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EDITORIAL

Thyroid eye disease: 
endocrinologist, endocrine surgeon, 
and ophthalmologist perspectives
Janice Jing Chee Cheung, MBBS (HK), MRCS (Edinburgh), FRCS (Edinburgh), FCOphthHK, FHKAM (Ophthalmology), 
Ian Yat Hin Wong, MBBS (HK), M.Med (NUS), FRCS (Edinburgh), FRCS (Edinburgh), FCOphthHK, FHKAM 
(Ophthalmology), FCROphth
Department of Ophthalmology, LKS Faculty of Medicine, The University of Hong Kong, Hong Kong

Correspondence and reprint requests:
Dr. Janice JC Cheung, Room 301, Block B, Cyberport 4, Hong Kong. 
Email: janicejc@hku.hk

Thyroid eye disease presents with a range of orbital and 
ocular manifestations associated with thyroid dysfunction, 
usually secondary to an autoimmune condition or Graves 
disease. Other conditions such as Hashimoto’s thyroiditis, 
thyroid carcinoma, primary hyperthyroidism, and primary 
hypothyroidism can also result in thyroid eye disease. 
Orbital involvement is the most common extrathyroidal 
manifestation. Graves disease affects up to 2% of the female 
and 0.2% of the male population.1 Up to 20 to 25% of 
patients with Graves disease will have eye involvement at 
the initial diagnosis and up to 50% of patients will develop it 
during the course of disease.2 Up to 3 to 5% of patients have 
severe involvement.3

The pathogenesis of ophthalmopathy secondary to thyroid 
disease is not entirely understood. An autoimmune 
inflammatory process that targets orbital and periorbital 
tissue can result in debilitating diplopia, proptosis, eyelid 
retraction, exposure keratopathy, glaucoma, and irreversible 
optic neuropathy.4,5 Even in mild cases, quality of life can 
be affected.6 The condition can be disfiguring and have a 
major psychosocial impact on patients and their family. 
Complications such as dysthyroid optic neuropathy, 
glaucoma, exposure keratopathy, and globe subluxation 
may result in irreversible vision loss. To further complicate 

matters, thyroid eye disease can manifest differently in 
Asian populations and its management may differ to that 
reported in the western literature.7 The European Group on 
Graves’ orbitopathy has published a consensus statement on 
management of the disease.5 Its latest guidelines emphasize 
the need for patient-centered management to improve 
quality of life and psychosocial well-being, as is the need 
to promptly restore and maintain stable euthyroidism.8 
The course of thyroid eye disease can progress rapidly in 
patients who smoke, have fluctuating thyroid function, or 
are prescribed radioactive iodine for hyperthyroidism.5 In a 
nationwide survey in the UK, only 56% of responders were 
satisfied with the management of their thyroid eye disease.9 
Multidisciplinary collaboration between different specialties 
to provide a patient-centered and holistic approach is vital.

In this issue, we have invited experts in different aspects 
of thyroid and thyroid eye disease to provide updated 
perspectives for management. We have included the 
perspectives of an endocrinologist, an endocrine surgeon, 
and an ophthalmologist to provide an all-encompassing 
understanding of this systemic-ophthalmic condition. From 
an endocrinologist perspective, Lee10 stress the importance 
of anti-thyroid medication such as thionamides to attain 
optimal control of thyroid function. Patients may need to 
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be referred for thyroidectomy when euthyroidism is not 
achieved by medication alone or a more definitive treatment 
is desired. From an endocrine surgeon perspective, Man and 
Lang11 highlight the advantage of surgical thyroidectomy 
for rapid resolution of thyroid dysfunction without the risks 
associated with radioactive iodine. From an ophthalmologist 
perspective, Chong and Lai7 report their experience from the 
first thyroid eye clinic in Hong Kong. A multidisciplinary 
approach enables more efficient patient-care. Surgical 
intervention may be necessary for vision-threatening 
complications not amendable by immunosuppressants.7 In 
stable disease, rehabilitative surgery may be appropriate to 
correct residual abnormalities such as proptosis, strabismus, 
and eyelid malposition to improve function and esthetic 
outcome. The skills of an oculoplastic and strabismus 
surgeon are often required.

Thyroid eye disease exemplifies the importance of a 

collaborative multidisciplinary approach for patient-
centered care to achieve optimal outcome and patient 
satisfaction.

As this is the final issue of the Hong Kong Journal of 
Ophthalmology (HKJO) published by the current Editorial 
Board, the Editor would like to take this special occasion to 
thank all contributors, scientific reviewers, and members of 
the Editorial Board for their invaluable input during the past 
two years. During which, HKJO has made a big leap forward 
from being a print journal to a print-and-electronic journal 
indexed on Google Scholar. We have built a dedicated 
website with online submission capability. The Editorial 
Board would like to thank Dr Alvin Au for his tremendous 
work in setting up and maintaining the website. This would 
not have been made possible without the generous support 
from the College, and of utmost importance, from our 
readers.
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Review
Article

Medical therapy for thyrotoxicosis
CH Lee, MBBS (HK), MRCP (UK), FHKCP, FHKAM (Medicine)
Department of Medicine, The University of Hong Kong, Hong Kong 
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Thyrotoxicosis is a prevalent endocrine disorder. Common 
etiologies include Graves’ disease and toxic multinodular 
goiter.1 Anti-thyroid drugs (ATD) are the primary treatment 
modality especially in Graves’ disease, or the bridging 
therapy to stabilize thyroid function prior to definitive 
treatment with either radioactive iodine or surgery.2 With 
regard to Graves’ ophthalmopathy, in contrast to radioactive 
iodine treatment that confers a definite yet small risk of 
development or exacerbation of thyroid eye disease, ATD 
is at least neutral, or may improve, the natural course of 
the disease by correction of thyrotoxicosis.3 Thionamides, 
which include methimazole (MMI) and its precursor 
carbimazole (CMZ), as well as the derivatives of thiouracil, 
prophylthiouracil (PTU), are commonly prescribed ATDs. 

Thionamides inhibit the thyroid peroxidase-catalyzed 
iodination of tyrosine residues, thereby decreasing thyroid 
hormone synthesis. In Graves’ disease, thionamides also 
have an effect on the reduction of intrathyroidal immune 
dysregulation. Serum concentrations of anti-thyrotropin-
receptor antibodies decrease over time in patients prescribed 
thionamides.4 In addition, PTU blocks the peripheral 
conversion of thyroxine to tri-iodothyronine, and is preferred 
in the setting of thyroid storm.2,4 Under most clinical 
circumstances, current guidelines recommend MMI/CMZ 
over PTU in patients who choose medical therapy for 
Graves’ disease.2

Most side effects of MMI/CMZ are dose-related, unlike 
those of PTU. Minor side effects of thionamides include 
cutaneous reactions, usually in the form of urticaria 
or macular eruption (4-6%), gastrointestinal upset and 
arthralgias (1-5%). Although cross-reactivity exists between 
MMI/CMZ and PTU, in the case of minor cutaneous 

Abstract

Thyrotoxicosis is a prevalent endocrine disorder. This 
study reviews the effects and side effects of thionamides 
in medical therapy for thyrotoxicosis.

reactions, use of an antihistamine and/or switching from 
one ATD to another should suffice. Discontinuation of ATD 
might be necessary for arthralgias and other major side 
effects.4 Arthralgias may precede a severe form of transient 
migratory polyarthritis.4

Agranulocytosis, defined as an absolute granulocyte count 
<0.5x109/L, is a rare but life-threatening adverse effect of 
ATDs. Its estimated frequency is about 0.1-0.5% and it 
occurs equally among patients receiving MMI/CMZ (0.37%) 
or PTU (0.35%).4 Although mild, transient granulocytopenia 
might be present in Graves’ disease, ATDs are contraindicated 
if the pre-treatment absolute neutrophil count is <0.5x109/L.2 
Agranulocytosis mostly occurs acutely within the first 
3 months of treatment. Unless patients develop fever or 
pharyngitis, routine monitoring of white blood cell count is 
not recommended.2 Nonetheless, a prior uneventful course of 
ATDs does not preclude the development of agranulocytosis 
in subsequent treatment courses.4 

In a genome-wide association study comparing 20 Chinese 
patients with ATD-induced agranulocytosis with 775 healthy 
controls, HLA-B*38:02:01 was identified as the susceptibility 
locus of MMI/CMZ-related agranulocytosis, with an odds 
ratio of 265.5 (95% confidence interval = 27.9-2528.0,  
p = 2.5x10-14), a positive predictive value of 0.07, a negative 
predictive value of 0.999, and the number needed to screen to 
prevent a single case of MMI/CMZ-related agranulocytosis 
of 211.5 HLA-B*38:02:01 is common in some Southeast 
Asian countries and may be a useful pharmacogenetic marker 
to predict MMI/CMZ-related agranulocytosis.5 Although 
agranulocytosis is thought to be autoimmune mediated, 
HLA-B*38:02:01 is not associated with PTU-related 
agranulocytosis, highlighting the possible differences in 
genetic risk-markers, as well as mechanisms that underlie the 
development of agranulocytosis for each ATD.5

Hepatotoxicity is another major adverse effect of 
ATDs estimated to occur in 0.1-0.2% of patients taking 
thionamides.4 Thionamides are contraindicated if liver 
transaminase level is more than fivefold above the upper 
limit of the normal reference range prior to drug initiation.2 
This takes into account the fact that mild hepatic dysfunction 
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related to thyrotoxicosis itself is not uncommon. Typically, 
MMI/CMZ-related hepatotoxicity is cholestatic. In a study 
of serial changes in liver function before and during MMI 
treatment in 77 newly diagnosed thyrotoxic patients, mild 
elevation of serum alanine aminotransferase (ALT) and 
aspartate aminotransferase (AST) levels was noted at 
baseline in approximately one third of patients.6 Most had 
ALT/AST levels around twice the upper limit of normal. In 
such patients, MMI treatment resulted in a rapid increase 
in ALT/AST level. In those with normal liver function, 
MMI treatment also induced mild ALT/AST elevation, 
usually around twice the upper limit of normal.6 In contrast 
to MMI/CMZ, PTU may cause immunoallergic hepatitis 
that can deteriorate to fulminant hepatic failure.2,4 Although 
asymptomatic elevation of serum ALT/AST level up to 
six times the upper limit of normal with spontaneous 
resolution has been reported, current guidelines recommend 
discontinuation of PTU if serum transminase level is 
elevated to more than two to threefold the upper limit 
of normal and fail to improve within one week.2 After 
normalization of serum transminase level, MMI/CMZ can be 
cautiously initiated with regular monitoring of liver function. 

