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Table 5C. Results in Group 3 (phacocanaloplasty).
Mean IOP (mm Hg) Mean Medications

Exam n + SD (Range) (n) £ SD (Range)
Baseline 24 231 + 55 (16-38) 1.7 + 1.0 (0-3)
Postoperative

3 mo 18 132 £ 3.7 (7-22) 0.0

6 mo 18 128 £ 2.5(9-20) 0.1 + 0.2 (0-1)

12 mo 20 132 & 4.0 (8-20) 0.1 % 0.3 (0-1)

18 mo 15 153 + 4.2 (10-25) 0.1 + 04 (0-1)

24 mo 20 134 + 40 (7-22) 0.2 + 0.4 (0-1)

Surgical and Postsurgical Complications

Overall, the frequency of serious postsurgical com-
plications was low, with 13 adverse events reported
in 10 eyes. Table 9 shows all ocular-related surgical
and postoperative complications that were reported
regardless of severity.

During surgery, there were 3 reported adverse
events. The adverse events were classified as mild in
severity and probably related to the surgical proce-
dure. One suture extrusion (0.8%) through a partial
segment of the trabecular meshwork was reported.

A temporary decrease in the BCVA of 0.6 JogMAR
occurred in 1 eye at the 1-day follow-up; BCVA re-
turned to the baseline value by the 1-month follow-
up visit. The second eye had a reduction in BCVA of
0.22 logMAR at 1 day; BCVA returned to baseline
value by the 1-week follow-up visit.

In the early 3-month postoperative period, hyphema
was observed in 10 of 127 eyes (7.9%). Cases of gross
hyphema reported at the 1-day follow-up resolved at
1 week and 2 weeks postoperatively. Hyphema of
1.0 mm or greater was observed in 8 (6.3%) of 127
eyes at 1 day, 1 (0.9%) of 110 eyes at 1 week, and no
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Figure 6. Group 3 efficacy (phacocanaloplasty eyes) showing mean
IOP (4-SD) and mean medications. The dashed Line indicates the
baseline IOP of 23.1 mm Hg (IOP = intraocular pressure).

Table 6. Distension-grade partitioned results in Group 2 (canal-
oplasty alone).
Mean IOP (mm Hg) Mean Medications
Distension Grade n + SD (Range) (n) + SD (Range)
Less than 0.5
Baseline 27 229 + 3.6 (16-34) 2.0 + 0.8 (0-3)
Postoperative
3 mo 17 183 4+ 3.7 (13-27) 04 + 0.7 (0-2)
6 mo 18 18.6 + 3.8 (10-28) 0.6 + 0.7 (0-2)
12 mo 21 17.7 + 4.6(10-29) 1.0 £ 1.0(0-3)
18 mo 21 17.8 + 4.6 (7-25) 0.7 + 0.7 (0-2)
24 mo 21 183 + 4.2 (8-28) 0.8 £ 0.8 (0-3)
0.5 or greater
Baseline 52 229 + 3.6 (16-38) 2.0 + 0.8 (1-4)
Postoperative
3 mo 39 159 + 5.8 (10-46) 0.4 + 0.7 (0-3)
6 mo 31 155 * 2.8 (8-20) 0.3 £ 0.5 (0-1)
12 mo 44 149 + 32 (10-21) 0.3 + 0.6 (0-2)
18 mo 44 154 + 3.7 (10-27) 04 £ 0.6(0-2)
24 mo 47 15.7 + 3.1 (9-24) 0.5 + 0.8 (0-3)
IOP = intraocular pressure

eye at 1 month. Microhyphema (circulating red blood
cells without layered blood in the anterior chamber)
was noted in 11 eyes at 1 day, 4 eyes at 1 week, and
no eye at 1 month.
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Figure 7. Top: Comparison of mean IOP (+ SD) between Subgroup

2A and Subgroup 2B. The dashed line indicates the baseline IOP of

22.9 mm Hg (both groups). Bottom: Comparison of mean medica-
tions (£ SD) between Subgroup 2A and Subgroup 2B. The dashed
line indicates the baseline medication of 2.0 (both groups)
(DG = distension grade; IOP = intraocular pressure).
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Table 7. Visual acuity results in Group 2 (canaloplasty alone).

Exam n Mean LogMAR BCVA + SD P Value*
Baseline 84 0.23 £ 0.39 —
Postoperative
3 months 60 0.24 £+ 0.56 .935
6 months 53 0.24 + 0.50 971
12 months 67 0.24 £ 0.50 .896
18 months 68 0.21 £ 0.52 .686
24 months 72 0.22 £ 0.44 .860

BCVA = best corrected visual acuity

*Student ¢ test

In the early postoperative period, all cases of IOP el-
evation (=30 mm Hg) were transient and resolved by
the next required study follow-up except in 1 eye. The
eye was subsequently treated with glaucoma medica-
tions through the 24-month postoperative examina-
tion. The wound hemorrhages were located in the
corneal incision, subconjunctival space, or trabeculo-
descemetic window and were not associated with ele-
vated IOP. In the eye with hypotony secondary to
a break in the trabeculo-descemetic window during
surgery, the hypotony resolved by 1 week; peripheral
anterior synechias were noted on the window near the
suture location.

