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Abstract
Aim  To describe an extensive scleral excision technique 
to treat uveal effusion in nanophthalmic eyes.
Methods  This prospective, interventional series of eight 
eyes of five consecutive patients with nanophthalmos 
underwent scleral window surgeries. Ninety per cent of 
the scleral thickness, extending from immediately behind 
the extraocular muscle insertions to the vortex veins for 
3 and 1/4 quadrants, was removed. The main outcome 
measure was resolution of the uveal effusions.
Results  Eight eyes of five patients (one female and four 
male) with a mean age of 46 years were studied. The 
mean (range) axial length was 16.1 mm (14.6–17.6 mm), 
and the mean refractive error was +13.6 dioptres 
(+10.75 to +16.00 dioptres). Following scleral excision 
surgery, all uveal effusions resolved within an average 
(±SD) of 13.9 (±8.7) days. The uveal effusion recurred in 
only one eye that had a vasoproliferative retinal tumour. 
The mean best corrected visual acuity improved from 
0.69 logarithm of the minimum angle of resolution 
(logMAR) (Snellen equivalent: 20/97) at baseline to 0.51 
logMAR (Snellen equivalent: 20/64; Wilcoxon paired t-
test: p=0.016) after a mean follow-up of 35.6 months.
Conclusion  The circumferential scleral window 
technique produces rapid resolution of uveal effusion in 
nanophthalmic eyes. No adverse effects were noted after 
surgery and the clinical effect was durable through 1 year.
Trial registration number  NCT03748732.

Introduction
Nanophthalmos (NO) is a rare blinding disease of 
young adults that frequently results in irreversible 
loss of vision. Reported incidences of NO range 
from 0.002% to 0.017% in British cohorts.1 2 Most 
cases of NO are sporadic, but at least five genetic 
mutations at two loci that affect several tran-
scription activators have been discovered.3 NO is 
thought to result from arrested growth of the eye 
during the embryonic stage,4 and although it does 
not cause disproportionate anatomical abnormal-
ities of the globe (other than the lens size) NO 
has often been considered within the spectrum of 
microphthalmia.4 Duke-Elder defined the nanoph-
thalmic eye as having an axial length of 16.0–18.5 
mm with late-onset glaucoma and macular hypo-
plasia.4 Many contemporary researchers have used 
upper axial lengths from 17.0 mm to 20.5 mm to 
define NO,5 and NO eyes are markedly hyperopic 

(usually +8 to +20 dioptres) with thickened sclera 
(megalosclera).

NO eyes are usually deep-set with narrow over-
lying palpebral fissures.6 The crystalline lens in NO 
eyes is usually of normal size, which results in a high 
lens to eye volume ratio that often leads to misdi-
rection of aqueous flow, shallowing of the ante-
rior chamber and a high incidence of angle closure 
glaucoma.2 NO eyes frequently develop posterior 
segment problems such as recurrent uveal effusion, 
macular hypoplasia, macular cysts,7 macular striae,8 
disc pallor, pseudopapilloedema7 and hyperpig-
mentation (often referred to as leopard spots) of the 
retinal pigment epithelium (RPE).

Uveal effusion, which may occur spontaneously 
or following uncomplicated anterior segment 
surgery, is a frequent cause of severe vision loss in 
NO eyes. Of those patients who develop effusions, 
65% will have it in both eyes and approximately 
50% of those who undergo surgery in one eye 
will eventually require it in the fellow eye.9 Uveal 
effusion often follows a relapsing-remitting course 
with vision loss from the chronic accumulation of 
subretinal fluid or the development of secondary 
RPE alterations. The proposed pathogenesis of 
NO-related uveal effusion includes reduced scleral 
permeability to fluid and proteins, vortex vein 
compression, chronic hypotony during and after 
surgery, and increased choroidal permeability.9–20 
Disorderly arrangement of collagen lamellae, 
variability in the size of collagen fibres, reduced 
production and concentration of glycosaminogly-
cans, and elevated levels of fibronectin characterise 
the NO sclera.21 Evidence suggests that exogenous, 
non-enzymatic cross-linking of collagen decreases 
scleral permeability with age.9

