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Purpose: To describe the optical coherence tomography features of vitamin A

deficiency.

Methods: Case series includes three male patients aged 50 to 66 years with vitamin A
deficiency and visual symptoms ranging from 2 to 8 months. Examination included optical
coherence tomography (OCT), fundus autofluorescence imaging, full-field electroretinog-

raphy6 and laboratory work-up.

Results: Patient 1 had inoperable pancreatic neuroendocrine tumor and presented with
worsening nyctalopia. The electroretinography showed absent rod function 2 months after
the onset of symptoms, followed by a decrease of the cone function eight months after the
onset. Optical coherence tomography showed poorly distinguishable outer segments of
the photoreceptors with the disappearance of the interdigitation zone. At that time, vitamin
A deficiency along with several other deficiencies was confirmed. After the initiation of
parenteral nutrition, a substantial improvement of the patient’s overall well-being was noted
and the OCT showed normalization of the retinal structure. Two other patients were
diagnosed with vitamin A deficiency based on similar OCT features.

Conclusion: Disruption of the outer segments of the photoreceptors and the
disappearance of the interdigitation zone on OCT may be helpful in recognition of
vitamin A deficiency. Early detection and malnutrition evaluation are especially
important in patients with a history of gastrointestinal disorders who may have several
other underlying deficiencies. Treatment with either enteral or parenteral nutrition not
only leads to resolution of visual symptoms but vastly improves their general condition

and quality of life.
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Vitamin A is a fat-soluble vitamin involved in sev-
eral physiological processes with its active com-
pounds 11-cis-retinal and all-trans-retinoic acid.! 11-cis-
retinal combines with opsins to form the visual pigments
in photoreceptors and is important in phototransduction.
All-trans-retinoic acid has a role in cell proliferation and

differentiation, gene regulation, adaptive immunity,
reproduction, embryonic growth, and normal brain
function. It is also essential for epithelial cell RNA
synthesis in the conjunctiva and cornea.! Prolonged
malnutrition, malabsorption, or abnormal metabolism
can result in vitamin A deficiency. Functional defi-
ciencies in the form of nyctalopia and rod or rod—cone
dysfunction have been well recognized in association
with vitamin A deficiency®>™; however, there are little
data on the structural changes that occur in the retina. We
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describe optical coherence tomography (OCT) features
of vitamin A deficiency observed in three patients.
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Case Reports

The patients’ characteristics and clinical details are shown in
Table 1. Patient 1 was a 63-year-old man who presented to the
Ljubljana University Eye Hospital with a 2-month history of
worsening nyctalopia. The medical history included inoperable
neuroendocrine pancreatic carcinoma treated with chemother-
apy and radiotherapy 2 years before and a partial bowel
resection with external biliary drainage because of small bowel
obstruction two months before presentation. Prescribed medi-
cations included pancreatic digestive enzyme replacement
(Creon) and insulin.

At presentation, the visual acuity was 20 of 25 on the right and
20 of 200 on the left, amblyopic eye. The anterior segment and
fundoscopy were unremarkable. Full-field electroretinography
(ERG) performed according to International Society for Clinical
Electrophysiology of Vision (ISCEV) standards showed complete
absence of the rod function confirming the symptoms of night
blindness, whereas cone function was normally preserved (Figure
1). Based on these findings, vitamin A deficiency was suspected;
however, the vitamin A level test performed by his general
practitioner was reported normal. On a follow-up 6 months later,
the patient complained of worsening visual symptoms. Slit-lamp
examination and visual acuity were unchanged, whereas ERG
revealed an additional reduction of the cone function (Figure 1).
Macular spectral domain OCT (Heidelberg Engineering Spectra-
lis) showed poorly distinguishable outer segments of the photo-
receptors (OS) and unrecognizable interdigitation zone (IZ)
(Figure 2). Fundus autofluorescence (FAF) was within normal
limits. At that time, vitamin A deficiency was confirmed (0.15
pmol/L; normal 1.05-2.80 wmol/L). Further laboratory work-up
revealed concomitant vitamin E deficiency, severe iron deficiency
anemia, fat malabsorption, and decreased testosterone levels,
consistent with secondary hypogonadism. The patient was
referred to the clinical nutrition unit at the institute of oncology
where further nutritional evaluation revealed gut failure requiring
treatment with partial parenteral nutrition including vitamins and
microelements supplementation (Vitalipid, Soluvit, and Adda-
mel). Two weeks after the initiation of treatment, the patient’s
nutritional status improved (+5.7 kg of lean body mass) with
normalization of the vitamin A level (1.68 wumol/L), and the
patient reported improvement of his visual symptoms. OCT
showed improved differentiation of the OS layer (Figure 2).
Three months later, the patient reported complete resolution of
visual symptoms and OCT showed a further improvement of the
OS appearance as well as a reappearance of the interdigitation
zone (Figure 2). In additin, the OCT showed an increase in
macular thickness including the ganglion cell layer, when
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analyzed using the segmentation tool included in the Heidelberg
Spectralis software. Electroretinography showed normalization of
the rod and cone responses (Figure 1).

