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'nlr dr!inagc inlPlants

:i:rr LhLL.onli drainage ilnplants collsist ofa tubc dlal sllunts aqueous hulnor t() xn end plale

:.i:.\l in thc equatorill
: .:/a. ihilDe. allal lratc

iil region of the globc. Drainage itliplants dil1er in ther in thcir dcsign rillh
::. .:,-c. ;hrlre. aud natcrial liotn uhich lhe end plate is consilucted. Thev tral bc further'

i:- in\xl\edandllLrl:lla]\edi planLs.dcpcndingL)11\\llcthcrorllotalalve11lecharismisfrcsclll
^rr.--l.r^ifrLa; +!^",,1.,"-rar-,r.iT.)PILecnn,c.holou Th. irrnlNnii

: - :. ,\i llrroLrrll the Luba to the pliltc ifthe intraocLrlxr pressurc (TOP) becorrrcs too 1o\\. fhc implantr

: ril ;i\r)rnrorl rLSc illclLrde the AhDcd slilsluucoll1a ralve (N(Ne\1 \\'orld \ledical. Rancho Cucarronga.

.,.... I Stt. the Ba.rveldl glalrcoma imfllnl l-\drancecl \ledical Optics. Sanla Ana. Calilbrnia
i. :r:K|u|rnslitr.al\e(llo()dLabomtories.PenlblLrke.Nlassacliusetts,l-lsA),a dthe l\lolLeno ilnplan:

', .-, rr-1.,r..,1..i" t lmire; I)fnerlln Neu 7c.lan(ll Fls I sho\,s lltcsc ooDula1 glaucoma drainagrI ::::,, tlFlithaln]ic Limiled, Dunedln, Ne\\ Zcaland). Fig l shous lllcsc pofulal glaucoma drainagr

': _ -i:.. :rnd Table I rer,ictr -r thc nlajor dcsign leatu'cs ior each ilrplant.

\h mcd claucoma \ alve

Thc Ahmcd glaucoma r,al|e has scalab shaped end platc ulade ofpol)'prop!1.nc (nrodels 52,

rrl,l
Fi-rlurc I Glaucoma chainagc inpllnLs in conlnlon usc

i.''i.' *
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. : :1. plxte and doLrble-plale \lolteno rplants (lop ro\\ ). KILrpiIt slit
(ntiddle lo*). 150-nml aurl 150-nrrrl B.er\'.lclt {laucomn
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. :.(rnc (mod.1s FP7. FP8. ercl i'X l). F.ncstratiors hale been a.ld.u i, ,
:iantsizcsofthcAhmed\.al\earea\.ailable.iucludingthoserlithi]:Ltri.,l:,,
.-l nrm2 (S2 ancl FI']7). ,,\ double-plale \ ersiorl has a surface area ol l6 i r:::l
' i passcs fi-ori thc antcrior chanrber tubc tlTough t\\o thin ntcntblanc-.:... -

r ..r\ eldt glaucoma implant

Thc Baerveldt glauconla inrplant is a nonralrcd irnplant. The end pltLc :-- ..--
:gnatcd, rcunded sllicone with surfacc arcas of250 or i50-mm2. Thc plate has iin:..:.:
ilbrousbanclstoder.elofthatrcducctheplolileolrhebleb_Krupinslitrahelhcl.,:.::

.:iii ofan atrte or chanlber tubc connected to an oval silastic disc uith a sudi]ce arJ.i

--:rili\el),. fic tulle end n]av be connccted 1o a #220 silastic hand. The distal end ofth. i-.:, -
:nlaland\ellicalslitstliatl'u11ctionasaunidilecljonalarldpressurc-sensitivc\.ahe.

lreno implant

ThcMoltenoimplanthasaroundpol),propJ.1eneendplate\\ithasurilcearcaofl.rJ:i:::r.
:rlitc irnplant ard 263 mnrf lor thc doLrble platc implanr. The plates ofthe double-pl:rr: .::::-

:Jted b\ a l0nl1nsilicone tube.

