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Abstract. In an experimental study on rabbits, a standarized 
eye injury was created by using the "pars-plana incision 
model." Subsequently, the effect of intravenous application 
of dexamethasone and penicillamine on traction retinal de- 
tachment was investigated. The two drugs were applied in 
varying concentrations and combinations (single and com- 
bined use in varying intervals), followed by a 3-month con- 
trol period without medication. Clinical and histological 
findings showed that intravitreal instillation of 1.2 mg dexa- 
methasone reduces the incidence of retinal detachment from 
46% to 27%. Higher concentrations of dexamethasone, as 
well as the use of penicillamine or a combination of both 
substances, proved to enhance traction retinal detachment. 

Introduction 

Traction retinal detachment after posterior penetrating eye 
injury is still a major cause of blindness (Johnston 1971; 
Eagling 1974, 1975, 1976; Faulborn and Birnbaum 1974; 
Faulborn et al. 1977; Schmidt and Pedersen 1981), despite 
surgical treatment with pars plana vitrectomy. Vitrectomy 
itself can cause serious complications, including secondary 
hemorrhage (Faulborn et al. 1977; Heimann and Paulmann 
1982), retinal lesions (Michels and Ryan 1975), traumatic 
cataract (Ghartey et al. 1980), and fibrous proliferation 
from the sclerotomy (Piilhorn et al. 1977; Kreiger et al. 
1977; Paulmann and Behrendt 1980). 

Several animal models have been described to study the 
effect of drugs on proliferative vitreoretinoopathy. The 
"cell injection model" (Mfiller-Jensen and Mandelcorn 
1975; Algvere and Kock 1976; Sugita et al. 1980; Trese 
et al. 1980; Radtke et al. 1981 ; Fastenberg et al. 1982) has 
been used for various drug therapy (Tano et al. 1980 a, b; 
Binder 1981, 1983; Blumenkranz et al. 1982; Wiedemann 
et al. 1983). The "double perforation model" (Topping 
et al. 1979) has been used for therapy with dexamethasone 
(Tano et al. 1981), penicillamine (Weiss and Belkin 1981) 
and /~-aminopropionitrile (Moorhead 1983). The "pars  
plana incisional model" (Cleary and Ryan 1979a, b) has 
been used only for therapy with 5-fluorouracil (Mein and 
Blumenkranz 1982). 

We report on therapy of traction retinal detachment 
in this model with dexamethasone and penicillamine in var- 
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ious doses and in combination, with repeated intravitreal 
injections over 6 weeks and with a subsequent 3-month peri- 
od of observation (Behrens-Baumann 1983). 

Material and methods 

A total of 135 pigmented, male rabbits were used, which 
weighed about 3.6 kg each. Each group primarly consisted 
of 15 animals. Some rabbits died between days 9 and 16 
postoperatively. These eyes were enucleated for histological 
examination but otherwise excluded from the experiment. 
For final evaluation in some groups, therefore, there re- 
mained only 11, 13 and 14 animals, respectively. 

All animals were anesthetized with ketamine (Ketanest) 
and xylazine (Rompun) and operated on under sterile con- 
ditions. An 8-mm scleral incision 2.5 mm from the limbus 
was produced with Graefe's knife and corneal scissors. 
After excision of prolapsed vitreous, the wound was closed 
with 14-16 interrupted sutures of  10-0 nylon. The fundus 
was examined by indirect ophthalmoscopy and scleral in- 
dentation to exclude any eye with retinal damage. An injec- 
tion of the group-specific drugs (Table 1) and 0.4 ml autolo- 
gous blood was done with a 27-gauge cannula between the 
sutures. Finally, atropine drops were instilled in the cul-de- 
sac for prophylaxis of iritis (Algvere et al. 1981). 

The experimental design is demonstrated in Table 1. All 
groups had the same operation but different drugs (water- 
soluble dexamethasone phosphate or penicillamine) and dif- 
ferent doses of the drugs (2.4 mg and 1.2 mg dexametha- 
sone and 10 mg and 5 mg penicillamine, respectively). Intra- 
vitreal injection of the group-specific drug was repeated 
postoperatively at different intervals in some groups to eval- 
uate whether or not repeated treatment is successful in fi- 
broblastic inhibition. 

