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Introduction
Hyperthyroidism, the most common feline endocrino
pathy, has typically been associated with disease in sen
ior (>10 years old) or geriatric (>15 years old) cats.1,2 It 
is a progressive condition usually resulting from func
tional thyroid adenomatous hyperplasia or adenoma.3,4

Feline hyperthyroidism was first reported in 1979; 
however, knowledge of the condition, its diagnosis and 
management are continually evolving.5 It has been 
hypothesised that the disease is more prevalent now 
than previously described.6,7 Greater awareness among 
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Abstract
Objectives This study sought to explore the clinicopathological features and comorbidities of cats with mild, 
moderate and severe hyperthyroidism in a radioiodine referral population.
Methods Medical records were reviewed, along with results of serum biochemistry, urinalysis, systolic blood 
pressure and diagnostic imaging performed at the time of radioiodine referral. Cats were grouped by total thyroxine 
(TT4) levels as mildly (TT4 60.1–124.9 nmol/l), moderately (TT4 125–250 nmol/l) or severely (TT4 >250 nmol/l) 
hyperthyroid at the time of diagnosis and referral.
Results Thirty percent (42/140) of the cats were <10 years old at diagnosis. In 24.3% (34/140), hyperthyroidism 
was diagnosed incidentally. The time between diagnosis and referral for radioiodine was significantly longer in 
cats with severe hyperthyroidism at the time of referral (P = 0.004). An increase in severity group between the time 
of diagnosis and referral occurred in 38.6% (54/140) of cats. At referral, 54.3% (25/46) of cats with mild, 66.7% 
(42/63) with moderate and 80.6% (25/31) with severe hyperthyroidism were unstable despite ongoing medical 
or dietary management. The prevalence of cardiac abnormalities was significantly increased in cats with severe 
hyperthyroidism (P = 0.014) compared with those with mild or moderate hyperthyroidism. There was no significant 
difference in the likelihood of renal disease (P = 0.708) or hypertension (P = 0.328) between the groups.
Conclusions and relevance Incidental diagnosis of hyperthyroidism occurs commonly, potentially owing to 
increased disease screening. Cats with severe hyperthyroidism at referral were more likely to be chronically 
hyperthyroid with a history of poor stabilisation. This subset of patients was significantly more likely to have cardiac 
abnormalities. Thyrotoxic cardiomyopathy may ultimately affect patient suitability for curative treatments (radioiodine 
or thyroidectomy) owing to higher anaesthetic risks and potential for decompensation into congestive heart failure 
with the stress of travel and hospitalisation. Curative therapy should be considered before the development of 
severe hyperthyroidism.
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veterinarians may result in earlier diagnosis and thus 
reduced severity of clinical signs at initial presentation.1,6 
With earlier diagnoses, increasing numbers of cats will 
likely receive chronic medical (antithyroid drugs 
[methimazole and carbimazole]) or dietary (iodine
restricted diet [IRD]) therapy,8 resulting in progressive 
goitre growth and increased severity of hyperthyroid
ism.9 The resultant wide spectrum of disease severity, 
ranging from very early and mild disease to chronic and 
severe disease, is potentially different to early reports. It 
is well recognised that various comorbidities occur with 
hyperthyroidism, including cardiac and renal abnormal
ities, hypertension and dyspnoea (eg, secondary to res
piratory muscle weakness and hypercapnea); however, 
their frequency in relation to disease severity has not 
been specifically described.10

Curative treatments (radioiodine, thyroidectomy) are 
often pursued only after firstline medical treatment has 
failed; reasons for failure include poor owner or patient 
compliance, adverse drug reactions and everincreasing 
drug doses necessary to maintain euthyroidism.11 
Radioiodine offers several advantages over thyroidec
tomy, including an ability to address ectopic thyroid tis
sue, preservation of parathyroid gland function and lack 
of anaesthesia requirement.12 Considered the gold stand
ard, radioiodine therapy resulted in success rates of up 
to 94% following a single treatment in one study.13

The aim of the present study was to explore the cur
rent spectrum of hyperthyroidism by documenting the 
clinicopathological features of cats classified as mildly, 
moderately or severely hyperthyroid in a radioiodine 
referral population. A secondary aim was to determine 
the prevalence of concurrent renal and cardiac abnormal
ities, hypertension and dyspnoea in these groups of cats.

