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Abstract
Purpose: The aim of this study was to evaluate the safety and 
efficacy of ultrasound cyclo-plasty (UCP) for reducing intra-
ocular pressure (IOP) in patients with glaucoma. Methods: 
This is a multicentre prospective study conducted in 3 Italian 
glaucoma centres. UCP was performed by EyeOP1, which de-
livers ultrasound beams using 6 piezoelectric transducers ac-
tivated for 4/6 s (first generation) or 8 s (second generation). 
Primary outcomes were the mean IOP reduction and the 
rates of success after 1 year. Secondary outcomes were the 
mean IOP reduction at each follow-up, and the reduction of 
the number of hypotensive medications. Results: In total, 49 
eyes from 47 patients were treated. One year postoperative-
ly, the mean IOP had decreased from 27.7 ± 9.2 to 19.8 ± 6.9 
mm Hg (p < 0.001), and the mean number of hypotensive 
drops and tablets had decreased from 3.2 and 0.5 to 2.3 and 
0.2, respectively (p < 0.05). Postoperative IOP reduction was 
significantly related to preoperative IOP (r2 = 0.5034; p < 
0.0001). Second-generation probes determined a signifi-

cantly higher IOP reduction (p < 0.05). Qualified success was 
achieved in 25 eyes (51.1%) and complete success in 21 
(42.9%), while failure was recorded in 12 (24.5%). Conclu-
sions: UCP is safe and effective for reducing IOP. The proce-
dure determines a greater IOP reduction in patients with 
higher preoperative IOP. Second-generation probes im-
prove outcomes without detrimental effects on safety.

© 2018 S. Karger AG, Basel

Introduction

Glaucoma is the most frequent cause of visual impair-
ment worldwide, leading to progressive visual field dam-
age, and eventually blindness [1]. Elevated intraocular 
pressure (IOP) is still considered the most important and 
the only modifiable risk factor to halt or slow the progres-
sion of visual field loss [2]. IOP can be lowered by reduc-
ing the inflow and/or increasing the outflow of aqueous 
humour. Traditionally, the reduction of aqueous humour 

The article was presented in part at the 7th World Glaucoma Con-
gress (June 28 to July 1, 2017, Helsinki, Finland).
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secretion can be achieved by partially destroying the cili-
ary body with different physical methods, including la-
sers and cryotherapy [3–5]. However, the use of cyclode-
structive techniques is currently mainly limited to eyes 
with refractory glaucoma with poor or null visual acuity, 
due to the lack of selectivity for the targeted ciliary body, 
the unpredictable dose-effect relationship, and the high 
rate of complications [2, 5, 6]. In recent years, a novel de-
vice employing high-intensity focused ultrasound for the 
coagulation of the ciliary body (ultrasound cyclo-plasty; 
UCP) has been introduced, with the aim of achieving se-
lective coagulation of the ciliary body while sparing the 
adjacent structures [7–11]. Here, we report the 1-year re-
sults of UCP procedures performed in 3 Italian glaucoma 
centres.

Materials and Methods

Study Design
This multicentre prospective interventional clinical study was 

conducted between January 2014 and January 2016 in 3 Italian 
glaucoma centres: S. Orsola-Malpighi University Hospital (Bolo-
gna), University Eye Clinic (Genoa), and Scientific Institute Capi-
tanio Hospital (Milan). All participants provided both verbal and 
written informed consent before any study procedure. The study 
was approved by the local institutional review boards and was car-
ried out in accordance with the principles of the Declaration of 
Helsinki. Inclusion criteria were age older than 18 years, a diagno-
sis of glaucoma with an uncontrolled baseline IOP (≥21 mm Hg) 
while on maximum medical therapy or intolerance to glaucoma 
medications despite well-controlled IOP. Exclusion criteria were 
pregnancy, a diagnosis of normal-tension glaucoma, a laser or sur-
gical procedure within the last 6 months, ocular infections and 
uveitis in the prior 3 months.

