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ABSTRACT

Purpose: To determine the indications and epidemiological characteristics of corneal transplant
recipients at a referral center in Amazonas, Brazil, and to evaluate postoperative visual outcomes.
Methods: This retrospective, descriptive, observational study included adult patients who underwent
corneal transplantation performed by a single surgeon at the Instituto de Oftalmologia de Manaus
between 2013 and 2023. Demographic characteristics, occupation, comorbidities, surgical indications,
graft type, and best-corrected visual acuity at baseline and 12 months postoperatively were analyzed.
Results: A total of 413 corneal transplantations were performed, predominantly in male patients
(64.4%) aged 41-70 years (43.3%). Leucoma was the most common indication (26.2%), followed by
perforated corneal ulcers (21.1%), bullous keratopathy (17.9%), and keratoconus (10.7%). Penetrating
keratoplasty accounted for 94.9% of all procedures. Optical keratoplasty was the most frequently
performed procedure (76.3%), followed by tectonic (22.0%) and therapeutic (1.7%) keratoplasty. At 12
months postoperatively, visual improvement was greatest among patients who underwent optical
keratoplasty, particularly those with keratoconus, bullous keratopathy, and leucoma. Functional vision
(<0.3logMAR) was achieved in 32.6% of eyes overall and in 40.3% of eyes that underwent optical kera-
toplasty. The number of transplantations declined after 2019, coinciding with the COVID-19 pandemic.
Conclusions: Thisstudyrepresentsthelargestretrospective series of corneal transplantationsinAmazonas
and one of the few such studies from Northern Brazil. The predominance of leucoma and infectious
corneal perforation reflects regional socioeconomic and occupational vulnerabilities. Although visual
outcomesimprovedsignificantly after transplantation, visual recovery was limited by the advanced stage
of disease at presentation. These findings underscore the need to expand access to early diagnosis,
strengthen eye banking and donor tissue procurement systems, and increase the adoption of lamellar

keratoplasty techniques to optimize visual outcomes in the Amazon region.
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INTRODUCTION

Corneal transplantation is the most commonly perfor-
med form of human tissue transplantation worldwide and is
associated with high success rates®. Corneal diseases remain
the second leading cause of reversible blindness globally®.

In Brazil, corneal transplantation has been the most
frequently performed transplant procedure since 199864,
largely owing to advances in eye banking, donor tissue
selection, pharmacology, immunology, and microsurgical
techniques. These developments have expanded the range
of treatable corneal disorders and enabled successful ma-
nagement of cases previously considered inoperable®®.

According to data from the Eye Bank Association of
America, more than 35,000 corneal transplantations are
performed annually in the United States?. In Brazil, the
Brazilian Association of Organ Transplantation reported
15,968 corneal transplant procedures in 2023, including 83
performed in the state of Amazonas. Approximately 30% of
these procedures were conducted by teams at the Instituto
de Oftalmologia de Manaus (IOM). Since 1989, the IOM has
served as a pioneer in corneal transplantation in Northern
Brazil. Initially reliant on donor tissue supplied by the Lions
Club in the United States, the institution has more recently
benefited from the establishment of the Amazonas Eye
Bank, which has contributed to reducing the waiting list for
corneal transplantation in the region.

Numerous studies have investigated the epidemiological
characteristics of corneal transplant recipients and the
principal indications for transplantation across different
geographicregions®®™.Inthestate of SGoPaulo,keratoconus
is consistently reported as the leading indication for corneal
transplantation®*™), In contrast, Carvalho et al."® identified
leucoma as the most common indication in Amazonas in
1996, followed by keratoconus.

The present study aimed to identify the primary indi-
cations for corneal transplantation at the Instituto de
Oftalmologia de Manaus, a referral center in Amazonas, and
to characterize the demographic and epidemiological profile
of transplant recipients.

METHODS

Data were collected using a structured data extraction
form. Information was obtained from medical records and
anonymized through the assignment of numerical identifiers.
All data were collected manually and independently verified
to ensure accuracy and consistency.
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The study protocol was approved by the Research
Ethics Committee of the Universidade Federal do Amazonas
(CAAE No. 86457725.8.0000.5020; Approval No. 7.489.137)
and was conducted in accordance with Resolution No.
466/2012 of the Brazilian National Health Council.

