YJK 617.7-007.681-089

OPUTUHAJIbHbBIE CTATbU

A NEW STAINLESS STEEL SPIRAL SCHLEMM’S CANAL
EXPANDER IN SURGICAL TREATMENT OPEN-ANGLE

GLAUCOMA

KUMAR VINOD, Med.Sc.D., Professor, Department of Ophthalmology®, Head of Ophthalmic Unit?;
FroLOV M.A., Med.Sc.D., Professor, Head of Department of Ophthalmology’;

BozHoxk E.V., M.D.%;
DusHINA G.N., postgraduate’, M.D.?;
BEZZABOTNOV A.l., resident’.

'Ophthalmology Department, Medical faculty, People’s friendship university of Russia,

6 Mikluho-Maklaya, Moscow, Russian Federation, 117198;

*Ophthalmic unit, Skhodnya city hospital, 31a, Michourina str., Skhodnya district, Moscow Region,

Russian Federation, 141421.

Conflicts of Interest and Source of Funding: none declared.

No financial support was received by any of the authors for this study.

Abstract

PURPOSE: To evaluate the safety and effectiveness of
Schlemm’s canal (SC) dilation with stainless steel spiral
Schlemm’s canal expander (SCE) in decreasing intraocular
pressure (IOP) in patients with open angle glaucoma (0AG).

MATERIAL AND METHODS: Eighteen consecutive patients
(18 eyes) with OAG, who’s I0P was insufficiently controlled
by their current ocular hypotensive medications were ope-
rated upon. A 4-5 mm long SCE made from 0.05 mm thick
medical grade stainless steel wire was implanted into the
SC lumen ab externo. In 6 cases with coexisting pathology
a combined two site procedure — phacoemulsification with
implantation of an intraocular lens (I0L) and SCE implanta-
tion was performed. Primary outcome measure was IOP
change, secondary — number of glaucoma medications pre-
and postoperatively and complications. A paired t-test was
used for IOP and medication analysis. Decrease in IOP »25%
or IOP 18 mm Hg or less without medication was considered
a complete success, with medication — partial success.
Failure was considered if the patient needed subsequent
filtering surgery. Results were significant with p<0.05. Mean
postoperative follow-up was 9.5+2.7 months.

RESULTS: Mean preoperative IOP was 25.846.2 mm Hg
(95% Cl 22.7-28.9), mean number of medications — 2.4+0.8
(95% Cl 2.2-2.6). At each follow-up a decrease in mean |OP
was observed, resulting in 11.9£3.0 mm Hg (95% Cl 11.5-
13.1) at 6 months (p=0.000000008) and 12.3+2.5 mm Hg

(n=10; 95% Cl 11.2-12.6) at 12 months (p=0.00000001). This
represents a reduction in I0P from baseline of 51.7£19.0%
(95% ClI 47.2-56.2) at 6 months and 49.8+15.3% (95% ClI
45.0-54.6) at 12 months. Mean number of medications use
decreased to 0.6+1.1 (95% Cl 0.3-0.9; p=0.0000002) and
0.9%1.3 (95% Cl1 0.5-1.3; p=0.004) at 6 and 12 months respec-
tively. Complete and partial success were observed in 13 and
5 cases at 6 months and 6 and 4 cases at 12 months (n=10).
Intraoperatively, microperforation of trabecular meshwork (TM)
in areas other than exposed part of SC occurred in 3 out of 18
cases. Postoperatively, not a single case of inflammation at
insertion site, of hypotony, or shallow chamber was observed.
Gonioscopically the device was in SC in all, except 2 cases,
where one end of the device was lying in anterior chamber
without contact with intraocular structures. Some blood was
observed in SC at the device site in 3 cases, which cleared
spontaneously after 3-4 days. There was 1 case with raised IOP
after operation, which required Nd-YAG laser trabeculopuncture
and one glaucoma medication. There were no failure cases.

CONCLUSION: Six months and one year results of SCE
insertion in surgical management of OAG show significant
reduction in IOP from the baseline and in hypotensive medi-
cations use.

KEY WORDS: Schlemm’s canal surgery, Schlemm’s canal
expander, glaucoma surgery, open angle glaucoma, mini-
mally invasive glaucoma surgery.
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Kongauxkm unmepecos: omcymcmeyem.

