
 

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

Regeneron Ex. 2020 
Fresenius v. Regeneron 

IPR2025-01268 
Page 1 of 8

Retinal detachment from hyperosmotic 

intravitreal injection 

Miclt,iel F. Mann-0r 

H ypero~motic solutions were inject eel Into the rabbit vitreous to study thdr efji:cJs 111m11 tire 
retina. lnjectio11 of 0 .05 ml of a 1000 mOsm so/11 tinn caused r-apid u:hlle11ing of tlie µosteiior 
retin(l fol/o11,·ul by tire deoelop111ent of a large detru;/wiimt a,ul pen11ane11t retinal rlege11eratiun. 
The rveakes t solutioris which ,,,-oduced oplitlwlmoscopically L'isibl-:· cha11ges in th"' retina ( aftL>r' 
an i11jection 'if 0.05 ml) were near 500 mOsm. Sodium chfori,lt , sndi11111 aspartr1te. EDTA , 
monriitnl, s11C1'ose, and vcnic,i/lin were e/JccJive at similar on11olorities. A ,1 us11wtic load ill the 
vitreotis caused immediate lou of the c-wavc of tlie electrweti?i ,,gmm ( ERG), <1rul a slower 
dcdi11e of thr a- and b-u'llr;es. Th e rf!ported intravitreal toxicity of some drugs 111ay refute to 
osmotic ralhtr 1/11111 plwn11acologic effects. Osmolarit~ should be accounted f or in pla1111l11g tlw 
<rniotrnt allfl iocatior1 of any vitreous in.feet/on. 

Key words: intravitr eal inject ion, h yperosmotic solution. osmotic pressure. 
retina, retinal detachment, ERG, c:-w-ave, drug 

toxicity. penicillin 

The injection of a drng 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 degenei-ation occurs. Retinal detach­
ment has occasionally been reported as a 
complication of such injections. 11- ~ 

Retinal d etachment from an intravitreaJ 
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 fl uorescein ou t of the eye and 
that high dose., of intravitreal penicill in cause 
a detachment. This raised the possibil ity that 
a blockade of nrganic anion transport across 
the pigment epithelium might be responsible 
for the fluid l1ccumulation in the subretinal 
spa::e. On the other hand, Sanders and 
Peyman6 showed that detachments occur 
rapidJy after intravit real injection of ~trong 
hyperosmolar solutions of either ammonium 
chlorid e or sodium chloride •. 

The present: se1ies of experiments sought 
initially to produce experimental detach­
ments in order to investigate the mechanisms 
of retinal adh,~sion. 7 To determine whether 
the penicillin ~lfect was specific to the phar­
macologic properties of the drug, other 
agents of similar osmotic strength were tried 
for comparisc•1t- but they turned out to 
cause detach ments with equal facility. The 
phenomenon ,:,f osmotically induced detach­
ment of the retina and its implications for 
iotravitreal the-rap)' are the subject of thi'i 
paper. 
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Fil(. I. Ellt•th ,,t 111i<h ,tn•,11 11111·t·t11111 of .1 I" 1wro"1111l.1r ,olulmu .• \ . Photo~r.11>h of tht· r.ihl11t 
lund m ttl1m11i,:h ., l11t1latl l1•m I to:? 111111 ,1lh·1 111J1·t111111 1110.0.31111111 3 \1 , .,C'I 1,1pp10, 5(,00 

