Retinal detachment from hyperosmotic
intravitreal injection

Michael F. Marmor

Hyperosmotic solutions were injected into the rabbit vitreous to study their effects upon the
retina. Injection of 0.05 ml of @ 1000 mOsm solution caused rapid whitening of the posterior
reting followed by the development of a large detachment and perinanent retinal degeneration,
The weakest rolutions which p!'fﬁdui:ed (}ph.rh H’!}[(JS(:{J}JFE.‘]”” wigill: cﬁﬂ:;g(;_g in the refing {aﬁ(n'
an injection of 0.05 ml} were near 500 mOsm. Sodion chloride . sodinm aspartate, EDTA,
mannitol, sicrose, and penicillin were effective at similar osmalarities. An osmotic load in the
vitreous caused immediate loss of the c-wave of the electroretinnzram (ERG). and a slower
decline of the a- and b-waves. The reported intravitreal toxicity of some drugs may relate to
osmotic rather than pharmacologic effects. Osmolarity should be accounted for in planning the

amount and location of any vitreous infection.
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The injection ¢f a drug into the vitreous
brings a high concentration near the retina.
For this reason a number of therapeutic
agents have been tried intravitreally in ex-
perimental and clinical situations,! and for
most there is a critical dosage above which
retinal degeneration occurs. Retinal detach-
ment has occasionally been reported as a
complication of such injections.*4

Retinal detachment from an intravitreal
drug was observed in a different context by
Cunha-Vaz and Maurice.® They found that
penicillin competitively blocks the active
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transport of fluorescein out of the eye and
that high dose: of intravitreal penicillin cause
a detachment. This raised the possibility that
a blockade of organic anion transport across
the pigment epithelinm might be responsible
for the fuid zecumulation in the subretinal
space. On the other hand, Sanders and
Peyman® showed that detachments oceur
rapidly after intravitreal injection of strong
hyperosmolar solutions of either ammanium
chloride or sodium chloride..

The presen: series of experiments sought
initially to produce experimental detach-
ments in order to investigate the mechanisms
of retinal adhesion.” To determine whether
the penicillin effect was specific to the phar-
macologic properties of the drug, other
agents of similar osmeotic strength were tried
for compariscn—hut they turned out to
cause detachments with equal facility. The
phenomenon of osmotically induced detach-
ment of the retina and its implications for
intravitreal therapy are the subject of this
paper. .
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Fig. 1. Effects of midvitreal injection of a hyperosmolar solution. A, Photograph of the rabbit
fundus (through a contact lens) 1 to 2 min after injection of 0.05 ml of 3M NaCl (approx. 5600
mOsm). Retina near the visual streak is edematous and grey, and detachment is beginning, B,
Evecup from the same experiment, enucleated and sectioned 24 hr after the injection. The

detachment now involves the entive retina.

Methods

All experiments were performed on Dutch
rabbits weighing approximately 1.5 kg. Animals
were sedated with a single intramuscular injection
of chlorpromazine (approximately 10 mg/kg) and
anesthetized with intravenous pentobarbital (ap-
proximately 20 mg/kg). The eyes were dilated
with a 50/50 mixture of 1% cyelopentolate and
10 Neo-Synephrine, The fundi were observed
with an indirect ophthalmoscope and with an
operating microscope through a plano-concave
contact lens.

The following stock solutions were diluted as
needed: 1,000,000 U/ml sodinm penieillin G (Up-

Downloaded from iovs.arvojournals.org on 10/22/2025

Invest. Oplithatmod. Visual Seb’
Decomber I

john); 3M NaCl; 25% mannitol (Invenex); 3
crose; 1.5M Na aspartate: 400 mM EDTA.
larity was measured on a Fiske Model 130 68
mometer, '
Three types of experiments were perfor
1. Injection into midvitreous. A 0.05 ml am
of a solution was injected with a 27
needle inserted about 3 mm behind the
bus. Direct observation ensured that
needle was neither in the lens nor ad

to the retina.
2. Local injection. The conjunctiva was
from a portion of sclera, and a pune
made about 3 mm behind the limbus
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Fig. 2. Effects of midvitreal injection of 0.05 ml of the following solutions: o, NaCl: e, Na
aspartate; &, penicillin G; &, penicillin G with systemic benemid: o, mannitol; =, sucrose; o,
mixture of penicillin, NaCl and suerose; *, EDTA. Clusters of paints indicate multiple experi-
menis at similar osmolarity. The effects were graded approximataly 15 min after injection as
follows: incipient detachment. if the vitreoretina intedace glistened but did not visibly sepa-
rate; low detachment, if separation oecurred without bullous elevation: moderate detachment,
if the bullae were confined to the posterior pole; larze detachment. if there was extension near

or beyond the equator.