Pe3tome

LIENIb. OueHuTb 3hheKTUBHOCTb 1 6E30MaCHOCTL NMpUMe-
HEHMA HOBOrO CNNPanbHOrO 3KCNaHAepa WiemmoBa KaHana
(BWK) ana aunataummn wnemmosa KaHana (LWWK) ana cHuxe-
HUsA BHYTpUrnasHoro aaenexus (Br) y naumentos ¢ OYT.

MATEPWUAJIbI U METO/bI. NMpoonepupoBsaHbl 18 yenosek
(18 rmas) c oTKpbIToyronbHoi rnaykomon (OYI), y Koto-
poix Bl He KOMNEHCMPOBANOCb Ha MaKCMManbHOW rUMo-
TeH3MBHOW Tepanuu. Bcem nauueHTam MMNNaHTMpoOBanu
3K HapyxHbiMm goctynom. LK nsrotoBneH n3 npoBonoku
HepaBellLen cTanu MefULMHCKOro KayecTsa TONLMHOWN
0,05 MM, AIMHOW 4-5 MM, KpMBU3HA COOTBETCTBYET KPUBU3-
He LK. B 6 cnyyasx Gbina npoussBeseHa OAHOMOMEHTHaAS
KOMOMHUPOBAHHAA XMPYprus no nNoBoAy KaTapaKkTbl W rna-
yKOMbl — (haKo3MynbcMdmMKaumMa ¢ MMnNaaHTaumMen MHTpa-
OKynapHoi nuH3bl n umnnantaumen WK 8 K. Kputepuamm
OLEHKM ABAANUCHL JUHamuKa BI]l, HeobxoaumocTb npumeHe-
HWA TMNOTEH3MBHbIX Kanesb A0 M Nocne onepauuun 1 yactota
OC/IOXHEHWUA. [InA cTaTUCTMYeCKOro aHannsa Ucnonb3osanu
ABYXBbIOOPOYHBIiA t-TeCT. Pe3ynbTaThl CYUTANUCL AOCTOBEP-
HbiMu npu p<0,05. CHuxeHne B[, 6onee uyem Ha 25%
unu B, paBHoe 18 MM pT.CT. U MeHblie 6e3 npumeHe-
HWA TUNOTEH3WUBHOW Tepanuu, CHATaNoCh NOMHLIM YCNEXOM,
C NPVYMEHEeHWeM TUNOTEH3UBHOW Tepanuu — YaCTUYHbIM.
Heo6xoaumocTb B MpoBefeHUU MOC/efyiolleid onepayum
cyutanacb Heypauyei. CpegHuin nepuog nocneonepawlmoH-
HOro HabntogeHus coctaBun 9,5+2,7 (cTaHAapTHOE OTKOHE-
HUe) mec.

PE3YNIbTATbl. [lo onepauuun cpepHee BI[l coctaBnsano
25,8+6,2 MM pT.cT. (95% foBepuTenbHbld uHTepBan (W)
22,7-28,9), cpeaHee YMCN0 UCMNONb3YeMbIX TUMOTEH3UBHbIX

nexapcts — 2,40,8 (95% [N 2,2-2,6). Cnycta 6 n 12 mec. noc-
ne onepauuun cpegHee BIl chusunoch go 11,943,0 mm pr.cT.
(95% AM 11,5-13,1; p=0,000000008) u 12,3+2,5 MM pT.CT.
(n=10; 95% AN 11,2-12,6; p=0,00000001). Yepe3 6 mec.
CHM¥eHue Bl ot ucxoaHoro coctanano 51,7+10,0% (95%
AN 47,2-56,2), depe3 12 mec. — 49,8+15,3% (95% AU
45,0-54,6). CpefiHee KONMYECTBO NIEKAPCTB COKPATUNOCh A0
0,6+1,1 (95% AW 0,3-0,9; p=0,0000002) u 0,9+1,3 (95%
AN 0,5-1,3; p=0,004) yepe3 6 1 12 mec. MoHbIA U YacTUY-
HbI ycnex Obin AOCTUTHYT B 13 1 5 cnyyasx yepes 6 mec.
B 6 U 4 cnyyasax yepe3 12 mec. cOOTBETCTBEHHO. Bo Bpems
onepauun mukponepdopaunsa Tpabekynsl BHyTpu LK npo-
nsowna B 3 u3 18 cnyyaes. B nocneonepaunoHHom nepuoge
BOCNanuTeNbHaa peakuus, remopparnyeckme OCNOXHeHUs,
TMNOTOHUA U MENKas NepejHAs Kamepa He Habnoaanuce.
loHnockonuyeckn Bce JUWK Haxogmnuck B WK, kpome
2 cnyyaes, rae OAVH KOHeL, YyCTPOMCTBA HaxoAuncsa B yry
nepeaHei Kamepbl 6€3 KOHTAKTa C MUHTPAOKYNAPHBIMU CTPYK-
Typamu. B 3 13 18 cnyyaes oTMevanach peryprutauua Kposu
B LUK, KoTopas camocTosTenbHO pe3opbupoBanacb Cnycrs
3-4 pHA. MosblweHHoe Bl umeno mecto B 1 cnyyae, yto
notpeboBano nposeaeHus WAT-nasepHoit TpabGeKynonyHk-
TYpPbl M HA3HAYeHWA OAHOrO BMAA Kanenb.