111Ch 111I !\,·1111.i 11,·,11 tit,·, i,11,11 ,11e.1k "t·dl·m,11<111, .111d ~H' ) .111d d,•t,1d111w11l "IK•l!111111n1t B. 
EH'tllj) lrum till' ,.mlt• 1·, 1x•m111·11l 1·111K·l,•a1t·tl ,md ,,•1·t1oi11'tl :? I 111 afl,• r tlw 111J1·1·h1111 1111 
d1·t.1d11111•11l """ 111\11IH•, t lw 1·11lln• "li11.1 

i\lcthod, 

\ II 1•,1wru11t"11h IH'n· pc·1fo111wd 1111 D11td1 
r.,hl,its \\l '1).(l1111it ,1pp11l\in1,1t.-l) I :; kit \ n11n.1I, 
1wn• st•dalt'<I 11 itlt ., \llll(ll' 111trai1111,t11l,ir i11Jt'(·l11111 
of chlurprnma1J1w (app111\1111all•h IU 111~/ l.~I .11,tl 
.1111',tlwt 111·cl \\ll li h1tr.111•11otl\ 1wntoh.11h1t,1I 1,1p 
pru,inrnh'h 20 mitl k!,!l "1111· 1·) ,., \I t"n cl il.ikd 
11ith a ,3()/.;() 111hl11n• 111' 1•·;- 1·11·lop1•111nl.1h' .,ntl 
10'.f ,,,.1-S11wphri111• Tlw r11111li w..rt• ohwrw<I 
\\ith ,m 1111lirC'l'I ophth11l1110,1·111x· .11111 "ilh ,111 

11p1•1,1ti11~ m1t·10,,11pt' throu~h ,1 pl,um-t1111t·.tH' 
1,1111,ld l,·11,. 

1111' l11ll1mi111! ,ll)(·k "1l111111n, 1q•n· d,l111t-d .,, 
111•1'<l1·d I ,(K)(l, 000 l ' 1 1111 ,0<1111111 p,•111t·1ll 111 (. \ l JI• 

p1l111); 3\1 -.:,,Cl, 1:;<'f 111,urnilo l lnH·lll'\ , .'l~I u 
<'fOW, I .',\I '1;;1 ,L, ll.trlall•. 100 111 \ I EDT\ l>--m 
l;u 11~ " •" 11W,L\1111'II 1111 ,t Fi,k,· \lnclt-1 1:10 ni 

111111111'11·1 
1111,·1· t~ p, ·, 111 npni1111·11h \\ ('rt' pt>rto,med 
I I 1111•1·1/,111 i11l11 mi,/, ilrrmn \ 0.05 ml wnOlllll 

nr ,I ,011111011 \\i.l\ IIIJl'dt '<.I 11itl, ;, 27-g.iugt 
nn·d l,· 111,1•r1t'<l ,1ho11t 3 111111 hrhmd tl11 In• 
1111\ l)1rt'<·I 11h,1•n at inn t>tl\t1rt-d that ti 
111·1'<11 «· ""' 111'itl11·r 111 tlw 1111, 11or ,1tl/ll'l.1ll 
to tli1• rdma. 

2 ' "'rn/ i11i1·rtit111 1111.' 1·onJtmct11a \lot\ rl,-artd 
fi 11111 ., pm 111111 111 wl1 •ra, .uul ,I p11111·h1r1• 11-. 
111,1d1• .1lio11t a mru h,.Ju11d tlw hmhu\ 11 th 1 
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OSI/IOLARITY OF 11110,VITREOUS INJECl .lON LmO.m) 

Fig, 2. Effects of midvitreal injeeUon of 0.OS ml of the followli1g sol11tinns: o. aO : • · Na 
aspartate; t,. , penicillin C: • · penicillio G with systemic benemH.: □, mannitol; • • rncr05e; o. 
mixture of penicillin. NaCl and sucrose; "' , EDTA. Clusters of poi nt~ indicate mu lt'(lle experi• 
menls at similar o.~mnlarity. T11e effects we re graded app m~imat,e]y 15 m in after injection as 
follows: i11cipient tktaclwient. if the ,•itreoretinal interface gli~tea ed hut clid not vi~ihly sepa­
rate: low detachment, if sep.iration oCCtJrred without bullous ele,•:ition; 1110derote detacl,ment. 
if the bullae were conffned to the posterior pole: large deJachmen t. if there was extension near 
or beyond the equator. 