Some adverse effects are shared among all thionamides, 
although some are more common in one ATD than others or 
exclusive to MMI/CMZ or PTU. Antineutrophil cytoplasmic 
antibody positive vasculitis is more commonly associated 
with PTU than MMI/CMZ.2,4 One hypothesis relates to 
the formation of reactive intermediates from the oxidation 
of PTU by myeloperoxidase, which might explain the 
preponderance of this adverse effect in PTU.7 In addition, 
although antineutrophil cytoplasmic antibody positivity 
occurs more frequently with prolonged exposure to PTU 
beyond 18 months, the overall risk of developing small vessel 
vasculitis remains low.7 Small vessel inflammation can affect 
all organs, particularly the kidneys, lungs, and skin. The 
prognosis after ATD discontinuation is generally good.7 MMI/

CMZ-specific adverse events include teratogenic effects such 
as aplasia cutis, choanal or esophageal atresia. Thus, use of 
PTU is recommended during the first trimester of pregnancy.2 

Current guidelines recommend ATD treatment of 12-18 
months for Graves’ disease, as prolonged treatment beyond 
18 months is not associated with an improved remission 
rate.8 Predictors of relapse in patients with newly diagnosed 
Graves’ disease before the initiation of ATD treatment 
include young age (<40 years), higher free thyroxine level 
(≥40 pmol/L), higher serum thyrotropin-binding inhibitor 
immunoglobulin (>6 IU/L), larger goiter at diagnosis, HLA 
subtypes DQ1B*02, DQA1*05, and DRB1*03, and PTPN22 
C/T polymorphism.9 In general, 50% of patients relapse 
after the initial remission.1 Definitive treatment with either 
radioactive iodine or total thyroidectomy is recommended 
for relapsed disease. Nonetheless, a prolonged course of 
low-dose MMI treatment (median follow-up of 71.3±40.3 
months) achieves a better clinical activity score than 
radioactive iodine does and is a safe and effective alternative, 
in particular for those with mild Graves’ ophthalmopathy.10

There are many other medications for thyrotoxicosis. 
Beta-blockers should be considered in all patients with 
symptomatic thyrotoxicosis, unless contraindicated.2 
Lugol’s iodine and potassium iodide are also important, 
especially preoperatively or in the setting of thyroid storm.2 
Lithium, usually given at a dose of 250mg thrice daily, 
is a useful alternative when thionamides are intolerable 
or contraindicated.11 Lithium is an effective adjunct to 
radioactive iodine as it increases radioiodine retention and 
keeps the radiation dose to a minimum.12,13  

To conclude, although monoclonal anti-thyrotropin-receptor 
antibodies are potential therapeutics for thyrotoxicosis,14 
thionamides and PTU remain inexpensive, tolerable, and 
simple-to-use ATDs. 
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Background

Graves’ disease (GD) is the most common cause of 
hyperthyroidism. It accounts for 60 to 80% of all cases 
of hyperthyroidism and has a female preponderance.1 
Approximately 3% of women and 0.5% of men are at risk 
of GD in their lifetime.2 It is caused by the presence of 
auto-antibodies against the thyroid-stimulating hormone 
receptor (TSHR) leading to hyperplasia and hypertrophy 
of the thyroid follicles, resulting in manifestations of 
hyperthyroidism, ophthalmopathy, and dermopathy.1 GD is 
mostly diagnosed clinically. In addition to elevated levels 
of free T4, triiodothyronine, and suppressed TSHR levels, 
patients tend to have a symmetrically enlarged goitre with 
or without ophthalmopathy. In patients with less typical 
manifestations, the presence of elevated TSHR auto-
antibodies (TRAb) and diffuse radioactive iodine uptake 
may aid in the diagnosis.1-3

Anti-thyroid medications, radioactive iodine, and surgery 
are common treatment modalities for GD. Nonetheless, 
the optimal treatment remains controversial and the choice 
varies between different institutions and countries. A survey 
focusing on clinical practice patterns in different parts of 
the world reported that radioactive iodine was the preferred 
treatment in North America, with over half of patients taking 
it as first-line treatment, while anti-thyroid medication was 
the preferred first-line treatment in most parts of Europe 
and Asia.4,5 In Hong Kong, GD patients are often initially 
managed with anti-thyroid medication for up to 18-20 
months. When the disease relapses or the patient could no 
longer tolerate anti-thyroid medication, radioactive iodine or 
surgery is offered.6 

In certain clinical circumstances, surgery is the preferred 
first-line treatment for GD. Examples include those hoping 
to become pregnant within 6 months and those suspected 

of having suspicious or malignant thyroid nodules or 
local compressive symptoms.2,3,6,7 Incidental thyroid 
carcinoma in the thyroid specimen is not uncommon with 
an incidence of 4-10%.8-10 Surgery enables a rapid resolution 
of hyperthyroidism, while anti-thyroid medications and 
radioactive iodine may take up to 6-12 weeks.1

Some patients with GD have extrathyroidal manifestations. 
Graves’ ophthalmopathy is one of the most clinically 
apparent manifestations and affects approximately 25% 
of all patients with GD.2 It may worsen diplopia and optic 
neuropathy.1 Some consider its presence an indication for 
surgery because radioactive iodine tends to worsen its 
severity at least initially. Surgery enables a gradual decrease 
in serum TRAb, while radioiodine iodine tends to cause 
an initial surge of TRAb.11 Randomized controlled trials 
and systemic reviews suggest a higher risk of new-onset or 
further worsening of pre-existing Graves’ ophthalmopathy 
after radioactive iodine.12-14 Therefore, prophylactic 
corticosteroid is often given before the administration of 
radioactive iodine.14

Surgery for Graves’ disease
Subtotal thyroidectomy were widely advocated and 
practiced until the 1990s.3 For subtotal thyroidectomy, a 
large thyroid remnant (up to 10g) is usually left on one 
or both sides of the thyroid bed with an aim to maintain 
euthyroidism without the need for thyroxine replacement. 
Nonetheless, euthyroidism is usually not achievable in the 
long term for most patients. In a meta-analysis of western 
populations, only 60% of patients who underwent subtotal 
thyroidectomy achieved euthyroidism after a mean follow-
up of 5.6 years.8 For Asians, 72% of patients who underwent 
subtotal thyroidectomy required thyroxine replacement 
eventually.15,16 Therefore, total thyroidectomy is usually the 
preferred choice, because it is associated with almost no 
chance of disease relapse and is comparable with subtotal 



10

Review Article

HKJOphthalmol      Vol.21 No.1

thyroidectomy in terms of morbidities when peformed in 
experienced hands. One study even reported less blood 
loss in total thyroidectomy.15 The rate of permanent 
recurrent laryngeal nerve palsy is comparable in total and 
subtotal thyroidectomy.8-10,17,18 The major drawback of total 
thyroidectomy is the slightly higher risk of postoperative 
temporary and permanent hypoparathyroidism.6,9 As a 
result, both the updated American Thyroid Association 
and the American Association of Clinical Endocrinologists 
recommend total or near-total thyroidectomy (<2g remnant) 
as the surgery of choice for GD.19 In our hospital, since 
the adoption of total over subtotal thyroidectomy in 2000, 
the rate of complications has remained acceptably low.6 In 
addition, total thyroidectomy decreases the rates of failure 

and recurrence and complications associated with re-
operation. It is considered a cost-effective treatment when 
medical treatment fails.20

Conclusions

In Hong Kong, surgery or thyroidectomy is usually reserved 
for patients with a GD relapse following 18 months or 
longer prescription of anti-thyroid medications. It is 
recommended as first-line treatment when a rapid resolution 
of thyrotoxic symptoms is desired, in those with suspected 
thyroid malignancy, or in the presence of local compressive 
symptoms. Total thyroidectomy is preferred over partial or 
subtotal thyroidectomy.
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Nomenclature of thyroid eye disease

Thyroid eye disease (TED) is also known as Graves’ 
ophthalmopathy/orbi topathy,  thyroid-associated 
ophthalmopathy/orbitopathy, or thyrotoxic/endocrine 
exophthalmos. It is the most important extrathyroidal 
manifestation of autoimmune thyroid diseases (AITD) 
including Graves’ disease and Hashimoto thyroiditis. It is 
also the most common orbital disorder in adults worldwide 
and the most common cause of unilateral or bilateral 
axial proptosis (exophthalmos), acquired strabismus or 
lid retraction.1 TED may lead to 5Ds: visual Dysfunction, 
Double vision, ocular Discomfort, facial Disfigurement, and 
significantly Decreased quality of life.2

Disease spectrum of thyroid eye disease

Patients with TED may not have any clinical or biochemical 
evidence of thyroid dysfunction or associated antibodies. 
They may have isolated orbital involvement known 
as ophthalmic Graves’ disease or euthyroid Graves’ 
ophthalmopathy, which is more common in Asian 
populations (up to 6% in our series).