3AKJIIOYEHUE. UmnnanTauma SWK B WK B xupypruye-
ckom neyveHun OYT pgoctoBepHO cHuxaet BI[], yto B CBOIO
oyepeab NPUBOAUT K COKPALLEHWNIO UCNONb3YEMbIX TMNOTEH-
3MBHbIX IEKAPCTB B OTAANEHHbIE CPOKM.

K/TIOYEBBIE CJ/IOBA: xupyprua wiaemmoBa KaHana, 3Kc-
naHaep WaeMMoBa KaHana, XMpyprua rnaykombl, OTKPbITO-
yronbHas rnayKoma, MUHMUHBA3MBHasA XUPYPrus rnayKombl.
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he objective of glaucoma management is to pre-
serve visual function by decreasing IOP. Cur-
rently there are no ideal methods available that
ensure patient compliance and have a favorable
safety profile. The therapeutic potential of external
filtration penetrating procedures like trabeculecto-
my, implantation of shunts is limited because of com-
plications during surgery and in early postoperative
period [1-5]. Cataract surgery alone leads to a mod-
est IOP reduction and has been suggested for patients
with early or moderate disease [6, 7]. Non-penetrating
filtration procedures like deep sclerectomy and visco-
canalostomy have fewer risks for early postoperative
complications than traditional filtering surgery, but
they are bleb dependent and their utility is often limited
by their inability to reduce IOP in the low teens, espe-
cially for the long term, and by their technical difficulty
[8-12]. Canaloplasty was developed from viscocanalos-
tomy. It is an ab externo non-penetrating procedure that
includes deep sclerectomy, viscodilation of the SC 360
degree with the placement of an intracanalicular ten-
sion suture. The procedure is technically difficult and
placement of suture in SC is likely to disturb intracana-
licular structures [13-17]. A novel stainless steel spiral
SCE to increase fluid outflow by reducing resistance at
the TM area and by dilating SC has been proposed (the
device has been patented in Russian Federation as a use-
ful device, patent number 130840 dated 10.08.2013).
Aim. To evaluate the safety and effectiveness of SC
dilation using SCE in decreasing IOP in OAG cases.

Material and Methods

In this prospective, non-comparative, uncontrolled,
non-randomized, interventional case series study the
clinical evaluation of the safety and efficacy of SCE in
decreasing IOP in 18 consecutive patients having OAG
(18 eyes) whose IOP was insufficiently controlled by
their current ocular hypotensive medication(s) was car-
ried out. After getting approval from the ethical com-
mittee of the institution, this study was conducted in
accordance with the tenets of the World Medical Asso-
ciation Declaration of Helsinki and an informed consent
was obtained from all subjects after the experimental
nature of the procedure had been fully explained.

Inclusion criteria: Patients with OAG with high IOP
on maximum hypotensive medications. Previous cata-
ract or glaucoma surgery was not considered as an indi-
cation for exclusion of the case from the study.

Exclusion criteria: Conditions interfering with reli-
able applanation tonometry by Maklakov’s method,
peripheral anterior synechia or insufficient gonioscopic
visualization of the trabeculum and minimum follow-
up period less than 6 months. Cases having macro per-
foration of TM in exposed SC area during surgery were
also excluded from the study, whereas cases having
micro perforation of TM in areas other than exposed
SC were included.

