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Abstract

Objective: To compare complication rates and visual outcomes following phaco-
emulsification in Pugs versus dogs of other breeds.

Animals studied: Thirty-two pure-bred Pugs (55 eyes) and 32 dogs of other breeds
(56 eyes) undergoing phacoemulsification.

Procedures: Multi-institutional retrospective medical record review of periopera-
tive factors, postoperative complications, and visual outcomes. The reference popu-
lation of dogs of varying breeds included surgical cases following each Pug case at
the same institutions. Perioperative risk factors and postoperative complication rates
were compared between the two populations.

Results: Pigmentary keratitis and diabetes mellitus were the most common preopera-
tive comorbidities, found in 75% (P < .001) and 72% (P = .12) of Pugs, respectively.
No perioperative factors were significantly associated with postoperative compli-
cations in Pugs. Postoperative complication rates were similar between groups;
however, the most common complication in Pugs was corneal ulceration (15% of
operated eyes), whereas glaucoma was most common in the reference population
(13% of operated eyes). Three months postoperatively, vision was preserved in 91%
of eyes of Pugs (50/55) and 95% of the reference population (53/56). One year post-
operatively, 80% (32/40) of Pug eyes and 82% (28/34) of eyes in the reference popu-
lation remained sighted.

Conclusions: Comorbidities and complications of cataract surgery in Pugs of this
study demonstrate a predisposition for corneal disease. This highlights the impor-
tance of preoperative evaluation of factors associated with PK and corneal clarity,

and postoperative monitoring for corneal ulceration in this breed.
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1 | INTRODUCTION

Complications of cataract removal by means of phacoemul-
sification in the dog include, but are not limited to, corneal
endothelial cell damage, corneal ulceration, endophthalmitis,
glaucoma, incision dehiscence, lens capsule opacification,
lens fiber regrowth, postoperative ocular hypertension (POH),
pre-iridal fibrovascular membranes, prosthetic intraocular
lens (IOL) malpositioning, retinal detachment, and uveitis.'”’
Numerous studies have demonstrated a relationship between
dog breed and postoperative complications of phacoemul-
sification, with glaucoma, retinal detachment, and corneal
ulceration commonly reported.‘m’g'16 Clinical and histologic
studies of canine eyes that have undergone phacoemulsifi-
cation suggest an increased risk of postoperative glaucoma
in breeds such as Boston Terriers, Cocker Spaniels, Shih
Tzus, Labrador Retrievers, Poodles, Bichon Frise, Rhodesian
Ridgebacks, Australian Cattle Dogs, Jack Russell Terriers,
and Parson Russell Terriers.>®'""1>!® There is conflicting
evidence as to whether the Bichon Frise is predisposed to
postoperative retinal detachment.®!%!1*17 Causes for these
breed-associated postoperative complications are likely mul-
tifactorial. However, some authors suggest inflammation as
being one of the main general factors that can lead to post-
operative glaucoma,6’10’16 though the preoperative presence
of goniodysgenesis has also been suggested as a factor in
Cocker Spaniels.10

Postoperative corneal ulceration is of particular concern in
brachycephalic breeds due to facial conformation, decreased
corneal sensitivity, and predisposition to keratoconjunctivitis
sicca (KCS).'*18-20 Pugs are a popular brachycephalic breed
and are predisposed to corneal diseases such as pigmentary
keratitis (PK), KCS, and corneal ulceration,?*%*

The objective of this study was to investigate the incidence
of common postoperative complications, the association be-
tween preoperative findings and postoperative complications,
and the postoperative visual success rate of phacoemulsifi-
cation in Pugs, relative to a cohort of dogs of breeds other
than Pugs. To the authors' knowledge, this is the first study
reviewing complications following phacoemulsification in
this breed. This information was intended to support patient
selection, preoperative treatment recommendations, and
postoperative monitoring considerations, and to establish the
overall prognosis following phacoemulsification in Pugs.

2 | MATERIALS AND METHODS

Medical records were reviewed at nine academic and pri-
vately owned veterinary hospitals, including The Veterinary
Medical Center of Long Island, West Islip, New York;
Auburn University College of Veterinary Medicine,
Auburn, Alabama; The Ohio State University College
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of Veterinary Medicine, Columbus, Ohio; Tufts VETS,
Walpole, Massachusetts; The University of California, Davis
School of Veterinary Medicine, Davis, California; Animal
Eye Clinic of Spokane, Spokane, Washington; Long Island
Veterinary Specialists, Plainview, New York; The Animal
Medical Center, New York, New York; and Animal Eye
Clinic, Denmark, Wisconsin. Pugs undergoing phacoemulsi-
fication between 2005 and 2016 at these institutions were in-
cluded in this study. A reference population was then formed
by inclusion of the next dog, of a breed other than the Pug,
undergoing phacoemulsification at the same institution. All
dogs within the study and reference populations had under-
gone routine phacoemulsification in one or both eyes using
a one- or two-handed technique and had been examined for
at least three months postoperatively. All dogs had an initial
examination, preoperative diagnostic testing, phacoemulsifi-
cation, and follow-up care performed by, or under the super-
vision of, a Diplomate of the American College of Veterinary
Ophthalmologists (ACVO).