Epidemiology of thyroid eye disease

TED tends to have a bimodal presentation during the fourth 
or sixth decade of life. The risk of TED is much higher 
in patients aged 40-60 years than younger patients. The 
female-to-male ratio is about 9:1 for all forms of clinical 
TED and drops to 3:1 for the severe form. In a cohort of 
120 Caucasian patients with TED, 90% had Graves’ disease, 
7% had euthyroid, 3% had Hashimoto thyroiditis, and 1% 
had primary hypothyroidism.3 In a multicenter study in 
Sweden that involved 2916 patients, 20% of hyperthyroid 
patients suffered from TED at diagnosis.4 In a Danish 
study, approximately 5% of patients with Graves’ disease 
developed severe TED.5
 
Chronology of thyroid eye disease

Around 4% of TED patients present more than 6 months 
and 19% within 6 months before the diagnosis of thyroid 

Abstract

Thyroid eye disease (TED) is the most important 
extra-thyroidal manifestation of the most common 
autoimmune disease worldwide. In this review, 
we summarized its clinical features into 5D and its 
management into 8S. We also shared our past 6 years’ 
experience of managing nearly 700 TED patients in the 
first thyroid eye clinic in Hong Kong.
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dysfunction. About 20% of patients have concurrent ocular 
and endocrine features at presentation, whereas 22% and 
35% develop ocular manifestations within and more than 
6 months after being treated for thyroid dysfunction, 
respectively.3 Over 80% of patients with Graves’ 
hyperthyroidism but no ocular involvement at presentation 
do not develop TED after the first course (18 months) of 
antithyroid medications. Mild TED resolves spontaneously 
in most patients.6 
 
Risk factors for thyroid eye disease

The reported risk factors for the development of TED in 
patients with AITD include male gender, older age (>50 
years) at onset, smoking, use of radioactive iodine (RAI), 
and post-ablative hypothyroidism.7,8 Compared with non-
smokers, smokers have more severe TED, a higher recurrent 

rate of Graves’ disease, are more likely to show progression 
or occurrence of TED after radioactive iodine, and less 
responsive to immunosuppressants or orbital radiotherapy.9 
Statin use was shown to have a 40% decreased hazard 
for TED in a large US cohort,7 but another study showed 
possible association of statin use with risk of liver 
derangement for patients receiving intravenous steroids for 
active TED.10

Clinical features of thyroid eye disease

In a Caucasian cohort, typical signs of TED included eyelid 
retraction (90%), lid lag (50%), exophthalmos (60%), 
restrictive myopathy (40%), and optic nerve dysfunction 
(5%) [Figure 1]; only 5% of the cohort had all typical signs 
(except optic nerve dysfunction).3 Extraocular features 
include lid puffiness, lid retraction, lid lag, lagophthalmos 

Figure 1. (a) Bilateral upper lid retraction at primary gaze, (b) left upper lid lag on downgaze, (c) asymmetric exophthalmos (more 
severe on the right) on worm’s eye view, (d) severe restrictive myopathy affecting the left eye while attempting upgaze, (e) left 
dysthyroid optic neuropathy with minimal inflammatory feature or proptosis (visual acuity: right eye: 20/10, left eye: 20/70), (f) 
symmetric active thyroid eye disease with bilateral upper lid erythema (rare in local population), lid swelling, injection, caruncular 
swelling (left), chemosis and pain, (g) asymmetric active thyroid eye disease with lid edema and erythema over the right side only, 
and (h) bilateral lagophthalmos (incomplete eyelid closure) and poor Bell’s reflex (the eyes fail to roll up upon lid closure).

(a)

(c) (d)

(e) (f)

(g) (h)

(b)
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(incomplete eyelid closure), axial non-pulsatile proptosis 
(exophthalmos), restrictive strabismus, and acquired lower 
lid epiblepharon in Asians (Figure 1). Intraocular features 
include conjunctival injection, particularly around the 
insertion of the rectus muscle, superior limbic keratitis, 
exposure keratopathy, chemosis, raised intraocular pressure, 
optic disc swelling, retinal venous congestion, and choroidal 
folds (Figure 2). Vision loss secondary to TED is related 
to optic nerve dysfunction (dysthyroid optic neuropathy 
[DON]), exposure keratopathy, uncontrolled intraocular 
pressure, and globe subluxation.

Proptosis (exophthalmos)
Patients with TED have axial non-pulsatile proptosis 
(exophthalmos) secondary to orbital venous congestion 
and enlargement of the extraocular muscles (EOM) due 
to accumulation of glycosaminoglycan and enhanced 
adipogenesis. Exophthalmos can be quantified using various 
types of exophthalmometers (e.g. Hertel) or radiologically 
with axial orbital scans.

Lid retraction
Lid retraction is the most common sign in TED. The normal 
upper lid rests at 1-2 mm below the superior limbus (corneal-
scleral junction), and the lower lid rests at the inferior 

limbus. Differential diagnoses of lid retraction include facial 
paralysis, myasthenia gravis, myotonic dystrophy, Marcus 
Gunn jaw winking, metabolic disease (uraemia, cirrhosis), 
Parinaud’s (dorsal midbrain) syndrome, Parkinson’s disease, 
contralateral ptosis, and aberrant third nerve regeneration. 
Lid lag on downgaze, however, is not present from these 
other causes.

Diplopia
Diplopia or double vision is the most debilitating symptom 
in TED. Strabismus is restrictive (fibrotic) rather than 
paralytic in nature. The inferior rectus is most commonly 
involved, followed by the medial, superior, and lateral 
rectus. Movement is therefore usually worst in elevation 
or abduction. Radiologically, the involved EOMs are often 
enlarged and the tendons are frequently (not exclusively) 
spared. Fatty deposits within the EOM on computed 
tomography or T1-weighted magnetic resonance imaging are 
a specific feature of TED.

Dysthyroid optic neuropathy
DON is thought to be a result of optic nerve compression 
by the enlarged EOM at the orbital apex (Figure 3). In our 
experience, it may develop in ‘cold presenters’ with low 
clinical activity score or minimal proptosis. Postulated 
mechanisms of DON include inflammation, ischemia or 
mechanical stretching. Patients may present with horizontal 

Figure 2. (a) Conjunctival injection around insertion of lateral 
recti muscles, (b) exposure keratopathy and early microbial 
keratitis, and (c) severe conjunctival chemosis, injection 
and bilateral microbial keratitis in a patient with active and 
untreated thyroid eye disease.

Figure 3. Coronal computed tomography of the orbits 
showing (a) diffuse and symmetric extraocular muscle 
enlargement with apical compression on the optic nerve, and 
(b) symmetrical severe proptosis and straightening of optic 
nerves with expansion of the orbital fat compartment and 
minimal muscle involvement in a young female non-smoker 
with thyroid eye disease.

(a) (a)

(b)
(b)

(c)
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diplopia with esotropia and abduction deficits secondary 
to medial rectus enlargement, whereas patients with a fat 
predominant type of TED may have relatively normal 
motility but proptosis and stretching of the optic nerve is best 
shown on sagittal imaging (Figure 3). Signs of DON include 
reduced vision, colour vision, and visual field, presence of 
afferent papillary defect and optic disc swelling.11 Patients 
with existing diabetes or of Asian descent (with shallow 
orbits) are at higher risk of developing DON. Medical 
decompression with the use of pulse methylprednisolone 
(PMP) 750 mg on alternate days x6 over 2 weeks (to avoid 
consecutive day high dose of 1000 mg and risk of liver 
dysfunction) may be considered. If response is favorable, 
orbital radiotherapy can be arranged shortly to prevent 
recurrence.11 The rate of compressive optic neuropathy 
has been reported to be significantly lower in patients who 
received both orbital radiotherapy and steroids.12 In our 
experience, DON could be resolved in selected patients 
who presented early with pulse steroid, radiotherapy, with 
or without the use of steroid-sparing agent (double or triple 
therapies). Nonetheless, if vision remains poor or DON 
recurs, surgical decompression of the medial wall and/or 
other walls (depending on the amount of proptosis required) 
should always be considered.13

Thyroid eye disease in Asians

Asian patients often have a delayed and atypical presentation 
of TED compared with Caucasians. With darker complexion, 
thicker skin and conjunctival tissues and possibly higher pain 
threshold, clinical activity score often underestimates or fails 
to determine deeper orbital involvement. More Asian patients 
with DON are ‘cold-presenters’. Advanced radiological 
investigation may identify ‘subclinical’, localized 
inflammation and justify medical treatment for progressive 
deformity (e.g. proptosis and diplopia) before rehabilitative 
surgery. In a Singaporean cohort of 174 patients, corneal 
erosion secondary to acquired epiblepharon was a common 
sign in East Asian patients. Mean exophthalmometry values 
and prevalence of upper eyelid retraction and edema are 
comparatively lower in East Asian patients.14

Thyroid eye disease in paediatric patients

TED is not uncommon in the paediatric population and is 
usually far less severe than in adults. Among 83 Chinese 
children aged ≤16 years with Graves’ disease, 63% had an 
ocular presentation: 38.6% had lower lid retraction, 13% 
had punctate epithelial corneal erosions, 12% had mild 
proptosis (<3 mm), 1.2% had limited extraocular movement, 
and none developed visual-threatening complications.15 In 
13 Singaporean children with TED, symptomatic acquired 
epiblepharon was again more common in those of East-
Asian descent (69.2%).16

Diagnosis, grading, and investigation of 
thyroid eye disease
TED is graded separately by severity (tissue remodeling or 

deformities) and activity (inflammation). The NOSPECS 
grading (Normal, Only sign, Soft tissue involvement, 
Proptosis, Extraocular Motility, Corneal exposure, Sight-
threatening) is useful to describe the combination of 
deformities, whereas the clinical activity score measures 
the degree of inflammation (erythema, swelling, tenderness, 
loss of function), and the recently proposed VISA (Vision, 
Inflammation, Strabismus, Appearance) by the International 
Thyroid Eye Disease Society combines both scales into 
one.17

Diagnosis of TED is still largely clinical, based on a 
history of autoimmune thyroid disease (Graves’ disease 
more often than Hashimoto thyroiditis) and compatible 
examination findings. All patients should have appropriate 
endocrinological evaluation with thyroid function test 
for serum sensitive thyrotropin and free thyroxine and 
triiodothyronine levels. Thyroid-related antibodies, 
specifically thyrotropin receptor antibodies, may be 
evaluated in patients without a history of thyroid disorder. 
Other ancillary ocular evaluations include visual field 
(automated perimetry), colour vision assessment (Ishihara 
pseudoisochromatic plates), Hess chart (for extraocular 
movement), and most importantly field of binocular single 
vision for patients with diplopia.

