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Abstract

Introduction The Aurolab aqueous drainage implant (AADI) is a low-cost glaucoma drainage device that is modelled on the
Baerveldt glaucoma implant. Studies on AADI have reported absolute success rates of 41.8-93.1% at 1 year. Most studies
report on tube placement in the anterior chamber. We report on results of tube insertion in the sulcus/pars plana.

Material and methods A retrospective chart review of all patients who had undergone AADI implantation (with insertion of
tube in the sulcus/posterior segment) between June 2015 and November 2018 was done. Patients were asked to stop anti-
glaucoma medications on the 40th post-operative day.

Results The mean age was 57.4 + 13.8 years (n = 30). The mean IOP prior to surgery was 34.4 + 6.1 mmHg which reduced
to 15.4+8.6 mmHg on the 45th post-operative day (p <0.001). The absolute success at last review was 10% and the
qualified success was 80%. The complication rate was 26.7%. Three patients had hypotony related complications noted at/
after the 45th day review (none before 40th day). The incidence of ocular motility disturbances was 26.7% though none of
the patients reported diplopia. One patient had sideways rotation of the scleral patch graft resulting in tube exposure. This
complication was not seen after we shifted to using 9—0 nylon sutures to anchor the graft. Six patients had loss of best
corrected visual acuity and one patient developed endophthalmitis. The endophthalmitis was preceded by conjunctival
retraction and sloughing off of the scleral patch graft.

Discussion AADI implantation results in a substantial drop in IOP. However, many patients continue to require anti-
glaucoma medications. Allowing overlap of scleral/corneal patch graft onto the scleral flap may be effective in preventing
peritubular leak. It may be advisable to use 9-0 nylon sutures to secure the scleral patch graft anti-glaucoma medications can
be temporarily suspended after the 40th post-operative day to minimize hypotony related complications. Melting of the
scleral patch graft may be an early sign of endophthalmitis. It would be prudent to specifically look for ocular motility
problems in patients undergoing AADI implantation.

Introduction create an alternate pathway for outflow of aqueous from the

anterior chamber to an equatorial plate (surrounded by a bleb)
Glaucoma drainage devices (GDD) are increasingly being  through a long tube. The most common devices in use are the
used in the treatment of refractory glaucoma. These devices =~ Ahmed Glaucoma Valve and the Baerveldt glaucoma implant
both of which are very expensive for developing countries.
The Aurolab aqueous drainage implant (AADI) is a low-cost
Supplementary information The online version of this article (https:// (around $50) non-valved glaucoma drainage device that has

doi.org/10.1038/s41433-020-0994-x) contains supplementary been modelled on the Baerveldt implant. It differs from the
material, which is available to authorized users. Baerveldt implant in the amount of barium and silicone and
><I Muralidhar Rajamani in being less stiff. It was introduced in 2013 by Aurolab the

rajamanimurali @hotmail.com manufacturing division of Aravind Eye Hospital, Madurai

India and has shown promising results [1, 2]. Most studies on
the AADI detail on the placement of the implant in the
? John A. Moran Eye Centre, Salt Lake City, UT, USA anterior chamber [1-8]. Two recent studies reported good
Aravind Eye hospital, Madurai, India success rates with pars plana placement of the tube [5, 9].
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Placement of tube in the anterior chamber has a learning
curve and may result in iris/corneal complications. The pos-
terior chamber sulcus is a potential space for tube implants in
patients with a PCIOL in place. Tube placement in the pos-
terior chamber sulcus appears to give comparable results and
increases the tube cornea distance [10]. It is the author’s
preference to position the tube in the posterior chamber sul-
cus in pseudophakic patients or in patients needing con-
current cataract surgery (as there is no chance of lens
damage). Pars plana placement is preferred in patients with
corneal grafts in place or in patients with corneal endothelial
compromise. We present the results of posterior chamber/pars
plana implantation of the AADI with a modified technique
that has the potential to prevent peritubular leak.

Material and methods

Approval of the institutional review board of the hospital
was obtained for a retrospective chart review of all patients
who had undergone AADI implantation in the posterior
chamber/pars plana between June 2015 and November
2018. Patients who had completed at least 2 months of
follow-up were included for the study. Patients with kera-
toprosthesis were excluded from analysis.

A detailed history regarding use of medications, previous
ocular surgery, systemic comorbidity was taken and old
medical records reviewed. All patients underwent a com-
plete ophthalmic examination including visual acuity testing
with the Snellen letter chart, refraction, applanation tono-
metry, gonioscopy, comprehensive anterior and posterior
segment evaluation, ocular motility evaluation, visual fields
(with a Humphrey field analyzer using the SITA FAST
30-2 program except in patients with vision <6/60) and
optical coherence tomography for optic disc parameters and
RNFL thickness (Stratus OCT, Carl Zeiss Meditec, Dublin
whenever possible/needed). Whenever visual fields were
possible, a mean deviation of <—12dB was taken as
advanced glaucoma, between —6 and —12 dB was taken as
moderate glaucoma and <—6dB was taken as mild glau-
coma. When visual fields were not possible because of poor
visual acuity, a neuroretinal rim erosion of >180° was taken
as severe glaucoma (DDLS 9-10 for average size optic disc,
the disc damage likelihood scale—https://doi.org/10.1371/
journal.pone.0181428.2001), between 90° and 180° as
moderate glaucoma (DDLS 8) and the remainder as mild
glaucoma. The RNFL parameters on OCT were also used to
corroborate the clinical grading.

