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Abstract
● As cataract occurs frequently in patients with glaucoma, 
combining phacoemulsif ication and endoscopic 
cyclophotocoagulation has been gaining attention recently 
due to its minimally invasive nature. A variety of studies 
had evaluated the efficacy and safety of this procedure 
and had shown extremely promising results. This review 
article has shown here that combined phacoemulsification 
and endoscopic cyclophotocoagulation procedure could 
effectively reduce intraocular pressure in medically 
uncontrolled glaucoma patients while avoiding serious 
complications associated with traditional cyclophotocoagulation 
procedure and adverse effects related to filtering surgery 
such as trabeculectomy. 
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phacoemulsification; glaucoma
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INTRODUCTION

G laucoma is characterized by progressive optic nerve 
damage, often associated with increased intraocular 

pressure (IOP). Glaucoma has become the leading cause of 
global irreversible blindness, and it has been estimated that 
the global prevalence of glaucoma for population aged 40-
80y is 3.54%[1]. Up until now, the only treatment strategy 
proven effective for glaucoma still focuses on the reduction 
of IOP as always, and this goal could be accomplished either 
by medication or surgery. Although traditional procedure 
such as trabeculectomy has been a great success in the 
history of glaucoma surgery, it is associated with some severe 

complications and could cause significant structural changes 
in ocular tissue[2]. With the development of minimally invasive 
surgical techniques, ophthalmologists began to have a wider 
range of options in glaucoma treatment, and endoscopic 
cyclophotocoagulation (ECP) is one of them.
Since the first clinical application by Uram et al[3] in 1992, 
ECP, as a versatile “minimally invasive glaucoma surgery” 
(MIGS) procedure, has begun to gain attentions in recent years. 
ECP could decrease aqueous humor production through ciliary 
body destruction in a controlled and predictable fashion, and 
could be regarded as an improved pattern of transscleral ciliary 
body ablation with direct visualization of the operation site[4]. 
Although ECP was initially performed in refractory glaucoma 
cases, this procedure could actually be utilized in severe, 
moderate, or even mild stages of many types of glaucoma[5].
Studies have shown that about one-third of the patients who 
received glaucoma surgery present with a certain degree of 
cataract[6]. On the one hand, topical anti-glaucoma medications, 
laser treatment, and filtering surgery could all accelerate the 
progression of cataract; On the other hand, cataract may also 
affect glaucoma patients in the following ways: 1) decreased 
visual acuity; 2) possible angle closure induced by intumescent 
cataract; 3) difficulty in evaluation of optic disc and retinal 
nerve fiber layer; 4) compromised accuracy of visual field 
examination. As a result, timely extraction of cataract in 
patients with glaucoma is beneficial for visual improvement 
and glaucoma management, and it is reasonable to combine 
phacoemulsification with ECP (Phaco-ECP) as a treatment 
option for these patients. Recent studies have evaluated the 
efficacy and safety of Phaco-ECP procedure, but most of them 
consist of retrospective case series that lack a control group. 
Therefore, this article intends to review these study reports and 
provide an evidence-based conclusion for this new treatment 
strategy.
History and Method of Phaco-endoscopic Cyclophotoco-
agulation Procedure  The method of ciliary body destruction 
as a treatment for glaucoma was first established as early as 
1930s, and various means had been used to achieve this goal, 
such as diathermy, cryotherapy, and even surgical excision[7]. 
With the introduction of ophthalmic laser in the 1970s, transs-
cleral cyclophotocoagulation (TCP) began to come into view. 
Despite its good tolerance and efficacy, TCP is associated with 
some serious complications including vision loss, hypotony, 
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and phthisis, so it has mainly been used as a last-resort treat-
ment for intractable glaucoma with very limited visual poten-
tial, and repeated treatment is often required[8].
To better control the extent and effect of cyclophotocoagulation 
treatment, intraocular endoscope was introduced to deliver 
laser energy in a precise and efficient manner more recently. 
Studies have shown that the IOP reduction amplitude of ECP 
was similar or slightly superior to that of TCP, but in terms 
of the improvement of best-corrected visual acuity (BCVA), 
ECP gave significantly better results than TCP; Besides, 
the incidence of serious complications associated with ECP 
such as hypotony and phthisis was extremely low due to its 
precise targeting and relatively low level of laser energy[9-10]. 
Moreover, when compared with Ahmed drainage implant in 
refractory glaucoma, ECP showed excellent results in IOP 
control with low complication rate[11].
Up until now, phacoemulsification combined with trabeculectomy 
(Phaco-Trab) still remained the standard therapeutic strategy 
for the management of coexisting glaucoma and cataract[12]. 
But patients treated with Phaco-Trab procedure will need 
a longer period of recovery, during which some early 
complications of filtering surgery may occur such as wound 
leakage and hypotony, shallow or flat anterior chamber, and 
serous or hemorrhagic ciliochoroidal effusions[13]. Its late 
complications may include bleb-related endophthalmitis, bleb 
leakage or failure, and ocular hypotony or even phthisis. In 
order to closely monitor the surgical outcomes of Phaco-Trab 
and handle these disturbing problems in time, repeated follow-
ups may be necessary[14]. In contrast, a variety of studies 
have confirmed the efficacy and safety profile of ECP, and 
although the procedure was originally used in refractory and 
pediatric glaucoma[9,11,15-17]. Researchers have noted that for 
patients with coexisting cataract and glaucoma, ECP could 
be applied at an earlier stage of disease[18]. Moreover, since 
ECP could be performed through the same corneal incision, 
many ophthalmologists have chosen ECP as an adjunct to 
phacoemulsification, creating this new combining procedure 
called “Phaco-ECP”[19]. Therefore, with the development of 
ECP, Phaco-ECP gradually became a well-accepted surgical 
option, sparing patients the adverse effects of traditional 
filtering surgery while preserving the advantages of minimally 
invasive cataract surgery. 
Phaco-ECP is usually performed through the following steps: 
1) phacoemulsification is first performed via a 2.0-3.0 mm 
clear corneal incision under peri- or retrobulbar anesthesia; 2) 
viscoelastic is injected beneath the iris to expand the ciliary 
sulcus; 3) the ECP probe available in 19, 20, or 23 gauge size, 
which contains a diode laser (wavelength of 810 nm), a xenon 
light source (175 W), a helium-neon aiming beam, and most 
important of all an endoscope, is then inserted into the anterior 
chamber via the clear corneal incision[3]; 4) laser energy and 

