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Annotation: The work is based on the results of a dynamic examination of 58 children (82 eyes, 767 

studies) with grades 3 and 4 of the cicatricial phase of ROP aged from 6 months to 16 years (children under 

1 year - 12%, 1-3 years - 36%, 3-10 years - 28%, 10-16 years - 24%). 36 children (62.1%) were observed 

for a long time (at least 5 years). In accordance with the used classification, eyes with the following clinical 

manifestations were classified as grade 3: traction deformation of the optic disc, ectopia of the macular, 

displacement of the vascular bundle and changes in the course of the vessels, dystrophic changes in the 

retina, pre- and intraretinal fibrosis, residual avascular zones (47 eyes). The 4th degree, in addition to the 

above changes, is manifested by the presence of folds or local retinal detachment (35 eyes). All examined 

children were born prematurely at a gestational age of 26-36 weeks (average 29 weeks) and with a body 

weight of 830-2920 g. (average 1377 g). Active phase treatment was performed on 46 eyes (56.1%). Of 

these, transpupillary laser coagulation of avascular zones of the retina was performed on 31 eyes (68%), in 

the remaining cases - cryocoagulation or combined interventions. Surgical interventions for late 

complications of ROP (retinal detachments and ruptures, traction retinoschisis) were required on 32 eyes 

(39%) at the age of 8.75±3.61 years. As a comparison group, 18 healthy full-term children (23 eyes) of 

similar age groups were examined. All patients were examined in the Department of Ofthalmology 

SamMY.  

Key words: retinopathy of prematurity, diagnostics and prognosis, structural and functional changes in the 

eyes, particular retinal detachment, of proliferative processes in the retina. 

 

Introduction: Retinopathy of prematurity (ROP) is a vasoproliferative disease of the retina of premature 

infants. Despite great achievements in the detection and treatment of ROP, it currently remains one of the 

main causes of blindness and low vision from early childhood in developed countries [Gogate P., Gilbert C., 

Zin A., 2011; Patel D.K. et al.; 2011; Quinn G. et al., 2010; Stepanova E.A., 2010; Katargina L.A., 2010]. 

Moreover, visual disability can develop not only in the terminal stages, but also in children with relatively 

favorable outcomes of ROP. The most difficult is to predict the development of vision and the occurrence of 

late complications at stages 3-4. This is due to the variability of the clinical picture and functional prognosis 

of stage 3-4 ROP, as indicated by a number of authors [Repka M. et al., 2011; Katargina L.A., Kogoleva 

L.V., 2010; Saydasheva E.I., 2010], but this issue has not been studied in detail or in a targeted manner. It 

should be emphasized that the standard diagnostic methods of ROP currently used do not allow for a full 

identification of the diversity of clinical manifestations of cicatricial and regressive stages of the disease due 

to insufficient accuracy, subjectivity, and controversial interpretation of research results. In this regard, the 

search for and introduction into clinical practice of new diagnostic technologies and methods that allow for 

a qualitatively new level of assessment of the condition of the eyes at various stages of ROP and an 
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objective prognosis of the disease remains relevant. Such modern highly informative methods include 

spectral optical coherence tomog raphy (OCT), which makes it possible to non-invasively and with high 

reliability examine not only the central sections, but also the periphery of the retina. Works devoted to the 

use of OCT in children with ROP are isolated and descriptive in nature, and the main object of study is the 

macular region of the retina. At the same time, all authors point to a pronounced polymorphism of structural 

changes in the posterior pole of the eye at grades 3 and 4 ROP [Muni R. H. et al., 2010; Vinekar A. et al., 

2010; Chavala S. H. et al., 2009]. It should also be noted that at present there is no unified approach and 

algorithm for the use of OCT in the diagnosis of ROP in children. The main method that allows an objective 

assessment of the functional state of the visual analyzer in young children with cicatricial ROP is 

electrophysiological studies (EPS). Deviations in the general electroretinogram (GERG) parameters have 

been revealed, in particular a decrease in the amplitude of a- and b-waves and oscillatory potentials even 

after a mild form of ROP, without visible residual changes in the fundus [Fulton A., Hansen R., 2005]. 

