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ABSTRACT

Introduction: Optical coherence tomography
(OCT) and OCT angiography (OCT-A) are valu-
able tools for detecting retinal and choroidal
changes in systemic diseases. This systematic
review evaluates the current evidence on retinal
and choroidal alterations associated with tran-
sthyretin-related amyloidosis (ATTR).

Methods: A systematic review was conducted
in accordance with Preferred Reporting Items for
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Systematic Reviews and Meta-analyses (PRISMA)
guidelines across PubMed, Scopus, Web of Sci-
ence, and Embase up to December 2024 to
investigate structural and microvascular altera-
tions in the retina and choroid of patients with
genetically confirmed ATTR, aiming to evaluate
their potential as imaging biomarkers for disease
monitoring.

Results: Nine eligible studies were identified,
encompassing a total of 246 individuals, includ-
ing both symptomatic patients and pre-sympto-
matic carriers. Reported findings included thin-
ning of the outer nuclear layer (ONL), reduced
vessel density in the superficial and deep capil-
lary plexuses, enlargement of the foveal avascu-
lar zone (FAZ), and a decreased choroidal vascu-
larity index (CVI).

Conclusions: Thinning of ONL was the
most consistent structural finding, suggesting
photoreceptor degeneration. Decreased CVI,
reduced vascular density, and enlargement
of the FAZ further indicate impaired vascu-
lar integrity. Although OCT and OCT-A show
promise for early detection and monitoring of
ocular involvement in ATTR, most studies were
case—control studies with small sample sizes
and possible confounding from ongoing treat-
ments. These limitations highlight the need for
standardized imaging protocols and longitudinal
studies to confirm findings and clarify the link
between ocular and systemic disease severity.
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Key Summary Points

Why carry out this study?

Ocular involvement is a recognized but
underexplored manifestation of transthyre-
tin-related amyloidosis (ATTR). Optical coher-
ence tomography (OCT) and OCT angiog-
raphy (OCT-A) have shown potential in
identifying structural and vascular alterations
in the retina and choroid.

This systematic review aimed to synthesize
available evidence on OCT and OCT-A find-
ings in patients with genetically confirmed
ATTR to assess their utility in clinical moni-
toring.

What was learned from the study?

This study identified consistent alterations
in retinal and choroidal parameters among
patients with ATTR, including outer nuclear
layer (ONL) thinning, reduced vessel density
in the superficial and deep capillary plexuses,
enlargement of the foveal avascular zone
(FAZ), and decreased choroidal vascularity
index (CVI).

Findings suggest photoreceptor degeneration
and microvascular compromise as key fea-
tures of ocular ATTR.

INTRODUCTION

Amyloidosis encompasses a group of rare dis-
orders characterized by extracellular deposi-
tion of insoluble protein fibrils with a -pleated
sheet configuration [1, 2]. These deposits may
arise from acquired or hereditary conditions.
Among the hereditary forms, familial amyloid
polyneuropathy (FAP) is classified on the basis
of the precursor protein, most commonly tran-
sthyretin (TTR), followed by apolipoprotein A-I
and gelsolin [3]. TTR-related amyloidosis exists

in two forms: variant (ATTRv), caused by TTR
gene mutations, and wild-type (ATTRwt), which
results from age-related misfolding of native
TTR. ATTRv is the most prevalent hereditary
amyloidosis [3, 4].

TTR is a transport protein for thyroxine (T4)
and retinol (vitamin A), primarily synthesized
in the liver, brain choroid plexus, and retinal
pigment epithelium, where it plays a critical role
in ocular metabolism [5-8]. ATTRv amyloidosis
typically presents with peripheral neuropathy
but can also affect the heart, kidneys, and eyes.
Neurological symptoms result from TTR infiltra-
tion into the endoneurium due to blood-neural
barrier disruption [9-12]. Conversely, ATTRwt
primarily involves the heart, where TTR deposits
cause restrictive cardiomyopathy and progres-
sive heart failure. Although ocular involvement
in ATTRwt has been less extensively character-
ized compared with ATTRv, recent studies indi-
cate that it is relatively common and may even
be more prevalent, with significant alterations
involving both the anterior and posterior seg-
ments of the eye (8, 13-15].

Ocular involvement is a recognized and
sometimes early feature of ATTR amyloidosis,
arising from both hepatic and intraocular syn-
thesis of mutant TTR. Affected structures may
include the vitreous, iris, and retina [16-21]. In
a large cohort study, Beirdo et al. [22] reported
scalloped iris in 27.9%, vitreous amyloidosis in
17.4%, and retinal angiopathy in 4.4% of carri-
ers with ATTRv mutations. Similarly, Frizziero
et al. [8] identified retinal pigment epithelium
abnormalities—such as drusen and pigmentary
changes—in 56% of patients with ATTRwt and
22% of patients with ATTRv. Vitreous opacities
were also observed in 17% and 33% of patients
with ATTRwt and ATTRyv, respectively.

Advanced imaging modalities such as optical
coherence tomography (OCT) and OCT angi-
ography (OCT-A) have enhanced the ability to
detect subtle retinal and choroidal changes in
patients with ATTR [8, 14, 21].

Given the advent of disease-modifying thera-
pies aimed at stabilizing or silencing TTR, there
is an unmet need for reliable, noninvasive bio-
markers to guide diagnosis and monitor thera-
peutic response [11, 23, 24]. This systematic
review evaluates the utility of OCT and OCT-A
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parameters as candidate imaging biomarkers in
genetically confirmed ATTR amyloidosis, offer-
ing insight into the ocular pathophysiology of
this multisystem disease [25].

METHODS

This systematic review was conducted in accord-
ance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-analyses (PRISMA)
guidelines [25]. The full list of search terms used
is provided in the Electronic Supplementary
Material (ESM). The study protocol was devel-
oped by one of the contributing authors and reg-
istered in the International Prospective Register
of Systematic Reviews (PROSPERO; registration
number CRD42024625522).