Orbital imaging is helpful in patients with features of 
infiltrative TED (motility restriction and/or proptosis), 
DON, or those awaiting surgical decompression. Non-
contrast axial and coronal computed tomography of the 
orbits readily reveals proptosis, EOM enlargement, apical 
compressions, and bony anatomical variants for preoperative 
planning. Nonetheless, it has a limited role in assessing 
inflammation, as EOM enlargement can be long-standing 
although retrobulbar fat streakiness can be seen. Diffusion-
weighted magnetic resonance imaging is superior to 
computed tomography in differentiating acute inflammatory 
from chronically enlarged EOMs and in showing early 
EOM involvement in ‘cold presenters’.18 Signal intensity 
ratios on short-tau inversion recovery sequence increase 
with inflammatory edema and correlate positively with 
clinical activity score.19 Signal intensity ratios decrease 
after PMP and persistently high values post-treatment are 
associated with treatment failure or recurrence. A prolonged 
T2 relaxation time is positively correlated with the degree 
of inflammation and can help to differentiate inflammatory 
from fibrotic, chronically enlarged EOM and help to 
identify patients in whom immunosuppressive treatment 
is appropriate.20 Orbital scintigraphy, positron emission 
tomography computed tomography, and digital infrared 
thermal imaging have been used to measure disease activity 
with less promising results. The threshold of imaging should 
be low if atypical features are present.

Differential diagnoses of thyroid eye disease

Differential diagnoses of TED include other orbital 
disorders such as carotid-cavernous fistula, idiopathic 
orbital inflammation (pseudotumor), orbital or preseptal 
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cellulitis, and orbital tumor. Orbital imaging usually can 
help to differentiate these conditions, and tissue biopsy 
is sometimes required in patients with euthyroid Graves’ 
ophthalmopathy.

Management of thyroid eye disease

The multidisciplinary approach in managing TED requires 
collaboration between physicians and ophthalmologists for 
early diagnosis, triaging, and referral. Treatment consists 
of symptomatic topical and systemic anti-inflammatory 
therapies as well as staged surgical rehabilitation.

The management of TED can be summarized as 8S: (1) 
Stabilization of thyroid function, (2) advice to avoid active 
and passive Smoking, (3) Staging of disease activity and 
severity, (4) Symptomatic treatment for dry eye and raised 
intraocular pressure, (5) Suppression of inflammation 
during active disease with steroids, radiotherapy, 
immunosuppressants, and biologics, (6) Staged Surgeries 
during the inactive phase (orbital decompression, strabismus 
correction, and eyelid operations), and (7) Surveillance 
for vision-threatening complications such as DON, severe 
exposure keratopathy, uncontrolled raised intraocular 
pressure, and globe subluxation.

Although thyroid status does not always correlate with the 
presence, severity, or activity of TED, early stabilisation of 
thyroid function is always recommended. Ophthalmologists 
are often consulted about the risk of using RAI in patients 
with Graves’ disease. In different studies, up to 15 to 
20% of patients who received RAI developed new-onset 
or worsening of pre-existing TED.21,22 Patients who are 
smokers,22 with unstable thyroid function (raised serum 
triiodothyronine concentration, or post-RAI uncorrected 
hypothyroidism) and high levels of thyroid-stimulating 
immunoglobulin are at risk. RAI is contraindicated in 
patients with active TED (clinical activity score ≥3/10), 
which should be managed as above first. Standard dose 
oral prednisolone prophylaxis (0.4-0.5 mg/kg for 3 months) 
can be precribed in patients with mild to moderate TED 
and a high risk of progression, whereas a lower dose (0.2-
0.3 mg/kg for 4-6 weeks) is preferred for patients with 
mild TED or without preexisting TED but with risk factors. 
Patients without preexisting TED and risk factors do not 
require glucocorticoid prophylaxis.13,23 RAI presumably 
causes development or progression of TED by releasing 
intrathyroidal autoreactive lymphocytes and antigens. 
Subsequent hypothyroidism (even subclinical) may 
exacerbate TED due to accumulation of glycosaminoglycans 
and raised serum thyrotropin. Early and regular biochemical 
monitoring (every 4-8 weekly) and adequate thyroxine 
supplementation to prevent post-RAI hypothyroidism are 
crucial, particularly for those with preexisting TED.

All patients except those with the mildest form of TED  
benefit from topical lubricants including eye drops and gel 
during the daytime and thicker ointment at night with or 
without taping the eyelids closed. Anti-glaucomatous drops 

may be required to control secondary raised intraocular 
pressure. Sunglasses may be valuable for those with 
photophobia or pending surgical rehabilitation. Stick-
on (Fresnel) or spectacle-incorporated prism lenses may 
alleviate a small to moderate degree of diplopia.

Immunosuppressants
Immunosuppressants are indicated for patients with 
inflammatory orbitopathy with active TED (clinical activity 
score ≥3/7) and can be considered for those with DON or 
recent-onset, progressive myopathy. Intravenous PMP has 
replaced oral prednisolone as the first-line treatment due to 
fewer side effects and higher effectiveness.24,25 The European 
Group on Graves’ Orbitopathy (EUGOGO) recommends 
intravenous 500mg PMP weekly for 6 weeks and then 
250 mg for another 6 weeks in patients with moderate-to-
severe and active TED.13 In a randomized double-blind 
trial that compared cumulative doses of 2.25g, 4.98g, and 
7.47g in 12 weekly infusions, more patients achieved 
improvement in TED with higher cumulative doses (28%, 
35%, and 52%, respectively).26 Nonetheless, major adverse 
events such as development of diabetes, depression, and 
severe infection were slightly more frequent in the 7.47g 
group.26 Idiosyncratic hepatic failure and arrhythmia can 
occur at cumulative doses over 8g, although the time period 
over which this develops has not been specified. A single 
dose of PMP should not exceed 750mg and consecutive 
daily therapy should be avoided. Intravenous steroids are 
contrainidicated in patients with recent viral hepatitis, 
significant hepatic dysfunction, severe cardiovascular 
disease or psychiatric disorders. Hypertension and diabetes 
should be well-controlled before starting steroids. In a 
review of 14 studies including 1045 TED patients, the 
morbidity and mortality of intravenous steroid therapy was 
6.5% and 0.6%, respectively.27 Daily oral steroid can be 
given alternatively for medical or social reasons. Periocular 
steroid injections, e.g. triamcinolone acetonide (40mg/
ml), are useful for asymmetric orbitopathy, mild relapses 
during tapering, or when the patient is reluctant or systemic 
steroids are contraindicated. In patients with persistent active 
disease despite a full cycle of PMP, steroid-sparing agents 
(e.g. methotrexate, azathioprine, rapamycin, cyclosporine, 
cyclophosphamide) or newer biologics (e.g. rituximab,28 
adalimumab) may be considered, although high-level 
evidence is lacking. In a randomized controlled trial to 
compare rituximab with PMP in 32 patients with moderate-
to-severe TED, those who received rituximab achieved a 
larger decrease in clinical activity score, a lower risk of 
disease reactivation, and better motility.29 Nonetheless, 
another randomized controlled trial to compare rituximab 
with saline infusion in 21 patients failed to show any 
additional benefit from rituximab.30,31

Orbital radiotherapy
Orbital radiotherapy is a useful adjuvant for patients with 
steroid-dependent, intolerant or resistant inflammatory 
orbitopathy, recent-onset progressive myopathy or DON. It 
consists of fractionated external beam irradiation of 20Gy 
over ten sessions. Compared with oral steroid therapy, 
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orbital radiotherapy has comparable effect for moderate to 
severe orbitopathy and better long-term effect on motility 
restriction.12 Combined intravenous PMP plus orbital 
radiotherapy is more effective than PMP alone.32 The risk 
of DON reduces in the combined orbital radiotherapy 
and steroid group than in the steroid-only group.12 Orbital 
radiotherapy is most useful when administered during the 
course of PMP but is relatively contraindicated in younger 
(age <30 years) patients or those with diabetic retinopathy. 
Complications of radiotherapy include dry eyes, cataract 
(especially when used with concurrent steroid), radiation 
retinopathy, optic neuropathy, and an increased long-term 
risk of malignancy.

