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CASE REPORT

Optical coherence tomography findings 
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Abstract 

Background: Werner syndrome is a rare, autosomal recessive disorder characterised by premature aging. It is a typi-
cal hereditary progeroid syndrome that can be difficult to diagnose owing to its rarity and the similarity of some of its 
symptoms, such as juvenile cataracts, to other common ophthalmologic conditions. Early onset of bilateral cataracts is 
currently used as the ophthalmological feature for Werner syndrome; however, ophthalmologists often find perform-
ing a detailed examination of the medical history and genetic testing for Werner syndrome at the time of an ophthal-
mologic consultation challenging. If a unique ocular finding was observed on ocular examinations in cases of juvenile 
bilateral cataracts, we could consider Werner syndrome as a differential diagnosis. 

Case presentation: We documented the cases of three patients with Werner syndrome in whom thinning of the 
retina in the retinal nerve fiber layer (RNFL) and ganglion cell complex (GCC) were observed using optical coherence 
tomography (OCT). Visual field tests revealed the loss of visual field mainly owing to glaucoma.

The thinnig of the choroidal thickness (CT) in three patients was also observed using enhanced depth imaging 
(EDI)-OCT.

Conclusions: Three patients have thinning of the RNFL, GCC, and choroidal thickness and the loss of visual field. 
These findings suggest the need for including Werner syndrome in the differential diagnosis when patients present-
ing with juvenile cataracts of unknown cause also show abnormal retinal and choroidal thinning in the OCT images.
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Background
Werner syndrome is a rare, autosomal recessive dis-
order characterized by premature aging. The known 
major signs of Werner syndrome include premature 
hair changes, bilateral cataracts, atrophic hardening and 
intractable skin ulcers, soft tissue calcification, bird-like 
face, and Achilles’ tendon calcification. In addition, ath-
erosclerosis is one of the most important features of this 

disease. Many patients with Werner syndrome die by 
their mid-50s owing to diseases such as cancer or arte-
riosclerosis. Calcification of the Achilles tendon is con-
sidered particularly useful for the clinical diagnosis of 
Werner syndrome owing to its high sensitivity and speci-
ficity. The estimated number of patients with Werner 
syndrome in Japan is approximately 700–2000 [1–4]. In 
1992, a causative gene was identified in 8p12 of the short 
arm of chromosome 8 [5], and in 1996, the gene respon-
sible for this disease, i.e. WRN, which encodes RecQ-type 
DNA helicase, was discovered [6]. In terms of eye-related 
complications, the positive rate of cataracts is 100% (with 
a 96% positive rate for cataracts in both eyes) [7]. Certain 
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reports exist of patients with Werner syndrome with cys-
toid macular edema [8, 9], bilateral retinal detachment 
[10], or primary bullous keratopathy [11]; however, few 
reports have documented the changes in the thickness 
of the retina and choroid. In healthy people, aging causes 
thinning of the retina and choroid [12, 13] and similar 
changes are speculated to occur in patients with Werner 
syndrome. This report documents three cases of Werner 
syndrome in which thinning of both the retina and the 
choroid was observed using optical coherence tomogra-
phy (OCT) (Table 1). 

Case presentation
Case 1
The case was that of a 44-year-old Japanese male who 
presented with six major signs of Werner syndrome, 
including grey hair, cataracts in both eyes, intractable 
skin ulcers, soft tissue calcification, Achilles’ tendon cal-
cification, and a bird-like face. The condition was attrib-
uted to a compound heterozygous mutation of type 4 
mutation (c. 3139-1G > C) and novel mutation. His height 
was 168  cm and weight was 55  kg (body mass index 
[BMI]: 19.4). He had grey hair and hair loss since his 
30s. Moreover, since his 40s, he had right Achilles’ ten-
don and outer ankle ulcers, skin hardening and atrophy, 
soft tissue calcification, bird-like face, a high-pitched and 
hoarse voice, diabetes, dyslipidaemia, osteoporosis, latent 
hypothyroidism, atrophic thyroiditis, and sarcopenic 
obesity. At the age of 38 years, he had undergone cata-
ract surgery in both eyes and had been treated with glau-
coma eye drops.　He had no family history of Werner 

syndrome. At the initial visit, his best-corrected visual 
acuity (BCVA) was 1.2 and 1.2 in the right and left eyes, 
and the refraction was − 1.00 diopter sphere (DS) / -0.50 
diopter cylinder (DC) × 125° and − 0.50 DS / -0.50 DC 
× 120° in the right and left eye, respectively. The axial 
length was 23.68 mm and 23.60 mm in the right and left 
eyes. The patient was already diagnosed with glaucoma 
and followed up at previous eye clinics before referral 
to our hospital. The intraocular pressure (IOP) was 6 
mmHg in both eyes with treatment using tafluprost, tim-
olol maleate, and brimonidine for both eyes.