A new stainless steel spiral Schlemm’s canal expander
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Figure 1. The SCE mounted on 0.2 mm thick microprobe
having curvature as of SC. The distal end of the microprobe
had certain angulations to facilitate device insertion into SC
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Figure 2. Actual size of SCE. The end loops of the device
are closely placed for easy insertion into SC

Observation procedure: A complete ophthalmolo-
gical examination was performed before surgery
including visual acuity evaluation, applanation tono-
metry measurement by Maklakov’s method, slit lamp
biomicroscopy, 78 D ophthalmoscopy, perimetry and
gonioscopy.

The device: SCE is made from 0.05 mm thick medi-
cal grade soft vanadium stainless steel wire by winding
it on a 0.2 mm thick stainless steel microprobe, having
curvature as of SC. The device is 4-5 mm long, outer
diameter is 0.3 mm, inner lumen diameter — 0.2 mm.
The wire loops of end parts are closely located, in the
central part they are apart from each other by 0.5 to
1 mm (figures 1, 2).

Surgical technique: after creating a 8 mm for-
nix based conjunctival flap, 1/2 thickness superficial
(5%5 mm) and deep (3x3 mm) scleral flap upto ciliary

HAIIMOHAJ/IBHBIM XYPHAJI TJIAYKOMA 3/2014 45



(¥ [
L =

t
=]

ik
=

Mean intraocular pressure
-
o

W

earsedine 1 day 1 week Imonth 3months Gmonths 12 months

Figure 3. Mean IOP at each visit

body were dissected. The SC was exposed without
creating a window in Descemete’s membrane. Further
5-6 mm of SC was dilated with cohesive viscoelastic
device (1.4% hyaluronic acid) and microprobes of vary-
ing diameters from 0.2 to 0.3 mm. The SCE mounted
on 0.2 mm thick microprobe was inserted into dilated
SC and held there with second instrument (modified
Hoskin corneal forceps — working part with groove
0.2 mm) followed by careful removal of microprobe.
The conjunctival, superficial and deep scleral flaps
were sutured back water tightly.

Follow-up evaluation: No washout of the patient’s
ocular hypotensive medications was done. Patients
discontinued their IOP-lowering medications one
day before surgery and oral acetozolamide 0.25 gm
(Diacarb — 250 mg, Polpharma, Poland) twice daily
was prescribed for one day and were instructed to
resume IOP-lowering medications only if the inves-
tigator determined that additional IOP lowering was
needed. Patients were evaluated daily during hos-
pital stay, after 1 week, and at 1, 3, 6 and 12 months
after surgery. Postoperative assessment included visual
acuity evaluation, tonometry measurement by Makla-
kov method, biomicroscopy and ophthalmoscopy. SCE
location and TM condition were evaluated goniosco-
pically and wherever possible were photo- and video
documented. Adverse events if any and number of glau-
coma medications were noted.

Outcome measures and statistical analysis: The
primary outcome measure was IOP as determined by
Maklakov’s applanation tonometry. The measured IOP
was converted to PO using special conversion table
for the purpose [18]. The secondary outcome meas-
ures were number of glaucoma medications pre- and
postoperatively and complications. A paired t-test was
used for IOP and medication analysis. Decrease in
IOP >25% or IOP 18 mmHg or less without medication
was considered as a complete success, with medica-
tion — partial success. Failure was considered if the
patient needed subsequent filtering surgery. Success
rates were evaluated at each further follow-up visit
after 1 week after surgery. Statistical analysis was per-
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Figure 4. Mean number of hypotensive medications used
at each follow up visit

formed using MS office application — Excel 2007 at
each follow-up visit taking into account the change
in the number of patients. Results were considered sig-
nificant when p<0.05.

Results

Eighteen eyes (18 patients) were included in the
study. There were 9 female and 9 male patients with
an average age of 72.3+-7.5 yrs. Mean postoperative
follow-up was 9.5+-2.7 months. The demographic
characteristics of the study population is presented in
the table 1.

There were 8 right eyes and 10 left eyes. Six eyes
with coexistent pathology underwent combined two
site procedure (phacoemuclification with implanta-
tion of a foldable IOL followed by SCE implantation),
and the remaining 12 eyes had SCE implantation only.
There were 5 eyes with end stage OAG in whom glau-
coma surgery with implantation of SCE was performed
as an organ saving operation. In all cases anterior
chamber angle was open.