Eﬂ-g‘mlgn needle. A blunted 30-gauge nee dle
WS gcnl].}' inserted thruugil the puncture
gite and moved undear direct visual control to
a location immediately adjocent to the ret
ina. Approximately 0.005 ml of salution was
vjﬂ‘ler:l near the retinal surface. The needle
wag held in plu.c‘e for about 30 cee to ensure
that viscous material would not retraet with
the needle. Several loeal injeetions could be
made in different locations within each eve,

3. Electrophysiologic recordings, These were
made from infact animals. as described pre-
viously.* In brief a contact lens containing a
silver—silver chloride pellet was placed on
the cornea, and similar tlrrrlpnllarir.ahlp elec-
trodes were inserted into the conjunctival
cul-de-sac {as reference) and into the mouth
(as ground), Direct current electroretino-
grams (D.C.-ERGs} were amplified by a
Tektronix 5422 amplifier and displayed on
both an oscilloscope (for o- and b-waves) and
a paper recorder (for c-waves).

Results

Injection into midvitreous. Midvitreal in-
jection of 0.05 ml of a strongly hyperosmotic
sclution (= 1000 mOsm) typically produced
the following sequence of events (Fig. 1):

1. Within seconds to o minute. Elevation

and glistening of the vitreoretinal interface in
the posterior pole. The intraccular pressure
{confirmed by Schigtz tonometry} was often
increased for 3 to 10 min because of the fAuid
injected, but mo pulsation or closure of ves-
sels was ever observed.

2, Within the next few minutes. Grey-
white opacification of the affected areas.

3. Qver 2 to 30 min. Clearing of the opac-
ification with formation of a bullous detach-
ment; mild congestion of the visual streak
vessels,

4. Over the next several hours. Widening
detachment of thickened retina, often with
multiple folds. The retinal vessels were now
grossly congested and tortuous.

5. Overnight. Continuing detachment and
permanent retinal degeneration, Small de-
tachments {(after weak osmotic injections)
sometimes reannealed (showing pigmentary
changes) but large detachments always per-
sisted and progressed, sumetimes leaving the
retina fragmented and torn within the eye.
The retinal vaseulature remained abnormal.

This sequence of events was qualitatively
similar whether the active agent was penicil-
lin, sodium chloride, sodium aspartate, so-
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Fig. 3. Effects of injecting hyperosmolar solution adjacent to the retina. A, Rabbit eve a few
seconds alter local injection of penicillin G (1105 mOsm). Note the glistening interface near the
region of retinal opacification. B, 1 to 2 min after injection. A definite bleb is forming at the site
of the opacification. C, 5 min later. The local detachment has enlarged

dium EDTA, mannitol, or sucrose. Prelimi-
nary histologic data confirmed that detach-
ment occurred between the photoreceptors
and pigment epithelium, and not by cleavage
of cells: more detailed electron microscopic
studies are in progress.

Fig. 2 shows the composite results after
midvitreous injection of a variety of sub-
stances at different osmolarities. Control in-
jections of normal saline, hydrochloric acid
(pH 2) or distilled water had no visible effect
on the retina. These data compare the action
of penicillin with that of agents that have
other pharmacologic actions (sodium aspar-
tate, which blocks synaptic transmission; and
sodinm EDTA, which chelates caleium) and
with agents that are largely inert (sodium
chloride, sucrose, and mannitol). Regardless
of the substance used, injections of less than
500 mOsm had little or no effect, whereas
injections of more than 1000 mOsm had a
strong effect.
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Local injection. To confirm the immediay
of the osmotic effects, injections of a small¥
amount of h_\|u-rn\|nutu' solution were made’
directly adjacent to the retina with a 308
gauge needle. Solutions of 1000 mOsm o
more usually caused whitening of the retin
within seconds, followed by the formation of
a small bleb within minutes (Fig. 3), Solu=
tions as weak as 700 mOsm were someti
effective, and occasional injections of maos
than 1500 mOsm were ineffective. The effed
was similar whether sodium chloride, peri
cillin, or mannitol was used. These
blebs persisted for several hours but were ne
studied over the long term. The injection off
normal saline or ll)l)()-().\lllllli(‘ \nluli(mshﬂ
no visible effect, and showed that injection
itself did not canse detachment.

