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The pathogenesis of  retinopathy  of prematurity can be shortly  described as follows: After the birth in some premature infants comes to vasoobliteration and damage of the immature developing intraretinal  vessels as a result of sudden increase  in oxygen levels  in the inner parts of the retina. This results  in suppresion  of the process of normal vascularization of the peripheral parts of the retina. As the development of the neural parts of the retina proceeds, the metabolic demands of the still avascular peripheral retina increase, and after return to room air these parts of the retina become  hypoxic. In most cases it comes to the spontaneous regression and the process of normal vascularization of the retina is restored. However, in some premature children the suppression  of the retinal vascular development is too profound  to restore the process  of normal vascularization.It results in overproduction of growth factor(s) which are responsible for the process of normal  vascular development. Accumulatiom of these factor(s) stimulate abnormal  fibrovascular proliferation  in the vitreous from the peripheral parts of the retina adjacent to the areas of  the damaged immature retinal vasculature. Subsequent contraction of the fibrous and/glial components components of  this proliferation leads  to the development of progressing detachment of the retina.


Although this scheme of pathogenesis of ROP is generally accepted  there is still a lot questions about the details of these processes. The aim of the paper is to present some of these questions  and  their possible explanations, 





1. What is the main cause of  supression of vascular development  in ROP: decreased levels of growth                                


     factor/s/ or excessive  formation of free radicals?                                                 


The results of the recently performed studies suggest that vascular endothelial growth factor  (VEGF)  plays a critical role in mediating both  normal retinal vasculogenesis and in  vasobliteration and abnormal retinal  neovascularization in ROP.1,2,3,4  According the hypothesis derived from these studies vasoobliteration and a suppression of  vascular development are caused by down-regulation  and decreased production of VEGF  as a result of  a sudden increase  in oxygen levels  in the retina. 


 From the other side there are suggestions that the changes in the immature retina may be initiated  by the excessive formation of  oxygen-related and  other free radicals  accompaning  high levels of oxygen  5, 6, 7,8   The radicals can damage lipid membranes of endothelial or mesenchymal spindle cells through auto-oxidation. Excessive free radicals  formation can occur  as a result of increased oxygen levels in the retina during  oxygen therapy of the newborn and/or  imbalance of  oxidative and antioxidative processes in the retina of the premature infants caused by inefficiency of antioxidative systems. However, both hypothesis can not exlude each other. Normal process of retinal vascularization is probably controlled by different mechanisms.  One of them is a level of growth factor/s/ (VEGF) in the avascular part of the retina determined by the tissue hypoxia caused by the metabolic demands of the developing neural retinal elements. Second one is probably the level of organization and maturity of  vessels or vasoformative tissue situated just posterior. That means that mesenchymal tissue probably will not  migrate to the avascular retina if immature vessels do not reach a certain degree of maturity or immature vessels will not continue to mature if the vessels just behind them do not end the process of maturation. There must be a continuity of  the processes of normal vascularization in the developing retina. In ROP  both  mechanisms are probably disturbed, but their expression is different in premature  infants with low and higher birth weight, Excessive amounts of  free radicals may  be mainly resoponsible for the initiation of the disease in low-birth-weight infants, in whom antioxidative systems are ineffecient. In infants with birth weight more than  1200-1500  g antioxidative systems are already developed and  there should be considerable  increase in  oxygen level  in the retina to down-regulate the production of VEGF and  suppress vascular development. Of course in low-birth-weight infants receiving  oxygen therapy both mechanisms may be equally responsible for the initiation of ROP. 





2. Why only the retina is  susceptible  to hyperoxia? 


The  phenomenon of unique susceptibility of  the retinal vessels has attracted the attention of  the ophthalmologists since the role of oxygen in the pathogenesis of ROP has been established. Of course it is difficult to answer  this question definitely  but it seems that it is connected with particular properties of the choroidal circulation. The retina is the only site in the CNS which is partially supplied by diffusion-from-a-distance from extrinsic vessels, rather than by intrinsic vessels.  The reason for the development of this atypical situation is the inversion of the retina, with the photosensitive elements (outer segments) placed at the outer surface of the retina. The inversion of the retina developed during phylogenesis because  of  very high  demands for energy and problem of  constant  shedding of cellular   debris  by the photoreceptors.  These problems are unique in the retina and therefore the blood supply is different than elsewhere in the body. It was not possible to supply the photoreceptors by normal intrinsic vessels because they woyuld degrade the retinal image,  create gaps in the array of  the photoreceptors and  would lie external to the glial coverage  what is connected with the lack of blood-retina barier. To supply  this very high demand of  the photoreceptors choroid evolved to the  very highly efficient system with large calibre vessels, high flow rate,low oxygen clearance  and lack of autoregulation.  Besides, because the choroidal vessels lie outside the tissue which they supply, they cannot detect the changes in its metabolism and respond to it. As a consequence , in ROP oxygen from the choroidal  circulation floods the inner retina , which is normally supplied by the retinal  vessels .  As a result  the retinal  vessels are bathed in oxygen diffusing from another circulation and do not have possibility to change  this situation. The ability of retinal vasculature to autoregulate make them even more susceptible. This situation is not found elsewhere in the body and therefore the disease develops only in the retina. 10   





3. Why only immature retinal vessels are susceptible to the increase of oxygen levels ?


The unique susceptebility of the immature retinal  vessels to the increase of oxygen levels is probably connected with two factors, Firstly the immature  retinal vessels  differ from the adult ones in the structure ( e.g. higher contents of  contractile actinomyiosin fibers in the cytoplasm of vascular  endothelium) which probably makes them more susceptible .11 Secondly  the immature  vessel is the only site where two mechanisms ( free radicals  and down-regulation of  growth factor/s/ (VEGF) can act simoultaneously. The mature retinal vessels are probably  not so susceptible to the changes in production of VEGF because the period of their maturation has already ended. Instead, the immature vessels  are in the course of reorganization with physiological  obliteration of some of them. Therefore the developing vascular endothelial cells are dependent on growth factor/s/ for survival what make they more susceptible.





4.  Can  the peripheral  avascular retina be hypoxic in room air?


There has been suggestions that immature  peripheral avascular retina may not be hypoxic because it is thinner than the adult one and  immature photoreceptors create no barier to transretinal diffusion of oxygen from choroid. 12,13,14  Therefore in our department we have measured the thickness of the different parts of the peripheral avascular retina  in the kittens with oxygen induced proliferative retinopathy. 15   The studies has been performed in the light microscopic and scanning electron microscopic specimens of the kittens retina. The results of these studies have shown that the thickness of the retina even near ora serrata was on average 170 um and at the border of avascular/vascular retina  270-280 um. It is known  that the retina can be nourished by the diffusion from the choroid to the thickness of 135 um. So, the results of our studies indicate that there is structural basis for hypoxia of  the peripheral avascular retina after returning to room air. This finding is in accord with the results of measurements of preretinal oxygen tension in kittens with oxygen induced proliferative retinopathy performed by Ernest and Goldstick.16  They found that  after return to room air  preretinal oxygen tensions in the avascular retina  were close to zero  while those in the vascularized retina were near normal. As the choroidal flow was found unaffected they speculated that the decrease in preretinal oxygen tension resulted from progressive increase in utilization by the developing immature avascular retina.
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