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ABSTRACT

Introduction: The purpose of this study is to
report the outcomes and complications of
ultrasound cyclo plasty (UCP) after failed glau-
coma surgery.
Methods: A retrospective case series included
patients with previously failed glaucoma sur-
gery who underwent UCP at King Abdul Aziz
University Hospital, Riyadh, Saudi Arabia,
between 2016 and 2021. The main outcome
measures were: intraocular pressure (IOP),

number of antiglaucoma medications and
presence of vision-threatening complications.
The surgical outcome of each eye was based on
the main outcome measures.
Results: Seventy eyes of 70 patients were
included in the study. The mean follow-up
period was 31.89 months (± 17.5). The IOP and
the number of antiglaucoma medications
decreased significantly from a mean of
23.91 mmHg (± 6.3) and 3.43 (± 0.8) to
17.88 mmHg (± 8.1) and 2.48 (± 1.3) and of
16.74 (± 7.9) and 2.11 (± 1.3) at the 12th and
24th months postoperatively, respectively
(p\ 0.01 for both). The success rates were
77.1% (54/70) and 48.6% (34/70), while the
failure rates were 22.9% (16/70) and 2.9% (2/70)
at the 12th and 24th months postoperatively,
respectively. The cumulative probabilities of
success were 70.0% (± 5.5%) and 47.1%
(± 6.0%) at the 12th and 24th months postop-
eratively, respectively. The most common
complications were anterior chamber reaction
(24.3%), cataract development/progression
(18.6%), hypotony/choroidal detachment
(4.3%), phthisis bulbi (1.4%) and aqueous mis-
direction (1.4%).
Conclusions: UCP is an effective treatment
modality to control IOP and decrease the bur-
den of antiglaucoma medications in eyes with
previously failed glaucoma surgery. Monitoring
and counseling of possible postoperative com-
plications are needed.
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Key Summary Points

What was known?

Ultrasound cyclo plasty is safe and
effective in the short term as glaucoma
treatment.

The outcome of ultrasound cyclo plasty is
unknown after failed glaucoma surgery.

What this paper adds?

Ultrasound cyclo plasty is safe and
effective after failed glaucoma surgery.

Ultrasound cyclo plasty can result in
controlled intraocular pressure and a
decrease in the burden of medications
after failed glaucoma surgery.

INTRODUCTION

Glaucoma is one of the leading causes of irre-
versible vision loss worldwide [1]. Intraocular
pressure (IOP) is still the most important risk
factor that can halt glaucoma progression and
vision loss [2]. However, maximum-tolerated
medical therapy and surgical approaches, such
as trabeculectomy and tube surgery, might not
reach a target IOP deemed safe for the eye;
ultimately, further intervention is required [3].
Moreover, the success rate of repeat filtering
surgery is usually lower than that performed
initially, and an old filtering surgery is consid-
ered a risk factor for failure [4].

A cyclo-destructive procedure has been
advocated as the next step after failed glaucoma
surgery. Laser cyclo-ablation had been shown to
be reasonably effective in lowering the IOP, but
the non-selective destruction of target tissue
and the unpredictable dose-effect relationship

might result in a significant risk of hypotony,
inflammation and retinal detachment [5].
Ultrasound cyclo plasty (UCP) is a cyclo-abla-
tive procedure that delivers high-intensity
focused ultrasound (HIFU) through a circular-
shaped probe and therefore correctly ablates the
target tissue [6]. Few studies reported the out-
comes of UCP in eyes with previous failed
glaucoma surgery and, so far, there is no con-
sensus on the influence of old procedures on
the efficacy and safety of UCP [7–9]. Therefore,
the aim of this study was to evaluate the out-
comes of UCP after failed glaucoma surgery.