Surgical technique

All surgeries were done (Video 1) under local/subtenon’s
anaesthesia by a single surgeon (first author). In patients
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with posterior segment pathology/uveitis, inferior place-
ment of the AADI was preferred in anticipation of future
posterior segment surgery. Inferior placement was also done
for patients with superior conjunctival scarring such as a
failed trabeculectomy. Under surgical asepsis, a limbal
peritomy was done and the tenon’s button-holed to facilitate
hooking of the extraocular muscles.

For an inferonasal placement of the implant, the medial
and inferior recti were hooked and minimal dissection was
done to clear the intermuscular septa. The plate of the AADI
was first inserted under one rectus muscle and pushed till a
minimal kink in the tube was noted. The other end of the
plate was then placed under the adjacent rectus muscle. A
similar procedure was followed for other quadrants after
hooking the appropriate extraocular muscles. The implant
was then sutured to the sclera with 9-0 monofilament nylon
sutures at 8 mm from the limbus for the inferonasal quad-
rant and at 10 mm from the limbus for other quadrants. The
sutures were rotated to bury the knots. Priming of the AADI
was done by injecting balanced salt solution into the tube
through a 27 G cannula. The tube was then ligated close to
the plate by using 6-0 vicryl sutures and ligation confirmed
by injecting saline again. Two ligatures were used in all
cases. The tube was trimmed using a Wescott scissors with
bevel facing to the side or downward allowing sufficient
length of the tube. A horizontal groove was made 5 mm
away from the limbus in same quadrant and dissected for-
ward with a crescent blade. The sides of the scleral flap are
cut with a Wescott scissors.

Phacoemulsification with IOL implantation was done at
this stage when indicated. Viscoelastic was injected into the
anterior chamber and under the iris (in the quadrant where
the plate was placed). In patients who did not undergo
phacoemulsification, anterior chamber entry was done with
a 15° angled blade and viscoelastic injected under into the
anterior chamber and under the iris (in the quadrant of tube
placement). A 23 G needle was used to enter the sulcus
under the scleral flap starting 2.5 mm from the limbus and
the tube inserted into the sulcus. When difficulty was
encountered in getting the tube through the entry site of the
needle, a 22 G needle was used to enlarge the entry and the
tube inserted into the sulcus. The tube was then inserted
under direct visualization. When required, additional vis-
coelastic was injected under the iris in the quadrant of
insertion. Care was taken to keep the needle parallel to the
iris plane to avoid damaging the anterior lens capsule. The
surgeon directly viewed the tube arising from under the iris
into the sulcus. We attempted to have the tube length up to
1 mm of the centre of the pupil.

For patients who underwent pars plana AADI implan-
tation, inferotemporal placement of the implant was done.
The infusion port was made under the scleral flap and the
same port used to insert the tube. In all patients, sufficient
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length of the tube was ensured to permit viewing the tube
tip in undilated pupil. After inserting the tube, the edges of
the flap were sutured to the sclera using 8-0 vicryl sutures.
A figure of eight suture with 10-0 nylon was used to secure
the tube to the underlying sclera and prevent retraction.
Four tube fenestrations were done using the needle of a 8-0
vicryl suture. A glycerine preserved scleral/corneal patch
graft (trimmed to the appropriate size) was used to cover the
remainder of the tube till the plate. Uveal tissue if any was
scraped off the surface of the graft with a blade breaker. The
scleral/corneal patch graft was soaked in 5% povidone
iodine solution for 2 min. After one study patient (12th
patient in Table 1) developed endophthalmitis, the soak
period with 5% povidone iodine was increased to 5 min. It
was then washed thoroughly with balanced salt solution and
soaked in gentamicin for 5 min and washed again with
balanced salt solution.

In all patients who underwent pars plana AADI
implantation and in patients where the tube insertion site
was enlarged with a 22 G needle, the donor sclera was
placed in such a way so as to allow overlap of 1 mm over
the scleral flap. The scleral flap was secured to the eye with
10-0 monofilament nylon sutures. After shifting of the
scleral flap was noted in patient No. 5 who developed a tube
exposure, it was decided to use 9—0 monofilament nylon
sutures to anchor the donor sclera for subsequent patients.
Viscoelastic was washed off from the anterior chamber and
the ports hydrated with balanced salt solution. The con-
junctiva was closed with 8-0 vicryl sutures. 0.1 ml of
intracameral moxifloxacin was then injected into the ante-
rior chamber. The eye was then bandaged after instilling a
drop of 5% povidone iodine solution and prednisolone
acetate eye drops.

