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Abstract

Objectives Geriatric health screening in cats is highly recommended. However, information about normal and
abnormal findings is scarce, especially regarding the eyes of ageing cats. This prospective study examined the
influence of the ageing process on vision and ocular structures in older cats.

Methods A total of 209 cats (aged 9-24 years) underwent physical examination, vision assessment, slit lamp
biomicroscopy and ophthalmoscopy. Systolic blood pressure (SBP) measurement, Schirmer tear test (STT) reading
and rebound tonometry were performed. Systemic disease was not a criterion for exclusion.

Results Vision was good in 157/209 cats (75.1%) and impaired in 52/209 cats (24.9%). Increasing age and the
occurrence of vision impairment were not statistically associated (P = 0.053). Retinal oedema, retinal haemorrhage
and/or retinal detachment (19 cats) and glaucoma (12 cats) were the most common findings in vision impaired cats.
Increasing age was significantly associated with the occurrence of lenticular sclerosis (P = 0.01) and attenuated
retinal vessels (P = 0.02). Increasing age and SBP were significantly associated with the occurrence of retinal
detachment, haemorrhage and oedema (P <0.001 each). In cats without evidence of hypertensive ocular damage,
younger cats had a tendency for higher SBP values than older cats, although this difference was not significant.
Mean intraocular pressure (IOP) was 16.5 = 5.0 mmHg. Age did not significantly affect the IOP values (P = 0.54).
Mean STT was 15.8 = 4.8 mm/min. The STT was found to increase with age (P = 0.025).

Conclusions and relevance Although vision impairment is not a clinical sign of old age in cats, age-related changes
may contribute to vision-threatening diseases. This study contributes to preventive healthcare by examining the
influence of the ageing process on vision and ocular structures in older cats.

Accepted: 16 October 2017

Introduction
The increasing life span of cats and the considerable pro- regarding the occurrence and the influence of age on
portion of older cats in the pet population requires ocular changes in the eyes of older cats. Whereas there
improved healthcare in older feline patients.'? Routine are several studies on systolic blood pressure (SBP) in
health screening, including a physical examination, lab- adult cats,!*2! there is a paucity of information about
oratory tests, blood pressure measurements and a rou- normal SBP in older cats, especially regarding the ageing
tine ophthalmological examination, is recommended in
elderly feline patients.3- The classification of age-related
changes and age-related disease is a challenge in veteri- RO .

. . . Universitat Berlin, Germany
nary practice because pertinent studies are scarce.?”® 2Department of Veterinary Epidemiology and Biometry, Freie
This is particularly true regarding the eyes of ageing  Universitat Berlin, Germany
cats. Previous studies focus on single ocular structures
such as the lens,’ case series about pathological changes , , .

- 10 1114 Johanna C Eule, Dipl ECVO, Small Animal Clinic, Faculty of
such as entropion, ocular tumours, aqueous Veterinary Medicine, Freie Universitat Berlin, Oertzenweg 19b,
humour misdirection syndrome'> or hypertensive retin- 14163 Berlin, Germany
opathy.'¢-18 To the authors” knowledge, there is no study  Email: corinna.eule@fu-berlin.de

1Small Animal Clinic, Faculty of Veterinary Medicine, Freie

Corresponding author:


https://uk.sagepub.com/en-gb/journals-permissions
https://journals.sagepub.com/home/jfms
mailto:corinna.eule@fu-berlin.de
http://crossmark.crossref.org/dialog/?doi=10.1177%2F1098612X17742528&domain=pdf&date_stamp=2017-11-27

Journal of Feline Medicine and Surgery

feline eye.”?? Intraocular pressure (IOP) in older cats was
determined only in one study using applanation tonom-
etry5> Only one study measured the Schirmer tear test
(STT) in older cats.” Therefore, the aim of the present
study was to contribute to preventive healthcare by
determining normal values of SBP, STT and IOP, examin-
ing vision and the occurrence of ocular changes, as well
as assessing how age influences all of these parameters
in older cats.