Study Selection

A comprehensive literature search was con-
ducted in PubMed, Embase, Web of Science, and
Scopus to identify relevant studies published
up to December 2024. No geographical restric-
tions were applied. Two authors (M.Z. and C.B.)
independently screened the titles and abstracts
of all retrieved articles. Studies were included
if they evaluated OCT or OCT-A parameters in
patients with genetically confirmed hereditary
ATTR. Irrelevant articles were excluded on the
basis of title and abstract review; the full texts
of the remaining articles were then assessed for
eligibility.

Exclusion criteria were: (1) letters to the edi-
tor, reviews, or conference abstracts; (2) single-
patient case reports; and (3) studies that did not
assess OCT or OCT-A parameters. To ensure com-
pleteness, a manual search of reference lists from
included articles was also performed. Disagree-
ments were resolved through discussion.

Data Extraction

Two authors (M.Z. and C.B.) independently
extracted data from the included studies.
Extracted information included: first author’s
name, year of publication, study location, study
design, and OCT/OCT-A device used.

Population characteristics were also recorded,
including (1) sample size, (2) mean age, (3) sex
distribution, (4) amyloidosis type (variant or
wild-type), (5) specific gene mutations, (6) clini-
cal manifestations, and (7) number of eyes with
scalloped iris. Only OCT and OCT-A parameters
reported in at least two studies were included in
the analysis.

The following OCT parameters were extracted:
central macular thickness (CMT), subfoveal cho-
roidal thickness (SFCT), peripapillary retinal
nerve fiber layer (pRNFL) thickness, and outer
nuclear layer (ONL) thickness. OCT-A param-
eters included foveal avascular zone (FAZ) area
and perimeter, vessel density (VD) in the super-
ficial (SCP) and deep (DCP) capillary plexuses,
perfusion density (PD), choriocapillaris (CC)
vessel density, and choroidal vascularity index
(CVI). The pRNFL was defined as the average
RNFL thickness measured with a circumpapil-
lary OCT scan centered on the optic nerve head;
all other measurements were derived from scans
centered on the macula.

Ethical Approval

This study is based on previously published lit-
erature and does not involve any new investiga-
tions involving human participants or animals;
therefore, ethical approval was not required.

Quality Assessment

The methodological quality of the included stud-
ies was evaluated using the Newcastle-Ottawa
Scale (NOS) for case—control and cohort studies
and the National Institute of Health (NIH) qual-
ity assessment tools for cross-sectional and case
series studies, which were independently applied
to each article by two authors (M.Z. and C.B.)
[26, 27]. Any discrepancies in the quality assess-
ment were resolved through discussion with a
third author (M.V.C.).

RESULTS

The study selection process is summarized in
Fig. 1. A total of 313 records were identified
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Records identified through
database searching (N=313):

e Pubmed=28

e Scopus =380

e Web of Science =25
e Embase =180

Records removed before
screening:

A 4

Records screened

(N=199)

A4

e Duplicates (N=114)

Records excluded:

A 4

Full-text articles assessed for
eligibility (N=28)

A\ 4

e Irrelevant Title/Abstracts
(N=171)

Full-text articles excluded with reasons

> (N=19):

A 4

Studies included in systematic
review

(N=9)

e Casereports (N=6)

e No OCT/OCT-A measurement (N=6)
e Conference abstract (N=5)

e Letters to the editor (N=1)

e Reviews (N=1)

Fig.1 PRISMA flow diagram illustrating the study selection process for the systematic review. OCT optical coherence

tomography, OCT-4 optical coherence tomography angiography

through electronic database searches: 28 from
PubMed, 80 from Scopus, 25 from Web of Sci-
ence, and 180 from Embase. After removing 114

duplicates, 199 unique records were screened.
Following title and abstract review, 171 articles
were excluded as irrelevant. The full texts of the
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remaining 28 articles were assessed for eligibil-
ity. Of these, 19 were excluded for the follow-
ing reasons: one was a letter to the editor, one a
review article, five conference abstracts, six case
reports, and six studies that did not assess OCT
or OCT-A parameters. Ultimately, nine studies
met the inclusion criteria and were included in
the systematic review.

Characteristics of Studies

An overview of the included studies is presented
in Tables 1 and 2. The studies were published
between 2019 and 2023 and included a total of
246 patients, with sample sizes ranging from 9
to 166. Most participants were male (5§8.5%),
and the mean age in ATTR groups ranged from
46.5 to 75.1 years.

Study designs varied and included five cross-
sectional studies [5, 8, 28-30], two case-control
studies [14, 21], and two case series [12, 31].
Most studies were conducted in Europe: four in
Italy [8, 12, 14, 31], two in Portugal [21, 29], and
one in Spain [30]. One study [28] was conducted
outside Europe. Of the five studies [8, 12, 14,
21, 31] that included healthy control groups,
three [8, 14, 21] applied age-matching, while
the remaining two [12, 31] did not report any
matching criteria related to age, sex, or race.

Regarding disease subtype, six studies focused
on ATTRv [5, 12, 21, 28-30], one on ATTRwt [14],
one on all ATTR types [8], and one [31] on pre-
symptomatic carriers. OCT/OCT-A devices var-
ied, including Heidelberg SPECTRALIS [8, 21, 30]
(Heidelberg Engineering, Heidelberg, Germany),
Zeiss Cirrus HD-OCT [5, 12, 31] (Carl Zeiss, Med-
itec, Inc., Dublin, CA, USA), Topcon DRI OCT
[14] (Topcon Corporation, Japan), PLEX Elite
9000 [28] (Carl Zeiss Meditec, Inc., Dublin, CA,
USA), and OptoVue AngioVue [32] (OptoVue,
CA, USA). A variety of OCT and OCT-A imag-
ing protocols were employed across the included
studies. Most studies used macula-centered scans
ranging from 3x3 mm to 6 x 6 mm.