22-gauge needle. A blunted 30-gauge needle 
= gently inse rted through the pum:tu.ro 
~ite nnd mo"ed under direct visu:J cont rol to 
a location immediately adjooent to the rel• 
i 1u , Approximately 0.005 ,nl of rolution w•• 
ejectM ne~r the retin al snrfuce. The n"t"dl,­
wa~ he lcl in phwe fOJ" 11-bout 30 ,ec to enrnre 
that vfacom materia.l would not retr~ t with 
the needle . Severnl local injections could be 
ma.de in different locations within Pad, eye, 

3, Electropl1ytio/ogic recordings. These were 
made from intact animals. as descrihed p re­
viously, * In brief a t.'Ont:ll't lens contai ning a 
silver-silver chloride pellet was placed on 
the cornea, a nd simifar oonpolariiable elec­
trodes were inserted into the tonjunctival 
cul-de-sac (as reference) and into the mouth 
(as l?,l'Ound). Direct t urrent ele<-troretino­
gra,.,;s (D.C.-ERGs) were amplified by a 
Tektronix 5A22 amplifier and di1played on 
both an oscilloscope (for a- and b-wa\'es) and 
a paper recorder (for c-waves). 

Results 

Injection fnro mtdvttreous. Midvitreal in­
jt:ctlon of0.015 m l of a strongly hyperusmutk: 
solution (~1000 mOsm) typically produced 
the following sequence of events (Fig. l ): 

1. Within seconds to a minute. Elevation 

and gli>tcnin~; of the vitrooretinru interface in 
the posterior pole. TI1c intraocular p .-e.ssure 

(conflrmed b:, Schi11tz lonometry) wa~ often 
increased for 5 to 10 rnin because of tl1e fluid 
injected, but 110 pulsation or closure of ves­
sels was ever observed. 

2. Within the next f ew minutes. Grey• 
white opacific:ation of the affected areas. 

3. Ooer 2 to 30 min. Clearing of the opac­
ification with formation of a bullous detach­
ment; mild congestion of the visuaJ streak 
vessels. 

4 . Over tJw next .~everal h nurs. Widening 
de tachment of thickened retin a, often w ith 
multiple fokk The r e tinal vessels wete now 
grossly conger,;ted aod tortuous. 

5 . Oi>tY»ij;,it. Continuing detachment and 
permanent retinal degeneration. Small de­
tachm en t~ (a.fte r weak osmotic injections) 
sometimes n,arn1ealed (lhowing pigmentary 
changes) but large detachments always per­
sisted and progressed, sometimes leaving the 
r etina fragmE:nted and torn within the eye. 
The retinal v:LSculature remained abnormal. 

1h is sequence of events was qualitatively 
similar whethe r the active agent was penicil­
lin, sodium ehloride, sodium aspartate, so-
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I :2 Ill \Im 111111 ' "'"' t/1,lotl./...,J llsM/ ,,.,,-1n I 

I ii:. :i. Ellt'th ol injl'( hlll! h~11•·n"11111l.tr ,011111011 ,ldJ,l('l'll l Ill tlw 1t·h11.1 \ , ll.1hl11t l'\i' ,I rt'\\ 

wt,mtl, .iltc·r l11,:.1I IIIJI'< 111111 nf pt·ll1t:1ll111 (. ( I IOi 111(h111 I \ nk tlw 1.:l"h•11111i: 1111t-rf.--t· 11,·.tr tlw 
rt1,ti1111 ol 11'1111.1I 1111.1<·1f1t,11to11 D. I to l 111111 iJt,•r 111j1'< hou \ cldi1111t• hl,·h "lot 111111i: ,ti tht- "lt' 
11f \ht· 01).\( tlit·,1111111 c. ;; 111111 latl'r nw l11(·,1I 111·1,K hmt·nl lu, ,·n l.11')tl'<I. 

diu111 EOT . m.111n1tol. or \Ut:ros<• . Prdim1-
11,tf} hi,10l0~1t· dut., <."<mfirml'd thut <lctad1-
llll'11t <t<.'t'IIIH'<I ht'1,H·t•11 lilt' photo, N'<'p lor, 
.uul pi)!llll'lll t•pillwlmm, .md not In d,•.1v1~e 
of t't•II,. mott· dl'1,11lt'<I c•lc·<: hon 111i<.To,t·11p1t· 
, t11d1t·, ,Ir<' in pn,i;tn•,,. 

