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Purpose of review 
Rehabilitation ol the congenitally anophthalmic orbit is 

Irustrating to both the parents and physician. Traditional 
methods involve using progressively enlarging stat ic acrylic 
conlormers to expand the conjunctival socket, lollowed by 
placement ol conventional static spherical orbital implants, 
dermis-Iat gralts, or inllatable balloon expanders lor orbital 
enlargement. Limltations ol these methods typically result in 
less-than-optimal cosmetic outcomes, with retardation ol bony 
orbital and overlying soft tissue growth adversely affecting 

midlacial growth and symmetry. Recent advances in tissue 

expansion technology may offer additional, novel alternatives to 

conventional therapies. 

Recent findings 
Hydrogel tissue expanders were recently adapted lor use in 
congenital anophthalmia. The expanders are placed in their 

dry, contracted states, and expand gradually to their lull size 
via osmosis ol surrounding tissue Iluid, with up to a 1Q-Iold 

increase in volume. Offering the benelit ol predictabie and 

controlIabie sell-expansion, hydrogel expanders may offer yet 

another alternative or adjunctive therapy to the early 
rehabilitation ol the contracted socket. Separate appliances 
are used lor conjunctiva I and orbital reconstruction. Initial 
results appear promising. Tempering the enthusiasm lor their 
use, however-particularly in terms ol implanted orbital 
expanders-is the recent spate ol long-term complications 

reported Irom previous uses ol hydrogels as scleral buckling 
material. 
5ummary 
Sell-expanding hydrogel tissue expanders appear to offer an 
intriguing reconstructive alternative to the Irustrating condition 

ol congenital anophthalmia. Long-term salety ol the material as 

an orbital implant has not yet been demonstrated, but early 

results are promising. 
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Introduction 
Although decidedly uncommon, congenital anophlhal­
mia and microphlhalrnia are al1long lhe most fn:quendy 
encountered ocular malformations [1-31. True congeni­
lal anophthalmia is an exceedingly rare condition where­
in lhe oplic vesicle fails [() develop in tI/P/'O. More CüI1l­

monly. one finds SOIllC vestige of ocular tissues lhal 
failed [() develop properly carly on. termed eXlreme mi­
crophlhalmos, aborlive microphlhalmos, or blind mi­
crophthalmos. Praclically, of course, lhis distinction is 
largely academie and matters little [() the palient, lhc 
parent, or thc physician, as the clinical picture is the 
same regardless of etiology, rhat heing a shrunken bony 
orbital skeleton (Illicro-orhilism) and conrracled overly­
ing soft tissues (Illicrobiepharon). Thc clinical eondition 
is orten rcferrcd ro us clinical congcnital anophlhalrnia. 
Reconslruclion mUSl begin prolllprly after birlh (with in 
wecks), and re(]llircs an intcnse comrnillnenr of limc, 
cncrgy, and resources by thc parenrs, lhc physician, and 

the ocularisl 14,5]. Reconsrruction of lhese tiny orbits 
poses significant challcnges, as relardation of bony or­
bital growlh leads lO rClarded growlh of thc cntire hcmi­
face (or midface, in lhe case of bilateral anophthalmial 
and secondmy hypoplasia of the maxilla and mandible 
[6]. Thc resuiling asymlllclry is cosmetically and func­
tionally disappoinring. dcspite the best of inrenrions and 
cfforls. Reconslruction i., aimed at expansion tirst of the 
conjunclival sac, and suhsequendy lhe bony orbil [7,8J. 
Traditional melhotis include the initial use of progres­
sivcly biggel' statie acryl ic conformers [0 enlargc lhe con­
junctival socket and lids, followed by the placement of 
convenrional solid sfJherical orbilal implams, dermis-fal 
grafts, or inflatable lissue expanders for orbilaJ expan­
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sion. Craniofacial surgery for surgical orbirai enlargement 
may he requireel ar :l larer srage. Recenriy, self­
expanding hydrogel rissue expansion rechnology has 
heen applied [() rhis conelirion [9,10-,11], a elcvdnpflIenr 
rhat has heen received with equal amounrs of enrhusi­
asm anel camion. Although useel successfully in Europe 
for several years, the devices have only recently become 
availahlc in rhe lInitcd Statcs 19-151. This articlc will 
bridly revicw rraditional methods of reconsrrucrion as 
weIl as thc evolving role of hyclrogcl expanders in rhe 
early rrcalmenr uf clinical cungcniral anophrhalmia. 

