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Abstract. A total of  30 eyes of  19 patients with type I dia- 
betes, varying severity of retinopathy, and no posterior vit- 
reous detachment (PVD) were studied clinically, and vitre- 
ous examination was performed by preset lens biomicros- 
copy. Follow-up was 4.0-7.5 years. A total of 15 eyes under- 
went panretinal laser photocoagulation (PRP) and 15 eyes 
were left untreated. The incidence of PVD was 8 of 15 
(53%) after PRP and 1 of 15 (7%) in untreated eyes ( P <  
0.02). Minimal vitreous hemorrhage occurred in 4 of 7 
treated eyes (57%) that did not develop PVD and in only 
2 of 8 (25%) that did. In treated eyes with no history of 
vitreous hemorrhage, the incidence of PVD was 6/9 (67%); 
in treated eyes with minimal vitreous hemorrhage at any 
time, it was 2/6 (33%). In treated eyes, the presence of 
Diabetic Retinopathy Study (DRS) high-risk characteristics 
was equally frequent in eyes that developed PVD as in those 
that did not. These data suggest that PVD occurs following 
PRP, independent of  the severity of diabetic retinopathy 
or prior vitreous hemorrhage. 

Introduction 

Panretinal laser photocoagulation (PRP) has become a 
mainstay in the treatment of  proliferative diabetic retino- 
pathy (PDR). The Diabetic Retinopathy Study (DRS) [8], 
an optimally controlled prospective investigation, demon- 
strated conclusively that PRP reduces the risk of  severe 
visual loss in patients with high-risk characteristics [neovas- 
cularization of the disc (NVD) greater than standard photo- 
graph 10A or neovascularization elsewhere (NVE) with vit- 
reous hemorrhage]. The exact mechanism that produces this 
effect is still unknown. 

Histopathologic studies [9] have shown that in PDR, 
new vessels grow directly into the vitreous cortex, providing 
a "scaffold" for fibrovascular proliferation. The role of 
the vitreous in PDR has been further elucidated by photo- 
graphic documentation of the vitreoretinal interface using 
preset lens biomicroscopy [15, 24, 26]. These studies have 
demonstrated that little or no progression of retinopathy 
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occurs in eyes with complete posterior vitreous detachment 
(PVD). Eyes with partial PVD and persistent traction from 
vitreous attached to the neovascular complexes show pro- 
gression of diabetic retinopathy in over 50% of cases. Fur- 
thermore, eyes with PDR and partial PVD that subse- 
quently develop complete PVD show regression of new 
blood vessels [7]. Therefore, the development of complete 
vitreous detachment has a salutary effect on the course of 
PDR. 

To date it has not been possible to evaluate experimen- 
tally the role of the vitreous in PDR, owing to the absence 
of an adequate animal model. Clinical studies of the natural 
history of PDR and the effects of laser photocoagulation 
therapy are difficult to justify, inasmuch as it is unethical 
to withhold PRP in patients with at least high-risk charac- 
teristics as derived by the DRS; therefore, a proper control 
group can no longer be assembled for a study of the various 
effects of  PRP. Insight into the pathophysiology and re- 
sponse to treatment can nonetheless be obtained through 
careful clinical correlation and documentation of findings. 

The present study monitored the evolution of vitreous 
detachment in a group of  type I diabetic patients, some 
of whom underwent laser treatment for PDR. The vitreous 
was examined on multiple occasions and the findings were 
documented photographically using preset lens biomicros- 
copy. Use of the E1 Bayadi-Kajiura lens enabled the obser- 
vation of subtle vitteoretinal relationships that might not 
be seen with the Goldmann lens [2]. To minimize the influ- 
ence of aging changes on the vitreous, only young patients 
were studied. In an effort to explain the therapeutic effect 
of  laser treatment in patients with PDR, this prospective 
study assessed the state of the vitreoretinal interface follow- 
ing PRP. The objective was to determine whether a relation- 
ship exists between PRP and the development of PVD. 