Fil! 2 ,ho", tht' t11mpo•.ih: n·,ult, .tftt•r 
1111ddtrt•o11, inJt't:IKIII of j v.u i!'I) of ,uh­
, t.11\t'l" .11 d1ll t·rt·nt o,mol.mti,.., 'ontrnl Ill • 

Jt·<:hon, 111 nornul ,.tli11t' h)drod1l011c· at·1<l 
( t> I I :2) or d"hllt'(I ,,.111•1 h.,d ,m, "'hl1· 1•fft'<·t 
011 tltt• r(•ltrM. ·nww d.11., comp~lll' tlw .l('t ion 

of rx-n1l'illin "1th tl1,1t of aj?.<•nh th.,t h,I\ 1• 
otl1<: r plrnnntt<'olo~it· .11:lion, (',odmm .L~p.1r• 
1.11t•. ,\ hic.:h hlod,, ,~1rnpl1<.· tr.m!>1t11!, iu11. und 
"x.li,1111 EDT.\ , "hid, du•l,tt(•, (',Jc111111l .111<l 
\\Ith .~t·111, th.it ,IH' l.u~d) 11wrt (,ocl111111 

chloridt·. ""-ro,,·. and ma1111it11I). llc~anllc·" 
or the· , 11h,t,UI(,'(' ll\l'(I. 111Jl'('li011\ of k" th.111 
.'300 111O,m had ltttl<· or no c·ll,'<·I wlw1t',l'I 
injl.'<.·tion, of mon: than 1000 m0:.111 had ., 
,tron,:t dfl.,·1 

l ..oct1I i11ject io11. To ('011fin11 1lw immt-dtaq 
of tl,c· o,moht· dTft't,. illJl'tllo1h of a ,mal 
:imounl of II\ 1wnl\111oht ,oluhon "rre m.tdt 
clirt•<.·th .,dJ,K-<·nl lo thl' w ltnu "ith .t ,._ 

l(.111~1• twt•dlt• 'iol11 tion, of 1000 1110,n '" 
mon• 11\11:tll~ (.',IU\l'd \\h1tt>11111~ or thr rtl r 
wilhm ,1-'(·ond,. follcm t·tl II\ the• fonn,11tnu i 
,l ,111aJI hid, ",thm mmutc·, \r isz. 3) 
limh ,L, wt•,,~ ,l\ iOO mO,m \\t'rl.' ,omchrt, 
dh.-..·t" 1.._ .uul <tC.-<•,\.\lonal lllJt'chorh of tROtt 

than 1500 1110"11 " t·n• 11u.·fft'<·hH• T1w df«i 
\\ ,h ,i111il.1r ,, lwtlwr ,od111111 d,lorldt• pc-n 
dllm or 111,11111110I " ·" 11,c·cl 1111. e kcl 
hid,, pc•r-.1\kd for w, c·, .J h1111r, h111 \H'ICIXot 

,111dit'(I m n lfw lon_g lt•1 m TIil' utJt"l.hoo ti 
nonn.J ,.Juw ur h)lX>•o~motw ~olutKln~ h.il 
no , Mhh• c•01x·t .. 111d ,ho\\t'<I that i11j1·dkla 
it,df d,d 1101 cauw dc•t,11 l111u•nt 

