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Objective: To analyze long-term complications of hy­ Resulls: MIRAgel explam removal was necessary in 27 
drogcl (MIRAgel; MIRA Inc, Waltham, Mass) explants. (6.5°(,,) of415 patients who received MIRAge! material and 

in 27 (7.6%) of357 patiems who had had it for 7 or more 
Design: Institutiona! clinical study of a retrospective, in­ years. Clinical manifestations were re!ated to swelling of 
tervenLlonal case series ofpaLienLs. We included 415 paLlenLs the MIRAge! material, with a mean interval of 15 (range, 
with complete reattachment of the retina 6 months aftersur­ 6-22) months fromstarting symptoms LO remova!. The in­
gery and up-ta-date follow-up. Patients underwent ophthal­ frared spectroscopic analysis demonstrated the presence 
mological examination at each visit (mean follow-up, 187 ofcarboxylic groups in 3 recovercd explants that had swol­
months), and 6 undelwent computed tomography andJor len considerahly. 
magnetic resonance imaging. Main oUlcome measures in­
cluded the MIRAge1explant removal rate, clinical manifes­ Conclusion: Prompt rcmoval ofMlRAgcl explants when 
t.ations related to rcmoval, interval from the start ofdiscom­ discomfort starts should be considered to avoid in­
fort to removal, mean time from implantation ta removal, 

creased incidence of complications.
culture yield of the removed elements, results ofhiswlogi­
cal examina!ion of thc capsule surrounding the rem()Vcd ex­
plants (12 cases), and micro-Fourier transfonn infrared spec­
troscopic analysis results of 3 recovered explants. Arch Ophthalmol. 2007;125:511-514 

H 
YDROGELIMPLANTS(ORIGI­ Fragmentation and peripheral degra­
nally MAl and then com­ dation ofhydrogel have been described in 
mercialized as MlRAgel experimental modeIs. H The hydrogel frag­
[MIRA Inc, Waltham, ments were found next to the inner limit 
MassJ) initiallyseemed to of the surrounding fibrous capsule in hu­

he the ideal impJant matclial, with a soft ph­ man eyes unclergoing reoperation; these 
able textureand low risk ofinfection, I,lwhcll were often found in association with 
ohserved 6 toS3 monthsaftersurgeryJ How­ mononuclear and giant cc lIs, attcsting LO 

ever, witha longerfolIow-upof7to II years, a foreign-body giant celI granuloma l5 

complicatiolls have been reported in 8.5% Hydrolytic c1egradation of MAl hydro­
Author Affiliations: of patientsafter an intrascleral buckling pro­ gel using micro-Fourier transform infra­
Dcpanmcnt of Op!nhalmology cedure! Recently, several reports of removal red spectroscopy was demonstrated by the 
(Dl' Roldán-Pallarés), ofMlRAgei episc1eral buckling matcrial have presence of carboxylic groups in 2recov­
Ultrasonography Unit, been published.3

-
s Clinical manifestations ered implant segments.4The polymer im­

Dcpanmcnr of Radiology 
ranged5S from henign subconjunctival buIg­ plants (MAl) retrieved from these pa­(Or Hernández-Montero), and 

Depanment of Pathology ing, pain,strahismus, progressivc limitation ticnts4 were made hefene MIRA lnc 
(Dl' Uanes), Hospital Clinico of ocular motiJity, protrusion ofthe buckle ohtained the license to make MIRAge!.14 
San Carlos, and Dcpartmenr or heneath the eyelids, and sensation oforhital Although the MAl hyclrogcl is the precur­
Ophthalmology fulIncss [Q pscuJotumor~for thc cpiscler<t] sor of MlRAgel and both have the same 
(Or Roldán-Pallarés), buckles or to intraocular crosion and migra­ chemical composition, up-to-date hydro­
Deparrment of Pathology !ion into the vitreous for intrascleral procc­ lysis of MIRAgel has not been demon­
(Dr Uancs), and Spectroscopy dures4

.
10 Aftel' Hwang and Lim 11 reported the slrated.