Of the eyes with elevated IOP in the late postopera-
tive period, 1 had an IOP of 35 mm Hg at 24 months
and was treated with additional medication. One eye
with an IOP of 27 mm Hg at 578 days was treated
with medications until conversion to trabeculectomy
at 651 days. One eye with an IOP of 28 mm Hg at
539 days was treated with medications and revision
of the surgical site. The case of suture erosion at the de-
scemetic window after 1 year was not associated with
IOP rise and did not require treatment.

Nonocular-related surgical and postsurgical compli-
cations included 9 reported events. These adverse
events were not considered to be related to the

procedure or the device. The events included 2 incidents
of chest pain, 1 death for unrelated medical reasons, and
single incidents of dizziness, dry and numb mouth, hip
pain, indigestion, stomach pain, and tinnitus.

DISCUSSION

The canaloplasty procedure intends to increase the
flow of aqueous humor from the anterior chamber,
through the trabecular meshwork and the descemetic
window, into and around Schlemm canal, and out
through the collector channels, thereby reducin
IOP. In the 1-year interim clinical study reports,®*
the mean IOP was 16.2 + 3.5 mm Hg in eyes having
canaloplasty alone and 13.7 + 4.4 mm Hg in eyes hav-
ing canaloplasty combined with cataract surgery.
Medication use dropped to a mean of 0.6 + 0.9 and
0.2 + 0.4, respectively, at 12 months. The 2-year results
show nearly equivalent IOP and medication use for ca-
naloplasty alone and canaloplasty combined with cat-
aract surgery. After 2 years, the data indicate
continued IOP control.

Although it is difficult to compare results in studies
with different patient populations and study methods,
the canaloplasty efficacy results are comparable to
published reports of trabeculectomy 2 years postoper-
atively. In general, the Collaborative Initial Glaucoma
Treatment Study® found IOP in the range of 14 to
15 mm Hg over the 4 to 5 years of follow-up. Other
comparative studies of trabeculectomy®*-3! report
a mean IOP after 2 years in the range of 10.1 to 16.9
mm Hg and mean medication use in the range of 0.1
to 1.2 medications. The lowest IOP and medication
results were usually associated with the use of adjunc-
tive antimetabolites and careful postoperative man-
agement of the eye.>™ The associative analysis of
the 2-year results indicate that 36% of eyes with canal-
oplasty alone and 50% of canaloplasty alone eyes with
observed trabecular meshwork distension met the cri-
teria for AGIS associative analysis Group A (no mean

Table 8. Associative analysis results at 24 months.

Number (%)
A B C D
IOP for 4 Visits IOP for 3 Visits IOP for 2 Visits IOP for <2 Visits
Group in Present Study n <18 mm Hg <18 mm Hg <18 mm Hg <18 mm Hg
1: All included eyes 107 38 (36) 26 (24) 23 (21) 20 (19)
2: Canaloplasty alone 73 26 (36) 14 (19) 18 (25) 15 (21)
3: Phacocanaloplasty 19 9 (47) 6 (32) 2(11) 2 (11)
2A: Canaloplasty, DG <0.5 23 2(9) 4 (17) 10 (43) 7 (30)
2B: Canaloplasty, DG >0.5 46 23 (50) 8(17) 8 (17) 7 (15)

DG = distension grade; IOP = intraocular pressure
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Figure 8. Associative analysis results. Percentage of eyes in Groups
1, 2, 3 and Subgroups 2A and 2B and having a postoperative IOP of
less than 18 mm Hg at all visits from 6 months onward (A), at 3 of 4
visits (B), at 2 of 4 visits (C), and at fewer than 2 visits (D) (DG = dis-
tension grade).

progression of visual field loss). Although reporting
on a different study population, AGIS™ found that
24% of patients met Group A criteria 2 years
postoperatively.

The safety profile of canaloplasty continues to be
favorable over that of penetrating surgery such as
trabeculectomy. The acute complications 1 year post-
operatively®* compare favorably to those of trabeculec-
tomy. The incidence of hypotony after trabeculectom:
is reported to be between 4% and 42%.6820%%0
Hyphema as a postoperative complication in trabecu-
lectomy is reported in 8% to 42% of cases.>#20280
Choroidal detachment has been reported in the range
of 1% to 29%.20%0 In reexamining the adverse event
reporting in the study eyes in the acute postoperative
period, the complications compare very favorably,
with a 0.8% incidence of hypotony, 7.9% incidence of
hyphema, and 0% incidence of choroidal detachment
and corneal edema. However, 10eyes (7.9%) had a tran-
sient IOP spike of 30 mm Hg or greater during the im-
mediate postoperative period, which in all but 1 case
resolved by the next postoperative visit. Also, microhy-
phema was observed in 11 eyes (8.7%) 1-day postoper-
atively, most of which resolved by 1 week and in
almost all cases, resolved by 1 month.