HIFU Device and Surgical Procedure
The device (EyeOP1, Eye Tech Care, Rillieux-la-Pape, France) 

was previously described in detail by us [12]. Briefly, the treatment 
probe contains 6 piezoelectric transducers, which produce and de-
liver the ultrasound energy beams. The probe is supplied in 3 dif-
ferent sizes (11-, 12- and, 13-mm ring diameters) in order to best 
adapt to the eye. The treatment acts on 6 circular sectors of the 
ciliary body, with a 20-s interval between each shot. Two genera-
tions of probes have been commercialized since the device’s intro-
duction: the first one allowed the surgeon to choose between 4 or 
6 s of treatment time duration according to the preoperative con-
ditions; the second one offers a unique exposure time of 8 s, treat-
ing up to an average 45% of the entire ciliary body circumference. 
All of the procedures were performed under peribulbar anaesthe-
sia by the same surgeon in each centre (E.C.C. in Bologna; C.E.T. 
in Genoa; F.B. in Milan). 

Visits and Therapy
The baseline evaluation included best-corrected visual acuity 

(BCVA), slit lamp biomicroscopy, gonioscopy, fundus examina-
tion, IOP measurement, optical biometry (Lenstar LS 900; Haag-

Streit, Köniz, Switzerland), and a 30-2 pattern automated visual 
field test (Humphrey Field Analyzer; Carl Zeiss Meditec, Dublin, 
CA, USA). Postoperatively, patients received tobramycin and 
dexamethasone combination eye drops (Tobradex; Alcon Inc., 
Fort Worth, TX, USA) 4 times daily for 2 weeks. Hypotensive med-
ications were interrupted after surgery, and then prescribed again 
only if postoperative IOP was ≥21 mm Hg at any follow-up visits. 
Slit lamp biomicroscopy, BCVA, fundus examinations, and IOP 
measurements were performed postoperatively at 1, 7, and 14 days, 
1, 3, 6, and 9 months, and 1 year. The visual field test was per-
formed 6 and 12 months after the treatment.

IOP measurements were carried out approximately at the same 
time of the day by 2 experienced examiners at each centre (G.G. 
and S.S. in Bologna, A.V. and P.C. in Genoa, L.E.U. and L.C. in 
Milan) using a calibrated Goldmann applanation tonometer. 
Three consecutive IOP measurements were recorded, and the av-
erage value was calculated and used for the analysis. Data from 
BCVA were converted to logMAR equivalents of Snellen acuity. 
We used extrapolated values of 2.6, 2.7, 2.8, and 2.9 logMAR to 
represent the vision of counting fingers, hand motion, light per-
ception, and no light perception, respectively [13].

Main Outcomes
Primary outcomes were the mean IOP reduction at the last fol-

low-up visit, and the rates of qualified or complete success and 
failure. Qualified success was defined as an IOP reduction ≥20% 
and > 5 mm Hg without adjunctive hypotensive medication, while 
complete success was as above plus IOP < 21 mm Hg. Cases with 
an increase in the number of postoperative daily hypotensive med-
ications (regardless of the IOP value) and the need for additional 
subsequent surgery during the study period were considered as 
failures. Secondary outcomes were the mean IOP reduction at each 
follow-up visit, the mean number of daily hypotensive medica-
tions, and the complication rates.

Statistical Analysis
Data analysis was performed using SPSS statistical software 

(SPSS Inc., Chicago, IL, USA). The homogeneity of variances was 
assessed by the Levene test. Variables following a normal distribu-
tion were presented as the mean ± SD. Paired t tests were used to 
compare pre- and postoperative IOP values, while the Wilcoxon 
test was used to compare the changes of the number of hypotensive 
medications before and after surgery. One-way ANOVA tests were 
conducted to assess the differences of IOP reductions among glau-
coma types and surgical settings. Linear regression analysis be-
tween preoperative IOP and IOP reduction at the final follow-up 
visit was conducted. Survival curves of eyes treated with first- and 
second-generation probes were calculated according to the Ka-
plan-Meier analysis and compared with the log-rank test. Statisti-
cal significance was set at p < 0.05.