,.;/utroµl,y iolt>l,(ic- rfft'ct1t of osmotir dt­
tarl1111e11t. Fii,t I ,lum, tlw l'rrl'(.'~ on dit 
t~m, l'lllio11.1l ER(, of m11•dmi: () 05 ml cl 
t·itlwr norm.J ,.Ji111.• 111 pt·11id ll111 mlo the 
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J\llHlfu,- l 2 R<'l inal <lc lac/, 11,n,I J'i·o111 infrll l'ilre11! l rijl'Cli<m 12-1 1 

ni idvilreous of a rahbit eye. The injection of 
normal saline had minimal e ffec t upon the 
ERG. confirming that ne ithe r the lrauma or 
injection nor th e transient rise in intraocular 
prcssm·e was damaging to the retina. How­
t>Vcr , the injection of penicillin caused a 

steady decline in the n- and b -wnves, which 
v, ere:: reduced to 50% of control amplitude 
after 30 min and were nearly extinguished 
aft.er 75 min . Ilype ros mo lic injec tions of so­
dium chloride and mannitol pnxluced essen­
tially the same effects. 

In contrast to the a- ,md b-wavcs, the 
r -w.we of the ERG was affected almost im­
mediately, and much more severely, by hy­
perosmotic injections. Fig. 5 shows that the 
c-wa,•e d isappeared within 2 min after an in­
jection of hyperosmotic sodium chloride, 
leaving a large negative r esponse ("slow 
PIil") which was probably of retinal origin" 
and was similar to the E RC nfte r the system i(• 
administration of sodium iodate. 10 The a- and 
b-waves were a1so affected by this injection 
but not nearly to tho same d egree. Afte r 9 
min, furthe r reductions of the a- and b-waves 
were accompanied by a reduction of the slow 
PIH. Intravltreal Injection of penicil lin pro­
duced a similar sequence of ch an ges. 

Discussion 

Sande rs and Peymnn8 observed in 1974 

that injection of strong salt solutions into the 
rabbit vitreous caused prompt detachment of 
tltc retina and the development, over several 
days. of va~cular changes that simulated in­
trav itreal ncovascularization. The ir p rimary 
interest was in the ~·ascular model , but they 
inferred that the hype rosmolarity or the in­
jections was responsible for detachment. The 
present study is concerned only with osmotic 
,dct 11Chmcnt and sh ows that int..avitreal iu­

jection of a variety of agents, in addition to 
si.lts, will produce similar effe<:ts at similar 
osmolarlty. The pn:.-senl results also indicate 
the rnnges of drug osm olarity which are safe 
or potentially hazardous for intravitreal in­
J~ction. 

There are several mechanisms by which a 

hyperosmolar load in the vitreous may cause 
a detachment. The most obvious explanation 

> 
.=. 

200 

"' l541 
0 

~ 
:::; 10() 

" :la 
< 
C .. 50 .., 

T IME AFTER INJECTION 

Fig. 4. ERG following midvitrcal hyperosmolar in­
j Pc-tinn . A t'<.'1\trol injc-<,tjon of no rm.ti soli nc:.· had 
little effect, whereas injection of 25,000 U of 
pe nicillin G (approx. 1200 mOsm) caused n 
grad11al df'Cli1,1• in both the a- and b-w.wP~. 

- 1 min 
I 

2min 9min 

r/X... : 
-y------ ! .~ -~ 

~.ct 200/J.V 
IJIJfCl _J 

2 II< 

Fig. 5. D.C.- 1'. RC aller rniclvilreal hyperosmolar 
injection. A c:.,,nl rol response i , ,lmwn on tl1e Id \. 
Within 2 min ,uter injection of 3M NaCl (approx. 
5600 mOsm), the c-wave has disappeared (le1wing 
n slow ncgati-.c response) altliou~J. th" a- and 
b-waves are stall relatively well•pre,erved. Afier 9 
min, the a-wi.\'e is smaller and both the h-wave 
and dow ne11utive 1-esponse are proportionwly 
reduced. 