METHODS

Patients

In this retrospective case series, we reviewed the
medical records of patients who had undergone
UCP after previous failed glaucoma surgery
between May 2016 and May 2021 at King Abdul
Aziz University Hospital, Riyadh, Saudi Arabia.
Inclusion criteria were: (1) medically uncon-
trolled intraocular pressure (IOP)
of C 21 mmHg despite maximum tolerated
antiglaucoma medications; (2) the presence of
glaucomatous optic nerve head damage; (3)
history of failed glaucoma surgery; (4) a mini-
mum follow-up period of 6 months. Exclusion
criteria were: pregnancy; the use of systemic
medications that could affect IOP; a history of
refractive surgery, retinal detachment or ocular
tumor; and ocular infection 2 weeks prior to
UCP. The study was approved by the institu-
tional review board (E-22–6738) of King Saud
University, and all procedures adhered to the
tenets of the Declaration of Helsinki.

Surgical Methods

Second-generation EyeOP1 probes were used for
all treatments. Simply stated, the automated
UCP device (EyeOP1, Eye Tech Care, Rillieux-la-
Pape, France) consists of a single-use sterile pack
including a coupling cone and treatment probe
of three sizes and a compact operator console.
The probe size is determined based on the
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patient’s eye biometric readings of the axial
length and white-to-white diameter. All proce-
dures were performed by five glaucoma spe-
cialists credentialed for the procedure under
peribulbar anesthesia. All procedures were car-
ried out under adequate peribulbar anesthesia.
The coupling cone was adjusted on the center of
the patient’s eye by visualizing an equal white
scleral ring surrounding the cornea and kept in
place via 70 mmHg vacuum suction activated
with a foot pedal. The six piezoelectric trans-
ducers were then automatically activated using
a frequency of 21 MHz, acoustic power of
2.45 W, 8-s insonification duration for each
sector, and 20-s pause between each treatment
to allow complete evacuation of heat. The cone
was filled with balanced salt solution to facili-
tate ultrasound transmission. After the surgery,
all patients were treated with topical pred-
nisolone drops. Antiglaucoma drops were
resumed postoperatively based on the surgeon’s
preference according to the case status.

Data Analysis

The postoperative visits considered for this
study were those made at the 1st postoperative
day; 2–4 weeks; 3, 6 and 12 months; 18 and
24 months. Pre- and postoperative data were
collected whenever available and applicable for
the following variables: age at time of surgery,
gender, etiologic diagnosis, IOP, number of
antiglaucoma medications, best corrected visual
acuity (BCVA) converted into logarithm of
minimal angle of resolution (logMAR) format,
time to failure, postoperative complications and
the need for subsequent pressure-lowering pro-
cedures to control IOP. The anterior chamber
reaction was graded from 0 to 4 according to the
standardization of the uveitis nomenclature
scheme [10]. Significant early, that is, within
the first 2 weeks, or late-recurring reaction after
that of C 2 was considered one of the postop-
erative complications.

Variables were evaluated using Student’s t-
test and Wilcoxon rank test. Variables were
presented as mean and standard deviation (SD),
and the p value was considered statistically sig-
nificant when \ 0.05. Surgical success was

classified as: (1) success (IOP reduction of
C 20% from baseline level and IOP between 6
and 21 mmHg with or without antiglaucoma
medications, no loss of vision due to glaucoma
progression, no postoperative vision-threaten-
ing complications and no need for further
glaucoma procedure to control the IOP); (2)
failure (if any of the following develops: IOP
reduction\ 20% from baseline level and
IOP[21 mmHg despite maximum tolerated
antiglaucoma medications on two visits, per-
sistent hypotony [IOP B 5 mmHg] on two visits
causing hypotony maculopathy, loss of vision
due to glaucoma progression, postoperative
vision threatening complications or the need of
further glaucoma procedures to control the
IOP). The severity of glaucoma and glaucoma
progression were based on clinical assessments
of glaucomatous disc changes and visual field
loss involving one or both hemifields and fol-
lowing the Hodapp-Anderson-Parrish system.
Repeated UCP cases were considered failures.
The cumulative probabilities of overall success,
presented as a percentage ± standard error (SE),
were determined by Kaplan-Meier life
table analysis. Statistical analysis was carried out
using SPSS version 23 (SPSS Inc., Chicago, IL,
USA).

