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ABSTRACT
Objective: To compare the long-term efficacy of simplified medial canthoplasty (MCP) with and without adjunctive corneal 
cryotherapy (CC), followed by topical therapy (TT), versus TT alone in the management of pigmentary keratitis (PK) in Pugs.
Methods: Medical records of Pugs diagnosed with PK were retrospectively reviewed and assigned to four treatment groups. 
Only dogs with a minimum follow-up period of 1.5 years were included. Group 1 received TT alone; Group 2 underwent MCP 
with TT. Group 3 was treated with MCP, bilateral CC, and TT, while Group 4 received MCP, TT, and randomized unilateral CC. 
Outcome measures included ocular discharge, Schirmer tear test-1 (STT-1), fluorescein staining (FS), and corneal pigmentation 
(density and distribution), assessed at baseline and at final follow-up.
Results: Seventy-six Pugs met the inclusion criteria. Tear film parameters (STT-1, FS, and ocular discharge) improved in all dogs 
following therapy. In Groups 1 and 2, regression of the PK occurred in approximately 25% of dogs. In Group 2, complete resolu-
tion of the PK was observed in two dogs. In Group 3, corneal pigmentation decreased or remained stable in most cases, and in 
Group 4, PK consistently regressed in CC-treated eyes.
Conclusions: Simplified MCP in combination with TT provides superior long-term control of PK compared with TT alone. In 
dogs presenting with advanced pigmentation, adjunctive CC offers additional therapeutic benefit, although partial recurrence of 
pigmentation may develop over time.

1   |   Introduction

Brachycephalic ocular syndrome is characterized by a distinct 
combination of anatomical and physiological features of the 
globe and periocular structures  [1]. Multiple predisposing fac-
tors and associated ocular surface disease (OSD) in brachy-
cephalic breeds have been extensively reviewed [2]. Among 
these, pigmentary keratitis (PK) is of particular relevance, as it 

develops in Pugs at an early age and has been reported with a 
prevalence of up to 96% [3–14].

Keratoconjunctivitis sicca (KCS), corneal pigmentation, and cor-
neal ulceration are interrelated sequelae of chronic ocular sur-
face irritation and inflammation that disrupt corneal and tear 
film integrity [13]. In Pugs, corneal ulceration is promoted by 
brachycephalic conformation, macroblepharon, exophthalmos, 
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lagophthalmos, reduced corneal sensitivity and blink rate, me-
dial entropion–associated trichiasis, distichiasis, ectopic cilia, 
and tear film deficiencies [2, 11, 12, 15]. Corneal ulceration is 
central to the pathogenesis of pigmentary keratitis (PK) [5, 9].

Brachycephalic breeds have an increased risk of corneal ul-
ceration, including deep stromal involvement [15–17]. In Pugs, 
lagophthalmos, ocular surface exposure, and medial entropion 
are the principal pathogenic factors for PK, while a genetic pre-
disposition remains unconfirmed [3, 18]. Figures 1 and 2 depict 
PK, medial entropion, and tear film deficiency.

Despite the high prevalence of PK in Pugs, only limited peer-
reviewed data on therapeutic interventions are available. 
Reported management strategies include topical treatment of tear 
film deficiencies, surgical correction of eyelid malformations, 

and cryotherapy [3, 11, 19–21]. To date, however, only prelimi-
nary treatment outcomes have been reported [22].

This study aimed to retrospectively evaluate and compare the 
long-term effects of different treatment methods for PK in Pugs: 
topical therapy alone versus a combination of modified medial 
canthoplasty (MCP) with or without cryotherapy, as well as to de-
termine the impact of various physical and physiologic factors on 
disease severity and response to treatment. Therefore, the working 
hypothesis of this study was that PK in Pugs is a chronic inflam-
matory disease resulting from multifactorial chronic irritation.

2   |   Animals Studied and Methods

A retrospective analysis was conducted. The Pugs included in 
this study were presented by their owners to the Animal Eye 
Practice in Berlin, Germany, for ophthalmic examination. After 
diagnosing PK, treatment consisting of TT and MCP was recom-
mended. In dogs with advanced PK, additional CC was offered. 
Dog owners subsequently made the final decision regarding 
therapy. Depending on their preference, owners would choose 
TT alone, TT combined with MCP, or, in cases of advanced cor-
neal pigmentation, additional uni- or bilateral CC. These choices 
were made individually by the owners and were independent of 
the study. Inclusion criteria were as follows: (1) clinical signs 
of pigmentary keratitis with or without tear film disorder; (2) 
consistent adherence to prescribed treatment and scheduled fol-
low-up appointments; and (3) a follow-up period of more than 
one and a half years after initiation of therapy. Exclusion criteria 
were: the presence of additional corneal or intraocular diseases 
diagnosed at the initial examination and/or the occurrence of 
severe intraocular disease during the observation period.

Owner consent was obtained prior to examination and treat-
ment. All examinations were performed in accordance with the 
GERVO Declaration on the Use of Animals in Eye and Vision 
Research and were approved by the Berlin State Office for 
Health and Social Affairs (approval no. StN. 22/25). Owners also 
provided consent for the use of their dogs' data and photographs 
for research and publication purposes.

FIGURE 1    |    Pug with pigmentary keratitis (PK) and epithelial ul-
ceration, illustrating typical mechanical factors contributing to corneal 
irritation: exophthalmos, divergent strabismus due to a shallow orbit, 
macroblepharon (red arrows), and medial entropion (blue arrow). The 
exposed conjunctiva is pigmented. The upper eyelid is slightly elevated, 
revealing a part of the unpigmented conjunctiva that is otherwise cov-
ered by the eyelid.