Is that the normal flow of water from viln.'Ous 
tn sclera11 fa reversed because of the high 
vitreal osmo:ic pressure. Water flowing from 
the choroid towards the vitreous wil1 te nd 
to olovale t~ u retina, becnusc the retinn ex­
er ts a m easurable (althoug'ti small) resistan ce 
to flow. 1' Under normal circumstances (in 
which fh,id flow~ towa.rd tl,e d,oruid), tl,is 
flow resi, tan~e may help to keep the re tina in 
place, althongh it is certainly not the only 
mechani.sm for doing thb. For example. 
asymptomati<· retinal holes (which would de­
feat a h ydro:Jynamic model) are not uncom­
mon, and :;ignifican t adhesive forces are 
mell5urable between the isolnted retinnl 
pigment epd1elium and r etina.7

• 
13 Bill II es­

timates that a hydrostatic and onootic pres-
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I :2-l :2 Afoniwr 

sure gnidlenl of 13 mm Hg is oorm.illy pre­

..,en I from vitreous to choroid. Merely raising 

IJw \'itreal osmotic pressure by J mOsm 

would h1ft this balance by approximntclr 18 

mm Hg anrl create a 5 mm grad ient lotv<1rrl 

the vitreous. Yet detachments did not occm· 

in these experiments until the injection of at 

leas t 0 .05 cc of a 500 mOsm solution, \vh ich, 

if it diffused evenly through the vitreous 

(aboul 1.2 ml in the rabbit), would p roduce 

appro.~imalely a 10 mOsm increRSP et1uiva­

ltmt to 168 mm Hg. And this estimate is 

probably low, since detachment b egan focally 

beneath each bolus of hyperoomotic Au id 

Osmotic detachment may indeed be a result 

of a vitreal flow of water, bur the osmotic 

pressures ,,11!ch are required at the retinal 

surfa.ce are not eas ily p redicted and must be 

quite higJ1. This argumen t provides furthe r 

evidence that adhesion is not maintained by 

hyd rodynnmic forces alone and that othe r 

adhesive mechanisms are re markably st rong 

in the normal eye. 
A second mcch un ism by which :u1 osmotic 

load may cause d etachment is through dam­

age to cells. Tiie p igment epithelium and 

photoreceptors arc closely intcrdigitated , 

and the pigment epithelium controls metab­

olism and transport across the subretinaJ 

space. D amage to these ct::lls could weaken 

ad he sion by b lockage of metabolic systems 

which dehydrate the subretinal space, by 

d es truction of the barrie r p rope rl1e5 of the 

p igment epithelium, or by physical disrup­

tion of the villous processes which enshea th 

the photoreceptors. Osmotic loads are un­

ques tionably damaging to cells. Nonspecific 

sh rinkage and d isruption of normal cellular 

orientation probably account for the opac­

lRcation wlilcb was obsen'ed 11,·\ltely in many 

of these experiments, and p ermanent thick­

ening and shredding of the retina booune 

e\'id ent within hours after a highl)' osmotic 

injection . Small osmotlc d etachments we re 

often observed after injections too ,..,eak to 

cau se re tinal opaclflcatioo (In the e cases, the 

Totin~ glis te ned and then d etached). but 

moderate to large d etachments usually we re 

associated with whitening of the retina under 

tl1c injection site . TI,cse experiments sug-

gest. hu t certainly d,.1 nut prove, that cellular 

damage may b e an . .1dditional factor in caus. 

ing the detachm ent. 

The major conclmions of this pnper de­

pend upon the resul ts of rnidvitreal inJettion 

(Fig. 2). Thrue data exhibit considerable scat. 

ler, but this is not tme>:pectcd. since the in. 

jections could not lie precisely controlled as 

to location, settling, or diffusion within the 

vilreou . This mny be vie we d as an experi­

mental failing, but it is also a realistic model 

for the clinical sih1ation in which injection 

sites are variable:. Another source of scatte r in 

th t> data is the subjective grading of dctadi. 

