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was 20/50 OD and 20/200 OS. Bitot spots were noted 
on anterior segment examination. Fundus photog-
raphy demonstrated bilateral peripheral macular 
hypopigmentation and far-peripheral granular retinal 
hypopigmentation with focal yellow dots and hyper-
pigmented deposits. Optical coherence tomography 
(OCT) imaging demonstrated indistinct outer retinal 
banding with mild outer nuclear layer thinning, focal 
hyper-reflective deposits, and a thin choroid bilater-
ally. Full-field electroretinography (ERG) testing 
demonstrated reduced rod-isolated and combined 
rod-cone response amplitudes, and multifocal ERG 
testing demonstrated blunted individual responses 
throughout the field. The patient was treated with 
pulse vitamin A therapy. After 6 months of therapy, 
ERG responses were back within reference range, 
and the outer retinal changes reversed; visual acuity 
improved to 20/30 OD and 20/40 OS.
Conclusion This case represents the classic findings 
of vitamin A deficiency retinopathy on fundus exami-
nation and electrophysiologic testing secondary to 
gastrointestinal pathology. Prompt treatment of high 
dose vitamin A supplementation led to improvement 
of full-field and multifocal ERG results, as well as 
reconstitution of outer retinal architecture.
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Abstract 
Purpose Vitamin A is a lipid-soluble compound 
that is critical in maintaining phototransduction. Ocu-
lar manifestations of hypovitaminosis A may present 
with anterior segment signs of xeropthalmia, with 
advanced cases also causing classic retinal and elec-
trophysiologic changes of vitamin A deficiency retin-
opathy. We present a case of vitamin A deficiency 
retinopathy, with corresponding retinal imaging and 
electrophysiology, in an adult patient with celiac dis-
ease and liver fibrosis.
Methods A single case report was conducted in 
Toronto, Canada.
Results A 77-year-old male with known celiac dis-
ease and liver fibrosis presented progressively wors-
ening vision noticed primarily when driving. Vision 
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Introduction

Vitamin A is a lipid-soluble compound that plays a 
crucial role in cellular development, immune system 
integrity, and vision. Primary hypovitaminosis 
A is relatively rare in the developed world due to 
access to natural sources of fish, leafy greens, and 
milk products; however, cases are increasing due 
to malabsorption syndromes and gastric bypass 
procedures [1]. In impoverished regions worldwide, 
vitamin A deficiency still remains a public health 
concern as it leads to significant morbidity, and if 
left untreated, mortality [2]. Vitamin A constitutes 
a group of molecules, including retinaldehyde, 
retinol, retinoic acid and beta-carotene [3]. Retinal 
(11-cis retinaldehyde) plays a crucial role in 
phototransduction by combining with opsin in 
photoreceptor outer segments to produce rhodopsin. 
Following photoreceptor hyperpolarization, retinal 
isomerizes to all-trans retinal, and the visual 
cascade is initiated. In states of hypovitaminosis 
A, characteristic photoreceptor and overall retinal 
changes have been demonstrated in animal models 
and case reports [4]. We present a case of vitamin 
A deficiency retinopathy in the setting of celiac 
disease with multi-modal imaging and characteristic 
electrophysiology results. The patient’s vision and 
retinal function improved after correct identification 
of hypovitaminosis A status and subsequent 
supplementation.

Case presentation

A 77-year-old male was referred to a tertiary retina 
clinic in Toronto, Canada for evaluation for possible 
inherited retinal dystrophy. At night, the patient 
had more difficulty with driving, in particular, 
appreciating a subjective full-field of vision. He did 
not have difficulty with oncoming headlights and had 
no concerns with dark-adaptation. He had normal 
colour vision, normal reading vision, and had no 
issues with vision in bright or well-lit conditions. 
The patient had no past ophthalmic history and 
no family history of eye disease. His past medical 
history included gout, celiac disease, non-cirrhotic 
portal hypertension and moderate liver fibrosis. 
His gastroenterologists were concerned that this 

might be secondary to non-alcoholic steatohepatitis 
versus nodular regenerative hyperplasia. His 
only medications were Betamethasone cream 
and Terbinafine cream as needed. He described 
experimentation with a 100% gluten-free diet for 
the past two years supplemented with vitamin D. 
His previous BMI was over 30, and he endorsed 
significant and rapid intentional weight loss over the 
preceding year.

