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SUMMARY 
In a prospective and randomised study, we compared 
the course of pulsed dye laser ab interno sclerostomy 
with the course of posterior lip sclerectomy in 25 
rabbits. One eye of each rabbit was randomly selected 
to be treated with laser; the fellow eye underwent 
posterior lip sclerectomy. Intraocular pressure (lOP) 
determinations and slit lamp examinations were 
recorded pre-operatively, then every other day for 3 
weeks on 21 of the rabbits. Histological examination 
was performed on the eyes of 3 randomly selected 
rabbits that were killed 72 hours post-operatively. Laser 
sclerostomy resulted in an average maximal drop in 
lOP of 9.5 mmHg on post-operative day 1, and 
posterior lip sclerectomy resulted in a similar drop of 
10.5 mmHg (p = 0.43, t-test). By life-table analysis, 88% 
of eyes returned to within 2 mmHg of pre-operative 
lOP values within 7 days following either laser internal 
sclerostomy or posterior lip sclerectomy. There was no 
significant difference between laser internal sclero
stomy and posterior lip sclerectomy eyes with respect 
to the number of days needed to return to within 2 
mmHg of preoperative lOP values (p = 0.26, sign test 
of the life-table analysis). Pulsed dye laser internal 
sclerostomy appears to be as effective as posterior lip 
sclerectomy in lowering lOP in the rabbit model. 

Current methods of glaucoma filtration surgery 
depend on surgically creating a pathway through 
the sclera to allow subconjunctival flow of aqueous 
humour. These techniques have several disadvan
tages. Although primary conventional filtering sur
gery has a success rate approaching 95%, many eyes 
with previous surgery or with inflammatory or 
neovascular glaucoma do not fare as well.l-4 Also, 
current filtration techniques subject the patient to the 
risks of local or general anaesthesia.s Lastly, any 
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incisional procedure subjects the eye to the risks of 
endophthalmitis, vitreous loss and expUlsive 
haemorrhage.1,6 

Laser sclerostomy may have several potential 
advantages over conventional filtering surgery, 
including less manipulation of the conjunctiva, less 
risk of intraocular haemorrhage and less inflamma
tory response, all of which may lead to less post
operative scarring. Since failure of glaucoma filtering 
surgery is usually due to post-operative fibroblast 
proliferation, collagen deposition and subsequent 
bleb or sclerostomy scarring, laser sclerostomy may 
provide a means of enhancing the success of filtration 
procedures?-9 

Several laser sclerostomy techniques have been 
reported. Using an ab externo technique, Hoskins 
and co-workers have performed sclerostomies with a 
THC:YAG laser.lO,ll This technique has the theoret
ical disadvantage of requiring insertion of a probe 
subconjunctivally, thus disturbing the conjunctiva. 
Several ab interno techniques usin� the argon,12 
erbium-YAG,13 neodymium-YAG14- 7 and excimer 
lasers18 have also been described. All these techni
ques require the passage of a fibre-optic or sapphire 
probe across the anterior chamber, risking damage to 
the intraocular structures. March and colleagues first 
described the use of a contact lens to perform an ab 
interno laser sclerostomy.19,20 Latina et al.21 have 
described an ab interno approach to laser sclero
stomy using a pulsed dye laser, iontophoresis of 
methylene blue stain, and a goniolens that minimally 
disturbs the conjunctiva. Clinical studies using ab 
interno laser sclerostomy with the pulsed dye laser in 
patients with refractory or end-stage glaucoma have 
shown promising results.22,23 We have found reactive 
black 5 stain to be more effective than methylene 
blue in the creation of sclerostomy with the pulsed 
dye laser. We used reactive black 5 stain for 
iontophoresis to compare the course of pulsed dye 
laser ab interno sclerostomy with posterior lip 
sclerectomy. 
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MATERIALS AND METHODS 
This study was performed in accordance with the 
ARVO Resolution on the Use of Animals in 
Research. Thirty-nine pigmented rabbits weighing 
1.5-3.0 kg were studied. Pre-operatively, intraocular 
pressure (lOP) was measured in both eyes under 
topical 0.5% proparacaine (Alcon, Humacao, PR) 
anaesthesia by pneumotonometry (Alcon, Applana
tion Pneumotonograph, Digilab, Cambridge, MA); 
the mean of three separate readings was recorded. 
External examination of the conjunctival injection, 
corneal clarity, anterior chamber reaction and lens 
clarity was performed with a Zeiss slit-lamp bio
microscope (Carl Zeiss, Germany) and graded on a 
scale of 0-3 (Table I) by one observer masked to the 
procedure performed. 