exposure duration could be set according to the treatment 
requirements and surgeons’ experiences, and these parameters 
could be adjusted while observing the reaction of ciliary 
process to make sure the photocoagulation is sufficient for 
cyclodestruction; 5) for a more significant IOP lowering effect, 
another or more clear corneal incisions could be made to cover 
a wider scope of ciliary process[20-21]. Corneal incisions made 
during the procedure could be routinely left unsutured. About 
intraocular lens (IOL) insertion, most researchers would insert 
the IOL into the capsular bag after cyclophotocoagulation[3], 
but Chen et al[22] asserted that IOL insertion beforehand would 
help protect the posterior capsule.
Histopathology of Endoscopic Cyclophotocoagulation 
Procedure  Both ECP and TCP focus on ciliary process 
ablation to achieve aqueous suppression, but the energy 
level of ECP could be titrated during procedure to maximize 
its effect while avoiding overtreatment, therefore a clear 
distinction exists between ECP and TCP when evaluating the 
extent of tissue destruction.
In 2007, Pantcheva et al[23-24] from University of Pittsburgh 
studied the acute histological effects of TCP and ECP on the 
ciliary body and other ocular structures in porcine and human 
eyes. They found that tissues treated with TCP exhibited 
pronounced tissue disruption of the ciliary body muscle 
and stroma, ciliary processes, and both pigmented and non-
pigmented ciliary epithelium. In contrast, tissues treated with 
ECP exhibited less architectural disorganization and sparing 
of the ciliary body muscle, although pronounced contraction 
of the ciliary processes with disruption of the ciliary body 
epithelium could be observed. However, the sclera was not 
affected by either laser treatment. These results were also 
supported by reports from other researchers[25-26], leading to 
the conclusion that ECP seems to be a more selective form 
of cyclophotocoagulation that results in less tissue disruption 
while achieving the goal of destroying ciliary body epithelium.
Besides the direct destruction of the ciliary epithelium by laser 
ablation, vascular changes are responsible for the decrease of 
IOP as well. Schlote et al[27] examined the vascular casts of 
ciliary body in rabbit eyes after TCP treatment and observed 
a marked rarefication of capillary network within the treated 
areas of ciliary body at all follow-ups. On the other hand, Lin 
et al[28] also used a rabbit model to compare the vascular effects 
of ECP versus TCP, and they found that the ciliary processes 
showed some reperfusion at 1wk and greater reperfusion by 
1mo after ECP treatment, but no reperfusion was shown after 
TCP treatment. These results can be partly the reason why ECP, 
unlike TCP, is less associated with significant complications of 
cyclodestruction including hypotony and phthisis.
Clinical Indications of Phaco-endoscopic Cyclophotocoag-
ulation Procedure  Although there was no set standard for the 
indication of Phaco-ECP, the procedure was usually performed 
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in glaucoma patients with visually significant cataract, and the 
glaucoma conditions may include: 1) medically uncontrolled 
glaucoma; 2) previously failed IOP-lowering surgery such as 
trabeculectomy, glaucoma drainage device or TCP; 3) refractory 
glaucoma such as pseudoexfoliation or rubeotic glaucoma[29]. 
After comparing ECP with trabeculectomy, Berke et al[30] noted 
that easier procedure technique of ECP guaranteed its shorter 
operation time, and ECP was more suitable in patients who 
may present difficulty in drainage channel formation during 
filtering surgery (including conditions such as elevated venous 
pressure of superficial scleral vein, intraocular tumor, and 
blepharitis), while less associated with repeated postoperative 
follow-ups and additional treatment (including laser loosening 
of scleral flap suture, filtering bleb puncture, and subconjunctival 
injection of 5-FU). As a result, they suggested that Phaco-ECP 
could be used in any patient who may need combined glaucoma 
and cataract surgery. And for patients who anticipate a future 
filtering surgery, Phaco-ECP could serve as an initial step for 
temporary control of IOP until the ocular surface condition has 
improved enough to allow surgery. Furthermore, for patients 
with complex secondary glaucoma where the use of traditional 
incisional surgery and other MIGS procedures are all contra-
indicated as in scleromalacia, ECP can be safely and success-
fully used to control IOP[31]. However, since ECP procedure is 
destructive in its own nature no matter how mild the damage 
might be, it could not be an equivalent substitute for filtration 
surgery in all glaucoma patients, and more large-scale and 
comprehensively designed clinical trials should be carried out 
before officially expanding its indications.
Clinical Outcomes of Phaco-endoscopic Cyclophotocoag-
ulation Procedure  Given the fact that cataract and glaucoma 
frequently coexist in elderly patients, and that ECP can be easily 
performed through a clear corneal incision used for cataract 
phacoemulsification, Phaco-ECP procedure began to emerge 
recently as a new option for combined cataract and glaucoma 
surgery. We searched PubMed/MEDLINE using the terms 
“endoscopic cyclophotocoagulation” and “phacoemulsifica-