After a 3-month interval without therapy, the animals 
were killed with an overdose of Ketanest and Rompun 
and the eyes enucleated. The cornea was perforated at 
12 o'clock with a 1.2 mm trephine and the globe fixed in 
3% glutaraldehyde for 48 h. The eyes were sectioned 
through the optic nerve and the wound for gross examina- 
tion. After embedding in paraffin, serial sections of 6 gm 
thickness were made and stained with hematoxylin and 
eosin, periodic acid-Schiff, Masson trichrome and Prussian 
blue. The examiner of the sections (M.V.) did not know 
the prior treatment of the eye. 
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Table 1. Experimental design with frequency of retinal detachment. The three columns at the right show the observed 
of the drugs 

side effects 

Group Operation and intravitreal Repeated intravitreal injection Retinal Neovascu- Pigment 
injection of 0.1 ml (A-E) (in weeks) detachment tarization alteration 
or 0.05 ml (F-I) (%) 

1 2 3 4 5 6 

Cataracta 
matura 
(non- 
traumatic) 

A (n=13) NaC1, 0.9% - + - + - + 46 0 0 
B (n = 14) Soluble dexamethasone, 2.4 mg - + - + - + 80 2 3 
C (n = 14) Penicillamine, 10 mg - + - + - + 93 0 3 
D (n = t 5) Combination of B and C - + - + - + 100 5 6 
E (n= 15) Combination of B and C + + + + + + 87 4 5 
F (n = 15) Soluble dexamethasone, 1.2 mg - + - + - + 27 0 3 
G (n = 11) Penicillamine, 5 mg - + - + - + 87 1 2 
H (n= 15) Soluble dexamethasone, 1.2 mg 33 0 2 
I (n = 13) Penicillamine 5 mg 80 0 1 

Fig. 1. From the inner aspect of the 
perforation scar, which is marked by 
sutures (arrow), a fibroblastic membrane 
extends up to the posterior surface of the 
lens (L). The perforation defect of the 
choroid and retina is filled by connective 
tissue (histology no. 276, group H, 
hematoxylin and eosin, x 12.8) 

Results 

Clinical results 

Provisional diagnosis of retinal detachment was made via 
indirect ophthalmoscopy when the media were not  opaque. 
The definite diagnosis was made histologically when one 
quadrant  or more was detached. The histologically proved 
detachment rate in the control group was 46% and de- 
creased only in low-dose dexamethasone groups F and I t  
(Table 1). However, this is not  statistically significant. Peni- 
cillamine and the combinat ion of both substances produced 
an increasing incidence of retinal detachment up to 100%. 

The complications (Table 1, three right columns) in- 
volved the retinal vessels with neovascularization in the area 
of the optic disc and the medullated nerve fibers. In some 
animals pigment alterations were observed: first, atrophy 
of the retinal pigment epithelium and second, black pigment 
clumps in the vitreous, which could easily be differentiated 
from blood clots. Another  side effect was the development 
of cataracts. In  11 additional cases there were histologically 
proven traumatic cataracts due to an unintent ional  lesion 
of the lens during the surgical manipulat ion.  In all cases 
with cataract the fundus was clinically not  visible. 

Histological description 

In five eyes a postoperative vitreous abscess had developed. 
All intraocular structures were densely infiltrated by poly- 
morphonuclear  leukocytes. These eyes were excluded from 
the experiment. In all eyes with retinal detachments the 
detachments ranged from total to one quadrant .  All of these 
were traction detachments due to proliferation of connec- 
tive tissue from the area of the perforation (Fig. 1). 

The proliferation of fibroblasts in the vitreous cavity 
was particularly noteworthy. Fibroblastic proliferation into 
the vitreous cavity of animals in group A (control group) 
was contiguous with the inner aspect of the wound and 
discrete. The 10/0 ethilon sutures caused a mild lymphocytic 
infiltration. In all cases the wound revealed a perfectly 
smooth adaptation. In those areas where the choroid and 
in a few cases also the retina were perforated, the defect 
was filled by collagenous connective tissue. In the cases 
with perforated retina there was no retinal detachment 
caused by the trauma. 

The fibroblasts were present along vitreous strands act- 
ing as a scaffold and extended in some instances to the 
posterior surface of the lens (Fig. 2). The peripheral retina 
was involved by the progressing fibroblasts in different 
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Fig. 2. Vitreous strands are used as a 
scaffold for the fibroblastic proliferation. 
The peripheral retina (arrows) and the 
retinal pigment epithelium are pulled 
into the vitreous cavity by the 
proliferating fibroblastic membrane 
without causing retinal detachment 
(histology no. 275, group H, hematoxylin 
and eosin, x 12.8) 

Fig. 3. Nine days after the 
perforation injury, the perforation 
wound (W) is not completely 
adapted. The defect is filled by 
fibroblastic proliferation, which 
continues into the hemorrhagic, 
condensed vitreous (histology 
no. 269, group G, hematoxylin and 
eosin, x 12.8) 

ways. In several slides the retina was adherent  to the con- 
nective tissue and was pulled into the vitreous together with 
the retinal pigment  epithelium without  being detached. In 
one instance a schisislike splitting of  the retina could be 
observed. 