Materials and methods
Criteria for case selection
Medical records for cats undergoing assessment for radi
oiodine treatment at the Feline Centre, Langford Vets, 
between January 2009 and May 2013 were reviewed. 
Hyperthyroidism was diagnosed prior to referral based 
on a serum total thyroxine (TT4) concentration above the 
upper limit of the reference interval (RI). Cats were 
excluded owing to incomplete medical records or blood 
work, or the presence of significant comorbidities pre
cluding radioiodine treatment.

Procedures
Retrospective data were collected regarding signalment, 
clinical signs at diagnosis, physical examination find
ings, previous management for hyperthyroidism (medi
cal, dietary [IRD] or surgical), and TT4 levels at diagnosis 
and immediately prior to radioiodine treatment (when 
antithyroid medication or IRD had been withdrawn). 
Cats were classified according to TT4 levels at both time 

points (diagnosis and referral) as mildly (TT4 60.1–124.9 
nmol/l), moderately (TT4 125–250 nmol/l) or severely 
(TT4 >250 nmol/l) hyperthyroid.13 It was noted whether 
hyperthyroidism had been incidentally diagnosed (eg, at 
vaccination or when investigating another unrelated ill
ness). The time interval between diagnosis and referral 
for radioiodine treatment was recorded. Additional data 
collected during radioiodine assessment (performed 4–6 
weeks before radioiodine treatment prior to withdrawal 
of medical or dietary management) were presence of 
dyspnoea and heart murmur, serum biochemistry (urea 
and creatinine), urinalysis (urine specific gravity [USG]), 
systolic blood pressure (SBP) measurements (taken 
using catfriendly techniques with a Doppler method in 
a quiet, isolated room and not at the time of physical 
examination or blood sampling), abdominal ultrasonog
raphy, thoracic radiography and echocardiography 
findings.

The change in TT4 concentration between diagnosis 
and referral for individual cats was calculated using TT4 
ratios, as multiple laboratories were utilised at diagno
sis. The ratio of the TT4 level:upper limit of the RI pro
vided by the laboratory was calculated at both diagnosis 
and referral (ie, a ratio >1 indicated a TT4 level above 
the upper RI). The percentage change between these two 
ratios was determined. Cases were excluded from these 
analyses if the TT4 value at diagnosis was unknown (ie, 
recorded as >90 nmol/l).

The presence of comorbidities (cardiac abnormalities, 
renal disease [chronic kidney disease; CKD], dyspnoea 
and hypertension) was recorded and relationships 
between disease severities investigated. 

CKD was defined (and staged) according to 
International Renal Interest Society (IRIS) guidelines 
based on serum creatinine concentrations, USG and 
accompanying ultrasonographic evidence of chronic 
renal changes (chronic degenerative changes, including 
loss of corticomedullary distinction, reduced renal size 
or altered renal shape). Serum urea and creatinine con
centrations were recorded at the assessment visit (prior 
to withdrawal of dietary or medical management). Renal 
azotaemia was defined as a serum creatinine concentra
tion >177 µmol/l in conjunction with inadequate urine
concentrating ability (USG <1.035).14 

Tachycardia was defined as a heart rate of >220 beats 
per min. The presence of a heart murmur was recorded 
(severity grading was not included owing to multiple 
observers and known variability of heart murmur grades 
in cats).15 Cardiac abnormalities were defined as echo
cardiographic or radiographic evidence of cardiomyopa
thy ± congestive heart failure (CHF). Echocardiography 
was performed following standard procedure, using a 
GE vivid 7 and 7.5 or 12 MHz transducer as applicable, 
by a cardiology certificate (RCVS) and diploma holder. 
Cats were placed in right and left lateral recumbency 
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with manual restraint. Left ventricular (LV) wall meas
urements were obtained from the right parasternal long 
axis fivechamber view in diastole, using the leading 
edgetoleading edge method. Cardiomyopathy was 
defined as diastolic LV wall measurement >6 mm. Left 
atrial (LA) size was measured from the rightsided par
asternal fourchamber view and the rightsided paraster
nal shortaxis view at the level of the aortic valve. LA 
enlargement was defined as a LA size of >1.5 cm and/or 
a LA: aortic ratio of >1.5.15,16 A LA diameter of >2.1 cm 
was considered as severe enlargement.17 A minimum of 
three measurements were obtained for each variable, and 
the average recorded. Pulmonary oedema and/or pleural 
effusion with associated cardiac changes were suspected 
to be caused by CHF. 