Dysfunction of the retina can develop and persist for a long time even with a favorable course of ROP. A 

significant decrease in GERG waves in stages 2-3 of the disease and a practical absence of GERG at stages 

4-5 of the process have been described [Katarhina L.A., Kogoleva L.V., 2013]. To assess the function of 

glial cells, which according to modern data play a major role in the development of ROP [Fletcher E.L. et 

al., 2010], there is an EFI indicator - the glial index (GI). It has been established that an increase in the glial 

index will reflect retinal proliferation, and degenerative processes (retinal atrophy and dystrophy) will be 

accompanied by a decrease in the index [Neroev V.V., Zueva M.V. et al., 2005]. In this case, the glial index 

was calculated as the ratio of the amplitude of the b-wave of the OERG and the rhythmic electroretinogram 

(REG) at 12 Hz [Fletcher E.L. et al., 2010, Neroev V.V., Zueva M.V. et al., 2010]. However, GI in ROP has 

not been studied. There have been virtually no studies of the relationship between structural and 

electrophysiological changes in the retina of the cicatricial phase of ROP. Thus, the diversity of clinical and 

functional manifestations of grades 3-4 cicatricial ROP, as well as the steady increase in the number of 

patients (adolescents and adults) who have had ROP, requires clarification of the functional prognosis and 

justification of the tactics of dispensary observation, which forms the basis of this work and determines its 

purpose. 

Purpose of the study. 

Improving the diagnostics and prognosis of clinical and functional outcomes of grade 3-4 cicatricial 

retinopathy of prematurity based on the study of structural and functional changes in the eyes. 

Material and methods. The work is based on the results of a dynamic examination of 58 children (82 eyes, 

767 studies) with grades 3 and 4 of the cicatricial phase of ROP aged from 6 months to 16 years (children 

under 1 year - 12%, 1-3 years - 36%, 3-10 years - 28%, 10-16 years - 24%). 36 children (62.1%) were 

observed for a long time (at least 5 years). In accordance with the used classification, eyes with the 

following clinical manifestations were classified as grade 3: traction deformation of the optic disc, ectopia 

of the macular, displacement of the vascular bundle and changes in the course of the vessels, dystrophic 

changes in the retina, pre- and intraretinal fibrosis, residual avascular zones (47 eyes). The 4th degree, in 

addition to the above changes, is manifested by the presence of folds or local retinal detachment (35 eyes). 

All examined children were born prematurely at a gestational age of 26-36 weeks (average 29 weeks) and 

with a body weight of 830-2920 g. (average 1377 g). Active phase treatment was performed on 46 eyes 

(56.1%). Of these, transpupillary laser coagulation of avascular zones of the retina was performed on 31 

eyes (68%), in the remaining cases - cryocoagulation or combined interventions. Surgical interventions for 

late complications of ROP (retinal detachments and ruptures, traction retinoschisis) were required on 32 

eyes (39%) at the age of 8.75±3.61 years. As a comparison group, 18 healthy full-term children (23 eyes) of 

similar age groups were examined. All patients were examined in the Department of Ofthalmology SamMY. 

All children underwent a comprehensive eye examination, including visometry, refractometry (if optical 
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media allowed), biomicroscopy, ophthalmoscopy, tonometry, keratometry, electrophysiological studies and 

spectral OCT. The author performed the entire range of studies independently. Children under 3 years of age 

and restless older children were examined under conditions of deep physiological or narcotic sleep. 

The Spectralis HRA+OCT device (Heidelberg Engineering, Germany) was used for OCT. The research 

technique is contactless. The measurement error is up to 1 μm. The required pupil diameter is &ge;2.5 mm. 