Genetic mutation data were reported in seven
studies [5, 8, 12, 28-31]. Most studies also docu-
mented treatment status, although two [5, 30]
did not specify therapy type. Clinical manifes-
tations (e.g., neuropathy, cardiomyopathy, and

gastrointestinal involvement) were described in
five studies [5, 8, 12, 14, 30], and scalloped iris
was assessed in three [5, 21, 29].

Table 3 summarizes the OCT and OCT-A
parameters reported across the included studies.
SFCT and ONL thickness were manually meas-
ured. SFCT was defined as the distance from the
posterior edge of the retinal pigment epithelium
to the choroid-sclera junction, measured on
horizontal OCT brightness scans (B-scans) using
calipers. ONL thickness was measured at five
predefined locations: at the fovea, and at 1500
pm and 3000 pm intervals nasal and temporal
to the fovea, from the posterior edge of the outer
plexiform layer to the external limiting mem-
brane. Conversely, the FAZ area and perimeter,
as well as CMT and pRNFL thickness, were all
quantified using automated image analysis. All
studies reporting vessel density in the SCP and
DCP utilized automated measurements, except
for Frizziero et al. [8], who calculated vessel den-
sity manually using the open-source Image]J soft-
ware (National Institutes of Health, Bethesda,
MD, USA). PD was also assessed through auto-
mated methods.

Regarding choroidal parameters, CC vessel
density was measured manually in the study
by Frizziero et al. [8] In this study, the vascu-
lar-to-stromal (V/S) ratio was calculated using
Image]J software, with vessel density (V) defined
as the proportion of the luminal choroidal
area (LCA) (represented by white pixels) to the
total choroidal area (TCA), and stromal density
(S) defined as 1 -V, according to a previously
described method [33]. In contrast, CC density
was measured automatically in the study by
Rinaldi et al. [14]. Both Rinaldi et al. and Marta
et al. employed Image] software to calculate the
CVI, where the TCA encompassed the entire
selected region and the LCA was defined by the
area occupied by hyporeflective vessels. CVI was
then calculated as the ratio of LCA/TCA.

A meta-analysis was not conducted due
to significant heterogeneity in the report-
ing of OCT and OCT-A parameters across the
included studies. OCT-A metrics were assessed
using diverse measurement scales and imaging
protocols, preventing standardization neces-
sary for quantitative pooling. Although struc-
tural parameters such as ONL and CMT were
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Table 1 Characteristics of included studies

Studies Country Numbersof Num-  Sex Age Amyloidosis OCT/ Study design
participants bersof (Male/  (mean+SD?) OCTA
eyes Female) model
Frizziero etal. Italy ATTRY 18 (8/1) 652+134 ATTRv Heidelberg ~ Cross-Sec-
(2023) Spectralis tional
ATTR17 34 (17/0) 751467 ATTRuwt OCT
ATTR2 4 (2/0) 50.5+2.1 Pre-symp-
tomatic
carriers
Control 49 98 (32/17)  66.2+10.2 -
Minnella Italy ATTR9 18 (6/3) 66.77+1340 ATTRv Ziess Cir- Case Series
etal. (2021) rus 5000
Contol13 26 (6/7)  NR - HD-OCT
(spectral
domain)
Rinaldietal. Italy ATTR18 36 (14/4) 70.83+6.33  ATTRwt Topcon DRI Case—Con-
(2023) OCT(SS)  trol
Control 16 32 (10/6)  68.8149.01 -
Maceroni Italy ATTR14 28 (5/9) 54.71+13.69 Pre-symp- Ziess Cirrus ~ Case Series
etal. (2023) tomatic 5000 HD-
carriers OCT (SD)
Control 13 26 (6/7) NR -
Kakihara Japan ATTR36 36 (22/14) 51.8+12.1 ATTRv PLEX Elite  Cross-Sec-
etal. (2022) 9000 tional
OCTA (SS)
Latasiewicz ~ Spain ATTR 8 15 (4/4) 57.13+109 ATTRv Ziess Cirrus ~ Cross-Sec-
etal. (2019) HD-OCT  tional
Marques etal. Portugal ATTR24 48 (15/9) 46.5+5.0 ATTRv OptoVue Cross-Sec-
(2020) AngioVue tional
OCTA
Martactal.  Portugal ATTRS83 166 (36/47)  50.45+8.31 ATTRv Heidelberg  Case-
(2022) Spectralis Control
Control83 166  (NR) 50474870 - OCT
Ruiz- Spain ATTR26 52 (15/11) 57.8+13.7 ATTRv Heidelberg  Cross-Sec-
Medrano Spectralis  tional
etal. (2023) OCT

EDI-OCT, ® standard deviation abbreviations A77TR transthyretin-related amyloidosis, A77TRv transthyretin-related amy-
loidosis variant, AT TRwt transthyretin-related amyloidosis variant wild type, EDI enhanced depth imagingNR not reported,
OCT optical coherence tomography, OCTA optical coherence tomography angiography, SD spectral domain,SS swept source
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Table 2 Genetic mutations, treatment types, clinical features, and scan sizes in included studies

Studies Mutations Treatment Clinical mani-  Scalloped Amyloidosis Scan size (mm)

(V3om/ (Tafamidis/ festations (Neu- pupils

Others) Patisiran/Liver ropathy/car- (Eyes)

transplanta- diomyopathy/
tion) gastrointestinal
involvement)
Frizziero et al. (2023)  (2/7) (5/4/0) (8/6/NR) NR ATTRy OCT:6x6
OCTA:3x3&
6x6
- (1/0/0) (7/17/NR) ATTRwt
NR - - Pre-symptomatic
Carriers
Minnella et al. (2021) (3/6) (5/3/0) (8/5/4) NR ATTRy 6x6
Rinaldietal. (2023) - (12/0/0) (9/18/7) NR ATTRwt 6x6
Maceroni et al. (2023) (5/10) - - NR Pre-symptomatic 6 x 6
Carriers
Kakihara et al. (2022) (30/6) (10/7/17) (NR/NR/NR  NR ATTRv 3%x3
Latasiewicz et al. (5/3) (NR/NR/S) (3/5/2) 4 ATTRv 6%x6
(2019)

Marques et al. (2020)  (24/0) (3/0/21) (NR/NR/NR 24 ATTRv 3x3
Martactal. (2022)  NR (26/0/55) (NR/NR/NR 92 ATTRv 6%6
Ruiz-Medrano et al. (8/18) (NR/NR/NR)* (22/22/10) NR ATTRv Radial 12-mm

(2023)

*20/26 (76.9) received treatment. ATTRTTR amyloidosis, ATTRv transthyretin-related amyloidosis variant, 477 Ruwt
transthyretin-related amyloidosis variant wild type, #30M Val30Met, NR not reported, OCT optical coherence tomography,

OCTA optical coherence tomography angiography

reported more consistently, often stratified by
different subtypes of ATTR. The clinical vari-
ability among these subtypes introduced sub-
stantial bias and limited the comparability of
outcomes across studies.