These changes were minute in groups A, F,  and H and 
increased in intensity and spread according to the increasing 
percentage of  retinal detachment  in the other groups. In 
the most  pronounced  cases a cyclitic membrane with metap-  
lastic bone formation,  Ringschwiele, and complete t ract ion 
detachments  were present. No  retinal tears could be seen 
in any of  the cases. N o  remnants  of  the postoperat ively 
injected b lood into the vitreous could be seen except for 
an occasional hemosiderin- laden macrophage.  

A n  unintent ional  lesion in the lens during the surgical 
manipula t ions  had  no appreciable influence on the develop- 
ment  of  a cyclitic membrane.  The development  of  a cataract  
was seen most  frequently in group E, which received a c o m -  

binat ion of  2.4 mg dexamethasone and 10 mg penicil lamine 
seven times. 

At  the base of  the fibroblastic prol i ferat ion at  the inner 
base of  the perfora t ion a reactive prol i ferat ion of  the retinal 
pigment  epithelium was frequently seen. Usual ly these were 
arranged in ring-shaped, tubular  structures, which blended 
into the fibroblastic membrane.  

The origin of  the fibroblastic intravitreal  prol i ferat ion 
could not  be clearly defined. In some cases the fibroblastic 
membrane  obviously developed from the scleral par t  of  the 
wound. In other cases it developed from the choroid.  In 
some instances the f ibroblast ic prol i ferat ion developed from 
the sclera as well as from the choroid.  

Two animals died 9 days after the perforat ing injury. 
Enucleat ion was performed to study the early stage of  the 
fibroblastic proliferation.  At  the inner aspect of  the perfora-  
t ion wound,  fresh b lood was visible which extended into 
the condensed vitreous strands (Fig. 3). This b lood was fol- 
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Fig. 4. In this case, the retina (R) forms 
a fold that is adherent to the condensed 
hemorrhagic vitreous base. This 
formation of a peripheral retinal fold 
seems to be dependent on the intimate 
adherence of the vitreous base to the 
peripheral retina (histology no. 268, 
group G, hematoxylin and eosin, x 32) 

Fig. 5. The scleral scar with remnants of 
the suture (arrow) reveals mild 
fibroblastic proliferation from the inner 
aspect. This scar tissue fills the defect 
within the choroid. There is only very 
limited proliferation into the vitreous 
(histology no. 3039, group A, 
hematoxylin and eosin, x 12.8) 

lowed by a delicate formation of fibroblasts which infil- 
trated the condensed vitreous. In one case the peripheral 
retina formed a fold that was adherent to one of the con- 
densed vitreous strands, which blended with the perforating 
wound (Fig. 4). 

Discussion 

Drug therapy to prevent traction retinal detachment after 
posterior penetrating eye injury is desirable to replace or 
enhance pars plana vitrectomy. The rationale for using dex- 
amethasone is its ability to inhibit proliferation of fibro- 
blasts (Cornman 1951; Grossfeld and Ragan 1954; Ruh- 
man and Berliner 1965, 1967; Rozen and Chernin 1965; 
Pratt and Aronow 1966) and to inhibit synthesis of the 
collagen in these cells (Haferkamp 1980). Penicillamine pre- 

vents cross-linking of collagen fibers (Amiel et al. 1977; 
Nimni and Bavetta 1965; Nimni 1979) and inhibits activity 
of fibroblasts (Mfiller et al. 1971 ; Junge et al. 1974; Priest- 
ley 1980). To test the efficiency of drug therapy, several 
models have been developed. 

The main disadvantage of the "cell injection model" 
(Mfiller-Jensen and Mandelcorn 1975; Algvere and Kock 
1976) is the lack of vitreous loss or blood in the vitreous, 
which, however, frequently occurs in penetrating eye inju- 
ries. Blood produces strand formation of the vitreous (Ogu- 
chi 1913; Freilich et al. 1966; Constable et al. 1973 ; Const- 
able 1975; Swann 1977). Hemoglobin induces proliferation 
of hyalocytes and RPE cells (Burke and Smith 1981; Burke 
et al. 1981). After fibrinolysis (Forrester et al. 1976) and 
extracellular hemolysis, the cell fragments are phagotized 
by invading macrophages (Constable 1977; Forrester et al. 
1978a, b; Forrester and Grierson 1980). Blood, therefore, 
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is important for producing the sequelae of eye injury, not 
the injury itself. 