To assess the morphometric parameters of the neuroepithelium and localize the retinal vessels, a study 

protocol was used that included scanning the fundus area of 20° x 20° (25 linear scans/512 A-scans) in all 3 

zones. The scanning area was located in the ophthalmoscopically intact fundus zones and included 3-20 

retinal vessels. To assess the internal structure and features of changes in the reflectivity of the fundus 

structures, the fundus area was scanned, capturing zones with pathological changes (retinal folds, schisis 

zones, atrophic foci, and preretinal fibrosis zones). For the purpose of topographic orientation of the OCT 

scans, the selection of different retinal areas was carried out in accordance with the international 

classification of the active phase of RN [An International Classification of Retinopathy of Prematurity, 

1984, 1985, 1987, 2005]. Electrophysiological studies included recording of OERG and RERG at 30 Hz, 

visual evoked potentials to a flash stimulus in accordance with the ISCEV 2008-2009 standards. For the 

electroretinogram, a loop electrode (HK-Loop) was used as an active electrode, placed behind the lower 

eyelid. Initially, OERG was recorded with an interval between stimuli of 10 s. Then, RERG was recorded 

after preliminary light adaptation for 5 min. After RERG, visual evoked potentials (VEP) were recorded. To 

assess the state of glial cell function (Müller cells) and the activity of the proliferative process, the author 

calculated the glial index (OERG/RERG b-wave amplitude, norm - 6-8). An increase in GI was assessed as 

the activity of proliferative processes in the retina, a decrease - degenerative ones. For the functional 

assessment of retinal blood flow, the b/a ratio (b-wave OERG amplitude/a-wave OERG amplitude, norm 6-

10) was calculated. 

Considering the presence of fairly extensive avascular zones or coagulates on the periphery of the retina, 

significantly affecting the results of the study, the use of 12 Hz RERG for calculating the glial index in 

patients with cicatricial ROP was considered inappropriate, since 12 Hz RERG can be reduced due to the 

interaction of ON and OFF retinal pathways [Kondo M. et al., 2001], which can be significantly changed in 

eyes with ROP [Luu C. et al., 2005]. We have developed a method for calculating the glial index using 30 

Hz RERG, which, in this case, on the contrary, is more stable, and also convenient to use, since it does not 

require changes to the standard examination protocol. 

Results of research 

Analysis of clinical manifestations showed that grade 3 ROP was in 47 eyes (57.3%), grade 4 – in 35 eyes 

(42.7%). Asymmetric outcomes of ROP were detected in 34 patients (58%), and in 18 cases (31%) there 

was a combination of grades 3-4 with grade 5 in the fellow eye. 

The spectrum and severity of ophthalmoscopic changes in grades 3-4 ROP were characterized by 

pronounced polymorphism. Considering that in some cases it was not possible to reliably differentiate 

grades 3 and 4 regressive ROP using standard research methods, and also that in grades 3-4 regressive ROP 

late complications, in particular retinal detachment, most often have a similar development mechanism, 

grades 3 and 4 cicatricial ROP were analyzed together to identify prognostic criteria. 

Residual avascular zones were detected in all eyes, which were most often (73 eyes, 89%) located in zone 2. 

In patients who underwent prophylactic treatment in the active phase of ROP, coagulates were visualized in 

the avascular zone, which were atrophic chorioretinal foci with clear boundaries. Shift of the vascular 

bundle of varying severity (from 0 to 140 degrees between vascular arcades, on average - 74 ± 36) was 

observed in 81 eyes (98.8%). In 6 eyes, the shift was to the nasal side, in the remaining cases - to the 

temporal side. Ectopia of the maculae was detected in 80 eyes (98%). Of these, in 11% of cases, the macular 
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shift was to the nasal side with a decrease in the optic disc - macula distance to 1.5 mm. In other cases, a 

temporal shift was noted with an increase in the optic nerve head – macula distance to 9.3 mm (on average – 

5.8±1.5 mm). At the same time, it was possible to differentiate the macular zone ophthalmoscopically only 

in 26 eyes (32%), in the remaining cases, the macula was localized using OCT. Extraretinal tissue of 

varying severity was ophthalmoscopically visualized in 52 eyes (63%), and was distinguished by 

pronounced polymorphism (from “delicate” translucent preretinal membranes fixed to the retina both in the 

central sections and on the periphery, to coarse fibrous changes in the vitreous body, fused with a retinal 

fold or fixed at the border with an avascular zone). 