He had intraocular lenses (IOLs) in both eyes. The 
OCT images were all taken after the cataract surgery. 
The choroidal thickness was determined from the SD-
OCT (Heidelberg Spectralis OCT; Heidelberg, Germany) 
images. We used enhanced depth imaging (EDI) methods 
under the same settings. Each image was obtained using 
the eye tracking system, and 100 scans were averaged 
to increase the signal-to-noise ratio, and the EDI-OCT 
algorithm was used. The choroidal thickness was manu-
ally measured from the outer border of the retinal pig-
ment epithelium (RPE) to the inner border of the sclera. 
The RNFL and GCC were automatically measured from 
the inner layer membrane to the inner border of the RPE 
with the software in the RS3000 advance spectral domain 
OCT (SD-OCT; NIDEK, Gamagori, Japan). OCT showed 
that the average circumpapillary retinal nerve fiber layer 
(cpRNFL) thickness was 93  μm in the right eye and 
81 μm in the left eye, indicating cpRNFL thinning in the 
left eye (Fig. 1A). Additionally, the ganglion cell complex 
(GCC) thickness was 97 μm at the superior macula and 
76 μm at the inferior macula in the right eye and 92 μm at 
the superior macula and 59 μm at the inferior macula in 
the left eye, indicating GCC thinning at the inferior mac-
ula in both eyes (Fig. 1B). The central choroidal thickness 
(CCT) was 222 μm in the right eye (Fig. 1C) and 189 μm 
in the left eye (Fig. 1D). Mean deviation of the Humphrey 
Field Analyser 30 − 2 test was − 0.19 dB and − 5.14 dB in 
the right (Fig. 1E) and left (Fig. 1F) eyes, respectively.

Case 2
The case was a 57-year-old Japanese male who was 
referred for cataract surgery because of poor vision of 
his left eye. He presented with six major signs of Wer-
ner syndrome, including grey hair, cataracts in both eyes, 
intractable skin ulcers, soft tissue calcification, Achilles’ 
tendon calcification, and a bird-like face. The condition 
was attributed to a type 6 (c. 1105  C > T) homozygous 
mutation. His height was 163 cm and weight was 36 kg 
(BMI: 13.5). He had grey hair and hair loss since his 20s 
and experienced Achilles’ tendon pain bilaterally and 
skin hardening and atrophy since his 30s. In his 40s, he 
developed toe ulcers, osteomyelitis, and a high-pitched 