On examination, best-corrected distance visual 
acuity (BCVA) was 20/50 in the right eye (OD) and 
20/200 in the left eye (OS). Intraocular pressure (IOP) 
was 20 mmHg OD and 21 mmHg OS. There was no 
relative afferent pupillary defect. External examina-
tion revealed dry, scaly skin with ulcerations, nail 
chipping and pitting bilaterally. Slit lamp examina-
tion revealed bilateral Bitot spots, moderate punctate 
epithelial erosions, and moderate nuclear sclerotic 
cataracts. Fundus examination demonstrated normal 
optic discs and inner retinal vasculature in both eyes 
(OU). The macula of both eyes showed preserved 
foveal pigmentation but diffuse peripheral macular 
hypopigmentation. The retinal periphery in both eyes 
showed granular peripheral retinal hypopigmentation 
with focal yellow dots and hyper-pigmented deposits 
in the far-peripheral retina (Fig.  1A–D, Optos Day-
tona, Optos Plc). Fundus autofluorescence imaging 
demonstrated preserved physiologic foveal hypo-
autofluorescence, with peripheral macular hypo-
autofluorescence, as well as mid-peripheral hypo-
autofluorescence (Fig.  1E and F). Optical coherence 
tomography (OCT) imaging of the macula demon-
strated indistinct outer retinal banding (external limit-
ing membrane (ELM) and ellipsoid zone (EZ)), with 
mild outer nuclear layer (ONL) thinning, focal hyper-
reflective deposits, and a thin choroid bilaterally; the 
inner retinal lamination in the fovea and peripheral 
macula was preserved (Fig.  1G and H, Zeiss Cirrus 
6000, Carl Zeiss AG).

Full-field electroretinography (ERG) testing was 
performed (ISCEV standard) and demonstrated 
reduced rod-isolated and combined rod-cone response 
amplitudes, but cone-isolated responses were within 
reference range for amplitude and timing (Fig.  2A, 
ColorDome full-field ERG System). Multifocal ERG 
testing performed (ISCEV standard) with 61 hexa-
gons demonstrated blunted, but detectable individual 
responses throughout the field (Fig. 2A, LCD Pattern 
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Stimulation Multifocal ERG System). A review of 
his recent laboratory work revealed elevated beta-
2-globulin and gamma globulin on a serum protein 

electrophoresis, 2  months prior to presentation. His 
IgG/IgA/IgM levels were also elevated. Recent liver 
ultrasonography revealed hepatic steatosis with mild 

Fig. 1  Widefield colour photograph (Optos Daytona, Optos 
Plc) of the A right eye and B left eye at presentation demon-
strating symmetric diffuse peripheral macular hypopigmenta-
tion and granular far-peripheral retinal hypopigmentation, with 
small yellow dots in the mid-periphery. C and D are high mag-
nification images of the far-periphery OU of the regions noted 
in A and B, respectively. Black arrows demonstrate the small 
yellow dots, and white arrows demonstrated hypopigmentation 
in the far periphery OU. E Widefield fundus autofluorescence 
imaging at presentation of the right eye and F left eye dem-

onstrating preserved physiologic foveal hypo-autofluorescence, 
peripheral macular hypo-autofluorescence (with reflectance 
from RPE loss and thin choroid), and mid-peripheral hypo-
autofluorescence. G Optical coherence tomography imaging 
(Zeiss Cirrus 6000, Carl Zeiss AG) of the right eye and H 
left eye macula at presentation demonstrating indistinct outer 
retinal banding including the external limiting membrane and 
ellipsoid zone (white arrows) with outer nuclear layer thinning, 
hyper-reflective deposits (red arrows) and choroidal thinning
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splenomegaly consistent with moderate fibrosis. Gas-
troscopy three years prior with duodenal biopsies 
were consistent with celiac disease. A CT abdomen 
6 months prior demonstrated findings consistent with 
cirrhosis and portal hypertension, with no evidence 
of hepatoma. After his visit in the eye clinic, Vitamin 
A serology was ordered by the ophthalmology team 
and revealed a level of < 0.4 µmol/L (reference range: 
1.3–3.8).