RESULTS

Patient Characteristics

Seventy eyes of 70 patients were included in this
study. The mean follow-up time was 31.89
(± 17.5) months. Fifty-nine eyes (84.3%) had
undergone one previous glaucoma surgery, nine
eyes had two glaucoma surgeries (12.9%), and
two eyes had three glaucoma surgeries (2.9%).
The most common diagnosis was primary open-
angle glaucoma (POAG), followed by primary
angle closure glaucoma (PACG) and uveitic
glaucoma. Most eyes had advanced glaucoma-
tous disc damage (82.9%). Thirty-five eyes
(50.0%) had previous non-glaucoma surgery,
mainly cataract surgery (38.6%), followed by
keratoplasty (5.7%). Fifty eyes were pseu-
dophakic (71.4%), while the remaining 20 eyes
(28.6%) were phakic (Table 1).
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Efficacy

The IOP decreased from a preoperative baseline
of 23.91 (± 6.3) mmHg to 17.88 (± 8.1), 16.68
(± 4.9) mmHg and 16.74 (± 7.9) mmHg, while
the number of antiglaucoma medications
decreased from a preoperative baseline of 3.43
(± 0.8) to 2.48 (± 1.3), 2.27 (± 1.2) and 2.11
(± 1.3) at the 12th, 18th and 24th months
postoperatively, respectively (Table 2). The
success rates were 77.1% (54/70), 52.9% (37/70)
and 48.6% (34/70), while the failure rates were
22.9% (16/70), 8.6% (6/70) and 2.9% (2/70) at
the 12th, 18th and 24th months postopera-
tively, respectively. The cumulative probabili-
ties of overall success were 70.0% (± 5.5%),
57.1% (± 5.9%) and 47.1% (± 6.0%) at the

Table 1 Characteristics and ocular history

Variable (N = 70)

Age at time of surgery, yearsa 57.97 (± 15.5)

Gendera

Male

Female

26 (37.1%)

44 (62.9%)

Diagnosis

Primary open-angle glaucoma

Primary angle closure glaucoma

Uveitic glaucoma

Neovascular glaucoma

Pseudoexfoliation glaucoma

Pigmentary glaucoma

ICE syndrome

Congenital glaucoma

Aniridia

26 (37.1%)

21 (30.0%)

8 (11.4%)

6 (8.6%)

5 (7.1%)

1 (1.4%)

1 (1.4%)

1 (1.4%)

1 (1.4%)

Glaucoma severity

Mild

Moderate

Severe

Mean cup to disc ratio

1 (1.4%)

11 (15.7%)

58 (82.9%)

0.81 (± 0.2)

Frequency of previous glaucoma surgery

One

Two

Three

59 (84.3%)

9 (12.9%)

2 (2.9%)

Type of previous glaucoma surgery

Trabeculectomy ? MMC ± Phaco ? PCIOL

Cyclophotocoagulation, including ECP

Deep sclerectomy ? MMC ± Phaco ? PCIOL

Ahmed implant

Canaloplasty ? MMC ± Phaco ? PCIOL

Express shunt

34

17

15

12

2

2

Previous non-glaucoma surgery

Yes

No

35 (50.0%)

35 (50.0%)

Type of previous non-glaucoma surgery

Table 1 continued

Variable (N = 70)

Cataract surgery ? PCIOL

Keratoplasty

Pars plana vitrectomy

Primary repair of ruptured globe

27 (38.6%)

4 (5.7%)

2 (2.9%)

2 (2.9%)

Lens status

Phakic

Clear

Cataract

Pseudophakic

20 (28.6%)

4 (5.7%)

16 (22.9%)

50 (71.4%)

Axial length, mm 23.95 (± 2.9)

White-to-white, mm 11.78 (± 0.4)

Cup size used

Size 11

Size 12

Size 13

5 (7.1%)

32 (45.7%)

33 (47.1%)

Data are presented as mean (± SD) and frequencies (%). Numbers are per

eyes

ICE iridocorneal endothelial, MMC mitomycin C, PCIOL posterior

chamber intraocular lens, ECP endoscopic cyclophotocoagulation
aNumbers are per patients
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12th, 18th and 24th months postoperatively,
respectively (Fig. 1). Nineteen eyes (27.1%)
failed because of uncontrolled IOP requiring
further glaucoma surgery: 11 eyes underwent
cyclo-ablative procedures (15.7%), 3 eyes
underwent Ahmed implant (4.3%), 3 eyes
underwent Express shunt with MMC (4.3%) and
2 eyes underwent trabeculectomy with MMC
(2.9%).