Table 1 Laboratory findings in the three patients

Case 1 Case 2 Case 3

Sex male male female

Age 44 57 47

BMI (kg/m2) 19.4 13.5 19.3

Hematology

 WBC (/μL) 9,100 7,800 7,100

 RBC (/μL) 404 ×  104 339 ×  104 415 ×  104

 Hb (/dL) 13.5 10.8 11

 PLT (/μL) 161 ×  103 326 ×  103 387 ×  103

Biochemistry

 AST (U/L) 44 29 19

 ALT (U/L) 52 25 20

 ALP (U/L) 223 298 472

 y-GTP (U/L) 47 47 215

 BUN (mg/dl) 12 22 14

 Cre (mg/dl) 0.81 1.13 0.42

 Na (mmol/L) 138 141 149

 K (mmol/L) 4.5 4.7 4.4
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and coarse voice. After undergoing surgery for bladder 
cancer at 39 years of age, he had hypertension, diabetes, 
dyslipidaemia, osteoporosis, and hypothyroidism. At the 
age of 40, he underwent cataract surgery in his right eye 
and developed glaucoma; he had also been treated with 
glaucoma eye drops. At the initial visit, his best-corrected 
visual acuity was 1.2 and 0.02 and the refraction was 
+ 0.50 DS / -1.00 DC × 90° and − 1.50 DS in the right 
and left eye, respectively. The axial length was 24.83 mm 
and 24.82  mm in the right and left eyes. The IOP was 
13 mmHg in the right eye and 15 mmHg in the left eye 
upon treatment with latanoprost and timolol maleate 
for both eyes. He had an IOL in the right eye, and a cata-
ract in the left eye. After cataract surgery in his left eye, 
his visual acuity improved to 1.2 and OCT revealed that 
the cpRNFL had thinned to 86  μm in the right eye and 
81 μm in the left eye (Fig. 2A). Moreover, the GCC was 
78 μm at the superior macula and 96 μm at the inferior 
macula in the right eye and 73 μm at the superior macula 
and 71 μm at the inferior macula in the left eye, indicat-
ing GCC thinning at the superior macula in the right eye 
and at the entire macula in the left eye (Fig. 2B). The CCT 

was 192 μm in the right eye (Fig. 2C) and 211 μm in the 
left eye (Fig. 2D). Mean deviation of the Humphrey Field 
Analyser 30 − 2 test was − 2.80 dB and − 4.68 dB in the 
right (Fig. 2E) and left (Fig. 2F) eyes, respectively.

Case 3
The case was a 47-year-old Japanese female who pre-
sented with five major signs of Werner syndrome, includ-
ing grey hair, cataracts in both eyes, intractable skin 
ulcers, Achilles’ tendon calcification, and a bird-like face. 
The condition was attributed to a compound heterozy-
gous mutation of type 1 (c. 3446delA) and type 4 muta-
tions. Her height was 149 cm and weight was 43 kg (BMI: 
19.3). In her 40s, she had developed grey hair, hair loss, 
hardening of the Achilles tendon on her right leg, ulcers 
on her left leg, soft tissue calcification, bird-like face, a 
high-pitched and hoarse voice, diabetes, dyslipidaemia, 
osteoporosis, and papillary thyroid cancer. At the age 
of 30, she underwent cataract surgery in both eyes, fol-
lowed by posterior capsulotomy for secondary cataract 
in her right eye. At the initial visit, her best-corrected 
visual acuity was 1.0 and 1.2 and the refraction was 

Fig. 1 Optical coherence tomography (OCT) images in case 1 showing the circumpapillary retinal nerve fiber layer (cpRNFL) thinning in both eyes 
(A) and the ganglion cell complex (GCC) thinning at the bottom in both eyes (B). Enhanced depth image (EDI)-OCT images in case 1 showing 
choroidal thickness of the right (C) and left (D) eye. Mean deviation of the Humphrey Field Analyser 30 − 2 test is -0.19 dB and − 5.14 dB in the right 
(E) and left (F) eye, respectively. S: Superior, N: Nasal, I: Inferior, T: Temporal, ILM: Inner limiting membrane, NFL: Nerve fiber layer, GCL: Ganglion cell 
layer
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+ 0.50 and + 0.50 DS / -2.50 DC × 65° in the right and 
left eye, respectively. The axial length was 24.52  mm 
and 24.49  mm in the right and left eyes. The IOP was 
18 mmHg in both eyes. She had IOLs in both eyes. She 
showed no signs of diabetic retinopathy. The cpRNFL 
had thinned to 52 and 61  μm in the right and left eyes 
while the GCC was 55  μm at the superior macula and 
60 μm at the inferior macula in the right eye and 55 μm at 
the superior macula and 73 μm at the inferior macula in 
the left eye, indicating GCC thinning at the entire mac-
ula in both eyes (Fig. 3A, B). The CCT was 252 μm in the 
right eye (Fig. 3C) and 272 μm in the left eye (Fig. 3D). 
Mean deviation of the Humphrey Field Analyser 30 − 2 
test is -8.47 dB and − 6.52 dB in the right (Fig. 3E) and 
left (Fig. 3 F) eye, respectively.

Discussion and conclusions
Juvenile cataracts frequently occur in the patients with 
Werner syndrome [14]. In fact, the positive percentage of 
cataracts is 100% (with a 96% positive percentage for cat-
aracts in both eyes). Therefore, the presence of cataracts 
is a diagnostic criterion for this disease [7]. Our patients 
also had the histories of cataract surgery, and two of 

them already had IOLs in both eyes at their initial visit. 
Among Japanese people, age-related cataracts are usu-
ally observed around the age of 50, with a morbidity less 
than 10%, and the morbidity increases to 80% or more 
after the age of 70 [15]. Interestingly, the age of onset 
of cataracts is extremely young and is usually around 31 
years for patients with Werner syndrome [16]. There-
fore, most patients consult an ophthalmologist because 
of poor vision and are diagnosed as having juvenile cata-
racts of unknown cause at their first visit to an eye clinic. 
In fact, the causes of juvenile cataracts include diseases 
that are congenital or atopic dermatitis, as well as diabe-
tes, trauma, and metabolic disorders. Werner syndrome 
is rarely included in the differential diagnosis because of 
its rarity.