This retrospective observational study included patients
aged 218 years who underwent corneal transplantation
performed by a single surgeon at the IOM between Ja-
nuary 2013 and December 2023. The variables analyzed
included sex, age, ethnicity, place of residence, occupation,
educational level, indication for transplantation, laterality,
corrected visual acuity before surgery and at 12 months
postoperatively, type of transplantation, and systemic
comorbidities.

A total of 480 medical records were reviewed. After ex-
clusion of records with incomplete data, 413 patients were
included in the final analysis.

Occupations were categorized according to the risk of
ocularinjury. High-risk occupations included farming, fishing,
and metalworking, whereas low-risk occupations included
teaching and public service. Transplantations were classified
as low risk when no factors associated with reduced graft
survival were present and as high risk in cases involving
previous transplantation, emergency transplantation,
glaucoma, or corneal neovascularization affecting more
than two quadrants®¥,

Statistical analysis

Categorical variables were summarized as absolute
frequencies and percentages and compared using Pearson’s
chi-square test or Fisher’s exact test, as appropriate.
The distribution of ordinal variables was assessed using
the Shapiro-Wilk test, and nonparametric comparisons were
performed using the Mann-Whitney U test.

Visual acuity was assessed using standardized optotype
charts and categorized according to the Brazilian Amazon
Region Eye Survey (BARES)™ as follows: (1) normal vision
(220/32); (2) near-normal vision or mild visual impairment
(<20/32t0 220/63); (3) visual impairment (<20/63 to 220/200);
and (4) blindness, including moderate blindness (<20/200 to
>20/400) and severe blindness (<20/400)®.

A two-sided p-value <0.05 was considered statistically
significant. Statistical analyses were performed using R
software(version4.4.1; R Foundationfor Statistical Computing,
Vienna, Austria) with RStudio, and graphical represen-
tations were generated using the ggplot2 packaget.

Visual acuity was also analyzed as a continuous variable
using the logarithm of the minimum angle of resolution
(logMAR) values. A two-way mixed-effects model with
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restricted maximum likelihood (REML) estimation was used,
with time (preoperative vs. 12 months postoperatively) as the
within-subject factor and diagnosis as the between-subject
factor. Significant interactions were further evaluated using
Sidék-adjusted post hoc comparisons. These analyses were
performed using GraphPad Prism 8 (GraphPad Software, San
Diego, California).

Box-and-whisker plots were used to illustrate the distri-
bution of logMAR visual acuity at baseline and 12 months
after surgery. The boxes represent the interquartile range,
the central lines indicate the median values, and the whiskers
denote the minimum and maximum values. Lower logMAR
values correspond to better visual acuity.

RESULTS

A total of 413 corneal transplantations were performed
during the study period. The highest annual volume was
recorded in 2016 (20.6%, n=85), followed by 2018 (16.0%,
n=66) and 2015 (13.8%, n=57). Beginning in 2019 (7.3%, n=30),
the number of procedures declined markedly, reaching its
lowest level in 2020 (2.4%, n=10). In the subsequent years,
modest fluctuations were observed, with annual proportions
ranging from 4.1% to 5.3% between 2021 and 2023 (Figure 1).

Most transplant recipients were aged 41-70 years (43.3%,
n=179), followed by those aged 18-40 years (35.6%, n=147)
and >70 years (21.1%, n=87). The cohort was predominantly
male (64.4%, n=266) and self-identified as brown (99.3%,
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Temporal distribution of corneal transplants performed at the Instituto
de Oftalmologia de Manaus, Amazonas, Brazil, from 2013 to 2023.

n=410); only two patients identified as White (0.5%) and one
as Black (0.2%). Corneal transplantation was performed in
202 right eyes (49%) and 211 left eyes (51.0%).

Regarding educational attainment, most patients had
completed secondary education (51.3%, n=212), followed by
primary education (28.6%, n=118). Smaller proportions had
no formal education (13.6%, n=56) or had completed higher
education (6.5%, n=27).

Most patients resided in Manaus (65.9%, n=272), whereas
22.5% (n=93) were from municipalities in the interior of
Amazonas and 11.6% (n=48) originated from other locations.