Uveal effusion in NO eyes can be difficult to 
treat. Oral corticosteroids generally fail to resolve 
effusions,22 although individual successes have 
been reported with topical non-steroidal anti-
inflammatory medications and carbonic anhydrase 
inhibitors.23 Surgery is the preferred treatment of 
effusions, and reported procedures have included 
decompression of vortex veins, partial-thickness 
sclerectomy, partial-thickness sclerectomy with 
mitomycin C, partial-thickness sclerectomy with 
incision or punch sclerostomy, and drainage of 
subretinal fluid.18 Effusions can resolve as soon as 
4 weeks after surgery,11 20 22–26 but long-term results 
tend to be poor because fibrosis often closes the 
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Figure 1  Top row: A three-quadrant-plus, subtotal (90%), scleral 
excision is performed with sparing of most of the superior-temporal 
quadrant to avoid damage to the superior oblique muscle. Bottom 
row: The cartoons compare a normal eye, a nanophthalmic eye and a 
nanophthalmic eye that has undergone extensive scleral excision. ST, 
superotemporal; SN, superonasal; IT, inferotemporal; IN, inferonasal

sclerotomy sites, thereby requiring repeat surgeries, sometimes 
with the intraoperative use of antimetabolites.10–14

To address the shortcomings of commonly used surgical 
procedures, we have developed a technique that decreases the 
time to fluid resolution and appears to be long-lasting. In this 
manuscript we describe five patients with NO who underwent 
this procedure.

Methods
Patient population
Consecutive patients with bilateral NO (axial length <18.0 mm) 
that were examined at Rafik Hariri University Hospital, Amer-
ican University of Beirut from January 2011 through January 
2019 were considered for the study. Patients with spontaneous 
uveal effusions were eligible for enrolment. Exclusion criteria 
included the presence of a recognised syndrome or congenital 
systemic malformation, recent anterior segment surgery, or 
previous scleral surgery for NO. Both phakic and pseudophakic 
eyes were eligible.

Examination and imaging
Patients underwent complete eye examinations including deter-
mination of best corrected visual acuity (BCVA), slit lamp exam-
ination of the anterior segment, gonioscopy, intraocular pressure 
measurement, and fundus examination with slit lamp biomicros-
copy and indirect ophthalmoscopy.

All patients underwent optical coherence tomography (OCT) 
scanning of the macula prior to surgery, weekly during the first 
postoperative month or until resolution of the subretinal fluid, 
and at the conclusion of the study. Patients were scanned with 
time domain OCT (Stratus OCT, Carl Zeiss Meditec, Dublin, 
California) or spectral domain OCT (Cirrus OCT, Carl Zeiss 
Meditec, Dublin, California). Fundus autofluorescence (FAF) 
was performed with the Topcon TRC-50Dx (Topcon, Tokyo, 
Japan). B-scan video recording was performed with the Eye 
Cubed (Ellex, Mawson Lakes, Australia), and the axial length 
was measured with the IOLMaster 500 (Carl Zeiss Meditec, 
Jena, Germany). Simultaneous imaging of the fundus with 
several modalities including OCT, FAF, fluorescein angiography 
(FA) and B-scan enabled the detection of uveal effusion (leakage 
on FA, increased FAF signal and subretinal fluid on OCT or 
B-scan).