For both populations, information collected from the
medical record at initial presentation included age, sex,
breed, diabetic status, duration of cataract, stage of cataract
[incipient (I), immature (IM), mature (M), or hypermature
(HM)], percentage of corneal surface with pigment (0%, 1%-
10%, 11%-25%, or 26%-50%), and grade of aqueous flare (0
(absent), 0.5 (trace), 1, 2, or 3). In addition, Schirmer tear
test-1 (STT-1) values, corneal fluorescein staining, and in-
traocular pressure (IOP) obtained via rebound or applanation
tonometry, as well as whether a prosthetic IOL was implanted
at the time of surgery, were also recorded.

Throughout the postoperative period, the following find-
ings were recorded for both populations: (a) STT-1 <10 mm/
min noted at least 24 hours following surgery, (b) corneal
ulceration acquired at least 24 hours following surgery, (c)
IOP > 25 mm Hg persisting at least 24 hours postoperatively,
(d) retinal detachment (as diagnosed by funduscopic exam-
ination or ocular ultrasonography), and (e) vision at final
re-examination as well as likely causes and timing of vision
loss, if applicable. Duration of postoperative follow-up was
recorded for all dogs.

For both populations, commercial software was used to
perform descriptive (SPSS®, Version 25, IBM Corp.) and
inferential (SAS®, Version 9.4. SAS Institute Inc) statistical
analyses. In patients undergoing bilateral cataract surgery, in-
dividual eyes were treated as dependent samples. Statistical
methods were selected contingent upon independent or de-
pendent sampling of specific findings. During analysis, in-
dependently sampled quantitative preoperative findings were
compared between Pugs and the reference population using
a two-sample independent ¢ test. Independently sampled
categorical preoperative findings were compared in the two
populations using a Fisher's exact test. Dependently sampled
perioperative findings in each population were compared,
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using a generalized linear mixed model (GLMM) for categor-
ical findings, and linear mixed effects model for quantitative
values. Logistic regression, a generalized linear mixed model,
and likelihood ratios were used to investigate relationships

between preoperative findings and postoperative complica-
tions in Pugs. Logistic regression and likelihood ratios were
performed for right and left eyes independently, and results
were compared.

TABLE 1 Preoperative findings in 32 Pugs and 32 dogs of a reference population comprised of alternate breeds

Preoperative findings

Diabetes mellitus Diabetic
Nondiabetic
Age (y) <5
5-10
>10
Sex (MC, M, ES) Castrated male
Intact male
Spayed female
Number (%) of operated eyes
Cataract duration (mo) <1
1-5
6-12
>12
Unknown
Pigmentary keratopathy (% corneal surface 0
area) 1-10
11-25
26-50
Unknown
Schirmer tear test result (mm/min) <10
>10
Corneal fluorescein retention Positive
Negative
Intraocular pressure (mm Hg) <10
10-14
15-25
Unknown
Aqueous flare (grade) Absent
Trace
1+
2+
3+
Cataract maturity (stage) Immature
Mature
Hypermature
IOL placement Implanted
Aphakic

Note: All dogs underwent phacoemulsification in at least one eye.

Number (%) of cases

Pugs Reference Population P-value
23 (72) 16 (50) 128
9(28) 16 (50)
2(6) 4(13) 2°
22 (69) 15 (47)
8 (25) 13 (41)
18 (56) 12 (38) 218
2(6) 1(3)
12 (38) 19 (59)
12 (22) 15 (27) 39°
18 (33) 15 (27)
6(11) 4(7)
9 (16) 6 (11)
10 (18) 16 (29)
14 (25) 54 (96) <.01°
8 (15) 0
23 (42) 2 (4)
8 (15) 0
2(4) 0
12 3(5) 57°
54 (98) 53 (95)
2 (4) 1) .84°
53 (96) 55 (98)
21 (38) 23 (41) 42°
25 (46) 22 (39)
8 (15) 7(13)
1(2) 4(7)
49 (89) 47 (84) 54°
0 3(5)
3(6) 305
1(2) 1(2)
2(4) 24
9 (16) 20 (36) 57°
35 (64) 29 (52)
11(20) 7(13)
53 (96) 51 (91) 42°
24) 509)

P-value was obtained by Fisher's exact test (a), generalized linear mixed model (b), or linear mixed effects models (c).

