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Assessment of the diagnostic 
accuracy of clinical signs in feline 
diffuse iris melanoma

Joschka Spornberger *, Petr Soukup  and Ingrid Allgoewer 

Animal Eye Practice, Berlin, Germany

Objective: Retrospective evaluation of whether various clinical parameters and 
their combination led to an accurate diagnosis of diffuse iris melanoma in cats 
(FDIM), facilitating the veterinarian’s decision to enucleate the eye.
Procedures: Medical records (2019–2024) of cats that underwent enucleation 
due to pigmentary iris lesions were reviewed. Eyes with a pathologically con-
firmed diagnosis (iris melanosis, FDIM) were included. Clinical signs were exam-
ined for their predictive value for FDIM using univariate and multivariate logistic 
regression.
Results: The most common breeds were Domestic Shorthair (42/67) and British 
Shorthair (13/67). The average age was 10.2 ± 3.69 years. With each additional 
year of life, the probability of FDIM increased by 1.3x. Females had a higher risk of 
FDIM than males (24/27 female vs. 34/40 male, multivariate OR = 1.93). Univariate 
analysis revealed glaucoma, iris thickening and pigment dispersion (anterior 
chamber and lens capsule) had the highest OR. The multivariate analysis model 
(44 cats) showed the strongest positive effect for iris thickening (OR = 6.91) and 
pigment dispersion (OR = 4.87). Due to the small sample size, results were not 
statistically significant. Fifty-eight of 67 eyes were enucleated at veterinarian’s 
discretion, and 9 at the owner’s request. Of those eyes, FDIM was confirmed in 
53 of 58 and 5 of 9, respectively (sensitivity 91%, specificity 44%).
Conclusion: Based on clinical evaluation, the accuracy of the clinical diagnosis 
was correct in 85.07% of all cats with high sensitivity and low specificity. The 
strongest predictor of a correct clinical diagnosis of FDIM was iris thickening.

KEYWORDS

anterior uveal neoplasia, diagnostic accuracy, iris pigmentation, multivariate analysis, 

univariate analysis

1 Introduction

Feline diffuse iris melanoma (FDIM) is the most common primary intraocular neoplasm 
in cats, with variable progression (1, 2). The clinical signs of FDIM vary and range from 
increased pigmentation of the iris to advanced signs such as iris thickening, pigment dispersion 
in the anterior chamber or on the anterior lens capsule, dyscoria, and secondary glaucoma (2) 
(Figure 1).

Benign iris melanosis can manifest with clinical features that are indistinct from those of 
early-stage FDIM, making it difficult to distinguish between the two disease entities (2). 
Histopathologic evaluation of enucleated globes remains the gold standard for distinguishing 
between iris melanosis and FDIM (2). Iris cysts are yet another differential diagnosis for 
pigmented iris lesions. In the human literature, a comprehensive study of 200 cases of 
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potential iris melanomas found that 76% of these were classified as 
pseudomelanomas (3). Of these pseudomelanomas, 39% were iris 
cysts and 31% were iris nevi (3). In 2017, Fragola et al. (4) reported 
a case series of 14 enucleated feline eyes due to suspected FDIM or 
“tumor” that contained only iris cysts. Some of these cysts exhibited 
clinical behavior similar to FDIM, such as dyscoria and progressive 
enlargement over time, which further complicated the assess-
ment (4).

In clinical practice, veterinary ophthalmologists often decide 
whether enucleation is recommended based solely on the clinical 
appearance and progression of ocular signs. The owner’s reluctance 
to perform enucleation without prior histological confirmation can 
lead to a delay in treatment and thus to an increased risk of metas-
tasis (5). Conversely, unnecessary enucleation due to misdiagnosis 
is undesirable for ethical reasons. Although several studies have 
described the histopathological and immunohistochemical features 
of FDIM (5–13), no peer-reviewed scientific literature has investi-
gated the predictive value of clinical signs for distinguishing between 
FDIM and benign diseases. Fuchs et al. have sought to standardize 
the assessment of pigmented iris lesions. A stage-based grading 
scheme was proposed, whereby the progression of the disease is 
described by the increasing involvement of the iris with stromal 
thickening, pigment dispersion, dyscoria, uveitis, and secondary 
glaucoma (14). In the field of human ophthalmology, a predictive 
model for iris melanoma has been developed. This model identifies 
independent clinical predictors, including tumor height, the largest 
basal diameter, pupillary distortion (ectropion uveae or corectopia), 
peripheral extension, pigment dispersion, and vascularity. These 
findings emphasize the importance of the clinical examination in the 
diagnosis of iris melanoma (15). In veterinary patients, iris biopsy 
has been described as a minimally invasive procedure with low com-
plication rates (16, 17). However, the diagnostic concordance of iris 
biopsy with globe histopathology is variable and influenced by 
sample quality and disease stage (18).