Materials and methods

Study population

A total of 209 cats were examined over a 28 month
period in the Small Animal Clinic at the Freie
Universitdt of Berlin, Germany. The study was con-
ducted according to the guidelines of the Association
for Research in Vision and Ophthalmology (ARVO).
Owner consent was given prior to all examinations.
Systemic disease was not a criterion for exclusion. No
further examinations were conducted when the han-
dling was too stressful for the cat or the clinical condi-
tion would have led to the corruption of the results.
The cats were allocated into three age groups follow-
ing the American Association of Feline Practitioners
(AAFP) senior care guidelines: middle-aged cats (9-10
years), senior cats (11-14 years) and geriatric cats (=15
years).4

Procedures

All procedures were part of routine preventive health-
care in older cats.>> SBP was measured using the Doppler
technique and following the corresponding American
College of Veterinary Internal Medicine (ACVIM) rec-
ommendations.?® SBP <160 mmHg was considered nor-
mal. SBP >160 mmHg with known target organ injury
was considered systemic hypertension.

Vision was evaluated based on history and standard
vision testing (orientation skills, menace response, daz-
zle reflex and when necessary cotton ball test and visual
placing). If at least one eye was blind or had questiona-
ble or reduced vision, the animal’s vision was classified
as ‘impaired’.

A standardised STT strip (Schirmer Tear Test; Intervet)
was placed in the lateral conjunctival sac for 60 s.

Slit lamp biomicroscopy was performed with the
KOWA SL-15 (KOWA).

Rebound tonometry was performed using the
Tonovet (Icare) following recommendations from the
literature.?*

After tonometry, mydriasis was induced using 0.5%
tropicamide (Mydrum; Bausch & Lomb). The lenses
were examined in complete mydriasis by using the slit
lamp. The vitreous, fundus and optic disc were exam-
ined using the Panoptic indirect monocular ophthalmo-
scope (Wellch Allyn).

Statistical analysis
Descriptive statistics were used to assess the validity and
plausibility of the data.

Normal distribution of metric parameters was deter-
mined using the Kolmogorow-Smirnov test and histo-
grams with marked curves of standard distribution and
Q-Q diagrams.

The SBP range was determined by excluding animals
with hypertensive changes of the anterior chamber, vit-
reous, retina and retinal vessels, as well as those on anti-
hypertensive medication.

The STT range was found by excluding cats with ocu-
lar discharge as well as those with changes in the con-
junctiva and in the cornea.

The range of IOP was determined by excluding ani-
mals with changes in the cornea and the anterior
chamber.

The IOP difference between the right eye (OD) and
the left eye (OS) was calculated. Mean STT and mean
IOP were calculated by averaging the sum of OD and OS
values. The STT and IOP values determined in this study
were compared to known reference intervals using the
one-sample t-test.”?* The mean STT reference value was
calculated using the average results OD and OS, pub-
lished elsewhere.”

Linear regression analysis was used to evaluate the
influence of age on SBP, IOP and STT. The 97.5% confi-
dence percentile (typical maximum value) was plotted
in the SBP chart to show the tendencies of maximum SBP
values in animals without hypertensive changes in the
three age groups.

The influence of age and SBP on ocular changes and
the associations between age and the occurrence of
hypertensive retinopathy, uveitis and glaucoma were
evaluated using logistic regression models. The proba-
bility of the occurrence of either ocular changes, hyper-
tensive retinopathy, uveitis or glaucoma was used as
dependent factors, while age and SBP were included as
independent factors.

Data analyses were performed using commercial data
analysis software (IBM SPSS Statistics version 22). The
significance level was P <0.05.

Results
The study included 209 cats between 9 and 24 years of
age (mean 13.0 = 2.6 years). The population consisted of
122 males (118 castrated and four intact) and 87 females
(81 spayed and six intact). A total of 74/209 cats had out-
door access, 124/209 were strictly indoor, 11/209 cats
had unknown housing regimens. Fourteen pedigree
breeds were included, while the majority (157/209) were
domestic shorthair cats.

