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Glaucoma Drainage Implants
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= purpose of this review is to critically compare the various glaucoma drainage mmplams

Wt findings
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irticle im “izucoma drainage implants are being increasingly utilized in the surgical management of
== Comparisons betwecen the various drainage implants are difficult because most clinical data are

L - Tomretrospective studies with different study populations, follow-up periods, and criteria define
tahara S.

-+ The type of glaucoma under treatment is a major factor influencing surgical outcomes The
Japanese “encetoaqueous flow through glaucoma drainage implants occurs across the fibrous capsule around the
= 7 ate. and the major determinants of the final intraocular pressure are capsular thickness and flras
Pang CP. 2oz arca. The use of antifibrotic agents as adjuncts to drainage implant surgery has not proven effective
Chinese ¢ modulating capsular thickness. Valved implants appear to reduce, but do not eliminate, the risk of

‘onv. Bleb encapsulation is more frequently seen with the Ahmed valve implant than other drain-

»2nis. Diplopia was a common complication with the Baerveldt glaucoma implant after its introduction

~-siznmodifications have markedly reduced the incidence of this complication.
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here are several glaucoma drainage implants that arc currently available, and all have been shows
" safe and effective in reducing intraocular pressure. Greater pressure reduction may be achicyed
rants with larger end plates, and valved implants appear to reduce

- “sxofpostoperative hypotony.
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The use of glaucoma drainage implants has increased in recent years, especially relative to cebes

= -2l glaucoma procedures such as trabeculectomy [1.2]. The increased utilization of drain :

- =dto a greater experience and appreciation of the cfficacy of aqueous shunts. and a Zrowing comoess
- 2t complications associated with standard filtering surgery [3].
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L SN WIEVInE e (of
. omadrainage implants.




: |

.2 JOURNAL OF OPHTHALMOLOGY 2016, Vol.-I

 wrrent glaucoma drainage implants

11 modern glaucoma drainage implants consist of a tube that shunts aqueous humor to an end plate

= explant) located in the equatorial region of the globe. Drainage implants differ in their design with
~spect 1o the size, shape, and material from which the end plate is constructed. They may be further
~ ~divided into valved and nonvalved implants, depending on whether or not a valve mechanism is present
52t imits flow through the tube to the plate if the intraocular pressurc (I0OP) becomes too low. The implants
currently in common use include the Ahmed glaucoma valve (New World Medical, Rancho Cucamonga.
California. USA). the Baerveldt glaucoma implant (Advanced Medical Optics, Santa Ana, California.

'S A). the Krupinsslit valve (Hood Laboratories, Pembroke, Massachusetts, USA), and the Molteno implant
‘Molieno Ophthalmic Limited, Dunedin, New Zcaland). Fig. 1 shows these popular glaucoma drainage
implants. and Table 1 reviews the major design featurcs for each implant.

Ahmed glaucoma valve

The Ahmed glaucoma valve has a scarab-shaped end plate made of polypropylenc (models S2, S3.
and B1)

Single-plate and double-plate Molteno implants (top row). Krupin slit valve and Ahmed glaucoma valve
(middle row). 350-mm?2 and 250-mm2 Baerveldt glaucoma implants (bottom row).

Table 1 Design features of current glaucoma drainage implants

Implant type | Size Material Walved/ —|
nomvalved
Ahmed glaucoma | 06 mm* {S3) Polypropyvlene Valved
valve 184 mm* (32}

364 mm” (B1)
96 mm? (I'PY) Stlicone
184 mm?® (FP7)
364 mm* (FX1)

" Baerveldt glaucoma | 250 mm? Silicone Nonvalved
| implant 350 mm?

Krupin slit valve 183 mum®

Malteno implant 134 mm?