Postoperatively the patients were placed on a tapering
regimen of loteprednol 1% eight times per day (tapered over
10 weeks), topical atropine 1% eye ointment (tapered over
3 weeks), and topical moxifloxacin four times a day (for
1 week). Patients were advised to continue topical (and
systemic if any) anti-glaucoma medications in the operated
eye till the 40th post-operative day. Patients were reviewed
on the 1st post-operative day, 1st post-operative week, 2nd
post-operative week, 4th post-operative week and on the
45th post-operative day. At each visit, the visual acuity and
applanation tonometry were recorded. Anterior and poster-
ior segment examination was also done. The tube position
was noted on the slit lamp. A decision on the anti-glaucoma
regime was made on the 45th post-operative day after
reviewing the IOP. Further reviews were decided based on
the IOP achieved, the extent of glaucomatous damage and
fellow eye status. At each visit the patient was asked about
diplopia. Ocular motility evaluation was done prior to sur-
gery, at 45 days follow-up and on every subsequent review.
Cover, alternate cover and prism cover tests were done in

primary, upgaze, downgaze, right and left gazes. When the
visual acuity in either eye was <20/80, the deviations in
primary position were estimated by the Krimsky method.

Outcome measures

The primary outcome measure was intraocular pressure
(IOP). Secondary outcome measures included number of
anti-glaucoma medications, best corrected visual acuity and
complications. Absolute success was defined as an IOP
between 5 and 21 mmHg without the use of anti-glaucoma
medications and qualified success was defined as achieve-
ment of the same with the use of anti-glaucoma medica-
tions. Failure was defined as inability to meet the above
criteria, the occurrence of sight threatening complications or
re-surgery to lower the IOP.

Analysis

Descriptive analysis was carried out by mean and standard
deviation for quantitative variables, frequency and propor-
tion for categorical variables. The key outcome variable
considered for the analysis was recurrence free survival rate.
If the data were not available on any particular explanatory
parameter, they were considered as missing values and were
excluded from the analysis, while assessing the association
of that factor with disease free survival. The mean/median
overall survival and recurrence free survival was compared
across various explanatory parameters were using log rank
test. The data were presented in Kaplan—Meier survival
plots. P value <0.05 was considered statistically significant.
IBM SPSS version 22 was used for statistical analysis.

Results
Baseline characteristics

Thirty eyes of twenty nine patients (18 males, 11 females)
underwent implantation of AADI between November 2015
and December 2018. The mean age was 57.4 + 13.8 years
(23-78 years). Patient characteristics are detailed in Table 1.
Five patients had glaucoma post vitrectomy (with silicone
oil injection, oil removal had been done in all cases, one
patient had undergone penetrating keratoplasty), eight
patients had neovascular glaucoma, three patients had post
uveitic glaucoma (of which one patient had undergone
vitrectomy with silicone oil injection followed by removal),
one had angle recession glaucoma with persistent low grade
inflammation, three patients had undergone corneal trans-
plant (of which one mentioned earlier had also undergone
pars plana vitrectomy), one patient had secondary angle
closure glaucoma with aphakic bullous keratopathy due to a