rne nts, but the trend of the results would not 

be alte red b y changing a few debatable 

points. Objections rnigbt be raised bt>eause 

the intraocular pro.!ssure was not kept at a 

normal level after injection . l11e transient 

d evatioos in prossure c-ou Id not have caused 

de tachments and were always far less than . 
the osmotic pressures which caused detach­

ment (see earlier d iscuss io n). Even with 

these reserva.tions . Fig. 2 shows a clear trend 

of results from no detachment with isosmolar_.~ 

lnjectlo11s lo invai·iab le dotachrnent with in­

jections of more th an 1000 mOsm. Moreover, 

within the a~ura<~ of this figure, similar os­
motic strengths or ead1 agen t (dc.,spite their 

physical and pharmacolo~c differences) pro­

duced similar elTects. n1ese data do not allow 

a precise judgment about the osmolarity 

which is critically toxic, and they do not rule 

out the pos sibilit:y that some of these sub'; . 

s tances may have toxic effects b eyond osmo· 

lurity. However, th ey do arguE; strongly that 

hyperosmolarity alone is suffici ent to prod~e 

both detachment" and p e rmane,~t damage to 

the rt:lina 

The electrophysiologic experiments give . 

indirect cvidenc:e that hyperosmotic solu­

tions cau se separation of the photoreceptors 

from the pigmen t epithelium (irrespective of 

p ossible toxicity to the neurosensory retina). 

Note that the c--wa,,e of the ERG was rnuch 

more serio-usly and rapidly affected by the 

hyp erosmotic injections than were the a- and 

b-waves. The positive componen t of the 

c-wave is k n01,vn to originate with in the pig· 

ment epitheliu m, " and recent work by Oak· 
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Icy'~ h as shown that this response is a pa~sive 
rew:tion b y the apical me mbrane or the pig• 

rn e11I epithelium to a fal l of pot~ssiu'm con­
cent rat ion in the suhretinal space. Thus even 
a slight separation of the ret ina from the p ig­
ment epithelium would cause a marked di­
minution in the c-wave by enlarging the d i!~ 
li1sion space s11rro11nding th e pl ,otoi-eoeptors. 
Lms of the c-wave can also be achieved 
pharmacologically b y poisoning the pigment 
epithelium with sodiu m iodate, 10 and the re­
sponse remaining after such treatment is very 
sirnilar to that shown in Fig. 5. nae ERG data 
after hyperosmotic injection indicate that 
either pigment epithelial cells are immedi­
ately and diffusely dam aged or that low sep· 
aration of the retina has occurred over much 
of the fondus. These alternatives may not be 
separable , since compromise of the pigment 
epithelium probably affects hydration of the 
subretf al space. 

The values of osmotic injections which 
pro:foced the d etachment offer an interesting 
romparbon with the osmolarity of drugs 
which have b een shown to be retinotoxic in 
the rabbit. An injection of 0.05 ml of a 500 
mOsm 30 lu tion corre:;ponds to 5 to 10 mg of a 
sub tance 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 colleagues1• 16 

found that a variety of an tib iotics (includ ing 
gentam icin . melhicillin, cephalorlld ine, lin­
cornycin, clindomycin, and chloraphenicol) 
caused histologic damage to the re tina when 
1 to 10 mg was injected into the vitreous. 
Retinal detachment w·.1s noted after an injec­
tio11 of 15 to 20 mg of carbenicillln, • b ut most 
drugs have not been used in such high dos­
age The present results raise the possibility 
tha1 .some of these diverse drugs may have 
appeared to be ret inotoxic b ecause of the os­
motic dose which was delivered rather than 
specific pharmacologjc toxicity. This conclu­
sion has clear implications for hLtman ther-
11py. The es timation of retinutoxicity of a dnig 
must include not only its pharmacologic ef­
fects upon the retina but also its osmotic ef­
fecb wliid1 depend upon the molecular 
weight and dissociation of the drug molecule. 