Clinical characteristics of 
congenital anophthalmia 
Studies report rhe inciclcnce of congeniral anophrhalmia 
as approxim:ltely 0.2 ro 0.6 per 10,000 births [1 ,2J. Clini­
cal anophrha!mia can resulr from primary generic disor­
ders, marernal exposure to environment:ll rerarogens, or 
in associarion wirh orher deveJopmental ahnorma!iries 
[1-3]. Lacking rhe globe not only retards growrh of rhe 
socker anel overlying sofr rissues, but rerarels rhe deve\­
opmenr of rhe entire hcmiface, affeering rhe growrh of 
rhe maxilla, maxillary sinus, and mandible [(,Jo Thc dis­
rance berween rhe lid fissure and brow is also reduceel. 
creating a compressed nppe;uance of rhe l1lidf:Jec [4] 
(rï,f!;. 1). Thc hypop1:.tsia is mosr rnarked when rhe child 
is congenirally anophthalmic, bur less drama tic rerarela­
fion can also resulr when a normal eye is removecl in 
early infancy. Alrhough rhe lids are normally eleveloped 
srrucrurally, rhc tissures arc severely phimoric borh hori­
zonrally anel vertically. Addirionally, rhe conjuncrival sac 
anel fornices are severely contracred anel sluunken, in 
conrradistincrion [() acquircu anophrhalmia, in which rhc 

Figure 1. Congenital clinical anophthalmos 

Newborn girl wilh bilaleral congenital clinical anophthalmos. In addilion to 
hollow, sunken orbits. she also demonsiraies the microblepharon and midfacial 
hypoplasia thai are characlerislic of this condition. IPholo courtesy ol Dr. Asa D. 
Morton, MD, San Diego, CA). 
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lids 3nel conjunctiva are more a.e;e-proporrional\y appro­
priare [4,8]. 

Current therapies: lid expansion 
Reconsrrtlctinn etforrs are focused in several direcrions 
simultaneolJsly: 1) expansion of the lid elimensions, hmh 
hnrizont~lIy anel vertically; 2) expansion of the conjunc­
tival sae and formation of normal forniccs; and 3) cxpan­
sion of rhe bony orbit 181. Initial efforrs are necessarily 
direeleel at expansion of rhe lid fissure, because the se­
vere phinlOsis effcctivcly denics aecess ro the orhit. Ir is 
axiomarie rhar sofr tissue drapes ro rhe underlving mus­
culoskderal srrucrures: loss of bone or deep sofr rissne 
leads ro conrraction and shrinkage of rhe overlying tis­
sues. while mass efkers le~jJ [() disrcntion and expansion 
of rhose:: same overlying; rissncs-this is, uf course::, rhe 
genesis of the l1licroblcpharon in rh is condirion, anel rhe 
principle by whieh rissue expanelers work in the firsr 
place. Traditionally, rhe lids and conjunctiva are ex­
panded wirh a series of progressively enlarging acrylic 
conformers (Fig. 2). This effort requires significant eledi­
carion anel rime invesrment on the parts of rhe family, 
rhe physician. and rhe oeularisr. bccause rhe manage­
menr requires frequent office visits and mlilripie exami­
n~tions uneler anesthesia. 

Whilc rhe lids arc cxpandeel via anreriorly elirccred pres­
wre, rhe conjuncriva anel fornix are expanded via posre­
rior and radially elirecreel pressure, and rherein lies sev­
eral ruhs: each conformcr has ro hc incrementally largcr 
rhan the previcllIs, hur not so much larger rhat jr is painful 
or impossi bk ro p\ace in rhe cu\ de sal'. I Iowever, if ir is 
roo casily placed, it may be roo small ro have dramarjc 
effcct on lid dimcnsions. I\r thc same rimc, the con­
former has to be bulky enough ro exert sufficient pos te­
riar pressure ro induce conjunctiva.! expansion, bur not so 
bulky as ro exrrude from soeker, while srill exerring 
enaugh anterim pressure w effect lid growrh: whar one 
gains in posterior pressure is ofren losr in anrerior pres­
sure, anel via! 'l..'fl'Sa. For rhat reason, some surgeons elecr 
ro insert bulky appliances under anesrhesia and place 
rcrnporary sururc rarsorrhaphics (which can sorncrimcs 
chcesewirc through rhe lids over rime) [16,17]. Addition­
ally. progressively enlarging conformers are nonerheless 
srarie, anel wiJl force rhe sofr tissues ro mold ra rheir 
shapes. Therefore, rhe conjullcriv:l1 space ofren aelnprs a 
dumhhell, spheric:ll, or acorn-shape, wirh inadequate for­
niceal deprh [H, 1{,J. Clearly, cunent rherapies leave 
lJluch tO he elesireel. 