Based on occupational classification, 18.2% (n=75) of
patients were engaged in high-risk occupations, whereas
81.8% (n=338) were classified as having low-risk occupations.

Among systemic and ocular comorbidities, glaucoma was
present in 25.2% (n=104) of patients, diabetes mellitus in 5.6%
(n=23), and retinopathy in 1.0% (n=4).

Most operated eyes were phakic (63.0%, n=260), followed
by pseudophakic (32.7%, n=135) and aphakic eyes (4.4%, n=18).

Overall, 57.1% (n=236) of transplantations were classified
as low risk and 42.9% (n=177) as high risk. Penetrating
keratoplasty accounted for 94.9% (n=392) of procedures,
whereas lamellar keratoplasty represented 5.1% (n=21),
including deep anterior lamellar keratoplasty (DALK; 76.2%,
n=16) and Descemet membrane endothelial keratoplasty
(DMEK; 23.8%, n=5). Postoperative graft rejection occurred
in 2,5% (n=8/315) of optical keratoplasties.

Table 1 presents the distribution of demographic and
socioeconomic variables according to occupational risk
classification. A significant association was observed
between age group and occupational risk (p=0.003). In
the high-risk group, 54.7% (n=41) of patients were aged
41-70 years compared with 40.8% (n=138) in the low-risk
group. Conversely, patients older than 70 years were more
frequently represented in the low-risk group (24.3%, n=82).

Male patients predominated in the high-risk occupational
category (88.0%, n=66). Patient origin was also significantly
associated with occupational risk (p<0.001), with residents
of the interior of Amazonas more commonly represented in
the high-risk group (42.7%, n=32).

Educational level was significantly associated with
occupational risk classification (p<0.001). Patients in the
high-risk group more frequently had no formal education
(30.7%, n=23) or only primary education (44.0%, n=33),
whereas those in the low-risk group predominantly had
secondary education (57.1%, n=193) or higher education
(8.0%, n=27). Notably, no patient in the high-risk group had
completed university education.

Arg Bras Oftalmol. 2026;89(5):e2025-0367



Cohen MJ et al. Corneal transplantation in the Amazon: a 10-year retrospective study

Sociodemographic characteristics according to occupational risk classifi-
cation among patients undergoing corneal transplantation

Occupational risk classification

High risk Low risk Total p-value®
n % n % n %
Age Range
18-40 years 29 38.7 18 34.9 147 35.6 0.003
41-70 years 41 54.7 138  40.8 179 43.3
>70 years 5 6.7 82 24.3 87 21.1
Total 75 100.0 338 100.0 413 100.0
Sex
Female 9 12.0 138  40.8 147 35.6 <0.001
Male 66 88.0 200 59.2 266 64.4
Total 75 100.0 338 100.0 413 100.0
Place of Origin
Interior of Amazonas 32 42.7 61 18.0 93 22.5 <0.001
Manaus, AM 31 413 241 713 272 65.9
Other locations 12 16.0 36 10.7 48 1.6
Total 75 100.0 338 100.0 413 100.0

Education Level

No formal education 23 30.7 33 9.8 56 13.6  <0.001

Primary education 33 44.0 85 25.1 18 28.6
Secondary education 19 253 193 571 212 513
Higher education [ 0.0 27 8.0 27 6.5
Total 75 100.0 338 100.0 413 100.0

Pearson’s Chi-squared test.

The geographic distribution of transplant recipients de-
monstrated that most patients originated from Amazonas
(n=368). Additional patients came from Para (n=27), Roraima
(n=6), Acre (n=3), Amapa (n=3), Maranhdo (n=3), and Mato
Grosso (n=2), and one patient was referred from Venezuela.

Table 2 summarizes the distribution of surgical indica-
tions according to age group. Keratoconus predominated
among patients aged 18-40 years (26.5%, n=39), whereas its
frequency was substantially lower among those aged 41-70
years (2.8%, n=5), and no cases were observed in patients
older than 70 years.

Bullous keratopathy showed the opposite pattern, with
the highest prevalence among patients aged >70 years
(51.7%,n=45), all of whom had previously undergone cataract
surgery. The prevalence was lower in patients aged 41-70
years (15.6%, n=28), most of whom also had a history of
cataract surgery, with one case associated with post-uveitic
bullous keratopathy. Only one case (0.7%) was identified
in the 18-40-year age group and was secondary to ocular
trauma.

