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Abstract

Aims—To investigate the ultrastructure of
the vitreoretinal interface following plasmin
induced posterior vitreous detachment.
Methods—Plasmin (1 or 2 U/0.1 ml) was
injected into the vitreous cavity of 24 eyes
of freshly slaughtered pigs. The 24 fellow
eyes received calcium-free and
magnesium-free PBS and served as a
control. After incubation at 37°C for 30
and 60 minutes, the globes were placed in
fixative and hemisected. Specimens for
light, scanning, and transmission electron
microscopy were obtained from the poste-
rior pole, the equator, and the vitreous
base using a corneal trephine.
Results—All plasmin treated eyes showed
posterior vitreous detachment. However,
the inner limiting membrane (ILM) was
covered by remnants of cortical vitreous at
the posterior pole and at the equator. There
was a direct correlation between the con-
centration and exposure times of plasmin
and the degree of vitreoretinal separation.
Eyes exposed to 1 U plasmin for 30 minutes
had a dense network of residual collagen
fibrils while those exposed to 1 U plasmin
for 60 minutes had only sparse collagen
fibrils covering the ILM. Eyes treated with
2 U plasmin for 60 minutes had a smooth
retinal surface, consistent with a bare ILM.
At the vitreous base there was no vitre-
oretinal separation. In all control eyes the
vitreous cortex was completely attached to
the retina. There was no evidence of retinal
damage in any plasmin treated eye.
Conclusion—Plasmin induces a cleavage
between the vitreous cortex and the ILM
without morphological changes to the
retina. In contrast with previous reports,
plasmin produces a smooth retinal sur-
face and additional surgery is not re-
quired in this experimental setting. The
degree of vitreoretinal separation depends
on the concentration and length of expo-
sure to plasmin.

(Br ¥ Ophthalmol 2001;85:6-10)

Separation of the posterior hyaloid from the
inner limiting membrane (ILM), a condition
clinically known as posterior vitreous detach-
ment (PVD), has an impact on the course of
various vitreoretinal disorders including vitreo-
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macular traction syndrome, macular hole
formation, retinal detachment, diabetic retino-
pathy, and retinal vein occlusion." ™

Relief of traction forces from the retina is a
primary aim of vitreoretinal surgery.'* De-
spite improved surgical technique and skills,
complete mechanical removal of the vitreous
cortex from the retinal surface remains
difficult.*** Surgical manipulation may cause
retinal breaks and haemorrhage, particularly in
children and young adults. Moreover, even in
the presence of PVD, remnants of the posterior
hyaloid provide a scaffold for subsequent cellu-
lar proliferation and fibrocellular contraction,
resulting in epiretinal membrane formation
and proliferative vitreoretinopathy.” ** Cleav-
ing the vitreoretinal interface selectively and
completely by biochemical means is therefore a
desirable adjunct or alternative to vitrectomy.”

Plasmin, a serine protease mediating the
fibrinolytic process, hydrolyses a number of
glycoproteins including laminin and fibro-
nectin, both of which are present at the
vitreoretinal interface and support attachment
of the vitreous cortex to the ILM.*** It has
been reported previously that an intravitreal
injection of plasmin facilitates the formation of
PVD in combination with vitrectomy or intra-
vitreal injection of hexafluoride gas.” ™

The morphology of the vitreoretinal inter-
face of plasmin treated eyes has not been stud-
ied and published in detail previously. There
are no reliable data on the success of
proteolytic vitreoretinal separation or the dose
of plasmin needed and exposure times re-
quired. We therefore exposed eyes from freshly
slaughtered pigs to different concentrations
and exposure times of plasmin and investigated
the ultrastructure of the vitreoretinal interface
at the posterior pole, the equator, and the
vitreous base by light and electron microscopy
following treatment.

Materials and methods

PLASMIN INJECTION

Stock lyophilised plasmin powder (EC
3.4.21.7, Sigma-Aldrich, Germany) from por-
cine blood containing a proteolytic activity of
5 U/mg was prepared in calcium-free and
magnesium-free phosphate buffered saline
(PBS), diluted to a final concentration of 1 U
and 2 U/0.1 ml, and stored at —20°C until fur-
ther use.
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Table 1 ~ Scanning electron microscopy of the vitreoretinal interface

Remmnants of vitreous cortex
Concentration and

duration of exposure No of eyes Posterior pole Equator Vitreous base
1 U plasmin, 30 minutes 5 ++ ++ +++
++ ++ +++
++ +++ +++
++ ++ +++
++ ++ +++
1 U plasmin, 60 minutes 5 + + +++
+ ++ +4++
+ + +4++
+ + +++
++ ++ +++
2 U plasmin, 30 minutes 5 + + +++
+ + +++
+ + +4++
- + +++
+ + +++
2 U plasmin, 60 minutes 5 - + +++
- + +4++
- + +++
- + +++
- + +4++
Plasmin treated eyes
without incubation 4 +++ +++ +++
Control fellow eyes 24 +++ +++ +4++

+++ = No vitreoretinal separation, vitreous cortex attached to the inner limiting membrane
(ILM); ++ = vitreoretinal separation but continuous network of collagen fibrils covering the ILM;
+ = sparse collagen fibrils covering the ILM;—= bare ILM.