Hypertension was defined as a mean SBP ⩾160 mmHg 
measured on two or more separate occasions.18 Dyspnoea 
was defined as difficult or laboured breathing.

Statistical analysis
Statistical analyses were performed using a computer
ised statistical software package (SPSS Version 21; IBM). 
Data were analysed descriptively and presented as 
median (interquartile range [IQR]; 25th–75th percentile) 
or mean ± SD, where appropriate. Significance was 
defined as a P value of <0.05. χ2 test (with manual post
hoc Bonferroni correction) of the major comorbidities 
(cardiac abnormalities, renal disease, dyspnoea and 
hypertension) was performed to identify significant dif
ferences between disease severity groups, with the criti
cal value adjusted for multiple testing (P = 0.017).

Results
Following initial recruitment of 154 clientowned cats; 14 
were excluded (incomplete medical records [n = 10], 
 significant comorbidity resulting in unsuitability for 
 radioiodine treatment [n = 3: neoplasia, n = 2,  thyrotoxicosis 

resulting in euthanasia, n = 1], owner declined radioio
dine treatment [n = 1]); leaving a study population of 140 
cats. Fortysix cats had mild hyperthyroidism, 63 cats had 
moderate hyperthyroidism and 31 cats had severe hyper
thyroidism at referral (Table 1; distribution according to 
severity at diagnosis also included in table). Ninetysix 
percent of cats were nonpedigree breeds (pedigree breeds 
included Bengal [n = 1], British Shorthair [n = 2], Ragdoll 
[n = 1]); there were 79 female and 61 male cats. At referral 
the age range of the cats was 6.2–18.0 years (median 12.0 
years; IQR 10.0–14.0 years).

Diagnosis of hyperthyroidism was made incidentally 
in 24.3% of cats (n = 34). An incidental diagnosis was 
more frequent in the mildly (23.9%) or moderately 
(29.0%) hyperthyroid groups than the severely (15.6%) 
hyperthyroid group.

Thirty percent of the cats were <10 years old at diagno
sis. The median age between groups at referral was similar; 
however, the median age at diagnosis of cats with severe 
hyperthyroidism was younger than those with mild or 
moderate hyperthyroidism (Table 1). The time interval 
between diagnosis and referral was significantly longer in 
cats with severe hyperthyroidism compared with cats with 
mild or moderate hyperthyroidism (P = 0.004).

Fiftyfour of the 140 cats (38.6%) moved up at least 
one severity group (from mildly to moderately or 
severely, or from moderately to severely hyperthyroid) 
between the time of diagnosis and referral (Table 2).

The percentage increase in the TT4 ratio between 
diagnosis and referral increased as the severity of hyper
thyroidism increased. Cats with mild hyperthyroidism 
at diagnosis had a median increase in the TT4 ratio of 
24.3% (IQR 15.8–37.1%) by the time of referral, those 
with moderate hyperthyroidism had a median increase 
in the TT4 ratio of 50.4% (IQR 27.8–78.4%) and those 
with severe hyperthyroidism had a median increase in 
the TT4 ratio of 156.5% (IQR 68.8–260.6%) (Figure 1).

