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Abstract

Objectives: To report visual and anatomical outcomes following two- or four-quadrant partial-thickness sclerectomy and sclerotomy
surgery to treat nanophthalmos (NO)-related uveal effusion (UE).

Materials and Methods: Consecutive patients with NO-related UE were treated with four-quadrant or two-quadrant (for those with
associated glaucoma) partial-thickness sclerectomy and sclerotomy surgery. Axial length, extent of UE, preoperative, postoperative, and
final best corrected visual acuity (BCVA), time to retinal reattachment, and rates of retinal reattachment and recurrence were noted.
Results: Fourteen eyes of 10 patients with NO-related UE were operated. Retinal detachment (RD) involved mainly the peripheral
retina in 7 (50%) eyes, macula in 2 eyes (14.2%), both macula and peripheral retina in 4 eyes (28.6%), and the whole retina in 1 eye.
Eleven eyes had four-quadrant surgery, and 3 eyes with associated glaucoma had two-quadrant surgery. External subretinal drainage was
performed in one patient who had total RD. The mean preoperative logMAR BCVA of 1.50+0.53 increased significantly to 0.92+0.49
after surgery (p=0.002). Resolution of RD could be achieved with two-quadrant surgery in only 1 of 3 eyes. In the other 2 eyes, retinal
reattachment was achieved after a secondary surgery for the remaining two quadrants to complete four-quadrant sclerectomy. Final
outcome was total reattachment of the retina in 11 eyes (78.6%), partial reattachment in 1 eye (7.1%), and recurrence of macular
detachment in 2 (14.3%) eyes.

Conclusion: Quadrantic partial-thickness sclerectomy and sclerotomy surgery seems effective for treating UE in eyes with NO. Two-
quadrant surgery may be tried for mild UE associated with glaucoma to preserve the superior quadrants for future possible glaucoma
surgeries, but secondary surgery for the superior quadrants may be needed. External drainage of subretinal fluid may be an option in
severe cases to achieve quicker resolution.
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Introduction

Nanophthalmos (NO) comes from the Latin word
nanos, which means “dwarf.” NO is thought to result from
developmental arrest of the globe. In contrast to microphthalmos,
which is frequently complicated by developmental defects of
the fetal fissure and coloboma of the iris, choroid, and retina,
the nanophthalmic eye is typically reduced in volume with a
normal-sized crystalline lens, resulting in a high lens to eye
volume ratio.'

The incidence of NO was reported to range from 0.002%
to 0.017% in a British cohort.? Clinical features include a deep-
set globe within a small orbit with narrow palpebral fissures,
short axial length (<20.5 mm), axial hypermetropia (+8.00
to +20.00), a shallow and crowded anterior chamber, and
thickened sclera.>® The thickened and abnormal sclera causes
angle-closure glaucoma and posterior segment problems such
as uveal effusion (UE), macular hypoplasia, chorioretinal folds,
pseudopapilledema, and retinal pigment epithelium (RPE)
hyperpigmentation.’

UE may develop spontaneously or after an uncomplicated
anterior segment surgery such as cataract surgery.® Different
theories regarding the pathophysiology of UE have been
speculated, including vortex vein compression, choroidal
permeability changes, and decreased scleral permeability.” Gass®
proposed that subretinal fluid may be absorbed transsclerally
instead of through vortex veins and suggested that UE
develops not as a result of vortex vein compression, but because
the thickened and abnormal sclera blocks transscleral fluid
absorption. He also suggested that when the sclera is thinned
with sclerectomies, effusion may regress. It was reported that
resorption of the subretinal fluid could be achieved with
sclerectomies alone in a group of patients with UE.” Vortex vein
decompression, partial-thickness sclerectomy, partial-thickness
sclerectomy with mitomycin C (MMC), partial-thickness
sclerectomy with incision or punch sclerostomy, and subretinal
fluid drainage are some of the reported procedures to treat this
condition."’

However, glaucoma is another significant problem
encountered in eyes with NO."' When partial-thickness
sclerectomy and sclerotomy surgery is performed in four
quadrants, glaucoma surgery would be very problematic and
aggressive when needed later in life because of the scarred
conjunctiva. Therefore, an inferior two-quadrant surgery in eyes
with glaucoma may be a good option to protect the superior
quadrants from surgical damage.