Patients and methods 

A total of  142 patients with diabetic retinopathy, aged 33 
years or younger, seen at the Retina Associates in Boston 
between 1979 and 1986 were randomly selected by chart 
review as the database. Exclusion criteria were the presence 
of vitreous hemorrhage greater than grade V1 (where > 2/12 
of the fundus area is obscured) according to the Lee classifi- 
cation [17] at any time prior to or during the study, a history 
of trauma or intraocular surgery at any time prior to or 
during the study, other vitreoretinal disease, or prior laser 
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Table i. Patient population 

PRP (n=15 eyes) No PRP (n= 15 eyes) 

Mean age at study entry (years) 
Mean duration of diabetes at study entry (years) 
Mean follow-up (years) 
Incidence of PVD 
Age at PVD (years) 

27.1 (range, 21-33) 27.3 (range, 14-33) 
18.6 (range, 11-25) 16.1 (range, 1-28) 
4.0 4.5 
8/15 (53%)* 1/15 (7%)* 

26 (range, 21-30) 34 (n= 1) 

* Difference significant at the P<0.02 level 

Table 2. Clinical profile of 15 eyes treated with PRP 

Patient Age at Sex Duration Minimal DRS 
number entry of diabetes vitreous high 

(years) at entry hemorrhage a risk 
(years) 

Type Number 
of PRP 
applications 

Partial 
PVD 

Total 
PVD 

1 21 F 15 - + NVD 3700 
2 25 M 19 - + NVD, NVE 4000 
3 30 M 17 - - - 900 
4 0 D  24 F 11 + + NVD, VH 2100 

OS + + NVD, NVE, VH 2984 
5 28 F 25 - + NVD, NVE 1700 
6 27 M 23 - + NVD, NVE 2586 
7 21 M 15 - + NVD 1800 
8 31 F 23 - - NVE 1800 
9 0 D  28 M 20 + + NVE, VH 1702 

OS + + NVD, NVE, VH 2037 
10 33 M 16 + + NVE, VH 2033 
11 21 M 15 + + NVE, VH 1007 
12 OD 33 F 25 -- - -- 1500 

OS - - NVE 1600 

No PVD 

+ 

+ 
+ 

+ 

a Minimal vitreous hemorrhage designates grade VI or less (Lee classification [17]) 

NVD, neovascularization of the disk; NVE, retinal neovascularization; DRS, Diabetic Retinopathy Study; VH, vitreous hemorrhage; 
+,  present; --, absent. Patients 3, 8, and 12 (OD) did not have high-risk characteristics but received PRP because of advanced preprolifera- 
tive changes (cotton wool spots, widespread capillary nonperfusion in patients 3 and 12 (OD), and NVE that looked ominous in 
patient 8) 

therapy. Only eyes that were documented as having no PVD 
were entered in the study. 

In all, 30 eyes of 19 patients (10 men and 9 women) 
met the above criteria. A total of 15 eyes in 11 patients 
underwent PRP treatment using an argon green laser with 
a 500-gin spot size, 0.2-s duration, and power settings suffi- 
cient to achieve a gray-white spot. Another  15 eyes with 
retinopathy displaying less than high-risk characteristics 
were not  treated and served as controls. The two groups 
were otherwise comparable in age at study entry, in dura- 
tion of diabetes, and in follow-up (Table 1). The mean fol- 
low-up was 4.0 years for PRP-treated patients and 4.5 years 
for untreated patients. 

After standard pupil dilation, vitreous examination was 
carried out and documented photographically using a fun- 
dus camera and an aspheric + 58.6 diopter preset lens, as 
previously described [25]. 

Results 

No eye had PVD prior to PRP treatment. After PRP, PVD 
occurred in 8 of the 15 treated eyes (53%); only 1 of the 
15 untreated eyes (7%) developed PVD during the study. 
This difference was significant at the P <  0.02 level. 

