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The effect of specific gravity
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after experimental vitreous substitution

Abstract Purpose: To evaluate the
histological changes in the retina
after experimental vitreous substitu-
tion with various amounts of
perfluorophenanthrene (PFPH).
Methods: Thirty-two rabbit eyes were
mechanically vitrectomized and filled
up with 0.8 cc or 0.2 cc highly puri-
fied PFPH. The substance remained
for 1 week (4 eyes), 2 weeks (8 eyes),
4 weeks (10 eyes) or 8 weeks (10
eyes). Eight eyes underwent the same
surgical procedure without PFPH
exchange to serve as a control group.
A histological comparison of corre-
sponding areas in the center and in
the periphery of the inferior retina
ensued. Results: After 2 weeks, nu-
clear drop-downs and irregularities of
the outer plexiform layer and of both
nuclear layers were observed cen-
trally in the eyes with a 0.8 cc sub-
stitution. The changes proceeded to
irregularities and cell loss of all reti-
nal layers with focal areas of com-
plete destruction of the retinal archi-
tecture after 8 weeks. In contrast,

single nuclear drop-downs, wrinkling
of the outer nuclear layer and cell loss
in the photoreceptor layer were ob-
served in the peripheral retina at the
end of the observation period. In
those eyes where 0.2 cc PFPH was
exchanged nuclear drop-downs were
found after 2 weeks, leading to focal
thinning of the outer plexiform layer
and irregularities of the outer nuclear
layer after 4 weeks with an insignif-
icant increase after 8 weeks. At this
time these histological alterations
were comparable with those that we
observed after 2 weeks in the eyes
with a 0.8 cc tamponade in a corre-
sponding area. Conclusions: Even
high purification of PFPH does not
prevent retinal damage. The different
results in different areas after vitreous
substitution with 0.2 cc and with

0.8 cc demonstrate that the high
specific gravity of the substance may
also play a role in the development of
histological changes after extended
tamponade.

Introduction

Perfluorocarbon liquids (PFCLs) and heavy fluorocarbon
liquids (HFCLs) are routinely used in vitreoretinal sur-
gery for various indications [1, 5, 6, 7, 9, 11, 15, 17, 18,
22, 23, 27] due to the ability to stabilize the retina on the
posterior pole by their high specific gravity. In special
situations like breaks in the inferior retina they might be
suitable for postoperative temporary tamponade [17].
However, retinal damage after short-term and extended

substitution with different heavy perfluorocarbon liquids
has been demonstrated experimentally [4, 8, 10, 12, 24,
30, 31, 32]. The better tolerance of highly purified sub-
stances has been shown clearly in animal experiments
[31, 32], but the effect of the weight of perfluorocarbon
liquids has never been discussed. To date, complete vit-
reous exchange was aimed for in all reported studies on
experimental perfluorocarbon testing [4, 8, 10, 12, 14, 24,
25, 30, 31, 32].
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The present study was set up to evaluate histologically
the role of the specific gravity of heavy perfluorocarbon
liquids, exemplified by perfluorophenanthrene (PFPH).

Methods

A total of 40 eyes of albino rabbits weighing between 2.8 and
3.1 kg was involved in the study. Initially the animals were
scheduled to be killed at 1, 2, 4, or 8 weeks of follow-up. Institu-
tional guidelines regarding animal experimentation were followed.

Surgery was performed with the animal under general anes-
thesia. Preoperative sedation comprised an intramuscular injection
of 0.4 ml/kg ketamine hydrochloride (100 mg/ml) and 0.15 ml/kg
xylazine hydrochloride (2%). The intraoperative anesthesia with
1.0 ml ketamine hydrochloride (100 mg/ml) was given slowly via
the auricular vein. The pupils were dilated with 0.5% tropicamide
and 2.5% phenylephrine. After preparation of the conjunctiva a
sclerotomy for the infusion canula was performed 1.5 mm behind
the limbus in the inferior nasal quadrant for right eyes and in the
temporal quadrant for left eyes. The infusion fluid consisted of
Ringer’s solution. Thereafter, a mechanical vitrectomy (Ocutome)
followed through a second sclerotomy on the opposite side under
the coaxial illumination of an operative microscope (Zeiss OPMI2).
The vitreous was removed as completely as possible also in the
eyes where a small amount of PFPH was planned as substitution to
exclude different preconditions. At the end of surgery the sclerot-
omy site for the vitrectomy probe was partially closed with 7.0
Vicryl sutures. PFPH was injected intravitreally using a syringe and
irrigation fluid was allowed to escape through the sclerotomy. We
used a commercially available product (Vitreon, Vitrophage, Illi-
nois). Sixteen eyes respectively received 0.8 cc or 0.2 cc PFPH.
Eight eyes where Ringer’s solution was left served as comparative
group. Wound closure was completed and antibiotic ointments were
administered. Surgery was uneventful in all cases.