After discussion and review with the 
gastroenterology and hepatology team, the patient 
was started on vitamin A replacement therapy of 
10,000  IU/day. He was also advised to use UV-light 
protection and engage in a healthy, diverse diet. Two 
months after beginning vitamin A supplementation, 
the patient’s visual acuity improved to 20/30 OD 
and 20/40 OS. He subjectively felt his visual acuity 
had improved, notably when driving. His fundus 
examination and fundus autofluorescence imaging 

was stable from his initial presentation. OCT 
images demonstrated trace improvement in the 
definition of parafoveal outer retinal banding (ELM 
and EZ) in both eyes (more prominently in the left 
eye compared to the right eye; two-month OCTs 
not shown). Repeat full-field ERG demonstrated a 
170% increase in amplitude for scotopic responses 
OD and 210% increase OS; photopic responses 
were stable (Fig.  2B). Repeat multifocal ERG 
testing demonstrated improvement in ring average 
response amplitudes closer to expected limits at all 
eccentricities, with peak times within expected limits 
(Fig. 2B).

Pleased with his progress, he continued vitamin 
A supplementation over the next 4  months. At his 
6-month follow-up, he continued to have improve-
ment in his subjective vision. His BCVA was sta-
ble, with regression of punctate epithelial erosions, 
and unchanged fundus findings. Full-field ERG and 

Fig. 2  A Full-field electroretinography (ERG, ColorDome 
full-field ERG System)at presentation demonstrating reduced 
amplitude of rod-isolated and combined rod-cone responses, 
withcone-isolated responses within reference range. Multifo-
cal electroretinography (ERG) performed with 61 hexagons 
(LCD Pattern Stimulation Multifocal ERG System) demon-
strating blunted, but detectable individual responses through-
out the field. The average ring amplitudes were below refer-
ence ranges, and the timings were delayed. B Full-field ERG 
at 2-month follow-up on vitamin A therapy, demonstrating a 
170% increase in scotopic response amplitude OD and 210% 
increase OS; photopic responses were stably normal. Mul-
tifocal ERG testing at the 2-month follow-up demonstrating 
improvement in response amplitudes closer to expected limits 

at all eccentricities, with peak times within expected limits. C 
Full-field ERG at the 6-month follow-up results demonstrat-
ing all responses within reference range, without evidence of 
electrophysiologic dysfunction. Multifocal ERG testing at the 
6-month follow-up visits demonstrating response amplitudes 
and peak times within expected limits at all eccentricities. Ring 
average responses are also within reference range for amplitude 
and timing. D Full-field ERG and multifocal ERG results for 
age-matched controls. (Note: The left eye is displayed for the 
full-field ERG and multifocal ERG images. Green dashed-line 
traces represent ERG response to a single trial stimulus. ERGs 
performed with ISCEV standard protocols; flash intensity units 
are in cd·s/m2, amplitudes are measured in uV, and timings in 
ms)
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multifocal ERG responses were now within reference 
range for amplitude and timing (Fig. 2C); in addition, 
multifocal ERG response amplitudes had continued 
to improve by 23% OD and 66% OS from the pre-
vious testing at 2 months (Fig. 2C). Consistent with 
his electrophysiologic results, OCT macula imaging 
demonstrated continued improvements in parafoveal 
outer retinal band definition in both eyes compared to 
the 2-month imaging (Fig. 3A–D).

Discussion

Xerophthalmia refers to the spectrum of ocular 
diseases secondary to vitamin A deficiency [4]. The 
World Health Organization provides a grading system, 
ranging from early signs such as conjunctival xerosis, 
to more advanced signs such as corneal ulceration 
and keratomalacia. Early detection of xerophthalmia 
is crucial to initiate prompt vitamin A treatment, as 
late stages of xerophthalmia carry a poor prognosis 
[4]. Our patient did present with anterior segment 
signs of hypovitaminosis A, notably Bitot spots, 
which are desquamated, keratinized conjunctival 
epithelial cells, and an irregular ocular surface and 
dry eye symptoms [4]. Our patient also presented with 
typical signs of vitamin A deficiency retinopathy, 
including deep yellow-white granular deposits in the 

peripheral retina, disorganization of photoreceptor 
outer segments and photoreceptor loss seen as 
ellipsoid zone loss on OCT imaging, and evidence 
of generalized retinal electrophysiologic dysfunction 
[5]. A case series of two patients with vitamin A 
deficiency retinopathy presented by Berkenstock 
et  al. in 2020 demonstrated similar characteristic 
changes in outer retinal changes at presentation and 
following treatment [6]. Both patients demonstrated 
outer nuclear layer thinning and poor integrity of 
the ellipsoid zone on OCT imaging, with improved 
reconstitution of the photoreceptor layers following 
high-dose vitamin A supplementation [6]. This 
improvement in ellipsoid zone integrity correlated 
to improved visual acuity in a similar fashion to 
our patient. A new OCT biomarker for vitamin 
A deficiency retinopathy, proposed by Breazzano 
et  al. in 2023, is the “double carrot” sign, seen as 
increased subfoveal ellipsoid zone reflectance [7]. 
This “double carrot” sign is not as well-defined in 
our patient, which may reflect the chronicity of the 
hypovitaminosis A state in our patient compared to 
the patient presented by Breazzano et al. [7]. Retinal 
hypopigmented spots have also been described in 
vitamin A deficiency retinopathy, as seen in our 
patient, which are hypothesized to be caused by 
rod photoreceptor outer segment degradation and 
phagocytosis by underlying RPE cells; these flecks 