{single -plate)

268 mm?idouble -plate)
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licone (models FP7, FP8, and FX1). Fenestrations have been added to the plate o7 e S Ikl
“erentsizes ofthe Ahmed valve are available, including those with a surface area o = el S0 o0

"pl",m - 184 mm2 (S2 and FP7). A double-plate version has a surface area of 364 mm2 (B! o ¥ 0 Lo
with ; e e
e ~mor passes from the anterior chamber tube through two thin membrane-like elasiomer e e
Jriner
resent zoretically restrict flow until a pressure of greater than 8-12 mmHg is exerted upon them

LW
plants

Saerveldt glaucoma implant

~oregnated, rounded silicone with surface areas of 250- or 350-mm2. The plate has fenestrations. w+
v fibrous bands to develop that reduce the profile of the bleb. Krupin slit valve The Krupin <

upl

~sists of an anterior chamber tube connected to an oval silastic disc with a surface area of 183 ——°
‘ernatively, the tube end may be connccted to a #220 silastic band. The distal end of the tube comss =

~zontal and vertical slits that function as a unidirectional and pressurc-sensitive valve.
“olteno implant

The Molteno implant has a round polypropylene end plate with a surface arca of 134 mm?2 o =

“zlcplate implant and 268 mm?2 for the double-plate implant. The plates of the double-plate implant zre
~nected by a 10 mm silicone tube.

sargical results

Attempts at comparing the surgical results achieved with the various glaucoma drainage imnia=
: made difficult because of diffcrences in study populations, followup period, and criteria by whach
ess is defined. Case series studying glaucoma drainage implants have reported success rates rane -

¢
= 22% to 78% for neovascular glaucoma [4-16], 75% to 100% for uveitic glaucoma [9— s
~ 10 100% for developmental glaucoma [4,5,8-11,20-32, 337, 50% to 88% for eyes that have underson

e =

ractsurgery [4,5,8,10.11,14.15,34,35], and 44% to 88% for eyes with failed glaucoma filtering surser
<=~ 1115, 35]. The poorest surgical results are observed in neovascular glaucoma. As
~eculectomy, attrition over time results in a trend toward lower success rates among studies with lomee

v-up periods.
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“whophysiology

Following implantation of a glaucoma drainage device, a fibrous capsule forms around the =t =
- period of several weeks. A feature common to all glaucoma drainage implants is constmacs e =
- ‘rom materials to which fibroblasts cannot adhere. Aqueous humor pools in the potent T

-cn the end plate and surrounding, nonadherent fibrous capsule when flow occurs throuss “oe smpe,

~<t tube. Aqueous then passes through the capsule via the process of passive diffusion ==« s
nemocular capillaries and lymphatics. It is the fibrous capsule around the end plate thas = the
znce to aqueous flow with drainage implants. Therefore, the degree of 10P redicmim e

ng -_zlaucoma drainage implant surgery is dependent on capsular thickness 2m2 %5 vun s e
sulation. Lower postoperative 10P is expected with a thinner capsule and larser surtuce

slation.
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Table 2 Surgical result with glauc

‘.m |Pr£eae_ TQ‘LEeSS ‘lOF’ ~ TFollow-up -up (I (months)
rate Success
| | i —‘ (mmHg) TMean RangeJ
Hodkm eta_(4) _|_ aer\reldt 43% #’!8 3 —L———l
Minckler et al (5) SP Molteno |47% <21 \T:} 2
ﬁ(rupm et al (B) Krupin !ong ‘??% —D1 |20 2 12-36
valve _‘7 . ‘ _|
‘Ancker erand ‘SP Molteno T? % | ‘6 -55 ‘
Molteno(7) L
|Lloyd et al (8) 1_P Molteno | 2% ‘<21and ‘33 38 #70 ‘
| P NS
Seigner (9) | Baerveldt  |71% 1Tmmdg' 136 |4-37 |
| Freedom and_—ﬁ:’ Mo1teno | 76% |~<2‘I 135 ‘35—4‘ B6- 88T<‘
Rubin(10) - e - 4 . T J
|M|Hs 11) SP!DP |50% —'222 r 6-66
. ‘Molteno e - - - ‘ - ‘
|Sidot‘|(12) ~ |Baerveldt |61% |<22and | 157 628 |
>5

rMastropasqua{‘l 3) - — __| 36% 22and4‘ 584 *ID—“IOS—_l
e e s o
.| Huang(14) |Ahmed —'—8 % |<22and 134 \4-44 |
s W I SO - - N — S
'Broadway(15) 3P Moltero 53%  l<22and |28 e
| ___| I _ » l>5 _I___| __|
|Krishna(16) TBaerveldt 78% <22and |24 = |
| | | 30% | |
0 T e 0 | 1S reductton | B 0 |