FIGURE 2    |    Typical clinical presentations of qualitative tear film deficiency in Pugs. (a) Pug showing accumulations of thick, grayish mucus at the 
medial canthus and along the medial lower eyelid (blue arrows). (b) The right eye of a Pug with pigmentary keratitis (PK), exhibiting macroblepharon 
and medial entropion of both the upper and lower eyelids, along with characteristic grayish mucus on the medial lower eyelid. Macroblepharon and 
lagophthalmos are evidenced by the presence of hairs and debris on the cornea within the area of corneal pigmentation, indicating that the eyelids are 
unable to remove them effectively. (c) Right eye of a Pug with PK, macroblepharon, and medial entropion, showing diffuse fluorescein uptake across 
the entire cornea and a strand of mucus extending over the corneal surface, consistent with qualitative tear film deficiency.
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All dogs underwent a comprehensive ophthalmic examination 
performed by either a board-certified veterinary ophthalmologist 
or a veterinarian holding national specialization in ophthalmol-
ogy. Examinations included menace response, dazzle reflex, pu-
pillary light reflex, eyelid reflex, slit-lamp biomicroscopy (Kowa 
SL-17; Kowa, Tokyo, Japan), rebound tonometry (TonoVet, iCare, 
Vantaa, Finland), indirect ophthalmoscopy (Video Omega 2C; 
Optotechnik GmbH & Co. KG, Gilching, Germany), Schirmer tear 
test I (STT-I; Tear Touch Blu, Madhu Instruments Pvt. Ltd.) and 
fluorescein staining (Fluoro-Touch, Madhu Instruments Pvt. Ltd., 
India). Several photographs were taken during each examination, 
including portraits and individual eye images.

The treatment protocol for PK in Pugs included surgical correc-
tion of macroblepharon and medial entropion using modified me-
dial canthoplasty (MCP) [23]. The surgery aimed to cover 90% of 
scleral show and eliminate the entropion. In cases where corneal 
cryotherapy was performed, it was done immediately after MCP. 
For cryotherapy, an eyelid speculum was placed to ensure wide ex-
posure of the cornea. The procedure was carried out as described 
[24], using the Askina Skin Freeze kit (B Braun Medical SAS), 
originally developed for human dermatology. The kit contains 
an aerosol canister with liquid cryogen (95% dimethyl ether, 3% 
isobutane, and 2% propane) and disposable plastic foam applica-
tors. The liquid cryogen was applied to the foam tip, which was 
then allowed to evaporate for 15 s, reducing the applicator tem-
perature to −55°C before application to the cornea. Depending 
on the extent and density of corneal pigmentation, two to four 
applications of 50 s each (two to four freeze–thaw cycles) were per-
formed by gently rolling the foam tip across the cornea. Once the 
cornea was frozen and turned white, the applicator was removed. 
Following cryotherapy, a simple temporary tarsorrhaphy was per-
formed using polyglactin sutures (Vicryl 6–0, Ethicon, Johnson 
& Johnson Surgical Technologies). In dogs that underwent MCP, 
topical therapy was initiated 8–10 days postoperatively after su-
ture removal. In dogs that received combined MCP and corneal 
cryotherapy, tarsorrhaphy sutures were removed 2–3 days post-
operatively, followed by fluorescein testing. Topical therapy with 
dexamethasone-containing eye drops was initiated once the cor-
nea tested negative for fluorescein.

Topical therapy (TT) included ciclosporin (CsA) (0.2% com-
pounded CsA eye drops or Optimmune, Intervet Deutschland 
GmbH, Germany), tacrolimus (0.2% compounded eye drops 
or Protopic 0.1%, Astellas Pharma, Germany), dexamethasone 
(Dexapos Comod, Ursapharm Arzneimittel GmbH, Germany, or 
Dexagel, Dr. Mann Pharma, Germany), or a combination of dexa-
methasone and antibiotics (dexamethasone/neomycin/poly-
myxin B eye drops, Maxitrol, Novartis, Germany). Frequency of 
administration was two to three times daily, depending on the 
severity of ocular surface disease (OSD) and aqueous-deficient 
or evaporative dry eye disease (ADED, EDED). Dogs that under-
went corneal cryotherapy received dexamethasone-containing 
eye drops three times daily for an extended period until corneal 
vascularization had regressed.

The study population was divided into four groups:

1.	 Pugs treated with topical therapy only (TT).

2.	 Pugs treated with MCP followed by TT.

3.	 Pugs with bilateral severe PK and extensive corneal pig-
mentation treated with MCP and bilateral corneal cryo-
therapy, followed by bilateral TT.

4.	 Pugs with extensive corneal pigmentation treated with bi-
lateral MCP in combination with unilateral corneal cryo-
therapy, followed by bilateral TT.

Follow-up examinations were performed at least 6 weeks and 
3 months after initiation of TT, and subsequently every 6 months. 
Parameters evaluated for statistical analysis included head and 
eyelid conformation, corneal pigment density and distribu-
tion, corneal fibrosis, ocular discharge, STT-I, and fluorescein 
staining.

At the initial examination, head and eyelid conformation was 
graded on a scale of 1–3, based on comparison of the patient's 
eye position and eyelid shape with reference photographs 
(Figure 3a). The presence of nasal entropion and corneal fibrosis 
was also recorded (Figure 3b,c).

Pigment extension was graded on a scale of 1–6 (Figure 4a,b). 
Pigment density was graded 1–3 (Figure 4c):

–	 Grade 1: pigment density allowed full visualization of 
the iris.

–	 Grade 2: pigment partially obscured iris inspection.

–	 Grade 3: pigment completely obscured the iris.

For the evaluation of the severity of the tear film deficiency 
(ADED/EDED), the Schirmer tear test, Fluorescein stain grad-
ing, and mucous discharge grading were used.

The characteristic slimy, translucent, gray-white, elastic ocular 
discharge was graded 1–3 (Figure 5a):

–	 Grade 1: small amount of discharge present at the medial 
canthus or lower eyelid.

–	 Grade 2: discharge spread across the cornea during blink-
ing, leaving strands on the surface.

–	 Grade 3: abundant discharge covering and adhering to the 
cornea.

Schirmer tear test I (STT-1) results were graded 1–4:

–	 Grade 1: > 20 mm/min.

–	 Grade 2: > 15 mm/min.

–	 Grade 3: 5–15 mm/min.

–	 Grade 4: 0–5 mm/min.

Fluorescein staining was graded 1–4 (Figure 5b):

–	 Grade 1: Fluorescein-negative.