Mean IOP at each follow-up visit. Mean preopera-
tive IOP was 25.8+6.2 mm Hg (range: 19-34.9; 95%
CI 22.7-28.9). At each follow-up a decrease in mean
IOP was observed, resulting in 11.9+3.0 mm Hg
(range: 7.1-18.1; 95% CI 11.5-13.1) after 6 months
(p=0.000000008) and 12.3+2.5 mm Hg (n=10;
range: 7.1-15.3; 95% CI 11.2-12.6) after 12 months
(p=0.00000001) (figure 3). This represents a reduc-
tion in IOP from baseline of 45.2+20.6 (95% CI 40.4-
50.0) at one week, 49+21.4 (95% CI 43.9-53.9) at one
month, 52.4+18.1 (95% CI 48.1-56.7) at 3 months,
51.7+19.0 (95% CI 47.2-56.2) at 6 months and
49.8+15.3% (95% CI 45.0-54.6) at 12 months.

Complete and partial success were observed in 12
and 6 cases at one week, one month and 3 months
each and 13 and 5 cases at 6 months and 6 and 4 cases
(n=10) at 12 months, respectively.

Mean number of preoperative medications. Mean
number of preoperative medications was 2.4+0.8 (range:
1-4; 95% CI 2.2-2.6). After surgery mean number of

Kumar Vinod, Frolov M.A., Bozhok E.V. et al.
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The demographic characteristics of the study population Table 1

Cose v | Gender | Agelyrs) | e | SCVADfte | Tpemd | omisng | Pevous ol

1 F 77 oD 1 OAG 2a Cataract =

2 F 74 oD 1.6 OAG 4b MD Phaco+IOL

3 F 72 oD 1.6 OAG 2b Cataract -

4 F 75 0sS 0.18 OAG 2a MD -

5 F 75 oD NV :le;lrjaccotlcq)qna/ MD Phaco+IOL+Trabeculectomy

e | m | e |os | w | Sy | O -

7 M 64 0sS 0.2 OAG 3b - -

8 M 68 0S NV OAG 4c = -

9 F 82 oD 3 OAG 3a Cataract

10 M 61 0S 0.54 OAG 2b MD

11 M 60 0S NV OAG 4b Cataract

12 M 64 0S 0.2 OAG 3¢ Cataract

13 M 82 oD NV OAG 4c Cataract

14 F 75 0S 3 zle;lrjacc(;[ﬁg - Nd-YAG laser iridotomy

15 M 77 oD 0.3 OAG 2b =

16 F 84 0S 2 OAG 4c MD

17 F 79 0sS 1 OAG 3c MD Phaco+IOL

18 M 67 oD 1 OAG 2b -

Note: M — male, F — female, OD — right eye, OS — left eye, BCVA — best corrected visual acuity, logMar — logarithm of the minimum angle
of resolution; NV — no vision, blind eye, OAG — open angle glaucoma, MD — macular degeneration, Nd-YAG — neodymium-doped yttrium

aluminum garnet, Phaco — phacoemulsification, IOL — intraocular lens.

glaucoma medications reduced at each follow up visit
and was 0.6+1.1 (range: 0-3; 95% CI 0.3-0.9) and
0.9%1.3 (range: 0-3; 95% CI 0.5-1.3) at 6 and 12 months
respectively (p<0.004 at each stage) (figure 4).

Mean BCVA before surgery in 13 cases was
1.14+1.03 logMar (range: 0.18-3.0). BCVA improved
in all cases having combined surgery. Mean logMar
at 1 week, 1, 3, 6 and 12 months was 1.37+1.31,
0.70%+0.51, 0.88+0.87, 0.95+1.05 and 1.05+1.02
respectively.

Complications: intraoperatively, microperforation
of TM in areas other than exposed part of SC occurred
in 3 cases. In these cases excess filtration of aqueous
humor after SCE insertion was noticed and in 1 case
there was flattening of anterior chamber. Next day the
anterior chamber in all these cases was stable, of equal
depth as compared to other eye.