Understanding the predictive value of clinical findings such as iris 
thickening, pigment dispersion, or elevated intraocular pressure could 
significantly improve clinical decision-making. Therefore, the aim of 

this study was to retrospectively investigate whether selected clinical 
signs and their combinations led to an accurate diagnosis of FDIM. In 
addition, the potential predictive value of these parameters would be 
investigated.

2 Materials and methods

The medical records of cats that underwent enucleation between 
January 2019 and November 2024 at the Animal Eye Practice Dr. 
Allgoewer (Berlin, Germany), were retrospectively evaluated.

All cats participating in the study underwent a complete ophthal-
mic examination by a board-certified veterinary ophthalmologist 
(n = 2), a resident in training (n = 1), or a veterinarian in the national 
specialty training program for ophthalmology (n = 3). The ophthalmic 
examination included the menace response, the dazzle reflex, the 
pupillary light reflex, slit-lamp biomicroscopy (Kowa SL-17; Kowa, 
Tokyo, Japan), rebound tonometry (TonoVet, iCare, Vantaa, Finland), 
indirect ophthalmoscopy (Video Omega 2C; HEINE Optotechnik 
GmbH & Co. KG, Gilching, Germany), and, in some cases, gonios-
copy (Supplementary Table 1).

Cats with a definitive histopathological diagnosis of FDIM or iris 
melanosis were included in the study. Eyes where the lesion was dis-
covered only on post-enucleation histopathology, and no complete 
preoperative examination of the iris/anterior chamber was available, 
were excluded. The study population comprised cats that underwent 
enucleation following a clinical diagnosis or suspicion of FDIM, as 
well as cats with iris pigmentation that did not yet exhibit definitive 
clinical signs of FDIM but whose eyes were enucleated early at the 
owners’ request. The following data were collected for each case: 
breed, sex, age, days between the first examination and enucleation, 
days between suspicion of FDIM and enucleation, and reason for 
enucleation (veterinarian’s recommendation or owner’s decision). The 
presence or absence (binary assessment) of the following clinical 
parameters was recorded: iris thickening, dyscoria, reduced pupil 
motility, surface irregularities of the anterior iris surface, intraocular 
pressure (IOP), presence of glaucoma determined by clinical signs 
(e.g., buphthalmos, conjunctival or episcleral hyperemia, corneal 
edema, reduced pupillary light reflex or mydriasis, exposure keratitis, 
retinal degeneration, optic nerve cupping and IOP > 20 mmHg), 
occurrence of iris cysts and pigment dispersion (anterior chamber, 
anterior lens capsule, and iridocorneal angle). This binary approach is 
intrinsic to the nature of clinical ophthalmic examination in such 
cases, with the focus being on the identifiable presence of morphologi-
cal markers as opposed to subjective grading. Histopathological 
parameters: melanoma, iris melanosis, progression to melanoma, 
invasion of the iris and trabecular meshwork, scleral invasion, extra-
scleral invasion, vascular invasion, choroidal invasion, necrosis, and 
closure of the iridocorneal angle were recorded for each globe.

2.1 Statistical analysis

The statistical analysis of the data was performed by Novustat 
GmbH (Wollerau, Switzerland). In order to analyze the potential 
factors influencing the occurrence of FDIM, a univariate analysis 
was performed on a group of biological and clinical predictors. To 
simplify the statistical analysis, castrated males and intact males 
were categorized together as “male,” while castrated females and 