Results

Forty-nine eyes of 47 patients were enrolled in the 
study. The characteristics of patients, eyes, and treatment 
are summarized in Table 1. Before surgery, the mean IOP 
(±SD) was 27.7 ± 9.2 mm Hg, the mean number of daily 
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hypotensive drops was 3.2 ± 1.1, and the mean number of 
daily acetazolamide tablets was 0.5 ± 0.5. One day after 
the treatment, the mean IOP was significantly reduced 
compared to the preoperative value (17.9 ± 6.3 mm Hg;  
p < 0.0001). This significant reduction was steadily main-
tained during the follow-up, when the mean IOP value 
was 19.8 ± 6.9 mm Hg (p < 0.0001). Additionally, a sig-
nificant decrease of daily hypotensive drops and acetazol-
amide tablets was found 1 year after treatment (p < 0.05). 
In particular, the percentage of patients using acetazol-
amide tablets decreased 1 year after the procedure from 
53.1 to 16.7%. Figure 1 shows the trend of the IOP value 
for each visit, expressed as both the mean value and per-
centage of reduction, along with the mean number of dai-
ly hypotensive medications.

Linear regression analysis showed that postoperative 
IOP reduction after 1 year was significantly related to pre-
operative IOP (r2 = 0.5034; p < 0.0001; Fig. 2). One year 
postoperatively, patients treated with second-generation 

probes showed a significantly higher percentage of IOP 
reduction compared to those treated with first-genera-
tion probes (p < 0.05; Fig. 3). Conversely, the mean IOP 
reduction at the last follow-up visit did not statistically 
differ according to both types of glaucoma and lens status 
(always p > 0.05). However, the highest IOP reduction on 
average was found in eyes with angle closure glaucoma 
(–13.3 mm Hg from baseline to 1-year follow-up; 41% of 
reduction), followed by open angle glaucoma (–7.3 mm 
Hg; 28.5%), neovascular glaucoma (–7.1 mm Hg; 20.5%), 
and exfoliative glaucoma (–4.3 mm Hg; 18.3%).

No patients experienced vision loss ≥1 line at 1 year, 
and postoperative final visual acuity and visual field mean 
deviation did not significantly differ from preoperative 
values (always p > 0.05). Qualified success was achieved 
in 25 eyes (51.1% of the total) with a mean IOP reduction 
of 40.8% compared to baseline, while complete success 
was achieved in 21 eyes (42.9%) with a mean IOP reduc-
tion of 41.3% (Fig. 4). Conversely, treatment failure was 
registered in 12 eyes (24.5%). Of these, 9 eyes were treated 
with the first-generation probe, and the remaining 3 with 
the second-generation probe. Among overall failures, 7 
eyes exited the study before the last follow-up and re-
quired additional surgery after an average interval of 3 
months (trabeculectomy in 6 eyes and implantation of the 
Ahmed valve in 1 eye), while the remaining 5 patients had 
to increase the number of daily hypotensive medications 
at the final follow-up visit. Seven failures were classified 
as early (within 6 months from the procedure), while the 
remaining 5 were late.

No major intra- or postoperative complications oc-
curred; minor complications included conjunctival hy-
peraemia (71.4% of the total), conjunctival chemosis 
(42.9%), superficial punctuate keratitis (38.8%), subcon-
junctival haemorrhage (24.5%), transient anterior cham-
ber uveal reaction (18.4%), and focal areas of scleral thin-
ning (8.2%). Fluctuation of visual acuity within 2 lines 
was experienced during the first postoperative month by 
7 patients (14.3%); 8 patients (4%) presented semi-mydri-
asis that reversed after a median time interval of 3.5 weeks.