Electrophysiologic effects of osmotic de
tachment. Fig. 4 shows the effects on the
conventional ERG of injecting 0.05 il of
either normal saline or penicillin into §
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midvitreous of a rabbit eve. The injection of
normal saline had minimal effect upon the
EHG, confirming that neither the trauma of
injection nar the transient rise in intraccular
pressure was damaging to the retina. How-
ever, the mjection of penicillin caused a
steady decline in the a- and b-waves, which
were teduced to 50% of control amplitude
after 30 min and were nearly extinguished
alter 75 min. ]T)‘pt:lﬂ.‘imnli[: injections of so-
dium chloride and mannitol produced essen-
tially the same effects.

In contrast to the a- and b-waves, the
cewave of the ERG was affected almost im-
mediately, and much more severely, by hy-
perosmotic injections. Fig. 5 shows that the
cwave disappeared within 2 min after an in-
jection of hyperosmotic sodium chloride,
leaving a large negative response ( slow
FIIT) which was probably of retinal origin®
and was similar to the ERG after the systemie
administration of sodium iodate.'® The a- and
b-waves were also affected by this injection
but not nearly to the same degree. After 9
min, further reductions of the a- and b-waves
were accompanied by a reduction of the slow
FIII. Intravitreal injection of penicillin pro-
duced a similar sequence of changes.

Discussion

Sanders and Peyman® observed in 1974
that injection of strong salt solutions into the
rabbit vitreous caused prompt detachment of
the retina and the development, over several
days, of vascular changes that simulated in-
travitreal neovascularization. Their primary
interest was in the vascular model, but they
inferred that the hyperosmolarity of the in-
jeetions was responsible for detachment. The
present study is coneerned only with osmotic
detachment and shows that intravitreal in-
jection of a variety of agents, in addition to
salts, will produce similar effects at similar
csmolarity. The present results also indicate
the ranges of drug csmolarity which are safe
or potentially hazardous for intravitreal in-
Jection.

There are several mechanisms by which a
hyperosmolar load in the vitreous may cause
a detachment. The most obvious explanation
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Fig. 4. ERG following midvitreal hyperosmolar in-
jectiom. A control injection of normal saline had
little effect, whereas injection of 25000 U of
penicillin G (approx. 1200 mOsm) caused a
gradual decline in both the a- and h-waves.
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Fig. 5. D.C.-ERG after midvitreal hyperosmolar
injection. A control response is shown on the left.
Within 2 min after injection of 3M NaCl {approx.
3600 mOsm), the c-wave has disappeared {leaving
a slow ncgative responsel althowgh the a- and
b-waves are still relatively well-preserved, After 9
min, the a-wive is smaller and both the b-wave
and slow negutive response are proportionally

I'I:.‘dll(‘i.‘d.

is that the normal flow of water from vitreons
to selera!' is reversed hecause of the high
vitreal osmotie pressure. Water flowing from
the choroid towards the vitreous will tend
to elevate the retina, because the retina ex-
erts a measurable (although small) resistance
to flow.” Under normal circumstances (in
which fluid fows toward the t;hurui.d:l, this
flow resistance may help to keep the retina in
place, although it is eertainly not the only
mechanism for doing this. For example,
asymptomatic retinal holes (which would de-
feat a hydrodynamic model) are not uncom-
mon, and significant adhesive forces are
measurable between the isolated retinal
pigment epithelium and retina.”™ "™ Bill'! es-
timates that a hydrostatic and oncotic pres-
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sure gradient of 13 mm Hg is normally pre-
sent from vitreous to choroid. Merely raising
the vitreal osmotic pressure by 1 mOsm
would shift this balance by approximately 18
mm Hg and create a 5 mm gradient toward
the vitreous. Yet detachments did not occur
in these experiments until the injection of at
leust 0.05 e of a 300 mOsm solution, which,
if it diffused evenly through the vitreous
(about 1.2 ml in the rabbit), would produce
approximately a 10 mQOsm increase equiva-
lent to 168 mm Hg. And this estimate is
probably low, since detachment began tocally
heneath each bolus of hypercsmotic fluid.
Osmotic detachment may indeed be a result
of a vitreal flow of water, but the osmotic
pressures which are required at the retinal
surface are not easily predicted and must be
quite high. This argument provides further
evidence that adhesion is not maintained by
hydrodynamic forces alone and that other
adhesive mechanisms are remarkably strong
in the normal eye.