FIGURE 1

Close-up of a cat’s eye with starting iris pigmentation consistent with 
FDIM. Notable clinical features include nodular, raised, dark brown 
pigmentation in the temporal region of the iris, diffuse pigmentation 
of the anterior surface of the iris, partial dyscoria, posterior synechia, 
and pigment dispersion visible on the anterior lens capsule. The 
histopathological diagnosis of this eye was FDIM.
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intact females were grouped as “female.” Similarly, the histopatho-
logical diagnosis of progression to melanoma was grouped with the 
melanoma group. Each predictor was evaluated based on its log 
odds (logits) and the corresponding odds ratios (OR) for the diag-
nosis of FDIM. In a second step, a multivariate analysis was per-
formed on the most influential parameters, using multiple logistic 
regressions. Given the small sample size of the non-FDIM cohort 
(n = 9), which limits the power of traditional confirmatory model-
ing, we adopted a refined exploratory multivariable logistic regres-
sion approach. This exploratory strategy was designed to identify 
clinically relevant trends while minimizing the risk of overfitting 
and ensuring model stability. To reduce the number of parameters 
to be estimated relative to the number of observed cases, the risk 
factors for pigment dispersion, previously recorded separately for 
the anterior chamber (AC) and anterior lens capsule (ALC), were 
combined into a single higher-level predictor indicating the pres-
ence of at least one of these forms. To further stabilize model esti-
mation and minimize the inflation of odds ratios (ORs) and 
standard errors (SEs), the continuous predictors age (years) and 
intraocular pressure (IOP) were z-standardized prior to analysis. 
This refined exploratory model included n = 44 cats with k = 7 pre-
dictors (Supplementary material Data Sheet 1), providing a more 
robust basis for identifying clinically relevant trends within the 
study population. Missing data were handled using listwise dele-
tion; specifically, cases with missing values for any clinical predictor 
included in a given model were excluded from that specific analysis. 
This explains the variation in sample sizes between the models (e.g., 
n = 44 for the multivariate analysis vs. n = 67 total), as only cats 
with complete data for all selected variables were included to ensure 
a consistent basis for the multivariate estimations. It is important to 
note that probabilities can only be calculated for a fixed value of the 
logarithmic probability (logit). This is due to the linear nature of the 
model in the logarithmic probabilities, while the probability of the 
relevant event (in this case, FDIM) is exponential-multiplicative. To 
allow for a deeper understanding of the effects investigated, the 
logits are supplemented by the corresponding ORs together with 
their 95% confidence intervals. This approach was used to clarify 
the effect in question, or their specific p-values are reported to 
assess their significance.

3 Results

3.1 Animals

A total of 67 cats met the inclusion criteria. The mean age ± 
standard deviation (SD) was 10.16 ± 3.69 years and ranged from 
2 to 17 years. The data set included n = 27 (40.3%) female and 
n = 40 (59.7%) male animals. The domestic shorthair (DSH) was 
the most common breed, accounting for 42/67 (62.69%) of all cats. 
Other common breeds were British Shorthair (BSH) 13/67 
(19.4%), DSH mix 4/67 (5.97%), Norwegian Forest Cat (NFC) mix 
2/67 (2.99%), BSH mix, NFC, Persian, Selkirk Rex, Siberian Forest 
Cat mix, and Siamese mix were each represented once (1.49%) in 
the dataset. Compared to the breed distribution in the ophthal-
mology practice during the same period, the data set showed a 
significantly higher proportion of DSH cats (42.71% vs. 62.69%, 
p = 0.003).

3.2 Univariate analysis

The histopathological evaluation diagnosed FDIM in 58/67 
(86.57%) cases and iris melanosis in 9/67 (13.43%) cases.

3.2.1 Age

The average age of cats in the group without FDIM was 
7.33 ± 3.67 years, while the average age of cats in the FDIM group was 
10.6 ± 3.52 years. The distribution of cats without FDIM shows a 
right-skewed distribution, indicating that the majority of cats were 
relatively young. The distribution of cats with FDIM is normally dis-
tributed around its mean. With each additional year of life, the prob-
ability of FDIM diagnosis increased by a factor of 1.3 (p = 0.02) 
(Figure 2).

3.2.2 Sex

Female cats were more likely to be diagnosed with FDIM (88.89% 
vs. 85%). The probability of FDIM in female cats is increased by a 
factor of 1.41 (95% CI = 0.32–6.21, p = 0.65).