Folds and local retinal detachments were diagnosed in 35 eyes (43%), classified as grade 4 ROP. They were 

fibrously altered, tractionally deformed retina with included retinal vessels, differing in different 

localization, structure and profile. In 9 eyes (29%), the above changes affected the macular zone, i.e., most 

retinal detachments did not affect the macular zone of the retina ophthalmoscopically. Visual acuity was 

extremely variable and ranged from 0.005 to 1.0 (at grade 3 - 0.3 ± 0.3, at grade 4 - 0.08 ± 0.15, on average 

- 0.26 ± 0.25). In 9 cases (29%), when retinal detachment affected the macular zone, visual acuity did not 

exceed 0.1 (0.03 ± 0.01). However, a decrease in visual acuity was caused not only by changes in the 

fundus, but also by concomitant pathology. From the side of the central nervous system, pathology of the 

conducting pathways and higher parts of the visual analyzer was detected in 22% of cases. Ametropia and 

concomitant high-degree amblyopia - 78% of cases. Among refractive anomalies, myopia was determined 

in most cases (61%). 

By analyzing the localization, degree and nature of residual cicatricial changes, it is possible to estimate the 

probability and timing of the development of late complications of regressive ROP. To identify the 

appropriate prognostic criteria, it is necessary to conduct an in-depth anatomical and functional 

study.Considering that generally accepted ophthalmoscopic methods do not allow a full assessment of the 

variety of clinical manifestations of regressive ROP grades 3-4 due to insufficient accuracy, subjectivity and 

controversial interpretation of research results, we used OCT for a more accurate diagnosis of retinal 

changes and their subsequent systematization. Thus, the type of extraretinal changes serves as important 

criteria for the severity of the process, allowing us to predict the development of late complications in 

cicatricial ROP at grades 3-4. In all eyes with grade 4 regressive ROP, local retinal detachments or folds 

were detected ophthalmoscopically. They were fibrously altered, tractionally deformed retina with included 

retinal vessels, differing in different localization, structure and profile. When analyzing tomograms, we 

identified 4 most characteristic types of detachments: 

1. Deformation of the retinal profile, local thickening of the neuroepithelium with a significant increase in 

reflectivity and loss of structural organization (12 eyes) - characterized by different localization. 

2. Deformation of the macula (2 eyes), having a "double-humped" profile, with a sharp increase in the 

reflectivity of the inner layers of the retina - is noted in the case of pronounced traction of the temporal 

arcades from the avascular zone and a decrease in the angle between the outer vascular arcades to 30 ° 

or less. 

3. Fold with schisis (3 eyes) - a fold of various localizations, characterized by multiple or single optically 

empty cavities (retinoschisis) in the layers of the retina. 

4. Detachment of the neuroepithelium (20 eyes) of various localizations - is characterized by an optically 

empty cavity under a structurally altered neuroepithelium. 

Detection of retinal detachments of types 1 and 2 in eyes with zones of pre-, epi- and intraretinal fibrosis of 

varying area and intensity in the absence of extraretinal tissue indicates the importance of horizontal traction 

in their formation. Detachments of types 3 and 4 were detected in eyes with extraretinal tissue attached to 

the retina, which emphasizes the role of vertical traction in their genesis (a "ridge" is often visible on OCT 
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along the upper interface of retinal detachment). The direction of traction can be used as a prognostic 

criterion for the development of late retinal detachments in grades 3-4 regressive ROP. Of great interest is 

the fact that in all eyes with grade 3-4 cicatricial ROP in the avascular zone unaffected by coagulates, a 

diffuse increase in optical density (hyperreflectivity) of the neurosensory retina and loss of the layered 

structure were detected. For objective assessment of tissue optical density, a method of optical densitometry 

was developed (patent No. 2488344 dated 27.07.2013, Katargina L.A., Ryabtsev D.I.). In accordance with 

the developed method of differential diagnostics of pathological changes in the posterior segment of the eye 