No eyes with vitreous hemorrhage at any time greater 
than grade V 1 were included in the study. Of  the 15 treated 
eyes, 6 showed evidence of minimal vitreous hemorrhage 
( < g r a de  V 0  at some time during the investigation; 2 of 
these 6 eyes (33%) developed PVD following PRP and 4 
(67%) did not (Table 2), suggesting that the occurrence of 
vitreous hemorrhage did not play a role in the subsequent 
development of PVD. Furthermore,  of the 9 treated eyes 
that never showed evidence of vitreous hemorrhage, 6 
(67%) developed PVD after PRP. Of the treated eyes that 
developed PVD, 2 of 8 (25%) displayed evidence of minimal 
vitreous hemorrhage at some time during their course. 

Neovascularization of the disk or elsewhere was ob- 
served in 7 of 8 (88%) of the treated eyes that developed 
PVD and in 6 of 7 (86%) of the treated eyes that did not 
(Table 2). This suggests that the presence of neovasculariza- 
tion did not correlate with the subsequent development of 
PVD. 

The mean number  of laser applications was 2471 + 1054 
in eyes that developed PVD and 1668+355 in eyes that 
did not ;  the difference had a P value of 0.08. PVD occur- 
red in 3 of 8 (38%) eyes that received < 2000 laser applica- 
tions and in 5 of 7 (71%) eyes that received > 2000 applica- 
tions. 



In 4 of 8 treated eyes that developed PVD, vitreous 
detachment was partial (Table 2). In the remaining 4 eyes, 
PVD was total in 1 ; nearly total, with persistent attachment 
to the disk, in 2; and partial, with attachment to a site 
of  retinal neovascularization, in 1. Of the 4 eyes with partial 
PVD, 3 received <2000 laser applications (mean, 
1467 +493), whereas all eyes with total or nearly total PVD 
received > 2000 burns (mean, 2918 + 807). 

Discussion 

It has been hypothesized that PRP destroys compromised 
tissue, thereby decreasing the amount of possible angiogenic 
factor(s) [6, 21] purportedly released from ischemic retina 
[16]. Experimental evidence [27] suggests that PRP destroys 
the metabolically active outer retina, decreasing 02 con- 
sumption at this level and enabling the permeation of more 
02 from the choriocapillaris to the inner retina. In this 
manner, PRP reduces ischemia in diabetic retinopathy and 
possibly lessens the stimulus for neovascularization. It has 
also been hypothesized [11] that chorioretinal scars created 
by laser photocoagulation release a factor that inhibits an- 
giogenesis. The progression of diabetic retinopathy may 
also be prevented by the development of PVD [15]. 

The results of our study suggest a relationship between 
PRP laser therapy and the subsequent development of 
PVD. The study population was selected so as to minimize 
the influence of age on PVD. The fact that no patients 
were older than 38 years of age at the completion of the 
study effectively rules out the possibility that PVD occurred 
as a consequence of aging changes in the vitreous [19]. PVD 
developed in 53% of PRP-treated eyes and in only 7% 
of untreated eyes. 

The treated and untreated groups in this study were 
comparable in every respect except for the severity of dia- 
betic retinopathy. Under ideal circumstances, this study 
should have randomized patients with respect to retino- 
pathy in the treated and untreated groups; however, it 
would have been unethical to withhold PRP therapy in 
patients with " treatable" retinopathy (high risk). 

Inasmuch as in this study PVD occurred in patients 
with high-risk characteristics "necessitating laser treatment, 
factors such as vitreous hemorrhage and neovascularization 
could have influenced the development of PVD. However, 
there was no correlation between the presence of high-risk 
characteristics and the development of PVD in our treated 
patients. Although the presence of blood within the vitreous 
is known to induce liquefaction of the vitreous gel [1], this 
is a necessary but not sufficient element in the pathogenesis 
of PVD [19]. Thus, on the basis of  available data, the devel- 
opment of PVD could not be attributed to vitreous hemor- 
rhage. Leakage of serum proteins and enzymes from new 
blood vessels [4, 5] can induce vitreous liquefaction and 
perhaps even alter the strength of vitreoretinal adhesion. 
The higher incidence of PVD in the PRP-treated group 
may therefore have been due to leakage from new blood 
vessels; these vessels have abnormal endothelial tight junc- 
tions that could permit leakage. However, the prevalence 
of neovascularization in treated eyes was 88% in those that 
developed PVD and 8 6 o  in those that did not. 