3.2.3 Days from initial examination to enucleation, 
days from clinically suspected FDIM to 
enucleation

The average number of days ± SD from initial examination to enu-
cleation and from suspected FDIM to enucleation was 189.52 ± 332.62 
and 38.97 ± 72.78, respectively. With each additional day between the 
initial examination and enucleation, the probability of melanoma 
decreased by a factor of 0.999 (p = 0.76) (Figure 3) With each additional 
day between suspicion of FDIM and enucleation, the probability of a 
diagnosis of FDIM decreased by a factor of 0.997 (p = 0.45).

3.2.4 Reason for enucleation

Fifty-eight of 67 cats underwent enucleation on the recommen-
dation of a veterinarian due to suspected FDIM. Nine of 67 cats 
underwent enucleation at the request of the owner. Although clinical 
changes were present, they were considered compatible with contin-
ued, close surveillance at that time. Cats whose eyes were removed 
on the recommendation of the veterinarian were diagnosed with 
FDIM 8.48 times more frequently (p < 0.05) than cats whose eyes 
were removed at the request of the owner. Cats whose eyes were 
removed at the owner’s request had an OR of 0.11 (p < 0.01) for a 
FDIM diagnosis.

3.2.5 Iris thickening

Cats with iris thickening (n = 47/54) had a higher probability of 
FDIM. They had a 6.3-fold higher probability (95% CI = 1.08–36.65, 
p = 0.058) compared to the baseline value without iris thickening 
(Figure 4A).

3.2.6 Dyscoria

Cats with dyscoria (n = 11/56) had a lower probability of FDIM. In 
this case, the probability was 0.56 times (95% CI = 0.094–3.38, 
p = 0.61) lower than without dyscoria.
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3.2.7 Pigment dispersion

Cats with pigment dispersion in the anterior chamber 
(AC) (n = 17/58) had a higher probability of FDIM. They had a 
1.54 times higher probability (95% CI = 0.29–8.33, p = 0.61) 

compared to the baseline value without pigment dispersion AC 
(Figure 4B).

Cats with pigment dispersion on the anterior lens capsule 
(ALC) (n = 27/56) had a higher probability of FDIM. They had a 
3.98 times (95% CI = 0.75–21.18, p = 0.09) higher probability 

FIGURE 2

Age distribution of enrolled cats (n = 67). Bars show 1-year bins. The study population’s mean age was 10.16 ± 3.69 years (range 2–17), with the highest 
frequencies between 8 and 14 years.

FIGURE 3

Density plot showing the distribution of time (in days) between first examination and enucleation, broken down by FDIM diagnosis (yes vs. no). The 
x-axis indicates the duration in days, while the y-axis represents the estimated probability density. Cats diagnosed with FDIM (blue line) have a more 
right-skewed distribution, with a higher density of shorter examination intervals compared to non-melanoma cases (red line).
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compared to the baseline value without pigment dispersion ALC 
(Figure 4C).

Cats with pigment dispersion in the iridocorneal angle (ICA) 
(n = 9/24) had a higher probability of FDIM. They had a 1.27 times 
(95% CI = 0.18–8.89, p = 0.81) higher probability compared to the 
baseline value without pigment dispersion.

3.2.8 Intraocular pressure

On average, cats in the group with iris melanosis had lower intra-
ocular pressure (18.67 ± 3.74 mmHg) than cats in the FDIM group 
(37.84 ± 27.29 mmHg). The distribution of cats with and without 
FDIM is skewed to the right. However, cats without FDIM had a 
lower mean value and a significantly lower standard deviation, result-
ing in a more stepped distribution than cats with FDIM, which are 
distributed more widely around their respective mean values. With 
each additional mmHg, the probability of FDIM diagnosis increased 
by a factor of 1.077 (p = 0.12) (Figure 5).

3.2.9 Glaucoma

Cats with glaucoma (n  = 24/65) had an infinitely higher risk 
(p < 0.05) compared to the baseline value without glaucoma. There 
were no cats with glaucoma and a histopathological diagnosis of iris 
melanosis in the data collection (Figure 4D).

3.2.10 Iris cysts

There were no cats with iris cysts in the dataset.

