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Ciliary body vascular changes of cyclophotocoagulation
in a rabbit model

Mei-Ju Chen

PURPOSE To determine the acute and chronic hemodynamic effects of endoscopic
cyclophotocoagulation (ECP) versus transscleral cyclophotocoagulation (TCP) n a
rabbit model
METHODS: The endoscopic laser (EndoOptiks, Little Silver,NJ) was fitted with
approprate color filters at the camera and light source ports to perform endoscopic
fluorescein angiography (FA) FA was recorded 1n real time on digital video Five
rabbits were used as controls for endoscopic FA of the cihiary body Fifteen rabbits
underwent ECP 1n one eye and another fifteen rabbits had unilateral TCP Intraocular
FA was performed immediately, one day and one month after surgery The eyes were
evaluated in regards to their cihary body vascular perfusion Five rabbits in each
group had endoscopic cihary body FA at each time point The vascular integrnity of the
cihiary processes was evaluated by the computenized pixel intensity calculation for
three cihiary processes within a photographic frame
RESULTS Normal functional ciliary processes were fluorescent within 5 seconds of
fluorescein 1jection and became hyperfluorescence with observation Ablated
processes were hypofluorescent Immediately after laser, both TCP and ECP
demonstrated severely reduced or nonexistent ciliary body blood flow The cihary
tissues of TCP eyes exhibited areas of central hypofluorescence with surrounding
zones of hyperfluorescence which was indicative of less uniform treatment ECP
showed areas of dense hypofluorescence, corresponding to the previous treatment
site At one day, both TCP and ECP eyes showed similar findings as that of the
immediate treatment At one month, TCP eyes showed markedly uregular pattern
of mixed hypo- and hyperfluorescence This scattered fluorescence likely
represented residual viable ciliary processes with partially perfused blood flow
ECP eyes showed umform early fluorescence with less leakage (hyperfluorescence)
m the late phase, compared to the untreated processes Shightly less early
fluorescence was observed when compared to the untreated processes Therefore, at
least partially reperfused ciliary blood flow was noted 1n the ECP rabbuts at 1
month post-treatment
CONCLUSIONS Umform reperfusion of the ciliary body blood flow 1n the
ECP-treated rabbits may indicate preservation of vascular perfusion to an important
ocular tissue In contrast, TCP-treated eyes showed many areas of marked
hypoperfusion at the 1-month time point This may account for the very low rates of



phthisis and hypotony observed with ECP 1n the climcal situation
INTRODUCTION

Transscleral cyclphotocoagulaton (TCP) 1s a cyclodestructive surgery reserved for
more refractory cases of glaucoma and 1n eyes which have little or no visual potential
TCP has been shown to be an effective surgery for treating end-stage and/or severe
glaucomal-14 Even though TCP has been used effectively for managing refractory
and severe glaucoma, 1t 1s a procedure that has a sigmificant incidence of
comphcatlonsl'18

A new method to directly photocoagulate the ciliary body under endoscopic
guidance--known as endoscopic cyclophotocoagulation (ECP)--has become
increasingly important for the treatment of refractory glaucomas19-20, The laser umt
for ECP (Endo Optiks, Little Silver, NJ) incorporates a diode laser that emuts pulsed
continuous-wave energy at 810 nm, a 175-watt xenon hight source, a hehum-neon
laser aiming beam, and video camera imaging which can be recorded All four
elements are transmitted via fiberoptics to a 20-gauge probe that 1s mserted
intraocularly ECP has been shown to be an effective surgery for treating refractory
glaucoma of various d1agnoses19'23 There were no 1nstances of phthisis,
endophthalmitis, retinal detachment, or sympathetic ophthalmia postoperatively

In ECP, there 1s selective ablation of aqueous-secreting ciliary body tissue, allowing
sparing of adjacent tissues and, possibly, underlying vasculature This selectivity may
ultimately be the reason for the relative low incidence of vision-threatening
complications In order to more defimtively demonstrate the advantages of ECP over
TCP, we propose to set up a rabbit model to compare these two methods by
mnvestigating the acute and chronic hemodynamic changes associated with each
procedure We have already made changes to the ECP machine to perform intraocular
fluorescein angiography (FA) with these surgenies Ths 1s a pilot study using
mtraocular FA to evaluate the impact of cyclophotocoagulation on the perfusion of
cthary processes

METHODS

Thurty five New Zealand Dutch-belt rabbits were used in our study Five rabbits
were used as controls for endoscopic FA of the ciliary body Fifteen rabbits underwent
ECP 1 one eye and another fifteen rabbits had unilateral TCP Intraocular FA was
performed immedately, one day and one month after surgery The eyes were
evaluated 1n regards to their cihiary body vascular perfusion Five rabbits in each
group had endoscopic ciliary body FA at each time point