Current therapies: orbital expansion 
Once rhe lids are opened adefjuatcly ro afforel orhiral 
acccss, rhe bony skeletOn is adelrcsseel. Ag,ain, rraelirion­
ally, convcnrional solid or!Jiral sphercs arc lIscd, alrhough 
rhe contracred bony orbi[ severely limirs rhe size of im­
plant able [() be placed, enlEng in uniformly disappoillt­
ing resulrs. Again, rhe rraue-off appears: srnall implants 
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Figure 2. Therapy for anophthalmos with enlarglng 
conformers, and results 
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(AI Tradilional therapy initially includes a senes of progressively enlarging 
conformers. In this figure, the middle conformers represent the patienl's initia! 
sockel impressions, which were subsequently replaced by Ihe upper, and Ihen 
the lower series of conformers IPhata caurtesy of Or. Asa O. Morton, MD, San 
Diego, CA). (B) Afler several months, Ihe arbits slill show marked growlh delay 
that is characterisLlc of clinical anophthalmia. Nate the persistent lid ph,masis 
and compression of all midfacial dimensions. 

yield negligible rcsults; large implanrs risk cxtrusion. Re­
peated imphlnt exchanges require numerous anesthesias 
and sllrgical traumas lIntit the skull has matured [13]. 

Because of th is, some surgeons ust: inflatable balloon 
tissue expanders, implantl:d via bicoronal flap and surgi­
cal orbitotomy [4,11,13,14]. Thc balloon is inflawd with 
saline via an exteriorized injecrion/inflation port placed 
distally from the orbit. The balloon is inflated routinely, 
either in the office or at home [11-13]. lnflation pres­
slJres can sometimes reach ISO to 200 mm Hg, which can 
be uncomfortable for the patienr and the parents (and 
ultimately the physician) [11.16,17]. To minimize infla­
rion pressure spikcs, anc group of research ers dcvclopet! 
a pulsatile orbital expander that transmits steady earotid 
pulsations [Q the orbit [18]. These devices all carry risks 
of tissue ischemia, infection, and extrusion [11]. Perhaps 

not surprisingly. although inflatahlc orbital expanders are 
effective, ophthalmologists do not commonly use them. 

The ideal expander 
An ideal expander wOllld have several characteristics: it 
would be easily placed through a small aecess site; would 
gradually enlarge over a relatively short time, yet be weil 
tolcratcd ovcr the long term; wnuld avoid uncomfortablc 
intlation spikes; would be resistant ra infection. cxtru­
sion, or infJator complications; and wouJd requirc mml­
mal intervenrion, manipulation, or revision. 

Katowitz f'! al. [7,8] showed promising resuits in this 
regard using dcrmis-fctt grafts as orbiwl implanrs. Being 
a vascu"'r tissue that grows with the ehild, t!crrnis-fat 
grafts can exert t:nolJgh orbira I pressure and volt, me [() 
expand both the lids and socker. In some cases, the 
growth was sa exuberant that the dermis-fat grafts had to 

be dcbulked [0 avoid overexpansion. Best sucecss was 
aehieved when the dermis-fat graft was plaeed bcfore 3 
years of age [7.8]. Because of the fami!iarity of the pro­
cedure and the low risks of complications, this procedure 
is gaining broad acccptancc. 

Reedy el al. [19] attempted to determine the optimal 
orhital pressure relluired of an orhital expander to stimu­
latc normal orbital growth. In a wcll-crafted and eon­
trol led study on newborn Yorkshire pig1ets, they dem­
onsrrated that near normal orbital pressures (20 mm Hg 
in this study) rcsultcd in ncar normal orbital volumcs. 
that less than normal pressures resulted in rcduccd or­
bital growth, and thar greatcr than normal pressures re­
sulted in larger orbital volumes. Normal adult human 
orbital pressLLres have been scparatcly shown to be ap­
proximately 3 to 6 mm Hg [20-221. so direct application 
of Reedy's pressures to the human may not be v,tlid. On 
the ather hand, it may be that the smaller infant orbit is 
morc t:Cjuivalcnt [() that of thc piglet and requires a 
higher pressure for normal growth. 