Safety

There was a significant change between the
mean preoperative logMAR (0.89 [± 1.0]) and
the logMAR at the 12th month (1.13 [± 1.2],
p\0.01), but none at the 18th month (0.95
[± 1.0], p = 0.06) and the 24th month (0.99
[± 1.2], p = 0.27) of follow-up. Twelve eyes
(17.1%) lost more than two lines of vision at the
12th month, while five eyes (7.1%) lost more
than two lines at the 24th month postopera-
tively. The most common causes of changes in
vision were cataract development and progres-
sion and glaucoma progression. The most
common postoperative complication was ante-
rior chamber reaction in 17 eyes (24.3%)—early
(17.1%) and recurrent (7.2%)—followed by
cataract development or progression in 13 eyes
(18.6%), out of which 11 eyes needed cataract
surgery; hypotony/choroidal detachment in
three eyes (4.3%), phthisis bulbi in one eye
(1.4%) and aqueous misdirection in one eye
(1.4%). The patient who developed phthisis
bulbi had advanced PACG and underwent

Table 2 IOP, antiglaucoma medications and LogMAR

Preoperative baseline p value

IOP, mmHg

No. of medications

LogMAR

23.91 (± 6.3)

3.43 (± 0.8)

0.89 (± 1.0)

–

–-

–

1 day postoperatively

IOP, mmHg

IOP reduction (%)

No. of medications

LogMAR

16.90 (± 6.2)

29.32%

1.76 (± 1.3)

1.02 (± 1.0)

\ 0.01

–

\ 0.01

0.05

1 month postoperatively

IOP, mmHg

IOP reduction (%)

No. of medications

LogMAR

17.09 (± 9.4)

28.52%

2.45 (± 2.1)

1.21 (± 1.1)

\ 0.01

–

\ 0.01

\ 0.01

3 months postoperatively

IOP, mmHg

IOP reduction (%)

No. of medications

LogMAR

17.47 (± 6.6)

26.93%

2.41 (± 1.2)

1.32 (± 1.3)

\ 0.01

–

\ 0.01

\ 0.01

6 months postoperatively

IOP, mmHg

IOP reduction (%)

No. of medications

LogMAR

18.26 (± 8.1)

23.63%

2.30 (± 1.5)

1.03 (± 1.2)

\ 0.01

–

\ 0.01

0.04

12 months postoperatively

IOP, mmHg

IOP reduction (%)

No. of medications

LogMAR

17.88 (± 8.1)

25.22%

2.48 (± 1.3)

1.13 (± 1.2)

\ 0.01

–

\ 0.01

\ 0.01

18 months postoperatively

IOP, mmHg

IOP reduction (%)

No. of medications

LogMAR

16.68 (± 4.9)

30.24%

2.27 (± 1.2)

0.95 (± 1.0)

\ 0.01

–

\ 0.01

0.06

Table 2 continued

Preoperative baseline p value

24 months postoperatively

IOP, mmHg

IOP reduction (%)

No. of medications

LogMAR

16.74 (± 7.9)

29.99%

2.11 (± 1.3)

0.99 (± 1.2)

\ 0.01

–

\ 0.01

0.27

Data are presented as mean (± SD)
*p values are calculated using Wilcoxon test (no. of med-
ications) and Student’s t-test (IOP and LogMAR)
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endoscopic cyclophotocoagulation combined
with anterior vitrectomy, followed by transs-
cleral cyclophotocoagulation, while the patient
who developed aqueous misdirection had
advanced PACG, for which he underwent a
single trabeculectomy before UCP. The attack
was broken after pars plana vitrectomy
(Table 3).