SBP was measured in 164 cats. A total of 91/164 ani-
mals met our criteria to determine SBP values. Mean SBP
was 153.9 = 29.3 mmHg. SBP did not increase with age
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Figure 1 Mean systolic blood pressure (SBP) in 91 cats
without hypertensive ocular changes. Of these, 23/91 cats
(25.3%) were mature (9-10 years), 50/91 cats (54.9 %) were
senior (11-14 years) and 18/91 cats (19.8 %) were geriatric
(=15 years). The 97.5% confidence percentile (typical
maximum value) is plotted in the chart to see the tendency
of decreasing maximum SBP values in older cats without
hypertensive ocular changes

(P = 0.4), but the 97.5% confidence percentile of the SBP
decreased with age (Figure 1).

Vision was good in 157 cats (75.1%) and impaired in
52 cats (24.9%). The most common ocular causes of
vision impairment were retinal oedema, haemorrhage
and/or detachment (19 cats), followed by glaucoma (12
cats). Increasing age and impaired vision were not statis-
tically associated with each other (P = 0.053).

The STT was performed in 157 cats. A total of 79/157
animals met our criteria to determine STT values. The
results are shown in Table 1.

IOP was measured in 195 cats. A total of 147/195 ani-
mals met our criteria to determine IOP values. The
results are shown in Table 1. The IOP difference between
OD and OS was 2.8 = 2.8 mmHg. There was no statisti-
cal association between increasing age and IOP differ-
ence (P = 0.39).

Findings in ocular structures are presented in Tables
2-4.

Increasing age was not statistically associated with
any of the following variables (univariate logistic regres-
sion): entropion (P = 0.173), ptosis (P = 0.228), pig-
mented moles of the eyelid (P = 0.509), conjunctivitis
(P = 0.383), corneal changes (P = 0.851), scleral changes
(P = 0.281), changes of the anterior chamber (P = 0.168),
pupil changes (P = 0.909), changes of the lens position
(P = 0.269), the lens capsule (P = 0.343), the lens cortex
(P = 0.442), vitreous changes (P = 0.077), tortuous reti-
nal vessels (P = 0.898) and peripapillary halo (P = 0.969).

Increasing age and the occurrence of bilateral enoph-
thalmos were statistically associated (P = 0.01). Seven
out of nine cats with this condition were underweight,
and the enophthalmos was considered pain-related in
one cat.

We found a strong statistical association between
increasing age and the occurrence of iris atrophy and
concurrent iris pigment changes (P = 0.002), but not
with iris atrophy (P = 0.101) or iris pigment changes
only (P = 0.247) (univariate multinomial logistic regres-
sion). However, there was a trend for iris atrophy being
more likely associated with older age (OR 1.127, confi-
dence interval 0.977-1.301), and iris pigment changes
being more likely associated with younger age (OR
0.903, confidence interval 0.760-1.073). Two out of three
elevated iris pigment changes were histopathologically
confirmed as iris melanomas.

Increasing age and the occurrence of lenticular sclero-
sis (P = 0.01) and attenuated retinal vessels (P = 0.02)
(univariate binary logistic regression each) were statisti-
cally associated. Age and SBP combined were strongly
associated with the development of retinal oedema,
haemorrhage and detachment (P <0.001, multivariate
multinomial logistic regression). Mean SBP was 181.3 +
43.6 mmHg in cats with retinal haemorrhage and/or
oedema but no signs of retinal detachment. In cats with
retinal detachment, mean SBP was 215.9 * 49.1 mmHg.

Hypertensive retinopathy

The risk of the occurrence of hypertensive retinopathy
increased with age (P = 0.005, OR = 1.26, confidence
interval 1.073-1.477). Clinical signs of hypertensive
retinopathy in 26 cats are shown in Table 8. In 6/18 cats
with retinal oedema and/or haemorrhage, SBP was
<160 mmHg; in one cat with 170 mmHg, unilateral

Table 1 Schirmer tear test (STT) values in 79 cats without ocular discharge and without changes in the conjunctiva
and the cornea, and intraocular pressure (IOP) values in 147 cats without changes in the cornea and anterior chamber.
Influence of age and comparison to known reference values (test value) with the one sample t-test are shown

