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ABSTRACT Purpose: The aim of this pilot study was to  evaluate whether con- 
tact optical coherence tomography (OCT) allows visualization of the effects of 
cyclophotocoagulation. Methods: In this pilot study, transscleral contact OCT 
images (1310-nm wavelength) were generated prior to and immediately after 
conventional transscleral diode laser cyclophotocoagulation in three eyes of 
three patients who were suffering from uncontrolled glaucoma. Results: In the 
region of the ciliary body, transscleral contact OCT revealed two layers: (i) a 
superficial thick hyperreflective complex representing conjunctiva, the Tenon 
capsule, episclera, and sclera; and (ii) a thinner hyporeflective layer representing 
the ciliary body. The ciliary body could be differentiated from the overlying 
sclera by its marked drop in reflectivity. After cyclophotocoagulation, a marked 
increase of reflectivity in the treated area of the ciliaty body was identifiable. 
After treatment, the distinct border between the hyperreflective scleral com- 
plex disappeared, and the region of the ciliary body appeared hyperreflective. 
The optical properties of the overlying sclera remained unchanged. O n  corre- 
sponding averaged A-scan images, scleral thickness appeared to be slightly in- 
creased, whereas ciliary body thickness remained unchanged. Conclusions: This 
pilot study demonstrates the capability of contact OCT for allowing visual- 
ization of changes in the ciliary body after transscleral cyclophotocoagulation 
(TSCPC). Further investigations are planned to clarify the complete significance 
of these data. 
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Diode laser transscleral cyclophotocoagulation (TSCPC) is a destructive 
~ ~ ~ ~ ~ ~ ~ ~ ~ , j ~ ~ ~ ~ :  M.D., modality for treating glaucoma. Differences in transmission, reflection, and 
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of the laser cannot be visualized at the time of appli- 
cation, delivery of safe and effective individual dosages 
of laser energy remains a major problem for any cy- 
ciodestructive treatment regimen as weil as for iowering 
intraocular pressure. With recent developments in opti- 
cal coherence tomography (OCT) technology, 1310-nm 
wavelength OCT offers deeper visualization of scleral 
tissue than was previously a~ai lab le .~  To assess whether 
OCT is suitable for visualizing specific tissue reactions 
of the ciliary body immediately after TSCPC, we con- 
ducted a small-series pilot study to assess the efficacy of 
combined TSCPCIOCT. 

MATERIALS AND METHODS 
OCT System 

Contact OCT images were generated using a modi- 
fied experimental hand-piece (Heidelberg Engineering, 
Lübeck, Germany) based on the physical principles un- 
derlying OCT. With this device, differences in optical 
scattering between the various microstructures of the 
eye are able to be visualized. Instead of the common 
light source employed in conventional OCT Systems 
(wavelength, h = 830 nm), an infrared superlumines- 
cence diode (wavelength, h = 1310 nm) (SLD-561; 
Superlum, Moscow, Russian Federation), with a coher- 
ence length of 20 g m  and an energy output of 500 
gW, was used. The advantage of the higher wavelengtli 
is that it provides deeper visualization into scleral tis- 
sue than that achieved by conventional (lower wave- 
length) OCT.3.4 For the longer wavelength device, the 
acquisition time per image was 2 s. The reference arm 
optical delay, which determines the depth of the Cross 
section, was 2.5 mm in air. Within the eye, the optical 
path is increased by the refractive index of the sclera. 
Thus, the axial depth of the image was reduced to -1.8 
mm and the axial resolution to 15.0 gm,  depending 
on the optical properties of the measured tissue. The 
signal-to-noise ratio (SNR), which describes the quo- 
tient of the maximum signal and noise, was -100 dB. 
The contrast of the system was verified by comparing 
the amplitude of an adjusted mirror (sample) to the 
standard deviation of noise. O C T  images were gener- 
ated in logarithmic gray scale. The resultingimage repre- 
sented a cross-sectional x/z diagram that was displayed 
online and recorded simultaneously. The scan length 
was 2 mm. The images displayed 200 X 600 (120,000) 
pixels, with a digitalization rate of 3.0 Fm axially, and 
were not corrected for distortion (unscaled data). The 

contact OCT device was originally designed for derma- 
tologic use; it has been previously described in more 
detail el~ewhere.~ The hand-piece, which comprises the 
OCT fiber, the scanning module, and the focusing op- 
tic, was adapted for ophthalmologic use by reducing its 
size and by modifying the tip spherically for increased 
transmission (via compression) through the ~ c l e r a . ~  

