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INTRODUCTION

Tuberous sclerosis complex (TSC) is a neurocutaneous syn-

drome characterized by multiple forms of hamartoma in al-
most any organ or tissue, including the skin, heart, lungs, brain, 
kidneys, and eyes.1 TSC is an autosomal dominant disorder 
that was first described by Bourneville in 1880 after the autopsy 
of a patient with intellectual disability, epilepsy, and sebaceous 
adenoma.2 In 1908, Heinrich Vogt defined the classic triad of 
epilepsy, intellectual disability, and adenoma sebaceum (now 
known as angiofibromatosis).3 The association between oph-
thalmic features and TSC was first described by Van der Ho-
eve,4 who identified retinal hamartomas associated with TSC 
in 1921.

Multiple ophthalmic features have been reported in patients 
with TSC. These include retinal astrocytic hamartomas, hy-
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popigmented sectoral lesions of the iris and ciliary body, colo-
bomas of the iris and choroid, angiofibromas of the eyelid, and 
strabismus.5-7 The most common ophthalmic feature of TSC is 
the presence of retinal astrocytic hamartomas, which is also 
included as one of the major criteria for TSC diagnosis.8 Based 
on morphological features, retinal astrocytic hamartomas are 
categorized into the following three types: type I hamartomas 
are defined as relatively smooth, flat, non-calcified, semi-trans-
lucent light grey or yellow lesions with indistinct margins (Fig. 
1); type II hamartomas are defined as nodular, elevated, calci-
fied, opaque lesions, which are often described as a ‘mulberry 
lesion’ or ‘fish eggs’ (Fig. 2); and type III hamartomas are de-
fined as mixed, transitional lesions in-between types I and II. 
The base of the tumor may be flat and translucent with an ele-
vated, nodular center.9-11 

TSC is a genetic syndrome caused by a loss-of-function mu-

tation in one of the following two genes: TSC1 gene on chromo-
some 9q34 or the TSC2 gene on chromosome 16p13.12 These 
are known as tumor suppressor genes, and hamartin and tu-
berin are the gene products of TSC1 and TSC2, respectively. 
They form a protein complex that regulates cellular hyperpla-
sia by acting as an inhibitor of the mechanistic target of the ra-
pamycin-mediated signaling pathway, which plays an impor-
tant role in regulating cell growth and proliferation.12 Previous 
studies have reported that clinical manifestations of TSC are 
more common and serious in patients with TSC2 mutations 
than in those with TSC1 mutations.13,14 Likewise, Aronow, et al.15 
stated that patients with TSC with retinal hamartoma tend to 
have more frequent TSC2 mutations than TSC1 mutations.

Previous studies have analyzed the prevalence of TSC oph-
thalmic manifestations in population-based studies in the USA, 
Japan, and UK.10,16,17 There has been no previous study that ex-
amined the prevalence in Korean patients. Therefore, this study 
aimed to examine the prevalence of ophthalmic manifestations 
of TSC in a Korean population.

MATERIALS AND METHODS

Participants
This retrospective study was approved by the Institutional Re-
view Board (IRB) of the Yonsei University College of Medicine 
(4-2022-0185), and was conducted in accordance with the te-
nets outlined in the Declaration of Helsinki. Informed consent 
was waived by the IRB of Yonsei University College of Medi-
cine owing to the retrospective nature of the study. The study 
included individuals with TSC who were identified on a ge-
netic or clinical basis by multiple specialists, such as ophthal-
mologists, neurologists, dermatologists, cardiologists, nephrol-
ogists, and pediatricians. TSC was confirmed based on the 2021 
diagnostic criteria, with a clinical diagnosis of “definite TSC” 
requiring two major features or one major feature with two 
minor features at Severance Hospital in Seoul, Korea between 
January 1995 and March 2022.18 A total of 104 patients had un-
dergone ophthalmological evaluation, and 98 patients were 
enrolled in the study.    