A second mechanism by which an osmatic
load may cause detachment is through dam-
age to cells. The pigment epithelium and
phatoreceptors  are closcly interdigitated,
and the pigment epithelium controls metab-
olism and transport across the subretinal
space. Damage to these cells could weaken
adhesion by blockage of metabolic systems
which dehydrate the subretinal space, by
destruction of the barrier properties of the
pigment epithelium, or by physical dismup-
tion of the villous processes which ensheath
the photoreceptors. Osmotic loads are un-
questionably damaging to cells. Nonspecific
shrinkage and disruption of normal cellular
orientation probably account for the opac-
ification which was observed acutely in many
of these experiments, and permanent thick-
ening and shredding of the retina became
evident within hours after a highly osmotie
injection. Small osmotic detachments were
often observed after injections too weak to
cause retinal npacification (in these cases, the
retina glistened and then detached), but
moderate to large detachments usually were
associated with whitening of the retina under
the injection site. These experiments sug-
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gest, but certainly do not prove, that cellular
damage may be an additional factor in caus.
ing the detachment,

The major conclusions of this paper de.
pend upen the results of midvitreal injection
(Fig. 2). These data exhibit considerable scat.
ter, but this is not unexpected, since the in.
jections could not be precisely controlled g
to location, settling, or diffusion within the
vitreous. This may be viewed as an experi.
mental failing, but it is also a realistic model
for the clinical situation in which injection
sites are variable. Another source of scatter in
the data is the subjective grading of detach-
ments, but the trend of the results would not
be altered by chinging a few debatable
points. Objections might be raised hecause
the intraocular prossure was not kept ata
normal level after injection. The transient
clevations in pressure could not have cansed
detachments and were always far less than
the osmotic pressures which caused detach- -
ment (see eadier discussion]. Even with
these reservations. Fig. 2 shows a clear trend
of results from no detachment with isosmaolar
injections to invariable detachment with in-
jections of more than 1000 mOsm. Moreover,
within the accuracy of this figure, similar os-
motic strengths of each agent {despite their
physical and pharmacologic differences) pro-
duced similar effects. These data do not allow
a precise judgment about the os molarity
which is eritically toxic, and they do not rule ;
out the possibility that some of these sub-
stances may have toxic effects beyond osmo-
larity. However, they do argue strongly that
hyperosmolarity #lone is sufficient to produce .
both detachment and permanent damage to
the retina :

The electrophysiologic experiments give
indirect evidence that hyperosmotic solu-
tions cause separation of the photoreceptors
from the pigment epithelium (irrespective 0
possible toxicity lo the neurosensory retina).
Note that the c-wave of the ERG was mue
more seriously and rapidly affected by the
hyperosmotic injections than were the a- and
b.waves. The positive component of the
cowave is known to originate within the pig-
ment epithelium,'* and recent work by Oak-
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ley' " has shown that this response is a passive
reaction by the apical membrane of the pig-
ment epithelium to a fall of potassiuin con-
centration in the subretinal space. Thus even
a s]ighl separation of the retina from the pig-
ment epithelium would cause a marked di-
minution in the c-wave by enlarging the dil-
fusion space surronnding the photoreceptors.
Loss of the c-wave can also be achieved
pharmacologically by poisoning the pigment
epithelium with sodium iodate. ™ and the re-
sponse remaining after such treatment s very
similar to that shown in Fig. 5. The ERG data
after hyperosmotic injection indicate that
either pigment epithelial cells are immedi-
ately and diffusely damaged or that low sep-
aration of the retina has oceurred over much
of the fundus. These alternatives may not he
separable, since compromise of the pigment
epithelium probably affects hydration of the
subretinal space.