3.2.11 Accuracy of the clinical diagnosis of FDIM 
or iris melanosis

Of the 58 enucleated eyes due to suspected FDIM by a veterinarian, 
53 were FDIM, and 5 were iris melanosis. Of the 9 enucleated eyes due 
to the owner’s decision for an early enucleation, 5 were FDIM, and 4 
were iris melanosis. The clinical diagnosis of FDIM or iris melanosis 
was correct in 85.07% of all cats. The correct diagnosis of FDIM is 
made on the basis of cats that were enucleated due to suspected FDIM 
and had a histopathological diagnosis of FDIM. Cases with a correct 
diagnosis of iris melanosis consist of cats that were enucleated at the 
owner’s request and received a histopathological diagnosis of iris mela-
nosis. FDIM was correctly diagnosed in 53 of 58 cats, corresponding 
to a sensitivity of 91.38%. In four of nine cats, iris melanosis was cor-
rectly diagnosed, corresponding to a specificity of 44.44% (Table 1).

3.3 Multivariate analysis

Iris thickening was strongly associated with the diagnosis of 
FDIM (OR = 6.91, 95% CI 0.6–108.01, p = 0.13). Other factors such 
as pigment dispersion (present vs. absent) (OR = 4.87, 95% CI = 0.44–
152.70, p = 0.25), female sex (OR = 1.93, 95% CI = 0.22,21.21, 
p = 0.55), IOP (per +1 SD IOP: OR = 1.85, 95% CI = 0.14–523.54, 
p = 0.74), age (per +1 SD age: OR = 1.5, 95% CI = 0.46–6.11, p = 0.52) 
also showed increased odds ratios. No relevant associations were 
found for dyscoria (OR = 0.46, 95% CI = 0.02–9.37, p = 0.46). 
(Figure 6) The results of the univariate and explorative multivariate 
logistic regression analyses are summarised in Table 2. The complete 
model can be found in the Supplementary material Data Sheet 1.

FIGURE 4

Proportion of cats diagnosed with FDIM in relation to (A) Iris thickening, (B) Pigment dispersion in the anterior chamber, and (C) Pigment dispersion on 
the anterior lens capsule. In each graph, ‘No’ indicates the absence and ‘Yes’ indicates the presence of the respective clinical symptom. A higher 
proportion of FDIM diagnoses was observed in cases where the clinical symptom was present, suggesting a possible association with malignant 
transformation. (D) Glaucoma: Proportion of FDIM diagnoses in eyes with versus without glaucoma. All glaucomatous eyes were diagnosed with FDIM, 
indicating a very strong association; in this subgroup, the absence of non-FDIM cases results in complete separation.
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3.3.1 Count of clinical findings

The number of clinical findings has been shown to have a positive, 
albeit insignificant, effect on the occurrence of FDIM, with a logit of 
approximately +0.36 (p = 0.36). With every additional clinical finding 
(+1), the chance of FDIM increased by a factor of 1.44 (95% CI 0.67–3.08).

3.4 Histopathological parameters

The histopathological parameters were not further examined in 
this study.

4 Discussion

This retrospective study aimed to evaluate the accuracy of diag-
nosing FDIM based solely on clinical parameters and to identify the 
clinical signs that are the strongest predictors of the disease. Our 
results showed that clinical assessment alone had a diagnostic accu-
racy of 85.07%. It had high sensitivity (91.38%), but relatively low 
specificity (44.44%). The high sensitivity may be attributable to the 
pronounced clinical features that are typically associated with 

advanced FDIM cases, such as iris thickening and pigment dispersion. 
These features facilitate accurate identification. In addition, the refer-
ral of advanced cases to our specialised ophthalmology practice, in 
addition to regular follow-up examinations for initially unremarkable 
or unclear cases, may have further increased the sensitivity. Regular 
ophthalmological follow-up examinations enable clinicians to detect 
subtle changes in clinical signs over time, thereby improving the iden-
tification of early malignant transformation. The authors recommend 
the use of photos for aiding the clinical decision-making.

The study found a comparatively low specificity, suggesting that it 
is a significant challenge to distinguish malignant FDIM from benign 
iris melanosis based on clinical features alone. This low specificity may 
be due to a significant overlap in the clinical presentations of these two 
conditions in the early stages, making differentiation without addi-
tional diagnostics difficult. In addition, the lack of advanced diagnos-
tic methods that are routinely used in human ophthalmology (e.g., 
optical coherence tomography (19)) likely contributed to the relatively 
high false-positive rate.