Fig. 3  Optical coherence tomography imaging of the A right 
eye and B left eye at presentation with white arrows demon-
strating indistinct outer retinal banding including the external 
limiting membrane and ellipsoid zone. C Optical coherence 

tomography imaging of the right eye and D left eye macula at 
the 6-month follow-up demonstrating increased thickness and 
definition of outer retinal banding including the external limit-
ing membrane and ellipsoid zone (red arrows)
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were not found to change during the treatment course 
unlike the outer retinal banding changes seen [8].

Vitamin A deficiency retinopathy also shows 
changes on electrophysiologic testing, which can 
aid in the diagnosis and treatment monitoring for 
patients. Vitamin A deficiency preferentially affects 
the electrophysiologic function of rod over cone 
photoreceptors, and presents early with reduced 
scotopic, and preserved photopic, responses on full-
field ERG. This was seen in our patient, with the 
full-field ERG demonstrating reduced amplitude of 
rod-isolated and combined rod-cone responses, but 
preserved cone-isolated responses. Multiple cases, 
such as Saker et  al. in 2015 and Breazzano et  al. 
in 2023, demonstrate that central cone function 
can be affected in late-stage vitamin A deficiency 
retinopathy, and cone photoreceptor function has 
delayed recovery compared to generalised rod 
function [7, 9]. While generalized cone dysfunction 
was not noted in our patient on full-field ERG, there 
was some evidence of reduced macular function 
on multifocal ERG, which suggests at least some 
compromised central cone function, consistent with 
the patient’s reduced visual acuity and central macular 
anatomic disorganization. Therefore, early detection 
of hypovitaminosis A related ocular disease is crucial 
to prevent irreversible vision loss. As previously 
documented, there was a dramatic improvement on 
full-field ERG testing following high-dose vitamin A 
supplementation after just 2 months of therapy [7–9]. 
Prompt treatment in coordination with the team 
managing the underlying malabsorptive disorder 
should be initiated to aid in visual recovery.

The incidence of celiac disease is growing in the 
developing world, which has led to an increase in 
malabsorptive disorders; therefore, understanding the 
impact of these disorders on ophthalmic health may 
become more relevant to comprehensive practice. 
Our patient was appropriately supplementing his 
gluten-free diet with vitamin D, the primary molecule 
which has been found in low serum levels for these 
patients. However, our patient was not supplementing 
with vitamin A. Hypovitaminosis A has been seen 
in patients with underlying celiac disease, which 
have manifested as irreversible xerophthalmia [10]. 
Vitamin A is also primarily stored in hepatic stellate 
cells. However, in a state of hepatic insult, liver cells 
lose vitamin A during conversion to myofibroblasts 
which ultimately leads to liver fibrosis [11]. Our 

patient’s past medical history of non-cirrhotic portal 
hypertension and moderate liver fibrosis placed 
him at an increased risk of hypovitaminosis A. 
Patients with visual decline in this setting should 
have a prompt eye examination to rule out vitamin 
A deficiency retinopathy and initiate replacement 
therapy to prevent irreversible xerophthalmia and 
vision loss.

In summary, ophthalmic manifestations of 
vitamin A deficiency present with both characteristic 
ocular surface irregularities and fundus findings 
of retinopathy, including hyper-reflective dots in 
the mid-periphery, outer retinal thinning and loss 
of the ellipsoid zone. Electrophysiologic testing 
demonstrates preferential rod photoreceptor insult 
and is an important ancillary for both diagnostic 
confirmation of retinal dysfunction and monitoring 
of response to therapy. Treatment with vitamin 
A supplementation can help reverse outer retinal 
changes and improve electrophysiologic visual 
function. Patients with celiac disease or underlying 
liver disease should be advised on appropriate 
supplementation to avoid fat-soluble vitamin 
deficiency, and have a dedicated retinal examination 
if they present with visual disturbances in order 
for therapy to be initiated prior to advanced or 
irreversible disease.
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