Surgical technique
All surgeries were performed under general anaesthesia by 
one surgeon (AM). Because the majority of the patients were 
young with narrow palpebral fissures and deep-set globes in 
small orbits, special surgical techniques were required. Lateral 
canthotomy was performed on all patients except for the first. 
Limbal 360° conjunctival peritomy was followed by securing of 
each rectus muscle with a modified muscle hook and 2–0 silk 
suture. Scleral dissection began immediately behind the muscle 
insertions and extended posteriorly past the vortex veins. A 
90% depth scleral window was excised over 3 and 1/4 quad-
rants, excluding 3/4 of the superior-temporal quadrant to avoid 
damaging the superior oblique muscle (figure 1). A hockey stick-
shaped scleral knife (Beaver Sclerotome, Beaver-Visitec Inter-
national, Waltham, Massachusetts, USA) was used to incise the 
boundaries of the window deep enough to see the bluish hue of 
the choroid. An angled 2 mm crescent blade and serrated forceps 
were used to bimanually dissect and remove the outer wall of the 
sclera. Visualisation of the scleral dissection plane was facilitated 
with the use of Weck-Cel sponges. For areas of the globe with 

limited exposure, such as under the rectus muscles, a small rim 
of the sclera was left intact. Drainage of subretinal fluid was not 
attempted and sutures were not placed in the sclera or conjunc-
tiva. Cautery was not applied so as to minimise reactive fibrosis. 
Tobramycin-dexamethasone ointment was applied three times 
daily for 3 weeks.

Statistical analysis
The primary outcomes included effusion resolution and the 
rate of resolution. The secondary outcomes included changes 
in BCVA and complications. Statistical analyses were performed 
using the two-tailed Wilcoxon matched-pairs signed-rank test 
(SPSS V.20).

Results
Baseline characteristics
Five consecutive patients (eight eyes) with NO were enrolled in 
the study and underwent sclerectomy (table 1). The mean age of 
the entire cohort was 46 years (range: 34–63 years), and four of 
the five patients were male. Three right eyes and five left eyes 
underwent surgery; three patients underwent bilateral surgery 
and two underwent unilateral surgery. The mean refractive error 
was +13.6 dioptres (range: +10.75 to +16.0 dioptres), and the 
mean axial length was 16.1 mm (range: 14.6–17.6 mm).

Surgical results
Eight eyes underwent extensive scleral resection (figures  2–6) 
and all experienced initial resolution of the uveal effusions 
(figures  2–5). The mean (±SD) time to resolution was 13.9 
(±8.7) days (range: 3–24 days). Mottling of the RPE was 
apparent on fundus examination and FAF (figures 2–6).

Only one eye suffered a recurrent effusion. The patient 
underwent additional surgery with removal of more posterior 
sclera in several quadrants and tenon’s capsule fibrosis that had 
covered the excised sclera. The uveal effusion did not resolve 
and FA showed severe leakage from a large inferior vasoprolif-
erative tumour. Photodynamic therapy and cryoablation of the 
tumour failed to completely regress the mass and halt the subret-
inal leakage. Subsequently, a second, temporal vasoproliferative 
tumour appeared, with persistence of subretinal fluid under the 
macula (figure 6).

The mean BCVA improved from 0.69 logarithm of the 
minimum angle of resolution (logMAR) (Snellen equivalent: 
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Table 1  Clinical characteristics of 8 eyes of 5 patients who underwent extensive circumferential partial-thickness sclerotomy surgery for 
nanophthalmos uveal effusion

Case Age Gender Site Dioptre

Axial 
length 
(mm)

Initial 
vision

Final 
vision

Follow-up 
(month)

Optic disc 
drusen

Retinal 
findings

Fundus 
autofluorescence*

Speed of 
resolution 
of uveal 
effusion 
(days)

1 34 F OD 14.75 16.2 20/80 20/60 87 NA Foveal fold Yes 3

1 34 F OS 15.75 15.9 20/100 20/50 88 NA Foveal fold Yes 3

2 63 M OD 7 (IOL) 15.2 20/800 20/60 13 Yes Foveal fold Yes 24

2 63 M OS 8.5 (IOL) 15.2 20/125 20/60 13 Yes Foveal fold Yes 24

3 41 M OS 16 16.2 20/40† 20/200 65 Yes Foveal fold Yes 7

4 55 M OD 10.75 17.5 20/25–3 20/25 6 Yes RP-like Yes 15

4 55 M OS 10.75 17.6 20/70 20/50 6 Yes RP-like Yes 15

5 37 M OS 13.5 14.6 20/125 20/100 7 NA Foveal fold Yes 20

*Increased fundus autofluorescence signal.
†Patient had retinal vasoproliferative tumour.
F, female; IOL, intraocular lens; M, male; NA, not assessed; OD, right eye; OS, left eye; RP, retinitis pigmentosa.