The aim of our study was to report visual and anatomical
outcomes after two- or four-quadrant partial-thickness
sclerectomy and sclerotomy surgery for the treatment of
NO-related UE.

Materials and Methods

This  retrospective,
interventional case series included patients with NO-related
UE. The design of the study was approved by the local ethics
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non-comparative,  consecutive

committee of the university. The study protocol conformed to the
ethical guidelines of the 1975 Declaration of Helsinki, and all
participants gave written informed consent. The patients’ records
were reviewed to obtain complete ophthalmic examination
findings including best corrected visual acuity (BCVA), slit-
lamp examination, intraocular pressure (IOP) measurement,
fundus examination, optical coherence tomography (OCT),
and axial length (AL) measured with A-scan ultrasonography.
Patients with glaucoma underwent inferior two-quadrant, and
all others underwent four-quadrant partial-thickness sclerectomy
and sclerotomy surgery.

Surgical technique (Figure 1): All surgeries were done by
three experienced retinal surgeons (8.0., M.C.O,, and M.H.)
under retrobulbar anesthesia. Briefly, the technique involved
the creation of rectangular partial-thickness (two-thirds to
three-quarters) sclerectomies measuring approximately 6x4 mm
(depending on the size of the globe) in the two inferior quadrants
or all four quadrants. The anterior boundary was the rectus
muscle insertions, the posterior boundary was the vortex vein
ampulla to avoid its intrascleral course, and the lateral boundary
was the rectus muscles, leaving a very narrow strip of sclera
blocked by the muscle mass. The superior oblique muscle
insertion area was spared in the superotemporal quadrant to
avoid damage. First, a partial-thickness scleral incision was made
to delineate the extent and depth of the scleral dissection (Figure
la). Partial-thickness scleral flaps approximately 80-90% of the
original thickness were dissected and removed (Figure 1b,c). A
linear sclerotomy was created in the center of the sclerectomy
area to determine the thickness of remaining scleral until the
choroid is seen (Figure 1d). No attempt was made to drain the

subretinal fluid (except in 1 eye) or decompress the vortex veins.

Figure 1. a) Partial-thickness rectangular scleral incision is made to delineate
the scleral dissection. b, ¢) Dissection of the scleral flap to be removed. d) Linear
sclerotomy in the center of the sclerectomy area
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Surgery was performed only in the inferior two quadrants in 3
eyes of 3 patients with known glaucoma to preserve the superior
conjunctiva and sclera for glaucoma surgery that may be needed
in the future. Drainage of subretinal fluid was performed only in
1 eye with the most severe UE using a 20-gauge MVR kaife after
cauterizing the choroid in the superotemporal quadrant. The eye
was infused with balanced salt solution (BSS) through a limbal
incision during external drainage.

Postoperative control visits were performed at 2 weeks, 1,
3, 6, and 12 months, and every 6 months thereafter. Outcomes
were classified as total reattachment of the retina if the effusions
had resorbed entirely within 3 months, partial reattachment if
there was a reduction in the subretinal fluid over 3 months, and
unsuccessful if the fluid collections failed to improve within 3
months of surgery. A secondary surgery with superior quadrant
sclerectomies was suggested to patients who underwent primary
inferior two-quadrant sclerectomy if resolution of the subretinal
fluid was not observed in the first 3 months postoperatively.
Reoperation with mitomycin C (MMC) was performed in eyes
that underwent primary four-quadrant sclerectomy if subretinal
fluid increased during follow-up.

Statistical analysis

Data obtained in the study were analyzed statistically
using SPSS for Windows version 20 (IBM Corp., Armonk,
NY, USA). Values were summarized using mean + standard
deviation or median (minimum-maximum) according to data
distribution. Categorical variables were presented as number
(n) and percentage (%). Wilcoxon test was used to compare
preoperative and postoperative BCVA. A value of p<0.05 was
considered statistically significant.