Table 1 Classification of hyperthyroidism severity and population characteristics at the time of diagnosis vs the time of 
referral for radioiodine treatment

Hyperthyroid classification at diagnosis* Hyperthyroid classification at referral

 Mild Moderate Severe Mild Moderate Severe

Number of cats 79 40 10 46 63 31
TT4 (nmol/l) 85.0

(74.2–105.0)
166.5
(149.8–189.0)

304.5
(258.8–367.5)

98.9
(77.0–111.8)

198.0
(154.4–216.7)

388.3
(298.5–495.0)

Age (years) 11.8
(10–13.8)

11.7
(9.9–12.8)

10.4
(9.6–11.5)

12.8
(11.0–14.0)

12.0
(10.3–13.2)

12.0
(10.0–14.0)

Time between 
diagnosis and 
referral (months)

– – – 4
(3–5)

4
(2–7)

16
(4–26)

Data are median (interquartile range)
*Cats were excluded from hyperthyroid classification at diagnosis if their actual total thyroxine (TT4) level was not quantified and had been 
recorded as >90 nmol/l; mild group (n = 1), moderate group (n = 6), severe group (n = 4)
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At referral, 54% of cats with mild, 67% with moderate 
and 81% with severe hyperthyroidism were biochemi
cally hyperthyroid despite medical or dietary therapy 
(95% of all cases received medical therapy and 5% 
received dietary therapy).

When combining all three severity groups, the most 
common presenting clinical signs at diagnosis were 
weight loss (91%) and polyphagia (79%) (Table 3). A pal
pable goitre was detected in 80.7% of all cases at 
referral.

Comorbidity assessment at referral
There was a significantly increased prevalence of cardiac 
abnormalities in cats with severe hyperthyroidism com
pared with cats with mild or moderate hyperthyroidism 
(P = 0.014) (Table 4). Mildly hyperthyroid cats were 
 significantly less likely to be dyspnoeic than cats  

with moderate or severe hyperthyroidism (P = 0.012). 
Dyspnoea was due to CHF in two cats with severe hyper
thyroidism; no mildly or moderately hyperthyroid cats 
had CHF. Other nonhyperthyroid causes of dyspnoea 
were excluded in the remaining 10 cats (eg, thoracic or 
upper respiratory tract pathology, anaemia); pulmonary 
and upper respiratory tract auscultation revealed no 
abnormal sounds in these cats. There was no significant 
difference in the likelihood of renal disease (P = 0.708) or 
hypertension (P = 0.328) between groups

When combining all three groups, echocardiography 
revealed 51% of cats had cardiac abnormalities; 21% had 
LA enlargement and 1.4% had CHF (Table 5). The two cats 
diagnosed with CHF were severely hyperthyroid (pleural 
effusion, n = 1, pulmonary oedema, n = 1). Where present, 
LV hypertrophy was focal in 28% of cats (n = 9) and gen
eralised in 72% of cats (n = 23). Concurrent LV 

Table 2 Change in severity status of hyperthyroidism between diagnosis and referral for radioiodine treatment: number 
of cats with mild, moderate and severe hyperthyroidism at the time of diagnosis vs referral for radioiodine treatment

Diagnosis mild 
hyperthyroidism
(n = 79)*

Diagnosis moderate 
hyperthyroidism
(n = 40)*

Diagnosis severe 
hyperthyroidism
(n = 10)*

Referral mild hyperthyroidism (n = 45) 45 0 0
Referral moderate hyperthyroidism (n = 57) 27 30 0
Referral severe hyperthyroidism (n = 27) 7 10 10

*Cats were excluded from hyperthyroid classification at diagnosis if their actual total thyroxine level was not quantified and had been recorded 
as >90 nmol/l; mild group (n = 1), moderate group (n = 6), severe group (n = 4)

Figure 1 Box and whisker plot of the percentage change in total thyroxine (TT4) ratios in hyperthyroid groups between diagnosis 
and referral for radioiodine treatment for 129 cats. Boxes represent the interquartile range from the 25th to 75th percentile. The 
horizontal bar in each box represents the median value. Open circles represent outlying data points. Eleven cats were excluded 
from this data set as their exact TT4 concentration at diagnosis was unknown (ie, TT4 was reported as >90 nmol/l)
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hypertrophy and systemic hypertension was documented 
in one cat with mild, five cats with moderate and three 
cats with severe hyperthyroidism. A cardiac murmur was 
detected at referral in 63% of cats with mild, 89% with 
moderate and 90% with severe hyperthyroidism.

CKD was diagnosed in 46 cats; in 78% of these, the 
diagnosis was made when hyperthyroidism was con
trolled (TT4 15–60 nmol/l), with the remaining 22% bio
chemically hyperthyroid. Of those cats without CKD, 
28.3% were biochemically hyperthyroid. The median 
age of all cats with concurrent CKD was 13.0 years (IQR 
12.0–14.8 years). No severely hyperthyroid cats were 
azotaemic. No cats were diagnosed with IRIS stage 3 or 
4 CKD (Table 6).