–	 Grade 2: Focal weak epithelial uptake.

–	 Grade 3: Diffuse epithelial uptake.

–	 Grade 4: Fluorescein-positive defect.
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2.1   |   Statistical Analysis

The software packages R (R Core Team, 2018) and RStudio 
(version 2025.5.1.513; RStudio Team, 2016) were used to per-
form all statistical analyses and graphical visualizations. A 
significance level of < 0.05 was set for all statistical analyses. 
To describe the dataset, demographic variables and target pa-
rameters were evaluated descriptively. To summarize both 
eyes, an index was calculated from the arithmetic mean for 
each characteristic.

Metric variables were described using the mean, minimum, 
maximum, and standard deviation (SD). Cross-tables with 
percentages and absolute values were used for ordinally 
scaled variables. For metric variables, multiple testing was 
conducted by ANOVA and a Tukey test as implemented in 
RStudio. For ordinally scaled variables, multiple testing was 
conducted by a Kruskal–Wallis test, Jonckheere–Terpstra test, 
or a pairwise Wilcoxon rank-sum test (p-value adjustment 
method: Holm) as implemented in RStudio. To assess the re-
lationship between the parameters, correlations were tested 
using correlation tests as implemented in RStudio. Given that 
both variables were measured on a metric scale and met the 
assumptions of normality, Pearson's correlation coefficient 
was applied. Normal distribution was checked using the 
Shapiro–Wilk test. Alternatively (for non-normally distrib-
uted or ordinally scaled data), the Kendall–Tau test was used 
as a non-parametric method for ordinal data that accounts 
for tied ranks to evaluate whether the distributions of the 

two groups differ significantly. Analyses were conducted by 
Novustat GmbH, Wollerau, Switzerland.

3   |   Results

Seventy-six Pugs met the inclusion criteria, including 41 females 
(22 intact, 19 spayed) and 35 males (26 intact, 9 neutered). The 
mean age (years) at the start of treatment was: Group 1, 4.4; Group 
2, 2.6; Group 3, 4.5; and Group 4, 4.4. The mean follow-up duration 
(years) was: Group 1, 2.3; Group 2, 3.0; Group 3, 1.9; and Group 4, 
3. All groups were comparable regarding age and follow-up time.

3.1   |   Evaluation of Parameters Before Treatment

No significant differences were observed between groups in eyelid 
position, eyelid closure, exophthalmos, corneal fibrosis, tear film 
parameters, or demographic characteristics such as gender, age, 
and follow-up duration (Kruskal–Wallis and Jonckheere–Terpstra 
tests), indicating a homogeneous distribution of participants.

All eyes showed dense limbal pigmentation, with nasal ac-
centuation. Before treatment, both pigment extension and 
density correlated positively with the grading of discharge (r 
0.21, p 0.03; r 0.18, p 0.04). Older dogs exhibited more severe 
PK, with age positively correlated with pigment extension (r 
0.26, p 0.002) and pigment density (r 0.29, p 0.001; Group 2: 
r 0.38, p 0.03) (Figures 6A, 7A, and 8A). In addition, pigment 

FIGURE 3    |    (a) Three types of head and lid conformation were used for comparison. All Pugs were graded 1–3 by comparing their appearance 
with the photos of the Pugs displayed. (b) Medial entropion and trichiasis resulting in conjunctival pigmentation and PK. (c) PK with corneal fibrosis.
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FIGURE 4    |    Corneal pigmentation in Pugs: (a) schematic of pigment extension Grades 1–6. Grade 1: Focal triangular pigmented area (< 3 mm) 
nasally adjacent to the limbus. Grade 2: Focal triangular pigmented area (≥ 3 mm) nasally adjacent to the limbus. Grade 3: Pigmented area ex-
tending from the nasal limbus to the center of the cornea. Grade 4: Pigmented area extending from the nasal limbus across the cornea. Grade 5: 
Pigmented area extending nasally over more than half of the corneal surface. Grade 6: Diffuse pigmentation involving the entire corneal surface. (b) 
Photographic examples of pigment extension. (c) Pigment density Grades 1–3.

FIGURE 5    |    Ocular signs in Pugs. (a) Ocular discharge Grades 1–3. (b) Fluorescein test Grades 1–4.
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density was positively associated with entropion across all 
dogs (r 0.21, p 0.046). These findings suggest that age is linked 
to increased pigmentation and that pigment density may be 
influenced by entropion.

3.2   |   Comparison of Parameters Before and After 
Therapy

The groups were compared with respect to pigment extension, 
pigment density, and ocular discharge, indexing both eyes 
based on the arithmetic mean. Pairwise comparisons were 
performed using the Wilcoxon Rank Sum Test with Holm 

adjustment. Pigment density showed significant improvement 
from pre-treatment to final status (p < 0.001), and all tear film 
parameters demonstrated significant post-treatment changes 
(STT-1, p 8 × 10−8; FS, p 1 × 10−6; discharge, p 5 × 10−10) 
(Figures 6–11).

Clinical outcomes varied by treatment group. Group 2 
(MCP + TT) outperformed Group 1 (TT only), showing a sig-
nificant reduction in ocular discharge (p 0.008), indicating that 
MCP enhances the efficacy of TT. Group 3 (MCP + CC + TT) 
achieved the most pronounced improvements, exceeding the 
results of Groups 1 and 2 (p < 0.001 and p 0.003, respectively). 
In Group 4, eyes treated with cryotherapy showed superior 

FIGURE 6    |    Heat maps of STT-1, FS, and ocular discharge before treatment (A) and following treatment (B) show a generalized improvement in 
tear-film quality at the conclusion of the observation period. Grading of STT-1: Grade 1: > 20 mm/min; Grade 2: > 15 mm/min; Grade 3: 5–15 mm/min; 
Grade 4: 0–5 mm/min. Grading of FS: Grade 1: fluorescein-negative; Grade 2: focal weak epithelial uptake; Grade 3: diffuse epithelial uptake; Grade 
4: fluorescein-positive defect. Grading of ocular discharge: Grade 1: small amount of discharge present at the medial canthus or lower eyelid; Grade 2: 
discharge spread across the cornea during blinking, leaving strands on the surface; Grade 3: abundant discharge covering and adhering to the cornea.