Ophthalmic examination
To identify hamartomas, all patients underwent a comprehen-
sive ophthalmologic examination of the retina, which included 
dilated fundoscopy using indirect ophthalmoscopy with a 20D 
lens, retinal imaging via wide fundus photography, fluoresce-
in and indocyanine green angiography, and fundus autofluo-
rescence. The number of retinal astrocytic hamartomas per 
patient was studied, as well as their size, bilaterality, and mor-
phological type. The total number of retinal astrocytic hamar-
tomas per patient was divided into either the single or multiple 
groups. The size of the tumor was categorized as small when 
the height of retinal astrocytic hamartoma was <1 disc diame-

Fig. 2. Color fundus photo demonstrating type II retinal astrocytic hamar-
toma: nodular, elevated, calcified, opaque lesions, which are often de-
scribed as a ‘mulberry lesions’.

Fig. 1. Color fundus photo demonstrating type I retinal astrocytic hamar-
toma: relatively smooth, flat, non-calcified, semi-translucent lesions.
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ter, and as large when the height of retinal astrocytic hamarto-
ma was >1 disc diameter. Retinal astrocytic hamartoma was 
classified into three morphological categories as types I, II, 
and III. Refraction of both eyes was examined based on mani-
fest refraction and autorefraction in patients who did not have 
the recordings of manifest refraction. The refraction test of 
each patient was performed at their first visit to the clinic. 
Along with previous population studies regarding the refrac-
tive results, hyperopia was defined as a spherical equivalent 
>+0.5D, myopia as a spherical equivalent <-0.5D, and emme-
tropia as a spherical equivalent between -0.5D and +0.5D.10,19,20 

Genetic analyses
Blood samples were collected from patients after obtaining in-
formed consent. The genetic information of two distinct vari-
ants of TSC genes (TSC1 and TSC2) was collected through a 
targeted next-generation sequencing (NGS) approach in sev-
en patients and a standard polymerase chain reaction (PCR) 
Sanger sequencing approach in 38 patients. 

For NGS analysis, genomic DNA extracted from an individ-
ual’s sample was used for library preparation and target cap-
ture using a custom panel that targeted candidate genes. Mas-
sive parallel sequencing was performed using the NextSeq 
550Dx System (Illumina, San Diego, CA, USA). Analysis was 
performed using custom analysis pipeline, quality control, se-
quence analysis, and copy number. GRCh37 (hg19) was used 
as the reference sequence for mapping and variant calling. Da-
tabases used for analysis and variant annotation included the 
Online Mendelian Inheritance in Man, Human Gene Mutation 
Database, ClinVar, dbSNP, 1000 Genome, Exome Aggregation 
Consortium, Exome Sequencing Project, and Korean Reference 
Genome Database. Classification of variants followed the stan-
dards and guidelines established by the American College of 
Medical Genetics. Sanger sequencing further confirmed all 
pathogenic and likely pathogenic variants.

For standard PCR-sanger sequencing analysis, genomic DNA 
was extracted from peripheral blood lymphocytes using a stan-
dard phenol/chloroform extraction protocol from TSC-suspi-
cious patients. The entire TSC1 and TSC2 coding exons and 
introns were amplified by PCR using the Sanger method with 
primers. Direct sequencing was performed using the BigDye 
Terminator Cycle Sequencing Ready Reaction Kit on an ABI 
Prism 3130 Genetic Analyzer (Applied Biosystems, Foster City, 
CA, USA). The sequences were analyzed using the Sequencher 
program (Gene Codes Corporation, Ann Arbor, MI, USA), and 
were compared to reference sequences. Patient DNA sequences 
obtained were aligned with RefSeq sequences of TSC1 (NM_ 
000368) and TSC2 (NM_000548) from the GenBank. 

Statistical analyses
Data were analyzed using SPSS Statistics software (version 25; 
IBM Corporation, Armonk, NY, USA) and Microsoft Excel 2016 
(Microsoft Corp, USA). Descriptive statistics, including stan-

dard deviations, means, medians, and frequencies, were deter-
mined. The chi-square test and odds ratio were used to test the 
association between the genetic variant and clinical manifes-
tations, including retinal findings, comorbidity of intellectual 
disability, epilepsy, and refractive errors. The t-test was used to 
test the association between age and retinal lesions. P val-
ues<0.05 were considered statistically significant.