Hydrogel orbital expanders 
After several ycars of use in Europe, a new hydro­
gel orbit<d expandcr-whieh appears to meet many 
of the requirements of the ideal expander-has 
been recently introduced and marketed in the United 
Statcs (Osmed GmhH, Illmenau, Germany, distriblltcd 
in the lJnited States by lap. [nc.. CostJ Mesa, CA). 
Hydrogels are highly hydrophilic polymers that expand 
bI' osrnotically imbibing water (or in thc case of irn­
plamet! expanders, tissue tlllit!s). They arc commonly 
uscd trl make soft contact lenses and some intraoctilar 
Icnses [9,10.,11,14,15,23,24]. Thc amount and rate of 
expansion can bc cngincercd and vcry prccisely con­
trolled. These characteristic5, couplet! with thc ability 
[() craft the anhydrolls material into any tksired shape 
ant! size 123,241. make it ,1n attractive material to con­
sider in rceonstrueting congenital anophthalmie sock­



4715 Roosevelt H' 
SURGJCAL INC. (404) 969-&14 

& 

(A) Hemispheric shape is far lid and COnjunctival expansion. Demonstration of 

surgical technique of loose retention sulures to allow for expansion of Ihe device 
while in the conjunctival sac. (Photo courtesy of Dr. John D. Ng. MD, Portland. 
OR). (B) Spherical shapes are for orbital implantation and expansion. The liglIre 

demonstrates the 5'mL sphere in its contracted. anhydrous shape. (C) Withlll a 
tew hours of hydration (in this instanee, in water), expansion is already weil under 
way. 
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ets and orbits. Over the last several years, a variety of 
hydrogel materials have been used in general plastic and 
orbital surgery for tissue expansion [9-1 S,23-2S",26], as 
weil as for retinal seleral bllekling elcments [27]. The 
cllrrent prodllct is ~ copolymer of vinyl pyrrnlidone and 
methyll1leth~crylate [2.1-25--1, whereas prior ophthal­
mic and retinal hydrogels were crosslinks of different 

matcriais 111-13,271. 

Two ophthalmic appliances arc available: one, a hemi­
sphcrc dcsignccl for conjunctival cxp<lnsion; ancl thc 
other, a sphere intcnded for bony orbita] expansion (Fig. 
3). 13O(h are insened in the dry, shrunken, anhydrolls 
state, and exp~nd grauually over sC\-'eral weeks w their 
fully inflated sizes, rolJghly a lO-fold increasc in volume. 
The hemi~phere is placed inw the conjunctival s~c, 

much as a reglilar conformer, and held in place with 
fornix reconstruction sutllres tied externally (iooseiy, W 

allow for expansion). One surmises that these sutures not 
only help hold the conformer in place against extrusion, 
but also enhance radial expansion of the conjunctival 
fornices. Norma! tear secretioll gradually swells the con­
former (() maximuJll sizc within a few weeks, as it cxerts 
:l constant hydrostatic pressure of 20 to 30 mm Hg. /\ 
slltllre t~Hsorrh:lphy is recommended ra help maximize 
anterior and posterior pressure while minimizing the 
likelihood of extrllsion as the conformer expalld~. \'/axi­
mum expansion is achieved within .10 day~, althollgh the 
conformer can he retained 1'01' 2 r.o 3 months [11]. Once 
maximum socket expansion is realized, a conventional 
prosthesis ean IJc placed 111]. 

The orbit<ll expander is spherical. lts anhydrolls size is 
roughly one tenth thc exp<lnded volume. Slirgically, it 
can be placed intr<lorbitally through a small lmeral soft­
tissue incision, <lvoiding the necd for the centra] conjune­
tival incision that is required for conventional spheres 
and derlllis-fat grafts, thercby uecrcasing thc chances for 
anterior wound breakdown ancl extrusion. Similarly, this 
avoids the need for bicoronal flap ~llld latera! orbiwr.omy 
as requirecl for balloon expander insertion and removal. 
Additionally, because thc hydrogel irnpl<lnts arc self­
inflating, there is no need 1'01' subfascial tracts or remote 
injection pons, with less risk. of inflar.or-rclated compli­
cations [11]. Thc orbital expander exerts a constant pres­
stlre of abom 20 to 2" mlll Hg. As menti(lOcci prcviously, 
whether that pressure is appropriate for hUlllan infanr..s is, 
at (his writing, a matter of conjeetlIre. Regardless, it ap­
pears that even the actively expauding sphere is betrer 
tolerated than the high-pressnre spikes associated with 
inflatahle halloons 19,10-,11,14,16,171. 