_:icalresults

\ttcnrirts at comparin11 thc surgical results achie\.cd \\'ifi the Yadous slaucoma drair]::J :-

:.,.1e difficult because of dil'fcrcnces 111 stuclv popularions, fbllol\'up peri.d. and crilerr.: -

-.. is dcfincd. Case series studving glaLrconra drajnagc implants ha\e repoficd succ!-ss r.::-. . -
::'ot1)78t6tbrneo\rscularglauconaf,l l6l.759.i,ro 1009i, lar u\,ciric gleucome J9 t -

: lil0% fil dcvciopmental glaLrcorra f,1,-5,3 11.20 32.131.50%lo88%fore).csr1ilthr,.: :: . -
- su1gery 14.5.8.10.11.14.15.3..1.-l5l,and.1.1%tuEE0.,i,1brcvcs1\'ithlarlcdglaLrcomaill:: :. ..-..

. i.l-i. 3-s]. The poorcst surgical rcsults are obsen.ed in neorascular glauc.,:::. ,.
. aalomv. altritioli ovcr tim0 resulLs in a tr-cnd lo\\ ard lower succcss lates amons srLtJt:.
:.p pcriods.

- ph\ siolog)'

: ollot ing implantation ofr glaucoma dlainage dcvice. a tlbtous capsule 1i)r'rtr\ r:,,:.- l
':riod ofse\ eral \\.ecks. A l'eature colrlno[ lo a]l -glaucoma drairagc ir1lpllnt, r- . .

- in nratetials to \\'hich tibroblasts cnnnot adhcre. Aqucous hLrntor pools r:

.- :rccndplateandsLlrrounding.ronadhcrantlibrouscapsulc$henfloroei:: - -
-_ irbe..Aqueous lhen passcs tlrough thc capsule via the p|ocess ofpassi\ c Lj:

,..lir capillaries and lymfharics. It is rhc fibtoLrs capsule around lhe r.Id :. .::- :

-, ro aqueous llow rifi drainage implants. Thcrelbre. rhc degrcr .:
:rlaucomadrainageinlplantsurger),isdcpendentoncapsularrhiaLt::,--:..

, :'crcally lcslict flo\1 until a prcssr.u-c ofercatcr than S 12 mnrHg is crcftcd up.it: -

...lition. Lotvcr postoperarivc lOP is expccted \\,ith n thirmcr..:r:. j



l irhle I Surgical result $ith glaucoma drainagc implant in e) cs \r'ith neo!ascular glaucoma

DP:dooble-plate:lOP:it'iiraocular pressL! e:SP:sinqle- platc

Table3Surgicallesult\rithglalcomadrainageinrpltlntsine!'esltithglaucoma
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..:llicrlresult\\'ithglilucomadrainageiIIlpll1ntsine]es\\ithdevek)pmentalgltu!-,rrltr

lmp ant Age
(years)

Fo low up
(months)

126

Success
cr teria
(mmHg)

<20

rate

: ro (20) SP N4olteno

SP Molteno

SP I\.4olteno

SP/DP Molteno

16-51

<21 18 6-36 .

N4ean Ranqe

22.8

12-84

126

<36 <2C) 12,
114

<13 100% 18.4 6-24

95%

<21

:o9tsl?l )
-ck e(5)
:on(20)

DP I\,4olteno

SP N/loLteno

DP [./]o teno

23) SP/DP N4olteno

--aedom and <21

<21

-.-b n(-10)

'."-nazl24)
',-"she(25)

- oyd(B)

'.ietland and
.'/a ton(26)