SPRINGER NATURE



M. Rajamani et al.

904

-£T8pU0D3S pasueApE
UIIM BIPLIIUE ATEPUODIS

[gd oSewep (SV) euerd W Ygd ym A1e3ms
Z ] snojewoone[3 dAIssaI3old T [ PIduBApY 97 1€ s;ed  joerejed pejeordwio) 99 61
¥ Sl 4 6 PpadueApY 9¢ 1€ (v) snoing qel], pefred 19 81
[onuod JOI
WILIAIUI J0J AW0)I9[NdIqen
papasu pouad aanerado (V) euerd paonpur [10 UODI[IS Y d
4 61 -1sod oy ur JOI YStH 4! 81  9JEIOPOIN or i€ sreq  1sod ‘K1031ms YA 1504 €T LT
€ 81 € 1T PIIA 93 ST9¢ (v) snoing DAN CL 91
s1eaA G'T NO 2Insodxo
€ €l 14 81  PpaduBApY 0¢ 1€ (v) snojng ADV 150d ‘DAN €L Sl
€ Sl cl 91  peduBApY 0¢ W (V) snoing DAN LS 4!
(v) euerd BWIOONE[3
€ 0z 4 0T PpaoueApy g€ W sted £1081ms YA 1804 69 €1
spnrupeypydopus yim
0 SjeN[YUL [UUN) J[aW JJeID) cl padsuBApY 6¢ 1 (Vd) snong DAN €9 cl
Mdd 10) ¥FSd ‘X300
[enpISaI Jo [eAOWAT
10J AWO10aMIA “[O1
(v) euerd  drpo sur yyim A1931ns
z 6 9qn 9y Sun[oo[q SNOANIA 0z yF  QIeIopoIN w ST 9¢ s;ed  joerejed pojeordwo) 6S 11
4 01 cl 8  SRIpPON 6¢ s (v) snoing DAN €9 ol
UoIsIoXo
I S1 i 01  paoueapy @ $19¢  (Vd) smomg - wnisfiad ysod “DVO €9 6
C 4! 9¢ ¥l PIduBApY 0¢ 3 (v) snoing BUIOONE[S JNIAA( Si% 8
(v) euerd rwIoone[3
1 4 ¥C 81 PIIA 8¢ 1T sted onyeyde yq 1s0d 144 L
[4 6 6C 1T peduBApY 6¢ 1€ (V) snoing BUIOONE[S DNIOA() IL 9
C 4! amsodxo aqn, 9¢ Gl padueApy 8¢C s (v) snoing qen pojreq €L S
[4 8 9 4! PIIA or ST9¢ (V) snoing DAN L9 ¥
C €l 81 1T pedueApy 123 ST 9  (Vd) snong qen pojreq 0s €
o3ewrep snojewoone[d
€ v QAISSaI301g 0T L1 9BIPOA 8¢ S 19¢ (V) sno[ng A1931InS YA 1504 LY 4
1 01 3% 1 PpodueApy 8¢ W (Vd) snoing qen porej ¢ 8L 1
(pasn suonedrpaw
Teordoy (sypuour) K1931ns
ATUO)MOTADI JSB]  JISIA SB[ dn sAkep ¢ ewoone[3 SuoOTjEIIpAW puswaderd
je suonedrpaw dojsod 1’ JOI suoneoridwo)  -mofo4 18 JOI jo a3e1s  JOI Qureseq doaig aqn], ewoone[3 jo A3o[onoy a3k juoned ‘ON [eLIRS

‘sonstejoereyd juaned aurjeseq | a|qel

SPRINGER NATURE



905

Outcome of a low-cost glaucoma drainage device with posterior chamber/pars plana insertion of the tube

‘uoneyuerdwr TOI ATepuodds s uoneiuedwt [QVV (SV) ‘uonejuedwr VY pue uoniasul JOI Wim uoneoyisinweodeyd (Vg) ‘uonejuerdur
IAVY (V) ‘QWOIpPUAS [RI[QYIOPUS [BIUIOIOPLI 2uiopuds g ‘Omudsks ¢ ‘eordoy  ‘Ayjedojerdy snoqnq onyeydopnosd ygg ‘Aiseidojersy [erpoyjopud Surddins s,jowoosoq YFS ‘QA[A
rwoone[n) pawyy A9V ‘Aisedojeroy Sunenouad yq ‘oueiquiow [eunande pyyy ‘Awoiod[nosqen) gr.J “eliodne]s Je[noseA0dU HAN ‘[I0 QUODIJIS OF ‘Toquieyd JoLIjue o ‘K105Ins [UNOIOMIA YA

UOISIA PaoNpal pue uLqy

0 Ol  PIM SY29M § OB MO[[eys € ¥ PpadueApy 9¢ € (v) snopng avil d91v4d ¥9 0¢
¥ 91 SY¥eom § @ uonoeal uLql] 8 91  pedueApy (4% € (v) snopng qelL perted 19 6¢
£1331ms 1033 pueq 0yg
SKep G MIIAQI 0] QWED "ON Surforoud
Ioquieyd JOLISJUE MO[[EYS yim £10510s YA
0 0 M S[eproIoyo Surssry [4 0 PaduBApY 8¢ € (v) sno[ng  pajerado po ‘snreAnued ¥s 8¢
‘onfeyd
‘SIIIOAN JOLISJUR
ope13 mof juajsisiod
4 I 6 LT PITA €¢ W (V) snong ohieuinen 1s0d Y4 LT
¥ 8 ! Sl pedueApy 8¢ € (v) snopng DAN LS 9¢
¥ (44 9 91  pedueApy Ly € (Vd) snong qen pe[rey dO 14 Y4
¥ Sl 6 €C PITA LE Le (v) snopng DAN 197 v
poonpur
C Sl € Y1 PadueApy ¥4 W (V) snong QS A108Ins YA 1s0d 09 €C
109J2p Tereyda
juostszad uone3
-o1 oqn) Sutimnbar syom g
[4 8 Je Ioqueyo IoURlue 1Bl 6 0 PpodueApyY Pe w (V) snong qen po[req €L [44
(v) euerd
¥ 0C INIA 4 L PIdUBAPY (43 W sted swoIpuks gO[ 43 1c
0 8 BIWOBYDST JR[NOBIN 6 1c PIIA (1% ST %W (Vd) snoing DAN 9 0¢
ruIoone[3
QInsopo 9[3ue
(pasn suonesIpawt
eordoy (sypuour) K1931ns
A[UO)MOTADI JSB]  JISIA )SB] dn sAkep ¢ ewoone[3 suoneIIpaW puauraoerd
e suonedipaw dojsod 18 JOI suoneoyidwo)  -mo[jod 1B JOI  Jo @8eis JOI QuIjeseq doaig aqn, ewoone[3 jo ASojonoy oSk juoned ‘ON [BLRS