Fresh adult domestic pig eyes were har-
vested from the local slaughterhouse and
carried on ice to the laboratory within 1 hour.
The eyes were cleaned of extraneous tissue and
incubated at 37°C for 15 minutes. Within 90
minutes of being slaughtered plasmin (1 U/
0.1 ml) was injected via the pars plana into the
mid vitreous cavity of 12 eyes; 12 fellow eyes
received 0.1 ml of calcium-free and
magnesium-free PBS and served as a control.
Five plasmin treated eyes and their control fel-
low eyes were incubated at 37°C for 30
minutes, and five of each were incubated for 60
minutes. As a control, two eyes received an
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Figure 1  Scanning electron micrographs of the posterior pole of plasmin treated eyes
showing remnants of cortical vitreous. There was a direct correlation berween the degree of
vitreoretinal separation and the concentration of plasmin and duration of exposure. (A)
Eyes which had recerved 1 U plasmin for 30 minutes showed a continuous network of
persistent collagen fibrils covering major parts of the ILM. (B) In eyes which had recerved
1 U plasmin for 60 minutes only sparse collagen fibrils were delineated on the ILM. (C)
Eyes which were incubated with 2 U plasmin for 30 minutes had sparse collagen fibrils
covering the ILM while those which had received 2 U plasmin for 60 minutes (D) had a
smooth retinal surface consistent with a bare ILM. Magnification X3600; 1 bar = 10 um.
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intravitreal injection of plasmin (the fellow eyes
received PBS), but were not incubated. In
another 12 eyes, 0.1 ml of plasmin in a
concentration of 2 U/0.1 ml was used; the 12
fellow eyes received 0.1 ml PBS.

HISTOLOGICAL EXAMINATION

After incubation, or immediately following
intravitreal injection of plasmin or PBS in eyes
not incubated, four sclerotomies were made
3 mm posterior to the limbus to ensure rapid
penetration of the fixative. The globes were
then fixed in a solution of 4% formaldehyde in
PBS at 4°C for 24 hours. The globes were
opened into two calottes and a central ring fol-
lowing the anteroposterior axis. The central
ring was processed for light microscopy by
dehydration in ethanol, embedded in paraffin,
and cut in sections of 7 um thickness. The sec-
tions were stained with haematoxylin/eosin,
periodic acid for PAS reaction, and colloidal
iron stain for acid mucopolysaccharides.

Retinal specimens for scanning and trans-
mission electron microscopy were obtained
from the posterior pole, the equator, and the
vitreous base using a corneal trephine of 4 mm
diameter. Retinal discs for scanning electron
microscopy (SEM) were postfixed in osmium
tetroxide 2% (Dalton’s fixative), dehydrated in
ethanol, dried to the critical point, sputter
coated in gold, and photographed using an
ISM-35 CF electron microscope (Jeol, Tokyo,
Japan).

Specimens for transmission electron micros-
copy (TEM) were postfixed in Dalton’s
fixative, dehydrated, and embedded in Epon.
Semithin sections were stained with 2% toluid-
ine blue. Ultrathin sections were contrasted
with uranyl acetate and lead citrate and
analysed using a Zeiss EM 9 electron micro-
scope (Zeiss, Jena, Germany).

Electron microscopic photographs were
evaluated by two observers independently.
Each observer evaluated the degree of vitreo-
retinal separation using a standardised grading
system (Table 1).

Results

LIGHT MICROSCOPY

The retinal morphology of the porcine eye
resembles the human eye.”*” There are
distinct cellular layers and a continuous ILM
covering the inner surface of the retina. In our
series light microscopy showed normal retinal
morphology and cellular anatomy. The cellular
layers of the retina were clearly demarcated
and showed no abnormalities compared with
porcine eyes previously described in the litera-
ture.” > In all eyes the ILM was present as a
continuous membranous structure.