Results

Fourteen eyes of 10 patients were included in the study.
Demographic features of the patients are shown in Table 1.
There were 7 male patients and 3 female patients, and the mean
age was 32.7+14.1 (14-64) years. Four of the 10 patients had
bilateral surgery. The mean AL of 14 eyes was 15.1+2.7 mm
(10.2-20.1 mm). The mean refractive error was +15.0+£3.9
diopters (D) (+8.00-+18.25 D). Nine right eyes and 5 left eyes
underwent surgery. Seven (50.0%) of 14 eyes had peripheral
retinal detachment (RD), 1 patient had bilateral (14.3%)
severe (highly elevated) localized macular RD with pigmentary
retinopathy, 4 of 14 eyes (28.6%) had both macular and
peripheral RD, and 1 eye had total RD. Four of 14 eyes (28.6%)
had glaucoma. Two patients had pseudophakia with piggyback
IOLs (operated elsewhere), and one of them underwent pars
plana vitrectomy (PPV) and intravitreal silicone oil tamponade
surgery for macular hole later (Table 1). Case 1 and 2 were
brother and sister whose father also had NO (case 10).

Eleven eyes had four-quadrant surgery, and 3 eyes with
known glaucoma (case 5, case 6, and case 10) had two-
quadrant surgery. Case 5 gradually resolved within 12 weeks
with only two-quadrant surgery. Case 6, however, showed a
transient partial resolution and required a second operation
at postoperative 4 months to complete four-quadrant surgery,
which resulted in total resolution of the subretinal fluid
within 3 months. Case 10 also needed surgery in the other two
quadrants at postoperative 8 months. This patient had highly
elevated retinoschisis in the temporal peripheral retina, sparing
the macula, which was demarcated with laser photocoagulation
later following total resolution of the UE. The median follow-up
after the surgery was 32.5 months (range 5-96 months). Final
outcome was total reattachment of the retina in 11 eyes (78.6%),
partial reattachment in 1 eye (7.1%), and recurrence in 2 eyes
(14.3%). The mean time to resolution after surgery was 8.4+7.1
weeks (range 1-20 weeks).

The mean preoperative BCVA in logarithm of the minimum
angle of resolution (logMAR) units was 1.50+0.53, which
significantly increased to 0.92+0.49 logMAR postoperatively
at the end of follow-up (p=0.002). BCVA improved in 12 eyes
(85.7%) and remained stable in 2 eyes (14.3%).

Case 3: A 14-year-old boy presented with BCVA of 20/400
with +17.00 D correction bilaterally. He had bilateral highly
elevated macular detachment with peripheral pigmentary
retinopathy. Following bilateral four-quadrant partial-thickness
sclerectomy and sclerotomy surgery, BCVA improved to 20/200
in both eyes with an evident subjective increase in visual quality
within 5 months. Fundus examination and OCT demonstrated
reduction in macular detachment height with partial resolution
of submacular fluid. However, his vision deteriorated again to
the preoperative level with an increase in macular UE height
at 9 months. Episcleral scarring was thought to be the reason
for the clinical worsening. Thus, he was reoperated with
MMC as suggested by Akduman et al.'? The sclera was seen
to be surprisingly thickened with fibrosis during the second
surgery and was resected in the same way as in the first surgery.
During postoperative follow-up, the subretinal fluid decreased
minimally (not as much as after the first surgery).

Case 6: A 36-year-old woman had BCVA of 20/400 in her
right eye and 20/60 in her left eye with +15.00 D correction
and AL of 16.2 and 16.4 mm, respectively. She had previously
undergone YAG laser iridotomy for narrow-angle glaucoma
elsewhere. IOP was 14 mmHg without medication. She had
foveal and peripheral RD in the right eye and peripheral limited
RD in the left eye. We opted to perform two-quadrant (inferior)
partial-thickness sclerectomy and sclerotomy surgery for the
right eye to preserve the superior quadrant for the possible future
need for glaucoma surgery. RD regressed partially during the
first postoperative month but recurred over the next 4 months.
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Another surgery was performed on the other two (superior)
quadrants, which resulted in regression of the UE starting in
the first postoperative days and total resolution at 12 weeks. Her
BCVA improved to 20/60 in the right eye during the 50-month
follow-up period. Three years later, the peripheral RD in the left
eye progressed, and a four-quadrant (instead of two-quadrant)
surgery was preferred because of our experience with her right
eye. UE regressed totally in 5 weeks, and her BCVA improved to
20/50 in the left eye within 5 months of follow-up.