SP/DP Molieno 44%

l\lolteno
Baeve dt

s9% 2A 6-36
<21 ard 49.1 7 -76
>5

<10

lodk n(4) Baeve dt <13

Se gne(9) Baeve dt

Fe enbaum(27) Baeve dt <21

ll ls(11) SP/DP Molteno <18

Coleman(28) Ah med <18

E d(29) SP/DP
Molteno-Schocket.
Baeve di

Enqled(30) Ahmed

Djodeyre(31) Ahmed

<18 B5% s21

69% <22<15

50

<21 78"/. <21 41 3
<22 ard 22.7 6-59

Pere ra(32) SP/DP
I\,4olteno,Schocket,
Baeveldt

Budenz(33) Baeveldi

I : double-platc:IOP;intraocular prcssut e;SP:single- plate

and 2: l



: \ - --,.: I rr r ulr $ rIh glaucoma drainage implants in aphakic/pscudophtkic eves

mplant tyes success tOe fnolorv-up

'r .." .,.r , fspnl.r.-
(s)

(months)

639',o 16 2 7-30

(10)

Lloyd eta (8) l
14.9 6-29

Hodr nla) Baeve dt

Lli s(l ) SPlDPN/loieno

H!ang(141 A

::I
<22

13.4

:

B o.d\i,ay1l5)
lzo:i
66%

=21-
>5

43

Roy ei al{35) <2i 376

D P:double-plate; IOP;intraocular pressure;SP;single- plate

T:1ble 6 Sulgical result \yith glaucoma drainage implrnts in eyes \rith failcd filters
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l
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LoJd er al (8) SP/DP
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- _ .irr and intraocularpressure t.eduction

.:.r'lilcc area ofencapsulatton aroUnd a slaucoma drainage implant is directl.. :: -
. r(r.l (. rlr( J.r c. o JUPrc.lr.. r o r.r.h.e'(,l lo..ol'(r. II\cl\ ... L .l r -.

- .rr In other \1 ords. glaucoma dr-ainaqc irnplanls with larye p]atcs ploducc ! Lar!i1.,

r uar and colleegucs found a liglter success ratc and greatcr Ia)P ledLlctioit rith tha dL.Li.
_ -:LLInabl\'becruscolitslarget sul.laceareafl.ll.

:- rr rlppcars to be a1l upper ]imit to platc size be),ond $1ich an incrcase in surface arclj |.i.:..
a:'-.iiurc contLol. and mav c\.cn detrilnentalll allcct surgical outcome. In n ptu:nc!n\( .

: ih.- -150-trrtn2 and 500-run2 Baerleldt rrlauconta inplants. Llo1,d er al. founLl no \rl ri.
,, r sur.gical success and visual outcotnes betwccn the diffcrcnt implant sizes f36l. \\:irh l.rr:.

Britt er al. repolled lorveL success \\ith rhc 500-mm2 Baeneldt compareJ to the t5i -r_.
r-l ldjuocli\.e use ofantifibrotic agents SurgcLrnshaVe attcrrpled to modulatecapsularthi.kn:..

- .,:rotls glaucoma cfiainage lmpl nts by applving antifibrotic agents inlraopemtit el), in tlrrLch : :.
: :,r as rvith standard tiltering sLrrgcrr. Pcrkins et a]. cor]tpareLl I I patients who rccei\ ed adjuncr:.. .
r:: C (MNIC) at thc time of\'loitcllo impiartatiorl \\'ith 18 faticnts \\ho rcccil,ed bullered s.rlr:::
l\] AJicr 3 ),ears lbllow up. l5,lir of NI\,IC rfcarcd patients $:ele considcred succcsses \r-if..-

::: non N/Ma tlealed group. (anto1 etal. Iandomized 15 consecuti\e patients fu rcceive.itl...
_ 

-: lanccd saline solLrtion dLlrins pltlce1nent ofa Nl o ltcno itltp lant. No siqn ificanl IOp difl'erenc! r. .,.
-:,.r'.nthct$'oprorrn\t391 ( ostxelfl nrr)\r..ti\i-l!rifil^n,i7..lrroF1J.(nirh"Af,-.i^a.,-t-,,.-..,.-:,...nthct$'osroLrps[39].(ostnelrl.prosfcctir,cl!randonrizcd60evcsNithref|actor.\,glauco;rr-:
: rrlaopcmti\e N{\,1( or buffered s line and lound no ct}tct ofthc Nti\lC on lf)p lo\l,cring il ..
- r No clear bencfit ol anlillbrotic agcnts as aLljLrncts to glaucona implant surgcry hai t,:=::

: .rncla hishcr incidence ofhlporol\,. tlat ante orchnmbers,chorokialelftlsions.andconjLrncir..,
- ..' reportcd $ith fieir usc [3E.':11,.12].

