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ABSTRACT

Objective: To investigate the manifestation characteristics of fundus fluorescence angiography (FFA) and
its values in diagnosing diabetic retinopathy through comparing direct ophthalmoscopy.

Methods: Two hundred fifty patients (500 eyes) who were suspected as diabetic retinopathy and admitted
to the hospital between February 2015 and December 2016 were selected. They underwent direct
ophthalmoscopy and FFA. The manifestation characteristics of FFA in the diagnosis of diabetic retinopathy
were summarized. The two examination methods were compared.

Results: In the diagnosis with direct ophthalmoscopy, 375 eyes out of 500 eyes were diagnosed as diabetic
retinopathy (75%); there were 74 eyes at stage |, 88 eyes at stage Il, 92 eyes at stage lll, 83 eyes of stage
IV, 28 eyes of stage V and 10 eyes of stage VI. In the diagnosis with FFA, 465 eyes out of 500 eyes were
diagnosed as diabetic retinopathy (93%); there were 94 eyes at stage |, 110 eyes at stage Il, 112 at stage lll,
92 eyes at stage IV, 41 eyes at stage V and 16 eyes at stage VI. The detection rate of diabetic retinopathy
using FFA was significantly higher than that using direct ophthalmoscopy (P<0.05). FFA found that 316 eyes
had non-proliferative retinopathy (67.96%), 75 eyes had pre-proliferative lesions (16.13%), 149 eyes had
proliferative lesions (32.04%), 135 eyes had diabetic maculopathy (29.03%) and 31 eyes had diabetic optic
disc lesions (6.67%).

Conclusion: The detection rate of diabetic retinopathy using FFA is higher than that using direct
ophthalmoscopy. FFA could accurately determine clinical stage. Therefore, it is an important approach in
treatment efficacy evaluation and treatment guidance, suggesting a significant application value.
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and microvessels. Diabetic retinopathy is
one of the severest complications in diabetic
microangiopathy and the main cause for the
blindness of diabetic patients.>® But diabetic
retinopathy is difficult to be discovered in the
early stage, leading to delayed treatment. It was
reported that the incidence of diabetic retinopathy
among patients who have had diabetes for five
years was between 49% and 58%.* Therefore,
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early diagnosis of diabetic retinopathy is of
great significance to clinical treatment and the
improvement of prognosis.

Direct ophthalmoscopy is still an important
diagnostic approach in the diagnosis of diabetic
retinopathy. With the popularization of fundus
fluorescence angiography (FFA), the position of
diabetic retinopathy in the diagnosis of diabetic
retinopathy is gradually highlighted. FFA is usually
used for examining fundus oculi disease. Using
FFA, patients were intravenously injected with
fluorescent substances, sodium fluorescein usually.
The fluorescent substances flow to fundus vessels
through blood circulation. Then the fluorescent
substances were simulated with blue light to send
out yellow-green fluorescence. Finally fundus
photograph was performed under special optical
filter. Photograph lasted in the whole process
of fundus blood circulation as fundus images at
different time points and parts are needed for
experimental analysis.” There are lots of studies
concerning FFA. Cecilia S et al. found that the
function of FFA was stronger than spectral domain
optical coherence tomography (SDOCT) in the
evaluation of Immuno Radio Metric Assay (IRMA)
and neovascularization elsewhere (NVE).® Wang
Yongcheng et al. found FFA could discover various
microvascular damages and the damage degree
and retinal ischemia in the early stage and played
an important role in the diagnosis of diabetic
optic neuropathy.” But few studies concerned
the values of FFA and direct ophthalmoscopy in
the diagnosis of diabetic retinopathy. This study
carried out fundus examination on 500 eyes which
were suspected as diabetic retinopathy using FFA
and direct ophthalmoscopy and compared the
examination results.