However, there are some clear differences
between the porcine and human retina. Pigs, as
well as cats and dogs, do not have a central
retinal artery. In the human retina the central
retinal artery splits into four branches forming
the vascular arcades on the temporal and nasal
side of the optic disc. By contrast, in the
porcine eye it splits into only three
branches.* *’
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Figure 2 Scanning electron micrographs of the equator of plasmin treated eyes showing
remnants of cortical vitreous. (A) Eyes which had recerved 1 U plasmin for 30 minutes had
a continuous network of collagen fibrils covering the ILM while those which received 1 U
plasmin for 60 minutes (B), 2 U plasmin for 30 minutes (C), or 2 U plasmin for 60
minutes (D) had only sparse collagen fibrils covering the ILM. Magnification X3600; 1 bar
=10 um.
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Figure 3 All controls had an attached cortical vitreous at the posterior pole (A), at the
equator (B), and at the vitreous base (C). At the vitreous base there was no vitreoretinal
separation in plasmin treated eves (D). Magnification X3600; 1 bar = 10 um.

Little is known about the ultrastructure of
the vitreoretinal interface in porcine eyes. In
our series all eyes which had received an intra-
vitreal injection of PBS and served as a control,
and the four plasmin treated eyes which were
not incubated, had an attached vitreous. This is
in accordance with previous studies which have
reported a strong vitreoretinal attachment in
porcine eyes.”

All plasmin treated eyes which had been
incubated had PVD. At the vitreous base the
vitreous cortex was attached to the retina in
both plasmin treated eyes and in controls.

SCANNING ELECTRON MICROSCOPY
All plasmin treated eyes had PVD after incuba-
tion. However, remnants of cortical vitreous
were present at the posterior pole and at the
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equator. There was a direct correlation be-
tween both the concentration of plasmin used
and the length of exposure and the degree of
vitreoretinal separation (Table 1).

Posterior pole

Eyes which were treated with 0.1 ml plasmin at
a concentration of 1 U for 30 minutes showed
a continuous network of persistent collagen
fibrils covering major parts of the ILM (Fig
1A). Longer exposure times of plasmin re-
duced the presence of remnants of cortical vit-
reous. In eyes treated with 1 U plasmin for 60
minutes and those given 2 U plasmin for 30
minutes only sparse collagen fibrils were delin-
eated on the ILM (Fig 1B and C). Eyes given
0.1 ml plasmin at a concentration of 2 U for 60
minutes had a smooth retinal surface, consist-
ent with bare ILM (Fig 1D).

Equator

In eyes which had been incubated with 1 U
plasmin for 30 minutes there was a continuous
network of persistent collagen fibrils covering
the ILM (Fig 2A). Eyes injected with 1 U plas-
min for 60 minutes and 2 U plasmin for 30 and
60 minutes had only sparse collagen fibrils on
the ILM (Fig 2B, C, D).

Vitreous base

At the vitreous base all plasmin treated and
control eyes had an attached cortical vitreous.
In PBS treated controls and plasmin treated
eyes with no previous incubation the vitreous
cortex was attached to the ILM at the posterior
pole, the equator, and the vitreous base (Fig 3).

Variation within groups and interobserver error
There was only a small amount of variation in
the degree of vitreoretinal separation within
groups treated with different concentrations
and exposure times of plasmin (Table 1).

All histological evaluations were graded by
two observers independently. The interob-
server error was 4/144. All four disagreements
concerned eyes treated with 1 U plasmin for 30
and 60 minutes. In these questionable cases
the vitreoretinal separation was graded as a
“continuous network of collagen fibrils” and
not as “sparse collagen fibrils covering the
ILM”.

TRANSMISSION ELECTRON MICROSCOPY
Transmission electron micrographs of controls
showed persistent vitreous attachment with
collagen fibres condensed over the retinal
surface. In plasmin treated eyes residual colla-
gen fibrils were observed adjacent to the ILM
in some areas. Eyes injected with 0.1 ml
plasmin in a concentration of 2 U for 30 and
60 minutes showed no evidence of vitreous
collagen on the retinal surface.

The morphology of the ILM and the cellular
anatomy of the retina were unchanged. In par-
ticular, the ILM was not affected after plasmin
treatment. There was no difference in the
lamina densa, the lamina lucida, and the adja-
cent Mueller cells between plasmin treated and
control eyes (Fig 4).
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Figure 4  The retina was not affected by plasmin trearment. Semithin sections revealed
normal morphology and cellular anatomy of the retina in (A) plasmin treated eyes and (B)
controls (toluidine blue stain; magnification X250). Transmission electron microscopy
showed no difference in the ultrastructure of the ILM berween (C) plasmin treated eyes and
(D) controls. Magnification x15858; 1 bar = 6 um. Note bare ILM in plasmin treated eyes
(A and C) and residual vitreous cortex in control eyes (B and D).

Discussion

It has previously been reported that plasmin in
combination with vitrectomy or intravitreal gas
injection facilitates the cleavage between the
vitreous cortex and the ILM.”"* However, the
ultrastructure of the vitreoretinal interface and
the degree of vitreoretinal separation following
different concentrations and exposure times of
plasmin have not previously been reported in
detail.