ATTRv
Seven studies [5, 8, 12, 21, 28-30] evaluated

retinal and choroidal changes in patients with
ATTRy, focusing on parameters such as SFCT,

pRNFL, CMT, ONL, vascular and perfusion den-
sity, FAZ, CC, and CVI.

Retinal Changes

Minnella et al. [12] demonstrated that both
CMT and ONL were reduced in patients with
ATTRv compared with healthy controls, with a
statistically significant reduction observed only
in ONL thickness.
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PRNFL was evaluated in two studies. Frizziero
et al. [8] found no difference between patients
with ATTRv and controls, while Ruiz-Medrano
et al. [30] reported thinner pRNFL in patients
with more severe cardiac involvement.

Vessel density in the SCP and DCP was
assessed in three studies. Frizziero et al. [8]
reported significant reductions in macular and
peripapillary VD. Kakihara et al. [28] found no
association between VD and systemic sever-
ity, which was defined as the sum of organ-
specific scores ranging from O (no impairment)
to 3 (severe disability or organ transplantation.
Marques et al. [29] observed significantly lower
SCP and DCP VD in eyes with scalloped iris com-
pared with those without.

FAZ area was evaluated in three studies. Kaki-
hara et al. [28] and Latasiewicz et al. [5] found
no significant differences compared with con-
trols and no correlation with systemic severity,
while Marques et al. [29] reported a larger FAZ
area and perimeter in eyes with scalloped iris.

Choroidal Changes

SFCT was assessed in three studies. Minnella
et al. [12] reported a nonsignificant reduction
in SFCT in patients with ATTRv compared with
controls. Moreover, Latasiewicz et al. [5] and
Ruiz-Medrano et al. [30] observed decreased
SFCT relative to age-matched populations.

Two studies reported choroidal measurements
in patients with ATTRv. Frizziero et al. [8] found
significantly reduced vascular density in the
choriocapillaris in patients with ATTRv. Marta
et al. [21] reported a significantly lower CVI in
patients with ATTRv compared with controls
(Table 4).

ATTRwt

Two studies [8, 14] examined retinal and cho-
roidal changes in patients with ATTRwt.

Retinal Changes

Frizziero et al. [8] reported significant thinning
of pRNFL in patients with ATTRwt compared

with controls, especially in the temporal and
inferior temporal sectors, with greater thinning
than in ATTRv and presymptomatic carriers.

Both studies found significantly reduced SCP
and DCP VD in patients with ATTRwt across
all Early Treatment Diabetic Retinopathy Study
(ETDRS) sectors. Rinaldi et al. [14] observed
consistent reductions in all quadrants, align-
ing with findings from Frizziero et al.

Choroidal Changes

Both studies reported lower CC vascular den-
sity in patients with ATTRwt compared with
healthy controls. Frizziero et al. [8] noted that
CC density in patients with ATTRwt was lower
than in ATTRv and presymptomatic carriers,
suggesting more severe choroidal involvement.
Rinaldi et al. [14], who evaluated CVI, found a
reduction in patients with ATTRwt that did not
reach statistical significance (Table 5).

Pre-symptomatic Carriers

OCT/OCT-A findings in presymptomatic TTR
mutation carriers were assessed in two studies.

Retinal Changes

Maceroni et al. [31] reported reduced CMT and
ONL in carriers, with no significant changes
in SFCT or pRNFL. Frizziero et al. [8] also
found no difference in pRNFL compared with
controls. Both studies evaluated SCP VD and
found no significant differences. DCP VD was
reported only by Frizziero et al. [8], also show-
ing no difference.

Maceroni et al. [31] found reduced PD in car-
riers, though not statistically significant. Only
Maceroni et al. [31] assessed FAZ, reporting
larger FAZ area and perimeter in carriers, again
without statistical significance.

Choroidal Changes

Only Frizziero et al. [8] assessed choroidal param-
eters in carriers and reported no significant
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Table 4 OCT/OCT-A findings in patients with ATTRv

Structure Study Numbers of OCT/OCT-A measure-
participants ment

Findings

Retinal  Minnela et al. ATTR9 SECT, CMT, ONL
Control 13

Latasiewicz et al. ATTR 8 SFCT, FAZ area

In patients with A7TRv, CMT and SFCT

were slightly lower (257.33 +24.46 ym and
272.22 + 60.68 pm, respectively) compared
with the control group (264.57 +13.36 ym
and 278.80 + 37.92 um, respectively); how-
ever, these differences did not reach statisti-
cal significance (both P> 0.05). In contrast,
ONL thickness demonstrated a statistically
significant reduction in patients with A7TTRv
compared with controls (72.57 + 8 um versus
79.5+6.05 um, P = 0.002).

Across all three age groups, SFCT was con-

sistently lower in both eyes compared with
the healthy controls reported by Yavuzer
et al. [34]. In individuals aged 4049 years,
SFCT was measured at 284.5+ 8.5 pm in
the right eye and 240 + 0 um in the left
eye, whereas the corresponding values in
healthy controls were notably higher, at
309.85 +60.05 pm and 318.06 £ 67.01 pum,

respectively.