The values of osmotic injections which
produced the detachment offer an interesting
comparison with the osmolarity of drugs
which have been shown to be retinotoxic in
the rabbit. An injection of 0.05 ml of a 500
mOsm solution corresponds to 5 to 10 mg of a
substance having a molecular weight of 400
(which is typical for antibiotics), depending
upon the degree of dissociation of the sub-
stance in solution. Peyman and colleagues! 18
found that a variety of antibiotics (including
gentamicin, methicillin, ecephaloradine, Im-
comyein, clindomyein, and chloraphenicol)
caused histologic damage to the retina when
1 to 10 mg was injected into the vitreous.
Retinal detachment was noted after an injec-
tion of 15 to 20 mg of carbenicillin,® but most
drugs have not been used in such high dos-
age. The present results raise the possibility
that some of these diverse drugs may have
appeared to be retinotoxic because of the os-
motic dose which was delivered rather than
specific pharmacologic toxicity. This conclu-
sion has clear implications for human ther-
apy. The estimation of retinotoxicity ofa drug
must include not only its pharmacologic ef-
fects upon the retina but also its nsmotic ef-
fects which depend upon the molecular
weight and dissociation of the drug molecule.

Retinal detachment from indravitreal infection
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Translation of data from the rabbit to the
human situation is unfortunately not a matter
of simple mathematics. The rabhit vitreous
volume is in the vicinity of 1.2 ml, in contrast
to a human vitreous volume of 4 to 5 ml, Dt
we have notad that osmaotie toxicity is not a
simple function of either drug dosage or vit-
reous volume. The effects of vitreous injec-
tion depend critically on factors such a5 the
location of the injection, the pattern of diffu-
sion within the eye, and possibly physiologic,
vascular or hydrodynamic characteristics of
the particular eye, The rabbit lens is much
larger than the human lens, and in arder to
avoid hitting it during vitreous injection the
needle must be placed in the posterior part of
the vitreous ravity. Thus injected material is
pushed towards the posterior pole and may
have an osmotic effect bevond theoretical ex-
pectations.

In fact, most of the detachments in these
experiments did begin in the posterior pole
immediately adjacent to the optic dise. In the
human, the smaller lens allows drug injection
into more anterior parts of the vitreous, and
the larger vitreous volume should allow
greater osmotic loads to be tolerated without
detachment. However, a significant risk will
always remain from inadvertent injection of
drugs deep into the vitreous or near to the
retina. Furthermore, since cellular toxieity
can probably occur at doses well below those
which produce visible detachment or degen
eration, a large safety margin should be in-
corporated in any calculations of intravitreal
dnses of drugs for human use,

Another dilference between the rabbit and
the human eve is the nature of the vascular
system. An objection could be raised that the
lack of retingl circulation in the rabbit does
not allow the retina to protect itsell against an
osmotic load. However, preliminary experi-
ments show that osmotic detachments also
occur in the primate eye (Marmor, in prep-
aration),

The present results have shown clearly
that increased osmolarity of the vitreous is
toxic to the retina, but they do not rule out
the possibility that penicillin or other drugs
may also have pharmacologic effects upon the
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retina, or that metabolic and transport sys-
tems within the pigment epithelium may be
involved with retinal adhesion. Cunha-Vaz
and Maurice® showed that fluorescein is
rapidly transported out of the vitreous body
by active transport across retinal vessels and
the pigment epithelium. Penicillin, as well as
other inhibitors such as iodopyracet and ben-
emid, block this egress of fluorescein. Cun-
ha-Vaz and Maurice® postulated that since in-
travitreal pfrniui"in causes detachment, the
organic anion transport system may be in-
volved in maintaining retinal adhesion. The
high osmolarity of their injections accounts
for their ohservations of retinal detachment,
but the possibility that penicillin alters the
transport of important materials across the
pigment epithelium remains.

Retinal detachments have been noted with
the injection of very small quantities (0.025
mg) of amphotericin B? and also after injec-
tions of 0.5 to 1 mg of prostaglandin.® The
amphotericin detachments were noted to
occur near the intravitreal bolus of the drug,
so that an osmotic effect may have been a
factor, although the osmotic strength of the
injected drug {even with solubilizing salts)
should not have been very high. The prosta-
glandin detachments were noted only several
days after the injections, and their relation-
ship to osmotic detachments is unclear.
There are, of course, a number of means
other than osmotic pressure by which a drug
could theoretically cause detachment of the
retina. The results of this paper caution only
that osmotic effects should be considered in
evaluating the toxicity of intravitreal drugs
and that effects which are presumed to be
pharmacologic should be examined carefully
to be sure of their drug specificity.
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