Selenium supplementation
Selenium supplementation of 100 µg twice daily for 6 
months has been shown to improve soft tissue signs and 
quality of life and prevent progression in patients with 
recent-onset mild TED.33 Nonetheless, the study was 
conducted in selenium-deficient regions and supplementation 
is beneficial only if serum selenium level is insufficient.34    

Surgical intervention
Except for patients with vision-threatening complications 
(DON, globe-subluxation, refractory exposure keratopathy), 
elective surgery is recommended at least 6 to 9 months 
after stabilization of endocrine and orbital status. 
An individualized, staged approach includes orbital 
decompression, followed by strabismus surgery, correction 
of lid retraction, and then blepharoplasty and other esthetic 
surgery.35

Common indications for elective orbital decompression 
include disfiguring proptosis, congestive orbitopathy, 
and medically uncontrolled exposure keratopathy or 
raised intraocular pressure. Orbital decompression and/
or expansion are broadly classified as bone removal 
orbital decompression (BROD) or fat removal orbital 
decompression (FROD). They can be performed in 
isolation or in combination. BROD differs in the choice of 
surfaces and incisions for bone removal, e.g. medial (via 
transcaruncular, transcutaneous Lynch incision or endonasal 
transethmoidal), inferior (transconjunctival forniceal or 
swinging eyelid, transcutaneous subciliary or transantral), 
or lateral orbital walls (transcutaneous upper lid crease, 
lateral canthal, forniceal or coronal incision). Complications 
include diplopia, globe dystopia, periorbital sensory changes, 
orbital hemorrhage, ischemic optic neuropathy, infection, 
lid malposition, lacrimal gland or lacrimal drainage injury, 
cerebrospinal fluid leak, and rarely subarachnoid/cerebral 
hemorrhage.

FROD involves removing intraconal and/or extraconal 
orbital fat via a transcutaneous (upper lid crease or lower 
lid subciliary), transconjunctival, and endonasal approach. 
Fat pockets are usually debulked in the following sequence: 
inferolateral, superonasal, inferomedial, and superotemporal 
(to avoid the lacrimal gland and its neurovascular structures). 
An endoscopic medial wall approach can be used for 

proptosis reduction as it allows good access to the middle 
and posterior intraconal fat.36 FROD may cause fewer cases 
of new-onset diplopia or worsening of pre-existing diplopia, 
compared with BROD (for a similar amount of proptosis 
reduction). Anecdotal experience reports improvement 
in motility restriction following FROD in selected cases. 
Orbital hemorrhage and periorbital sensory loss may 
develop. Very often BROD and FROD are performed in 
combination in either sequence depending on the surgeon’s 
preference.

Strabismus correction in TED is challenging due to 
fibrotic EOM and surrounding soft tissue involvement. 
EOM recession instead of resection is recommended to 
correct the limited movement rather than the amount of 
ocular deviation at primary gaze. For example, bilateral 
asymmetric inferior rectus muscle recession is performed 
to correct vertical diplopia, to improve upgaze, and to 
avoid late progressive overcorrection. Detachment of the 
capsulopalpebral fascia (lower lid retractor) minimizes 
postoperative lower lid retraction/scleral show. Different 
techniques have been proposed to improve the outcome 
of strabismus surgery for patients with TED including an 
intraoperative relaxed muscle positioning technique, the use 
of adjustable sutures, operating under monitored anesthetic 
care or local anesthesia, and simultatneous recession of 
tenon capsule.

To correct upper lid retraction, mullerotomy, Muller 
muscle extirpation, levator aponeurosis disinsertion/
recession, and levator muscle myotomy with/without the 
use of adjustable or hangback sutures can be used. Full 
thickness blepharotomy has gained popularity because 
of its technical simplicity. Spacers may be required for 
advanced cases including hard palate/labial mucosal graft, 
dermis fat/strip graft, auricular/nasal septal cartilage, donor 
sclera and synthetic materials such as Medpor, Alloderm, 
aluminium foil, and polytetrafluoroethylene with or without 
intraoperative anti-metabolites such as mitomycin C and 
5-fluorouracil. Transcutaneous/transconjunctival botulinum 
toxin A, steroid (triamcinolone acetonide) or filler (Restylane) 
injections have been used to alleviate lagophthalmos and 
exposure keratopathy before surgical intervention. In cases 
of severe corneal breakdown, tarsorrhaphy, gluing or corneal 
graft may be necessary.

Prognosis of thyroid eye disease

After achieving euthyroidism, up to 90% of lid retraction 
and 30% of restrictive myopathy improve, but proptosis 
rarely improves.37 For patients with clinically evident TED 
(NOSPECS class 3 or above), the typical disease course 
continues for 18 to 36 months before it stabilizes.

Prevention of thyroid eye disease

Although the etiology/pathogenesis of Graves’ disease/
TED remains unknown, subjects at risk (family or personal 
history of autoimmune thyroid diseases, autoantibodies or 
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biochemical dysthyroidism) are advised to quit active and 
to avoid passive smoking (primary prevention to avoid 
occurrence).37 Secondary prevention to avoid progression 
of subclinical TED involves early and tight control 
of dysthyroidism (in particular avoiding post-ablative 
hypothyroidism). Tertiary prevention to avoid development 
of vision-threatening complications requires early and 
judicious use of immunosuppressive therapies, orbital 
irradiation, and timely surgical rehabilitation. 

The first thyroid eye clinic in Hong Kong

The first thyroid eye clinic in Hong Kong was established 
in fall 2010, and nearly 700 TED patients were managed in 
the past 6 years. Among them, 103 and 174 patients received 
oral and intravenous steroid, respectively. 77 required 
steroid-sparing agents (methotrexate or azathioprine) and 
148 underwent orbital radiotherapy during systemic steroid 
treatment. 333 computed tomographies and 268 magnetic 
resonance imaging of the orbits were reviewed. 113 eyes 
were operated for orbital decompression in isolation or 

combination using transconjunctival fat removal (n=29), 
medial wall bone removal (n=63, 50 through the endoscopic 
transethmoidal approach), or lateral wall bone removal 
(n=79, 6 through the transforniceal conjunctival approach). 
We considered that the resource and research implication of 
TED in Hong Kong have been grossly underestimated. 

Conclusion

TED is the most common cause of proptosis or lid retraction 
in adults and can present asymmetrically. At presentation, 
one in five patients with TED has normal thyroid function. 
Smoking cessation and early stabilisation of thyroid 
function are the most important primary and secondary 
TED prevention measure. Although most TED patients 
can be managed conservatively, patients with active, 
progressive or severe disease warrant specialist evaluation 
and consideration of treatment with intravenous steroid, 
orbital radiotherapy, and/or surgical decompression. More 
than one operation may be required to correct established or 
iatrogenic deformities.
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Introduction

The increased prevalence of myopia has increased the 
demand for refractive surgery to correct myopia. Small 
incision lenticule extraction (SMILE) has gained popularity 
since its first prospective study in 2010.1 This article aims to 
give an overview of the SMILE procedure, highlight some 
intraoperative tips, discuss its advantages and limitations, 
and review the literature about its efficacy and safety. 

Evolution of refractive surgery
Laser-assisted in-situ keratomileusis (LASIK) has been the 
most popular method of keratorefractive surgery in the past 
decade. It involves creation of a corneal flap, followed by 
stromal ablation with excimer laser. It has proven safety, 
visual, and refractive outcomes with almost immediate visual 
recovery. Nonetheless, creation of the flap is associated with 
the risk of early flap-related complications and post-LASIK 

Abstract

Small incision lenticule extraction (SMILE) is a 
new type of keratorefractive surgery and is gaining 
popularity in Hong Kong and worldwide. This article 
aims to provide a brief introduction to SMILE, 
including the surgical steps, common intraoperative 
difficulties, and a literature review on its visual, 
refractive, and safety outcomes.

dry eyes. The procedure also weakens the biomechanical 
strength of the cornea and may lead to late complications 
including regression and postoperative ectasia.

Femtosecond laser and related techniques
Femtosecond laser is characterized by ultrafast pulses of 
light at a duration of 10-15 seconds. A laser beam is focused 
at a precise depth within the cornea. At the point of focus, 
brief bursts of energy convert the local tissue into a plasma 
state, vaporizing a small volume of tissue. This process is 
called photodisruption. Femtosecond laser creates a tissue 
plane with extremely limited collateral damage.2 The 
use of femtosecond laser in refractive surgery has gone 
through different generations.3 It was first used in LASIK 
flap creation in replacement of microkeratome, giving 
rise to femtosecond laser-assisted LASIK. With further 
development, stromal ablation is avoided, and instead 
an intrastromal lenticule is cut and removed from the 
cornea. This is known collectively as refractive lenticule 
extraction. The first to emerge was femotosecond lenticule 
extraction (FLEX). It involved creating a corneal flap and 
an intrastromal lenticule using a femtosecond laser. The 
lenticule was then extracted after lifting the corneal flap. 
Later on, SMILE was developed in which the lenticule was 
extracted via a small arcuate incision without the need for a 
corneal flap.

SMILE procedure

SMILE distinguishes itself from LASIK by avoiding the 
need to create a flap. In essence, it involves creation of 
an intrastromal lenticule and peripheral incisions using 
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femtosecond laser, followed by dissection and removal of 
the stromal lenticule (Figure). 

Docking and femtosecond laser incisions
The first step of SMILE femtosecond laser is docking and 
incision. Achieving an accurate centration of the eye is 
quintessential to the success of SMILE. The eye is placed 
under the laser platform and the curved contact glass, and the 
surgeon looks at the eye via a surgical microscope. A green 
indicator light can be seen via the microscope and should be 
placed at the centre of the pupil. To ensure proper centration, 
the patient fixates on an internal target light coming from the 
treatment pack, while the surgeon adjusts the position of the 
operative table and hence the patient’s eye, a process termed 
docking. The surgeon then moves the table up so that the 
cornea is partly applanated onto the contact glass. Once the 
centration is confirmed, the surgeon applies negative suction 
to keep the eye in place. Femtosecond incisions can then be 
initiated.