A similar trend was observed in the 50-59

years age group, where SFCT values were
267 +35 pm in the right eye and 241 + 3

um in the left eye, in comparison to
278.88+51.29 pm and 285.06 +£49.52 um,
respectively, among healthy individuals.

The reduction in SFCT was also noted in
the 60-73 years age group, where the right
and left eyes exhibited thickness values of
225+37.23 pmand 188 £24.91 um, respec-
tively, compared with 266.50 +49.56 um
and 256.00 £ 55.55 pm in the control group.

In the study, the mean FAZ was similar to

the reported in healthy subjects [35, 36]:
0.2740.11 mm” t0 0.329 £0.115 mm™*
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Table 4 continued

Structure Study Numbers of OCT/OCT-A measure-
participants ment

Findings

Ruiz-Medrano etal. ATTR 26 SECT, pRNFL

Frizziero et al. ATTR9 pRNEFL, SCP VD, DCP
Control 49 VD

Kakihara et al. ATTR 36 SCPVD,DCP VD, PD,
FAZ area
Marques et al. ATTR 24 SCPVD,DCP VD, FAZ

area, FAZ perimeter

The study found an SFCT of 227.8 +76.5
um, lower than in healthy controls reported
by Yavuzer et al. [34]. Furthermore, greater
cardiac involvement correlated with reduced

pRNFL thickness (P<0.05).

In patients with A7TRv, the pPRNFL
thickness (100.5 +9.3 um) was lower
than healthy controls (103.3 + 8.5 um,
P <0.05). Moreover, both the SCP VD
(0.2847 +0.1216 ym) and DCP VD
(0.1475 £0.0918 pm) were reduced
compared with controls (0.394 + 0.062 pm
and 0.249 +0.081 pm, respectively)(both
P<0.05).

The systemic severity score showed no signifi-
cant correlation with superficial, deep, or
total retinal perfusion density (r=—0.0302,
P=0.861;r=-0.0737, P=0.669;
r=-0.0717, P=0.678, respectively).
Likewise, no significant association was
found between the systemic severity score
and superficial, deep, or total retinal vessel
density (r=-0.0677, P=0.695; r=—0.100,
P=0.561; r=-0.0780, P=0.651, respec-
tively). Additionally, the severity score did
not correlate with FAZ size (r=0.086,
P=0.617).

Patients with 47TRv who exhibit a scal-
loped iris present with a diminished retinal
vascular network, as evidenced by an
enlarged FAZ area (A =0.02 +£0.03 mm?,
P=0.002) and perimeter (A=0.15+0.20
mm, P= 0.002).

Additionally, this group exhibits vascular
density changes, including reductions
in both superficial capillary density
(A=-1.50% +3.52%, P=0.049) and deep
capillary density (A =-2.53% +5.08%,
P=0.023).
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Table 4 continued

Structure Study
participants ment

Numbers of OCT/OCT-A measure-

Findings

ATTR9 CcC
Control 49

Choroid  Frizziero et al.

ATTR 83 CVI
Control 83

Marta et al.

The CC vascularity in patients with A77TRv
is lower compared with healthy controls
(0.5901 +0.1682 versus 0.704 + 0.135)
(P<0.05).

The study revealed that the CVI within the
5 mm-width area was significantly lower in
patients with ATTRv (71.41% + 3.84%)
compared with healthy controls
(75.80% +3.31%) (P<0.001).

ATTR transthyretin-related amyloidosis, A77TRv transthyretin-related amyloidosis variant, CC choriocapillaris, CMT cen-
tral macular thickness, CVT choroidal vascularity index, DCP deep capillary plexus, EAZ foveal avascular zone, OCT optical
coherence tomography, OC7-4 optical coherence tomography angiography, ONL outer nuclear layer, PD perfusion density,
PRNFL peripapillary retinal nerve fiber layer, SCP superficial capillary plexus, SECT subfoveal choroidal thickness, VD ves-

sel density

differences in CC vascular components com-
pared with controls (Table 6).

Quality Assessment

The quality assessment of the included studies
indicated overall moderate to high methodologi-
cal rigor across the different study designs. The
case—control studies were of high quality, char-
acterized by clearly defined cases, representative
sampling, and consistent exposure assessment,
although reporting on control selection was lim-
ited. The case series studies also demonstrated
strong quality, with well-defined objectives,
clearly described populations, and reliable out-
come measures. Cross-sectional studies generally
tulfilled key quality criteria, including clearly
stated objectives and valid, consistently applied
outcome assessments (ESM) [35, 36].

DISCUSSION

Retinal and Choroidal Imaging

This systematic review reveals consistent retinal
and choroidal alterations in patients with ATTR,

as assessed by OCT and OCT-A (Table 1). Retinal
involvement in ATTR was first reported by Falls
et al. [37] in 1955, and subsequent studies have
expanded on these observations. Two studies
assessed pRNFL thickness: Maceroni et al. found
a nonsignificant reduction in pre-symptomatic
carriers, whereas Frizziero et al. observed gen-
eralized thinning, particularly in patients with
ATTRwt. This thinning may reflect age-related
degeneration or more extensive amyloid deposi-
tion within retinal ganglion cells, especially in
the native (wild-type) form of TTR, which lacks
the conformational changes of mutant TTR and
tends to deposit more broadly in the retina [4,
7,8, 11, 31, 38].