A national survey in Japan also reported that Wer-
ner syndrome was often suggested by dermatologists 
or plastic surgeons, and not by ophthalmologists [4]. 
These results suggest that it is necessary to consider 
measures for early diagnosis and early intervention. 
The onset of Werner syndrome is usually recognised by 
bilateral cataracts or grey hair and hair loss, which are 
usually the first symptoms. However, many of patients 

Fig. 2 Optical coherence tomography (OCT) images in case 2 showing the circumpapillary retinal nerve fiber layer (cpRNFL) thinning in both 
eyes (A) and the ganglion cell complex (GCC) thinning at the top in both eyes and the bottom in both eyes (B). Enhanced depth image (EDI)-OCT 
images in case 2 showing choroidal thickness of the right (C) and left (D) eye. Mean deviation of the Humphrey Field Analyser 30 − 2 test is -2.80 dB 
and − 4.68 dB in the right (E) and left (F) eye, respectively. S: Superior, N: Nasal, I: Inferior, T: Temporal, ILM: Inner limiting membrane, NFL: Nerve fiber 
layer, GCL: Ganglion cell layer
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and ophthalmologists may not have adequate informa-
tion to diagnose Werner syndrome. Ophthalmologists 
often find it difficult to perform a detailed examination 
of the medical history and genetic testing for Werner 
syndrome at the time of an ophthalmologic consulta-
tion. Therefore, it is difficult for ophthalmologists to 
make a diagnosis of Werner syndrome.

If a unique ocular finding other than cataracts were 
observed on ocular examinations in cases of juvenile 
cataracts in both eyes, we could consider Werner syn-
drome as a differential diagnosis, and this would lead to 
an early diagnosis of Werner syndrome. In this report, 
we documented the cases of three patients with Werner 
syndrome in whom thinning of the retina and choroid 
were observed using OCT.

Glaucoma is a well-known disease that causes thin-
ning of the retina owing to the loss of retinal ganglion 
cells and retinal nerve fiber. The RNFL and GCC start 
thinning from the early stages of glaucoma, and this 
finding is useful for its early diagnosis [17]. In addition, 
aging is considered one of the most important risk fac-
tors for the development of glaucoma [18].

The patients in cases 1 and 2 had already been diag-
nosed with glaucoma and followed up at previous eye 
clinics before referral to our hospital. And we presume 
this patient to have glaucoma in left eye upon visual 
field testing. In fact, Abraham, L.M et  al. have also 
reported primary glaucoma in three siblings with Wer-
ner syndrome [19]; however, we could not completely 
exclude the effect of premature aging as the main fea-
ture of this disease.

On the other hand, thinning of the RNFL and GCC 
also occurs with aging. Leung et  al. reported that the 
cpRNFL thickness naturally decreased by approxi-
mately − 0.3 μm per year along with normal aging. An 
examination showed that the RNFL thickness of the 
upper area and lower temporal area decreased after the 
patients reached their 40s [12]. Sung et al. reported that 
the macular thickness in healthy individuals thinned by 
approximately − 0.4 μm per year [20], and other stud-
ies showed a decrease in the RNFL thickness along with 
aging [21]. However, the exact cause of this thinning 
remains unknown.

Fig. 3 Optical coherence tomography (OCT) images in case 3 showing the circumpapillary retinal nerve fiber layer (cpRNFL) thinning both eyes (A) 
and the ganglion cell complex (GCC) thinning at the top and bottom in both eyes (B). Enhanced depth image (EDI)-OCT images in case 3 showing 
choroidal thickness of the right (C) and left (D) eye. Mean deviation of the Humphrey Field Analyser 30 − 2 test is -8.47 dB and − 6.52 dB in the right 
(E) and left (F) eye, respectively. S: Superior, N: Nasal, I: Inferior, T: Temporal, ILM: Inner limiting membrane, NFL: Nerve fiber layer, GCL: Ganglion cell 
layer
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Therefore, the following question ”Were the changes 
observed in the cases presented here simply due to the 
effects of glaucoma?” still remains. We cannot clearly 
answer this question. Because of that, next, we focussed 
not only on the retina but also on the choroid in our 
patients.