(panunuoo) | 3jqey

SPRINGER NATURE



906

M. Rajamani et al.

complicated cataract surgery (aphakic) done elsewhere and
the remainder had failed trabeculectomy. Twenty eyes had
advanced glaucomatous optic nerve damage at baseline,
four eyes had moderate glaucomatous damage and the
remainder had mild damage. Visual fields could not be done
in 9 out of 30 eyes because of poor visual acuity. The
grading was done based on the optic disc as described
earlier. OCT of the optic disc was used to corroborate the
grading. Good quality OCT images could not be obtained in
four eyes. The OCT parameters were normal in three eyes
classified as having mild glaucomatous optic disc damage
based on the DDLS. In patient No. 28, the OCT showed
advanced damage based on the optic nerve head parameters,
but the retinal nerve fibre thickness was normal (Table 2).

Six eyes had pars plana implantation of the tube and the
rest had the tube implanted in the ciliary sulcus. Overall
twenty one eyes had inferonasal implantation of AADI,
two had superotemporal implantation and the remaining
had inferotemporal placement of the implant. Patient No.
27 was phakic and a sulcus implantation of the tube was
possible because of traumatic subluxation of the crystalline
lens in the inferonasal quadrant. The crystalline lens
remained clear during follow-up (Supplementary Fig. 1).
Six eyes had combined phacoemulsification with IOL
implantation in addition to AADI placement. All other
patients were pseudophakic or had pars plana implantation
of the tube. A 22 G needle was used to enlarge the entry
site in 12 eyes. The median follow-up was 12 months
(Range: 2-43 months).

Intraocular pressure (IOP)

The mean IOP prior to surgery was 34.4 +6.1 mmHg. All
patients were on maximal permissible topical anti-glaucoma
medications. Topical brimonidine and brinzolamide was
used in all patients. Topical prostaglandin analogues were
avoided in neovascular glaucoma and in the presence of
active uveitis. Topical beta blockers were avoided in
patients with cardiac comorbidity (failure/bradyar-
rhythmias/heart block) and severe bronchial asthma. In
addition, seven patients were prescribed oral acetazolamide
and glycerine syrup prior to surgery. Details of preoperative
medication can be found in Table 1. No patient had shal-
lowing of the anterior chamber or IOP < 6 mmHg in the first
2 weeks after surgery. The IOP drop in the first 2 weeks was
statistically significant (p <0.001). Ten eyes had IOP >21
mmHg 1 week after surgery and 15 eyes had I0OP>21
mmHg 2 weeks after surgery. The mean IOP 45 days after
AADI implantation was 15.4 + 8.6 mmHg. After excluding
patient No. 11 (Table 1) who had vitreous blocking the tube
the mean IOP at the 45th day was 14.4 +6.7 mmHg. The
reduction in IOP was 19.4+9.1 mmHg (56.5%) and this
was statistically significant (P <0.001). Supplementary
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Fig. 2 shows the IOP at different follow ups and Supple-
mentary Fig. 3 shows the scatter plot diagram of correlation
between baseline IOP and IOP at 1 year review. The
Kaplan—Meier survival curve showing the cumulative
probability of overall success is depicted in Supplementary
Fig. 4. Supplementary Fig. 5 depicts the Hazard function
curve showing the cumulative probability of failure. The
complete success at the last review was 10% and the qua-
lified success was 80.0%.

The mean number of anti-glaucoma medications dropped
from 3.5+ (.7 preoperatively to 2.2 + 1.3 at last review (p <
0.001).

Complications and re-surgeries

Eight out of thirty eyes (26.7%) had a complication directly
attributable to the surgery.

In patient No. 1 and 16 some difficulty was encountered
in inserting the tube into the sulcus as the initial passage
went behind the IOL into the vitreous cavity. The original
entry site was closed with 8—0 vicryl and another opening
made some distance away for tube insertion. No vitreous
prolapse was noted at the entry site. It was unlikely that the
lens zonules had been damaged during needle entry as the
needle passed through into the sulcus effortlessly. These
patients were not included in calculating the complication
rate.

Patient No. 2 had progressive glaucomatous damage
because of poor IOP control in the post-operative period.
Patient No. 5 developed exposure of the tube 9 months after
surgery (inferonasal implantation). It was noted that the
scleral patch graft had rotated sideward (Supplementary
Fig. 6). The patient was taken to the operating room and
under surgical asepsis, the conjunctiva over the exposed
tube was incised and a fresh scleral patch graft placed to
cover the tube. It was noted that the old graft still had two
10-0 nylon sutures on one edge (partial thickness bites
through the donor sclera that were covered by the graft)
though none was noted on preoperative slit lamp exam. No
further complications were noted during review. 9—0 nylon
was used to anchor the scleral patch graft from the patient
No. 9 onwards. None of these patients were noted to have
shifting of the patch graft.