FIGURE 7    |    Comparative heat maps of pigment extension, pigment density, and STT-1 acquired before (A) and after treatment (B) reveal a clin-
ically meaningful improvement in ocular surface parameters by the end of the observation period. Grading of pigment extension: Grade 1: Focal 
triangular pigmented area (< 3 mm) nasally adjacent to the limbus; Grade 2: Focal triangular pigmented area (≥ 3 mm) nasally adjacent to the limbus; 
Grade 3: Pigmented area extending from the nasal limbus to the center of the cornea; Grade 4: Pigmented area extending from the nasal limbus across 
the cornea; Grade 5: Pigmented area extending nasally over more than half of the corneal surface; Grade 6: Diffuse pigmentation involving the entire 
corneal surface. Grading of pigment density: Grade 1: Pigment density allowed full visualization of the iris; Grade 2: Pigment partially obscured iris 
inspection; Grade 3: Pigment completely obscured the iris.
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outcomes, with a significant reduction in pigment density 
(p < 0.001, signed-rank test).

Age influenced post-treatment pigment extension across all 
groups, with older dogs exhibiting greater increases (r 0.27, p 
0.002). Within-group analysis revealed that pigment extension 
changed significantly only in Group 1 (p 0.014), while Groups 2 
and 3 showed no significant changes (p ns) (Figure 12). Pigment 
density improved clinically in Group 2 without reaching sta-
tistical significance, whereas Group 1 remained unchanged 
or increased (p ns) (Figure  13). In contrast, Group 3 demon-
strated a significant decrease in pigment density post-treatment 
(p < 0.001), highlighting the additive benefit of CC in combina-
tion therapy. Notably, PK was fully reversed in two dogs from 
Group 2, underscoring the potential for substantial clinical im-
provement with MCP-based interventions.

Structural factors, including head, exophthalmos, and corneal 
fibrosis, did not influence outcomes (Jonckheere–Terpstra test; 

Figure 14). Representative cases from Groups 1–3 are presented 
in Figures 15–20. The photos serve to illustrate the progression 
of representative cases in each group.

Group 4 (n = 15) included Pugs with extensive, dense corneal 
pigmentation at initial presentation, treated with bilateral 
MCP and simultaneous unilateral cryotherapy. The eye se-
lected for cryotherapy was randomized. Clinically, outcomes 
in the cryotherapy-treated eyes were superior, though the 
difference was not statistically significant (signed-rank test; 
Figures  21 and 22). Figures  23 and 24 show representative 
cases from Group 4.

4   |   Discussion

Our hypothesis that pigmentary keratitis (PK) in Pugs rep-
resents a multifactorial chronic inflammatory disease was sup-
ported by the findings of this study. The elimination or reduction 

FIGURE 8    |    Heat maps illustrating pigment extension, pigment density, and ocular discharge before treatment (A) and after treatment (B) show 
substantial improvement by the conclusion of the observation period.

FIGURE 9    |    Stacked bar charts for SST-1 in all groups before and after therapy illustrate the changes in SST-1 over time. Grading of STT-1: Grade 
1: > 20 mm/min; Grade 2: > 15 mm/min; Grade 3: 5–15 mm/min; Grade 4: 0–5 mm/min.
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of irritants delayed disease progression and led to a decrease in 
corneal pigment deposition and clinical signs of inflammation 
in the majority of treated Pugs during this long-term observa-
tional period. Notably, in two dogs, PK was entirely reversed by 
the therapy (MCP + TT).

With respect to therapeutic strategies, the diverse etiopatho-
genic factors associated with PK in Pugs [25] can be classified 
into the following categories:

1.	 Conformational and breed-related anatomical fac-
tors: ocular exposure resulting from brachycephalic 

exophthalmos, macroblepharon or macropalpebral fis-
sure, and lagophthalmos [1, 2], as well as trichiasis due 
to medial entropion, distichiasis, or ectopic cilia [1, 2, 5, 
9, 11, 16].

2.	 Qualitative tear film deficiency/evaporative dry eye disease 
(EDED) Tear film abnormalities have been reported in sev-
eral brachycephalic breeds [26–33]. These include reduced 
tear film stability compared with non-brachycephalic dogs 
[34], often attributable to insufficient preocular mucins 
and/or lipids [35]. The tear film break-up time (TBUT) in 
brachycephalic breeds is approximately 18% shorter than 

FIGURE 10    |    Stacked bar charts depicting FS levels across all study groups before and after therapy. The visualization highlights group-specific 
changes and overall trends in FS following treatment. Grading of FS: Grade 1: Fluorescein-negative; Grade 2: Focal weak epithelial uptake; Grade 3: 
Diffuse epithelial uptake; Grade 4: Fluorescein-positive defect.

FIGURE 11    |    Stacked bar charts illustrating the distribution of ocular discharge severity across all study groups before and after therapy. Grading 
of ocular discharge: Grade 1: Small amount of discharge present at the medial canthus or lower eyelid; Grade 2: Discharge spread across the cornea 
during blinking, leaving strands on the surface; Grade 3: Abundant discharge covering and adhering to the cornea.
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in non-brachycephalic breeds, and the lipid layer is sig-
nificantly thinner [2, 26, 34, 36–39]. Importantly, there is 
no evidence of aqueous tear deficiency (ADED) [2, 8, 26], 
supporting the concept of a primarily qualitative tear film 

disorder consistent with EDED [26, 37–40]. In addition, 
Meibomian gland dysfunction (MGD) has been identified 
as a frequent underlying component of ocular surface dis-
ease in brachycephalic dogs [32]

FIGURE 12    |    Stacked bar charts comparing pigment extension across all participant groups pre- and post-therapy. Grading of pigment extension: 
Grade 1: Focal triangular pigmented area (< 3 mm) nasally adjacent to the limbus; Grade 2: Focal triangular pigmented area (≥ 3 mm) nasally adja-
cent to the limbus; Grade 3: Pigmented area extending from the nasal limbus to the center of the cornea; Grade 4: Pigmented area extending from the 
nasal limbus across the cornea; Grade 5: Pigmented area extending nasally over more than half of the corneal surface; Grade 6: Diffuse pigmentation 
involving the entire corneal surface.