Discussion
Hyperthyroidism has typically been associated with dis
ease in senior or geriatric cats. The median age of 12 
years in this cohort was younger than that of a large first
opinion population (15.4 years).7 Thirty percent of cats 
were <10 years old at initial diagnosis, which contrasts 
previous studies reporting an incidence of approxi
mately 5% in cats <10 years old.1,2,13 This may represent 
a changing pattern or demographic of hyperthyroidism, 
increased use of healthscreening profiles (including 

TT4)19 or more widespread use of thyroidstimulating 
hormone assays allowing for earlier diagnosis of disease, 
even in more mild forms.20 Conversely, this population 
may be biased, with owners more willing to opt for radi
oiodine treatment in younger cats.

A reasonable proportion (24.3%) of cats were diag
nosed incidentally at a routine or unrelated assessment. 
Failure of owner recognition of a problem (eg, polypha
gia may not be reported until weight loss develops) or 
detection of subtle changes by veterinarians (eg, mild 
weight loss or a small thyroid blip prompting testing for 
hyperthyroidism) may account for this. Unsurprisingly, 
an incidental diagnosis was more likely in cats with mild 
or moderate disease, than cats with severe disease.

This study further documents the wide disease spec
trum of feline hyperthyroidism, ranging from mild or 
early disease, to severe and chronic disease.9 Cats with 
severe hyperthyroidism in this cohort were diagnosed at 
a younger median age; however, further studies are 
required to ascertain if this is a common finding and not 
simply a reflection of the small sample size (n  =  10) in 
this disease category. The time interval between diagno
sis and referral was significantly longer in cats with 
severe hyperthyroidism and this group also had the 
greatest increase in TT4 ratios over time. Chronic 

Table 3 Clinical signs recorded at diagnosis of hyperthyroidism in mildly, moderately and severely hyperthyroid cats

Clinical sign Mildly hyperthyroid group 
(n = 46)

Moderately hyperthyroid 
group (n = 63)

Severely hyperthyroid group 
(n = 31)

Weight loss 87 89 100
Polyphagia 76 78 87
Polyuria/polydipsia 39 43 77
Hyperactivity 26 43 48
Vomiting 37 35 48
Tachycardia 33 34 48
Alopecia/coat changes 22 30 23
Lethargy 13 17 19
Diarrhoea 9 14 19
Muscle weakness 13 6 10
Anorexia 4 8 7

Data are %

Table 4 Prevalence of major comorbidities (cardiac abnormalities, hypertension, renal disease and dyspnoea) in mildly, 
moderately and severely hyperthyroid cats at referral for radioiodine treatment

Comorbidity Mildly hyperthyroid group 
(n = 46)

Moderately hyperthyroid 
group (n = 63)

Severely hyperthyroid group 
(n = 31)

Cardiac abnormalities 37* 51* 71*
Hypertension 37 29 48
Renal disease 33 30 39
Dyspnoea 0* 11* 16*

Data are %
*Significant differences between the groups (mild, moderate and severe hyperthyroidism)
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medical or dietary therapy allows for continued growth 
of adenomatous thyroid tissue with time, resulting in 
increased thyroid volume and associated TT4 levels, as 
well as potentially carcinomatous transformation.9 
Progression of disease resulted in over onethird of cats 
(38.6%; n  =  54) moving up a severity group between 
diagnosis and referral. Cats with mild disease may be 
successfully treated with ultralow or low doses of radi
oiodine (eg, <111 MBq).21 In contrast, severe and chronic 
disease typically requires much higher doses to restore 
euthyroidism (eg, 140–1100 MBq), which may necessi
tate longer hospitalisation periods.9

Many cats had been chronically medically managed 
(95% received medical management prior to referral). 
This may reflect practitioner preference, with oral medi
cation the most commonly preferred treatment option 
among general practitioners in the UK.8 While the 
reported efficacy of medical management (methimazole) 
is >90%,22,23 a large number of cases were not stabilised 
with treatment and were biochemically hyperthyroid at 

referral. This was most frequent in severely hyperthyroid 
cats (81% were unstable). As the severity of hyperthy
roidism increases, it may become difficult or impossible 
to maintain euthyroidism, despite high doses of thiama
zole medications.9 This inability to medically stabilise 
patients may have triggered referral and thus biased our 
results. However, this also raises concern that some cats 
may have periods between scheduled veterinary visits 
when hyperthyroidism is inadequately controlled.