METHODS

General data: Two hundred and fifty patients
with diabetic retinopathy who were admitted to
the Binzhou People’s Hospital, Shandong, China
between February 2015 and December 2016 were
selected as research subjects. All the patients
conformed to the international diagnostic criteria
of diabetic retinopathy (2003).® Those who were not
suitable for examination because of conjunctival
and corneal inflammation, suffered from internal
ophthalmopathy, eye traumas and intraocular
surgery previously, or had other eye diseases such
as cataract, glaucoma, optic nerve disease, retinal
detachment and uveitis were excluded. There were
145 males and 105 females; they aged from 34 years
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to 84 years (average 54.32+3.22 years). Among
250 patients, 63 patients were no younger than 60
years, 88 patients were aged between 50 years and
59 years, 67 patients were aged between 40 years
and 49 years, and 32 patients were aged between 30
years and 39 years. The patients have had diabetes
for two months to 28 years (average 8.72+2.37
years). Among 250 patients, 58 patients have had
diabetes for no less than 10 years, 110 patients
have had diabetes for 5 to 9 years, and 82 patients
have had diabetes for no more than 5 years. All the
included patients signed informed consent, and the
study has been approved by ethics committee of the
Binzhou People’s Hospital, Shandong, China.
Research methods: All the patients underwent
vision, slit-lamp and intraocular pressure
examination. After full mydriasis using compound
tropicamide, fundus examination was performed
and the results were recorded.

Direct ophthalmoscopy: The optic disc was
examined by direct ophthalmoscopy. Then
the peripheral part of the retina was examined
following blood vessels. Finally, the macular area
was examined.

FFA: After the absence of obvious contraindications
and negative fluorescein sodium skin test
were determined by general examination for
blood pressure, pulse, electrocardiogram and
biochemistry, 5 mL of fluorescein sodium (20%)
was intravenously injected for 5 s. One eye with
poor visual function was determined as the mainly
illustrated eye; the two eyes were alternately
photographed; five to seven fields were selected
and photographed discontinuously after 1 min of
venous filling. Radiography lasted for 10 to 15 min.
The examinations aforementioned were carried out
by the same doctor. The duration of different stages
of radiography was strictly controlled, which was
beneficial to the accuracy of examination.
Observation record of retinopathy: The amount of
microangioma, category of exudation and presence
of new vessels, fibrovascular proliferation and
retinal detachment or not were observed. The
number of cases of lesions detected by the two
examination methods and corresponding stages
were recorded. The manifestation characteristics of
diabetic retinopathy in FFA were concluded.
Staging criteria of diabetic retinopathy: Criteria of
six stages of diabetic retinopathy formulated by the
National Academic Conference of Fundus Diseases
(1985) were as follows.” No obvious retinopathy
and small hemorrhagic spots at posterior pole
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were determined as stage I. Scattered dotted
hyperfluorescence and presence of microangioma
were determined as stage II. Scattered dotted
hyperfluorescence and more microangioma than
stage 1l were determined as stage III. Presence of
new vessels in fundus or hemorrhagic symptoms
in vitreous body was determined as stage IV.
Presence of new vessels in fundus and fibroblast
proliferation were determined as stage V.
Tractional retinal detachment in addition to the
symptoms of stage V was determined as stage VI.
Diabetic retinopathy at stage I, II and III was non-
proliferative diabetic retinopathy, while diabetic
retinopathy at stage IV, V and VI was proliferative
diabetic retinopathy.

Quality control: The operation of the same
examination and the recording of observation
results were fulfilled by the same high-qualification
doctor. Moreover, the clinical stage of diabetic
retinopathy of all the patients was determined
by the same senior doctor from department of
ophthalmology.

Statistical processing: SPSS ver. 21.0 was used for
data analysis. Enumeration data were expressed by
% and processed by Chi-square test. Difference was
considered as statistically significant if P<0.05.

RESULTS

Comparison of examination results: Three hundred
and seventy-five eyes were diagnosed as diabetic
retinopathy by direct ophthalmoscopy (75%). Four
hundred and sixty-five eyes were diagnosed as
diabetic retinopathy by FFA (93%). The difference
between the two diagnostic methods in the
detection rate of diabetic retinopathy had statistical
significance (P<0.05; Table-I).

Table-I: Comparison of FFA and
direct ophthalmoscopy results.

Examination Direct
method ophthal- FFA X? p
moscopy
Number of cases 500 500
Without DR 125 35
N 1 74 94
pr(())rlliferative 88 10
111 92 112
v 83 92
Proliferative 'V 28 41
VI 10 16
Rate of lesions 75.00%  93.00% 69.174 0.000
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465 eyes were diagnosed as retinopathy by