One eye of each rabbit was randomly selected to 
undergo laser sclerostomy; for comparison the fellow 
eye underwent posterior lip sclerectomy during the 
same treatment session. General anaesthesia was 
given using ketamine 50 mg/kg i.m. (Parke-Davis, 
Morris Plains, NJ) and xylazine 15 mg/kg i.m. 
(Mobay, Shawnee, KS). Iontophoresis of 3% reac
tive black 5 stain (Aldrich Chemical, Milwaukee, 
WI) was used to enhance scleral absorption of the 
laser energy. Topical proparacaine 0.5% was applied 
via a cotton-tip applicator to the planned site of 
iontophoresis to enhance stain penetration. Fresh 
reactive black stain was reconstituted from powder to 
3% solution with double-distilled water for each 
treatment session. The stain was iontophoresed at 
the posterior surgical limbus for 5 minutes at 500 rnA 
using a constant current source. The iontophoresis 

Table I. Scales used for slit-lamp parameters 

Parameter 

Conjunctival injection 
o 
1 
2 
3 

Corneal clarity 
o 
1 

2 

3 

Description 

No injection 
Trace injection 
Moderate injection 
Severe injection with chemosis 

No opacity 
Opacity involving < 1/3 of the cornea, 

and not obscuring iris detail 
Opacity involving 1/3-2/3 of the cornea 

and not obscuring iris detail, or < 113 
obscuring iris detail 

Opacity involving > 2/3 of the cornea 
and not obscuring iris detail, or 
involving> 113 obscuring iris detail 

Anterior chamber reaction 
o No flare or cells 
1 Mild flare, no cells 
2 Moderate flare with cells 
3 Severe flare with cells and fibrin 

Lens clarity 
o 
1 
2 
3 

No opacity 
Mild lens haze 
Moderate lens haze 
Complete lens opacity 

probe consisted of a plastic tube with a tubular Porex 
(Porex Technologies, GA) sponge inside. The tip of 
the probe was tapered to a final dimension of 
0.5 x 0.5 mm. All exposed areas of the probe tip 
except the distal 0.5 mm were coated with 100% 
silicone rubber (RTV Sealant, Dow Corning, 
Midland, MI). Electrical contact with the sponge 
was via a silver-silver chloride wire. The positive 
electrode of the current source served as a ground on 
the rabbit's ipsilateral ear, and the negative electrode 
was placed on the iontophoresis probe. The probe 
was kept moist between each use by storing it in 
reactive black 5 stain solution. After iontophoresis, 
excess stain was removed from the eye surface by 
blotting the stained area and irrigating the eye with 
sterile saline. Prior to the laser application, a 
conjunctival bleb was raised with 0.2 ml sterile saline 
using a 30-gauge needle in order to prevent 
conjunctival perforation by the laser energy. Care 
was taken to keep the site of needle entry away from 
the intended sclerotomy site. Using a cotton-tip 
applicator, the bleb was then massaged as far 
anteriorly as possible to lift the conjunctiva off the 
stained scleral surface. Pilot studies showed that this 
procedure did not increase conjunctival scarring. 

A flashlamp-pumped pulsed dye laser was pro
vided by Candela Laser (Wayland, MA). The laser 
output was coupled to a slit-lamp delivery system by 
a fibre-optic cable that provided a 200-f,Lm spot size. 
A wavelength of 590 nm, duration of 8 f,LS and energy 
of approximately 150 mJ were used. Prior to 
treatment of each rabbit, the laser output was 
measured on an energy meter (Model 365 power 
and energy meter, Scientech, Boulder, CO). 

A modified Zeiss goniolens (supplied by Candela 
Laser, Wayland, MA) was used to deliver the laser 
energy. The Zeiss lens was modified by removing the 
reflective mirror coating, then the polished glass 
reflecting surfaces were coated with aluminium foil 
and epoxy resin for protection. Thus, the laser 
energy was directed entirely by internal reflection 
and the posterior angle structures were visualised by 

Table II. Complications 

Types of complications 

Leading to exclusion 
Anaesthetic-related death 
Laser sclerostomy eyes: 

Inadequant dye iontophoresis 
Failure of chamber to shallow during lasering 
Seidel-positive 

Posterior lip sclerectomy eyes: 
Vitreous loss 
Seidel-positive 

Not leading to exclusion 
Laser sclerostomy eyes: 