Discussion

Despite the recent advances in screening, diagnosis, 
and treatment, glaucoma still represents the most fre-
quent cause of visual impairment and irreversible blind-
ness. Recently, the micropulse diode laser [14] and UCP 
[8] have been introduced among others as novel tech-
niques to partially destroy the ciliary body, with a more 

Table 1. Characteristics of patients and treatments

Patients/eyes, n 47/49
Age ± SD, years 73.8±14.3 (33–98)
Male/female, n 24/23
Glaucoma type

OAG 24 (49.0)
XFG 9 (18.4)
ACG 11 (22.5)
NVG 5 (10.2)

Lens status
Phakic 16 (32.7)
Pseudophakic 30 (61.2)
Aphakic 3 (6.1)

Previous glaucoma treatments
Laser trabeculoplasty 13 (26.5)
Trabeculectomy 12 (24.5)
Diode laser cyclophotocoagulation 0 (0)

Probe generation
First generation 35 (71.4)
Second generation 14 (28.6)

BCVA, logMAR
Before surgery 1.65±1.14
Last follow-up 1.66±1.14

Visual field ± SD, dB
Before surgery –17.8±10.3
Last follow-up –19.1±9.0

Values are presented as n (%) or mean ± SD (range). ACG, an-
gle closure glaucoma; BCVA, best-corrected visual acuity; OAG, 
open angle glaucoma; NVG, neovascular glaucoma; XFG, exfolia-
tive glaucoma.

D
ow

nl
oa

de
d 

by
: 

K
in

g'
s 

C
ol

le
ge

 L
on

do
n 

   
   

   
   

   
   

   
   

   
   

   
13

7.
73

.1
44

.1
38

 -
 5

/1
7/

20
18

 1
0:

23
:4

8 
A

M



Giannaccare et al.Ophthalmic Res4
DOI: 10.1159/000487953

predictable and controlled IOP reduction as compared to 
traditional cyclodestructive procedures. Recent studies 
showed that UCP also induces the stimulation of the su-
prachoroidal and transscleral portions of the uveoscleral 
outflow pathway, thus allowing another additional hypo-
tensive effect [7, 9, 15]. The technique is simpler, faster, 
safer, and less invasive than traditional cyclodestructive 
procedures [3–5], with comparable results in terms of 
IOP reduction. Recent technical improvements made the 
second-generation UCP probes more surgeon friendly, 
thanks to the use of the same setting throughout the entire 
procedure.

In the present study, UCP allowed an IOP reduction of 
approximately 30% throughout the entire 1-year follow-
up period, in agreement with previous works, which re-
ported a mean IOP reduction ranging from 26 to 38% [8, 
16–20]. The treatment also allowed at the same time the 
reduction of the daily number of hypotensive medica-
tions. Qualified and complete successes of the procedure 
were achieved in about half of the eyes. These percentages 
are slightly lower compared to those reported in the other 
studies. However, it should be noted that several param-
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Fig. 1. Preoperative and postoperative IOP at each follow-up visit, expressed as both the mean value (bar graph) 
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Fig. 2. Linear regression analysis between preoperative IOP and 
postoperative IOP variation 1 year after the procedure. 
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eters, including the criteria of success and failure, the gen-
eration of the probe, the unchanged or interrupted use of 
postoperative hypotensive medications, and the study 
populations were not homogeneous among all the studies, 
thus making it difficult to draw an effective comparison. 

Interestingly, we found a significant linear relation be-
tween preoperative IOP and its decrease after surgery, as 
UCP treatment determined a greater IOP reduction in 
patients with higher preoperative values. This finding is 
demonstrated here for the first time, and could have cru-
cial implications for daily clinical practice. In fact, UCP 
could be more effective in patients with highly elevated 
IOP, one of the most challenging glaucoma populations; 
on the other hand, it could likely determine a smaller IOP 
reduction in patients with lower baseline IOP values, thus 
reducing or eliminating the risk of postoperative hypoto-
ny, the most serious complication of the traditional cy-
clodestructive procedures [3, 5, 6].

We also found a significantly higher IOP reduction in 
the group of eyes treated with second-generation probes, 
the only now available on the market. This finding has not 
been investigated before by previous studies, which ana-
lysed only patients treated with first-generation probes. 