Mean Minimum  Maximum Median Influence of age Test value Pvalue
STT (mm/min)  15.8 = 4.8 7 68 185 P =0.025 18.7% P <0.001
IOP (mmHg) 16.5 5.0 6 S8 16.5 P=0.5 20.7421 P <0.001
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Table 2 Findings in the anterior segment of the eye in 209
older cats (multiple mentions are possible)

*See Table 6

tSee Table 6; the other cause for corneal oedema was keratitis

+See Table 8

§Seven cases with uveitis (Table 6); one other cat showed a flesh-
coloured discolouration without uveitis caused by lymphoma, in one
other cat the cause of the flesh-coloured discolouration was unknown
fCauses are glaucoma (n = 3), Horner syndrome (n = 2),

extraocular tumour (n = 2), uveitis (n = 1), hypertensive retinopathy
(n = 1), lens luxation (n = 1), synechia (n = 1), unknown (n = 5)

haemorrhage was presumably caused by an ipsilateral
oral neoplasia; in two cats, SBP was not measured.

Table 3 Features of iris pigment changes in 38 cats
(multiple mentions are possible)

Table 4 Findings in the posterior segment of the eye in
209 older cats (multiple mentions are possible)

*See Table 6

tSee Table 8

#See Table 6; the other virtual changes were presumed arteria
hyaloidea persistens (two cats) and uveal massess that affected the
virtual shape (two cats)

Therefore, these animals were not diagnosed with hyper-
tensive retinopathy.

Uveitis and glaucoma

There was no statistical association between increasing
age and the occurrence of uveitis (P = 0.843) and glau-
coma (P = 0.696) (univariate binary logistic regression
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Table 5 Age, breed, sex, presumed cause of uveitis and information regarding the presence of glaucoma in 13 cats

DSH = domestic shorthair; cm = castrated male; sf = spayed female; |g = immunoglobulin

Table 6 Clinical signs of uveitis (13 cats) and glaucoma
(13 cats) (multiple mentions are possible)

each). Clinical signs and causes of uveitis and glaucoma
are shown in Tables 5-7.

Discussion

This study addressed the need for information about the
ageing feline eye as a contribution to preventive health-
care in older cats by examining 209 cats =9 years of age.
We determined ranges of SBP that are unlikely to affect
the ageing feline eye, as well as normal values for the STT
and IOP in ageing subjects. This is the first study that has
examined the occurrence of ocular changes in older cats.
Overall, the cats were examined once, and animals
younger than 9 years old were not included. Therefore, it
was not always possible to determine the onset of the
ophthalmological changes. However, it was possible to
determine the statistical association between increasing
age and ocular changes, SBP, STT and IOP values.

Mean SBP (153.9 * 29.9 mmHg) in the present study
was higher compared with two other studies (133.6 *
21.5 mmHg and 134.4 * 6.7 mmHg).”??> Both studies
examined healthy client-owned cats with the indirect
Doppler technique.”?? In the present study, systemic dis-
ease was not a criterion for exclusion. Therefore, these
values are not exactly comparable. Although we tried to
limit the white-coat effect, it is possible that SBP increased
temporarily in some cats.

In this study, there was no significant change in SBP
associated with age (P = 0.4), but there was a trend for
lower SBP in older cats without evidence of hyperten-
sive ocular damage, with the 97.5% confidence percen-
tile of the SBP decreasing with age (Figure 1). Some
authors report an increased blood pressure with
increased age in feline patients.”?%2! In other studies, age
was not associated with increasing blood pressure.'9?225
The decreasing maximum values of SBP in the higher
age groups of the present study could be an indication
that younger cats have better ocular protection mecha-
nisms against higher SBP than older cats.
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Table 7 Age, breed, sex and presumed cause of glaucoma in 13 cats

Cat reference number  Age (years) Breed Sex Presumed cause Number of affected cats
See Table 5 Uveitis 10
161 17 DSH sf Uveal neoplasia 1
172 14 DSH cm Iris neoplasia with renal involvement 1
163 14 DSH sf Unknown 1