Clinicians may also have taken a cautious approach to malignancy 
and recommended enucleation even in cases of high diagnostic uncer-
tainty in order to reduce the risk of metastasis (5, 6), thereby reducing 
specificity. Univariate analysis revealed a significant association 
between age and FDIM, with the probability of malignancy increasing 

FIGURE 5

Density plot showing the distribution of intraocular pressure (IOP, in mm Hg) in cats with and without FDIM. Cats diagnosed with FDIM (blue line) 
showed a broader and right-shifted distribution of IOP values, including significantly elevated pressures, while non-melanoma cases (red line) showed a 
narrower distribution with peak values in the normal IOP range.

TABLE 1  Contingency table comparing preoperative clinical diagnosis with histopathological diagnosis in all included cases (n = 67).

Clinical diagnosis Histopathology: FDIM Histopathology: Iris melanosis

Clinical diagnosis: FDIM suspected 53 (True positive) 5 (False positive)

Clinical diagnosis: FDIM not yet suspected 5 (False negative) 4 (True negative)

FDIM, feline diffuse iris melanoma.
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by a factor of 1.3 with each additional year of life. Studies show that 
FDIM often affects older cats, which is consistent with known epide-
miological data and confirms its use as a clinical indicator (1, 2, 5).

Another finding was the association between female sex and 
FDIM (multivariate OR = 1.93, 95% CI = 0.22, 21.21, p = 0.55), a 
result that warrants further investigation due to its potential clinical 
significance. The available literature provides no evidence of a gender-
specific predisposition (20). Further studies with larger cohorts could 
clarify whether this is a biological predisposition or an artefact due to 
the limited sample size of the study.

Of the clinical parameters examined, iris thickening showed the 
strongest association with a histopathological diagnosis of FDIM, 
with the highest odds ratio observed in both univariate and multi-
variate analyses (OR = 6.3; 95% CI = 1.08–36.65, p = 0.058; 
OR = 6.91, 95% CI 0.6–108.01, p = 0.13, respectively). This 

underscores its diagnostic significance as an important morphologi-
cal indicator of malignancy.

Pigment dispersion in the anterior chamber or on the anterior 
lens capsule also proved to be a highly predictive feature (multivariate 
OR = 4.87, 95% CI = 0.44–152.70, p = 0.25), indicating pigment 
detachment from the iris and possibly pointing to tumour invasion or 
progression. Similarly, pigment deposition on the anterior lens capsule 
was associated with a significantly increased likelihood of FDIM (uni-
variate OR = 3.98, 95% CI = 0.75–21.18, p = 0.09). Since posterior 
synechia could also lead to pigment deposition on the anterior lens 
capsule, this parameter should be interpreted with caution.

In the subgroup analysis for glaucoma, complete separation (21) 
occurred because every cat in this group was histopathologically diag-
nosed with FDIM. The absence of outcome variation, specifically the lack 
of cats with both glaucoma and iris melanosis, prevents the logistic 

FIGURE 6

Forest plot illustrating the odds ratios and corresponding 95% confidence intervals (CI) derived from a multivariate logistic regression analysis based on 
data from 44 cats with the most complete clinical data for all predictor variables evaluated. Each row on the y-axis represents a clinical predictor that 
was evaluated for its association with the diagnosis of FDIM. The diamond-shaped markers indicate the point estimates of the ORs, while the horizontal 
lines show the respective 95% CI. The x-axis is logarithmically scaled. The dashed vertical line at OR = 1 marks the threshold for no association; values 
to the right indicate an increased likelihood, values to the left indicate a decreased likelihood of FDIM.

TABLE 2  Odds ratios (OR), 95% confidence intervals (CI), and p-values for clinical parameters associated with the diagnosis of FDIM.

Clinical 
parameter

OR 
(univariate)

95% CI 
(univariate)

p-value 
(univariate)

OR 
(multivariate)

95% CI 
(multivariate)

p-value 
(multivariate)