Figure 2  Case 1. This 34-year-old registered nurse gradually 
developed blurred vision in both eyes due to uveal effusion, peripheral 
retinal detachment, choroidal thickening, equatorial mottling of the 
retinal pigment epithelium and foveal folds. The retinal detachment 
resolved 3 days after sclerectomy and did not recur during a 5-year 
follow-up period. The photographs show the eyes at baseline (top row) 
and at 5 years (bottom row).

Figure 3  Case 1. Fluorescein angiography shows preoperative 
leakage along the superior-temporal arcades in both eyes (top row) and 
resolution of the effusion 7 months after scleral surgery (bottom row).

20/97) to 0.51 logMAR (Snellen equivalent: 20/64; p=0.016; 
if the patient with the vasoproliferative mass is omitted) after a 
mean follow-up of 35.6 months (range 6–88 months).

Complications
The only surgical complication was the development of intra-
operative retinal haemorrhages during the first surgery (case 1), 
presumably due to excessive pulling on the rectus muscles to 
optimise exposure of the equatorial sclera. The haemorrhages 
resolved within 1 week (figure 4). As a result of this finding, the 
surgical procedure was modified for the remaining seven eyes 
to include the performance of a lateral canthotomy to improve 
scleral exposure and to avoid the need for continuous pulling on 
the rectus muscles.

Discussion
The extensive circumferential scleral window technique used in 
our series removed more than 260° of the outer sclera to a depth 
of 90%. This technique rectifies some of the pathophysiological 
problems caused by megalosclera in eyes with NO. The mean 
visual acuity in our patients improved significantly, but resolu-
tion of uveal effusion is not always accompanied by improve-
ment in vision because of pre-existing amblyopia, widespread 
photoreceptor disruption, RPE damage, overcrowding of the 
retina with formation of a foveal fold, congenital absence of a 
foveal pit and complications of narrow angle glaucoma.17 27

Some authors have posited that choroidal inflammation may 
be responsible for the development of uveal effusion, so medical 
treatment has been directed at decreasing inflammation and 
re-establishing the competence of the choroidal blood–inter-
stitium barrier.28 But oral and periocular corticosteroids20 have 
not been shown to be effective, and the successful use of non-
steroidal anti-inflammatory drugs and carbonic anhydrase inhib-
itors has only been described in case reports.23
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Figure 4  Case 1. This figure shows the change in macular morphology 
from baseline (top left and bottom left) to the 2-year follow-up 
examination (top centre and bottom centre). Resolution of the macular 
oedema is noted. Superficial nerve fibre layer haemorrhages were 
noted intraoperatively in the left eye and were photographed 3 days 
postoperatively (top right). The excised sclera is shown (bottom right). 
ILM-RPE, internal limiting membrane-retinal pigment epithelium; OCT, 
optical coherence tomography.

Figure 5  Case 2. This 54-year-old man had a severe uveal effusion 
with best corrected visual acuity of 20/800 in the right eye. The 
preoperative fluorescein angiogram shows dye leakage into the macula 
with significant retinal thickening and accumulation of subretinal fluid 
(left column). Fourteen days postoperatively the dye leakage ceased 
and the macular oedema and subretinal fluid resolved (right column). 
The axial length increased by 1 mm and the best corrected visual 
acuity improved to 20/60. ILM-RPE, internal limiting membrane-retinal 
pigment epithelium; OCT, optical coherence tomography.