DSH = domestic shorthair; cm = castrated male; sf = spayed female

A total of 75% of the cats in the present study showed
good vision. The most common causes of vision impair-
ment were retinal oedema, haemorrhage and/or detach-
ment and glaucoma. Increasing age was statistically
associated with the occurrence of these retinal findings,
but not with the presence of glaucoma. This conforms
with one other publication where the most common
finding in cats with vision loss was retinal detachment.!8
Furthermore, glaucoma is considered to be one of the
most frequent causes of irreversible blindness in cats.!
The results of the present study show that vision impair-
ment per se is not a sign of old age in the cat. However,
age-related changes of the eye may be a contributing fac-
tor for vision impairment.

In this study, mean STT was 15.8 * 4.8 mm/min. STT
values increased with age (P = 0.025). These results dif-
fer from the findings of another study in cats >6 years of
age, where mean STT was 13.7 mm/min and STT did not
change with age.” Lower and higher STT readings are
reported in younger cats (14.3 * 4.7 mm/min, 16.2 = 6.2
mm/min, 20.4 = 5.5 mm/min).26-28 Age-related reduced
tear production is reported in humans with a higher
prevalence in women, as well as in dogs of various
breeds, sex and ages of onset of clinical signs.?*-3! Dry
eye disease is multifactorial: osmolarity is always
increased, while tear volume, proteins and in some cases
lipids are reduced.®? A new study found a weak correla-
tion between age, tear film break-up time and tear film
osmolarity in cats. Both test values decreased in cats =7
years.3 The present study supports the opinion that age-
related reduced aqueous tear production does not occur
in the cat. Other tests were not within the scope of this
study, but could be valuable regarding further informa-
tion about dry eye disease.

In the present study, IOP values did not decrease with
age. The mean IOP was 16.5 = 5.0 mmHg. This value was
significantly lower than the mean IOP (20.74 mmHg)
obtained by Rusanen et al using rebound tonometry in
healthy cats (mean age 42 months) (P <0.001),* and was
equal to the values obtained by von Spiessen et al (16.7 +
3 mmHg).3 Only one other study evaluated IOP in older
cats (mean age 12.3 =+ 2.9 years) using applanation tonom-
etry. Themean IOPwas 12.3 = 4 mmHg and IOP decreased
with increasing age.’ The discrepancy between the values
obtained with rebound and applanation tonometry can

easily be explained by the different reliability of the
tonometers. Applanation tonometry is considered to
underestimate IOP values.®® Therefore, because of the
similarity to the IOP values determined by von Spiessen
et al* the results of the present study can be considered
reliable and applicable in routine healthcare for older cats.

In the present study, the most common ocular changes
were found in the iris, the lens and the fundus.

Iris atrophy and pigment changes were common.
Although not statistically significant, we found it inter-
esting that animals with iris atrophy were likely older,
and animals with iris pigment changes were likely
younger. Iris atrophy is reported in older dogs, and is
also considered an age-related change in cats.*3637

Some authors consider non-neoplastic changes in iris
pigmentation to be age-related changes in healthy senior
cats.* However, non-neoplastic changes in iris pigmenta-
tion may eventually progress into neoplasia.!!38 Dyscoria
and abnormal pupillary light reflex are reliable indica-
tors to distinguish iris melanoma from melanosis iridis.*
Extrascleral extension, choroidal invasion, higher mitotic
index and necrosis are associated with an increased rate
of metastasis in iris melanoma.?® Therefore, our study
supports the opinion that although non-neoplastic
changes in iris pigmentation are seen frequently in older
cats, they should not be considered normal age-related
findings and must be monitored closely.

Lenticular sclerosis was the most common finding of
the present study. Increasing age and the occurrence of
lenticular sclerosis were strongly associated. This is con-
sistent with other publications.*” In one study of 2000
normal cats, 50 cats with diabetes and 100 cats after
dehydration crisis termed the age at which cataract prev-
alence was 50% (C50). C50 for lenticular sclerosis was
14.6 = 4.1, which is higher than the mean age (13.2 *+ 2.6
years) in our study.® Unlike these authors, we dilated the
cat’s pupils, which may contribute to better detection of
lenticular sclerosis.