RESULTS

Patient demographics and ophthalmological 
manifestation
Among 104 patients who had undergone ophthalmic evalua-
tion, 98 patients were included for the analysis, as full retinal 
assessment was not possible due to poor cooperation caused 
by other medical conditions, such as intellectual disability, epi-
lepsy, or young age. Patient demographics and ophthalmologi-
cal manifestation are shown in Table 1. The mean age of the 
patients was 14.7±13.8 years, with 48 male and 50 female pa-
tients. 

Retinal findings
Retinal astrocytic hamartoma was found in 37 patients, and bi-

Table 1. Patient Demographics (n=98)

Parameters Value
Male/Female 48/50
Age (yr) 14.7±13.8
Patients with retinal hamartoma 37 (38)

Morphological type
Type I 32 (87)
Type II 13 (35)
Type III 5 (14)

Bilaterality of retinal hamartoma
Unilateral 17 (46)
Bilateral 21 (57)

Number of retinal hamartoma per patient
Single 12 (32)
Multiple 25 (68)

Patients with retinal achromic patch 8 (8)
Patients with genetic screening 45 (46)

TSC1 mutation 23 (51)
TSC2 mutation 18 (40)
No TSC1/TSC2 mutation 4 (9)

Patients with refractive examination 63 (126 eyes)
Myopia 56 (44)
Hyperopia 44 (35)
Emmetropia 26 (21)

Intellectual disability 52 (53) 
Epilepsy 46 (47)
Results are expressed as means±standard deviation or n (%). 
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lateral involvement was observed in 21 patients (57%). When 
categorized into three morphological types, type I tumors were 
observed in 32 patients (87%), type II tumors were observed 
in 13 patients (35%), and type III tumors were observed in 5 
patients (14%). Single involvement of retinal astrocytic hamar-
toma was seen in 12 patients (32%), and multiple involvement 
were identified in 25 patients (68%). There was no correlation 
between age and the presence of retinal astrocytic hamartoma 
(p=0.615). Furthermore, no correlation between age and each 
of the three morphological types was observed (p>0.05).

Retinal achromic patch was seen in eight of the 98 patients 
examined (8%). There was no correlation between age and ret-
inal achromic patch (p=0.453). Genetic mutation data were avail-
able in only two patients with retinal achromic patch (one pa-
tient with the TSC1 variant and the other with the TSC2 variant). 

Genetic analysis (TSC1 and TSC2 gene mutation)
In the 45 patients who underwent genetic screening, the TSC1/
TSC2 detection rate was 91% (41/45). The TSC1 variant was 
detected in 23 patients (51%), whereas the TSC2 variant was 
detected in 18 patients (40%). The types of mutations within 
each variant are described in Table 2. 

The correlations between genetic variants (TSC1 or TSC2) 
and medical conditions related to TSC are shown in Table 3. 
The results showed that TSC2 mutations are correlated with a 
higher rate of retinal astrocytic hamartoma involvement 
(χ2=7.1 with 1 df, p=0.01; odds ratio, 6.31). Furthermore, there 
was a correlation between genetic variants and number of 
retinal astrocytic hamartoma observed within a patient (χ2=7.1 
with 1 df, p=0.02). Multiple retinal astrocytic hamartomas 
within a patient were significantly more prevalent among car-
riers of the TSC2 than among those with TSC1 mutations (odds 
ratio, 30.0; p=0.03). Moreover, a correlation between genetic 
variants and bilaterality of retinal astrocytic hamartoma was 
observed (χ2=6.2 with 1 df, p=0.02); bilateral involvement was 
significantly more frequent among carriers of TSC2 than among 
those with TSC1 mutations (odds ratio, 30.0; p=0.03). However, 
there was no correlation between genetic variant and size of 
retinal astrocytic hamartomas (χ2=0.0 with 1 df, p>0.05), co-
morbidity of epilepsy (χ2=0.6 with 1 df, p>0.05), or intellectual 
disability (χ2=0.1 with 1 df, p>0.05).