Creation of intrastromal lenticule

There are four femtosecond laser incisions that create the 
intralamellar lenticule. The first incision creates the posterior 
plane of the lenticule. The laser passes from the periphery to 
the center in a spiral fashion, a maneuver that minimizes the 
time during which the central cornea is affected. The second 
incision creates the side-cut at 90º perpendicular to the 
anterior cap along its periphery. The third incision creates 
the anterior cap of the lenticule by passing the laser from the 
center to the periphery in a spiral manner, completing the 
carving of the intralamellar lenticule. The fourth incision is 
a small incision of 2 to 5mm along the circumference of the 
anterior cap to enable extraction of the lenticule.

The technical parameters for these laser-generated 
incisions have not been standardized. Based on our clinical 
experience, we recommend a cap thickness of 120 μm, cap 
diameter of 7.5 mm, lenticule diameter of 6.5 mm with a 
transition zone of 0.1 mm, cut energy of 1.4 nJ, and spot and 
tracking distance of 2.0-3.0 μm.4

Manual extraction of the lenticule
Following the femtosecond laser incisions, the suction 
to keep the eye in place can be removed, and the stromal 
lenticule is ready to be extracted. The surgeon inserts 
a spatula into the side-cut to dissect residual lenticular 
appendages along the anterior plane and then the posterior 
plane. When the anterior plane is dissected, the edge of the 
posterior surface cannot be seen; the contrary is true when 
the posterior plane is dissected. This difference in appearance 
helps the surgeon to ensure dissection at the correct surface. 
Once the dissection is completed and no appendages are 
left, the lenticule can be extracted with a pair of forceps. A 
segment of residual corneal tissue anterior to the lenticule 
becomes largely disconnected from the remainder of the 
cornea; this segment is known as the cap. Care should be 
taken not to damage it. Some surgeons may irrigate the 
intralamellar space, some not. Finally the edge of the side-
cut is repositioned with a brush.

Postoperatively, topical steroid, antibiotics, and lubricating 
eyedrops are prescribed for several weeks. 

Indications and contraindications

SMILE is appropriate for most patients who are fit for 
refractive corneal surgeries. Its use in correcting myopia 
and myopic astigmatism has been established.5-7 Based on 
our experience, the optimal range of spherical and cylinder 
is -0.75 D to -10 D and < -5 D, respectively. Keratometry 
should fall within 38-48 D. Nonetheless, its applicability 
in correcting hypermetropia remains to be investigated. 
Other inclusion criteria include age 18 years or above, stable 
refraction, transparent cornea with no history of keratitis or 
scar, normal topography, and corneal thickness > 480 μm. 
SMILE is contraindicated in those with previous intraocular 
surgery, ocular co-morbidities or autoimmune connective 
tissue disorders.

Common difficulties for surgeons

Many refractive surgeons experienced with LASIK may 
hesitate to switch to SMILE due to the learning curve. We 
discuss a few common intraoperative difficulties and provide 
some management tips.

Maintaining centration
Without proper centration, the accuracy of laser-based 
incisions is compromised. To achieve better centration during 
docking, the patient should be instructed to keep fixating on 
the light until suction is applied. Patients with more severe 
astigmatism or a larger angle Kappa may need further 
adjustment. Negative suction maintains the eye position 

Figure. Schematic diagram illustrating small incision lenticule 
extraction.
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once centration is achieved. The strength of suction needs to 
be carefully adjusted; a lower suction allows the patient to 
fixate on the light throughout the procedure. The size of the 
suction ring depends on the size of the globe and baseline 
refractive error. In general, a small ring size is recommended 
for myopia correction in Chinese, whereas a medium ring 
size can be used for astigmatism correction. The connecting 
tubes should be placed at the patient’s temporal side. Suction 
loss may occur even when suction is properly achieved in 
the first instance. To prevent this, the surgeon should avoid 
putting the conjunctiva under suction. Excess liquid and 
conjunctival discharge should be wiped away in time, and 
environmental interference minimized. In case instability is 
noticed, the surgeon should re-apply suction. If suction loss 
occurs, the surgeon can choose to continue with SMILE, 
convert to LASIK or FLEX, or reschedule the operation.

Locating and extracting the lenticule
Locating the lenticule is readily achievable when the 
following steps are attended to. The lenticule should not 
be too thin. Blunt instruments should be used to dissect the 
lenticule from within the cornea, first along the periphery 
of the anterior surface. The surgeon should search for the 
edge of the lenticule using the gas bubble as a guide. The 
side cuts should be carefully identified. Should the lenticule 
not be extracted, the surgeon can use a shorter and sharper 
instrument to accurately identify the edge. Slit lamp or 
anterior segment optical coherence tomography may be 
used in difficult cases. If lenticular extraction remains non-
feasible despite extensive searching, the incisions need to 
be closed and the operation rescheduled. Alternatively, the 
surgeon can convert to the FLEX procedure.

The lenticule may be difficult to extract if it is not 
properly created. This may arise from incorrect setting 
of laser parameters, incomplete side cut, or unstable 
laser performance. Either too high or too low energy is 
problematic; in the former, an opaque bubble layer forms 
in the cornea, whereas in the latter the spot distance and 
track distance increase. Whatever the cause, difficulty in 
extraction can be overcome using careful blunt dissection. 
Laser parameters should be adjusted to produce useful cuts. 
Incomplete side cuts can be managed using scissors or 
special equipment. 

During its extraction, the lenticule may be torn or left 
behind, causing residual lenticular tissue. This may occur 
when the cornea has a pre-existing defect, such as scarring, 
when laser energy was inappropriately high causing an 
opaque bubble layer around the lenticule or when the 
lenticule is too thin or when the patient is not cooperative. 
To prevent these, patients with corneal scars should be 
screened out during a preoperative assessment. In those with 
low refraction, the cap thickness should be increased. Gentle 
maneuvers to ensure complete clearance of the anterior and 
posterior lamellar plane are essential. The lenticule should be 
gently grasped with forceps. Should tearing occur, a careful 
dissection should be performed. All residual lenticular tissue 
should be removed. Small strips of tissue at the periphery 

may be observed, but those in the optical zone must be 
removed.

Cap perforation or abrasion at the side-cut incision can be 
problematic. The risk is higher when the cap is too thin or 
when the side-cut is too small. Gentle surgical technique 
and correct choice of instruments can prevent this, as well as 
ensuring the patient does not move the eye suddenly. Mild 
tears can be observed, but obvious tears need to be apposed 
to prevent epithelial ingrowth, which is readily achieved 
using a bandage contact lens. 

Efficacy and safety

The efficacy of SMILE is defined by the percentage of eyes 
with good postoperative uncorrected distant visual acuity 
(UDVA).8,9 In one SMILE study, 62% of eyes achieved 
UDVA ≥ 20/20, whereas 93% achieved ≥ 20/40.8 The 
corresponding percentages for LASIK were 71% and 95%. 
In a study comparing SMILE with LASIK for 111 eyes, the 
two cohorts did not differ significantly in percentage of eyes 
with an UDVA of 20/20 or better at 1 and 3 months.10 In 
addition, higher order aberrations and spherical aberrations 
were significantly lower in the SMILE cohort.10 In terms of 
safety, most patients could maintain corrected distance visual 
acuity (CDVA), with a safety index (defined as postoperative 
CDVA / preoperative CDVA) between 1.0 and 1.1.8,11 A loss 
of two lines or more was noted in only 0-2.3% of SMILE 
patients, compared with 0-2.4% for LASIK. High order 
aberrations and spherical aberrations were less common 
following SMILE than LASIK.10,12-14 This was postulated to 
be related to the lack of flap creation in SMILE, as well as 
a more favorable healing response with femtosecond laser 
than with excimer laser. 

With SMILE, a predictable correction in refractive outcome 
can be achieved. 79 to 92% of patients achieved within 
± 0.5D of target refraction, compared with 80 to 90% for 
LASIK. For both procedures, >90% subjects could achieve 
within ± 1.0D of target refraction.8,9 Refractive outcome was 
stable in long-term follow-up. Over 5 years, a regression of 
0.48D was noted in SMILE patients, compared with 0.63-
0.97D in LASIK patients.15

SMILE is proposed to cause less dry eye symptoms by 
preserving corneal sensation in the absence of flap creation. 
Evidence suggests that SMILE is associated with less 
denervation, accelerated healing of the ocular surface, and 
better corneal sensitivity.16-19 Higher percentages of LASIK 
than SMILE patients are reported to have mild to moderate 
dry eyes 6 months postoperatively.20

Biomechanical stability is postulated to be stronger with 
SMILE, owing to preservation of the anterior corneal 
stroma. Mathematical modelling suggests that stromal 
tensile strength should be stronger with SMILE than 
LASIK.21 Nonetheless, clinical results measured with Ocular 
Response Analyzer or CorVisST remain controversial.9,22-26 
A biomechanically stronger cornea should translate into less 
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regression and risk of ectasia in the long-term, although no 
such long-term data is available for SMILE yet. 

A meta-analysis of 11 comparative studies involving 
1101 eyes provides more insight into the efficacy and 
safety of SMILE in comparison with FS-LASIK.27 The 
two procedures did not differ significantly in the mean 
postoperative refractive standard error, proportion of eyes 
losing one or more lines of CDVA, proportion of eyes 
achieving UDVA 20/20 or better, or proportion of eyes with 
postoperative refractions within ± 1.0 D of the target. At 6 
months postoperatively, the SMILE group had significantly 
higher corneal sensitivity and longer tear break-up time. 
These results were in line with the impression derived 
from the findings of individual studies that SMILE and FS-
LASIK were comparable in terms of safety and efficacy, 
with SMILE potentially superior in reducing dry eye 
symptoms.