fluorescein fundus angiography, among which,
316 eyes gad non-proliferative diabetic retinopathy
(67.96%); the main manifestations of retinopathy
in fundus fluorescein angiography included
microangioma in macular temple, angiotelectasis
and non-perfusion, and the lesions might be located
in the optic disk on the side of nose and upper and
lower hemal arches. There were 75 eyes of pre-
proliferative diabetic retinopathy (16.13%). The
main manifestations of pre-proliferative diabetic
retinopathy in fundus fluorescein angiography
included severe retinal hemorrhage in four
quadrants, venous beeding in two quadrants and
absence of a wide range of capillary perfusion area;
the lesions could cover as wide as four diameters of
optic disk in severe cases. There were 149 eyes of
proliferative diabetic retinopathy (32.04%); the main
manifestation was proliferation of new vessels.
There were 135 eyes of diabetic maculopathy
(29.03%); the main manifestation was macular
edema and macular ischemia. There were 31 eyes of
diabetic papillopathy (6.67%).
Correcting results of direct ophthalmoscopy by
FFA: Twenty eyes at stage I of diabetic retinopathy,
22 eyes at the stage II of diabetic retinopathy, 20
eyes at stage Il of diabetic retinopathy, 9 eyes at
stage IV of diabetic retinopathy, 13 eyes at stage V
of diabetic retinopathy and 6 eyes at stage VI were
corrected by FFA. One hundred and five eyes were
diagnosed without diabetic retinopathy under
mydriasis funduscopy; ninety eyes were corrected
by FFA (72%).

DISCUSSION

Screening of diabetic retinopathy aims at
identifying cases of retinopathy which need
comprehensive treatment. In order to find diabetic
retinopathy early, timely adopt symptomatic
treatment and reduce the risks of retinopathy
induced blindness, the eyes of diabetes patients
should be examined regularly. Ophthalmoscopy,
a conventional method for screening diabetic
retinopathy currently, is featured by simple
operation; however, its determination on the early
changes of diabetic retinopathy and severity of
lesions has distant deficiencies.!’Early pathological
changes of the retina mainly manifests as
microangiopathy.""* Small hemorrhagic spot and
microangioma cannot be accurately determined
under direct ophthalmoscope. FFA is a novel
examination method in clinics currently. Using
FFA, the state and blood circulation of retinal
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vessels can be accurately understood by observing
the state of fluorescein in blood circulation.
It can also early discover retinopathy with
short course.® Retinopathy manifests as dotted
fluorescence, capillary filling defects, papillary
ectasia and fluorescence leakage.'® Moreover, it
can be used for comprehensively understanding
the tendency of fundus lesions, observing
whether there is increase of microangioma and
enlargement of capillary non-perfusion area and
the severity of fluorescein leakage, and correctly
evaluate the severity of retinopathy and its
development tendency."” Zhao XQ considered that
FFA could discover earlier pathological changes
which cannot be identified by ophthalmoscopy of
patients who have suffered from diabetes for less
than 5 years,'”® especially capillary fluorescence
leakage. Therefore, patients with diabetes who is
not diagnosed as retinopathy by ophthalmoscope
can undergo FFA if possible.

In this study, the detection rate of lesions using
FFA was much higher than that using direct
ophthalmoscope, which was consistent with the
research results of Wang XY et al.;”* 72% of the eyes
which were determined as normal under direct
ophthalmoscope were diagnosed having early
pathological changes by FFA. Thus it indicated that
FFA could identify fundus lesions which were not
discovered by direct ophthalmoscope and had a
higher accuracy in the early diagnosis of diabetic
retinopathy.

Someone considered microangioma as the earliest
and most common sign of diabetic retinopathy,
while others thought it was capillary fluorescein
sodium leakage.*®?! In this study, the percentage of
microangioma was 92.9%, and some patients with
diabetic retinopathy only manifested as retinal
microangioma, suggesting microangioma was the
earliest sign of diabetic retinopathy, which was
similar to the research achievements of Lv Peilin.?
Capillary leakage will occur, usually after the
appearance of microaneurysm, if the permeability
of capillary walls changes. In the study, the
incidence of capillary leakage was 61.51%. Loss
of vision of about 80% of patients with diabetes is
induced by diabetic macular edema.” Therefore,
early diagnosis is quite important. In this study,
the detection rate of macular edema using FFA was
29.03%, suggesting FFA was a reliable method for
diagnosing diabetic macular edema. Moreover, FFA
could further determine the category of macular
edema and its severity to provide a basis for the
clinical treatment of diabetic macular edema.
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CONCLUSION

To sum up, FFA is more accurate, precise and
reliable in diagnosing diabetic retinopathy. It can
evaluate the severity of diabetic retinopathy and
related conditions in early stage to guide laser
targeted treatment, which buys time for effective
treatment. FFA can also protect the vision of patients
and relieve the pain of diabetic patients. Thus FFA
is of great clinical values.
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