Translatio11 of data from the rabbit to the 
hurnan situa lion is unfortunate!)' not a matter 
of simple m .. 1thematics. TI1 e r:ihhit vitreous 
volume is in the vicinity of l.2 ml, in contrast 
lo a human vitreous volume of -t to 5 ml, but 
we h ave noted that osmotic toxicity is not a 
simple function of eithe r dn.ig dosage or vit­
reous volume. The ellcct.~ of viti-cous injct.:· 
tion depend cdtically on factors such as the 
location of the injection, die pattern of d iflu­
sion within tl,e eye, an d possibly physiologic , 
vascular or h ydrodynamic characteristics of 
the par tlc1.1lar eye . The rabbit lens is much 
larger than the human lens. and 1n orde,. to 
avoid hitting it d uring vitreous inject ion the 
needle must be placed ln the posterior part of 
the vitreous cavity. Thus injected mate rial is 
pushed towards the posterior pole and may 
have an osmotic effcd beyond theoretical e1t· 
pectations. 

In fa.ct, must of the d etachments in these 
experiments did begin in the posterior pole 
im mediately adjacent to the optic due. ln the 
human, the smaller lens allows drug injection 
into more anterior parts of the vitreous, (IJ'ld 
the large r ,:itreous volume should allow 
greater osmotiC loads to be tolerated without 
detachment. However. a significant risk will 
alwa>rs remain from inadvertent injection of 
drugs d eep in to the vit reous or near to tl1e 
retina. Furtl1em1ore, since cellular toxicity 
can p robably occur at doses well below those 
which produoe visible dotachment or d cgcn · 
eration, a large safety margin should be in­
corporated in any calculations of intravitreal 
doses of drugs for human use . 

Another dilference between the rabbit and 
the human eve is the nature of the vascular 
system. An o·bjection couldbe raised that th e 
lack of relin~,1 circulation in the rabb it does 
not allow th retina lo protect i tself agains t an 
osmotic load. However, preliminary experi­
ment5 show that osmotic detachmen ts also 
OC<)ur in the p rimate eye (},,far:mo1-, in prep­
a ration). 

The present results have shown clearly 
that increased osrnolruity of the vitreous is 
toxic to the retina, but they do not rule out 
the possibility tha1 penicillin or othe r drugs 
may also have pharmacologic effects upon the 
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retina, or that metabolic and transport sys­
tems with in th e p igment e1>ithelium may be 
involved with re tinal adhesion . Cunha-Vaz 
and M au rice~ showed that Jluorescein is 
rapidly transported out of the vitreous body 
by aclive tr,mspo rt across re tinal vessels and 
the pigment epith elium. Penicillin, as well as 
other inhibitors such a iodopyracet and ben­
emid, b lock this egress of fluorescein. Cun­
ha-Vaz and Maurice5 postulated that since in­
travit re-al penicillin causes detachment, the 
organ ic anion transport syst em may be in­
volved in maintaining retinal adhesion. The 
high osmolarity of their injections accounts 
for the ir observations of retinal de tachment, 
bu t the possibility that penicillin alters the 
transport of important materials across the 
pigme11t epithelium remains . 

Retinal detachments have been noted u,ith 
the injection of very smaJI quantities (0.025 
mg) of amphotericin Bt and also after injec­
tions of 0.5 to 1 mg of prostaglandin.4 The 
amphotericln detachments were noted to 
occur near the intravitreal bolus of the drug, 
so that an osmotic effect m ay have been a 
factor, although the osmotic strength of lhe 
injected drug (even with solubilizing salts) 
should not have been very high . The prosta­
glandin d etachments were noted only several 
days after the injections, and their relation­
ship to osmotic detachments is unclear. 
The re are, of course, a number of means 
other tihan osmotic pressure by which a drug 
could theoretically cause d etachment of the 
retina. The results of this paper caution only 
th at osmotic effects should h e consid ered in 
evaluating the tox.icity of intra,•itreal drugs 
and that effects which are presumed to be 
pharmacologic should be examined carefoUy 
to be sure of thei r drug specificity. 
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