tion” combined to look for relative studies and found a few 
studies in the last few years showing encouraging results with 
this procedure (Table 1).
Efficacy  In 1995, Uram et al[32], who first realized the clinical 
application of ECP, made a prospective evaluation about 
the efficacy and safety of Phaco-ECP in ten patients with 
refractory open angle glaucoma and cataract. The results 
were quite impressive, showing a significant decrease of 
mean IOP. However, at that time, Phaco-Trab had already 
been well documented to be effective in the treatment of 
coexisting glaucoma and cataract[33-34], and due to the lack 
of equipment, ECP was not extensively carried out. In 1999, 
Gayton et al[35] compared patients receiving Phaco-Trab with 
those receiving Phaco-ECP to assess the differences in efficacy 
and complications after the two procedures. This randomized 
prospective study revealed that after a mean follow-up of 
2y, 30% of Phaco-ECP patients achieved IOP control (below 
19 mm Hg) without medication and 65% with medication, 
while 40% of Phaco-Trab patients achieved control without 
medication and 52% with medication. Besides, additional 
surgical intervention was required in 14% of Phaco-ECP 
patients and 10% of Phaco-Trab patients. Based on the results 
of comparison, Gayton et al[35] concluded that Phaco-ECP was 
a reasonably safe and effective alternative to Phaco-Trab.
Considering the complications related to trabeculectomy, such 
as infection, hypotony, and leakage or failure of the filtering bleb, 
Phaco-ECP was gradually accepted by more ophthalmologists 
with the development of MIGS. But most studies reporting 
the outcomes of Phaco-ECP are retrospective case series that 
lack a control group. Lima et al[36] from Brazil evaluated 368 
eyes from 243 patients with primary open angle glaucoma 
(POAG) and cataract. They discovered that the postoperative 
IOP (average value around 11-13 mm Hg) was significantly 
lower than the preoperative IOP (23.07±5.52 mm Hg) at all 
follow-ups (1d, 1, 6, 12 and 24mo), and as a result, the number 
of IOP-lowering medications taken by these patients also 
decreased (from 1.44±0.97 agents pre-op to 0.37±0.68 agents 