We have also reported comparable efficacy and safety with 
SMILE.4,28 For efficacy, UDVA was 20/20 or better in 48 to 
80% of all subjects, and 20/40 or better in 93 to 100%. For 
safety, no patient had a loss of two or more lines of CDVA, 
and 93 to 99% had no loss of CDVA. For predictability, 
94% achieved within ± 1.0D of target refraction. Correction 
of astigmatism was often inadequate in SMILE.29,30 Our 

data showed that 87 to 96% of all subjects had correction 
of astigmatism within ±0.5D. Using vector analysis, we 
quantified a correction index of astigmatism by comparing 
surgical with target-induced astigmatism. The index was 
0.81-1.00 for SMILE and 0.94-1.03 for LASIK, suggesting 
satisfactory correction of astigmatism for both procedures.4,31 
In terms of biomechanical stability, our experience suggests 
less reduction in corneal hysteresis, corneal resistance 
factor in SMILE.26 We also observed a learning curve in our 
SMILE cases (unpublished data).

The most common complications of SMILE, in descending 
order, were peripheral corneal abrasion (5.5%), corneal haze 
(5.4%), early dry eye (3.2%), lenticule extraction difficulties 
(1.5%), tear at incision edge (1.5%), suction loss (1.0%), 
epithelial ingrowth (0.5%), irregular topography (0.5%), 
corneal microstriae (0.4%), and keratitis (0.3%).29

Conclusion

SMILE has good safety and efficacy comparable with 
LASIK. As a flapless procedure, it preserves more corneal 
sensation than LASIK and results in less postoperative dry 
eyes. It also has biomechanical advantages, although this 
remains to be proven in studies with longer follow-up and 
larger sample size. 
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Introduction

Uveitis is an etiologically heterogeneous disease 
characterized by inflammation of the iris, ciliary body or 
choroid. It can lead to a loss in visual acuity, usually due 
to cystoid macular edema.1-4 Cystoid macular edema is 
usually treated with topical application of non-steroidal 
anti-inflammatory drugs or steroidal drugs and, if not 
sufficient, systemic application of anti-inflammatory 
medication.5 Intravitreal triamcinolone acetonide (IVT) and 
intravitreal bevacizumab (IVB) have been applied in patients 
with uveitic cystoid macular edema resistant to topical 
medication.6-13 Indication for use of anti-vascular endothelial 

Key words: Bevacizumab; Macular edema; Meta-analysis; 
Triamcinolone acetonide; Uveitis

Abstract

Purpose: To carry out a meta-analysis of studies 
comparing intravitreal bevacizumab (IVB) with 
intravitreal triamcinolone acetonide (IVT) in the 
treatment of uveitic cystoid macular edema.
Methods: Relevant publications were identified through 
PubMed, EMBASE, and the Cochrance Controlled 
Trials Register. Patients prescribed IVB verus IVT were 
compared in terms of central macular thickness (CMT) 
and best-corrected visual acuity (BCVA) at baseline and 
1, 3, and 6 months after treatment.
Results: Four comparative studies with 72 eyes in the 
IVB group and 76 eyes in the IVT group were included. 
Funnel plots, the Egger method, and Begg method did 
not show any publication bias. The IVT and IVB groups 
were comparable in BCVA at 1 month (weighted mean 
deviation [WMD] = 0.06, 95% confidence interval 
[CI] = -0.05-0.16, p = 0.31), 3 months (WMD = 0.09, 
95% CI= -0.01-0.18, p = 0.08), and 6 months (WMD = 
0.04, 95% CI = -0.02-0.11, p = 0.20), as well as change 
in CMT at one month (WMD = 5.17, 95% CI = -9.2-

19.5, p = 0.48) and 3 months (WMD = 43.3, 95% CI = 
-11.6-98.2, p = 0.12). At 6 months, change in CMT was 
higher in the IVT than IVB group (WMD = 40.6, 95% 
CI = 8.2-73.0, p = 0.01).
Conclusion: At 6 months after injection, IVT was more 
effective than IVB in reducing CMT.
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growth factor (VEGF) drugs for uveitis macular edema was 
elevated intraocular concentration of VEGF.14 Triamcinolone 
counteracts VEGF in a non-specific way, whereas anti-
VEGF drugs as antibodies with a high specificity neutralize 
the effect of VEGF. 

Tr iamcino lone and bevac izumab d i ff e r in the i r 
pharmacokinetic properties and side effects. This study 
aimed to carry out a meta-analysis of studies that compared 
IVT with IBV in terms of their efficacy and side effects in 
the treatment of uveitic cystoid macular edema. 

Methods

This study was approved by the ethics committee of the 
Beijing Chaoyang Hospital, Capital Medical University. 
Patient consent was not required. Electronic databases 
of PubMed, EMBASE, and Cochrane Controlled Trials 
Register were searched for studies up to November 30, 2016, 
using key words ‘bevacizumab’, ‘triamcinolone acetonide’, 
‘avastin’, and ‘uveitic cystoid macular edema’. References 
were also searched for relevant articles. There was no 
language restriction.

Inclusion criteria were (1) randomized controlled trials 
and high-quality comparative studies comparing IVB with 
IVT for cystoid macular edema; and (2) availability of 
data on age, gender, refractive error, history of disease, 
best-corrected visual acuity (BCVA), and central macular 
thickness (CMT); and (3) number of patients >20. Exclusion 
criteria were (1) IVB or IVT was not the only treatment or 
the efficacy of the treatment was not determined; (2) study 
design involved inappropriate randomization or insufficient 
information about the study population or clear definition 
of the disease; and (3) repeated publication; for articles 
published by the same groups of authors, only the earliest or 
those with the largest data volume were used.

Data extracted included (1) title, author, publication data, 
study site; (2) number of patients, age, dosage of the drugs 
applied, number of intravitreal injections, and follow-up 
duration; and (3) BCVA and CMT.

The meta-analysis was carried out using the Cochrane 
Review Manager (RevMan; version 5.0 software). The 
treatment effect was estimated by means of weighted mean 
deviation (WMD) of BCVA and CMT. 95% confidence 
intervals (CI) were presented. Random effects models were 
used, taking into account the possibility of heterogeneity 
between studies (tested by the Z test). A p value <0.05 
was considered statistically significant. Publication bias 
was assessed using a funnel plot, Egger´s linear regression 
method, and the Begg rank correlation test.

Results

A total of 43 articles were identified; 39 were excluded and 
the remaining four were reviewed.15-18 The allocation to the 
IVB or IVT group was randomized; the sample size ranged 
from 21 to 60 eyes; and follow-up ranged from 6 to 9 months 
(Table 1). There were 72 eyes in the IVB group and 76 eyes 
in IVT group. The two groups did not differ significantly in 
age, gender, refractive error, baseline BCVA and CMT, or 
disease duration. No patients had a systemic disorder that 
may have caused the uveitis or an ocular disease other than 
that causing uveitis. Patients with a history of other diseases 
causing macular edema (such as diabetes mellitus and retinal 
vein occlusions) were excluded. All patients had undergone 
a detailed ophthalmological examination, including 
assessment of BCVA, a fundus examination with the pupils 
medically dilated, color fundus photography, fluorescein 
angiography, indocyanine green angiography, and optical 
coherence tomography of the retina. 

All four studies reported BCVA at 1, 3, and 6 months 
after initial treatment; the values were converted to the 
logarithm of the minimum angle of resolution (logMAR) 
and were summarized by means of meta-analysis of I2 = 
50%, 78%, and 79%, respectively. The two groups did not 
differ significantly in BCVA at 1 month (WMD = 0.06, 95%  
CI = -0.05-0.16, p = 0.31), 3 months (WMD = 0.09, 95%  
CI = -0.01-0.18, p = 0.08), or 6 months (WMD = 0.04, 95% 
CI = -0.02-0.11, p = 0.20) [Table 2]. 

All four studies reported CMT at 1, 3, and 6 months after 

Table 1. Characteristics of studies comparing intravitreal bevacizumab (IVB) with intravitreal triamcinolone acetonide (IVT) in the treatment of 
uveitic cystoid macular edema

Study Study design Population No. of 
patients with 
IVB vs IVT

Mean±SD 
patient age 

(years)

IVB vs IVT dose 
(mg)

Follow-up 
(months)

Etiology Degree of control 
of intraocular 
inflammation

Bae et al,18 2011 Retrospective 
non-randomized 
controlled

Korea 10 vs 11 54.8±16.6 1.25 vs 4.0 6 None had a 
systemic or 
ocular disease 
other than the 
one causing 
uveitis or non-
infectious 
uveitis

Complete control 
of uveitis (no cells 
in the anterior 
chamber)Lasave et al,15 

2009 
Retrospective 
non-randomized 
controlled 

Multinational 16 vs 20 45.6±13.2 2.5 vs 4.0 6

Rahimi et al,17 
2012

Randomized Iran 31 vs 29 23.2±11.7 1.25 vs 4.0 6

Soheilian et al,16 
2010 

Randomized Iran 15 vs 16 33.1±16.2 1.25 vs 2.0 9
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initial treatment; heterogeneity between studies was low 
with I2 of 0%, 82%, and 86%, respectively. The two groups 
did not differ significantly in change in CMT at 1 month 
(WMD = 5.17, 95% CI = 9.20-19.53, p = 0.48) or 3 months 
(WMD = 43.3, 95% CI = -11.6-98.2, p = 0.12). At 6 months, 
change in CMT was higher in the IVT than IVB group (WMD 
= 40.6, 95% CI = 8.2-73.0, p = 0.01) [Table 3].