Unit "CAI," Faculrad de 
first case ofsc1eral buckle extrusion ano frag­ To funher understand the long-termCicncias Quimicas 

(MI' Fernánclez-Rubio and mentation associated with a MIRAge! cpi­ complications of MIRAgel episcleral huck­
Or Otlcga), Universidad scleral explam, other cases have also been les, we report the clinical outcome of 415 
Complutense, Madrid, Spain. publishedl2 .IJ patients aftel' MIRAgel buckling impJan­
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Tabie. Charaelerlsllts of MIRAgel BlIekies and :Pereenlage of Explanls Removed 

Characterlsllcs olMIRAgei Buckles·� 

Seomental-loba!ized (::5160°)� 

Segmental (05270°) and cerclage(240 silic.one band)� 

Broad (360')� 

Total� 

No. ol 
Pallents OrienlatlonlNo. of Palients 

90 Rápial/18 
Clrcumferential172 

135 Additional"slde-by-side'/27 
CircumfereritiaV108 

190 CJrcumferentiaV95 
CJrcumfe rential with 240-style silicone band/95 

415 

Reinoved Explants, No. (%1 
I I 
All Pallen!s By Drienlallon 

5 (5.6) 1(6) 
4(6) 

10 (7A) 0 
10 (9)� 

12 (6.3) 4 (4)� 
8 (8)� 

27(6,5) 

*/ndieates the removed explants by type and orientation of indenlation. MIRAgel is the proprietary name tor hydrogel produeed by MI RA Ine, Waltham. Mass. 

tation for a mean follow-up of 187 months (range, 75 
months to 20 years). We evaluated the results of micro­
Fourier infrared spectroscopic analysis of the explanted 
MlRAgel btlCkles from 3 patienls for potential changes 
in the polymerie explant structure. 

Mf'TUODS 

DESIGN AND SETTING 

Herein we describe an inrerventional consecutive case series 
of patients with rhegmalagenous retinal detachment who un­
derwent sckral buckling surgery with the MIRAgel explant as 
a first surgical procedure between March 1, 1984, and Decem­
ber 31,2000. The patiel1ls underwent operation atthe Hospi­
lal Clinico San Carlos, Madrid, Spain, hy one of us (M.R.-P.) 
with cryotherapy associated with the episcleral buckle.'o This 
is a retrospective institutional clinical study. 

PATIENT POPULATION 

The medical repons were reviewed for 444 patiel1ls with reli­
nal dewchment in whom MIRAge! was llsed as unilateral epi­
scleral buckling materia!. Although only single procedures were 
considered, I I patients were exdueled because they needed sev­
eral combined surgeries 10 reanach the retina (exc1usion cri­
teria). Eighteen patients were 10Sl during follow-up. The 415 
patients with complete reattachment of the retina 6 months af­
ter surgery, up-to-daLe follow-up informalion, and signed in­
formed consent forms were included in the study, which was 
in adherence to the Lenets of the Declaration of Helsinki and 
approved by our instilUrional research committee. 

Patients made follow-up office visirs l, 3, 6,12,24, and 36 
months aftersurgety and then annually or biannually. The mean 
follow-up was l87 monlhs (range. 75 months 10 20 years). 

OBSERVATION PROCEDURES 

Snellen visual acuity, ocular motility, and results of tonoll1­
elry and slitlamp and fundus examinations were recorded at 
each visil. Computed lOmography and/or magnetic resonance 
imaging was necessary in 6 patients. 

OUTCOME MEASURES 

The main outcome measures included rhe MIRAgel expJant re­
moval rate, clinical manifestations related to its removal. in­
terval trom Lhe start of discomfort to removal, mean time from 
implalllaLion la removal, culture yield of lhe removed ele­

ments. resu1ts of histological examination of the capsule sur­
rounding the removcd cxplants (12 cases), and results of micro­
Fourier transtorm infrared speclroscopy analysis of 3 recovered 
explants. The spectrophorometer used to record spectra was a 
Nicolet Magna-IR 750 (Nicoletlnstruments Inc, Warwick, En­
gland), with a sampling microscope (lR-Plan Advantage; Spectra­
Tech Inc, Oak Ridge. Tenn). The infrared spectra were re­
cordeel bv accu mulat ion of 240 scans, with a resolution of 4 
waves/cn~. The poslOperative outcome after MIRAgel explant 
removal was followed up tor 6 to 156 (mean follow-up, 84) 
months. 

Rf'SliLTS 

We reviewed the medical reports of 415 patienL<; who un­
derwent MIRAge! episcleral buckle for rhegmatogenous 
retina! detachment. Thc mcan patient age was 58 years 
(range, 16-82 years). MlRAgel was used in the 415 pa­
tients regularly during most of the follow-up period 
(March 1, 1984, throughJune 30, 2000) but, after June 
30,2000, only 2 of these explants were used. Postopera­
tive follow-up for .357 (86.0%) of 4.15 parients was 7 years 
or longer. The rable shows the type of surgery per­
formed in these patients. 

As of this writing, 38 (9.2%) of the 4.15 patients re­
ported redness and dischargc from the cye that under­
went operation. The criteria for buckle removal in­
c1uded morphological and/or functional changes related 
to swelling of the MIRAge] materia!. 