Figure 6  Case 3. This 41-year-old year man had a chronic uveal 
effusion that was untreated until the vision acutely deteriorated due to 
a vasoproliferative retinal tumour (arrows) (top row). The uveal effusion 
resolved 1 week after sclerectomy but eventually recurred. Mild tenon’s 
capsule fibrosis over the operated sclera was noted and more posterior 
removal of sclera was performed along with a subtenon’s corticosteroid 
injection. The uveal effusion persisted despite photodynamic therapy 
and cryopexy to the inferior retinal mass. Four years later a temporal 
retinal vasoproliferative tumour developed (middle row), and despite 
cryoablation subretinal fluid persisted (bottom row).

Surgical removal of sclera in the form of partial-thickness 
windows has been the preferred treatment of uveal effusion 
for several decades. Brockhurst22 believed that uveal effusion 
resulted from obstruction of venous outflow due to compression 
of the vortex veins by the abnormal sclera. He performed scleral 
window surgery to decompress the vortex veins in 10 eyes, with 
resolution of uveal effusion in 8 and improved visual acuity in 

6. But isolation of the vortex veins is difficult, and inadvertent 
rupture and thrombosis of the vein occur frequently.18 19

Gass19 suggested that uveal effusion results not from compres-
sion of the vortex veins but rather from abnormal sclera that 
forms a barrier to trans-scleral protein transport. Jackson et al29 
demonstrated that trans-scleral diffusion of fluorescein-tagged 
dextrans was reduced in many patients with uveal effusion. 
It appears that trans-scleral resistance to protein movement 
decreases after sclerectomy, although this may be limited by the 
amount of sclera excised and by postoperative fibrous scarring. To 
address surgical failure following limited sclerectomy, Ozgonul 
et al18 recommended a graded surgical approach that included 
the following: partial-thickness sclerectomy, partial-thickness 
sclerectomy with mitomycin C, partial-thickness sclerectomy 
with punch sclerostomy and subretinal fluid drainage.

The prevalence of spontaneous uveal effusion in NO is not 
known, but in our registry of 23 consecutive patients with NO, 
6 (26.1%) had clinical uveal effusions, 4 (17.4%) had subclinical 
effusions and 13 (56.5%) had no effusions. Uveal effusions and 
glaucoma tend to occur in older patients.

Uveal effusion is the most common indication for scleral 
window surgery, and some authors have suggested that the 
best long-term results in NO eyes are achieved with early 
surgical intervention.11 In the published literature, resolution of 
choroidal effusions following scleral window surgery occurs after 
a mean of 73.2±47.7 days (range: 30–180 days) (table 2),11–16 24 
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Table 2  Results of scleral flap with sclerotomy surgery in 12 published cases of NO uveal effusion

Case, author (site) Age Gender Refraction

Axial 
length 
(mm)

Preoperative 
BCVA

Postoperative 
BCVA

Follow-up 
(month)

Resolution time 
(month) Type of surgery

1. Allen et al15 51 M NA 19.5 5/200 20/80 6 2 SFS

2. Jin et al17 38 M NA 17.3 20/200 20/100 6 6 SFS

3. Akduman et al12 38 M +14.0 18.0 20/400 20/200 30 1 Repeated SFS with MMC 
after failed SFS without 
MMC

4. Sabrosa et al11 46 F NA NA 20/200 NA 6 3 Scleral punch with MMC 
after failed SFS that 
lasted 2 months

5. Suzuki et al13 16 M NA 17.0 Hand motion 20/200 12 1 SFS with MMC

6. Morita et al14 61 F +16.0 18.2 20/400 20/250 1 1 Repeat SFS 7 months 
after recurrence

7. Abell et al16 (OS) 38 M +8.5 19.9 20/200 20/30 42 3 SFS

8. Abell et al16 (OD) 40 M +8.5 19.9 20/600 20/40 12 3 SFS

9–12. Jin and 
Anderson24 (4 eyes)

47.1 
mean

NA +8.25 18.8 NA NA 36 2 SFS

BCVA, best corrected visual acuity; F, female;M, male; MMC, mitomycin C; NA, not assessed;NO, nanophthalmos; OD, right eye; OS, left eye ; SFS, scleral flap with sclerotomy.

whereas fluid resolved after only 13.9±8.7 days (range: 3–24 
days) (table 1) with our more extensive circumferential partial-
thickness sclerectomy technique.