Refractive examination
Reliable refractive examination results were available from 63 
(126 eyes) out of 98 patients; 44% (56/126) of patients were 

myopic, 35% (44/126) were hyperopic, and 21% (26/126) were 
emmetropic. Furthermore, there was a correlation between 
genetic variants and the refractive status of TSC patients, wheth-
er they are myopic, hyperopic, or emmetropic (χ2=8.10 with 2 df, 
p=0.02). The TSC1 variant was associated with myopia (χ2=6.6 
with 1 df, p=0.01), while the TSC2 variant was associated with 
emmetropia (χ2=6.87 with 1 df, p=0.01).

DISCUSSION

TSC is a complex, multi-system disorder, which results in a wide 
array of clinical manifestations depending on where benign tu-
mors (hamartomas) are located.21 Although the eye is one of the 
organs in which hamartomas are most frequently located, the 
signs of its involvement can be subtle, and further assessment 
can be challenging. 

In an attempt to understand the nature of TSC, there have 
been a few population-based studies reviewing the prevalence 
of its ophthalmic manifestations.9,10,17 However, varying results 
had been reported regarding the prevalence, bilaterality, and 
morphological types of retinal astrocytic hamartomas. In the 

Table 3. Association between Genetic Variants and Clinical Manifestation 
of TSC

TSC1 TSC2 Odds ratio
TSC1 vs. 

TSC2
(p value)

Retinal hamartoma 6.31 0.01*
Yes   7 13
No 17   5

Bilaterality of hamartoma 30 0.02*
Unilateral   6   1
Bilateral   1   5

Multiplicity of hamartoma 30 0.03*
Single   5   1
Multiple   1   6

Size of hamartoma 2 0.61
≤1 dd   5   5
>1 dd   1   2

Refraction (eyes)
Hyperopia   5   5 0.90 0.89
Myopia 17   7 4.59 0.01*
Emmetropia   4 12 0.18 0.01*

Intellectual disability 0.87 0.82
Yes 12   8
No 13 10

Epilepsy 1.22 0.77
Yes 17 13
No   8   5

Association between genetic variant and each clinical manifestation using 
odds ratio. 
*p<0.05.

Table 2. Description of the Types of Mutations Detected

Deletion Missense
Splicing 

error
Not 

specified
Total

TSC1 4 (17) 15 (65) 2 (9) 2 (9) 23
TSC2 2 (11) 12 (67) 3 (17) 1 (5) 18
No TSC1/TSC2   4
Data are presented as n (%).
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largest reported population-based study regarding ophthal-
mic manifestations of TSC patients from the USA (Mayo clinic), 
the overall prevalence of retinal astrocytic hamartomas was 
49%. In a study based on the UK population, the overall prev-
alence of retinal astrocytic hamartomas was 44%.9,10 A study 
from Tokyo reported an overall prevalence as high as 87%.6 Our 
study showed a slightly lower prevalence (38%) compared with 
the previously reported studies. Reports on the bilaterality of 
retinal astrocytic hamartoma have also varied. The prevalence 
of bilateral involvement of retinal astrocytic hamartoma in the 
USA (Mayo clinic), UK, and the present study were 49%, 44%, 
and 57%, respectively. In terms of the prevalence of each mor-
phological type of retinal astrocytic hamartoma in this study, 
type I tumors were the most common, followed by type II and 
type III tumors, which is consistent with previous literature.