During the observation period clinical controls were carried out
daily for the first week after surgery, thereafter weekly. They in-
cluded a biomicroscopic examination of the eyes and fundoscopy
under dilated pupils using an indirect ophthalmoscope. Three rab-
bits (six eyes) were followed up for 1 week (two eyes with 0.8 cc,
two eyes with 0.2 cc, two control eyes), five rabbits (10 eyes) for 2
weeks (four eyes with 0.8 cc, four eyes with 0.2 cc, two control
eyes), 6 rabbits (12 eyes) for 4 weeks (five eyes with 0.8 cc, five
eyes with 0.2 cc, two control eyes), and 6 rabbits (12 eyes) for 8
weeks (five eyes with 0.8 cc, five eyes with 0.2 cc, two control
eyes) (Table 1).

After these periods the eyes were enucleated with the animals
under deep anesthesia. The globes were dissected circumferentially
close to the limbus. The globes were shortly fixated with glutar-
aldehyde to cut horizontal sections with razor-blades 5-9 mm be-
low the medullary ray measured with compasses (Fig. 1) to allow a
histological comparison of corresponding areas.

In these sections changes were judged in the middle part and in
eyes with 0.8 cc also in the periphery (Fig. 1) where the weight of
the overlying PFPH was less. The samples were immediately fixed
in a 2.5% formalin solution buffered with phosphate, embedded in
paraffin, and stained with hematoxylin—eosin.

N

Fig. 1 Schematic representation of the rabbit fundus showing the
localization of the horizontal section in the inferior part of the eye

Results

Clinical observations

In all eyes examination of the anterior and posterior
segments showed no abnormalities during follow-up. No
inflammatory reaction, pucker formation, or lens opaci-
fication was observed.

The 0.8 cc bubble reached the level of the medullary
ray in the rabbit eye, whereas the 0.2 cc bubble was only
covering the inferior retina. Irrespective of the volume
injected, dispersion of the PFPH was observed after 2
weeks. After 4 weeks the view of the inferior fundus was
limited due to the increasing number of smaller droplets
particularly in eyes with a 0.8 cc tamponade.

Histological results

After 1 week of PFPH tamponade we found no changes in
the inferior retina, neither in the eyes with a 0.8 cc tam-
ponade (two eyes) nor in the eyes with a 0.2 cc substi-
tution (two eyes) (Table 2).

Two weeks postoperatively we observed single nuclear
drop-downs into the photoreceptor layer, irregularities in
the outer plexiform layer, and reduction of cells in both
nuclear layers in the center of the sections of the eyes with
a 0.8 cc tamponade (four cases) (Fig. 2). The changes

Table 1 Study design for vit-
reous replacement with PFPH

(n=40)

Group 1 week 2 weeks 4 weeks 8 weeks
Eyes with 0.2 cc PFPH 2 4 5 5
Eyes with 0.8 cc PFPH 2 4 5 5
Control eyes 2 2 2 2
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Table 2 Classification of his-

tological changes after PFPH Group 1 week 2 weeks 4 weeks 8 weeks
substitution 0.8 cc PFPH
Center None Mild Moderate Severe
Periphery None None Mild Mild to moderate
0.2 cc PFPH
Center None None to mild Mild Mild

Fig. 2 Center of a histological section of the inferior retina after 2
weeks with 0.8 cc PFPH (hematoxylin and eosin, x400)

Fig. 3 Center of a histological section of the inferior retina after 4

Fig. 4 Periphery of the same histological section as Fig. 3 (he-
matoxylin and eosin, x400)

weeks with 0.8 cc PFPH (hematoxylin and eosin, x400)

were classified as mild. No abnormalities were found in
the periphery of the sections. In those eyes where 0.2 cc
PFPH was exchanged (four eyes) only a small number of
nuclear drop-downs were present in the inferior retina at
this time, which was classified as none to mild changes.