Results of prophylactic surgery to prevent the development 
of uveal effusions in high-risk NO eyes have been mixed, and 
Rewri et al30 did not find that isolated sclerotomy or focal scleral 
excision prevented uveal effusion. We have performed extensive 
sclerectomy prophylactically in 16 NO eyes, and none devel-
oped effusion during a mean follow-up of 33.6 months. Impor-
tantly, none of these eyes developed complications due to the 
surgery. It is our impression that early prophylactic treatment 
prevents uveal effusion and secondary angle closure, but the role 
of prophylactic scleral resection in high-risk NO eyes has not 
been established and further studies are needed.

NO eyes are at risk of developing choroidal effusion during 
cataract surgery because of sudden decreases in intraocular pres-
sure. Some authors recommend prophylactic sclerectomies either 
prior to or at the time of cataract extraction.31–33 Prophylactic 
placement of scleral windows in some series has been shown to 
decrease the incidence of cataract surgery-induced uveal effu-
sion by up to 80%,34 although other authors report that effu-
sion is an infrequent complication of cataract removal.2 3 35 
We believe that preoperative measurement of scleral thickness 
in NO eyes is important for assessing the risk of postoperative 
uveal effusion. For eyes with pre-existing uveal effusions, scleral 
windows should be placed prior to cataract surgery, and for eyes 
that develop effusions during surgery scleral windows should be 
placed before completion of the surgery. None of the eyes in our 
series underwent cataract surgery during the follow-up period, 
but we believe that prophylactic scleral excision would likely 
prevent cataract surgery-associated effusions.

In addition to the typical ophthalmic features of NO (high 
hyperopia, steep cornea, shallow anterior chamber, normal-sized 
lens that occupies a large proportion of the intraocular volume, 
thickened, congested choroid, vascular episclera, and thickened 
sclera), affected patients have narrow palpebral fissures and eyes 
that are deep-set within the orbit. In order to extensively resect 
the sclera for more than 260° and to minimise the chance of 
postsurgical fibrosis of the scleral bed, we were required to make 
the following changes in our surgical approach: lateral cantho-
tomy; avoidance of the vortex veins; and avoidance of cautery, 
sutures and drainage. This sutureless technique was not marred 

by complications except in the first case where continuous, firm 
traction on the rectus muscles led to retinal haemorrhages. We 
now recommend only gentle pulling on the globe and limited 
dissection beneath the rectus muscles, where exposure is partic-
ularly difficult, in order to minimise the need for aggressive 
traction.

There were no serious surgery-related complications in this 
study, but extensive removal of the sclera could predispose to 
postoperative problems. Due to the large area of resected sclera, 
the current technique could lead to scleral ectasia or rupture with 
minor trauma. Fortunately, the deep orbit in these patients offers 
protection from trauma, but we still recommend that patients 
wear corrective polycarbonate glasses even if the hyperopia has 
been corrected by phacoemulsification. Younger patients have 
a greater tendency to develop fibrosis over the excised sclera, 
which could decrease trans-scleral diffusion and cause surgical 
failure. To prevent this, we advise the use of mitomycin C during 
surgery for recurrent uveal effusions.

There are limitations to this study. The total cohort was small 
(eight eyes) and a non-surgical control group was not included. 
Scleral thickness was not measured preoperatively in our 
patients. The follow-up period was relatively short, and despite 
the successful resolution of uveal effusions and the relative safety 
of the procedure longer follow-up periods are needed to estab-
lish both efficacy and safety. Additional studies are needed to 
further define the use of this surgical technique both as a treat-
ment for uveal effusion and as a prophylactic procedure in high-
risk eyes.
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