Removal was necessmy in 27 (6.5%) of 415 patients with 
MlRAge1 buckle exp!ants. Clinical manifestations, fre­
quently multiple, in patients with rcmoved expla11ls in­
c1uded redness and discharge in 25 (93%) (cultures yielded 
Slaphylo(Occus epidermis in only 3); extrusion in 6 (22°ti,); 
subconjunctival mass and/or protrusion of the buckle be­
neath the eyelids in 19 (70%); strabismus, rectus palsy, 
limitation of ocular motility, anel/or diplopia in 18 (67%); 
and orbital fullness and/or pseudo tumor in 6 (22%). 

Considering the type ol surgery, 5 (6%) of the 90 seg­
mental-Iocalized exp!ants (s; 180°) (1 [6%] of the 18 with 
radial and 4 [6%] of the 72 with circumferential orien­
Lation) were removed. In addition, 10 (7%) of the 135 
segmental and cerdage explants (s;2700) (l0 [9.3%1 of 
lhe 108 under a 240-style silicone band of cerclage) were 
removed. Finally. of the 190 patients with a broad cir­
cumferentia1360° explant, 12 (6.3%) needed removal (8 
[8%] or tbe 95 under a 240-style silicone band and 4 [4%] 
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Figure 1. Hislological sludy of the fibrous capsule surrounding hydrogel 
(MIRAgei; MIRA Inc. Waltham. Mass) explants in a patient with orbital 
pseudotumor. Giant cell granuloma is seen in relation to the sutures 
(Masson staining; original magnification X288). 
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FigurB 2. Micro-Fourier transform infrared spectroscopie analysis of 3 
recovered hydrogel (MIRAgei; MIRA Inc, Waltham, Mass) segments (B-D) 
and a MIRAgel stock sample (A). An extra peak appears at about 1560 
waves/cm in graphs B, C, and D (with large swelling of the MIRAgel malerial; 
Cand Dcorresponded with clinical manifestation of orbital pseudotumor). 

of the 95 without cerclage associated) (Tabie). The mean 
interval ra surgical removal was 9.6 (range, 7.2-11.3) ycars. 

We performed histologic analysis of the fibrous cap­
sule surrounding 12 of lhe removed explants. Only 3 pa­
Lierlls with orbilal pseudotumor, all with broad 060°) 
MIRAgel indentation for more lhan 10 years, showed gi­
ant cell granuloma relaled to sulures (Flgure I). 

We performed micro-Fourier transform infrared spec­
troscopy in 3 recovered MIRAgel segmenIs (Figure 2). 
Hydrolytic degradation was associaled with swelling of 
lhe materiailO about 4 times lhe width and thickness of 
the oJiginal and clinical manifeslation of orbital pseu­
doLUmor in 2 patients in whom computed tomography 
(Flgure 3) was needed for diagnosis. The gellike re­
moved segments from these 2 patients werc studied spec­
troscopically and compared with an original MlRAgel ex­
plant and with a less-swollen MIRAgcl explant from a 
patient without clinical manifeslation of orbital pseudo­
tumor. Hydrolytic degradation of lhe material was dem­
onSIraled by lhe presence of the carboxylic groups 
(Figure 2). 

Figure 3. Anteroposterior section of an orbital computed tomogram. A 
considerably swollen hydrogel (MIRAgei; MIRA Inc, Waltham, Mass) 
surrounds the eye. The scale indicates centimeters. 

After explant removal, the retina remained attachcd in 
23 (85%) of the 27 patients, with no significant changes 
in visual aCllity (mean, 20/60). Usually after removal, dip­
lopia disappeared and the eyes became orthophoric. Red­
ness and discomfort persisted in 6 (22%) of the 27 pa­
tients, even after cultures yielded negative results, probably 
rdated to residual MlRAgel fragments. Two patients de­
veloped vitreous hemorrhage and a new retinal detach­
ment after removal of a metidional MIRAgel explant un­
der a 240-style cerclage silicone band. Two other patients, 
bOlh with broad indenlalion (360°) under a 240-style cer­
clage silicone band, experienced scleral rupture during sur­
gicalmaneuvers 10 clean the MIRAge! fragmems embed­
ded in thescleral wall, making it thicker and rigid. Finally, 
3 of these complicated cases became phthisical. No other 
complicalions were found 10 be relaled to remaval. 