DISCUSSION

Lowering the IOP is the only proven approach
to halt or reduce the rate of glaucoma progres-
sion and visual loss [11]. In some cases, even
surgical approaches do not reach a low IOP
deemed safe for the eye [12]. In such a condi-
tion, more aggressive methods are required,
such as cyclo-destructive procedures. UCP is a
modern ciliary body-dependent procedure that
utilizes HIFU to thermally ablate the distal part
of the ciliary body in selected areas, while being
independent of tissue pigmentation and,
therefore, likely to cause limited collateral
damage to neighboring tissue [13]. The current
study included 70 eyes of 70 patients with a
mean follow-up of 31.89 months. Thirty-six
eyes completed 24 months of follow-up. The
IOP number of antiglaucoma medications
decreased significantly from 23.91 mmHg and
3.43, to 16.74 mmHg and 2.11 at the 24th

Fig. 1 Kaplan-Meier survival curves show the cumulative probability of success

Table 3 Postoperative complications

Complication Number

Anterior chamber reaction 17 (24.3%)

Cataract development/progression 13 (18.6%)

Hypotony/choroidal detachment 3 (4.3%)

Phthisis bulbi 1 (1.4%)

Aqueous misdirection 1 (1.4%)

IOP spike[ 30 mmHg 1 (1.4%)

Numbers are per eye
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month after UCP, while complications were
mostly anterior chamber inflammation and
cataract development/progression. Our study
suggests that UCP is effective in challenging
cases with previously failed glaucoma surgery.

Few studies have evaluated the outcomes of
UCP after failed glaucoma surgery. In a study
that included 52 eyes, Denis et al. [8] reported
an IOP reduction from 29.7 and 29.0 mmHg to
20.1 mmHg (32.2% IOP reduction) and
18.5 mmHg (36.0% IOP reduction) after
12 months in two groups subjected to 4-s and
6-s insonification exposure, while achieving
57.1% and 48.0% success rates for both groups,
respectively. The study excluded eyes with pre-
vious ciliary body intervention or drainage
implants. UCP was repeated in eight eyes
because the IOP remained [ 28 mmHg or did
not have 20% reduction. In another study that
included 20 patients, Melamed et al. [7] repor-
ted an IOP reduction of 39%, from 36.4 to
22.5 mmHg at 12 months, in a group of eyes
that had 6-s insonification exposure. The
reported success rate was 65% at the last follow-
up. In a further study, De Gregorio et al. [9]
reported IOP reduction of 26.12%, from 32.4 to
23.9 mmHg, at 12 months in 17 eyes with pre-
vious glaucoma surgery, while having 8-s
insonification exposure. The success rate was
45% at 12 months in 18 eyes after a single UCP
procedure and increased to 85% in 34 eyes after
a maximum of three UCP procedures. The
12-month IOP reduction in our study was
25.2%, while the success rate was 77.1% after a
single UCP, with a cumulative probability of
success of 70.0%. Three main factors differen-
tiate the IOP reduction and success rates
achieved in our study from those achieved in
the previous three studies. The first is the dif-
ference in defining success. Denis et al. and
Melamed et al. considered success an IOP
reduction of C 20% and IOP[ 5 mmHg, with
or without medications [7, 8], while Gregorio
et al. considered success an IOP[5
and B 21 mmHg. [9] All previous studies con-
sidered repeating UCP when the IOP began to
increase as part of the initial procedure and
where there had been multiple UCP treatments
for such cases. Ciliary body epithelium can
regenerate, resulting in restoration of aqueous

humor production. Some studies reported that
multiple UCP treatments can have a cumulative
effect on IOP reduction and a success rate with a
good safety profile [9, 14]. The second differ-
entiating factor is the difference in insonifica-
tion exposure, which was 8 s in our study. It is
well known that a longer insonification can
result in greater IOP reduction [5, 6, 15]. In
addition, most eyes in our current study had
advanced cupping, and we did not exclude eyes
with previous cyclo-destructive and Ahmed
implant surgeries. Therefore, UCP might have
been used in more refractory and advanced
cases, which highlights the possible limited IOP
control in such conditions. The third differen-
tiating factor is the difference in antiglaucoma
medications. Melamed et al. reported a decrease
of antiglaucoma medications from 4.6 to 4.0 at
12 months, while De Gregorio et al. reported a
decrease in the number of antiglaucoma medi-
cations from 3.6 to 2.4 after 12 months in 40
eyes, only 17 of which had had previous glau-
coma surgery. In the Denis et al.’s study, the
number of antiglaucoma medications was
almost the same after 12 months, reaching 3.2
and 3.5, compared with 3.5 and 3.3 at baseline
in the 4- and 6-s insonification exposure groups,
respectively. In our current study, the number
of antiglaucoma medications decreased signifi-
cantly from 3.43 to 2.48 (p\ 0.01), with a cor-
responding decrease in the IOP. Therefore,
maintaining antiglaucoma medications could
play a role in having more IOP reduction [7–9].