The choroid is located between the retina and sclera 
and is a tissue which is rich in blood vessels and pig-
ments. The choroid can be divided into three layers. The 
innermost layer is the choriocapillaris, which consists of 
a dense network of fenestrated capillaries; the second is 
the Sattler’s layer, which consists of small and medium-
sized blood vessels; and the third is the Haller’s layer, 
which consists of large blood vessels [22]. In healthy 
individuals, a relationship between choroidal thickness 
and aging has been reported, and choroidal thickness is 
known to decrease gradually with aging [23]. Therefore, 
we focused on the choroidal changes in the OCT images. 
Considering past literature, the health condition of the 
patients in Case 1 (44 years old) and Case 2 (57 years old) 
corresponded to that of a healthy person in their 80s, and 
the health condition of the patient in Case 3 (47 years 
old) corresponded to that of a healthy person in their 60s 
[24]. Other than aging, some factors, such as axial length 
[25], sex [25], intraocular pressure changes [26], diurnal 
fluctuations [27], blood glucose levels, and blood pres-
sure treatment [28], have been reported to affect choroi-
dal thickness. However, in our cases, we think that the 
effect of these factors on choroidal thickness was small, 
suggesting early age-related changes in the choroid.

Few reports have documented structural retinal 
changes, especially in the choroid in patients with Wer-
ner syndrome, and some cases of complications of glau-
coma have also been reported [19]. As described before, 
the thinning of the cpRNFL and GCC observed on 
OCT images might be caused not only by an age-related 
change, but also by a glaucomatous change. However, if 
we consider choroidal thinning, these retinal and choroi-
dal changes might be due to accelerated aging in patients 
with Werner syndrome.

When we evaluate age-related retinal and choroidal 
changes in a healthy human, it is very difficult to fol-
low the changes on OCT images over decades in the 
same patient. In fact, most of the previous reports on 
the relationship between aging and choroidal changes 
are comparative analyses of data measured separately 
for each age group. However, in Werner syndrome, the 
same patient can be followed up for several years and 
we might have the possibility of witnessing the changes 
similar to those in a healthy human for decades because 
of the accelerated age-related changes in Werner syn-
drome. Although more cases and further research are 

needed in the future, Werner syndrome might be a 
‘human retinal/choroidal aging model’ that can help 
determine aging-related retinal and choroidal changes.

We should describe some limitations of this case 
report. First, the changes in the choroid and retina 
might have been due to incidental thinning. Second, 
these changes might be because of complications, such 
as glaucoma, which are associated with Werner syn-
drome. Third, although our cases showed no evidence 
of diabetic complications, such as diabetic retinopathy, 
the choroidal and retinal changes could possibly be due 
to diabetes and the effects of anti-diabetic drugs [29].

Fourth, we could not exclude the effect of athero-
sclerosis on retinal thickness. It is well known that ath-
erosclerosis, which is an important aspect of Werner 
syndrome, is associated with reduction of retinal thick-
ness on OCT. For example, previous studies revealed 
that reduction of retinal thickness is associated with 
chronic renal failure [30]. No serious atherosclerosis 
was observed in the fundus of the patients, and they did 
not have severe renal failure; therefore, we believe that 
these retinal thickness reductions were not associated 
with chronic renal failure in our patients.

Finally, the effects of other oral medications, such as 
blood pressure-lowering drugs, and diurnal fluctua-
tions cannot be excluded.

In our three cases, OCT examination enabled the 
observation of retinal and choroidal thinning. In order 
to promote early diagnosis of Werner syndrome, it is 
necessary to create awareness regarding Werner syn-
drome among ophthalmologists. When we encounter 
juvenile cataracts of unknown cause and OCT images 
show thinning of the retina and choroid unexpected to 
occur naturally with aging, we should consider Werner 
syndrome as a differential diagnosis.

Abbreviations
BCVA: Best-correctedvisual acuity; BMI: Bodymass index; OCT: Opticalcoher-
ence tomography; IOP: Intraocularpressure; IOLs: Intraocularlenses; cpRNFL: 
Circumpapillaryretinal nerve fiber layer; GCC : Theganglion cell complex.