Four weeks’ tamponade with 0.8 cc PFPH (five eyes)
caused cell loss in both nuclear layers and the photore-
ceptor layer, focal areas of thinning of the outer plexiform
layer, wrinkling of the outer retinal layers, an increased
number of nuclear drop-downs, and bump like protrusions
through the outer limiting membrane into the photore-
ceptor interspace caused by Miiller cell hypertrophy in the
middle part of the inferior retina (Fig. 3). The changes

Fig. 5 Center of a histological section of the inferior retina after 4
weeks with 0.2 cc PFPH (hematoxylin and eosin, x400)

were classified as moderate. In the periphery of these
eyes, where the effect of weight was less, single nuclear
drop-downs were present. The nuclear layers showed
normal density and thickness, but in the photoreceptor
layer areas of decreased cell density were found which
was classified as mild changes (Fig. 4).

A quantity of 0.2 cc PFPH over a 4-week period (five
eyes) led to thinnings in the outer plexiform layer, ir-
regularities of the outer nuclear layer, and occasionally to
nuclear drop-downs in the middle of the samples (Fig. 5).
The changes were classified as mild and were comparable
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Fig. 6 Center of a histological section of the inferior retina after 8
weeks with 0.8 cc PFPH (hematoxylin and eosin, x400)

Fig. 7 Periphery of the same histological section as Fig. 6 (he-
matoxylin and eosin, x400)

to those which were found after 2 weeks’ tamponade with
0.8 cc PFPH in the corresponding area (Fig. 2).

Eight weeks postoperatively, in the eyes which had a
0.8 cc tamponade (five eyes) we observed irregularity of
all retinal layers with cell loss in both nuclear layers, an
increasing number of nuclear drop-downs and bump-like
protrusions in the middle part of the sections. The number
of photoreceptor cells was reduced. There were large ar-
eas of complete destruction of the normal retinal archi-
tecture (Fig. 6). In one sample macrophages invaded at
the internal limiting membrane. The changes were clas-
sified as severe. In contrast, the changes in the periphery
were less severe: nuclear drop-downs, wrinkling of the
outer retinal layers, and cell loss in the photoreceptor
layer were present (Fig. 7).

At the same time point the eyes with a 0.2 cc tam-
ponade (five eyes) showed centrally a narrowing of the
outer plexiform layer, slight wrinkling of the outer retinal
layers with cell loss in the outer nuclear layer in some
areas, and nuclear drop-downs (Fig. 8). The changes were
classified as mild because the damage was of similar
severity to that we found in corresponding areas after 4

Fig. 8 Center of a histological section of the inferior retina after 8
weeks with 0.2 cc PFPH (hematoxylin and eosin, x400)
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Fig. 9 Center of a histological section of the inferior retina of a
control eye 4 weeks postoperatively (hematoxylin and eosin, x400)

weeks’ tamponade with the same amount (Fig. 5) or after
2 weeks’ tamponade with 0.8 cc PFPH (Fig. 2).

In control eyes normal retinal anatomy was preserved
during the whole observation period (Fig. 9). It was evi-
dent that in all eyes with PFPH tamponades the thickness
of the retina was reduced to about half that in the control
eyes.

Discussion

Heavier-than-water fluorinated or semi-fluorinated lig-
uids facilitate vitreoretinal surgery in a variety of settings.
These include proliferative vitreoretinopathy [1, 5, 9, 11,
17], ocular trauma [6], diabetic retinopathy [23], giant
retinal tears [3, 4, 5, 6, 8, 9], and dislocated lenses or lens
implants [1, 7, 15, 18, 22, 27]. Together with their high
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contact angle, an intraocular tamponade with perfluoro-
carbon liquid results in a larger contact area than an in-
traocular silicone oil tamponade or gas bubble may pro-
vide (Bacon AS, Lavin MJ. Perfluorocarbon liquids: po-
tential interactions during vitreoretinal surgery. Presented
as a poster at the Annual Meeting of the College of
Ophthalmologists of UK, Glasgow,1991). In an upright
position of the patient, perfluorocarbon liquids therefore
offer an effective tamponade for eyes with inferior retinal
breaks [2, 3, 33].