A new stainless steel spiral Schlemm’s canal expander

Postoperatively, specific complications related to
device were rare. After 12 months of follow up we have
not come across a single case having inflammation at
insertion site (figure 5a-b). Though water tight sutur-
ing of scleral flaps was attempted in all cases, there
were cases with some blebs on follow-up visits. The
number of such cases reduced with time and was nil at
12 months follow-up. At 1 week after surgery bleb was
prevalent in 13 eyes, at 1 month — in 5, at 3 months —
in 1 eye, at 6 months — in 2 eyes and at 12 months
there was not a single case with bleb (0/10 eyes).
Gonioscopically device was in SC in all, except 2 cases
at one week. In these cases one end of the device was
lying in anterior chamber. These were the cases where
micro-perforation was suspected during device inser-
tion. The ends in the anterior chamber angle were
not in contact with any of the intraocular structures
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Figure 5. a — case N12. The SCE in SC, follow up 6 months; b — same case. Follow up 1 year after surgery. The angle is open,

there is no sign of inflammation at the insertion site

Figure 6. A case with microperforation of SC during
device insertion. Gonioscopic view after 6 months follow
up. One end of SCE is lying freely in the anterior chamber
angle, without any contact with any of intraocular tissue.
Other end is well embedded in the SC. There is no sign of
inflammation at the site

(figure 6). Some blood was observed in SC at the device
site in 3 cases, which cleared spontaneously after 3-4
days. In 1 case while performing goniocopy during
second visit postoperatively, due to small eye fissure
undue pressure was put on eye globe while inserting
goniolens, which led to mechanical disruption of TM
and dislocation of device body into anterior chamber
not touching iris or corneal endothelium. The ends of
the device were embedded in SC. In absence of inflam-
mation at SCE site the case was kept under observation.
At 9 months follow up there has not been any change
in device condition. IOP is under control on 2 glauco-
ma medications. There was 1 case with raised IOP after
operation, which could not be controlled with maxi-
mum glaucoma medication. The case had glaucoma
procedure previously (trabeculectomy). After one week
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Nd-YAG laser trabeculopuncture was done and IOP
was controlled with one medication. No subsequent
surgery was required in any of the cases.

Discussion. External filtration procedures in sur-
gical management of OAG though result in excellent
long-term IOP control; they are frequently accompa-
nied by numerous short- and long term complications.
These include flat or shallow anterior chamber, wound
leak, hypotony, suprachoroidal hemorrhage, choroidal
effusions, accelerated cataract progression, fibrosis or
encapsulation of the bleb leading to failure of the sur-
gery, leaky cystic blebs with hypotony, decreased vision
from hypotony maculopathy, and endophthalmitis
[19, 20].

Lately much interest is seen in trabecular bypass
surgery [21-24]. This interest is motivated by evi-
dence that the elevated IOP in glaucoma is due to an
increased resistance to outflow, and that the major-
ity of resistance is present in the juxtacanalicular con-
nective tissue of the TM including the inner wall of SC
[25, 26]. Theoretically, a moderate dilation of SC and
the collector canal in conjunction with a trabecular
bypass would reduce the IOP level significantly. The
iStent, trabectome and Hydrus implant are some of
the procedures, which enhance trabecular outflow.
All mentioned three devices can be inserted through
a small corneal incision under gonioscopic control —
ab interno approach [23].

In a prospective case series of (ten eyes, eight
patients), E. Vandewalle et al. [21] studied results of
iStent implanation in reduction of IOP. Authors report-
ed mean IOP drop from 19.6 mm Hg preoperatively to
15.8 mm Hg after one year (p=0.03). There was a sig-
nificant reduction in number of hypotensive medica-
tions between baseline and 12 months postoperatively
from 2.7 to 1.7 medications. Authors did not report any
vision-threatening complications and concluded that
trabecular bypass results in significant mid-term reduc-
tion of IOP as well as the number of medications.

Kumar Vinod, Frolov M.A., Bozhok E.V. et al.



G.W. Belovay et al. [22] studied 53 eyes (47
patients) with OAG who had implantation of 2 or 3
micro-bypass stents with concurrent cataract surgery
and follow-up through 1 year. As per the results of the
study the overall mean 1-year postoperative IOP was
14.3 mm Hg, which was significantly lower than pre-
operative IOP overall and in each group (p<0.001).
The target IOP was achieved in a significantly higher
proportion of eyes at 1 year versus preoperatively (77%
versus 43%; p<0.001). Authors concluded that using
multiple micro-bypass stents with concurrent cataract
surgery led to a mean postoperative IOP of less than
15 mm Hg and allowed patients to achieve target
pressure control with significantly fewer medications
through 1 year. Some of the reported complications
of this device are chronic inflammation, clogging of
the stent’s lumen, migration of the stent into other
parts of the eye, and the poor function if the device
is not placed directly into SC. Learning curve of this
procedure is steep.