Statistically significant (P < .05) associations are shown in bold.
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TABLE 2 Results of statistical testing (P-values) assessing associations between preoperative risk factors and postoperative complications in

Pugs

Postoperative complications
Preoperative findings/risk

factors Low STT Corneal Ulcer
Diabetes mellitus (Y, N) 0.31* 0.13*
Age (y) 0.34% 0.3%
Sex MC=1,M=2,FS=3) 0.71* 0.43*
Cataract duration (mo) 0.1* 0.59*
Pigmentary keratopathy (Y, N) 0.4" 0.92°
Low STT result (<10 mm/min)  0.58° 0.36
NC¢ 0.59¢
Corneal fluorescein retention 0.7° 0.45*
(Y,N) NC*
IOP (mmHg) 0.92* 0.3719*
Aqueous flare (0, 0.5, 1, 2, 3) 0.28° 0.27*
0.32¢
Cataract maturity (I=1,IM =2,  0.54* 0.04*
M =3, HM = 4)
IOL placement (Y, N) 0.36" 0.34%

Note: Statistically significant (P < .05) associations are shown in bold.

Glaucoma Retinal Detachment Vision Loss
<0.01° 0.2074° 0.08°
0.18° 0.5994° 0.04°
0.58° 0.7067° 0.35°
0.6°
0.15° 0.4744° 0.45°
0.08° 0.21° 0.79°
0.42° 0.52° 0.3°
0.57° 0.71¢ 0.47°
0.37° 0.51° 0.27°
0.53¢ 0.68° 0.46°
0.41° 0.79° 0.33%
0.15° 0.22° 0.42°
0.12¢ 0.29°
0.12° 0.98° 0317
0.76* 0.31° 0.92°
0.46° 0.89¢

Abbreviations: FS, spayed female; HM, hypermature; IM, immature; M, intact male; M, mature; MC, castrated male; NC, noncalculable; N, No; Y, Yes.

Due to the dependent sampling of some data, eyes were tested independently using the following statistical models: a generalized linear mixed model including
both right and left eyes (a), logistic regression and likelihood ratios for one eye per dog including unilateral cases and the left eyes of bilateral cases (b), or logistic
regression and likelihood ratios for one eye per dog, including unilateral cases and the right eyes of bilateral cases (c).

3 | RESULTS
A total of 64 dogs were included in this study, including 32
pure-bred Pugs (64 eyes) and 32 dogs (63 eyes) of alternate
breeds. Breeds represented in the reference population in-
cluded mixed-breed dogs (6 dogs), Maltese and Maltese
crosses (5), Poodle and Poodle crosses (3), Australian Shepherd
and Australian Shepherd crosses (2) Yorkshire Terrier (2),
and one each of Bichon Frise, Border Collie cross, Boston
Terrier, Cocker Spaniel, German Shepherd cross, Irish Setter,
Italian Greyhound, Miniature Pinscher, Miniature Schnauzer,
Pomeranian, Portuguese Water Dog, Shih Tzu, Toy Fox
Terrier, and West Highland White Terrier. Pugs had a median
(range) age of 8.4 years (4-12.7 years) at presentation, and
dogs in the reference population had a median (range) age of
10 years (2.2-14.3 years). There was no significant difference
in this parameter between the two groups (P = .2). The Pugs
included 18 castrated males, 2 intact males, and 12 spayed fe-
males, while the reference population consisted of 12 castrated
males, 1 intact male, and 19 spayed females (P = .21). The
prevalence of diabetes mellitus was similar among Pugs in 72%
(23/32) and the reference population in 50% (16/32) (P = .12).
Nine Pugs underwent unilateral phacoemulsification
due to one of these findings in the nonoperated eye: retinal

detachment (n = 2), complete corneal pigmentation (n = 1),
normal lens (n = 1), incipient cataract (n = 1), lens luxation
requiring extracapsular lens extraction (n = 1), lens sublux-
ation (n = 1), phacoclastic uveitis with secondary glaucoma
(n=1), or for a reason not listed (n = 1). In the reference pop-
ulation, seven eyes did not undergo phacoemulsification due
to intraocular/orbital neoplasia (n = 2), normal lens (n = 2),
incipient cataract (n = 1), glaucoma (n = 1), or retinal detach-
ment (n = 1). Thus, there were 55 operated Pug eyes and 56
operated eyes in the reference population.