Hyphaema 
Subconjunctival haemorrhage 

Posterior lip sclerectomy eyes: 
Hyphaema 

Number 

1 

1 
5 
4 

2 
1 

1 
5 

6 
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Fig. 1. Mean post-operative change in lOP from baseline for eyes treated with pulsed dye laser ab interno sclerostomy versus 
eyes treated with posterior lip sclerectomy. Error bars indicate 1 SD. 

compression gonioscopy during the treatment. The 
laser was aimed via a helium-neon beam focused on 
the most posterior aspect of the dye spot. This area 
was always anterior to the top of the trabecular 
meshwork (insertion of the iris pillars to the cornea 
in the rabbit eye). The laser was repeatedly fired 
until the anterior chamber shallowed and bleb 
formation was visualised. Care was taken to ensure 
that all the spots overlapped. If the anterior chamber 
failed to shallow, the procedure was considered a 
failure. No peripheral iridectomy was performed and 
there was no immediate obstruction of the scler
ostomy by iris in any of the eyes tested.23 Post
operatively, the external region of the sclerostomy 
was examined under an operating microscope and a 
Seidel test was performed using a fluorescein
impregnated strip of paper (Ayerst, New York, 
NY). Tobramycin ointment (Alcon Laboratories, 
Forth Worth, TX) then was applied to the surface 
of the eye. 

Thereafter, posterior lip sclerectomy was per
formed on the fellow eye. A lid speculum was 
applied and a superotemporal, limbal-based con
junctival flap was made with Wescott scissors. The 

conjunctiva was bluntly dissected forwards using a 

cotton-tip applicator. Excessive Tenon's tissue was 
removed. A groove was made with a 64 Beaver blade 
(Rudolph Beaver, Waltham, MA) just posterior to 
the limbus and a short scleral tunnel was made into 
clear cornea. The anterior chamber was then entered 
at the sclerectomy site with a IS-degree Alcon 
superblade (Alcon Surgical, Fort Worth, TX). A 
2 X 2 mm block of limbal tissue was excised by 
taking two separate bites with a Kelly-Descemets 
punch to create a full-thickness sclerectomy. Cautery 
was employed as necessary to achieve haemostasis. 
A peripheral iridectomy was performed using a 0.12 
forceps and Vannas scissors. The conjunctiva was 

closed with a running, intermittently locked 8-0 vicryl 
suture. A Seidel test then was performed over the 
surgical site, and tobramycin ointment applied to the 
surface of the eye. 

Rabbits with a wound leak, positive Seidel test, 
eight-ball hyphaema or failure of the anterior 
chamber to shallow during the laser sclerostomy 
were killed at the time of surgery and not included in 
the study. Post-operative follow-up included slit· 
lamp examination and lOP measurements every 
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Fig. 2. Life-table analysis of the time required for fOP to return to within 2 mmHg of the mean pre-operative value for eyes 
treated with pulsed dye laser ab interno sclerostomy versus eyes treated with posterior lip sclerectomy. 

other day for 3 weeks, starting on the first post
operative day. In addition, the presence or absence 
of a bleb was noted during each examination. The 
examinations were performed by one observer who 
was masked to the procedure performed in each eye. 

Twenty-one animals were killed with an overdose 
of sodium pentobarbital 75 mg/kg i.v. 3 weeks after 
surgery. Three rabbits were selected using an 
algorithm based on a random number table, and 
killed 72 hours after surgery for histopathological 
examination. The eyes from these animals were 
enucleated and fixed in 10% neutral-buffered for
malin for 48 hours. The eyes were then sectioned in 
the sagittal plane into two calottes, and embedded in 
paraffin. Step sections 5 /-lm thick then were obtained 
and stained with haematoxylin-eosin and Masson's 
trichrome. 

Statistical analysis was performed to compare, for 
each rabbit, the eye that underwent laser sclerostomy 
with the fellow eye that underwent posterior lip 
sclerectomy. Variables examined included lOP; time 
to return of lOP to within 1, 2 or 3 mmHg of the 
baseline pressure; time to bleb failure; and time to 
return to baseline for conjunctival injection, anterior 
chamber reaction, corneal clouding and cataract 

formation. The variables were compared using the 
paired [-test for all the rabbits followed for 3 weeks 
(n = 21). Life-table analysis using McNemar's statis
tic for paired data was used as appropriate to 
compare all rabbits included in the study 
(n = 25).24.25 A probability of less than 0.05 was 
considered to be statistically significant for all 
analyses. 