ONL thinning was a consistent finding in
both patients with ATTRv and pre-symptomatic
carriers. This may be attributed to impaired
retinoid metabolism, ultimately affecting pho-
toreceptor integrity. Supporting this hypoth-
esis, Minnella et al. reported corresponding
reductions in scotopic and photopic electro-
retinogram responses in patients with ATTR,
indicating that ONL thinning reflects both
structural and functional photoreceptor com-
promise. These findings position ONL thick-
ness as a promising structural biomarker of
retinal involvement in ATTR [12]. CMT and
SFCT showed variable findings. CMT was
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significantly reduced in pre-symptomatic car-
riers but remained comparable to controls in
patients with ATTRv. SFCT, by contrast, was
consistently decreased in patients with ATTRv
but not significantly different between carriers
and controls. These inconsistencies may reflect
differences in disease stage, subtype, or the lim-
ited sample sizes of individual studies. Vessel
density within the SCP and DCP was notably
reduced in ATTRv and ATTRwt groups, while
pre-symptomatic carriers demonstrated SCP
vessel densities similar to controls (Fig. 2).
Retinal angiopathy (RA), often presenting as
microaneurysms and hemorrhages, has been
well documented in ATTR. Several pathophysi-
ological mechanisms have been proposed. First,
perivascular amyloid sheathing may cause occlu-
sive arteriolar changes, leading to peripheral
ischemia and, in severe cases, neovasculariza-
tion. Histological studies confirm perivascular
amyloid deposits in retinal tissues [37, 39-43].
Second, oligomeric TTR aggregates are known
to damage vascular endothelial tight junc-
tions, disrupting barrier function and promot-
ing microaneurysm formation and hemorrhage
[9, 44]. Rousseau and colleague [41] reported
microaneurysms in all eyes examined and reti-
nal hemorrhages in several patients, highlight-
ing the clinical significance of this mechanism.
Third, amyloid may directly infiltrate reti-
nal vasculature, akin to its behavior in cerebral
amyloid angiopathy and oculoleptomeningeal
amyloidosis [45-47]. Fourth, systemic disease—
including cardiac and pulmonary involve-
ment—may impair oxygen delivery to the ret-
ina, exacerbating ischemia and contributing
to FAZ enlargement and, ultimately, neovascu-
lar glaucoma [48-51]. Although FAZ area and
perimeter were larger in patients with ATTRv
and pre-symptomatic carriers in some studies
[5, 31], these findings did not reach statistical
significance, likely due to limited sample sizes.
Notably, the presence of a scalloped iris was
associated with more severe subclinical retinal
angiopathy in ATTRy eyes, as shown by Marques
et al. [29], suggesting it may serve as a useful
clinical marker for retinal involvement.
Choroidal changes were also frequently
reported. The CVI, reflecting the ratio of vas-
cular luminal area to total choroidal area, was

significantly reduced in patients with ATTRv.
This reduction likely results from stromal amyloid
deposition disrupting choroidal perfusion. Similar
findings were observed in patients with ATTRwt,
although the reduction in CVI did not always
reach statistical significance. The CC vascular den-
sity was also decreased in both ATTR subtypes,
reinforcing the concept of choroidal involvement.
Findings suggest that CVI, particularly when com-
bined with retinal biomarkers such as ONL or
SCP/DCP vessel density, could serve as a valuable
imaging biomarker of ATTR-related ocular disease
(5, 14, 21, 52].

Genetic Mutations

Seven of the included studies reported mutation-
specific data [5, 8, 12, 28-31]. The Val30Met
(V30M) mutation was the most prevalent and
is also the most frequently associated with ocu-
lar involvement worldwide [53, 54]. However,
the prevalence of ocular findings in V30M carri-
ers varies widely by region. For example, Beirdo
et al. [22] reported retinal angiopathy in only
4% of Portuguese V30M carriers, while Reynolds
et al. [16] found ocular involvement in 8 of 54
patients in a US cohort. In contrast, Kakihara
et al. [55] reported RA in 37.5% of Japanese
V30M eyes, underscoring the potential role of
environmental or genetic modifiers.

Other mutations, such as Ala36Pro and
Phe64Leu, have also been linked to a high
prevalence of ocular findings [S6-59]. The rela-
tively high frequency of Phe64Leu in this review
reflects its predominance in the Italian popula-
tion [60], where several included studies were
conducted. Future genotype—-phenotype corre-
lation studies are needed to determine whether
specific mutations confer greater risk for retinal
or choroidal involvement.

Clinical Manifestations

Cardiomyopathy was the most frequently
reported systemic feature [13, 61], especially in
patients with ATTRwt, followed by neuropathy.
Ruiz-Medrano et al. [30] found that patients
with ocular amyloidosis also exhibited more
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Table 5 OCT/OCT-A findings in patients with AT TRwt

Structure Study Numbers of OCT/OCT-A measurement Findings
participants

Retinal ~ Frizzieroetal. ATTR 17 pRNFL, SCP VD, DCP VD  Patients with A7 TRuwt exhibited a significantly

Control 13 lower pRNFL thickness compared with healthy
controls (83.9 +17.1 um versus 103.3 + 8.5 pm).
Additionally, pPRNFL thickness in patients with
ATTRwt was lower than in those with ATTRv
(100.5+9.3 um) and carriers (106.3 + 8.7 um).

A comparison among groups (47 TRwt, ATTRv,
and carriers) revealed a significant difference in
global peripapillary RNFL thickness, particu-
larly in the temporal and temporal inferior sec-
tors (P=0.0413, P = 0.0205, and P = 0.0009,
respectively). patients with A7 TRwt dem-
onstrated the lowest pPRNFL thickness, with
statistically significant reductions in the
temporal inferior sector compared with A7TRv
(P=0.0059) and carriers (P=0.0053).
Furthermore, patients with AT TRwt showed

significantly lower vascular density in both the
SCP (0.2557 +0.0837 versus 0.394 +0.062) and
DCP (0.1278 +0.0646 versus 0.249 +0.08).

Rinaldietal. ATTR18 SCPVD,DCP VD Across all sectors, patients with ATTRwt
Control 16 showed significantly lower vessel density

in both the SCP and DCP compared with
healthy controls (all 2<0.05):

Central mVD (%): 15.66 +3.59 versus
19.41 +1.61 for SCP and 23.45 +4.72 versus
28.45 +2.68 for DCP.

Inferior (%): 31.85+7.51 versus 43.24 + 4.11
for SCP and 31.21 +9.57 versus 44.36 £ 3.36
for DCP.

Superior (%): 32.18 +7.16 versus 42.12 + 3.67
for SCP and 32.59 versus 43.98 for DCP.