Leucoma was among the most common indications
across all age groups, accounting for 31.3% (n=46) of cases
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in patients aged 18-40 years, 24.6% (n=44) in those aged
41-70 years, and 20.7% (n=18) in those older than 70 years.
This distribution differed significantly among age groups
(p<o.001).

Overall, leucoma was the most frequent indication for
transplantation (26.2%, n=108), followed by perforated
corneal ulcer (21.1%, n=87), bullous keratopathy (17.9%, n=74),
and keratoconus (10.7%, n=44). Less common indications
included primary graft failure (5.1%, n=21), previous graft
rejection (4.8%, n=20), previous tectonic graft (4.8%, n=20),
corneal ulcer (3.1%, n=13), corneal dystrophy (2.9%, n=12),
descemetocele (2.7%, n=11), and graft failure secondary to
glaucoma (0.7%, n=3).

Table 3 presents the distribution of indications according
to occupational risk classification. A significant association
was observed between occupational risk and transplantation
indication (p<0.001).

Leucoma was the most common indication in both
groups but was more prevalent among high-risk workers
(36.0%, n=27) than among low-risk workers (24.0%, n=81).
Similarly, perforated corneal ulcer occurred more frequently
in the high-risk group (34.7%, n=26) than in the low-risk group
(18.0%, n=61). Conversely, all cases of keratoconus occurred
among patients in the low-risk occupational category (13%,
n=44).

A significant association was found between transplant
type and waiting time for surgery (p<0.001). Among optical
transplantations, 54% (n=170) were performed within 6
months of listing, 19% (n=60) between >6 and 12 months, and
27% (n=85) after more than 12 months (Table 4).

Table 5 shows the distribution of patients according to
place of origin and selected sociodemographic and clinical
variables.

Educational level differed significantly according to place
of origin (p<0.001). In Manaus, most patients had completed
secondary education (57.7%, n=157), whereas patients from
the interior of Amazonas more frequently had no formal
education (29%, n=27). Among patients from other locations,
secondary education (47.9%, n=23) and absence of formal
education (25%, n=12) were both common, highlighting
regional disparities in educational attainment.

No significant association was found between transplant
type and place of origin (p=0.14). Optical transplantation
predominated across all geographic regions, particularly
among patients from Manaus (79.0%, n=215). Tectonic
transplantation accounted for 22.0% (n=91) of all procedures
and was more frequent among patients from the interior of
Amazonas (29.0%, n=27). Therapeutic transplantation was
uncommon and occurred sporadically across all regions.
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Age Range
18-40 years 41-70 years >70 years Total p-value?
n % n % n % n %
Diagnostic category
Keratoconus 39 26.5 5 2.8 [¢] 0.0 44 10.7
Keratopathy 1 0.7 28 15.6 45 51.7 74 17.9
Descemetocele 5 3.4 4 2.2 2 2.3 1 2.7
Dystrophy 3 2.0 6 3.4 3 3.4 12 2.9
Primary graft failure 4 2.7 12 6.7 5 5.7 21 5.1
Secondary graft failure due to glaucoma o 0.0 1 0.6 2.5 3 0.7
Leucoma 46 31.3 44 24.6 18 20.7 108 26.2 <0.001
Perforated ulcer 29 19.7 53 29.6 5 5.7 87 21.1
Graft rejection 3 2.0 1 6.1 6 6.9 20 4.8
Previous tectonic transplant 10 6.8 10 5.6 [} 0.0 20 4.8
Corneal ulcer 7 4.8 5 2.8 1 1.1 13 3.1
Total 147 100.0 179 100.0 87 100.0 413 100.0
“Fisher’s exact test.
Association between occupational risk classification and diagnosis among patients undergoing corneal transplantation.
Occupational risk classification
High risk Low risk Total p-value?®
n % n % n %
Diagnostic category
Keratoconus [} 0.0 44 13.0 44 10.7 <0.001
Keratopathy 3 4.0 71 21.0 74 17.9
Descemetocele 3 4.0 8 2.4 1 2.7
Dystrophy 1 1.3 1 3.3 12 2.9
Primary graft failure 4 5.3 17 5.0 21 5.1
Secondary graft failure due to glaucoma o 0.0 3 0.9 3 0.7
Leucoma 27 36.0 81 24.0 108 26.2
Perforated ulcer 26 34.7 61 18.0 87 21.1
Graft rejection 2 2.7 18 5.3 20 4.8
Previous tectonic corneal transplant 6 8.0 14 4.1 20 4.8
Corneal ulcer 3 4.0 10 3.0 13 3.1
Total 75 100.0 338 100.0 413 100.0
?Fisher’s exact test.
Association between waiting time and type of transplant
Waiting Time for Transplant (months)
<3 months 3-6 months 6-12 months >12 months Total p-value?
n % n % n % n % n %