DP;dolele-plate;IOP;inu‘a.ocular pressure:SP:single- plate

Table 3 Surgical result with glaucoma drainage implants in eyes with glaucoma

laothor  |Procedure ~ ISuccess |o—P_TFi@Tp_(?o_m@ J
| | rate ISuccess | Mean | Range |
| | | creiteria ,
el S E . 18 N S
‘Seigner (9) 'Baerveldt |91 % | <21and | 13.6 |4-37 |
=5 | |
|Freedom ard__ |SP Molieno  180% <21 48 |o 5139 |
Rubm(‘lo) —t Wl | +
Mills(11) |SP/DP |75% ‘522 42-96
s - |Molteno |_ ‘
Damata(17) ___|Ahmed 100% <21 7245 S
Molteno(18)  |SP Molteno  (83% Teatand (852  [20-240 |
| |38 e ol 5
Cebalios(19) 'Baerveldt |92% |<21and I20.8 | —{|
e s SERERE |
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oma drainage implantin eyes with neovascular glaucoma




U.P. JOURNAL OF OPHTHALMOLOGY 2016, Vol.-II

S surgical result with glaucoma drainage implants in eyes with developmental glaucoma

Luthor Implant Age Success |IOP Follow-up
(years) |rate Success | (months)
criteria Mean |Range
» | (mmHg) "
\loltino (20) SP Molteno <36 95% <20 66 12-
114
Soldberg(21) DP Molteno <13 100% <20 184 |6-24
\linckler(5) SP Molteno 54% <21 |22.8
Billson(20) DP Molteno <21 78% <21 413 [12-84
Hill(23) SP/DP Molteno 62% <22 and [22.7 6-59
>5 |_
Freedomand | SP Molteno 50%  |<21 37 [16-51
Rubin(10) ,
Munoz(24) SP Molteno |<12 |68% <21 18 1 6-36
Nesher(25) SP/DP Molteno <13 59% <21 20 i6-36
Lloyd(8) SP/DP Molteno <13 44% <21 and [49.1 |7-76
>5 .
Netland and Molteno , <10 80% <21 25 8-41
Walton(26) Baeveldt
Hodkin(4) Baeveldt <13 100% <21 19.2
Seigner(9) |Baeveldt 80% |<21and |13.6 |4-37
| | 25
Fellenbaum(27) 'Baeveldt <21 |83%  |<21and |15 |6-25
| | | =8 )
Mills(11) 'SP/DP Molteno <18 50% <22 36 10-99
Coleman(28) Ahmed <18 71% |<22 or 16.3
20%
reduction
Eid(29) SP/DP 44% <21and 47.3 [14-80
Molteno,Schocket, >5 :
Baeveldt _
Englert(30) Ahmed <18  |85% <21 12.6 |3-31
Djodeyre(31) Ahmed <15 69% <22 12.6 |0-37.8
Pereira(32) | SP/DP <3 60% <22 50
Molteno,Schocket,
| Baeveldt
Budenz(33) Baeveldt <18 71% <22 and 234 6
25

~P:double-plate;IOP;intraocular pressure;SP;single- plate
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Tande S Surgzical result with glaucoma drainage implants in aphakic/pseudophakic eyes
Luthors Implant Eves 'Success 10P Follow-up
rate {months)
Mean [Range |
Minckleretal  |SPMolteno AP |63%  [s21 (162 |7-30
(5) 9

iFreedom and ' SPMolteno AP 83% =21 22 8.1-53.3 ] F
' Rubin '
| o | ;
‘l Lioyd et al (8) ‘lsprPMotteno AP |55% Ism- 486 |7-78 <
| I > | | | i

|‘ Heuer(34) li SP/DPMolteno | AP 150/75%  |=21- |14.8 16-29 '| '

' l' '| l' 1>6 | | II

Hodkin{4) Baeveldt iAfP' 74% =21 16.4 7-30

Mills(11) SP/DPMolteno AP 58% =22 16.3 6.1-26.1

'Huang(14) Ahmed A 88% =22- 145 6-107

| || P 70% |>5 113.4 |

'Broadway(15)  SP/DPMolteno A 70% =21- 43 4-44

P 66% =5 ‘
Roy et al(35) Baeveldt A 75% <21- [376 [12-68
>6

DP:double-plate;10P;intraocular pressure;SP;single- plate

Table 6 Surgical result with glaucoma drainage implants in eyes with failed filters