Approximately a quarter of the patients did not re-
spond to the treatment, with no/minimal IOP reduction, 
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and nearly half of them required subsequent surgery to 
better control IOP. A hypothetical model could be pro-
posed to explain the causes of the failures according to the 
timeframe of their onset: early failures may reflect an in-
sufficient amount of ciliary body tissue coagulated during 
the procedure [19], while late failures may reflect the pos-
sible re-epithelialization of the ciliary processes with the 
progressive recovery of their function [21, 22], or the 
gradual narrowing of the stimulated uveoscleral outflow 
pathway [7, 9, 15].

The non-comparative design of the study is its main 
limitation; however, it is should be highlighted that UCP 
likely represents a step forward compared to traditional 
cyclodestructive techniques, with the possibility of treat-
ing even patients naïve to previous surgery and with full 
visual acuity. Other additional limitations include the in-
homogeneous patient characteristics which reflect a real-

world glaucoma population, and the use of success crite-
ria different from the World Glaucoma Association cri-
teria [23] in order to conduct a more reliable comparison 
with the existing literature [18–20].

In conclusion, the present study showed that UCP is a 
fast, easy, safe, and effective non-incisional technique for 
reducing IOP in glaucoma patients, with the need for 
minimal instrumentation and learning curve of the sur-
geons. The procedure determines a greater IOP reduction 
in patients with higher preoperative IOP values. Second-
generation probes appear to improve efficacy outcomes 
without any detrimental effect on safety.

Disclosure Statement

The authors declare no conflicts of interest and no financial 
disclosures.

References

 1 Floriani I, Quaranta L, Rulli E, Katsanos A, 
Varano L, Frezzotti P, Rossi GC, Carmassi L, 
Rolle T, Ratiglia R, Gandolfi S, Fossarello M, 
Uva M, Hollander L, Poli D, Grignolo F;  
Italian Study Group on QoL in Glaucoma: 
Health-related quality of life in patients with 
primary open-angle glaucoma: an Italian 
multicentre observational study. Acta Oph-
thalmol 2015, DOI: 10.1111/aos.12890.

 2 European Glaucoma Society: Terminology 
and Guidelines for Glaucoma, ed 4. Savona, 
PubliComm, 2014.

 3 De Roetth A Jr: Cryosurgery for the treatment 
of glaucoma. Trans Am Ophthalmol Soc 
1965; 63: 189–204.

 4 Chen J, Cohn RA, Lin SC, Cortes AE, Alvara-
do JA: Endoscopic photocoagulation of the 
ciliary body for treatment of refractory glau-
comas. Am J Ophthalmol 1997; 124: 787–796.

 5 Iliev ME, Gerber S: Long-term outcome of 
trans-scleral diode laser cyclo-photocoagula-
tion in refractory glaucoma. Br J Ophthalmol 
2007; 91: 1631–1635.

 6 Maus M, Katz LJ: Choroidal detachment, flat 
anterior chamber, and hypotony as complica-
tions of neodymium: YAG laser cyclophoto-
coagulation. Ophthalmology 1990; 97: 69–72.

 7 Aptel F, Charrel T, Palazzi X, Chapelon JY, 
Denis P, Lafon C: Histologic effects of a new 
device for high-intensity focused ultrasound 
cyclocoagulation. Invest Ophthalmol Vis Sci 
2010; 51: 5092–5098.

 8 Aptel F, Charrel T, Lafon C, Romano F, 
Chapelon JY, Blumen-Ohana E, Nordmann 
JP, Denis P: Miniaturized high-intensity fo-
cused ultrasound device in patients with glau-
coma: a clinical pilot study. Invest Ophthal-
mol Vis Sci 2011; 52: 8747–8753.

 9 Aptel F, Béglé A, Razavi A, Romano F, Char-
rel T, Chapelon JY, Denis P, Lafon C: Short- 
and long-term effects on the ciliary body 
and the aqueous outflow pathways of high-
intensity focused ultrasound cyclocoagula-
tion. Ultrasound Med Biol 2014; 40: 2096–
2106.