Transplant Type <0.001

Tectonic 87 41.0 2 3.7 2 3.2 o 0.0 91 22.0

Therapeutic 7 3.3 o] 0.0 [¢] 0.0 o 0.0 7 1.7

Optical 18 55.7 52 96.3 60 96.8 85 100.0 315 76.3

Total 212 100.0 54 100.0 62 100.0 85 100.0 413 100.0

Pearson’s Chi-squared test.
°Fisher’s exact test.

Arg Bras Oftalmol. 2026;89(5):e2025-0367
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Sociodemographic and clinical characteristics according to place of origin, age group, sex, educational level, and type of transplant.

Place of Origin
Interior of Amazonas Manaus, AM Other locations Total p-value
n % n % n % n %
Age range 0.31
18-40 years 30 32.3 105 38.6 12 25.0 147 35.6
41-70 years 40 43.0 13 41.5 26 54.2 179 43.3
>70 years 23 24.7 54 19.9 10 20.8 87 21.1
Total 93 100.0 272 100.0 48 100.0 413 100.0
Sex 0.61
Female 31 333 96 35.3 20 41.7 147 35.6
Male 62 66.7 176 64.7 28 58.3 266 64.4
Total 93 100.0 272 100.0 48 100.0 413 100.
Education level <0.001
Primary education 30 32.3 76 27.9 12 25.0 18 28.6
Secondary education 32 34.4 157 57.7 23 47.9 212 51.3
Higher education 4 4.3 22 8.1 1 2.1 27 6.5
No formal education 27 29.0 17 6.3 12 25.0 56 13.6
Total 93 100.0 272 100.0 48 100.0 413 100.0
Transplant type 0.14
Tectonic 27 29.0 51 18.8 13 271 91 22.0
Therapeutic (o} 0.0 6 2.2 1 2.1 7 1.7
Optical 66 71.0 215 79.0 34 70.8 315 76.3
Total 93 100.0 272 100.0 48 100.0 413 100.0

Comparison of visual status before surgery and at 1 year
postoperatively demonstrated a significant improvement in
visual function. The mean visual impairment score decreased
from3.94 preoperatively to2.79 at1year(p<0.001),indicating
substantial functional recovery following transplantation.

When stratified by transplant type, all groups exhibited
severe visual impairment preoperatively, with mean scores
approaching the maximum value of the scale. Patients
undergoing tectonic and therapeutic transplantation both
had a mean baseline score of 4.0, whereas the optical
transplantation group had a mean score of 3.92. After 1 year,
no significant improvement was observed in the tectonic
(3.835; p=0.384) or therapeutic (3.571; p=0.550) groups.
In contrast, the optical transplantation group showed a
significant reduction in mean visual impairment score to
2.53 (p<0.001), indicating improvement from severe visual
impairment to moderate or mild impairment in a proportion
of patients. These findings suggest that meaningful visual
recovery was primarily associated with optical and low-risk
transplantations. The distribution of visual status over time
is shown in figure 2.

At 1year, functional vision (<0.3 logMAR) was achieved in
32.6% (128/393) of eyes overall and in 40.3% (127/315) of eyes
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that underwent optical keratoplasty. Of the 413 transplanted
eyes, 393 (95.2%) completed the 1-year follow-up, whereas
20 eyes required retransplantation before this time point.
Among eyes that underwent penetrating keratoplasty, 29.7%
(112/377) achieved functional vision, whereas all eyes that
underwent lamellar keratoplasty (16/16, 100%) achieved this
outcome.