Hydrus (Ivantis Inc., Irvine, CA, USA) is a SC scaf-
fold made from nitinol intended to be placed through
the TM into SC. The device had 3 posterior windows,
which face the TM, and the structure of the device opens
and dilates the TM and SC. The open posterior side pro-
vides an unobstructed path to the collector channels.
The implant is pre-loaded onto a delivery system. After
corneal incision and positioning the patient’s head for
use of direct gonioprism lens, the TM is accessed and the
device is delivered into SC. M. Tetz reported in 2011 the
three months results of prospective uncontrolled study
of 98 glaucoma patients receiving a Hydrus implant.
Author reported mean preoperative IOP drop from
21.4+4.8 to 15.4+4.4 with an IOP decrease of 6 mm Hg
(28%). The complications seen were blood reflux (15%)
and iritis (4%). Advantages of this technique include
short duration of device implantation, a low-risk safety
profile and protection of the conjunctiva which enables
later trabeculectomy if required [24].

The trabectome (Neomedix Inc., Tustin, CA) is
a device designed to excise and cauterize the inner
wall of the trabeculum ab interno. The purpose is to
lower the IOP by enhancing trabecular outflow without
external filtration. This procedure also can be easily
combined with phacoemulsification. Combined proce-
dure can give an IOP decrease of around 5 mm Hg. The
main complication in the use of Trabectome is transient
hyphema, which may vary from 79 to 100%. Other
reported complications are early IOP spikes, failed pro-
cedure and blood reflux, though the later complication
is considered as physiological [23].

The above mentioned procedures are difficult to
master, technically difficult to perform. Need to change
the positioning of the patient’s head, the microscope,
and use of gonioprism during procedure make the
procedures more challenging. Sometimes it is difficult
visualizing the anterior chamber angle through the
gonioprism, especially if blood refluxes into TM.
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Canaloplasty is an ab externo procedure, which
uses natural aqueous outflow pathways to reduce IOP
and is reported to have fewer complications compared
with standard trabeculectomy, including postoperative
hypotony and choroidal effusions. But canaloplasty is
difficult to master and learning curve is long. The most
difficult steps in canaloplasty surgery are dissection of
Descemete’s membrane, circumferential viscodilation
of SC, placement of 10-0 suture, proper tensioning of
SC and watertight suturing of flaps. Combining canalo-
plasty with phacoemulsification is a more challenging
surgery [13-17, 28-31].

We report six months and one year functional
results after implantation of a novel SCE in a series of
eighteen eyes suffering from OAG. We compared our
results with results of canaloplasty. As in canaloplasty
the approach to SC in our method is also ab externo.
Segmental viscodilation of SC is a standard part of the
technique to facilitate insertion of the device into SC.
In comparison to canaloplasty in the proposed method
no Descemete’s window is created, SC is not deroofed,
it is only exposed to insert the device through the ostia.
Hence intraoperative complications are maximally mi-
nimized.

Fujita et al. [32] reported results of small case
series of Japanese patients receiving canaloplasty or
phacocanaloplasty. In this study 11 eyes of 9 Japanese
patients with OAG underwent canaloplasty (three eyes)
or phacocanaloplasty (eight eyes). The mean preope-
rative IOP was 23.4+5.5 mm Hg on 2.8+0.6 medi-
cations. At 1, 3, 6 and 12 months the mean IOP was
13.7+2.8,12.8+3.5, 14.0+£4.4, and 15.0+4.1 mm Hg,
respectively. The mean postoperative medications sig-
nificantly decreased to 1.2+0.8 (p<0.01). A qualified
success rate was achieved in 81.8, 54.5 and 54.5%,
respectively. In our study at 6 months and 12 months
after surgery IOP decreased from baseline to 11.9+3.0
and 12.3+2.5 mm Hg accounting for reduction of IOP
by more than 50%. This demonstrates that the device
may be helpful in advanced cases where maximum
reduction in IOP is required in order to preserve visual
functions. Additional to the IOP lowering effect, a sig-
nificant decrease in the number of ocular medications
was observed as well. The difference was highly signifi-
cant at each follow up visit (p<0.004). At 12 months
the use of medications decreased from 2.4 to 0.9. Com-
plete success was achieved in more than 60% of cases
at 6 and 12 months.