RESULTS 
Of a total of 39 rabbits operated on, 14 were 
excluded from the study. One rabbit that died from 
an unknown cause on the fifth day of follow-up was 
included in the data analysis. Complications not 
leading to exclusion in the lasered eyes included 1 
eye that developed a 5% hyphaema and 5 eyes that 
developed small sUbconjunctival haemorrhages. Of 
the surgical eyes, 6 developed 5-50% hyphaemas 
(Table II). 

Average measured energy per laser shot (±SD) 
was 156 ± 5.2 (range 148-167) mJ. An average of 
225 ± 111 (range 25-486) shots were required to 
obtain the laser clinical success endpoint. The 
average total energy used per lasered eye was 
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Fig. 3. Life-table analysis of the time required for conjunctival reaction to return to baseline values for eyes treated with 
pulsed dye laser ab interno sclerostomy versus eyes treated with posterior lip sclerectomy. 

35.0 ± 17.3 (range 3.9-76.8) J. It required approxi
mately 10 minutes to complete the laser treatment in 
each eye. 

Pre-operatively, there was no statistically signifi
cant difference in lOP between laser sclerostomy and 
posterior lip sclerectomy eyes (t-test, p = 1.00) . There 
was no significant difference between laser sclero
stomy and posterior lip sclerectomy with respect to 
either the extent or the duration of the drop in lOP 
on any post-operative day (Fig. 1). Power calcula
tions yielded a 90% power in detecting a 3 mmHg 
difference in lOP with the sample size used in this 
study. The maximum drop in lOP occurred on the 
first day. This drop was 9.5 mmHg for lasered eyes. 
By life-table analysis, 88% of both laser sclerostomy 

and posterior lip sclerectomy eyes returned to within 
2 mmHg of pre-operative lOP within 7 days (Fig. 2). 

As revealed by slit-lamp examination, conjunctival 
reaction returned to baseline in significantly fewer 
days in the laser sclerostomy eyes than in the 
posterior lip sclerectomy eyes (p = 0.02, sign test of 
life-table analysis; Fig. 3). This relationship occurred 
for the anterior chamber reaction as well (p = 0.002; 
Fig. 4). There was no significant difference between 
laser sclerostomy and posterior lip sclerectomy eyes 
with regard to corneal clarity, lens clarity or bleb 
survival. The mean time (±SD) for the stain to 
disappear was 6.4 ± 3. 1 days. 

Histological examination performed on the eyes of 
3 rabbits killed 72 hours after surgery showed a 

Table m. Laser sclerostomy and posterior lip sclerectomy eyes (%) with slit-lamp parameter score a > 0 (n = 23) 
Conjunctival injection Corneal clarity Anterior chamber inflammation 

Day Laser sclerostomy Posterior lip sclerectomy Laser sclerostomy Posterior lip sclerectomy Laser sclerostomy Posterior lip sclerectomy 

1 100 100 33.3 14.3 80.9 90.5 
3 76.2 95.2 28.6 9.5 33.3 76.2 
5 28.6 23.8 19.0 9.5 19.5 42.9 
7 23.8 19.0 9.5 0 0 0 
9 9.5 4.8 9.5 0 0 0 

11 0 0 9.5 0 0 0 
13 0 0 9.5 0 0 0 

aSee Table 1. 
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Fig. 4. Life-table analysis of the time required for anterior chamber reaction to resolve for eyes treated with pulsed dye laser 
ab interno sclerostomy versus eyes treated with posterior lip sclerectomy. 

partial sclerostomy through the limbus of those eyes 
treated with the laser (Fig. 5). A patent sclerectomy 
was demonstrated in all 3 eyes that received poster
ior lip sclerectomies (Fig. 6). No inflammation in the 
ciliary body or cyclodialysis clefts was observed. 

DISCUSSION 
We found pulsed dye laser internal sclerostomy and 
conventional filtering surgery to be equally effective 
in lowering lOP in the rabbit model. In addition, we 
found that there was significantly less conjunctival 
and anterior chamber reaction in the lasered eyes. 
Theoretically, this lower inflammatory response 
could lead to less aggressive wound healing and 
scarring, resulting in improved filtration success. 

In eyes with extensive conjunctival scarring, laser 
sclerostomy offers an alternative to difficult and 
often risky conjunctival dissection. With a potentially 
lower complication rate and less serious complica
tions, it may be safe to repeat laser sclerostomy 
several times anywhere around the limbus to reduce 
lOP in a graded manner. Lastly, laser sclerostomy 

may allow filtering surgery to be performed entirely 
on an outpatient basis under topical anaesthesia. 