Table 1 Review of published results for Phaco-ECP

First author Study type
No. of eyes in the 
Phaco-ECP group

Mean baseline 
IOP in mm Hg

Final mean decrease 
in IOP, mm Hg (%)

Mean No. of decrease 
in medication (%)

Study 
length

Roberts[39] (2016) Retrospective 91 16.6 3.3 (19.9) 0.4 (21.3) 12mo

Siegel[41] (2015) Retrospective 261 17.2 2.6 (15.1) 1.1 (84.6) 36mo

Morales[38] (2015) Retrospective 104 17.0 2.3 (13.5) Not reported 12mo

Francis[40] (2014) Prospective 80 18.1 2.1 (11.6) 1.1 (73.3) 24mo

Clement[29] (2013) Retrospective 63 21.1 5.0 (23.7) 1.2 (45.8) 12mo

Lindfield[37] (2012) Retrospective 56 21.5 7.1 (33.0) -0.1 (-5.1) 24mo

Lima[36] (2010) Retrospective 368 23.1 10.9 (47.2) 0.4 (25.7) 24mo

Kahook[20] (2007) Retrospective 40 24.5 11.2 (45.7) 2.0 (79.7) 6mo

Gayton[35] (1999) Prospective 58 24.9 8.9 (35.7) 0.6 (30.0) 24mo

ECP: Endoscopic cyclophotocoagulation.
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24mo post-op). Similar result regarding IOP-lowering effects 
of Phaco-ECP was reported by Lindfield et al[37] as well. They 
observed a mean IOP drop of 7.1 mm Hg from baseline to 18 
and 24mo post-op, and statistically significant decrease in IOP 
was demonstrated at all-time points. However, in their study, 
the mean medication usage was 1.97 agents at baseline, 1.96 
agents at 18mo and 2.07 agents at 24mo with no statistically 
significant change throughout. Clement et al[29], Morales et al[38] 
and Roberts et al[39] each performed a retrospective study 
assessing the efficacy of Phaco-ECP procedure with about 
one-year follow-up. The studies all demonstrated good IOP 
lowering efficacy as well as a reduction in medication burden 
after Phaco-ECP treatment. At the same time, Morales et al[38] 
noted that eyes with POAG had higher success rate compared 
with primary angle-closure and pseudoexfoliation glaucoma, 
while Roberts et al[39] suggested the only predictive factor 
for success was a higher preoperative IOP. Besides, with 
the removal of cataract, the mean BCVA was significantly 
improved in all five studies mentioned above.
More recently, to further clarify the efficacy of Phaco-ECP, 
randomized clinical trials comparing phacoemulsification 
alone with Phaco-ECP were conducted by several researchers. 
Francis et al[40] reported that in the Phaco-ECP group, the mean 
IOP decreased from 18.1±3.0 mm Hg pre-op to 16.0±3.3 mm Hg 
2-year post-op, and the number of IOP-lowering medication 
decreased from 1.5±0.8 pre-op to 0.4±0.7 2-year post-op. In 
contrast, during the same follow-up period, the mean IOP and 
the number of IOP-lowering medication in the Phaco group 
remained almost unchanged; And the difference in IOP and 
medication reduction between the 2 groups was statistically 
significant at all-time points. Differed from Francis, Siegel 
et al[41] reported that there was not a statistically significant 
difference between Phaco-ECP and Phaco group in their IOP 
lowering efficacy at any post-operative visit; However they 
discovered that mean medication reliance in the Phaco-ECP 
group was only 0.2±0.6 agents while that in the Phaco group 
was 1.3±0.6 agents at 36-month post-op; And the full success 
rate (defined as minimum 20% IOP reduction with a decrease 
of at least one ocular hypertensive medication) in the Phaco-
ECP group was significantly higher than that in the Phaco 
group (61.4% versus 23.3%).
Phaco-ECP procedure also has been carried out in Asian 
countries, but the number of published studies was relatively 
smaller than that from western countries. In 2009, Yip et al[42] 