COMMI:NT 

For the first lime, to our knowiedge, considerably swol­
len MIRAgel explants anel clinical manifestations of or­
bilal pseudoLUmor have been related to hydrolytic degra­
dation of episcleral MIRAgel demonstrated by infrared 
spectroscopy. Remcwal of these buckles is a consequence 
or the explant's progressive clegradation and swelling. 

At present, removal has been necessary in 27 (6.5%) 
or 415 paticnts who receivecl M1RAgel explants, anel in 
27 (7.6%) of 357 patients who reccived MIRAge! ex­
planls 7 or more years earlier. Eight of these 27 cases have 
already been reported. 5

. 
17 
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It has been suggested in the literatureo-R th at a greater 
quantity of material used will increase the possibility of 
removal. In our patients, there was a trend towarc[ a higher 
removal rate (Tabie) with an increased quantity of buck­
ling material, anel any ofthe cases with MIRAgel used as 
an aelelitional anel small siele-by-sidc indentation 10 re­
solve a fishmollth phenomenon required rcmoval. The 
association of MlRAgel with a silicone banel of cerclage 
also increased the removal rate in our patients. As first 
suggesteel by Marin et al: the sutures may play a role in 
the physical or functional breakdown of the surround­
ing hbrous capsule, allowing hydration anel swe!ling of 
the MIRAge! explam. 

In our cases, swelling of the MIRAgel explant com­
bined with progressive limitation of ocular motility anel 
protrusion of the buclde beneath the eycliels frequentIy 
indicates the need for MIRAgel removal, as reported by 
other authors 6 -8The symptoms usually staned with recl­
ness and eliscomfon, anel it lOok a mean of 15 (range, 
6-22) months to s!owly develop those symptoms rc­
lated to swelling of the materia!. Six of om patients 
hael orbital pseudotumor at the initia! examination 
anel required compUleel tomography and/or magnetjc 
resonance imaging for diagnosis. Two of these cases 
with orbital pseudo tumor (the interval from the start 
of redness anel eliscomfort to removal was 20 and 22 
months; the time from implantation to rem(wal of the 
MIRAgel material, 11.1 anel 11. 2 years) showed great 
swelling of the MIRAgel explant related to its hydro­
lytic degraelation. 

To our lmowledge, this is the first report clemonstrat­
ing hyelrolytic elegradation of MIRAge! by the presence 
of carboxylic groups using micro-Fourier transform in­
frareel spectroscopy. Until now, chemical changes in the 
polymer were only confirmed spectrographically for the 
MAl hyelroge! intrascleral implants· The presence of car­
boxylic groups found in our rem(wed explants implies 
ester hydrolysis. The ionizeel carboxylic groups result in 
water absorplion anel, consequent!y, the MIRAge I mate­
rial swelled and became gelijke and friable. These char­
acteristics explain the elifficllity in grasping anel remov­
ing MIRAgel fragments-sometimes embeelcling in the 
sc1eral wall, which then became thicker anel rigiel-anel 
complications re!ated to surgical remova!. Persistence of 
eliscomfort after MIRAge! retrieval may likely be associ­
ateel with resielual MIRAge! fragments. 

After MIRAge! removaJ, the retina remained attached 
in 23 (85%) of 27 patients with stabilized visual acuity. 
In 2 of the cases of pseudotumor and considerable 
swelling of the MlRAgel material, scleral perloralion oc­
curreel during removal with intraocular hemorrhage 
and final retinal redetachment. Retinal redetachment 
was found in 4 (15%) of 27 patients after MIRAge! ma­
terial rem(JVa!. The eyes lIsually hecame orthophoric 
anel cliplopia disappeared, but redness, discomfort, and 
ocular motility disturbance persisted in 6 (22%) of the 
27 removal cases. We agree with Le Rouic et al" thai pa­
tients should be informed of the possihility of compli­
cations related 10 the surgical removal of episcleral 
MIRAge! buekles. 

Cultures in only 4 of our 27 removed MIRAgel ex­
plants yielded positive reslllts. Negative culture find­
ings may be owing 10 long-term antibiotic and!or corti­
costeraid therapy that was used to treat redness and 
discharge, or owing to the particular charaeteristics of 
the MIRAgel materia!. MIRAgel was reported to be an ieleal 
buckling element that was eOl1sidered less prone to in­
rection heeause it laeked deae! spaces and could ahsorb 
ane! gradually release antibiotic drugS'>·18 

Hence, MIRAge! buekles resulted in e!e!ayed, late com­
plications owing to buckle swelling from hydrolytic deg­
radation and required rem(lVal in 6.5% of patients, with a 
mean follow-up of 187 months. Patients with MIRAge! 
buekles require long-term follow-up, and removal should 
be considered once symptoms develop. 
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