Although canaloplasty is designed as a blebless proce-
dure, it was uncertain whether there would be other
forms of late postoperative complications. To date, the
late complications have been infrequent and include 1
case of suture erosion (0.8%) and 3 cases (2.4%) of tran-
sient IOP rise. This is in contrast to trabeculectomy, in
which late hypotony, bleb encapsulation with loss of
IOP control, and endophthalmitis are constant concerns.

The early surgical cases for the investigators were
often without observed trabecular meshwork disten-
sion on UBM. Suture tensioning and observed disten-
sion improved for most investigators with a greater
number of enrolled eyes. Eyes with observed

Table 9. Ocular-related and postoperative surgical complications.
Complication n (%)
Microhyphema (<1.0 mm layered blood) 10 (7.9)
Early elevated IOP (0-3 mo postop) 10 (7.9)
Hyphema (>1.0 mm layered blood) 8 (6.3)
Blebs at 24 months 4 (3.8)
Late elevated IOP (>3 mo postop) 3 (24)
Wound hemorrhage 3 (24)
Descemet membrane detachment 2 (1.6)
Gross hyphema 2(1.6)
Suture extrusion through trabecular meshwork 2 (1.6)
Hypotony 1(0.8)
IOP = intraocular pressure

trabecular meshwork distension from suture tension
had a lower mean IOP than eyes without distension
1 year postoperatively and continued to show a statis-
tically significantly lower IOP and medication use at 2
years. Whether the beneficial effect is derived from a pi-
locarpine-like effect on the trabecular meshwork,3*33
stenting of Schlemm canal,®* or a combination is not
clear. However the difference in postoperative IOP be-
tween eyes with a tensioning suture and at least some
observable trabecular meshwork distension (grade
>0.5) and eyes with no or little observable tension
(grade <0.5) supports a beneficial role of trabecular
tension.

One year postoperatively, eyes having combined ca-
naloplasty and posterior chamber IOL implantation
had significantly lower IOP and medication use than
eyes having canaloplasty alone,**?® indicating an addi-
tional effect, possiblg due to the IOP-lowering effect of
cataractsurgery.>>> The efficacy results at2 years were
nearly identical, with a mean IOP of 13.4 mm Hg and
85% of eyes on no medications.

Review of the 2-year postoperative data continues to
show a trend of greater success in catheterization of the
canal and the placement of the tensioning suture at
sites with a greater number of enrolled eyes. The learn-
ing curve effect may have had a role in the outcomes;
thus, the study results are indicative of a blend of sur-
geons, many of whom had no experience with nonpe-
netrating glaucoma surgery before the study. The
findings of this 2-year interim analysis indicate that cir-
cumferential dilation and tensioning of Schlemm canal
is a safe and effective technique to reduce IOP. The
study design includes additional follow-up and report-
ing with more extensive subgroup analysis anticipated
during the continuing study.

In conclusion, canaloplasty is a form of nonpenetrat-
ing glaucoma surgery that attempts to restore the nat-
ural outflow process of the eye without the use of
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a subconjunctival bleb. Interim analysis of a prospec-
tive clinical study indicated that the surgical proce-
dure appears to effectively lower IOP with few
postsurgical complications, with continued control of
IOP in patients followed to 2 years. Late complications
have been infrequent compared with the incidence
with trabeculectomy, which uses a bleb for subcon-
junctival filtration. The use of a microcatheter in the
procedure to access the entire circumference of
Schlemm canal facilitates treatment of the trabeculoca-
nalicular outflow system.

APPENDIX

Canaloplasty Clinical Investigators and Centers

Germany: Norbert Koerber, MD, Koeln; Kurt-Dietrich von Wolff, MD,
Holger Bull, MD, Augen-Tagesklinik Gross Pankow, Gross Pankow;
Manfred Tetz, MD, Eye Center Spreebogen and Berlin Eye
Research Institute (BER!), Berlin. United States: Michael Field,
MD, Bruce Cameron, MD, Northwest Eye Surgeons, Seattle, Wash-
ington; Richard Lehrer, MD, Alliance, Ohio; John R. Kearney, MD,
Cataract Care Center, Johnstown, New York; Thomas W. Samuel-
son, MD, Minnesota Eye Consultants, Minneapolis, Minnesota;
Garry Condon, MD, Allegheny-Singer Research Institute, Pitts-
burgh, Pennsylvania; Richard A. Lewis, MD, Grutzmacher & Lewis,
Sacramento, California; Marlene Moster, MD, Rick Wilson, MD, Wills
Eye Hospital, Philadelphia, Pennsylvania; Bradford Shingleton, MD,
Ophthalmic Consuitants of Boston, Boston, Massachusetts; Ronald
Fellman, MD, Glaucoma Associates of Texas, Dallas, Texas;
Howard Weiss, MD, Washington Eye Physicians and Surgeons,
Chevy Chase, Maryland; Alan L. Robin, MD, Johns Hopkins
University, Baltimore, Maryland
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