Analysis of visual acuity as a continuous variable (logMAR)
using a two-way mixed-effects model revealed a significant
effect of time (F(1,382)=295.5, p<0.0001), indicating overall
visual improvement from baseline to 1 year after surgery.
Significant effects were also observed for diagnosis
(F(10,402)=21.23, p<0.0001) and for the time x diagnosis
interaction (F(10,382)=7.756, p<0.0001), demonstrating that
the magnitude of visual improvement varied according to the
underlying diagnosis.

Estimated marginal means showed an improvement in
visual acuity from 1.890 logMAR preoperatively to 0.909
logMAR at 1year, corresponding to a mean reduction of 0.981
logMAR units (95% confidence interval [Cl], 0.868-1.093).

Sidék-adjusted post hoc analyses demonstrated signi-
ficant improvements in visual acuity for most diagnostic
categories. The greatest improvements were observed in
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keratoconus (mean difference, 1.609 logMAR; p<0.0001),
bullous keratopathy (1.219 logMAR; p<0.0001), and leucoma
(1.149 l1ogMAR; p<0.0001). Significant improvements were
also observed in graft rejection (1.025 logMAR; p<0.0001),
corneal dystrophy (1.003 logMAR; p=0.0011), graft failure
secondary to glaucoma (1.325 logMAR; p=0.0032), previous
tectonic transplantation (0.855 logMAR; p<0.0001), corneal
ulcer (0.813 logMAR; p=0.0011), primary graft failure (0.669
logMAR; p=0.0007), and perforated corneal ulcer (0.612
logMAR; p<0.0001). No significant improvement was
observed among patients with descemetocele (mean
difference, 0.508 logMAR; p=0.1595) (Figure 3).

Visual impairment before vs. 1 year after surgery

49 i

Preoperative
] visual impairment

34 Visual impairment
g after 1 year
[=2]
L
©
o 2_

14 | L Ll

Optical Tectonic Therapeutic
Transplant type
Note. 1 = No visual impairment; 2 = Mild impairment; 3 = Moderate impairment; 4 = Severe

impairment or blindness.

Comparison of visual impairment classification before surgery and 1yr after
transplantation according to transplant type (optical, tectonic, and therapeutic),
Amazonas, Brazil, 2013-2023.

Visual acuity before and after corneal transplantation
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DISCUSSION

This study represents the largest retrospective series
of corneal transplantation in Amazonas and one of the
few from Northern Brazil, helping to address a regional
epidemiological gap. The characterization of demographic
and clinical profiles, as well as transplant indications at IOM,
provides insight into the specific features of ophthalmic
practice in the Amazon region.

Since the establishment of the Banco de Olhos do
Amazonas in 2004, corneal transplantation has increased
steadily. Between 2013 and 2023, the highest number of
procedures was observed in 2016 (20.6%; Figure 1), whereas
the lowest rates occurred in 2020, likely because of the
COVID-19 pandemic and its impact on corneal procurement
and distribution. This pattern mirrors national trends(®, with
a marked decline during the pandemic followed by gradual
recovery after 2021.

The predominant age group was 41-70 years (43.3%),
and the mean age was similar to that reported in national
epidemiological studies9. A predominance of male
patients was also observed (64.4%).

The predominance of individuals with brown skin color
(99.3%) reflects the demographic composition of the state of
Amazonas® and reinforces the need to include ethnic and
racial variables in regional ophthalmologic records.

Regarding educational level, a significant association was
observed with place of origin (p<0.001). Patients from the
interior of the state had a higher proportion of individuals
without formal education (29.0%) than residents of Manaus
(6.3%). This disparity, also described in the BARES?), directly
affects access to information, treatment adherence, and
timely utilization of ophthalmologic services.

Occupational analysis revealed a predominance of low-
risk activities (81.8%). However, stratified analysis showed
statistically significant associations between occupation
and demographic variables. High-risk occupations were
more common among individuals younger than 70 years
(93.4%; p=0.003), males (88%; p<0.001), and residents of the
interior of the state (p<0.001). Workers engaged in high-risk
occupations, such as farming, fishing, and metalworking,
exhibited a higher frequency of leucomas and perforated
ulcers. This pattern is consistent with findings from studies
conducted in the North(9), Northeast®?, and South®3)
regions of Brazil. Similarly, the BARES® identified corneal
leucoma as one of the causes of blindness and severe visual
impairment among adults in the Amazon region, highlighting
the persistence of preventable corneal diseases associated
with trauma and ocular infections in Northern Brazil.