FIGURE 13    |    Stacked bar charts depicting the distribution of pigment density in each group before and after therapy. Grading of pigment densi-
ty: Grade 1: Pigment density allowed full visualization of the iris; Grade 2: Pigment partially obscured iris inspection; Grade 3: Pigment completely 
obscured the iris.
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10 of 22 Veterinary Ophthalmology, 2026

FIGURE 14    |    Pugs with varying head and eyelid conformations and different PK severity. Head and eyelid conformation did not affect the severity 
of corneal pigmentation in this study.

FIGURE 15    |    Female Pug, 2 years old, Group 1 (TT only). Despite topical therapy, pigmentation progressed bilaterally over 3 years.
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4.1   |   Influence of Tear-Film on PK

Although the tear film in Pugs has not yet been studied com-
prehensively, several investigations have demonstrated altered 
tear quality in Pugs affected by PK [3, 5, 9, 12, 13], including a 
high prevalence of reduced TBUT [3, 5, 9, 12, 36, 37, 41]. A sig-
nificant association between TBUT and PK was demonstrated, 

with higher mean TBUT in unaffected dogs [12]. Furthermore, 
TBUT decreased with increasing PK severity, whereas Schirmer 
tear test (STT) values were comparable to those reported in 
other breeds [12]. Pugs with advanced PK exhibited reduced 
tear production [6] and lower TBUT [3, 5]. These findings sug-
gest that diminished tear production and shortened TBUT may 
represent consequences of chronic corneal disease rather than 

FIGURE 16    |    Female Pug, 6 months old, Group 2 (MCP + TT). Complete regression of corneal pigmentation over 2.5 years.

FIGURE 17    |    Male Pug, 8 years old, Group 2 (MCP + TT). Right eye: Pigmentation progressed over 2.3 years despite treatment.
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primary causative factors [12]. Conversely, the presence of low 
TBUT despite normal STT values supports the notion that PK in 
Pugs is not solely attributable to brachycephalic conformational 
syndrome, but may also involve intrinsic alterations in tear film 
composition [5, 8]. Furthermore, one form of dry eye may pre-
dispose patients to the other. In animals with evaporative dry 
eye disease (EDED), chronic surface damage resulting from 

reduced tear film stability can lead to diminished corneal sen-
sitivity, thereby weakening the neural stimulus for tear secre-
tion and ultimately causing secondary aqueous tear deficiency 
(ADED) [42, 43]. Similarly, several canine studies have demon-
strated reduced Schirmer tear test (STT) values in animals with 
Meibomian gland dysfunction (MGD), consistent with mixed 
dry eye disease [3, 5, 44].

FIGURE 18    |    Female Pug, 2 years old, Group 3 (NCP + CC bilaterally + TT). Symmetrical regression of pigmentation over 1.5 years, with mild re-
sidual pigment in the palpebral fissure region (left > right).

FIGURE 19    |    Spayed female Pug, 1 year old, Group 3 (MCP + CC bilaterally + TT). Complete resolution of corneal pigment in the left eye, residual 
pigment in the right eye at the palpebral fissure region over 2 years.
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Histological examination of tissue samples from the medial 
canthus of Pugs, compared with eyelid tissue from other 
brachycephalic breeds, revealed a higher density of inflam-
matory infiltrates around the Meibomian glands, within the 
conjunctiva, and in the dermis. Whether these infiltrates rep-
resent primary lesions or secondary chronic changes remains 
unclear [8].

Other potential risk factors for severe PK include previous ocu-
lar disease and increasing age [12]. Age-related impairment of 

ocular surface homeostasis has been documented in both dogs 
and humans [2, 10, 30, 45], with older dogs exhibiting a higher 
risk of PK [9, 12–14]. This predisposition may reflect progres-
sive MGD, reduced conjunctival goblet cell density, and altered 
blink physiology in dogs [2], all of which promote microtrauma 
and chronic corneal epithelial irritation. Each additional year 
of life increases the risk of keratoconjunctivitis sicca (KCS) or 
corneal pigmentation by approximately 10% [10], while the risk 
of MGD increases by 20% [32]. In dogs older than 10 years, loss 
of Meibomian glands, thinning of the tear film lipid layer, and 

FIGURE 20    |    Female Pug, 2 years old, Group 3 (MCP +CC bilaterally +TT). Pigment extension was Grade 3 in both eyes at baseline; post-therapy 
pigment nearly disappeared but partially recurred over 1.5 years.

FIGURE 21    |    Group 4: Comparison of pigment extension in eyes treated with MCP + TT only (control—blue) versus MCP + CC + TT (red). Top: 
Baseline (A), post-treatment (B), difference from baseline (C), signed-rank test. Bottom: Graphical illustration of pigment extension Grades 1–6.
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reduced STT values were significantly more pronounced than in 
dogs under 4 years of age [45]. Conversely, chronic ocular sur-
face inflammation itself promotes MGD [31, 46], perpetuating 
a self-sustaining cycle. Preserved aqueous tear secretion despite 
advancing age may represent a compensatory mechanism [34] 

that nevertheless contributes to qualitative tear film deficiency 
(EDED).

Brachycephalic breeds, irrespective of the presence of ocu-
lar surface disease (OSD), are predisposed to structural and 

FIGURE 22    |    Group 4: Comparison of pigment density between MCP + TT only (control—blue) and MCP + CC + TT (red). Top: Baseline (A), post-
treatment (B), difference from baseline (C), signed-rank test. Bottom: Photographic examples of pigment density Grades 1–3.