Case 8: A 32-year-old man presented with complaints of
reduced vision in his right eye for 1.5 years and in his amblyopic
left eye for 5 years. His BCVA was only light perception in his
right eye, which used to be the better eye, and 20/500 in his
left eye with +8.00 correction, and AL was approximately 17
mm bilaterally. He had leukocoria and the retina was at the
back of the lens in his right eye (Figure 2a), and his left eye
showed subtotal foveal and superior peripheral RD (Figure
2b). The right eye was thought to be inoperable, and a four-
quadrant partial-thickness sclerectomy and sclerotomy surgery
was performed on his left eye. Following surgery, UE regressed
on postoperative day 1 and total reattachment was observed at 1
year (Figure 3). BCVA improved to 20/200 in the left eye. Eight
months later, the patient requested treatment for his right eye
and underwent four-quadrant partial-thickness sclerectomy and
sclerotomy with subretinal fluid drainage for his right eye. After
drainage of the subretinal fluid, the globe was repressurized with
BSS through a limbal incision during the surgery. The retina
moved posteriorly with drainage, but so did the crystalline lens.
The retina totally reattached starting on postoperative day 1. The
dislocated lens in the vitreous cavity was removed with PPV/
lensectomy, and scleral-fixated IOL implantation was done using

the modified Yamane technique in the right eye (Figure 4a). At

last follow-up at 29 months, the retinas were totally reattached
bilaterally and BCVA was 20/100 in the right eye and 20/200 in
the left eye (Figure 4b).

Figure 2. Case 8 had leukocoria with the retina at the back of the lens in his right
eye (a) and subtotal foveal and peripheral exudative detachment in his left eye (b)

7

Postoperative 5 months

7]

g

e
; % %
Postoperative 9 months

Figure 3. Spectral domain optical coherence tomography scans of the left eye of
case 8 revealed gradual resolution of the exudative RD with total reattachment at
2 years

RD: Retinal detachment
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stoperative 2 months

Postoperative 20 months

Figure 4. a) Spectral domain optical coherence tomography scans of the right
eye of case 8. Note that the retina was totally reattached following four-quadrant
scleral window surgery with drainage of subretinal fluid starting from the first
postoperative visit in the right eye and remained attached through the entire
follow-up period. b) Fundus images of both eyes of patient 8 showing resolution of
the exudative RD and total reattachment during 20-month follow-up

RD: Retinal detachment

Discussion

In the present study, a final retinal reattachment rate of
78.6% was achieved, followed by a functional improvement in
BCVA in 85.7% using a modified Gass technique in patients
with NO-related UE.

Gass® was the first to suggest the four-quadrant sclerectomy
and sclerostomy procedure to treat eyes with UE. He reported
total resolution of the supraciliochoroidal and subretinal fluid
with this technique within 3 months. Johnson and Gass’
reported a series of 23 eyes of 20 patients with idiopathic UE
syndrome (UES) operated with a similar technique where UE
resolution was seen within 6 months in 96% of the eyes after
one or two procedures, with stable or improved final VA in 91%
of the eyes.

The success rate in the present study was lower than that
reported by Johnson and Gass.” This may be because our cases
were all extreme NO-related UE in very small eyes (mean
AL 15.1 mm), in contrast to Gass series, which were all
idiopathic UES. It is important to note that surgery for UE in
nanophthalmic eyes has more complications, recurrence, and
disappointing results.'""?

Many authors have modified the technique in different ways,
with varying success rates. Jackson et al.! reported a multicenter
series of 10 patients with idiopathic UES treated with a modified
Gass technique with deeper sclerectomies (full-thickness or
deep enough to visualize the choroid and allow fluid to leak
through the sclera), with a 50% success rate. Uyama et al.”
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modified the technique to an inferior two-quadrant subscleral
sclerectomy with scleral flap and treated 19 eyes of 16 patients
with UE. Of the 6 eyes with NO-related UE in their series,
reattachment was achieved in 4 (66.6%), and the remaining 2
eyes needed a secondary procedure in the superior quadrants to
achieve reattachment, as in cases 6 and 10 in the present series.
Another modified technique involving full-thickness sclerotomy
without sclerectomy resulted in resolution of subretinal fluid
in 4 of 5 eyes with UE, 3 of which were associated with NO.!¢
Mansour et al.'” described an extensive circumferential partial-
thickness (90% depth) scleral excision technique very similar to
our technique in 8 eyes of 5 patients with NO-related UE and
reported rapid resolution of the effusion. Intravitreal anti-VEGF
injection was also suggested recently to increase the efficacy of
partial-thickness sclerectomy surgery for intractable UES."