(patent No. 2482785 dated 27.05.2013, Katargina L.A., Ryabtsev D.I.), these changes in the 

neuroepithelium were assessed by us as a manifestation of intraretinal fibrosis. It is noteworthy that in the 

overwhelming majority of cases (66 eyes – 80.5%) similar focal changes in the neuroepithelium were also 

present in zone 1 of the fundus. On OCT, atrophic foci and coagulates were zones of increased optical 

density (hyperreflectivity) of the neurosensory retina with loss of layered structure, but, unlike foci of 

intraretinal fibrosis, were characterized by sharp thinning of the neuroepithelium and pronounced changes in 

the choroid. 

Analysis of the localization of retinal vessels in patients with grades 3-4 regressive ROP revealed a more 

superficial location compared to the physiological one. In the ganglion cell layer, the retinal vessels were 

located only in 12 eyes out of 82 (15%). In 29 eyes (35%), they were located in the nerve fiber layer, and in 

41 eyes (50%), they were extraretinal (on the surface of the retina). Thus, the "physiological" location of 

vessels in the ganglion cell layer occurred only in 15% of cases. We did not find any changes in the 

localization of vessels as they grew older. It is well known that the blood supply to the outer third of the 

retina is provided by the choroid. The choroid has an absolute priority in feeding the photoreceptor layer. 

However, when it comes to the outer nuclear and outer retinal layers, the participation of the retinal vessels 

in their nutrition cannot be ruled out. Thus, it can be assumed that the displacement of the retinal vascular 

network can be one of the reasons for the development of atrophic processes in the retina. 

The factors that cause the dislocation of retinal vessels are unknown, however, in our opinion, the 

theoretical justification for the causes of vessel displacement can be: thinning of the retina, leading to the 

"pushing out" of vessels, due to the discrepancy between the biomechanical characteristics of these tissues. 

pathological growth of vessels and vitreoretinal proliferation, causing the newly formed vessels to “pull” the 

retinal vascular bed itself to the retinal surface. We studied the position of the retinal vessels in various 

clinical situations (It was found that significant thinning of the retina corresponds to the extraretinal position 

of the vessels. With other variants of the location of the vessels, there was no significant deviation of the 

retinal thickness from the physiological one. The study of the depth of the vascular bed and the presence of 

extraretinal tissue showed a high level of interrelation between these parameters. It was found that 

significant thinning of the retina corresponds to the extraretinal position of the vessels (p&lt;0.01). With 

other variants of the location of the vessels, there was no significant deviation of the retinal thickness from 

the physiological one. The study of the depth of the vascular bed and the presence of extraretinal tissue 

showed a high level of interrelation between these parameters. 

Conclusion. Dynamic observation, performed jointly with PhD Kogoleva L.V. and Belova M.V., revealed 

the appearance of atrophic foci in the fundus of various localizations, as well as in some cases the 

development of traction retinoschisis and / or an increase in the area of retinal detachment. When analyzing 

the dynamics of these changes as the child grows older, a tendency was revealed for an increase in the 

incidence of late complications of ROP from 67% - in children under 1 year, to 100% - in children over 10 

years old. Thus, the possibility of increasing traction not only in the active, but also in the cicatricial phase is 

confirmed. The possibility of increasing retinal traction in patients with ROP as they grow older, regardless 

of its stage, indicates the importance of monitoring this category of patients in dynamics. 
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We have analyzed the dependence of the frequency of development of late complications of cicatricial RP, 

such as atrophic changes. 
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