The predominant ophthalmic comorbidity in operated
eyes of Pugs was PK, which occurred in a significantly
greater proportion of Pug eyes (41/55) than eyes in the ref-
erence population (2/56) (P < .01). The percentage of the
corneal surface affected by PK in operated Pug eyes was 1%-
10% in 15% (8/55) eyes, 11%-25% in 42%, (23/55) eyes, and
26%-50% in 18% (10/55) eyes; PK was absent in 25% (14/55)
of operated eyes. Other preoperative findings were similar
between groups and are summarized in Table 1. In the Pug
population, no perioperative finding (including PK) was as-
sociated with increased rate of any postoperative complica-
tion analyzed (Table 2).

During the 3-month postoperative period, specific postop-
erative complication rates in Pugs were as follows: corneal
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FIGURE 2 Photograph of a Pug 3 y after phacoemulsification
surgery. Fluorescein stain has been applied. A paraxial deep

stromal corneal ulcer is present along with 360° perilimbal corneal
vascularization, diffuse corneal edema, and corneal pigmentation
involving <25% of the nasal aspect of the corneal limbus, and the

superior limbus adjacent to a fibrotic corneal incision

ulceration 15% (8/55), glaucoma 9% (5/55), retinal detachment
7% (4/55), and low STT-1 values 2% (1/55). Postoperative
complications and their frequency in the reference population
included glaucoma 13% (7/56), corneal ulceration 9% (5/56),
low STT-1 values 7% (4/56), and retinal detachment 5%
(3/56). The prevalence of complications in Pugs and the refer-
ence population are shown in Figure 1. There were no signif-
icant differences between Pugs and the reference population
in postoperative frequency of low STT-1 values (P = .16),
corneal ulceration (P = .46), glaucoma (P = .54), retinal de-
tachment (P = .67), or vision loss (P = .46).

Although duration of follow-up varied for each dog, me-
dian (range) duration of follow-up after phacoemulsification
for Pugs of 18 months (3-60 months) was not significantly

different (P = .27) than that for the reference population in
15 months (3-48 months). Long-term follow-up information
was not available for all subjects of this retrospective study,
given that some animals failed to return for re-examina-
tions. The frequency of re-evaluations (ie, the time between
one re-evaluation and the next) varied widely between cen-
ters. However, all dogs were examined 3 months following
phacoemulsification, at which time 91% (50/55) of operated
Pug eyes and 95% (53/56) of eyes in the reference population
were sighted (P = .49). One year following phacoemulsifi-
cation, 80% (32/40) of operated Pug eyes available for fol-
low-up and 82% (28/34) operated eyes available for follow-up
in the reference population were sighted (P = 1). At their
final postoperative examination, 76% (42/55) of operated
eyes in Pugs and 84% (47/56) of operated eyes in the refer-
ence population were sighted (P = .46). Loss of vision in Pug
eyes postoperatively was due to at least one or more of the
following causes: complicated corneal ulceration (5), retinal
detachment (5), glaucoma (4), exacerbation of PK (2), and/
or hyphema (1). Figure 2 shows a dog with postoperative PK
and a deep stromal ulcer. In the reference population, loss of
vision was a result of at least one or more of the following
causes: glaucoma (5), retinal detachment (3), and/or infected
corneal ulceration (3).

4 | DISCUSSION

Providing a prognosis for long-term vision restoration fol-
lowing cataract surgery in the dog is dependent on multiple
preoperative factors including breed.®'*!** The popularity
of brachycephalic breeds is increasing.;.22’26’27 which has sim-
ulated a widespread discussion of breed-related health priori-
ties and animal welfare issues throughout several European
countries.””*® Selective breeding of Pugs for prominent eyes
has resulted in a combination of anatomical abnormalities
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including shallow orbits, laxity of lateral canthal structures,
macroblepharon, and lagophthalmos.20’29’30 Secondary cor-
neal diseases found in this breed include exposure keratitis,
corneal ulceration, KCS, and PK.222 Each of these anatomic
features and diseases could reasonably be expected to place
Pugs at increased risk of certain complications following
phacoemulsification.

Although results of the present study suggest that Pugs
were not at statistically increased risk of postoperative com-
plications when compared to the reference population, the
predominant postoperative complication in Pugs and the ref-
erence population differed. The commonest and most serious
postoperative complication in the reference population of the
present study was glaucoma, and it was the most important
cause of vision loss this group of dogs. Similar results have
been reported previously in other studies with mixed pop-
ulations of dogs.® By contrast, the commonest postopera-
tive complication in Pugs was corneal ulceration. This was a
leading cause of vision loss in this group, where complicated
ulceration accounted for an important percentage of the cases
with blindness. This is not surprising as brachycephalic dogs,
generally, and Pugs, specifically, are at increased risk of cor-
neal ulcerative disease.”’ Taken together, findings from the
present and previous studies demonstrate the need for close
perioperative monitoring of corneal health and postoperative
measures in this breed.