Acknowledgements
None.

Authors’ contribution
HY and TN attended the case, analysed data, drafted the manuscript and 
revised it. GM, MK and YM analysed the data and revised the manuscript. TB 
and KY attended the cases and analysed the data. HY and TN had full access 
to all of the data in this study and take responsibility for the integrity and 
accuracy of the data analysis. All the authors read and approved the final 
manuscript.

Funding
No funding was obtained for this case report.

Availability of data and materials
All the data supporting our findings are contained within the manuscript.



Page 7 of 7Nagai et al. BMC Ophthalmology          (2022) 22:448  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Written informed consent was obtained from the patient for publication of 
these case reports.

Competing interests
All authors declare no competing interests associated with this manuscript.

Author details
1 Department of Ophthalmology and Visual Science, Chiba University Graduate 
School of Medicine, Inohana 1-8-1, Chuo-ku, 260-8670 Chiba, Japan. 2 Depart-
ment of Endocrinology, Hematology and Gerontology, Chiba University 
Graduate School of Medicine, Chiba, Japan. 3 Department of Ophthalmology, 
International University of Health and Welfare School of Medicine, Narita, 
Japan. 

Received: 10 May 2022   Accepted: 28 October 2022

References
 1. Matsumoto T, Imamura O, Yamabe Y, Kuromitsu J, Tokutake Y, Shimamoto 

A, et al. Mutation and haplotype analyses of the Werner’s syndrome gene 
based on its genomic structure: genetic epidemiology in the Japanese 
population. Hum Genet. 1997;100:123–30.

 2. Satoh M, Imai M, Sugimoto M, Goto M, Furuichi Y. Prevalence of Werner’s 
syndrome heterozygotes in Japan. Lancet. 1999;353:1766.

 3. Yokote K, Chanprasert S, Lee L, Eirich K, Takemoto M, Watanabe A, et al. 
WRN mutation update: mutation spectrum, patient registries, and transla-
tional prospects. Hum Mutat. 2017;38:7–15.

 4. Koshizaka M, Maezawa Y, Maeda Y, Shoji M, Kato H, Kaneko H, et al. Time 
gap between the onset and diagnosis in Werner syndrome: a nationwide 
survey and the 2020 registry in Japan. Aging. 2020;12:24940–56.

 5. Goto M, Rubenstein M, Weber J, Woods K, Drayna D. Genetic link-
age of Werner’s syndrome to five markers on chromosome 8. Nature. 
1992;355:735–8.

 6. Yu CE, Oshima J, Fu YH, Wijsman EM, Hisama F, Alisch R, et al. Positional 
cloning of the Werner’s syndrome gene. Science. 1996;272:258–62.

 7. Takemoto M, Mori S, Kuzuya M, Yoshimoto S, Shimamoto A, Igarashi M, 
et al. Diagnostic criteria for Werner syndrome based on Japanese nation-
wide epidemiological survey. Geriatr Gerontol Int. 2013;13:475–81.

 8. Oshitari T, Kitahashi M, Mizuno S, Baba T, Kubota-Taniai M, Takemoto 
M, et al. Werner syndrome with refractory cystoid macular edema and 
immunohistochemical analysis of WRN proteins in human retinas. BMC 
Ophthalmol. 2014;14:31.

 9. Lyons C, Gallagher D, McSwiney T, McElnea E, Kinsella F. The ophthalmic 
diagnosis and management of four siblings with Werner syndrome. Int 
Ophthalmol. 2019;39:1371–8.

 10. Sasoh M, Tsukitome H, Matsui Y, Furuta M, Kondo M. Bilateral retinal 
detachment in Werner syndrome. Retin Cases Brief Rep. 2014;8:92–4.

 11. Singh D, Ganger A, Gupta N, Vanathi M, Khadgawat R, Tandon R. Primary 
bullous keratopathy in a patient With Werner syndrome treated With 
corneal transplant. Exp Clin Transplant. 2019;17:699–701.

 12. Leung CK, Yu M, Weinreb RN, Ye C, Liu S, Lai G, et al. Retinal nerve fiber 
layer imaging with spectral-domain optical coherence tomography: a 
prospective analysis of age-related loss. Ophthalmology. 2012;119:731–7.