found that ECP may have a treatment role in Asian patients 
with glaucoma, but the success rate appeared poorer than 
previously reported in Caucasian populations, and the treatment 
effect appeared to wane between 18 and 24mo post-treatment. 
The other two studies[43-44] performed in Chinese population 
showed excellent results regarding the efficacy and safety 
of Phaco-ECP. In these studies, mean post-treatment IOP 

was significantly lowered with decreased number of anti-
glaucoma medications and improved visual acuity. As a result, 
researchers have concluded that Phaco-ECP was not only 
effective and safe in the treatment of uncontrolled late stage 
glaucoma combined with cataract[43], but also could be used 
as one of the first choice operation for glaucoma and cataract 
patients[44].
Safety  The less invasive nature of ECP has enabled it to 
avoid some serious complications associated with traditional 
filtering surgery, and its lacking of implants is also an obvious 
advantage over other MIGS, sparing it the possible implant-
related complications. Complications associated with ECP 
in the ECP Collaborative Study were as follows: IOP spike 
(14.5%), hemorrhage (3.8%), serous choroidal effusion 
(0.36%), retinal detachment (0.27%), and hypotony or phthisis 
(0.12%), etc. No chronic inflammation or endophthalmitis was 
observed, and the incidence of serious complications was very 
low and occurred primarily in refractory glaucoma patients[8].
When Phaco and ECP are combined into one procedure, its 
postoperative complications are actually similar to those of 
ECP alone. Lima et al[36] reported the complications included 
immediate postoperative IOP spike (14.4%), postoperative 
fibrin exudates in anterior chamber (7.06%), cystoid macular 
edema (4.34%), transitory hypotony (2.17%), and iris bombe 
(1.08%). Furthermore, intraoperative complications reported 
by Morales et al[38] included posterior capsular rupture with 
vitreous loss (3.85%), Descemet’s membrane detachment 
(1.92%), and zonular dialysis (0.96%).
IOP spikes seems to be the most common postoperative 
complication of Phaco-ECP after reviewing all these articles, 
and it was usually attributed to transient inflammation in the 
anterior chamber immediately after procedure, or sometimes 
due to retained viscoelastic. These IOP spikes could be treated 
by temporarily increasing IOP-lowering medications and/
or steroid drop frequency at the discretion of the surgeon, 
and generally speaking, the condition would have resolved 
by one month post-op. A fibrinous reaction in the anterior 
chamber secondary to inflammatory reaction caused by ECP 
was also common, and in some cases fibrinous uveitis would 
develop. This complication could be treated with intensive 
topical steroid therapy with resolution time ranged from 4 to 
10wk[29], and intracameral dexamethasone injection at the end 
of procedure might be a preventive measure to the problem. 
Overall, serious complications such as retinal detachment, 
intraocular hemorrhage requiring surgical intervention, 
choroidal hemorrhage, chronic uveitis, IOL dislocation, 
endophthalmitis, and hypotony were rare with Phaco-ECP 
procedure, and adding ECP did not increase the risk for serious 
complications compared with Phaco alone[40]. However, since 
the pressure-lowering effect of cyclodestruction cannot be 
reversed, persistent hypotony and phthisis are most concerning. 
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Theoretically, the incidence of hypotony should be lower 
with a smaller treatment area, but this has not been formally 
analyzed, and no linear correlation has been established yet. 
With more experience in performing the procedure, less 
hypotony cases were seen after Phaco-ECP. According to one 
recent study performed by Marco et al[45], none of the patients 
suffered from postoperative hypotony in the Phaco-ECP group, 
while five patients from the Phaco-Trab group developed 
hypotony within the 1st week post-op although their IOPs all 
returned normal by the 1st month visit.
Since cataract surgery could be considered as a refractive 
surgery in a sense, it is essential to have the actual postoperative 
refractive outcome same as the preoperative predicted value. 
As the lens zonules are attached to the ciliary body, change 
in ciliary body position after ECP may induce a change in the 
effective lens position, which may bring in unwanted refractive 
error and decrease postoperative visual quality. A newly 
reported trial conducted by Sheybani et al[46] addressed this 
issue, and revealed that the Phaco-ECP group had significantly 
more myopic postoperative refractive outcomes, and more 
variability in refractive outcomes when compared with standard 
cataract surgery. Similar results were also obtained by Wang 
et al[47] in angle-closure eyes, suggesting a small myopic 
shift after Phaco-ECP procedure. However, Kang et al[48] 