In the present study, significantly more eyes of Pugs
than eyes of dogs in the reference population were affected
by PK. The overall prevalence of PK in operated Pug eyes
in the present study (75%) was consistent with previously
reported rates of 70%-82% in the breed.”"** Concurrent
keratitis, progression of corneal pigmentation, and concur-
rent treatments for PK were not consistently reported in
medical records for dogs in the present study; therefore,
this information was not assessed. However, one Pug lost
vision due to progression of corneal pigmentation in both
eyes. Further research is warranted to assess changes in
corneal pigmentation following ocular surgery. The de-
gree of preoperative corneal pigmentation also determines
whether phacoemulsification is possible. In the population
of Pugs described here, the majority of operated eyes had
either clear corneas or corneal pigmentation occupying less
than 25% of the corneal surface. This, along with the low
prevalence of preoperative KCS and corneal ulceration,
likely represents a selection bias by surgeons. Therefore,
our findings may not be representative of Pugs with pre-ex-
isting conditions such as excessive corneal pigmentation
or KCS.

Pugs are also reported to be predisposed to the de-
velopment of diabetes mellitus.”> Given the association
of this endocrinopathy with cataract development, it is
therefore not surprising that a large proportion of Pugs in
the present study were also affected by diabetes. Reduced

corneal sensitivity, secondary KCS, corneal ulceration,
and delayed corneal healing are also recognized in dia-
betic patients.“'34 However, no preoperative findings in
the present study, including diabetes mellitus, were asso-
ciated with increased risk of postoperative complications
in Pugs.

This study has the flaws inherent to a retrospective study
design and other multicentre studies. Intraoperative factors
previously documented to contribute to surgical outcome
include prosthetic IOL placement and variable proficien-
cies and techniques of surgeons.* Although prosthetic IOLs
were placed in the majority of dogs in this study, there were
limited data available in the medical records regarding other
potentially important intraoperative factors. Detailed infor-
mation about the phacoemulsification equipment used, over-
all surgical time, size, fit and type of IOLs, intraoperative
complications, surgical experience, and perioperative IOP
monitoring and treatments were not available or were var-
ied between centers and/or surgeons. Moreover, variability of
surgical skills between surgeons and centers in this study was
a confounding feature. Data were produced by a large number
of surgeons with varied surgical experience. Also, training
centers probably involved multiple surgeons in different steps
of a single surgery even if not clearly indicated in the medical
record. However, the authors feel the multicenter nature of
our data could serve to reflect overall surgical outcomes in
the United States.

Reported success rates for routine canine phacoemulsi-
fication in the United States, and the means of calculating
these, have varied widely over the last 25 years.®*>% Sigle
et al® reported a success rate of 95.5%, 6 to 12 months fol-
lowing cataract surgery, and Klein et al® reported a 94%
success rate 6 months postoperatively. Surveyed clients in
another study reported satisfaction with the surgical out-
comes in approximately 81% of dogs at a median follow-up
time of 12 months following phacoemulsification.37 Earlier
studies report lower success rates (82 to 84%).38’39 In a
recent publication by the Western College of Veterinary
Medicine, overall success rate was 79% with a mean fol-
low-up time of 2.3 years.' In the populations presented in
the current study, success rates at the 3-month and 1-year
follow-ups were similar to those recently reported in the
United States through a variety of studies. 03537 Although
the success rates at the previously mentioned time-points
in Pugs were not significantly different than those for the
reference population, the success rate for vision in Pugs
on last re-examination was lower than the reference pop-
ulation and previously reported rates for the general US
popul:altion.l’é’*gs'37 To know whether the success rate after
cataract surgery in Pugs drops at the same rate as in the
general, mixed, canine population, a prospective study with
large groups of animals that have the same follow-up time
and low number of variables is needed.
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5 | CONCLUSIONS

Significant differences in complication rates following cata-
ract surgery in Pugs and the reference population were not
noted in the present study. However, the most prevalent
complications and cause of vision loss in operated Pug eyes
in this study (ie, corneal ulceration) did differ from that for
the reference population (ie, glaucoma). Well-established
breed predilections for corneal disease in Pugs, as well as the
results of this study, demonstrate the importance of preop-
erative selection of Pugs with adequate corneal health and
close postoperative monitoring for corneal disease following
phacoemulsification.
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