Nasal (%): 33.55 +5.34 versus 40.43 + 3.45 for
SCP and 33.74 + 6.86 versus 43.42 +2.95 for
DCP.

Temporal (%): 33.13 +£7.81 versus 40.70 + 2.64
for SCP and 33.58 + 8.33 versus 43.92 +2.30
for DCP.
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Table 5 continued

Structure Study
participants

Numbers of OCT/OCT-A measurement Findings

Choroid  Frizzieroetal. ATTR 17 CC
Control 13

Rinaldietal. ATTR 18

Control 16

CC, CVI

They found that vascular/stroma density ratio
of CC in patients with AT TRuwt is lower
than healthy control (0.4603 +0.1423 versus
0.704 +0.135) (P<0.05).

The study revealed that vessel density in patients
with ATTRwt was significantly lower than
healthy controls across all ETDRS sectors (all
P<0.05):

Central mVD (%): 25.67 +4.33 versus
45.71+5.08.

Inferior (%): 42.23 versus 51.38.

Superior (%): 40.66 versus 49.46.

Nasal (%): 42.88 versus 50.06.

Temporal (%): 42.02 versus 50.38.

In contrast, the CVI was comparable between the
two groups (32.86 versus 41.57, P> 0.05).

ATTR transthyretin-related amyloidosiss, A7TRv transthyretin-related amyloidosis variant, ATTRwt transthyretin-related
amyloidosis wild type, CC choriocapillaris, CVT choroidal vascularity index, DCP deep capillary plexus, ETDRS Early Treat-
ment Diabetic Retinopathy Study, 77D mean vessel density, OCT optical coherence tomography, OCT-A4 optical coherence
tomography angiography, pRNFL peripapillary retinal nerve fiber layer, SCP superficial capillary plexus, VD vessel density

severe cardiac and neurological involvement,
and that pRNFL thinning correlated with ele-
vated cardiac biomarkers (troponin and creati-
nine) and reduced visual acuity. Carpal tunnel
syndrome (CTS) is also common, particularly
in patients with ATTRwt [62, 63]. Campagnolo
et al. [64] found CTS in the majority of ATTRwt
cases on electrodiagnostic testing. Corneal con-
focal microscopy has emerged as a noninva-
sive tool for detecting small fiber neuropathy
in ATTR. Both Frizziero et al. [8] and Rousseau
et al. [65] reported significantly reduced corneal
nerve fiber length (CNFL) and increased stromal
nerve tortuosity in patients with ATTR. There-
fore, CNFL may serve as an ocular biomarker of
peripheral neuropathy in ATTR.
Gastrointestinal symptoms were also fre-
quently reported, particularly in early-onset
V30M carriers, with weight loss and early satiety
being common. The Transthyretin Amyloidosis
Outcomes Survey (THAOS) confirmed high rates
of gastrointestinal (GI) disturbances in patients

with ATTR, particularly in V30M-associated dis-
ease [66-68]. Kakihara et al. [28] investigated
correlations between OCT-A parameters and sys-
temic severity scores, but found no significant
associations. This suggests that retinal biomark-
ers may reflect localized pathology more than
overall disease burden (Fig. 3).

Treatment

Six studies [8, 12, 14, 21, 28, 29] included
patients treated with tatamidis, a TTR stabilizer
that binds with high affinity to the thyroxine-
binding sites of the TTR tetramer and prevents
its dissociation into monomers—a critical step in
the pathogenic cascade, as native TTR normally
circulates as a tetramer, and its dissociation leads
to intermediates that misassemble into amyloid
fibrils [69-72]. Tafamidis has demonstrated effi-
cacy in managing neuropathy and cardiomyopa-
thy [73-75] but does not cross the blood-brain
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Table 6 OCT/OCT-A findings in pre-symptomatic carriers

Structure Study Numbers of OCT/OCT-A measure- Findings
participants ment

Retinal ~ Frizzieroetal. ATTR17  pRNFL,SCP VD,DCP VD Pre-symptomatic patients demonstrated
Control 13 pRNFL thickness comparable to healthy

controls (106.3 + 8.7 um versus 103.3 + 8.5 pm,
P>0.05). Moreover, vessel density in both the
superficial and deep capillary plexuses did not
differ significantly between pre-symptomatic
patients and healthy controls (0.4275 +0.0838
versus 0.394 +0.062 and 0.2243 +0.0458 versus
0.249 +0.081, respectively) (P> 0.05).

Maceronietal. ATTR 18 CMT, ONL, SECT, In pre-symptomatic carriers, CMT was signifi-
Control 16 pRNFL, SCP VD, FAZ cantly reduced compared with healthy controls
area, FAZ perimeter, PD (251.35+ 18.05 pm versus 266.15+ 11.61 um,

P=0.01), whereas SFCT showed no differ-
ence between the groups (270.85 + 68.77 um
versus 270.38 £ 36.75 pm, P=0.9). Similarly,
ONL thickness was significantly lower in
pre-symptomatic carriers than in normal
controls (67.5 +5.98 um versus 79.87 +5.5
pm, P=0.01). The mean pRNFL thickness
in pre-symptomatic carriers was 94+8.7 um,
which did not differ significantly from normal
controls.

Although not reaching statistical significance,
pre-symptomatic carriers exhibited an
attenuated superficial retinal vascular network
compared with healthy controls, characterized
by a reduction in vessel density (17.5+0.7
versus 18.86+ 0.8 mm/mm?, P= 0.05) and
PD (42.77% + 5.5% versus 45.7% + 1.7%,
P=0.08). Additionally, pre-symptomatic carri-
ers demonstrated a larger FAZ area (0.30 £ 0.1
versus 0.23 + 0.07 mm?, P=0.4) and FAZ
perimeter (2.24 + 0.4 versus 2.09 + 0.5 mm,
P=0.4), though these differences were not
statistically significant.