Patient No. 11 presented with eye pain and was noted to
have vitreous blocking the tube with an IOP of 42 mmHg
on the 40th post-operative day. He was treated with pars
plana vitrectomy and clearing of tube in the operating room.
Postoperatively the IOP was noted to be 12 mmHg.

Patient No. 12 had conjunctival retraction with sloughing
of the corneal patch graft at 3 weeks after inferonasal
implantation of the AADI (Supplementary Fig. 7a). A
conjunctival swab from the area over the tube did not reveal
any growth of micro-organisms. The corneal patch graft
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was obtained from eye bank tissue after the corneal button
was used for penetrating keratoplasty. The donor was a 50-
year-old male who had died of suicide by hanging. A blood
sample taken by the eye bank had tested negative for HIV,
HBsAg, syphilis and HCV. Two patients had undergone
optical penetrating keratoplasty with the donor corneas and
did not have any infective complications in the post-
operative period. The remaining tissue in the corneal patch
graft was also sent for bacterial culture and no growth was
noted after 7 days.

The exposed area was covered with a scleral patch graft
(after soaking in povidone iodine and gentamicin as per the
protocol mentioned above) and the conjunctiva was sutured
back with 10-0 monofilament nylon sutures. The patient
presented with a drop in vision 6 weeks after the surgery.
He was noted to have tunnel (the phacoemulsification
wound) infiltrates with hypopyon on anterior chamber
examination (Supplementary Fig. 7b) and vitreous exudates
on ultrasonogram. The scleral patch graft had sloughed off
and the conjunctiva had retracted. Under aseptic precautions
and retrobulbar block, a diagnostic vitreous tap and anterior
chamber tap was done in the operating room. A 26 G needle
was used to scrap off the tunnel infiltrates for culture sen-
sitivity. The tunnel infiltrates and the hypopyon were
washed off with a Symcoe cannula. The scleral patch graft
(remainder) and the AADI were explanted and sent for
culture sensitivity. A vitrectomy was done followed by
intracameral and intravitreal injection of vancomycin and
amikacin. Postoperatively the patient was put on fortified
topical vancomycin and amikacin drops half hourly. None
of the culture samples revealed any growth. Gram staining
of the aqueous tap showed many pus cells. A recurrence of
tunnel infiltrates was noted 2 weeks later. Under aseptic
precautions, the cornea overlying the infiltrates was excised
in the operating room and a free cut donor corneal graft
used to cover the defect. The patient was noted to have no
perception of light in the eye a month later and later
developed phthisis bulbi.

Patient No. 17 had IOP of 40 mmHg in the first 3 weeks
after surgery and underwent a trabeculectomy for interim
IOP control. This patient was not included in calculating the
complication rate.

Patient No. 22 (poorly controlled diabetic) presented
with a sudden drop in vision at 6 weeks in the operated left
eye. He was noted to have a flat anterior chamber. The
patient had not stopped anti-glaucoma medications on the
40th day as advised. An attempt to reform the anterior
chamber with 1% sodium hyaluronate did not succeed.
Tube re-ligation was done under aseptic precautions in the
operating room with 6-0 vicryl and the anterior chamber
filled with 1% sodium hyaluronate. Anti-glaucoma medi-
cations (Travatan® and Simbrinza®) were resumed and the
patient was reviewed two-weekly. He was placed on a
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tapering regime of topical loteprednol starting 8 times/d,
atropine 1% ointment tds and oral vitamin C. He was
advised to stop anti-glaucoma medications and to start
topical atropine drops on the 39th post-operative day (after
tube re-ligation). At 42 days, post tube re-ligation, the IOP
was recorded as 10 mmHg in the left eye. The anterior
chamber was noted to be well formed. During subsequent
reviews he developed a persistent corneal epithelial defect
that did not resolve with lubricants and soft bandage contact
lens (14.0 mm diameter). He also developed tube exposure
4.5 months post AADI implantation and was treated with
tube repositioning and amniotic membrane graft under ret-
robulbar block with surgical asepsis in the operating room.
A bandage contact lens was placed. As the patient had
advanced glaucomatous damage (and due to inability to
measure IOP because of the amniotic membrane graft and
bandage contact lens), topical anti-glaucoma medications
(Travatan’ and Simbrinza") were resumed. The epithelial
defect healed and the IOP was noted to be 8 mmHg at the
last review.

Patient No. 28 was lost to follow-up after the 2nd post-
operative week. Because of some family issues, the patient
reviewed with us 52 days after surgery. She complained of a
drop in vision in the operated eye for the past 10 days and
had been continuing to instil anti-glaucoma medications all
along. Visual acuity was noted to be perception of light. The
IOP was O mmHg with a shallow anterior chamber and
kissing choroidal detachment. The patient however declined
further surgical intervention and was lost to follow-up.

Patient No. 29 had a fibrinous anterior chamber reaction
that subsided in 4 days with a increase in frequency of
topical steroids.