In preliminary experiments (Behrens-Baumann 1983) we 
tested the "double perforation model" (Topping et al. 
1979). In all cases the injected substances left the vitreous 
cavity through the star-sphaped wound, which could not 
be closed water-tight. In addition, the strand formation var- 
ied considerably in nontreated eyes. 

In contrast, the "pars plana incisional model" (Cleary 
and Ryan 1979a, b) seems to be the best in simulating 
posterior penetrating eye injury (Behrens-Baumann 1983). 
There is vitreous loss, blood in the vitreous, and a water- 
tight wound to leave the intravitreal drugs in place. In this 
model we then compared dexamethasone with penicilla- 
mine. To evaluate the most efficient medical treatment for 
fibroblastic inhibition different doses as well as repeated 
intravitreal injections were used. 

Our histopathologic results corresponded to those of 
Cleary and Ryan (1979a, b). In contrast to human eyes, 
the nonpigmented ciliary epithelium of the rabbit does not 
participate in membrane formation (Winthrop et al. 1980). 
The other intraocular reactions of the rabbit eye, however, 
can be well compared with those of the human eye. 

In all cases, proliferation of fibroblasts had developed 
and extended along the vitreous fibers into the vitreous 
cavity. The proliferation was very limited (Fig. 5) in the 
control group and the group with low-dose dexamethasone 
and increased in the high-dose groups to a cyclitic epiretinal 
membrane with total retinal detachment. Thus, fibrous pro- 
liferation seems to cause the retinal detachment. 

With increasing extension of the developing intravitreal 
fibroblastic membrane, traction was exerted on the periph- 
eral retina. From our histopathologic specimens it appeared 
that the fibroblastic proliferation developed from the cho- 
roid underneath the peripheral retina and pulled the at- 
tached retina into the vitreous cavity (Figs. 3 and 4). Within 
this fibroblastic membrane, which with increasing maturity 
becomes collagenous, myofibroblasts have been demon- 
strated with the electron microscope in the rhesus monkey 
(Cleary et al. 1980). It would be reasonable to assume that 
these cells, through their contraction, cause a contraction 
of the collagenous membrane and cause massive traction 
on the retina. This traction also becomes relevant for the 
retinal pigment epithelium with ring-shaped tubular prolif- 
erations. The retinal pigment epithelium that may lead to 
epi- and retroretinal membranes in man did not appear 
to play a significant role in the rabbit eye. 

In our experimental study the penicillamine groups had 
a higher detachment rate than the control group. This is 
in contrast with the results of Weiss and Belkin (1981), 
who used the "double perforation model." Their method 
has already been criticized by Machemer (1981). The combi- 
nation of dexamethasone and penicillamine and the high 
dose of dexamethasone (2.4 mg) produces a high detach- 
ment rate, too. The exact mechanism is not clear and cannot 
be determined in an in vivo system. Possibly the vehicle 
is the reason for this form of toxicity. On the other hand, 
it may be a question of therapeutic and toxic level of the 
pharmacon, as known from cardiac glycosides. We specu- 
late that there is a stronger inhibition of the macrophages 
than the fibroblasts. Macrophages seem to be more sensitive 
to corticosteroids (Jessop et al. 1973). Erythrophagocytosis 
is, therefore, decreased. This leads to continuous stimula- 
tion of fibroblasts by hemoglobin (Constable 1977; Forres- 

ter et al. 1978a, b; Forrester and Grierson 1980). In the 
control group, the proportion of macrophages and fibro- 
blasts is obviously disturbed to a lower degree, followed 
by less proliferation of fibroblasts. We assume a dose-re- 
sponse relationship. 

In fact, the groups with low-dose dexamethasone 
(1.2 mg) had a lower detachment rate (27%) than the 
2.4 mg dexamethasone groups (80%) P <  0.05 (chi-square). 
The low dose of dexamethasone reduced the incidence of 
detachment from 46% down to 27% in the control group. 
However, this is not statistically significant. When one ex- 
trapolates the low dosage of dexamethasone used for our 
experimental animals (1.2 mg per rabbit eye) to the low 
dosage appropriate for a human eye, the approximate 
amount is 2.5 rag. 

Hiibner (1982) injected 3.0 nag dexamethasone into the 
human eye without seeing any side effects. In posterior pen- 
etrating eye injuries, then this maximal dexamethasone dos- 
age should, therefore, be applied intravitreally at the end 
of the primary wound closure. Higher doses do not result 
in better final results but in more severe side effects. 
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