Laser sclerostomy was technically easier and faster 
to perform than posterior lip sclerectomy. The two 
procedures posed different sets of complications. 
Inaccurate stain placement may lead to inability to 
perform the laser sclerostomy. This problem can be 
solved by repeating the iontophoresis. Failure of the 
laser to penetrate the sclera occurred in 5 of 38 
attempted treatments. The most serious complication 
encountered with laser sclerostomy was perforation 
of the cornea at or anterior to the conjunctival 
insertion into the cornea, leading to wound leak. 
Rabbits are especially predisposed to this complica
tion because the angle width is relatively narrow and 
the conjunctival insertion is posterior to that in 
humans?6 In order to decrease the risk of conjuncti
val perforation, the sclerostomy was always placed in 
the most posterior aspect of the stain spot. The only 
other complications with the laser sclerostomy were a 
greater incidence of subconjunctival haemorrhage 
than that observed in posterior lip sclerectomy eyes, 
and small, localised areas of corneal haze, possibly 
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Fig. 5. Photomicrograph of pulsed dye laser ab interno 
sclerostomy in the rabbit eye. Partial-thickness sclerostomy 
is present. K, cornea; X, fistula; S, sclera; C, conjunctiva 
(Masson's trichrome, original magnification X25). 

related to endothelial damage, around the sclero
stomy sites. As noted above, the human eye has a 
deeper anterior chamber with a wider approach to 
the angle structures than does the rabbit eye. In 
addition, the conjunctiva inserts more anteriorly on 
the cornea?6,27 Thus, it should be easier to place the 
sclerostomy and avoid conjunctival perforation in 
humans than in rabbits. 

The total average energy required to perform laser 
sclerostomy in our study was much higher than that 
reported by Latina21 and others.22,23 This disparity 
may have been due to the more posterior placement 
of the sclerostomy in our study. A major factor that 
was found to influence energy required for perfora
tion was the anterior-posterior relationship of the 
sclerostomy to the iris insertion. More anteriorly 
placed sclerostomies that resulted in perforation of 
the conjunctival insertion required much less energy 
for perforation (average total energy, 4.41 J) than did 
posteriorly placed sclerostomies (average total 
energy, 35.0 J). The posterior region of the stain 
spot could have had a lower concentration of stain, 
leading to less efficient energy absorption. In 
addition, as the laser beam is aimed more posteriorly, 

J. H. RABOWSKY ET AL. 

Fig. 6. Photomicrograph of posterior lip sclerectomy in 
the rabbit eye. Full-thickness sclerostomy is present. K, 
cornea; X, fistula; S, sclera; C, conjunctiva (Masson's 
trichrome, original magnification X25). 

it forms a more oblique angle of incidence to the 
sclera, possibly leading to less efficient tissue ablation 
and a longer sclerostomy tract. 

Reactive black 5 was employed in this study rather 
than methylene blue. In preliminary trials using the 
laser technique employed in this study, we had found 
methylene blue to bleach after 10-20 shots, reSUlting 
in a poor rate of scleral perforation. No stain 
bleaching was observed during the rabbit treatments 
in this study. 

There may be several mechanisms of action for the 
lOP-lowering effect of pulsed dye laser internal 
sclerostomy. Filtration may have played a role in 
many eyes. In the lasered eyes, the lOP survival 
curve closely matched the survival curve for the 
presence of filtering blebs. Our pulsed dye laser 
sclerostomies were approximately 300 ""m in width, 
compared with the posterior lip sclerectomies which 
were 2000 ""m wide. The laser sclerostomies might be 
expected to close sooner than the posterior lip 
sclerectomies.27 Increased outflow could have 
occurred transsclerally or from uveoscleral outflow 
as a result of scleral damage from a partial 
sclerostomy. 

The decreased lOP after laser sclerostomy may be 
due to decreased aqueous production secondary to 
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inflammation. Cyclodialysis clefts may have been 
created, either because treatment was too posterior 
in the anterior chamber angle or as a result of 
acoustic effects of the laser. However, histopatholo
gical examination did not show ciliary body inflam
mation or cyclodialysis clefts. 

Pulsed dye laser internal sclerostomy appears to be 
as effective in lOP reduction as posterior lip 
sclerectomy in the rabbit model. Additional studies 
to control the post-operative course of laser scler
ostomy in rabbits using modulators of the wound 
healing process may be valuable. In the future, 
prospective, randomised human studies comparing 
laser sclerostomy with conventional filtration surgery 
may be beneficial. 
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