FIGURE 23    |    Male Pug, 1 year old, Group 4 (MCP + CC right eye + TT). The right eye (red arrow) underwent cryotherapy. Pigment cleared post-
cryotherapy but partially returned over 2.5 years; the left eye showed minimal change. Vascularization is visible where pigment has cleared after 
cryotherapy.
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functional abnormalities of the Meibomian glands. These 
changes impair tear film distribution and accelerate evapora-
tion, further destabilizing ocular surface homeostasis [2]. Breed-
typical conformational features, such as exophthalmos and 
lateral strabismus due to shallow orbits and macroblepharon, 
predispose to lagophthalmos and insufficient ocular surface 
protection. Additional factors, including reduced corneal nerve 
fiber density [47], diminished corneal sensitivity [48], decreased 
blink frequency [49], incomplete closure [2], and inadequate tear 
film quality, further increase susceptibility to chronic epithelial 
microtrauma, epithelial defects, and ulceration [15, 32, 34]. Pugs 
have a 20-fold higher risk of corneal ulcers, and even a 10% in-
crease in relative palpebral fissure width has been shown to tri-
ple the risk [15].

4.2   |   Influence of Entropion on PK

While French Bulldogs have a relatively low prevalence of me-
dial entropion despite the development of PK [11, 50], a signif-
icant correlation between the severity of PK and the extent of 
medial entropion has been found in Pugs: the more pronounced 
the entropion, the more severe the PK [9].

In Pugs, the initial site of corneal pigmentation typically co-
incides with the area of most pronounced trichiasis caused by 
stiff medial entropion hairs, combined with ocular exposure 
(Figure 1). In contrast, Shih Tzus showed medial entropion and 
caruncular trichiasis in 100% of cases, but PK in only 27% of eyes 
[26]. One explanation may be the softer hair texture of Shih Tzus 
compared to the coarse hair of Pugs, resulting in less corneal 
friction and irritation. Consequently, epiphora is the predomi-
nant clinical sign in Shih Tzus, rather than PK [21]. Notably, in 

our cohort, the degree of exophthalmos and scleral exposure did 
not influence PK development (Figure 25).

4.3   |   Corneal Pigmentation in PK

Corneal pigmentation in PK is histopathologically character-
ized by chronic epithelial inflammation [7]. In brachycephalic 
breeds, superficial pigmentation appears as centripetal migra-
tion of limbal microanatomical elements (pigment, vessels, 
leukocytes) towards the axial cornea, rather than as a stem 
cell deficiency [7]. The pigment likely reaches the superficial 
corneal epithelium via physiological epithelial turnover [51]. 
This migration may represent an adaptive response that can 
be excessively activated by even mild inflammatory triggers 
[7]. Corneal melanosis itself is a non-specific protective re-
sponse to chronic irritation caused by exposure, friction, tear 
film instability, or immunological stimulation [52]. The de-
gree of limbal pigmentation correlates with the likelihood and 
density of corneal melanosis, and in Pugs, this association has 
been confirmed [9, 12]. As expected, all eyes in this study ex-
hibited dense limbal pigmentation, most prominently on the 
nasal side.

Comparable mechanisms exist in humans. Individuals with 
heavily pigmented limbus may develop “striate melanoker-
atosis,” characterized by centripetal migration of pigmented 
epithelial cells, often triggered by chronic irritation [53, 54]. 
The corneal limbus is characterized by a band of melanoblasts 
with pigments of variable density, depending on the individ-
ual. In eyes with marked perilimbal pigmentation, benign mi-
gration beneath an intact epithelium has been documented, 
resulting in localized, permanent opacification [55]. Striate 

FIGURE 24    |    Female Pug, 7 years old, Group 4 (MCP + CC right eye + TT). Both eyes were initially densely pigmented; the right eye (red arrow) 
was treated with cryotherapy. Post-depigmentation, the right cornea re-pigmented to a lesser extent over 1 year; the left eye (no CC) showed decreased 
pigmentation and increased transparency. Extensive vascularization is visible in the previously pigmented right eye after cryotherapy.
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melanokeratosis, by contrast, may develop secondary to epithe-
lial injury or chronic corneal inflammation. Melanin may be 
transferred from melanocytes to neighboring epithelial cells, 
or melanocytes themselves may migrate centrally, resulting 
in pigmented subepithelial lines as part of an adaptive healing 
response [55]. Another condition, “hurricane keratopathy,” de-
scribes the vortex pattern of epithelial cell migration that occurs 
under conditions of increased epithelial turnover, resolving once 
the stimulus is removed [56]. In veterinary patients, removing 
the irritative stimulus typically prevents or slows melanosis pro-
gression but rarely reverses it [52]. Severe or chronic irritation is 
associated with additional corneal epithelial changes, including 
thickening, metaplasia, vascularization, and keratinization [52] 
(Figure 3c).

Taken together, PK in Pugs does not represent a distinct disease 
entity but rather a non-specific clinical manifestation of chronic 
corneal irritation with multiple etiologies [1].

4.4   |   Therapies of PK

Despite its high prevalence, few peer-reviewed studies have ad-
dressed therapeutic interventions specifically for PK in Pugs 
[20]. Most therapeutic studies have included multiple brachy-
cephalic breeds and have not focused on Pug-specific PK 
[11, 17, 21, 57, 58]. Long-term comparative data on treatment ef-
ficacy in Pugs are lacking, with only preliminary reports avail-
able [22].

In our study, therapeutic strategies were directed at the underly-
ing etiopathogenic factors. Tear film deficiencies were managed 
with topical therapy. Given the central role of inflammation in 
the pathogenesis of dry eye disease [59, 60], a combination of 
topical immunomodulatory and anti-inflammatory agents (ci-
closporin, tacrolimus, and dexamethasone) was administered. 
All dogs received long-term topical ciclosporin and tacrolimus 
therapy. Both agents are established immunomodulators in 
OSD and DED management [61–63], acting by enhancing aque-
ous tear secretion in ADED [64–66], reducing ocular surface 
inflammation [67], and supporting corneal nerve regeneration 
[40, 68]. We used several topical anti-inflammatory drugs (ciclo-
sporin, tacrolimus, and dexamethasone) simultaneously to com-
bat the various factors that cause EDED, as each of these drugs 

has a different effect on the meibomian glands, the conjunctiva, 
the CGCs, the tear film, and the cornea.