As expected, severely hyperthyroid cats more fre
quently presented with classical signs of disease (weight 
loss, polyphagia, polyuria/polydipsia). Overall, weight 
loss was the most common presenting sign, followed by 
polyphagia (in accordance with surveys from 1983 and 
1993), with little difference between the groups.1 
Apathetic hyperthyroidism (lethargy, inappetence) was 
infrequent in this population (similar to previous reports 
affecting approximately 10% of hyperthyroid cats).2,10,24 
A thyroid goitre was detected in 80.7% of cats, consistent 
with previous studies (80–90%).1,2,10

Table 5 Prevalence of echocardiographic abnormalities in mildly, moderately and severely hyperthyroid cats at referral 
for radioiodine treatment

Abnormality Mildly hyperthyroid  
group (n = 46)

Moderately hyperthyroid 
group (n = 63)

Severely hyperthyroid 
group (n = 31)

Cardiomegaly 33 43 68
LA enlargement 11 22 32
LV hypertrophy (with concurrent LA 
enlargement, with concurrent increased LV 
end diastolic diameter)

22 (9, 2) 44 (22, 16) 68 (29, 35)

Cardiac failure 0 0 7

LA = left atrial; LV= left ventricle

Table 6 Prevalence of renal disease classified by International Renal Interest Society (IRIS) chronic kidney disease 
(CKD) stage at the time of referral for radioiodine treatment in cats with mild, moderate and severe hyperthyroidism

Mildly hyperthyroid group 
(n = 46)

Moderately hyperthyroid group 
(n = 63)

Severely hyperthyroid group 
(n = 31)

 Number 
of cases 
affected

Number of 
euthyroid 
affected cases

Number of 
cases affected

Number of 
euthyroid 
affected cases

Number of 
cases affected

Number of 
euthyroid 
affected cases

IRIS stage 1* 12 12 (100) 13 7 (54) 9 2 (22)
IRIS stage 2
non-azotaemic:
creatinine
140–177 μmol/l

0 0 3 3 (100) 3 3 (100)

IRIS stage 2
azotaemic:
creatinine
>177 μmol/l

3 3 (100) 3 3 (100) 0 0

Data are n (%) unless otherwise specified
*IRIS stage 1 renal disease defined as non-azotaemic (serum creatinine <140 μmol/l) with abnormal renal ultrasound findings ± dilute urine 
(urine specific gravity <1.035), consistent with CKD
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Cardiac abnormalities were common in this cohort; the 
majority of cats presented with a heart murmur and 45% 
had evidence of cardiomegaly. This prevalence is greater 
than previous studies (reporting radiographic evidence of 
cardiomegaly in 26–40% of hyperthyroid cats) and may 
partially reflect use of a more sensitive imaging modality 
(echocardiography).25,26 A reported 14.7% of apparently 
healthy cats in the general population have subclinical 
hypertrophic cardiomyopathy and this prevalence 
increases with age (29.4% of cats ⩾9 years).15 Hyperthyroid 
cats may be presented with concurrent primary cardiomy
opathy, or cardiac disease secondary to hyperthyroidism 
or systemic hypertension. Although not performed in this 
study, repeat assessment following radioiodine treatment 
would be required to differentiate these. Echocardiographic 
findings consistent with cardiomyopathy or cardiomegaly 
were most frequently seen in severely hyperthyroid cats. 
As these cats were of a similar age as those with less severe 
disease at the time of echocardiography, it is likely that 
hyperthyroidism contributed to the observed cardiac 
abnormalities. Approximately onefifth (21%) of cats had 
increased LA size, an important finding that implies pro
gressed cardiac disease and is often associated with devel
opment of CHF.27,28 This would suggest cardiac assessment 
should be considered in hyperthyroid cats, particularly 
those with severe disease and/or poor stability.