Recurrences and repeated surgeries for UE have been
reported due to sclerectomy closure.””!” Johnson and Gass’
reported recurrences in 23% of their cases, all of which resolved
spontaneously or with an additional operation to remove scar
tissue from the sclerectomy sites and reopen the sclerostomies.
Jackson et al.' reported a total of 19 operations in 14 eyes with
idiopathic UES, where 4 eyes required multiple operations. It
was suggested that episcleral and scleral scarring might lead to
closure of the scleral windows after surgery, and topical application
of MMC might prevent such scarring at the sclerectomy site.'*"
We suppose that episcleral scarring was the cause of recurrence
of macular detachment in case 3 in the present study. However,
a second surgery with MMC did not help to control the macular
UE in this case. Our hypothesis for the limited response in this
patient was the lack of healthy RPE to pump subretinal fluid out
because of the pigmentary retinopathy.

The treatment of NO-related UE can be difficult. It is
suggested that choroidal inflammation might be an underlying
reason for UE.?* However, the results of studies on corticosteroid
therapy for the treatment of UE are not promising.”?"** Other
medical therapies such as topical non-steroidal anti-inflammatory
drugs, topical prostaglandin analogs, and systemic carbonic
anhydrase inhibitors have been reported only in a few case
reports.”>?

It is well known that glaucoma is very prevalent in eyes with
NO, most commonly angle-closure glaucoma with progressive
shallowing of the anterior chamber that narrows the angle
and causes pupillary block.?* The incidence of angle-closure
glaucoma in NO was reported to be 69.2% in a high-hyperopia
database.”” In the management of angle closure in these eyes,
laser iridectomy and argon-laser peripheral iridoplasty can be
performed. When laser treatments are ineffective, glaucoma
filtering surgeries may be needed.?

When surgical treatment for UE is needed in nanophthalmic
eyes, it may be logical to preserve the superior quadrants
for future possible glaucoma surgeries, especially when there
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is already known glaucoma. We believe that two-quadrant
sclerectomies can yield successful results in early, mild cases with
limited peripheral UE and longer AL (as in case 5). However, it
may not be sufficient in severe cases with bullous extensive UE,
where it may be necessary to complete the surgery in all four
quadrants to obtain the same favorable outcome, as in cases 6
and 10 in this study.

External transscleral subretinal fluid drainage is usually
avoided in these cases due to fear of complications like choroidal
hemorrhage during choroid puncture because the choroid may
be highly congested secondary to blocked transscleral drainage
caused by the thickened sclera in these eyes. However, we tried
this in the most severe case (patient 8, right eye), in which the
retina was behind the lens and vision was at the level of light
perception. Although expectations were extremely low, very
favorable and unexpected anatomical and functional outcomes
were achieved. This approach was recently described in two other
cases in the literature, with similar results and no complications.
Therefore, external drainage of subretinal fluid can be performed
in addition to sclerectomies for very advanced, highly bullous
UE and might lead to a quicker and better response.

Study Limitations

A limitation of our study was the small number of cases,
especially in the two-quadrant surgery group, which is basically
because of the low overall incidence of NO and associated UE
with glaucoma. However, strengths of the study were the unique
modified technique, being the largest single-center study on the
surgical treatment of NO-related UE with relatively long-term
follow-up, and the emphasis on two-quadrant surgery to preserve
the superior quadrants for future possible glaucoma surgeries in
eyes with glaucoma.

Conclusion

In conclusion, scleral thinning surgeries are effective
for the treatment of NO-related UE. Our results supported
the effectiveness of the four-quadrant extensive sclerectomy
technique. However, two-quadrant surgery might be successful
in mild cases with glaucoma to preserve the superior quadrants
for future glaucoma surgery. External transscleral drainage of
subretinal fluid may be an option in severe cases to achieve
quicker resolution.
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