In the present study, small linear cortical opacities
were found in 31 cats. The association between increas-
ing age and the occurrence of cortical changes could not
be proven. C50 for cataracts in the study of Williams et al
was 12.7 + 3.4 years in the normal cats. Most of the lens
opacities were small linear opacities of the posterior cor-
tex. In cats with diabetes and after dehydration crisis,
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Table 8 Age, breed, sex, clinical signs, systolic blood pressure (SBP) and antihypertensive medication in 26 cats with
hypertensive retinopathy

"Hypertensive retinopathy was diagnosed and treated prior to this study

THypertrophic cardiomyopathy secondary to hyperthyreosis was diagnosed and treated prior to this study
+Systemic hypertension was diagnosed and treated prior to this study

§Chronic renal disease was diagnosed and treated prior to this study

BSH = British Shorthair; DSH = domestic shorthair; f = entire female; m =entire male; cm = castrated male; OD = right eye; OS = left eye; OU
= both eyes; sf = spayed female
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cataracts developed earlier. (C50 was 5.6 = 1.9 and 9.9 +
2.5 years).? It cannot be ruled out that prior dehydration
crisis affected the data in the present study:.

The occurrence of attenuated retinal vessels and
increasing age were statistically associated in the present
study. In people, age affects the hyalinisation of retinal
vessels and a decreased density of the choriocapillaris.*!
Maggio et al'® concluded that vascular narrowing, which
occurs in human patients, may also develop in the ear-
lier stages of hypertensive retinopathy in cats.!
Multifocal cerebral arteriosclerosis with focal haemor-
rhage was also found in the brains of cats with neuro-
logic signs of systemic hypertension.!® It is possible that
attenuated retinal vessels are early signs of age-related
vascular changes that could later affect the protection
mechanisms of cats against higher SBP.

Both age and SBP combined were strongly associated
with the occurrence of retinal oedema, haemorrhage and
detachment in the present study. The mean SBP in cats
with retinal oedema and/or haemorrhage was 181.3 *
43.6 mmHg and 215.9 = 49.1 mmHg in cats with retinal
detachment. In 6/18 cats with retinal oedema and/or
haemorrhage, the SBP was <160 mmHg (140-160
mmHg). Therefore, they were not diagnosed with hyper-
tensive retinopathy. Retinal oedema, haemorrhage and
detachment are common signs of hypertensive retinopa-
thy.1718 Increased blood pressure causes vasoconstriction
of retinal arterioles and ultimately degenerative damage
of the endothelium and the smooth muscle layer, leaking
blood and serum into the retinal tissue.*> Hypertension
may also lead to occlusion of the choriocapillaris, ulti-
mately resulting in ischaemia of the outer retina, exuda-
tions in the subretinal space and complete retinal
detachment — a sign of hypertensive choroidopathy.*®
Karck et al?? found a positive correlation of SBP with the
grade of fundus change (retinal detachment being the
highest grade) and with age.?? Furthermore, sudden
increases of SBP (spikes) are also suggested to cause reti-
nal damage, and retinal haemorrhage and oedema also
occurred in anaemic cats.!84 The results of the present
study show that age and SBP combined have the strong-
est influence on the occurrence of retinal oedema, haem-
orrhage and detachment. Ocular age-related changes,
such as attenuated retinal vessels, may favour the devel-
opment of hypertensive retinopathy. Furthermore, the
occurrence of retinal detachment may require higher
SBP values than retinal oedema or haemorrhage. Retinal
oedema and haemorrhage may also occur in cats with an
SBP <160 mmHg. This may also be caused by vasculitis
due to systemic disease, but SBP spikes and generally
hypertensive retinopathy should be considered.

Conclusions
Routine ophthalmological examination as part of geriat-
ric health examination in cats can give important cues for

systemic illness and can prevent vision impairment. This
study provides information about the occurrence of ocu-
lar changes in older cats and their association with age.
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