loss of income was calculated from 
the total time spent to attend the consultation and from the minimum 
interprofessional salary. This showed a loss of income of 26.69 Euros 
per patient. Therefore, both concepts represented a mean total cost of 
48.29 Euros per patient. The responses of the patients to how much 
they were willing to pay to avoid the ophthalmologist consultation 
showed a mean of 74.18 Euros. The total direct fundus examination 
cost (PHS + patient) was 51.42 Euros per patient (Table 2).

COMPARATIVE COSTS
For the PHS the cost of the digital image alternative was 5.31 

Euros per patient, whereas direct examination alternative was 
3.13 Euros per patient (that is, 2.18 Euros lower). From the patient 
perspective, the digital image was taken at no cost at the endocri-
nologist consultation, whereas attending the ophthalmologist for 
direct examination represented a cost of 48.29 Euros. However, 
since in 31 patients who underwent digital examination, a second 
direct examination was required, the average cost for each patient 

of this alternative (100 patients) was 14.97 Euros. Therefore, the 
total cost (PHS and patient costs) for digital examination was 20.28 
Euros per patient whereas for the direct examination alternative 
was 51.42 Euros.

Discussion
Cost assessment, cost–benefit analysis, and cost-effectiveness 

analysis provide useful information to decide the convenience of 
a new medical procedure. Using a nonmydriatic fundus camera to 
obtain digital images of the retina in patients with diabetes may 
result in a lower cost than direct fundus examination made by an 
ophthalmologist. This question is especially relevant in the Spanish 
PHS because fundus examinations are usually performed only by 
ophthalmologists. To answer the question, we calculated the cost 
of two alternatives. In the first alternative, a digital image of the 
fundus was taken during the patients’ endocrinologist consultation, 
and therefore an additional appointment to the ophthalmologist was 
not required. In the second alternative, the patient had to request an 
appointment with the ophthalmologist to undergo a fundus examina-
tion. In this second alternative, the costs for the patient derived from 
travel expenses and loss of income. According to our results, the first 
alternative (digital image) represented a total cost for the PHS of 5.31 
Euros per patient, mostly derived from staff and capital costs. In this 

Table 2. Costs of Direct Eye Fundus Examination
DIGITAL FUNDUS EXAMINATION

RESOURCE ITEM COST/PATIENT

PHS costs:

Staff cost:
    Nurse, 5 min
    Ophthalmologist, 5 min

0.72
1.97

Consumables 0.11

Capital cost:
    Depreciation + opportunity cost, 3% rate 8,220 (NVP); 936.64 (EA)
    Maintenance cost, 7.5% rate 616.50 (total); 61.65 (AC)

0.31
0.02

Total cost for PHS 3.13

Patient costs:
    Travel cost
    Loss of income
    Total patient cost

21.60
26.69
48.29

Total cost  (PHS + patient) 51.42

PHS, Public Healthcare System; NPV, net present value; EA, equivalent annual; Total, 
total costs in 10 years; AC, annual cost; all values are given in Euros.
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case, however, there was no cost for the patient because the fundus 
image was taken at the same time she/he was at the hospital for a 
regular endocrinologist consultation, unless she/he had to undergo a 
second direct examination. The second alternative (direct examina-
tion) generated lower costs for the PHS (3.13 Euros per patient), but 
it required the patient to attend a second consultation (the first with 
the endocrinologist and the second with the ophthalmologist), which 
implied a mean cost of 48.29 Euros for the patient. Therefore, from 
the PHS perspective, the second alternative (3.13 Euros per patient) is 
cheaper than the first alternative (5.31 Euros per patient). However, 
a more global perspective, taking into account both the PHS and the 
patient, clearly shows that using digital images has a lower cost than 
direct examination.