The two cats diagnosed with CHF (1.4% of cases) 
were both severely hyperthyroid. Previous studies 
report a similar incidence (2–3%) of CHF in hyperthy
roid cats.1,10 CHF was treated accordingly, but both cats 
were deemed unsuitable for radioiodine treatment 
owing to their daily medication requirement. Significant 
cardiac disease may also preclude cats from thyroidec
tomy due to their increased anaesthetic risk. Withdrawal 
of antithyroid medication prior to radioiodine treatment 
(standard practice) results in an acute increase in thyrox
ine levels with potential negative effects on cardiac func
tion.29 Combined with the stress associated with travel to 
the radioiodine facility and hospitalisation, subclinical 
cardiac disease may decompensate to CHF.

The prevalence of hypertension was higher in this 
study than in a previous reports (36% of cats vs 19% in a 
previous study).30 Possible reasons include a high pro
portion of unstable hyperthyroid cats or the ‘white coat’ 
effect. Systemic hypertension may further contribute to 
LV hypertrophy;16 18% of cats with systemic hyperten
sion in the current study had LV hypertrophy.

Hyperthyroidism may exacerbate renal disease due to 
sustained hypertension and increased renal blood 
flow.14,31 There was no significant difference in the fre
quency of renal disease between severity groups. There 
was, however, a difference in the stability of hyperthy
roidism between groups (severely hyperthyroid cats 
were more likely to be biochemically hyperthyroid). It is 
a wellrecognised phenomenon that hyperthyroidism 

may mask underlying renal disease by increasing glo
merular filtration rates (GFR).31,32 Along with decreased 
muscle mass, this results in decreased serum creatinine 
concentrations.14,31 Over onequarter (28.3%) of cats with
out biochemical evidence of renal disease were biochemi
cally hyperthyroid. Therefore, the prevalence of renal 
disease in this subset of cats (n  =  26, 18.6% of the study 
population) could not be accurately assessed with serum 
biochemistry alone. GFR studies were not performed in 
this cohort, and performing IRIS classification at a single 
time point in hyperthyroid cats represent limitations of 
this study’s ability to assess renal function; however, this 
reflects common clinical practice. Furthermore, muscle 
condition scores were not available. Ultrasound provided 
additional information, despite poor control of hyperthy
roidism, with cats most frequently being classified with 
IRIS stage 1 CKD. Further studies are required to deter
mine whether ultrasonographic changes are predictive 
for the development of azotaemia following curative 
therapy and whether specific ultrasound findings occur 
with differing severities of hyperthyroidism. No cats 
were diagnosed with IRIS stage 3 or 4 CKD; however, this 
was biased by case screening before referral.

Further limitations include case selection from a sin
gle referral hospital (population bias), incomplete medi
cal records (including documentation of arrhythmias) 
and the necessity to exclude cats from analyses involv
ing TT4 levels at diagnosis, if the exact level was 
unknown (ie, reported as >90 nmol/l). Clinical signs 
may have been underreported if not recorded in clinical 
notes or recalled by the owner. As multiple observers 
(not all cardiologists) performed cardiac auscultation 
and due to the variability of murmur grades in cats dur
ing auscultation,15 the severity of heart murmurs (by 
grade) was not included.

Finally, occult or very mildly hyperthyroid cats (diag
nosed by high normal TT4, high free T4 and suppressed 
thyroidstimulating hormone) were not included in this 
population.

Conclusions
A large number of hyperthyroid cats in this cohort were 
initially diagnosed as an incidental finding. This likely 
reflects increased awareness of hyperthyroidism within the 
profession, resulting in increased screening for the disease. 
Cats with severe hyperthyroidism (TT4 >250.0 nmol/l) 
were more likely to be chronically hyperthyroid with a his
tory of poor stabilisation, consistent with the progressive 
nature of the disease. This subset of patients are signifi
cantly more likely to suffer from cardiac abnormalities, 
which may affect their suitability as candidates for curative 
treatment. These results support the recommendation that 
radioiodine treatment be given where possible before 
severe hyperthyroidism develops, due to reduced comor
bidity and potentially lower dose requirements.
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