Patient No. 30 presented with shallow anterior chamber
and corneal oedema in the operated eye on the 45th post-
operative day. The anti-glaucoma medications (which the
patient had continued) were stopped and the anterior
chamber was filled with Healon® (under topical anaesthesia
in the operating room with surgical asepsis) and the patient
was started on a tapering regime of topical loteprednol,
atropine eye drops and oral Vitamin C. The anterior
chamber formed well, and the patient was noted to have an
IOP of 18 mmHg at the third month review without any
anti-glaucoma medications. The cornea however was noted
to be oedematous with few epithelial bullae in the periphery
and the patient was started on hypertonic saline drops.

The complications are summed up in Table 1. Eighteen
eyes had an uneventful post-operative period.

Visual acuity outcomes
Six eyes had loss of best corrected visual acuity during

follow-up. In two patients it was judged to be due to pro-
gression of the disease. One patient was noted to have
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severe macular ischaemia. One had a persistent corneal
epithelial defect and another had pseudophakic bullous
keratopathy. Patient No. 12 lost vision due to endophthal-
mitis (Table 1). Patient No. 28 had poor vision due to severe
hypotony and serous choroidal detachment. Thus, the vision
loss could be attributed to the surgery in four patients.

Hypertensive phase

Two patients (6.7%) were judged to have hypertensive
phase during the review. In both patients the IOP was
adequately controlled with topical medications.

Ocular motility disturbance

None of the patients had preoperative ocular motility dis-
turbances. A total of 8/30 (26.7%) eyes were noted to have
ocular motility disturbance. Of these seven eyes had infer-
onasal implantation of the device. Four patients had eleva-
tion restriction of 1- in the operated eye. Three had
adduction restriction of 1- and another patient had depres-
sion restriction 2- (on a scale of 1-4). Seven patients were
orthophoric in primary position and none complained of
diplopia. Patient No. 14 had no perception of light vision in
the right eye and had a preoperative sensory exotropia. The
angle of strabismus as measured by Krimsky did not change
after AADI implantation.

Discussion

The design of the AADI has been authorized by Professor
George Baerveldt. This device has a great potential to break
cost barriers in the developing world. The absolute success
reported for the AADI varies from 41.8% to 93.1% at 1 year
and the qualified success rates have exceeded 90%. Some
studies did not elaborate on the reported success rates as
absolute or qualified. Most studies published on the AADI
report on its placement in the anterior chamber [1-8]. Many
studies have shown progressive endothelial loss after GDD
implantation in the anterior chamber over the first 2 years
after surgery. The regional endothelial loss is maximum in
the quadrant of GDD implantation. The mechanism of
corneal endothelial damage is unknown and likely multi-
factorial. Various theories proposed include jet flow around
the tube, intermittent tube corneal touch, tube uveal touch,
foreign body reaction, pre-existing endothelial damage, IOP
rise and change in composition of the aqueous humour [11].
Some studies have found that a shorter tube cornea length
correlates with a greater loss of endothelial cells, but other
studies have found no association. A negative correlation
has been noted between the tube cornea angle and endo-
thelial cell loss. No association has been noted between tube

iris distance and intracameral length of the tube [12, 13].
Sulcus/posterior segment placement potentially avoids
corneal complications of surgery [10]. While pars plana
placement of the tube has been noted to have minimum
impact on the corneal endothelial density [14], there are no
studies on endothelial cell loss after sulcus placement to the
best of our knowledge.

We report a relatively low absolute success rate of 10%
and qualified success rate of 80%. Our success rates are
similar to those reported in The Ahmed Versus Baerveldt
Study for the Baerveldt glaucoma drainage device (absolute
success—17%, qualified success—56% at 1 year) [15]. One
reason for the reduced success rate could be the high pro-
portion of secondary and difficult to control glaucoma. Our
IOP drop of 56.5% at 6 weeks was comparable to other
studies. GDD are generally implanted in refractory glau-
coma and it is difficult to compare results across studies on
different patient groups.

Our post-operative complication rate of 26.7% for AADI
implantation compares well with other studies (19-51%)
[1-9]. Patient No. 22, 28 and 30 developed complications
related to hypotony because of failure to stop anti-glaucoma
medications at 40th day (around the time when the tube
ligature is expected to open). We believe that it may be
prudent to stop anti-glaucoma medications (in patients who
undergo AADI implantation) between the 40-45th day. A
decision to resume anti-glaucoma medications may be taken
thereafter. We did not have any incidences of hypotony in
the early post-operative period though a larger bore needle
was used in many patients. We believe that this was because
of tight suturing of the scleral flap and an overlap of the
scleral/corneal patch graft and the scleral flap which may be
protective in the event of a peritubular leak. Our technique
thus has the potential to prevent peritubular leak. Re-
ligation of the tube in the event of hypotony at 6 weeks is a
viable option as in patient No. 22. This presumably allows
more time for the capsule to form around the implant. Tube
re-ligation was one of the most common interventions in the
report on AADI by George et al. [1, 2]. Scleral patch grafts
are generally reported to be safe and effective in covering
the tube [16]. Shifting of the scleral flap caused the tube
exposure as in patient No. 5. Breakage/weakening of
sutures may be a possible cause. This has not been reported
earlier to the best of our knowledge. We have not noted this
complication after we shifted to using 9—-0 nylon sutures for
anchoring the donor scleral flap.