For healthcare services, the immediate costs should not be the only 
ones considered relevant to change or maintain medical procedures. 
Public healthcare services must also satisfy the requirements and 
expectations of patients, professionals, and public administration.31 
Therefore, some additional considerations must be taken into account 
regarding the relative costs of both alternatives. It was shown that 
digital fundus images can be reliable to detect diabetic retinopathy12 
and that using teleconsultation for this purpose may avoid up to 
50% of patient referral to the ophthalmologist.13 Indeed, only 27% of 
patients who underwent digital examination showed signs of diabetic 
retinopathy in our sample. There were some additional cases (4%) 
which, because of the poor quality of the images caused by media 
opacities or small pupil size, needed referral to the ophthalmologist 
for direct examination. Therefore, 31% of patients were referred to 
the ophthalmologist after their fundus image was examined. These 
figures are in agreement with those reported in other studies.12,14,15,32,33 
Although the studies regarding prevalence of diabetes34,35 and dia-
betic retinopathy36 report slightly different figures, it can be assumed 
that the prevalence of diabetes is about 5%, and that of diabetic 
retinopathy among patients with diabetes is about 40%. Assuming 
these figures and that our hospital provides healthcare to 350,000 
people, 17,500 persons are diabetic and 60% of them (10,500) should 
not have diabetic retinopathy. Therefore, this latter group would not 
require direct fundus examinations made by an ophthalmologist. 
However, since in our setting the ophthalmologist still has to evalu-
ate the digital images and, according to our data, it takes the same 
time as the direct examination (about 5 minutes), the use of digital 
images would not produce an actual reduction of ophthalmologic 
consultations. A training program on fundus examination for GPs 
would allow them to detect the existence of diabetic retinopathy 
lesions and reduce referrals to ophthalmologists, which in turn would 
reduce consultation costs. According to the current official cost for 

healthcare procedures,22,23 the cost of a GP consultation is 59.2 Euros, 
whereas that of an ophthalmologist is 121.20 Euros.

A second consideration is related to the effect that early con-
sultation would have on preventing the progress of retinal lesions. 
Diabetic retinopathy starts with mild retinal lesions and progresses 
toward macular edema, vitreoretinal hemorrhages, and prolifera-
tive retinopathy, causing about 20–30% of legal blindness.37 Digital 
fundus examination at the PCC could result in earlier diagnosis of 
diabetic retinopathy, and therefore an earlier treatment would be 
possible.8 In our setting, those patients who presented signs of dia-
betic retinopathy at the digital examination had to wait a long time 
(mean 72 days) to undergo a direct fundus examination. This delay 
may have an influence on the progression of their retinopathy.7 In 
our case, the delay could be reduced by developing a more efficient 
scheduling system for a second appointment. Patients with no dia-
betic retinopathy do not require ophthalmologic treatment, whereas 
those with diabetic retinopathy require a series of tests and treat-
ments. Early diagnosis of this condition may avoid further complex 
treatment procedures (i.e., vitrectomy), which are by far more costly 
than early treatment procedures (i.e., laser photocoagulation). In our 
setting, the digital image alternative might help in early detection of 
diabetic retinopathy and in turn reduce treatment costs.

For conventional medical procedures, an increase in the number 
of users usually results in higher costs. However, when telecom-
munication systems are involved, the economic gains and social 
benefits increase proportionally with the number of users. Moreover, 
as technology advances, the cost of telecommunication equipment 
decreases. The tendency of diabetes and diabetic retinopathy as a 
derived complication to increase is indisputable.38 Hence, the number 
of potential users for telemedical consultation is very high, and the 
return on initial investment should be rapid. The results of our study 
are based on data from years 2003 and 2004. Nonetheless, given 
the expected increase in the diabetic population and the decreasing 
cost of equipment, we can assert that the results at present would 
be even more favorable for the use of teleconsultation procedures. 
On the other hand, it should be emphasized that if the setting of our 
study had involved PCCs with a GP inspecting the digital images, the 
comparative costs would favor the use of the digital image alternative 
in all aspects.39,40

Socioeconomic and geographic factors are reasons that explain 
why a large number of patients with diabetes avoid undergoing 
fundus examinations.6,9,10 Our study suggests that for patients, 
the cost of attending the ophthalmologist consultation for fundus 
examination is not the reason for the poor compliance for this 
procedure observed in patients with diabetes. Indeed, we observed 
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that the amount of money the patients are willing to pay to avoid 
a second consultation (74.18 Euros) is considerably higher than the 
amount they would actually have to pay for travel and time loss 
(48.29 Euros). This indicates that if accessibility for fundus exami-
nation is improved, a larger number of patients with diabetes would 
undergo this procedure. This could be easily achieved by having 
nonmydriatic funduscopic cameras at the PCCs, which are within 
a short distance of the patients’ homes. We believe that the use of 
new communication technologies would help to increase the quality 
perceived by the patient and achieve a high level of acceptance and 
satisfaction by the medical staff. As far as the health administra-
tion is concerned, it would allow the optimization of resources for 
equality in access to medical care.
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