It could be argued that the higher incidence of NVD 
in the treated group that developed PVD as compared with 
the group that did not (Table 2) accounts for the 53% inci- 

dence of PVD following PRP. However, two points are 
noted against this postulate. First, there is no evidence to 
suggest that serum leakage from new vessels at the disk 
is greater than that from new vessels in the retina. In fact, 
one clinical study [5] showed no statistically significant dif- 
ference between vitreous fluorophotometry readings in dia- 
betic patients with NVD and those with NVE (0.I > P >  
0.05). This suggests that leakage from new vessels on the 
disk is equivalent to that from new retinal vessels in terms 
of influencing vitreous liquefaction and detachment. The 
incidence of NVD and NVE was the same in the treated 
group that developed PVD as in the treated group that 
did not (Table 2). 

Second, it is revealing to consider the Diabetic Retino- 
pathy Study (DRS) high-risk characteristics of  the 15 eyes 
that received PRP treatment (Table 2). High-risk character- 
istics were present in 7 of 8 (88%) eyes that developed 
PVD and 4 of 7 (57%) eyes that did not. All 4 eyes in 
the latter group had minimal vitreous hemorrhage, which 
introduced large amounts of  serum proteins and enzymes 
into the vitreous body, yet PVD did not develop in any 
of these eyes. This suggests that the presence of DRS high- 
risk characteristics such as NVD or vitreous hemorrhage 
cannot explain the increased incidence of PVD observed 
following PRP. 

Thus, the results of this study suggest that PRP is corre- 
lated with PVD, independent of any effects of vitreous hem- 
orrhage or neovascularization. That the relationship be- 
tween PRP therapy and the development of  PVD is one 
of cause and effect is consistent with the finding that the 
incidence and extent of PVD increased with increasing 
amounts of PRP (Table 2). Previous experimental [22] and 
clinical [23] studies have suggested that PRP could cause 
PVD by inducing vitreous liquefaction. However, liquefac- 
tion alone is not sufficient to cause PVD [19]; weakening 
of the vitreoretinal adhesion must also occur. 

The extracellular maxtrix at the vitreoretinal interface 
is purportedly synthesized and maintained by both M/iller 
cells and hyalocytes [20]. It is plausible that PRP injures 
or alters these cells. The resultant weakening of vitreoretinal 
adhesion could contribute to the observed development of 
PVD after PRP. Early studies [18] with xenon arc treatment 
noted condensation of vitreous collagen fibrils. At the pos- 
terior" vitreous "cortex, laser photocoagulation induces 
shrinkage and contraction of the collagen fibrils [3, 10] and 
proliferation of hyalocytes [12, 13]. There is also an influx 
of serum proteins and enzymes into the vitreous that arise 
from the photocoagulated choroid and choriocapillaris [14]. 
All of these phenomena may contribute to liquefaction of 
the vitreous gel and dehiscence at the vitreoretinal interface, 
which are necessary for the development of  PVD. 

It must be emphasized that the population in this study 
was small and that further study is needed using the same 
or better vitreous examination techniques. Should subse- 
quent investigations confirm these hypotheses, it may be 
useful to design laser or other treatments for diabetic pa- 
tients, with the goal of liquefying the vitreous gel and weak- 
ening vitreoretinal adhesion. The prophylactic induction of 
PVD before the onset of  severe neovascularization may be 
one method to help prevent the serious sequelae of PDR. 
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