Author Implant Success 10P Follow -up (months)_
rate Success Mean Range
creiteria
(mmHg)
Minckler et al SP Molteno 70% <21 12.3 6-25
(5)
Lloyd et al (8) SP/DP 75% <21and |41.4 15-64
[ Molteno =5
'Hodkin etal. (4) |Baerveldt 75% 221 16.1 7.1-26.1
Mills(11) SP/DP 44% =22 42 8-78
Molteno
Broadway(15) SP/DP 58% <22 and |43
Molteno =5
Roy et al(35) Baerveldt 89% <21and |37.6 12-68
z6
DF Soeic-plate 1OP mmtraocular pressure; SP;single- plate
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swiantsize and intraocular pressure reduction

The surface area of encapsulation around a glaucoma drainage implant is directly proportional 1o
W vz size. Therefore, the degree of IOP reduction achieved postoperatively is also directly proporos
v et size. Inother words, glaucoma drainage implants with lfugepldtespmdl.lccaIaruerw face area of
iation and greater degree of pressure reduction. There is good clinical evidence to support s
E ﬁ:-_ a prospective randomized clinical trial comparing single-plate and double-plate Molten
~=. Heuer and colleagues found a higher success rate and greater IOP reduction with the double-nlae

' presumably because of its larger surface arca [34].

There appears to be an upper limit to plate size beyond which an increase in surface area mav nos
= pressure control, and may even detrimentally affect surgical outcome. In a p1ospume study
ng the 350-mm?2 and 500-mm2 Baerveldt glaucoma implants, Lloyd et al. found no significan
“-2 in surgical success and visual outcomes between the different implant sizes [36]. With 1011\'-':
0. Britt et al. reported lower success with the 500-mm2 Baerveldt compared to the 350-mm?2
= 37]. Adjunctive use of antifibrotic agents Surgcons have attempted to modulate capsular thickness
“ various glaucoma drainage implants by applying antifibrotic agents intraoperatively in much the
snner as with standard filtering surgery. Perkins et al. compared 21 patients who received adjunctive
mvein C W[MC ) at the time of Molteno implantation with 18 patients who received buffered saline
38]. After 3 years follow-up, 35% of MMC-treated patients were considered successes versus
~the non—MMCtreated group. Cantor et al. randomized 25 consecutive patients to receive uth:r
£ '“-“lzmced saline solution during placement of a Molteno implant. No significant IOP difference wz
veen the two groups [39]. Costa et al. prospectively randomized 60 eyes with refractory g UldllCOP‘l_
-2 intraoperative MMC or buffered saline and found no cffect of the MMC on 10P lowering at |
b -lJJ No clear benefit of antifibrotic agents as adjuncts to glaucoma implant surgery has l:wm
- =2 and a higher incidence of hypotony. flat anterior chambers, choroidal effusions, and conjunctivz
“zs beenreported with theiruse [38,41,42].

“wiies comparing different implant types

“rospective randomized clinical trials comparing glaucoma drainage implants of differing size. bus
wame type (that is. double-plate versus single-plate Molteno implants [34] and 350-mm?2 versus S00-
- Saerveldt implant [36,37]) have offered important insight into the role of implant plate surface ares

“ lowering Unfortunately, no prospective studies comparing different implant types have 't:_i
==& Current data regardmg the role and efficacy of different glaucoma drainage implant designs 2
r»trospeu.tlve casc series, which have sclection bias inherent to any retrospective studs \:; Stus
“wromces in the familiarity of surgeons with cach of the implants (that is, the number of each type used
. differences in the glaucoma type (that 18, neovascular, uveitic, postkeratoplasty. etc.). follow -
'-“d other factors make direct comparisons in thesc retrospective studies difficult. In addition <
‘o comparative study results for the Ahmed valve may not be valid to current practice with the cram e
_:‘ olypropylene to the silicone Ahmed implant by many surgeons. The results of a recently mitzateg

wnective study comparing the new silicone Ahmed to the Baerveldt [the Ahmed Baerveld: ¢ OO 25
.._d\] glaucoma drainage implant will provide important clinical insight into the o mure

o ofthese two widely used glaucoma drainage devices (D. Budenz, personal communicas =