Iris thickening 6.3 1.08–36.65 0.058 6.91 0.60–152.70 0.13

Pigment dispersion (ALC) 3.98 0.75–21.18 0.09 4.87 0.44–152.70 0.25

Pigment dispersion (AC) 1.54 0.29–8.33 0.61 4.87 0.44–152.70 0.25

Sex (female) 1.41 0.32–6.21 0.65 1.93 0.22–21.21 0.55

IOP (per mmHg) 1.077 - 0.12 1.85 0.14–523.54 0.74

Age (per year) 1.3 - 0.02 1.5 0.46–6.11 0.52

Dyscoria 0.56 0.094–3.38 0.61 0.35 0.02–9.37 0.46

Univariate and multivariate logistic regression analyses were performed.
CI, confidence interval; AC, anterior chamber; ALC, anterior lens capsule; IOP, intraocular pressure.
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regression model from converging on a finite maximum likelihood esti-
mate. This causes the odds ratio to approach infinity and results in model 
instability. Whilst this complete separation precludes a stable numerical 
estimation of the odds ratio, it reflects the clinical reality that glaucoma 
was exclusively associated with FDIM in the present cohort. This high-
lights its role as a critical indicator of advanced malignancy, despite the 
inherent statistical limitations of the model.

These results underscore the importance of a detailed examination 
of the anterior segment of the eye during an ophthalmological exami-
nation. The simultaneous presence of iris thickening and pigment 
dispersion, especially within the anterior chamber, should raise a 
strong suspicion of FDIM and justify enucleation, even in the absence 
of glaucoma or obvious tumour nodules.

In human ophthalmology, the clinical diagnosis of iris melanoma 
is based on the size of the tumor, morphological characteristics, and 
proven growth patterns over a certain period of time (22). In addition 
to clinical examination, additional diagnostic methods such as fine 
needle aspiration (23) and high-resolution ultrasound imaging (24) are 
routinely used to distinguish iris melanoma from benign lesions such 
as iris nevi. Conversely, there is currently a lack of widely available 
complementary diagnostic tools in veterinary ophthalmology. Apart 
from histopathological confirmation after enucleation, iris biopsy is 
the only minimally invasive technique available. This method was first 
described by Koch et al. (17) and further evaluated by Featherstone et 
al. (16). Both studies reported that the procedure was associated with 
only minor complications (16, 17). In the study by Featherstone et al., 
FDIM was histopathologically confirmed after enucleation in two of 
seven cases in which an iris biopsy had been performed previously, 
providing preliminary validation of the technique (16).

In a recent study, Beetz et al. (18) investigated the diagnostic con-
cordance between iris biopsy samples ex vivo and the corresponding 
globe. The samples were assessed by eight different pathologists, with 
an average agreement rate of 81.6%. It is noteworthy that this value is 
slightly below the diagnostic accuracy of 85.07% determined in our 
study based solely on clinical assessment. Beetz et al. (18) identified 
sample quality and disease stage as decisive factors influencing diag-
nostic agreement. In particular, it was found that poor-quality biopsy 
material and FDIM in the early stages are associated with higher rates 
of diagnostic discrepancies. The clinical features most frequently docu-
mented in the study by Beetz et al. (18) that preceded enucleation, such 
as iris thickening and pigment dispersion, correspond to the clinical 
predictors that showed high odds ratios in our analysis. However, a 
significant discrepancy was found in the prevalence of dyscoria: this 
occurred in 76.47% of cases in the Beetz cohort, but only in 19.64% of 
cases in the present cohort. The relatively low prevalence of dyscoria in 
our cohort compared to other studies (2, 16, 18, 25) may be due to 
earlier referral, different documentation standards, or overly conserva-
tive clinical interpretation of pupil shape in our cases.

In a pilot study, Komatsu et al. used optical coherence tomography 
to assess pigmented iris lesions in cats (26). In contrast to FDIM, hyper-
reflective lines with greater intensity than the surrounding iris stroma 
were observed in the areas affected by iris melanosis. Furthermore, cases 
of early-stage FDIM showed a 1.3-fold increase in iris thickness com-
pared to normal eyes (26). These results are consistent with the findings 
of the present study, in which iris thickening was identified as a signifi-
cant clinical predictor in both univariate and multivariate analyses.

When we compared our results with prediction models from 
human ophthalmology, several parallels emerged. Singh et al. (15) iden-
tified the following characteristics as the strongest clinical predictors of 
iris melanoma: increased tumour height (OR 3.35); larger base diameter 

(OR 1.64); pupil distortion, such as ectropion uveae or corectopia (OR 
2.55); peripheral extension with involvement of the iridocorneal angle 
or iris root (OR 2.83); pigment dispersion (OR 1.12) and tumor vascu-
larity (OR 6.79). These parameters overlap conceptually with those iden-
tified in our study. In particular, iris thickening, which may be analogous 
to increased tumour height, showed the highest predictive value in our 
dataset, with an odds ratio of 6.3 in the univariate analysis and 4.87 in 
the multivariate analysis. Similarly, pigment dispersion in the anterior 
chamber was associated with an increased likelihood of FDIM, with 
odds ratios of 1.54 (univariate). Pigment dispersion on the anterior lens 
capsule also showed elevated odds (OR 3.98 in univariate analysis).