 13. Fujiwara A, Shiragami C, Shirakata Y, Manabe S, Izumibata S, Shiraga F. 
Enhanced depth imaging spectral-domain optical coherence tomog-
raphy of subfoveal choroidal thickness in normal Japanese eyes. Jpn J 
Ophthalmol. 2012;56:230–5.

 14. Chen CL, Yang JS, Zhang X, Tian T, Zeng R, Zhang GH, et al. A case report 
of Werner’s syndrome with bilateral juvenile cataracts. BMC Ophthalmol. 
2018;18:199.

 15. Sasaki H, Jonasson F, Kojima M, Katoh N, Ono M, Takahashi N, et al. The 
Reykjavik Eye Study–prevalence of lens opacification with reference to 
identical Japanese studies. Ophthalmologica. 2000;214:412–20.

 16. Goto M, Ishikawa Y. [Werner syndrome]. Nihon Rinsho. 2000;58:1490–5.
 17. Kita Y, Kita R, Nitta A, Nishimura C, Tomita G. Glaucomatous eye macular 

ganglion cell complex thickness and its relation to temporal circumpapil-
lary retinal nerve fiber layer thickness. Jpn J Ophthalmol. 2011;55:228–34.

 18. Suzuki Y, Iwase A, Araie M, Yamamoto T, Abe H, Shirato S, et al. Risk factors 
for open-angle glaucoma in a Japanese population: the Tajimi Study. 
Ophthalmology. 2006;113:1613–7.

 19. Abraham LM, Braganza AD, Simha AR. Primary glaucoma in three siblings 
with Werner syndrome. Clin Exp Ophthalmol. 2013;41:416–8.

 20. Sung KR, Wollstein G, Bilonick RA, Townsend KA, Ishikawa H, Kagemann L, 
et al. Effects of age on optical coherence tomography measurements of 
healthy retinal nerve fiber layer, macula, and optic nerve head. Ophthal-
mology. 2009;116:1119–24.

 21. Varma R, Ying-Lai M, Francis BA, Nguyen BB, Deneen J, Wilson MR, et al. 
Los Angeles Latino eye Study G. Ophthalmology. 2004;111:1439–48.

 22. Nickla DL, Wallman J. The multifunctional choroid. Prog Retin Eye Res. 
2010;29:144–68.

 23. Margolis R, Spaide RF. A pilot study of enhanced depth imaging optical 
coherence tomography of the choroid in normal eyes. Am J Ophthalmol. 
2009;147:811–5.

 24. Wakatsuki Y, Shinojima A, Kawamura A, Yuzawa M. Correlation of 
aging and segmental choroidal thickness measurement using swept 
source optical coherence tomography in healthy eyes. PLOS ONE. 
2015;10:e0144156.

 25. Tuncer I, Karahan E, Zengin MO, Atalay E, Polat N. Choroidal thickness in 
relation to sex, age, refractive error, and axial length in healthy Turkish 
subjects. Int Ophthalmol. 2015;35:403–10.

 26. Hata M, Hirose F, Oishi A, Hirami Y, Kurimoto Y. Changes in choroidal thick-
ness and optical axial length accompanying intraocular pressure increase. 
Jpn J Ophthalmol. 2012;56:564–8.

 27. Tan CS, Ouyang Y, Ruiz H, Sadda SR. Diurnal variation of choroidal thick-
ness in normal, healthy subjects measured by spectral domain optical 
coherence tomography. Invest Ophthalmol Vis Sci. 2012;53:261–6.

 28. Jo Y, Ikuno Y, Iwamoto R, Okita K, Nishida K. Choroidal thickness changes 
after diabetes type 2 and blood pressure control in a hospitalized situa-
tion. Retina. 2014;34:1190–8.

 29. Endo H, Kase S, Saito M, Yokoi M, Takahashi M, Ishida S, et al. Choroidal 
thickness in diabetic patients Without diabetic retinopathy: A meta-
analysis. Am J Ophthalmol. 2020;218:68–77.

 30. Shoshtari FS, Biranvand S, Rezaei L, Salari N, Aghaei N. The impact of 
hemodialysis on retinal and choroidal thickness in patients with chronic 
renal failure. Int Ophthalmol. 2021;41:1763–71.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Optical coherence tomography findings in three patients with Werner syndrome
	Abstract 
	Background: 
	Case presentation: 
	Conclusions: 

	Background
	Case presentation
	Case 1
	Case 2
	Case 3

	Discussion and conclusions
	Acknowledgements
	References