Potential drawbacks 
As with any ncw m<lterial or techniquc, therc can be 
potential for unintcnded or unexpected consequences in 
the long term. The fly in this p<lrticlilar soup is the recent 
spate of reports of complications of prior hydrogcl appli­
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cations in the orbit, to whit, retinal buckling eJements 
made of MIRAge1 (MIRA, Waltham, MA) and its pre­
cursor, MAl, popular prodllets introdllced in the late 
1970s [27,2H-,29",30-,31---3R). Rcputcd advamagcs of 
these proCltlCts were the following: iess likelihood for 
extruslon or eros ion hecallse of the material's sofmess 
and elasticity: Iess likelihood of lJUckle infections be­
callse of its laek of c1ead-air spaccs and the faet that it 
could be satllrated in antibiotic solution (which it would 
gradually release thereafter); the c1egree of swelling 
COLdd bc controllcd by controlling hydration; and, it 
stimlilated the formation ofa .~lIrrolinding pseudocapsll1e 
[27,28-,29--.3ü-]. In fact, most of these claims were 
bornc out clinically, at k,{st in the short-tcrm [29",35). 
Unfortunately, ovcr thc long tcrm (l()+ ycars). complica­
tions of late hydrogel breakdown were recognized. at­
tributed to uncontrolled swelling of the material beyond 
its initial size [28-,29".31",33]. In fact, the long time 
lapse between implantation and developrnent of compli­
cations may lead to initial misdiagnosis of the condition, 
particuJarly i1' the patient presents to a c1inician unfamil­
iar with either the prior surgery perforrned, or the mate­
rial used [31"). Indecd, sinec withdrawal of i\HRAgci 
from the market in the mid 1990s, many novice ophthal­
mologists are no longer historically familiar with the ma­
terial at all. There are flOW reports of buckle extrusiolls, 
intraoc1l1ar crosion and migration, progressive limitation 
of motility, intraorbital fihrosis and mass effect, pain, 
foreign body granuloma formation, and illflammatory or­
bital pselldorll mor 127,28- ,29- - ,30- ,31-- ,.\2-.\R]. At­
tempts at removing the matcrial arc frustrating, heeause 
the hydrog,el becomes very friable with age, becornes 
semisolid, and fragments casily between the forceps. 
Somc advocatc using cryo or curettage co help re move 
the pieces 12<)--,30-,32]. 

Ir is this point that gives us pause when it comes co 
contelllplating piacing thc hydrogel orbital sphere for an 
extended period, and tempers our eagerness to elamor 
aboard the wagon quickly. Admittedly, the eurrent hy­
droge! polymers are different from MAIl MIRAgel­
different b,lse compounds, different eross-linking, dif­
ferent polymerization characteristics-and hydrogel in­
traoctdar lenses appear to be colerated differently from 
MAIl MIRAgel [9,10-,11-15,21-24). Adc1irionally. the 
rate of extrllsion of the MAli MIRAgel clements is sig­
nificantly lower than for silicone huckling elements 
[28-,29..). Nevertheless, one \Vonders wh at the effect of 
any hydrogel implant would be in the extreme long 
term-how weil toleratcd will the material hc over the 
course ofan SO-year li1'etime? ObviollSly, as with any ncw 
idca or invenrion, time will teil. Perhaps areasonabie 
approach would lJe to use the hvdrogel orbital expander 
as an initial, tcmporary step cowards reconstruction. al­
lowing it co remain for 5 w 7 years before replacing it 
with another hydrogel implant, a conventional implant, 
or a dermis-fat graft. 

We could not find any reports of orbital implants being 
removed. Other hydrogel tissue expanders are covered in 
a soft, silicone wrap that helps maintain the shape and to 
(ontrol the expansion of the rnaterial [25",26): the or­
bilal implant is nm so encased. When similar l1ydrogei 
expanders were removed from elsewhere on the body, 
there was no comment on the c1iffïculty of removal or of 
fragmentation of the matcrial, but in those cases, the 
tissue expanders wcre removcd within weeks of implan­
tation. Nonetheless, despire the chemica I ditTerences be­
tween thc Osmctl and Ml\ll IVJlRAgci implants, onc ean­
not help but <Issumc that they wOllld share some 
char<lcteristics, especially of long-term fragility and fri­
ability. Time will tcll. However, the concept of a self­
cxp'lnding orbital irnplant that can be placcd early in the 
course of clinical congenital anophthalmia is cerrain!y 
appealing. 

Conclusion 
){econstrllcting congenitally anophrhalmie suckets anti 
orbits poses significant difficulties and obstacles that of­
ten reslilt in universai frustration and disappointment for 
all concerned. Currcnr cxpansion modalities all suffer 
from significant limirations. I\ltholigh llse of dermis-fat 
grafts continues co gain popularity among ophthalmolo­
gists, a ncw generation of sclf-inflating hydrogel tissue 
expanders is now avaiiable that significantly expands our 
options. The potencial fOt controlled, gentIe expansion of 
the lids, conjunctiva, and orbie with these devices is in­
triguing anti exeiting. Prior expericnce with hyclrogel 
retinal implants should temper initial enthllsiasm for 
long-term IJse of the implanted orbital expander. bilt 
initial reports are encouraging. 
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