Fuchs et al. proposed a new grading system for progressive pig-
mented iris lesions in cats, ranging from iris nevi to FDIM grades one 
to five (14). This system takes into account the degree of iris involve-
ment, iris thickening, the presence of uveitis, inflammatory and pigment 
cells, dyscoria, and secondary glaucoma (14). Our data support this 
model and show that iris thickening and pigment dispersion in the ante-
rior chamber and on the anterior lens capsule, as well as glaucoma, were 
associated with the highest odds ratios for a diagnosis of FDIM. However, 
the univariate model for glaucoma represents a limitation of our study. 
In this subgroup analysis, all cats diagnosed with glaucoma were also 
diagnosed with FDIM, resulting in a complete separation of the out-
come variables. Consequently, the odds ratio approaches infinity, sug-
gesting that glaucoma perfectly predicts FDIM in this sample. Although 
this suggests a strong correlation, the statistical model cannot reliably 
estimate the effect due to the lack of variation in the results. Especially 
since no cats with glaucoma and iris nevi were included in the dataset.

The intervals from initial examination to enucleation and from 
clinical suspicion to enucleation showed odds ORs slightly below 1 
(0.999 and 0.997, respectively) with wide dispersion and no statistical 
significance. Rather than suggesting a protective effect, this is more 
likely to be a reflection of confounding by indication and referral 
dynamics. Eyes that were judged to be more suspicious were enucle-
ated earlier, whereas lesions that were considered to be benign or 
equivocal underwent surveillance, resulting in a longer interval 
among non-FDIM cases. Owner preference and scheduling con-
straints may have had a role to play in this outcome. It is therefore 
imperative that these temporal variables are interpreted as markers of 
clinical decision-making, rather than disease biology.

This study has several limitations that need to be taken into account. 
The retrospective design carries a potential risk of selection and infor-
mation bias, particularly given that the study was conducted in a single 
ophthalmology practice, which may have led to an overrepresentation 
of advanced or atypical cases. The relatively small number of cats with 
histologically confirmed iris melanosis limited the statistical signifi-
cance of the findings, particularly in the multivariate model. 
Furthermore, not all clinical variables were documented in every case, 
which reduced the data set available for multivariate analysis and may 
have introduced bias due to missing data. Although all ophthalmic 
examinations were performed by experienced veterinary clinicians, a 
formal assessment of interobserver variability was not conducted due to 
the retrospective study design. Consequently, variability in the evalua-
tion of subjective clinical parameters, such as dyscoria or iris thickening, 
cannot be excluded. Finally, the study focused on diagnostic accuracy 
and did not evaluate the prognostic implications of the clinical findings.

It is important to note that the small sample size of the iris mela-
nosis group (n = 9), which contributed to the statistical instability of 
the multivariate model, is a direct result of high clinical diagnostic 
accuracy. From a clinical and ethical standpoint, the minimisation of 
false positive enucleations of eyes with benign lesions is considered a 
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primary objective. The fact that 91.38% of eyes recommended for enu-
cleation by a veterinarian were confirmed as FDIM demonstrates that 
clinical signs such as iris thickening and pigment dispersion are highly 
effective filters in practice. Whilst the distribution is skewed, thus limit-
ing statistical power, this nevertheless highlights the reliability of the 
clinical assessment in protecting cats from unnecessary surgery.

5 Conclusion

Our results demonstrate that a thorough clinical assessment achieves 
a diagnostic accuracy of 85.07%, which is comparable to the reported 
concordance rates for invasive methods such as iris biopsy (81.6%). This 
suggests that clinical evaluation by experienced ophthalmologists is a 
highly reliable tool for treatment decisions, performing on par with more 
invasive diagnostic procedures. The results of this study underscore the 
importance of thorough clinical examination and regular re-evaluation 
and indicate that further research into minimally invasive diagnostic 
techniques in veterinary ophthalmology is needed. The reported assess-
ment regarding breed and sex requires further investigation.
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