Preoperatively, rabbits were sedated and anesthetized with ketamine 35-50 mg/Kg
and xylazine 5-10 mg/Kg IM We also used topical Proparacame 0 5% eye drops 1n
the operated eye For TCP eyes, the Diode laser (IRIS Oculight SLx, Ins Medical Inc,
Mountain View, CA) was performed The G probe was placed on the conjunctiva and
sclera, centered 1 mm behind the imbus, and 9-10 spots were applied on the
inferior-temporal quadrant Energy levels were titrated to avoid an audible "pop”
which mdicated overtreatment and explosion of the ciliary body tissue The energy
settings ranged from 550 to 800 mW and the duration was 1 second Postoperatively,
topical neomycin and polymyxin o1lment and atropine (1 %) were given

ECP eyes were prepared with antibacterial solution and draped A himbal ncision
paracentesis was made with a superblade on the supenor-nasal quadrant The
viscoelastic (Healon-5) was mnjected beneath the 1rs to fill and artificially expanded
the cihary sulcus The endoscpic laser (EndoOptiks, Little Silver,NJ) was used After
onentation of the probe image outside of the eye, the 20-gauge probe was nserted
through the incision and into the posterior sulcus At this ime, the cihary processes
were viewed on the momtor and treatment could begin  The laser was set on
continuous wave and energy settings are 0 15 W Approximately a 90-degree span of
cihary processes were photocoagulated Laser energy was applied to each process
until shrinkage and whitening occurred After the nfenor-temporal cilary processes
were treated, residual viscoelastic 1s removed with a Simcoe 1mgation and aspiration
device and the wound was closed with a single interrupted 10-0 nylon suture
Sub-Tenon's injection of 1cc of tnamcinolone (40 mg/5 cc) 1s given immediately at
the end of ECP Also, topical neomycin/polymyxin omntment and atropine (1 %) were
given

To perform endoscopic FA, the endoscopic laser was fitted with appropriate color
filters at the camera and light source ports 1 ml of 10% sodium fluorescemn was
injected mto rabbit’s long ear vemn FA was recorded 1 real time on digital video
10-15 seconds after fluorescein was first seen on the screen, we captured a
photographic frame which included three ciliary processes The vascular integrity of
the cihary processes was evaluated by computerized pixel intensity calculation To
calculate the pixel mtensity, the Scion-1mage software was used to trace around each
cihary body The program can determine the average pixel intensity within each
tracing

RESULTS



Normal functional ciliary processes were fluorescent within 5 seconds of fluorescen
injection and became hyperfluorescence with observation (Fig 1) Ablated processes
were hypofluorescent Immediately after laser, both TCP and ECP demonstrated
severely reduced or nonexistent ciliary body blood flow (Fig 2 and 3) The cihary
tissues of TCP eyes exhubited areas of central hypofluorescence with surrounding
zones of hyperfluorescence which was indicative of less uniform treatment ECP
showed areas of dense hypofluorescence, corresponding to the previous treatment site
At one day and one week, both TCP and ECP eyes showed simular findings as that of
the immediate treatment (F1g 4 and 5) At one month, TCP eyes showed markedly
uregular pattern of mixed hypo- and hyperfluorescence (Fig 6) This scattered
fluorescence likely represented residual viable ciliary processes with partially
perfused blood flow ECP eyes (Fig 7) showed uniform early fluorescence with less
leakage (hyperfluorescence) in the late phase, compared to the untreated processes
Slightly less early fluorescence was observed when compared to the untreated
processes Therefore, at least partially reperfused ciliary blood flow was noted 1n the
ECP rabbuts at 1 month post-treatment

The mean computerized pixel intensity of fluorescein 1 each group was shown in
Table Both TCP and ECP eyes demonstrated remarkably decreased fluorescence
immediately and one day after laser At one week, both TCP and ECP eyes showed
similar findings compared with immediate and 1-day data. At one month, TCP eyes
st1ll remained reduced fluorescein intensity while ECP eyes revealed as almost the
same fluorescence intensity as normal controls

DISCUSSION

In our study, umform reperfusion of the ciliary body blood flow 1n the ECP-treated
rabbits may indicate preservation of vascular perfusion to an important ocular tissue
In contrast, TCP-treated eyes showed many areas of marked hypoperfusion at the
1-month time point For quantifying the fluorescein perfusion, there 1s no accepted
standard up to now We try to set up a method to capture a photo unage at a fixed time
point and to calculate the pixel density These data also showed regamned fluorescein
intensity indicative of the ciliary body reperfusion in the ECP-treated rabbits

Endoscopic, intraocular fluorescein angiography has not been reported 1n the
Iiterature Qur study has established the physiological and histological basis for the
absence of phthusis and the low incidence of vision loss with ECP, compared to TCP
Thus information may help to convince other ophthalmologsts to consider ECP for
refractory glaucoma in cases 1n which vision 1s still relatively mtact We also
developed a new 1n vivo techmque for assessing ciliary body blood flow This



technique will help 1n the future study of new technologies for treating ciliary
processes In addition, 1t may help mn the development of treatments which will
spare damage to the vasculature of the cihary body
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Table The mean computerized pixel intensity of fluorescein

Before laser Immediate after Oneday  Oneweek One month

Control 68 731 61
TCP 37191619 3262875 330199  3323+797

ECP 3342+108 3321+£787 2899+622 56 02+9 77
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