Arg Bras Oftalmol. 2026;89(5):e2025-0367
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The most frequent diagnoses were leucoma (26.2%),
followed by perforated corneal ulcer (21.1%), bullous
keratopathy (17.9%), and keratoconus (10.7%). These findings
differ from those reported in large centers in Southeastern
Brazil, such as Sorocaba®™ and Minas Gerais®, where
keratoconus is the leading indication for transplantation.
However, they are consistent with previous findings from
Amazonas™ and the Northeast region®?%, where infectious
diseases and leucomas remain predominant.

Optical transplantation was the most common procedure
(76.3%), followed by tectonic (22.0%) and therapeutic (1.7%)
transplantation, findings similar to those reported in other
studies®1922),

Optical transplants were more frequent among patients
with longer waiting times, although most procedures (54%)
were still performed within 6 months. In contrast, tectonic
and therapeutic transplants were predominantly performed
in emergency situations, with waiting times of less than 3
months.

The predominance of penetrating keratoplasty (94.9%)
over lamellar keratoplasty (5.1%) is consistent with the
national pattern. However, centers in Southeastern Brazil
and other countries have demonstrated increasing adoption
of selective lamellar techniques, with rates increasing from
4.8% in 2010 to 34.3% in 2020, while penetrating keratoplasty
decreased from 95.2% to 65.7% during the same period
(p<0.001)(™,

Functional analysis revealed a significant improvement
in visual acuity 1 year after transplantation, with a reduction
in the mean visual impairment scale from 3.94 to 2.79
(p<0.001). Thisimprovement was particularly evident among
patients undergoing optical transplantation, for whom the
postoperative mean score was 2.53 (p<0.001), indicating a
transition from severe to mild or moderate visualimpairment.
In contrast, tectonic and therapeutic transplants did not
show significantimprovement, as expected, because of their
emergency nature and associated comorbidities. Similar
findings have been reported in studies from Saudi Arabia®>
and Pernambuco®, highlighting the superior functional
outcomes of optical keratoplasty when performed under
elective, low-risk conditions.

Overall, the combined graft rejection and failure rate was
10.6%, slightly lower than that reported in the literature®2627),
possibly due to a uniform surgical technique, standardized
follow-up protocols, and appropriate case selection. The
predominance of low-risk transplants (57.1%) may also have
contributed to this outcome.

Postoperative visual outcomes were influenced by
the underlying corneal pathology, with greater functional
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recovery observed in patients with keratoconus, keratopathy,
and leucoma, and more limited improvement in conditions
associated with ocular comorbidities or urgent surgical
indications.

Among patients who underwent optical keratoplasty,
the mean postoperative visual acuity was 0.70 logMAR,
which was slightly worse than that reported for penetrating
keratoplasty in the literature (~0.6 logMAR). This difference
likely reflects the higher burden of advanced and infectious
diseases in this cohort®9. Functional vision (<0.3 logMAR)
was achieved in 32.6% of eyes and in 40.3% of eyes that
underwent optical keratoplasty. In contrast, lamellar
techniques have consistently demonstrated superior visual
outcomesB?, with postoperative visual acuity of appro-
ximately 0.3 logMAR and a greater likelihood of achieving
functional vision. These findings support the need to expand
access to lamellar procedures and promote earlier surgical
intervention in the Amazon region.

In conclusion, this study provides the largest epide-
miological assessment of corneal transplantation in Amazonas
and one of the few robust datasets from Northern Brazil.
The findings demonstrate a predominance of leucomas,
infectious perforations, and advanced disease associated
with socioeconomic and geographic vulnerabilities. Although
corneal transplantation resulted in meaningful visual
improvement, outcomes were limited by disease severity at
presentation and the high burden of preventable conditions.
This regional profile contrasts with that of more developed
areas and underscores the need to strengthen eye banking
systems, expand corneal donation programs, improve access
to early diagnosis and timely surgical intervention, and
increase the adoption of lamellar techniques to optimize
visual outcomes in this population.
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