10 Aptel F, Lafon C: Treatment of glaucoma with 
high intensity focused ultrasound. Int J Hy-
perthermia 2015; 31: 292–301.

11 Charrel T, Aptel F, Birer A, Chavrier F, Ro-
mano F, Chapelon JY, Denis P, Lafon C: De-
velopment of a miniaturized HIFU device for 
glaucoma treatment with conformal coagula-
tion of the ciliary bodies. Ultrasound Med 
Biol 2011; 37: 742–754.

12 Giannaccare G, Sebastiani S, Campos EC: Ul-
trasound cyclo plasty in eyes with glaucoma. 
J Vis Exp 2018; 131:e56192.

13 Roberts MF, Fishman GA, Roberts DK, Heck-
enlively JR, Weleber RG, Anderson RJ, Gro-
ver S: Retrospective, longitudinal, and cross 
sectional study of visual acuity impairment in 
choroideraemia. Br J Ophthalmol 2002; 86: 

658–662.
14 Aquino MC, Barton K, Tan AM, Sng C, Li X, 

Loon SC, Chew PT: Micropulse versus con-
tinuous wave transscleral diode cyclophoto-
coagulation in refractory glaucoma: a ran-
domized exploratory study. Clin Exp Oph-
thalmol 2015; 43: 40–46.

15 Mastropasqua R, Agnifili L, Fasanella V, Toto 
L, Brescia L, Di Staso S, Doronzo E, Marchini 
G: Uveo-scleral outflow pathways after ultra-
sonic cyclocoagulation in refractory glauco-
ma: an anterior segment optical coherence to-
mography and in vivo confocal study. Br J 
Ophthalmol 2016; 100: 1668–1675.

16 Aptel F, Dupuy C, Rouland JF: Treatment of 
refractory open-angle glaucoma using ultra-
sonic circular cyclocoagulation: a prospective 
case series. Curr Med Res Opin 2014; 30: 

1599–1605.
17 Denis P, Aptel F, Rouland JF, Nordmann JP, 

Lachkar Y, Renard JP, Sellem E, Baudouin C, 
Bron A: Cyclocoagulation of the ciliary bod- 
ies by high-intensity focused ultrasound: a 
12-month multicenter study. Invest Ophthal-
mol Vis Sci 2015; 56: 1089–1096.

18 Melamed S, Goldenfeld M, Cotlear D, Skaat 
A, Moroz I: High-intensity focused ultra-
sound treatment in refractory glaucoma pa-
tients: results at 1 year of prospective clinical 
study. Eur J Ophthalmol 2015; 25: 483–489.

19 Aptel F, Denis P, Rouland JF, Renard JP, Bron 
A: Multicenter clinical trial of high-intensity 
focused ultrasound treatment in glaucoma 
patients without previous filtering surgery. 
Acta Ophthalmol 2016; 94:e268–e277.

20 Giannaccare G, Vagge A, Gizzi C, Bagnis A, 
Sebastiani S, Del Noce C, Fresina M, Traverso 
CE, Campos EC: High-intensity focused ul-
trasound treatment in patients with refractory 
glaucoma. Graefes Arch Clin Exp Ophthal-
mol 2017; 255: 599–605.

21 McKelvie PA, Walland MJ: Pathology of cyc-
lodiode laser: a series of nine enucleated eyes. 
Br J Ophthalmol 2002; 86: 381–386.

22 Yamashita H, Sears M: Proof that the ciliary 
epithelium can regenerate. Exp Eye Res 1978; 

27: 199–213.
23 World Glaucoma Association: Guidelines on 

Design and Reporting of Glaucoma Trials. 
Amsterdam, Kugler, 2009.

D
ow

nl
oa

de
d 

by
: 

K
in

g'
s 

C
ol

le
ge

 L
on

do
n 

   
   

   
   

   
   

   
   

   
   

   
13

7.
73

.1
44

.1
38

 -
 5

/1
7/

20
18

 1
0:

23
:4

8 
A

M


	TabellenTitel
	TabellenFussnote