The therapeutic mechanism of action of ciclosporin in DED 
through its immunomodulatory effect, regulation of the adap-
tive immune response, and the numerous benefits at all stages 
of DED is well described in the published literature [69, 70]. 
Topical ciclosporin has a direct effect on mucin production by 
CGCs, independent of any direct effect on tear-secreting cells. 
It thus contributes to the overall effect of therapy on tear film 
disorders [71].

Ciclosporin not only enhances mucin production and increases 
goblet cell density but also exerts anti-apoptotic effects [70–73], 
contributing to ocular surface health. Clinically, it improves 
Meibomian gland expressibility and tear film stability [74, 75], 
while modestly reducing corneal neovascularization compared 
with dexamethasone [76], highlighting its therapeutic value in 
managing ocular surface disorders. Tacrolimus, 10–100 times 
more potent than ciclosporin [77], improves goblet cell density 
[78], reduces ocular surface inflammation, enhances Meibomian 
secretion and tear stability [79–81]. In canine EDED, tacrolimus 
significantly improved TBUT and ocular surface scores within 
6 weeks [40] and was shown to halt pigment progression more 
effectively than ciclosporin in KCS [82]. In this study, dexa-
methasone was added in cases of severe inflammation and 
post-cryotherapy. Corticosteroids effectively suppress inflam-
matory neovascularization and acute inflammatory responses, 
although they are less effective against mature vessels [83–85]. 
Topical corticosteroids are most effective when administered 
in the early stages of corneal neovascularization. Among the 
agents studied, dexamethasone has consistently demonstrated 
greater efficacy than fluorometholone and prednisolone [85, 86]. 
Moreover, dexamethasone has been reported to exert a bene-
ficial effect on conjunctival goblet cell density in patients with 
Sjögren's syndrome [87, 88].

In this study, conformational risk factors, particularly medial 
entropion, were addressed surgically using a modified medial 
canthoplasty (MCP). Correction of medial entropion is essen-
tial, as it represents a major trigger for PK progression [9]. 
MCP may reduce postoperative ocular irritation and corneal 
ulceration, thereby contributing to an improved quality of life 
in affected dogs [17]. The specific MCP technique employed 

FIGURE 25    |    Three one-year-old Pugs with differing skull shapes, scleral visibility, exophthalmos, and PK. The middle Pug, with minimal exoph-
thalmos and scleral visibility, exhibits the most severe PK.
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in that study, however, was not disclosed. Notably, two dogs 
required a subsequent entropion correction, and only 69.2% 
of the treated dogs (72/104) demonstrated a satisfactory eyelid 
position at the initial postoperative evaluation [17]. The sim-
plified MCP technique employed in this study simultaneously 
reduces macroblepharon and corrects medial trichiasis as well 
as medial entropion [23].

In cases of severe PK, corneal cryotherapy (CC) was performed 
in addition to MCP and topical therapy. We applied the cryo-
therapy technique as previously described for corneal melano-
sis [24]. However, that study did not include Pugs. In another 
study, seven Pugs with severe PK underwent corneal cryother-
apy followed by long-term TT (tacrolimus 0.03% and twice-daily 
tear replacement), without concurrent eyelid correction. After 
4 weeks, 30%–60% of the patients demonstrated re-pigmentation, 
and after 6 months of follow-up, all patients exhibited partial re-
pigmentation [20]. That underscores the importance of surgical 
lid correction for a successful long-term result. In the present 
study, cryotherapy was performed exclusively in combination 
with MCP, followed by long-term TT.

4.5   |   Evaluation of PK in This Study

To assess pigment distribution, we employed a classifica-
tion scheme adapted to the characteristic PK pattern in Pugs 
(Figure  4). Corneal epithelial integrity was evaluated by fluo-
rescein staining, as tear film break-up time (TBUT) testing has 
significant methodological variability [34, 89–92]. The reliabil-
ity of the TFBUT test has been reported as poor to moderate 
[93], and its results should therefore be interpreted with caution 
[43]. A study conducted in brachycephalic dogs (excluding Pugs) 
demonstrated that non-invasive TBUT (NITBUT), measured 
using the OSA-Vet (SBM Sistemi, Italy), showed poor correla-
tion with conventional standardized tests [37]. Further investi-
gations are required to validate ocular surface analyzers and to 
establish breed-specific reference values [37]. Although several 
novel approaches for evaluating NITBUT [94] and the ocular 
surface [95] have been proposed, none of these methods has yet 
undergone formal validation.

Fluorescein staining is a well-established method for assess-
ing ocular surface integrity by analyzing the staining patterns 
following its application [43]. It represents the most widely em-
ployed diagnostic procedure for evaluating tear film disorders in 
human clinical practice [96]. Multifocal punctate staining is ob-
served when fluorescein dye adheres to areas of the cornea that 
emerge as epithelial cells are desquamated [97, 98]. Fluorescein 
dot-staining is a hallmark of EDED in humans, arising when 
tear film instability disrupts the ocular surface. The corneal 
staining score is widely accepted as an objective endpoint for 
assessing therapeutic efficacy in DED [99, 100]. Analogous 
punctate staining has been reported in canine ADDE [101] and 
is equally applicable to epithelial damage in EDED. Several 
grading systems for fluorescein dot-staining in dogs have been 
proposed [26, 92, 101, 102]. Here, a scheme adapted from the 
SPOTS framework [102] was employed, comprising four grades: 
1 (no staining), 2 (mild punctate staining in a circumscribed cor-
neal area), 3 (confluent punctate staining), and 4 (fluorescein-
positive epithelial defect) (Figure  6). The additional SPOTS 

grade for combined epithelial and stromal loss was omitted as 
irrelevant to the present objectives.