It is likely that melting of the donor scleral flap as in
Patient no. 12 was an early sign of infection, though no
organisms were isolated on a conjunctival swab or on
culture of remaining donor tissue. The donor had died due
to suicide. No infective complications were noted in other
patients receiving the donor cornea. We therefore consider
it unlikely that donor cornea was the source of infection.
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A decision to increase the soak time in povidone iodine
and adding a gentamicin soak was taken as a precau-
tionary measure. It is difficult to assess the impact of this
measure though. We are not aware of any reports of
scleral melting being reported as an early sign of
endophthalmitis in patients undergoing glaucoma drai-
nage device implantation.

Two patients (Patient No. 19 and 30) in our series
developed progressive corneal decompensation. One patient
had pre-existing pseudophakic bullous keratopathy and the
second patient had shallow anterior chamber with tube
corneal touch at 6 weeks after surgery.

There is a chance of damaging the lens zonules during
tube insertion into the sulcus. We recommend repeated
injection of viscoelastic under the iris in the quadrant of
insertion and to check the tube position in the sulcus to
prevent inappropriate positioning of the tube. We had
inserted the tube after IOL implantation in most of our cases
and did not notice any damage to the lens capsule. While
the sole phakic patient in our series maintained a clear
crystalline lens during follow-up, we admit the possibility
of lens capsule damage in phakic patients with sulcus
implantation of the tube. Caution is advisable with sulcus
implantation in these patients.

There is limited literature on the restrictions of ocular
motility caused by the AADI implant [5, 8]. We report a
26.7% incidence of ocular motility restriction after AADI
implantation. However, none of our patients had a deviation
(or change in preoperative deviation) in primary position
and none reported diplopia. The AADI is more flexible than
the Baerveldt implant and ocular motility disturbances
between the two may not be directly comparable [1, 2].
Only two publications on the AADI detail on diplopia after
surgery. One reported the incidence of motility disturbances
to be 2% and the other reported a zero percent incidence of
diplopia without specifying the details of motility restriction
[5, 8]. Table 3 sums up the available literature on AADI.
Considering the high incidence of ocular motility dis-
turbances (which is not always accompanied by diplopia)
we recommend routine evaluation of ocular motility dis-
turbances after AADI implantation.

Twenty eyes in our series had an inferonasal placement
of the implant. Inferior implantation is technically more
difficult. Wound dehiscence and anterior exposure of the
patch graft are considered to be more frequent with inferior
implants due to a shorter fornix and poor wound healing.
Some studies have reported higher post-operative incidence
of transient diplopia and re-surgeries with inferior place-
ment of GDD. The quadrant of implantation is however
dictated by the preoperative state of the eye. Inferior pla-
cement of the GDD is preferred in patients with superior
conjunctival scarring or when future posterior segment
surgery is a possibility [17]. We report a higher incidence of
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ocular motility restriction with inferonasal placement of the
AADI. Patient No. 5 with tube exposure (due to sideways
rotation of the scleral patch graft) and patient No. 12
(endophthalmitis) had inferonasal placement of the AADI.
The numbers in our study are however too small to permit
an intergroup comparison.

To sum up, AADI implantation is a viable option for
refractory glaucoma. Many patients continue to need anti-
glaucoma medications for IOP control. Directly observing
the tube tip position under the operating microscope,
allowing sufficient tube length and repeated injections of
viscoelastic under the iris can ensure proper tube position-
ing (and verification of the same in the post-operative per-
iod) and avoid damage to the lens zonules. Allowing
overlap of the scleral/corneal patch graft and scleral flap has
the potential to prevent peritubular leak. Melting of the
donor scleral flap and conjunctiva may be an early sign of
endophthalmitis. Use of 9-0 nylon sutures is recommended
to anchor the scleral flap to prevent it from shifting position
and exposing the tube.

The limitations of our study include a retrospective study
design, small sample size and lack of information on
endothelial cell counts. Specular microscopy before and
after placement of the tube could have provided more
information on endothelial cell loss after posterior chamber/
pars plana implantation. Further studies on larger number of
patients with diverse aetiologies are needed to elaborate on
the success rates and motility restrictions.

Summary

What was known before

e AADI implantation effectively reduces intraocular
pressure

e Current literature details on placement in the anterior
chamber/pars plana

What this study adds

e Sulcus/pars plana implantation of AADI results in a
good short-term reduction of IOP many patients
continue to require anti-glaucoma medications

e The incidence of ocular motility restriction is 26.7%

e Allowing overlap of the patch graft may help prevent
peritubular leak

e Melting of scleral flap in the post-operative period may
be a early sign of endophthalmitis

e Temporary suspension of anti-glaucoma medications on
the 40th day may prevent hypotony related
complications
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