Regarding retinal achromic patches, there have been vary-
ing results regarding its clinical significance to TSC and its de-
tection rate in TSC patients. In a population-based study of 100 
TSC patients, Rowley, et al.10 reported 39% of retinal achromic 
patch, whereas Shields, et al.22 reported a frequency of 12%. 
Our study reported a slightly lower percentage (8%) of retinal 
achromic patch compared with the previous studies. This may 
be attributed to the fact that the initial presentation of type I 
tumors, which are small, flat, and semi-lucent, may not be eas-
ily distinguished from the retinal achromic patch, especially 
since not all of our study population underwent comprehen-
sive retinal examination, including fluorescein and indocya-
nine green angiography and fundus autofluorescence, owing 
to young age and lack of cooperation due to general physical 
condition.

TSC is recognized as a disorder with a well-established ge-
netic cause. Therefore, a few previous population-based studies 
have analyzed the relationship between genetic variants (TSC1 
or TSC2) and the prevalence of retinal hamartoma in TSC pa-
tients and reported that clinical manifestations of TSC are more 
frequent in patients with TSC2 mutations than in patients with 
TSC1 mutations.13-15 Likewise, Aronow, et al.15  reported that 
TSC2 mutations are more frequent in patients with retinal as-
trocytic hamartoma than in those without retinal findings.
However, no previous studies have compared the association 
between the genetic variant and the degree of retinal astrocyt-
ic hamartoma involvement, such as the number or bilaterality 
of hamartoma. Interestingly, we have shown a statistically sig-
nificant association between TSC2 mutation and the number 
of retinal astrocytic hamartoma observed, as well as between 
TSC2 mutation and bilaterality of retinal astrocytic hamarto-
ma involvement. These results add value to the widely-estab-
lished postulation that patients with TSC2 mutations tend to 
exhibit more severe clinical manifestations.

Refractive errors in patients with TSC have been studied to 
establish whether there is a significant difference compared 
to a population without TSC. Rowley, et al.10 reported that the 
refractive errors of TSC patients are broadly comparable to 

those of the normal population in the UK, as follows: 27% of 
myopia, 22% of hyperopia, and 51% of emmetropia. Compared 
with the previous study in the UK, our results showed a com-
paratively high percentage of myopic TSC patients. Overall, 
44% of eyes were myopic, 35% were hyperopic, and 21% were 
emmetropic. This may be attributed to the higher prevalence 
of myopia in the East Asian population compared to the Cau-
casian population.23 In addition to the prevalence of refractive 
findings in the TSC population, our study documented the cor-
relation between genetic variants and refractive status. We 
found an association between TSC1 mutation and myopia, as 
well as an association between TSC2 mutation and emmetro-
pia. Although there was no statistically significant difference 
between the age of patients with TSC1 and TSC2 (p>0.05), this 
result should be interpreted with caution, as the refractive sta-
tus may change during the aging process, especially as myopia 
tends to develop with the aging of children. 

This study has some limitations. First, not all TSC patients 
included in the study underwent genetic screening. However, 
patients with more clinical manifestations are likely to undergo 
a thorough examination, including genetic screening. There-
fore, further prospective studies with comprehensive genetic 
screening in patients with TSC would be helpful in terms of elu-
cidating the relationship between genetic variants and the oph-
thalmic manifestation of TSC. Second, the refractive results 
were based on manifested refraction or autorefraction rather 
than the use of cycloplegics. Therefore, accommodative power, 
especially in young patients, could have affected the results of 
our analysis. Lastly, although only patients with retinal exami-
nation results were included in the study, not all patients were 
able to undergo wide fundus photography due to problems of 
cooperation. However, this may have contributed to the under-
estimation of the prevalence of fundus findings, especially 
chorioretinal hypopigmentation located at the periphery. 

In conclusion, our study is the first population-based study 
to investigate the ophthalmic manifestations of TSC patients 
in Korea. Our preliminary results align with previous litera-
ture, apart from the higher prevalence of myopic patients. Our 
study also demonstrates that TSC patients with TSC2 muta-
tion tend to have more extensive involvement of retinal astro-
cytic hamartoma with an increased number of retinal astrocytic 
hamartomas and a higher number of bilateral involvement of 
retinal astrocytic hamartoma. Further studies involving more 
eyes with genetic information are necessary to elucidate the 
connection between TSC gene variants and clinical manifes-
tations. 
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