Animal experiments with different perfluorocarbon
substances, however, demonstrated histological damage
of the retina after various observation periods in most of
the studies. Miyamoto et al. [24] describes gliosis of the
retina 1 month after intravitreous injection of perfluo-
roether. Chang et al. [8] found moth-eaten defects in the
superior and inferior retina as early as 2 days after vit-
reous replacement with perfluorotributylamine. Nahib et
al. [25] observed an unchanged retinal anatomy after 6
weeks’ tamponade with PFPH. Eckardt et al. reported that
perfluorooctane and perfluoropolyether caused hypertro-
phy of Miiller cells with bump-like protrusions into the
photoreceptor interspaces at 6 days after surgery [12].
Similar changes were found by Chang et al. [10] and
Sparrow et al. [30] when perfluoro-n-octane and perflu-
oroethylcyclohexane respectively were left in the eye for
more than 1 week. Bryan et al. [4] proved perfluorotri-n-
propylamine to be safe for a duration of 2 weeks. Velikay
et al. [32] compared the histological effect of perfluo-
rodecalin and perfluorooctylbromide on the retina and
described similar lesions in the outer retinal layers after 1
and 2 weeks, more pronounced in perfluorooctylbromide-
filled eyes. Flores et al. [14] observed no adverse reac-
tions in the retina after perfluorooctylbromide exchange
up to 6 months.

The histological results are controversial due to the
unclear mechanism of retinal intolerance. The importance
of inertness of vitreous substitutes was emphasized in
1990 [29] in a fibroblast model. Toxic reactions due to
chemical impurities of perfluorocarbon liquids, resulting
mainly from incomplete fluorination of hydrocarbons,
have since been demonstrated clearly in animal experi-
ments [31, 32].

Perfluorocarbon liquids are 1.76-2.03 times heavier
than water and are thus heavier than aqueous, subretinal
fluid, or irrigation solutions. This raises the question of
the effect of weight on the inferior retina, to which the
damage has frequently been limited [4, 8, 10, 24, 30]. In
all studies [4, 8, 10, 12, 21, 24, 25, 30, 31, 32] a perflu-
orocarbon exchange as complete as possible was aimed
for.

For the histological evaluation of the effect of various
amounts of perfluorocarbon liquids in the present study
we used PFPH because its specific weight is the highest
among perfluorocarbon liquids (2.03 g/cc); it has been
suggested to be an excellent candidate for experimental
vitreous replacement [25, 29]. The available product is
99.9% pure. The quantity of 0.2 cc PFPH as the smaller
tamponade was chosen because perfluorocarbon volumes
less than 0.1 ml were found to have no adverse effect on
the retina even in the long term [10, 30].

In the eyes with a 0.8 cc PFPH tamponade we ob-
served retinal damage in the center of the inferior sections
after 2 weeks with increasing severity thereafter, ending
up in complete destruction of the normal retinal anatomy.
In the periphery of the samples, distinct changes occurred
after 4 weeks and increased after 8 weeks to irregularities
in the outer nuclear layer and cell loss in the photore-
ceptor layer. Our observations correspond well with the
histological findings reported earlier from studies where
comparable amounts of other perfluorocarbon liquids
were injected [4, 8, 10, 30, 31, 32]. They are inconsistent
with the preliminary results after PFPH substitution in a
previous study [25]. However, there has never been an
explanation for the better tolerance of PFPH.

In contrast, in eyes with a replacement of 0.2 cc PFPH
the histological changes which were present in the center
of the sections after 2 weeks showed a much lesser
severity. They proceeded after 4 weeks in a smaller extent
than in the eyes with a 0.8 cc substitution and did not
increase in the later course. After 4 and 8 weeks the effect
of a 0.2 cc PFPH volume on the middle inferior retina is
comparable to that of a 0.8 cc quantity after 2 weeks on a
corresponding area. This area represents the deepest point
of the rabbit’s eye in an upright position of the animal. In
our experimental model the upper level and probably the
weight of the overlying perfluorocarbon bubble in this
area was about 3 times higher in eyes with a 0.8 cc
tamponade.

Our results suggest that even highly purified PFPH
causes retinal damage. The comparison of histological
changes in central and peripheral areas in eyes with small
and large amounts of PFPH substitution showed different
severity, different time of appearance, and different pro-
gression. The high specific gravity of perfluorocarbon
liquids is a potential factor in the mechanism of retinal
intolerance.
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