S eldtversus Ahmed

Re TO\I’JBCUVC comparative studies between the Ahmed and the Baerveld: slascoms Samuee
“asts demonstrate similar good IOP lowering capacity with high success rates. A1 1 vear fllom ar
med and Baerveldtimplants had relatively similar rates for IOP control and success end moumes (43 28
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S 4 results were observed in an Asian population with a shorter mean follow-up period [45]. Several
- eenoc are notable with regard to the Ahmed implant, however, which had a higher hypertensive phase
= with increased 10P typically 1-2 months after implantation and a higher rate of bleb encapsulation

23440 With regard to hypotony and choroidal effusions, our experience has been that the Baerveld:
wplant has a higher risk of these complications after the ligature dissolves 4-6 weeks after shun:
—nlantation. whereas the Ahmed implant has a higher risk in the first week after shunt implantation.

~ohably due to poor valve function. Syed ct al., however, found a higher hypotony rate for Bacrveld:

;l;';:orz1aa drainage implants within the first 2 days of implantation [44], which may reflect their greater
xperience with Ahmed compared to Bacrveldt glaucoma drainage implants.

=

Baerveldt versus double-plate Molteno

Smith et al, retrospectively compared 18 eyes that underwent implantation of a 350-mm2 Baerveld:
implant to 19 eyes that reccived a double-plate Molteno [46]. The double-plate Molteno and the 350-mmZ
Baerveldt glaucoma drainage implants had relatively similar reduction in IOP (greater than 44%), success
ates.and visual outcomes with almost 1 year of follow-up. Whereas the Baerveldt had a slightly higher riss
Af anterior chamber shallowing, the Molteno was associated with a higher corncal graft failure rate

although the study numbers were small.
Ahmed versus double-plate

Molteno In a retrospective study, 30 patients implanted with the Ahmed device were compared to 3¢
natients who received the double-plate Molteno implant [47]. The double-platc Molteno produced =
satistically significant lower IOP at 12 and 18 months compared to the Ahmed. The Ahmed had =
sienificantly greater risk of developing a hypertensive phase (83.5%) compared with the double-plase
“iolteno (43.5%), albeit with ultimate success rates that were similar (approximately 50%) at 24 months.

Ahmed versus Krupin eye valve with disk versus double-plate Molteno

Taglia et al. performed a nonrandomized retrospective review of 27 patients who received a doublee
5late Molteno implant, |3 patients who had a Krupin eye valve with disk. and 13 patients who underwes
~lacement of an Ahmed glaucoma valve, with adjunctive MMC [48]. The double-plate Molteno was mass

2L

“ikely to produce a lower IOP, but it also had ahigher rate of hypotony.
Complications

Comparison of the various glaucoma drainage implants requires not only an assessment of th
Ficacy. but also an evaluation of their surgical complications. Drainage implants have similar operat:

.~ postoperative complications as encountcred with trabeculectomy, but there are other unigs

. rnlications associated with their use. Differences exist in the incidence of hypotony, diplopia, and &
-~capsulation with the glaucoma drainage implants in current use.

Hypotony

Nonvalved implants initially had a relatively high rate of postoperative hypotony until technigus
- === developed to temporarily restrict aqueous flow through the device until encapsulation of the end p

=1 Methods for flow restriction with single-stage implantation include tube ligation with
~oiv glactin (Vieryl: Ethicon, Somerville, New Jersey, USA) or prolene suture, or tube obstruction wis
collag r luminal suture. Additionally, a two-stage implantation technique may be used in whics &
= < =rached to sclera in the first stage of the procedure, and the tube is later inserted into the antes

sarmiber after 2 period of several weeks during the second stage.

ekt e o

; igh
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Temporary restriction of aqueous flow makes the implant nonfunctions = 0 e
operative period. Reinstitution of medical therapy frequently provides adequate sreveire i
the tube opens and the implant becomes functional. Tube fenestration masv 2lss e e o
=operatively, and this technique has been shown to effectively decrease IOP in the early posiopes
d with nonvalved implants [49,50]. We prefer to fenestrate the tube with a TG-140 07 TU- 15w
con) anterior to a Vieryl ligature near the tube—plate junction, and 1 -3 fenestrations are places = =

depending on the preoperative IOP level. Alternatively, an orphan trabeculectomy may be performes =
+ unction with glaucoma drainage implant placement for early postoperative pressure control.