Publication bias
Based on funnel plots for the analysis of BCVA and CMT, 
no obvious evidence of publication bias was found for the 
treatment outcome estimates (BCVA and CMT at 3 months) 
[Figure]. Nonetheless, the number of enrolled studies was 
relatively low; Egger’s method and Begg’s method were 
additionally applied to measure any publication bias and 
found no significant publication bias (BCVA at 3 months: 
Egger method, p = 0.86; Begg method, p = 0.57; CMT at 3 
months: Egger method, p = 0.26; Begg method, p = 0.12).

Discussion

In our meta-analysis, IVT and IVB did not differ 
significantly in improvement of BCVA or CMT up to 6 
months after initial treatment, except that at 6 months IVT 
was more effective than IVB in reducing CMT. Nonetheless, 
triamcinolone can lead to a profound increase in intraocular 
pressure (IOP), particularly in younger patients. Patients 
with uveitic macular edema are usually <70 years old; 
their risk of a triamcinolone-induced ocular hypertension 
and secondary steroid-induced open-angle glaucoma may 

therefore be higher than for those with diabetic macular 
edema. In addition, the underlying uveitis can independently 
be associated with elevated IOP. Nonetheless, if uveitis 
results in ocular hypotony and uveitic macular edema, IVT 
may be used in this special clinical situation.

In the Lasave et al study,15 IOP was medically controlled 
with topical anti-glaucoma medications in all 20 but one 
(5%) eye, which later required trabeculectomy, whereas 
another eye showed a marked progression of cataract in the 
IVT group. In the Bae et al study,18 IOP increased within 
one day to 8 weeks of IVT application in 11 patients; IOP 
spontaneously decreased in five patients, and was medically 
controlled by topical anti-glaucomatous medications or by 
systemic acetazolamide in four. Anti-glaucomatous filtration 
surgery was required in one patient. As no change was 
detected in the optic disk appearance in any of the patients, 
the intravitreal steroid-induced IOP increase could have been 
secondary to ocular hypertension rather than open-angle 
glaucoma.18 In the remaining two studies,16,17 patients who 
developed a steroid-induced IOP rise were well controlled 
with topical anti-glaucoma medication; systemic therapy or 
filtration surgery was not required, and there was no change 
in the optic nerve head appearance.

Besides IVT, both intravitreal slow-release devices of 
dexamethasone (orzudex) and fluocinolone (Retisert) 
demonstrate an intraocular anti-inflammatory effect in 
patients with uveitis and result in decreased macular edema 
and increased visual acuity.19-25 Nonetheless, neither has 

Table 2. Best corrected visual acuity (BCVA) at 1, 3, and 6 months after intravitreal bevacizumab (IVB) or intravitreal triamcinolone acetonide (IVT)

Study IVB IVT Weight (%) Mean difference

Mean±SD BCVA No. of patient Mean±SD BCVA No. of patients IV, Random, 95% CI

At 1 month*

Bae et al,18 2011 0.47±0.47 10 0.38±0.21 11 9.4 0.09 (-0.23, 0.41)

Lasave et al,15 2009 1.1±0.4 16 0.8±0.4 20 12.7 0.30 (0.04, 0.56)

Rahimi et al,17 2012 0.14±0.08 31 0.15±0.08 29 49.6 -0.01 (-0.05, 0.03)

Soheilian et al,16 2010 0.76±0.27 15 0.71±0.04 16 28.3 0.05 (-0.09, 0.19)

Total (95% CI) 72 76 100.0 0.06 (-0.05, 0.16)

At 3 months†

Bae et al,18 2011 0.06±0.06 10 0.07±0.06 11 38.6 -0.01 (-0.06, 0.04)

Lasave et al,15 2009 1±0.3 16 0.7±0.6 20 13.8 0.30 (0.07, 0.53)

Rahimi et al,17 2012 0.52±0.45 31 0.41±0.21 29 17.1 0.11 (-0.07, 0.29)

Soheilian et al,16 2010 0.66±0.1 15 0.56±0.02 16 35.3 0.10 (0.05, 0.15)

Total (95% CI) 72 76 100.0 0.09 (-0.01, 0.18)

At 6 months‡

Bae et al,18 2011 0.54±0.39 10 0.45±0.36 11 4.2 0.09 (-0.23, 0.41)

Lasave et al,15 2009 0.8±0.4 16 0.7±0.3 20 7.2 0.10 (-0.14, 0.34)

Rahimi et al,17 2012 0.03±0.04 31 0.03±0.04 29 46.2 0.00 (-0.02, 0.02)

Soheilian et al,16 2010 0.6±0.07 15 0.52±0.02 16 42.4 0.08 (0.04, 0.12)

Total (95% CI) 72 76 100.0 0.04 (-0.02, 0.11)

*	Heterogeneity: Tau2 = 0.01, Chi2 = 6.03, df = 3 (p = 0.11), I2 = 50%; test for overall effect: Z = 1.02 (p = 0.31)
†	 Heterogeneity: Tau2 = 0.01, Chi2 = 13.85, df = 3 (p = 0.003), I2 = 78%; test for overall effect: Z = 1.77 (p = 0.08)
‡	 Heterogeneity: Tau2 = 0.00, Chi2 = 14.60, df = 3 (p = 0.002), I2 = 79%; test for overall effect: Z = 1.28 (p = 0.20)
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been compared with intravitreally applied anti-VEGF drugs 
or IVT as treatment for uveitis. 

There were limitations to our study. Only a few clinical 
studies were included in our meta-analysis, and each 
contained relatively few patients; the etiology of uveitis was 
heterogeneous. In addition, different studies used different 
optical coherence tomography devices; measurements 
could not be directly compared between studies. Despite 
this, funnel plots did not reveal any obvious evidence of 
a publication bias. Moreover, the follow-up duration was 
limited to 6 months; longer-term outcome was not known. 
The etiology of uveitis was usually not given or fully 
presented; results of our study can therefore refer only to the 
group of non-infectious uveitis. Information about the type of 
systemic treatment that might have been previously applied, 
and the degree of control of intraocular inflammation at 
the time of intraocular injection were not fully described. 
Periocular injection of steroids including subconjunctival 
application of steroids has been commonly used to treat 
edema in patients with uveitis who are non-responsive to 
topical steroids or non-steroidal anti-inflammatory drugs. 
Our study focused on comparison of intravitreal injection of 
drugs for uveitic macular edema; the method of peribulbar 
steroid injection was not evaluated. 

Conclusion

IVT and IVB achieved comparable improvements in BCVA 
and reduction in CMT in patients with uveitic macular 
edema, although IVT was more effective than IVB in 

Table 3. Central macular thickness (CMT) at 1, 3, and 6 months after intravitreal bevacizumab (IVB) or intravitreal triamcinolone acetonide (IVT)

Study IVB IVT Weight (%) Mean difference

Mean±SD CMT No. of patient Mean±SD CMT No. of patients IV, Random, 95% CI

At 1 month*

Bae et al,18 2011 220.6±239 10 227.1±95.1 11 0.8 -6.50 (-164.93, 151.93)

Lasave et al,15 2009 332.1±120.7 16 303.3±164 20 2.4 28.80 (-64.28, 121.88)

Rahimi et al,17 2012 254.54±30.15 31 251.75±30.41 29 87.8 2.79 (-12.54, 18.12)

Soheilian et al,16 2010 328.3±72.9 15 305.2±62.1 16 9.0 23.10 (-24.72, 70.92)

Total (95% CI) 72 76 100.0 5.17 (-9.20, 19.53)

At 3 months†

Bae et al,18 2011 260.6±229.6 10 269.5±158.1 11 8.2 -8.90 (-179.13, 161.33)

Lasave et al,15 2009 323.4±108.1 16 289.4±141.2 20 20.9 34.00 (-47.46, 115.46)

Rahimi et al,17 2012 233.9±12.56 31 218.13±29 29 37.9 15.77 (4.33, 27.21)

Soheilian et al,16 2010 386.2±50.4 15 292.4±52.2 16 33.0 93.80 (57.68, 129.92)

Total (95% CI) 72 76 100.0 43.33 (-11.56, 98.23)

At 6 months‡

Lasave et al,15 2009 344.7±135 16 296±134.4 20 10.5 48.70 (-39.87, 137.27)

Rahimi et al,17 2012 221.06±12.13 31 199.27±27.64 29 46.1 21.79 (10.86, 32.72)

Soheilian et al,16 2010 345±13.2 15 286.4±30 16 43.4 58.60 (42.45,74.75)

Total (95% CI) 62 65 100.0 40.59 (8.16, 73.03)

*	Heterogeneity: Tau2 = 0.00, Chi2 = 0.90, df = 3 (p = 0.83), I2 = 0%; test for overall effect: Z = 0.70 (p = 0.48)
†	 Heterogeneity: Tau2 = 2034.79, Chi2 = 16.50, df = 3 (p = 0.0009), I2 = 82%; test for overall effect: Z = 1.55 (p = 0.12)
‡	 Heterogeneity: Tau2 = 563.00, Chi2 = 13.81, df = 2 (p = 0.001), I2 = 86%; test for overall effect: Z = 2.45 (p = 0.01)
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Figure. Funnel plots for publication bias: (a) best corrected 
visual acuity and (b) central macular thickness at 3 months 
after treatment.
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reducing CMT at 6 months. This slight advantage of IVT 
may be outweighed by the disadvantage of a steroid-induced 
ocular hypertension with the risk of conversion to temporary 
secondary open-angle glaucoma. With respect to safety 
and visual improvement, IVB may be the first choice for 
treatment of uveitic macular edema.
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