Diode Laser Specifications 
Using the contact fiber optic G-probe (IRIS- 

Endoprobe), an infrared diode 810-nm laser(IR1S Med- 
ical Oculight SLx, IRIDEX Corporation, Mountain 
View, CA, USA) (range 1.5-2.5 Wand 1.5 s) was applied 
perpendicularly to the scleral surface, at a distance of 
1.5 mm from the limbus. 

Surgical Procedure 
Transscleral contact OCT measurements and 

TSCPC were performed immediately before and 
after TSCPC on three patients suffering from uncon- 
trolled glaucoma. Informed consent was obtained from 
all patients. The study was approved by the ethics 
committee of our university. Prior to this treatment, 
no other ciliaty destmctive procedures had been per- 
formed. Measurements and treatments were accom- 
plished under general anesthesia; pupils were undilated. 

RESULTS 
With 1310-nm contact OCT, a section ofthe pars pli- 

cata ofthe ciliary body could be visualized. In contrast 
with noncontact transscleral OCT, neither the overly- 
ing conjunctiva nor any other superficial layer was dis- 
cernible (Fig. 1A). With the contact OCT system, two 
layers could be differentiated in the region of the cil- 
iary body: (i) a superficial thick, hyperreflective complex 
representing conjunctiva, the Tenon capsule, episclera, 
and sclera; and (ii) a thinner, hyporeflective layer rep- 
resenting the outer part of the ciliary body in the area 
of the pars plicata. The ciliary body could be differen- 
tiated from the overlying sclera by a marked drop of 
reflectivity, owing to the fact that the sclera is highly 
reflective. Such reflectivity is a result of the inhomoge- 
neous distribution of variable-diameter collagen fibrils 
of the sclera, in contrast with the soft arid less dense 
structure of the ciliary body (Fig. 2A). Increasing the 
pressure on the hand-held contact system did not al- 
low improved visualization of deeper stnictures, nor 
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FlGURE 1 Transsderal contact OCT Image (1310 nm, 100 Hz, 200 scans, 2.0 X 1.8 mm). (A) lmmediately before TSCPC: hyperreflective 
scleral layer, hyporeflective ciliary body layer. (B) lmmediately after TSCPC: hyperreflectivity of ciliary body region. At an exposure duration 
of 1.5 S, the laser power was 2000 mW. S, sclera; CB, clllary body; arrows, sclera-ciliary body crossover. 
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FIGURE 2 SulFaeeglitined üartlaltmaaeand wmspondlng no~malmaymaed Ascan.Ornphsare  normal^ tomaxlmum Intenslty. 
(A) lmmedlately before TCCPC. (B) ~mrnediate~~ atter TSCPC, shovrlng a mariced increase of signal inienslty In me cll~ary body iogion aiter 
heatment. Rlnht Ibo: Averaaed lntensltv within sdera, showln(i a broadonlng of sclernl Plateau. Leii line: Averaged ImDnSHy wlthin dllary 

did releasing the pressure allow for wpe&cial layer dii After cydophotocoagulation, a rnarkd hme of 
ferenhtion. Due to limited signal intensiv and iiiited reflecfivity in the treated area of the c i l i a~  b~&x was 
penetration depth, no additional stnictum (e.g., zonu- idenfifiable, whereas &lectiviv of the untreatrd wo11 
lar fibers or peripheral l a s  elements) could be identi- temahed unchahged (Fig. 1B). A distinct betdq, 10- 
fied. The concave shape of the Surface was cawd by cated behveen the hyperreflective scleral complex end 
depressing the sph&ca]. glass-suifaced agplicator onto the  hyporeflective diaty body, was present p& b 
the sdera. TSCPC but disintegrated and nearly disappeäd &er 
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reaction or is capable of indicating changes in aqueous 181 Bhola RM. Prasad 5. McCormick AG. et al. Pu~illary distortion and 

production. 
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