Intraopoeratively, except two cases, where micro-
perforation of TM was suspected based on increased
fluid flow through SC after insertion of the device,
we did not observe any major peri- or postoperative
complications of this technique, whereas reported com-
plications of canaloplasty include inability to cannu-
late Schlemm’s canal, Descemete’s membrane detach-
ment and improper microcatheter passage [13-15, 17,
31, 32]. In rare settings, the microcatheter could exit
SC and violate surrounding structures. It is not always
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Figure 7. The arrow showed severed channel during
dissection of flaps. After device insertion, a free flow of
fluid in the mid of blood from the vessel ostia was observed,
which could have resulted in bleb formation

possible to canalize the SC 3600. Shingleton B. et al
published a prospective uncontrolled study to examine
the results of canaloplasty combined with phacoemul-
sification and reported that complete canalization of
SC with the probe was successful in 81% of the proce-
dures and tension sutures could be placed in 74% [13].
Intraoperative trans-TM suture extrusion has also been
reported [13, 15]. In our series the device was inserted
into SC completely in all cases and it remained there
in all, but 1 cases.

As per published reports postoperative hyphema
or microhyphema following canaloplasty occurs with
an incidence of 3.2 to 21% [13, 16]. In our study we
did not observed any case with hyphema, but gonio-
scopically there were 3 cases having blood in SC at the
device site, which dissolved spontaneously. Increase in
IOP after canaloplasty procedure in immediate postop-
erative period has been reported from 1.6 to 18.2% of
eyes, which was thought by some authors to be secon-
dary to retained viscoelastic in the anterior chamber
[11-16]. Persistent elevation in IOP requiring laser
goniopuncture was necessary in 8.3-18.8% in some
studies; however, in other reports no eyes required
laser goniopuncture [11-15]. In our study there was
1 case with high IOP in immediate postoperative period,
which could not be controlled by glaucoma medica-
tions. This case had previous glaucoma (trabeculecto-
my) surgery, and due to scarring of tissue at 12 o’clock
position there were certain difficulties in SC dissection,
its viscodilation and during insertion of the device.
Nd-YAG laser trabeculopuncture considerably reduced
IOP and it was well controlled on 1 medication. Other
postoperative complications of canaloplasty reported
in the literature include suture ‘cheese-wiring’ through
the TM (up to 9.1%), wound hemorrhage (up to 2.5%)
and hypotony (up to 0.6%) [13-15, 17, 31, 32]. In our
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series we did not encounter any of the mentioned com-
plications. Bleb formation after canaloplasty has been
reported upto 12% of patients [15]. In the presented
study, some degree of bleb formation was observed
in 2 out of 18 cases at 6 months and nil at 12 months
(n=10). The reason of bleb formation could have been
the technical fault while suturing the flaps water tight-
ly. Another explanation of formation of bleb after our
technique may be that during dissection of conjunctival
and scleral flaps the channels taking out aqueous fluid
from anterior chamber are severed and fluid directly
drains under conjunctiva, resulting in formation of
filtration blebs (figure 7).

Certain advantages of this device were noticed dur-
ing this study. It was easy to implant it in the SC lumen.
The implantation technique does not require mastering
of other unfamiliar to surgeon techniques and maneu-
vers. Surgery can be performed by using usual settings
of the operating microscope. Surgeon familiar to non-
penetrating technique of glaucoma surgery can easily
perform this procedure. Intraoperative complications
with this technique are few. After dilation of SC the
device can be easily inserted into it. Once inserted into
SC, the device stretched TM and dilates SC and keeps
it dilated. The increased fluid outflow by insertion of
SCE may be hypothized as follows: at the insertion site
aqueous humor is filtered through stretched TM into
dilated SC and further flows through either the lumen
of device or SC lumen into collector channels and into
the episcleral venous system. Other advantage of this
technique may be reduced trauma to SC, as only a sec-
tor of the canal is manipulated; other portion is left
untouched saving it’s all inner structures (Johnstone’s
transparent tubules), whose function is not yet fully
studied and understood in fluid outflow [30].

Shortcomings of this study are small sample size,
short follow up period and uncontrolled, non-rando-
mized and non-comparative nature. Randomized, con-
trolled and comparative studies with longer follow-up
and larger groups are required in order to confirm the
safety and efficacy of this technique.

Conclusion: Six months and 1 year results of SCE
insertion in surgical management of OAG show signifi-
cant reduction in IOP from the baseline and in hypoten-
sive medication(s) use.
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