Choroid  Frizzieroetal. ATTR17  CC Pre-symptomatic carriers show no difference in
Control 13 vascular-to-stromal density of the CC compared
with healthy controls (0.8018 +0.2286 versus
0.704 +0.135, P-value > 0.05).
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Table 6 continued

ATTR transthyretin-related amyloidosis, CC choriocapillaris, CMT central macular thickness, DCP deep capillary plexus,

EAZ foveal avascular zone, OCT optical coherence tomography, OCT-A optical coherence tomography angiography, ONL

outer nuclear layer, PD perfusion density, pRNFL peripapillary retinal nerve fiber layer, SCP superficial capillary plexus,

SFCT subfoveal choroidal thickness, VD vessel density

or blood-retinal barriers [76, 77], raising doubts
about its effect on ocular manifestations. Pati-
siran, a small interfering RNA, harnesses RNA
interference to silence TTR gene expression
by targeting the 3’ untranslated region of TTR
mRNA, thereby reducing both mutant and wild-
type TTR production [78, 79] and leading to sys-
temic benefits in patients with ATTR, including
improved neuropathy [78, 80-82] and cardiac
function [83, 84]; however, its ocular effects
remain unclear. Dedicated trials are needed to

assess whether patisiran impacts retinal or cho-
roidal involvement.

Liver transplantation (LT) was the first disease-
modifying intervention for ATTR, aimed at elim-
inating the hepatic source of mutant TTR [85,
86]. While highly effective in early-onset V30M
cases, LT is less successful in non-V30M or late-
onset variants [87]. Moreover, ocular manifesta-
tions often progress post-transplantation, likely
due to intraocular synthesis of mutant TTR by
the retinal and ciliary pigment epithelium [20,

Fig.2 From top to bottom, the figure presents OCT
B-scan and OCT-A images of the SCP in a healthy control
Aanda pre-symptomatic carrier of ATTRv B In panel A,
the OCT B-scan demonstrates preserved retinal layer mor-
phology and reflectivity, with a mean ONL thickness of 79
um. The corresponding OCT-A en face image of the SCP
shows a vessel density of 19.8 mm/mm?. In panel B, the
OCT B-scan of the ATTRv carrier similarly displays intact
retinal structure and reflectivity, with a mean ONL thick-
ness of 61 um and SCP vessel density measured at 17 mm/

mm?Z. Reprinted from Maceroni M, Falsini B, Luigetti M,
et al. “Ocular Morpho-Functional Evaluation in ATTRv
Pre-symptomatic Carriers: A Case Series.” Diagnostics.
2023;13 (3). Creative Commons [31]. Abbreviations:
ATTRv transthyretin-related amyloidosis variant, B-scan
brightness scan, OCT optical coherence tomography, OCT-
A optical coherence tomography angiography, ONL outer
nuclear layer, SCP superficial capillary plexuses, VD vessel
density
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ATTRv amyloidosis

C
Native

ATTRv amyloidosis
Post-LT

-
Transplanted

Patisiran
Tafamidis Tafamidis
ll Total amyloidogenic TTR ‘ l Total amyloidogenic TTR \ ’ l l Total amyloidogenic TTR |
Stabilize both The liver no longer There is potential to
variant TTR and wt TTR produces variant TTR, but stabilize the disease or
and prevent tetramer the persistent deposition improve its clinical
dissociation of wt TTR still promotes manifestations.
progression of the
disease.

ATTRv amyloidosis
Post-LT+Patisiran

-
Transplanted

thTR

Fig.3 Overview of therapeutic strategies in 47T Rv. Tafa-
midis is a small-molecule stabilizer that binds to and sta-
bilizes both variant and wild-type (wt) TTR, preventing
tetramer dissociation. Liver transplantation eliminates the
hepatic source of variant TTR, but continued deposition
of wt TTR can lead to disease progression post-transplant.
Patisiran, an RNA interference therapeutic, suppresses
hepatic production of both variant and wt TTR and can be
used cither as first-line therapy or following LT. This dual

88-92]. Thus regular ophthalmologic monitoz-
ing is needed even after systemic treatment.

This review represents the first systematic
evaluation of OCT and OCT-A findings in ATTR
amyloidosis. Nevertheless, several limitations
should be considered. Most included studies
were cross-sectional or case—control in design,
precluding longitudinal assessment of disease
progression. Small sample sizes and heterogene-
ous imaging protocols limit generalizability and
may introduce bias. Additionally, most patients
were receiving systemic treatment at the time
of imaging, complicating the interpretation of
findings and making it difficult to distinguish
disease-related changes from treatment effects.
Finally, few studies investigated the ocular
impact of specific therapies, including TTR sta-
bilizers and gene-silencing agents.

suppression may result in stabilization or improvement
of clinical manifestations Adapted from Schmidt HH,
Wixner J, Planté-Bordeneuve V, et al. “Patisiran treatment
in patients with hereditary transthyretin-mediated amyloi-
dosis with polyneuropathy after liver transplantation.” Am
J Transplant. 2022;22(6):1646-1657. Creative Commons
[93]. Abbreviations: AT7TRv transthyretin-related amyloi-
dosis variant, LT liver transplantation, 77R transthyretin,
wt wild-type

CONCLUSIONS

While individual OCT and OCT-A parameters
such as ONL thinning, CVI reduction, or SCP/
DCP vessel loss are not specific to ATTR, their
consistent alteration across studies highlights
potential utility in a multimodal imaging
approach. Combining structural and vascu-
lar markers—such as ONL thickness, pRNFL,
and SFCT—may enhance diagnostic sensitiv-
ity and allow for stratification of ocular or sys-
temic disease severity. This integrated approach
could facilitate earlier detection, particularly
in pre-symptomatic carriers, and support lon-
gitudinal monitoring of disease progression or
treatment response. Future prospective studies
should explore composite OCT/OCT-A indices
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to validate their prognostic value and clinical
applicability in ATTR management; however,
this effort will require standardized imaging
protocols, larger multicenter cohorts, and dedi-
cated evaluations of treatment effects to ensure
reliable translation into clinical practice.
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