:,.iomparingdiflerentimplanttlpes
,:pective randomizcd clinical trials contparing glaucoma d].ainasc implants ofcliller.ine sizr

':.. r\ pe (that is. double-plare versus sinsle-p1ate Nlolrcoo implants [3:11 and 350-mmi r Jr,Lr :

..J Lirher'lactors malie direct comparisolls il] thesc retrospective studics dilllculr. In lJ;: :

::rDarativcstltdvresultsfoltheAhmed\alvcmaJrnotbcvaiialtocunentpractlarr\: ,_
- . \ prop.vlene to the si licone Ahmecl ir1lplant by maDy surgeons. The results ol r r ::. ..

' : :rudy comparing the nerv siliconc Ahmed lo thc Baerveldt [the Ahnrcd Baen . :
. ...11.] glaucoma dlainage implant u'ill pr.ovidc irrpoftant clinical insieht ir,:. ,

r: tcje t$o $'idely usetl giaucoma clrainage dcvices (D. Bude1.L. persoralcor:t: -,
, lt \ er\usAhnred

: r ind gfcatcr degree ol pr-cssurc teductiorl. Thcte is good cltnical evide[cc in !..:..' r prospectile randorrizcd clinical 1ti.] compaling singlc-p1ate aDd double f .:- \

::::njpcctivc comparalile studjes betlreen thc Afuned and the Bcc:r::
- r.:rLrnstrate sinilar goocl IOP lorvering capac]ty \r.ith hish succesi r.r::i -:

-:.. rldt irrplant [36.37]) havc ot]tred imponant insight inro rhc role of implanl platc sur1r...
.,\!cring.U[tb unarcl], no plospecli\e studics comparins diller.ent implant t.\pes ha\.

r L un-ent dala regarding the role and efficac.v ofdiil'ercnt glaucoma drainage implant dc<:::
. :3lrospectile casc sc es. wliich harc sclcctionbias inherent to any retiospcctrr e ,tLLLl __

,:.rnthe1'amiliaritvofsur-gei.)nsu.ithcachoftheimpla1lts(tharis,thenLrmbcroje.rthr.:.
. .lillerences in the glaucoma typc (that is. neovascular uveitic. po stkeratopla \t\ . (r! ,.

-.r Blen eldt implants hadrelativelv sirnilar r-atcs lb1 IOP co|trol ilna i:..: :. -



'- r: -:-: --:: n.'re (rbsen ed in an Asiar populatior $'irh a shoficr mcan fbllor'v-rip pcriod [45]. Several

- :i'-:::.,.'r :ie n.rtabie \\'irh regard to the Ahmed implant, however, u'hich hacl a higher hlpcftensive phase

-::: .:--j.:..i:3:edlOPlypicallyl2monthsaftelit]tplantationandahigherrateofblebcncapsulation
--- t-t \\rCt regard to hypotony and choroidal eflusions, our expedence has heen that thc Baerveldl
,...., .", a higher risk ol these complications alier the ligature dissolvcs 4 5 weeks aftcr shln:

:::i:.ltirrn. shireas thc Ahmed implant has a higher risk in the first week after shunt iorplantation,

.::::t,.y due to poor valvc function. Syed ct a1., howcvel, lbund a higher hlpotony rate for Bacl-lcld:

- ...;:oma drainage implants within thc flrst 2 days of inrplirntation ['l'1]. which nay reflect their grcate:

l,:::nlnce * ith Ahmcd comparecl to Bacn'eldt glaucorra drainage ilt'tplants'

Baert eldt Iersus doubte-plate Nlolteno

smith et al. retrospcctively compared 1 8 eyes that under$,ent jrnplantalion ofa 350 n1m2 Baervelcl

rnplant to l9 eyes that reicived a double-plate lr,lolteno [,161. The doublc-plate Mo]teno and the 35g-nxri

B.ren eldt glaucoma dmlnage implants liacl telatirely sit't'tilar rcduction in IOP (grealel thali 'l'10lo). succe:.