After the retinal abnormalities in the first patient were
recognized as possibly indicative of vitamin A deficiency, two
other patients with gastrointestinal disorders were diagnosed
with vitamin A deficiency based on the presence of similar OCT
features. Patient 2 was a 66-year-old man with a history of liver
transplantation 9 years before and jaundice because of biliary
stent blockage, who presented with transitory visual distur-
bances including nyctalopia. Optical coherence tomography
revealed poorly distinguishable OS, and there were hypoauto-
fluorescent dots on FAF (Figure 2). Vitamin A deficiency was
suspected and confirmed at 0.20 umol/L. Electroretinography
showed absent rod function and reduced cone function. He is
currently awaiting liver transplantation. Patient 3 was a 50-year-
old man with a history of chronic alcoholic pancreatitis and
severe cachexia who presented with a 1-month history of
bilaterally reduced visual acuity. Examination showed severe
dry eye syndrome with keratomalacia, whereas OCT (attainable
on one eye only because of corneal opacity) showed poorly
distinguishable OS, especially in the peripheral parts of the
macula (Figure 2). Laboratory work-up confirmed vitamin A
deficiency (0.44 pmol/L). He is currently receiving palliative
care because of poor general condition.

Discussion

Single reports of patients with vitamin A defi-
ciency have described white dotted fundus, circular
hypoautofluorescent dots on FAF, and hyper-
reflective material beneath the ellipsoid zone on
OCT#?; however, neither of these features were
consistently observed in a larger patient cohort
making this case series the largest so far. Contrary
to the previous reports, none of our patients
exhibited white dotted fundus; moreover, hypoauto-
fluorescent dots on FAF were noted in only one
patient. Nevertheless, all patients displayed abnor-
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Fig. 1. Full-field ERG of
patient one before and after
treatment. Findings were sym-
metrical on both eyes, traces
from the right eye only are +

malities of the OS layer on OCT. Although a more
prominent OS disruption with an accumulation of
hyper-reflective material under the ellipsoid zone of
the photoreceptors>© has been noted in most of the
previous case reports, the OCT features seen in our
patients were subtler, consisting only of poorly
distinguishable OS and an absent IZ; closest to the
case published by de Carvalho et al.® Interestingly,
Hansen et al described a “normal OCT” of a patient
with vitamin A deficiency and decreased ERG*;
however, on review, the IZ is not clearly recogniz-
able in the published OCT figure. This highlights the
subtlety of the vitamin A related OCT features and
the need for improvement of their recognition. The
reason for the variability of the OCT features is
unclear. Potential factors include the length and
degree of vitamin A deficiency or other anatomical
and physiological variations in the retina. We
suspect that the OS abnormalities on OCT are
related to the slowed production of the photorecep-
tor outer segments, which had been previously
demonstrated in an animal model of vitamin A
deficiency.!® Normalization of the OS and IZ
reappearance after treatment support the association
of these features with vitamin A deficiency (Figure
2, Patient 1) and are also consistent with an
improvement of the photoreceptor morphology after
treatment in the animal model.!® The improvement
of the ganglion cell layer thickness observed after
treatment in Patient 1 is in accordance with a
previous observation® and may reflect other less
known roles of vitamin A in the retina. This study
supports the association between subtle but rela-
tively specific OCT features and vitamin A defi-
ciency, thereby recognizing the role of OCT in
ensuring earlier diagnosis and treatment. It is

After 2 months
of treatment

8 months

after the onset Normal

presented. At the first visit, DA 0.01 ERG
there was a compete loss of rod
function, followed by partial

loss of cone function at the +
second visit and complete
recovery of both after the
treatment.  Arrows indicate
reduction of the ERG
responses. DA, dark adapted;
LA, light adapted.

| /\_/\J

f 2
DA 0SC. potentials s/ Wamwmmatoameinky  opvalin AR wAsvisaior Jﬁ
30ms




OCT FEATURES OF VITAMIN A DEFICIENCY 661

Before treatment (8 months after the onset of nyctalopia)
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Fig. 2. Optical coherence tomography of three patients (P1 P3) with vitamin A deficiency. Locations of the OCT scans are noted on fundus auto-
fluorescence images for patients P1 and P2 and infrared image for P3. The images in the dashed rectangles (A—G) are shown magnified and show poorly
distinguishable outer segments of the photoreceptors and interdigitation zone. Note the improved delineation of the outer segments of the photore-
ceptors and the reappearance of the interdigitation zone after treatment in P1 (A—C). The poor quality of OCT image for P3 is due to keratopathy. ELM,
external limiting membrane; EZ, ellipsoid zone of the photoreceptors; IZ, interdigitation zone; ONL, outer nuclear layer; OS, outer segments of the
photoreceptors; RPE, retinal pigment epithelium. Normal serum vitamin A level: 1.05 umol/L to 2.80 pwmol/L.

important to note that the OCT of the normal retina Vitamin A level testing is an easily accessible
has some variation; therefore, the OCT abnormali- method for assessment of patients with suspected
ties should be evaluated with caution and in light of vitamin A deficiency based on OCT features, before

the patients’ visual symptoms and medical history. classical evaluation such as ERG is performed to
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confirm photoreceptor dysfunction. Vitamin A defi-
ciency may also be associated with other vitamin
deficiencies and/or gut failure and should prompt
full nutritional evaluation, especially in patients with
a history of gastrointestinal disorders who may
vastly benefit from either enteral or parenteral
nutrition.

Key words: autofluorescence, gastrointestinal dis-
orders, nyctalopia, OCT, vitamin A deficiency.
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