ADED and EDED were differentiated using Schirmer test-1 
(STT-1) combined with a 3-point grading of mucus discharge 
(Figure  5). The elastic mucous discharge likely represents a 
CGC-mediated compensatory response to tear film evaporation, 
leading to epithelial irritation. CGCs secrete soluble mucins 
into the tear film, supporting lubrication and surface integrity 
[103]. Goblet cell density and function decline in multiple oc-
ular surface diseases (OSDs), including DED of diverse etiolo-
gies [103, 104]. Goblet cell secretion is controlled by neural and 
inflammatory signals. Neural reflex arcs link afferent sensory 
nerves with efferent parasympathetic and sympathetic fibers 
to trigger mucin release. In early DED and allergic conjuncti-
vitis in humans, epithelial injury and nerve activation enhance 
reflex-driven goblet cell secretion, particularly the large gel-
forming mucin MUC5AC [46]. The release of mucin is triggered 
by inflammatory mediators such as histamine, leukotrienes, 
cytokines, and prostaglandins [103, 105]. The number and 
functional activity of CGCs are tightly regulated in response to 
external stimuli [103]. Moreover, their abundance generally cor-
relates negatively with the degree of inflammation [103, 104]. 
Alterations in the quantity, morphology, and function of CGCs 
are therefore regarded as both a cause and a consequence of dry 
eye disease (DED). Although CGCs are clearly involved in the 
onset and progression of DED in humans, their precise role in 
the underlying pathophysiology remains poorly understood [46]. 
Consequently, the role and function of goblet cells in brachyce-
phalic breeds in general—and in the pathophysiology of the Pug 
in particular—warrant further detailed investigation.

In this study, fluorescein staining scores decreased over time 
across all treatment groups, paralleling reductions in mucous 
discharge and improvements in tear film parameters. At the ini-
tiation of therapy, the majority of dogs exhibited Grade 2 or 3 dis-
charge, which progressively decreased in all treatment groups. 
This finding is consistent with the expected pharmacological 
effect, as ciclosporin, tacrolimus, and dexamethasone were ad-
ministered topically and are known to enhance CGC and MG 
function through immunomodulatory mechanisms. A reduc-
tion in fluorescein staining was also noted, as were decreases in 
STT-I values, the latter returning to physiological levels. These 
improvements were observed across all four groups and reached 
statistical significance.

4.6   |   Discussion of the Results

In Group 1 (TT only), a significant reduction in the extent of 
corneal pigmentation was observed following treatment; how-
ever, pigment density remained largely unchanged. In contrast, 
Group 2 exhibited a more pronounced therapeutic benefit, with 
complete regression of corneal pigmentation documented in two 
dogs (Figure 18). This superior response is likely attributable to 
the correction of both exposure and trichiasis, as well as the ear-
lier timing of intervention—implemented when PK was still in 
its initial stages and therefore more amenable to modification.

Across both groups, more favorable outcomes were consistently 
associated with lower baseline pigmentation, a finding that 
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aligns with the known etiopathogenesis of PK and its associa-
tion with chronic inflammatory OSD. Although the clinical im-
provements in Group 2 (MCP + TT) appeared superior to those 
observed in Group 1, this difference did not achieve statistical 
significance, most likely due to the limited sample size and re-
sultant constraints on statistical power.

In severe PK cases, CC was added to MCP and TT (bilaterally in 
Group 3, unilaterally in Group 4) to selectively target melano-
cytes through cryolysis [106, 107]. In CC-treated eyes, corneal 
pigmentation regressed within days after application of CC. After 
clearance, underlying vascularization became visible, revealing 
chronic stromal keratitis (Figures  23 and 24) and supporting 
the classification of PK as a non-specific chronic inflammatory 
corneal disease. Re-pigmentation in Groups 3 and 4 remained 
below baseline, yet even partial re-pigmentation showed more 
pronounced regression than in cryo-untreated eyes.

Higher improvement scores in Groups 3 and 4 should be in-
terpreted cautiously, as more extensive baseline pigmentation 
made improvements appear greater than in milder cases. This 
should be considered when comparing Group 1 with Groups 
2 and 3. In Group 4, intra-individual comparisons suggested a 
clinical benefit of adjuvant cryotherapy, though it was not statis-
tically significant.

In this study, MCP was performed in Pugs as early as 6 months 
of age. Given that both time and age represent critical factors in 
the development and progression of PK and the associated tear 
film deficiencies in this breed, initiation of combined therapy is 
recommended as soon as alterations of the ocular surface are 
detected.

4.7   |   Limitations of the Study

The retrospective design constitutes the major limitation of this 
study, as it is associated with subjective documentation and het-
erogeneous follow-up intervals. The clinical nature of the study 
population may have introduced bias, resulting in variable base-
line characteristics and PK assessments.

Additionally, the limited sample size restricts the extent to 
which these findings can be generalized. This small cohort is 
largely attributable to the need for consistent owner compliance 
with the prescribed treatment regimen, attendance at scheduled 
recheck appointments, and follow-up duration.

The inclusion of additional diagnostic measures, such as non-
invasive tear break-up time (NITBUT), would have enabled a 
more accurate assessment of changes in tear film quality during 
the observation period. Despite NIBUT correlating poorly with 
conventional standardized tests in one study (measured with the 
OSA-Vet; SBM Sistemi, Italy) [37], its reproducibility across vis-
its has been reported [108].

Further research is warranted to clarify the underlying mecha-
nisms of PK in Pugs, with particular attention to tear film defi-
ciency (EDED), conjunctival goblet cell function, and the role of 
limbal stem cells.

5   |   Conclusions and Clinical Relevance

The results of this study support the superiority of combined 
simplified MCP and topical therapy for tear film deficiency over 
topical therapy alone in the management of PK in Pugs. Clinical 
efficacy seems to be highly dependent on simultaneous entropion 
correction during MCP. In advanced cases with marked pigmen-
tation at presentation, cryotherapy provides additional therapeutic 
benefit when combined with MCP and topical treatment, although 
partial recurrence of pigmentation may occur over time.

Most importantly, the findings underscore the clinical rele-
vance of early intervention: initiation of combined treatment 
(simplified MCP with lifelong topical therapy for DED) at the 
earliest stage of ocular surface alteration is associated with 
markedly improved long-term outcomes and might be consid-
ered the standard of care in affected Pugs. Furthermore, this 
study confirms that PK in the Pug is a non-specific chronic 
inflammatory corneal disease triggered by multiple irritating 
factors, which can be reversed when treated effectively in its 
initial stages.
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