discovered that more than 90% of eyes in Phaco-ECP group 
achieved post-operative refraction within ±1 diopter of the 
target refraction, which showed no significant difference when 
compared to phacoemulsification alone. These results can serve 
as a reminder for surgeons to make appropriate adjustment to 
lens power selection before performing Phaco-ECP procedure.
Limitations  Several limitations existed when we reviewed 
these clinical trials mentioned above. 1) Most of the clinical 
data came from Caucasian population, and there was a relative 
lack of data indicating the efficacy of Phaco-ECP in Asian 
population. Racial differences may affect pigmentation of 
ocular structures including ciliary epithelium, thus enhancing 
or compromising the effects of ECP, and it has been noted 
by Yip et al[42]. Therefore, the efficacy and safety problem of 
Phaco-ECP procedure should be further evaluated in Asian 
population; 2) Patients with POAG were not separated from 
patients diagnosed with other types of glaucoma when being 
evaluated, which may become a confounding factor since 
POAG patients may respond better to Phaco-ECP procedure[38] 
while serious complications may be more prone to occur in 
secondary glaucoma patients; 3) The laser power level and 
treatment extent adopted in each clinical trial differed from 
one another, therefore it remained to be determined how much 
IOP-lowering effects could be generated by a certain extent 
of ECP treatment in different types of glaucoma. Animal 
studies have been performed to seek the appropriate laser 
energy level to effectively treat the ciliary epithelium[49-50]; 

However, no such study could be found regarding the “energy-
effect” evaluation of Phaco-ECP procedure in human eyes. 
As to the treatment extent, a single clear cornea incision 
allows approximately 240 to 300 degrees of treatment, and 
the remaining 60 to 120 degrees of ciliary processes under the 
corneal incision are often left untreated. As a result, more than 
one corneal incision may be necessary to ablate the rest of the 
ciliary processes. Kahook et al[20] conducted a study to compare 
the IOP-lowering effect of Phaco-ECP treatment through one 
versus two corneal incisions. The study revealed that two-site 
Phaco-ECP may result in statistically significant IOP lowering 
and less dependence on glaucoma medications compared with 
single site Phaco-ECP, indicating the influences that treatment 
extent may have on the efficacy of Phaco-ECP procedure. An 
animal study conducted by Zhang et al[21] concluded that a 
treatment extent of about 180 to 270 degrees would be better 
for IOP control, but the exact parameter used for human eyes 
remains to be further clarified by future studies; 4) All the 
studies reviewed in this article had follow-ups no longer than 
36mo. Regarding the reperfusion of ciliary processes after ECP 
treatment[28], its IOP-lowering effect may be weakened in the 
long run, so longer follow-up period may be needed to observe 
the long-term efficacy of Phaco-ECP procedure. 
Combining cataract and glaucoma surgery, Phaco-ECP 
emerged as an alternative solution to the coexisting problems 
with its minimally invasive nature. Up until now, all the studies 
evaluating the efficacy data pertaining to Phaco-ECP procedure 
gave promising results, implying that the procedure is effective 
in IOP control and visual acuity improvement. Besides, the 
safety profile of Phaco-ECP was also excellent when compared 
with traditional anti-glaucoma surgery such as trabeculectomy 
and TCP, rarely showing any serious complications. Since 
ECP could be performed in a quantitative way and under direct 
visualization, it could spare patients the risks of phthisis that 
might be caused by other destructive procedures. However, due 
to its relatively short period of application and lack of large-
scale multicenter clinical study, more data is needed to clarify 
its long-term efficacy and the association between treatment 
extent and IOP lowering effect before introducing Phaco-ECP 
as a routine therapeutic option for patients with moderate or 
even early glaucoma. 
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