:.:rr. and ijsoal outcomes with almost 1 year ollbllow-up. \Vhercas theBaen eldt had a slightly highcr r1.i

:: anreriol chambcr shallorving, the N,lolteno \!as associeted \rith a higher comcal grafl f'ailure rat:"

:iihough thc srudynumbers lvcre small.

-\hmed Yersus douhle-Plate

Molteno ln a retospeoti!e stud)', 30 patients ilnplanted \\ ith the Ahmed dcvice were compared to -:

r.i.enls \\,ho reccived tiri double-plate Molrcno implant [47]. Thc double-platc Molteno produced i
r:.iristically signihcant lou,er IoP at 12 and L8 months compaled to the Ahrlred. The Ahmed hac r
.rgniflcanil:- gieater risk of devcloping a hypeficnsive phase (83.59i,) compared \,ith thc double pl.r
ff..tteno 1+:.nn). albeit$ ith ultimatc success rates thatu,cre similar (approximatcly 50%) at 2'l months.

Ahmed vcrsus Krupin e-Ye Yalve with diskversus doublc-plate Xloltcno

Taglia ct a l. perforrned a n onrarldo m ized l ctrospec tivc rcvie\v of 2 7 patients *'h o rccc ived a doub :-
: .:re \lolGno implant. I 3 patients who had a Kr-upin eye !a1ve $'i1! q:k. Pq l3 patients \lfio undenr r-:l

.....,nent .fan Ahn,ed gliucoma val'e, *'ith adjunctll'c NIN{C ['18]' The doublc-plate N{olteno was mi

:..:I to produce a lorver lOP, but it also had ahigher ratc ofhypotony.

Complications

(-omparison of thc various glaucorna drainase implants requires not onl,v an assessment of t'l
j:ajl.\. but also an evaluation oftheir surgical complicatiotls. Drainage implants ha\e similar opcra::

::: :o:topcratii,e cornplications as encountcred xith trabeculectomy, but thcre are otllel uniJ

: :--r rcrtions associatei with their use. Dillerences exist in the incidencc ofhypotonl'. diplopia, and bi

:.::::u:rti(rn \\'ith the glaucoma drainage implallts in current use.

H\Tlolonl

\.rn\ ah ed irnplants initially had a relatil ely high ratc ofpostoperative hypotony until technio

.::.::.3.ipcdtLrte pora lyrcstrict aqueous llow through thc device until encapsulation ofthc cndp:
,: - -::.': \i.'rhods fo; flo\\' restriction u'ith singlc-stage implantation includc tube ligation r'.iil
:, . -:::::. \-icnl: Ethicon, Somerville, New Jersey, USA) or prolcne slrture' or tube obstmctioll $l
, -,: : :: rr luminal sulure. Additionally. a t\r'o-stage implantation tcchnique n]a-v bc used in whicl

-:--::.::l:;i;dt..scleraintllefirststagcoftheprocedrrre,ardthetubeislaterinsertedintotheani
r - :,: _ r:a:: r3nod ofser er-alrveeks drLring the second stage.



Temporrrv rcstl'iction of aqueous l1o\\. makcs the implant nr.r:;..: -
'.Jrative fcriod. Rainstitutioll of nledical thcrapy l'reqLrentlY pror ide: r-:.:
hc mbc opens and fie inplant heconrcs functional. lubc t'coeslrlr.r :::
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.ncapsultrtion
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- ,:l r less librous rcaction l.1l]. Others havc speculatcd thar.litltrenccs i th. r.Lrr
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. llaucoma drainage implants
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