Jplopia

Transient diplopia is not uncommon following glaucoma drainage implant surgery, but it geners

ces as the postoperative periocular edema improves. Persistent restrictive strabismus mav occ s
- cuse of scarring between the rectus or oblique muscles and the implant [51], or due to a crowdine

= CiiTe

—— = z large bleb with limitation of extraocular motility [52,53]. Although diplopia may occur with any o+
risk - —ramage implants, it was particularly common following the introduction of the Baerveldt glaucoms

- v ant [54]. The manufacturer of the Baerveldt implant subscquently discontinued the 500-mm2 siz=
»2nt and included [enestrations in the end plate. which allows the growth of fibrous bands through the

“= 0 reduce bleb height. These design modifications have markedly reduced the incidence of diplopiz
‘e Baerveldt glaucoma implant.

* v encapsulation

Yy
.
[}

Failure to control IOP after glaucoma drainage implant surgery may occur secondary :

a2 ©osulation of the bleb around the end plate. This complication is analogous to an encapsulated bleb tha
<ops after trabeculectomy, and it is generally treated in a similar fashion with antiglaucoms
czuons. The incidence of bleb encapsulation has been estimated to be between 40% and 80% with

w

-
}

™
1}

- B wienis [55]. Several possible cxplanations have been offered for the higher incidence of bich
— . sulation with the Ahmed glaucoma valve compared with other implants. Some authors have sugcesied

or . mmediate aqueous filtration with inflammatory factors may stimulate a fibrotic response in the
: ~-junctival space when the Ahmed implant is used, and delayed flow with a ligated, nonvalved in
' o cucit a less fibrous reaction [43]. Others have speculated that differences in the rate of bles
| “iosulation may be related to the biomaterial, shape, and consistency of the end plate [56,57].

‘wure glaucomadrainage implants

J_: ’L. | several glaucoma implants are in development, and early clinical use shows variable levels -
5es B ose These new glaucoma implants have a similar goal of shunting aqueous fluid out of the anter =
.. erand bypassing the trabecular meshwork to increase outflow and lower the IOP.
MIGS has been defined as [OP-lowering surgery with the
QDS ng characteristics that distinguish it from traditional glaucoma
' ?‘ . | ey
. » amally traumatic
» = anab-interno conjunctiva-preserving approach
b w “izh safety profile
@ fumid recovery

~wcntly combined with cataract extraction
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S ades —ore modest IOP lowering than trabeculectomy

~emerallv accepted that MIGS uses an ab-interno approach that leaves the conjunctiva intact for

> SRl ally ac

~semtial later trabeculectomy or non-penctrating surgery. MIGS procedures form a heterogencous group
of techniques: they may bypass trabecular meshwork (TM) resistance to aqueous flow with stents into
~hlemm's canal (iStent, Hydrus), via drainage into the suprachoroidal space (Cypass, iStent Supra) or
v excision of TM itself (Trabectome).

S
h

Conclusion

Several different types of glaucoma drainage implants are currently available, and all have been
shown to be safe and effective in reducing 10P in glaucoma patients. A paucity of studies exists which
compare different glaucoma drainage implant types, and these are all limited to retrospective case studies
The Ahmed Baerveldt Comparison (ABC) study is the first multicenter randomized clinical trial comparing
different implant types and promises to yield valuable information that will guide surgical decision-making
(D. Budenz, personal communication). We generally prefer the Baerveldt glaucoma implant because =
optimizes surface area and ease ofimplantation as a single-plate implant. A Vieryl suture 1s used to ligate the
tube at the time of implantation, and we routinely fenestrate the tube for early pressure control. We use
valved implants in the rare situations where aqueous hyposecretion may be present with uncontrolled
glaucoma, such as uveitic glaucoma or cyes with prior cyclodestruction. In these settings, the valve
mechanism should serve to minimize the risk of postoperative hypotony.
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