This study has shown that plasmin alone
produces a cleavage at the vitreoretinal inter-
face of porcine eyes in a reproducible manner.
Besides intravitreal injection of plasmin, no
additional surgical technique was required to
induce PVD. Moreover, there was a direct cor-
relation between the concentration and expo-
sure time of plasmin and the degree of
vitreoretinal separation at the posterior pole
and at the equator.

There was no difference between plasmin
treated eyes which had not been incubated and
controls, indicating an immediate inactivation
of plasmin by the fixative. The length of expo-
sure to the proteolytic effect of plasmin was
therefore limited to 30 and 60 minutes, provid-
ing reliable and comparable data as a basis for
further studies.

www. bjophthalmol.com

Despite the presence of PVD in all plasmin
treated eyes after incubation, there was a dense
and continuous network of residual collagen
fibrils covering the ILM in eyes which had
received 1 U plasmin for 30 minutes. Extend-
ing the exposure time to 60 minutes reduced
the remnants of cortical vitreous significantly.
The most complete vitreoretinal separation
consistent with a bare ILM was achieved after
60 minutes of plasmin activity at a concentra-
tion of 2 U.

In contrast with previous reports, we were
able to induce PVD using plasmin and no
additional surgery. In rabbit eyes treated with
plasmin Verstraeten ez al found only eyes which
underwent additional vitrectomy had a smooth
retinal surface.”” Hikichi and coworkers ob-
served complete vitreoretinal separation only
in plasmin treated eyes which were additionally
treated with 0.5 ml hexafluoride gas.” Verstra-
eten er al achieved best results of vitrectomy
using 1 U plasmin and an exposure time of 60
minutes.”” However, both Verstraeten and
Hikichi used human plasmin in a rabbit model.
To our knowledge there are no data available
on the activity of plasmin of different species,
but we assume a change in the proteolytic
activity of plasmin when used in another
species. In our study, in which porcine plasmin
was used in porcine eyes, complete cleavage
between the ILM and the vitreous cortex was
achieved without vitrectomy.

Eyes from freshly slaughtered animals are
not affected by a breakdown in the blood-
retinal barrier and are thus an ideal model for
studying the proteolytic effect of plasmin at the
vitreoretinal interface. In previous in vivo stud-
ies breakdown of the blood-retinal barrier in
rabbit eyes may have interfered with the
proteolytic activity of plasmin. This may have
contributed to the less than satisfactory
vitreoretinal separation in previous series when
plasmin was used without additional surgery.

Besides the proteolytic activity of plasmin
against fibrin, laminin, and fibronectin, indi-
rect effects of plasmin such as activation of col-
lagenases may be involved.™* Histological
examination revealed no evidence of retinal
damage in any plasmin treated eye. In particu-
lar, the ILM showed no change in morphology
in plasmin treated or control eyes which
suggests that plasmin did not degrade type IV
collagen. As type IV collagen is the main struc-
tural protein of basement membranes, the
absence of a proteolytic effect on collagen IV
may be a major advantage of plasmin com-
pared with dispase. It has been reported previ-
ously that dispase cleaved the vitreoretinal
attachment but caused “minimal damage to
the inner retina”.*

At the vitreous base cortical vitreous colla-
gen fibrils run perpendicular to the retinal sur-
face and not parallel as at the posterior pole
and the equator.” ** In our series there was no
difference between plasmin treated eyes and
controls with regard to the ultrastructure of the
vitreous base, indicating that plasmin did not
cleave the vitreoretinal junction by secondary
activation of collagenases.
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Adult domestic pig eyes were used because
of their thick posterior hyaloid and strong
adherence of the vitreous cortex to the ILM.
There are species related differences in the
vitreoretinal junction.’” The vitreoretinal junc-
tion of pig eyes is strong, and PVD is not
known to occur spontaneously in this species.
The pig is therefore a difficult model for the
study of vitreoretinal adhesion and separation.
Any investigation of the cleaving effect of plas-
min requires standardised characteristics of the
ultrastructure of the vitreoretinal interface at
baseline, such as an attached vitreous and an
intact blood-retinal barrier. We therefore used
eyes from freshly slaughtered pigs as a cheap
and easily available model for this study.

Provided plasmin has a similar cleaving
effect at the vitreoretinal interface of human
eyes without damaging the retina or other
intraocular structures, it may prove to be a
viable biochemical adjunct to vitrectomy. With
regard to the ability of plasmin to create a
smooth retinal surface without remnants of
cortical vitreous, plasmin assisted vitrectomy
may not only facilitate surgical vitreoretinal
separation but may also reduce the risk of sub-
sequent cellular proliferation and fibrocellular
contraction.
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Deutsche Wissenschaft (T006/01.004/99).
Proprietary interest: none.
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