The IOP and the number of antiglaucoma
medications both significantly decreased within
the same range after UCP overall during the
follow-up period. Patients who underwent UCP
after previous filtering surgery could have scle-
ral architecture rearrangement and scleral scar-
ring involving the flap itself, resulting in fiber
delamination that allowed aqueous drainage to
the suprachoroidal and transscleral space as well
enhancing flap filtration. The subsequent sepa-
ration of the ciliary body from the sclera will
enhance the suprachoroidal outflow and
decrease aqueous humor production by local-
ized and circumferentially distributed coagula-
tive necrosis of the ciliary body that involves
areas previously spared by old cyclodestructive
procedures.
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The most common complications in our
study were anterior chamber inflammation,
both early and recurrent (24.3%), cataract
development/progression (18.6%) and hypot-
ony with choroidal detachment (4.3%). The
insonification of the ciliary body epithelium
will disrupt the tight junction which forms the
blood-aqueous barrier; therefore, inflammatory
mediators, including prostaglandins, will egress
into the anterior chamber. Such an inflamma-
tory process would lead to the uveoscleral
pathway and result in further IOP reduction
[15, 16]. The additional hyposecretion of aque-
ous liquid might also lead to hypotony and
choroidal detachments. The release of inflam-
matory mediators and the possible thermal
injury induced by UCP could cause cataract.
Denis et al. reported anterior chamber reaction
in 13 eyes out of 52 (25.0%), and hypoto-
ny/choroidal detachment in one eye only
(1.9%), but no cases of cataract. Melamed et al.
reported flare in 13 eyes (65.0%), but no cases of
hypotony or cataract. De Gregorio et al. did not
report any of the previous complications,
although 42.5% of eyes had previous filtering
surgery. Interestingly, one eye developed
phthisis bulbi after UCP, which had never pre-
viously been reported in the literature. The eye
underwent both endoscopic and transscleral
cyclophotocoagulation. The coagulative necro-
sis of the ciliary epithelium induced by UCP on
previously spared areas of the ciliary body and
the circumferential coagulation necrosis on the
regenerated ciliary epithelium that partially
recovered after previous cyclodesctructive pro-
cedures can result in profound reduction in
aqueous production and stimulation of the
uveoscleral pathway. We believe that ultra-
sound biomicroscopy should have been carried
out before UCP to assess the status of the ciliary
body and hence to rule out the possibility of
atrophy. Another eye with an old history of
trabeculectomy developed aqueous misdirec-
tion, which had also never been previously
reported after UCP. Such complications can
result from hypotony post-UCP due to scleral
scarring that could involve the flap itself and
cause contraction, the stimulation of more
transconjunctival filtration and the separation
of the ciliary body from the sclera, all of which

are potentially contributing factors. Baseline
visual acuity was poor because of the advanced
glaucomatous damage, while the development/
progression of cataract and the subsequent cat-
aract surgery contributed to changes in vision.

The current study has limitations owing to
its retrospective nature and to the relatively
small sample size. Larger comparative studies
are needed to explore the difference in out-
comes of multiple glaucoma entities and
patient characteristics. A further limitation is
the lack of a grading system for cataract, such as
the lens opacity classification system (LOCS), to
assess progression. Nevertheless, the current
study represents one of the largest in the liter-
ature to evaluate the outcomes of UCP after
failed glaucoma surgery, with the longest fol-
low-up period.

CONCLUSION

In conclusion, the present study has a number
of limitations, but it does suggest that UCP can
be considered an option after failed glaucoma
surgery, giving significant IOP reduction and a
decrease in the antiglaucoma medication bur-
den. However, proper patient counseling on
possible postoperative complications is needed,
and further study is required.
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