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1979. Since then, it has become an extremely important and common dis-

order of older cats. The clinical syndrome results from excessive circulat-
ing concentrations of the active thyroid hormones thyroxine (T}), and
triiodothyronine (T'5) produced by an abnormally functioning thyroid lobe.
The underlying pathologic finding in more than 98% of cases is benign adeno-
matous hyperplasia (adenoma); as such, the disease carries a favorable progno-
sis with effective therapy. Thyroid carcinoma is a rare cause of
hyperthyroidism in cats. Hyperthyroidism has also been described in a young
kitten, but this likely represents a separate disease entity that remains extremely
rare [1].

The clinical features of feline hyperthyroidism have by now been well de-
scribed. Because of the multisystemic effects of thyroid hormones, a wide vari-
ety of clinical signs are possible; however, today, presumably because of
increased awareness and earlier diagnosis, cats are far less symptomatic than
previously [2,3]. There has been a change in emphasis from simply confirming
a diagnosis in a cat presenting with classic clinical signs to diagnosing hyperthy-
roidism in cats with few, if any, signs or ruling it out in cats presenting with
varied problems that may or may not be related to hyperthyroidism. This
has an impact on the efficacy of the diagnostic tests used, because the changes
induced by hyperthyroidism become more subtle and the possibility of occult
hyperthyroidism with or without a concurrent disease becomes greater. This
article reviews those routine clinicopathologic and endocrinologic changes typ-
ically associated with hyperthyroidism and highlights recent advances in the di-
agnostic tests used to support and confirm a diagnosis of hyperthyroidism in
cats.

F eline hyperthyroidism was first recognized as a distinct clinical entity in

SCREENING LABORATORY TESTS
A complete blood cell count, serum biochemistry, and urinalysis are often per-
formed in the investigation of hyperthyroidism, and such results may prove
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useful in supporting a diagnosis or eliminating other diseases with similar clinical
signs.

Hematologic Analyses

In early reports of hyperthyroidism, mild to moderate erythrocytosis and mac-
rocytosis were common. In one study of 131 hyperthyroid cats, an increased
packed cell volume (PCV), mean corpuscular volume (MCV), red blood cell
(RBG) count, and hemoglobin concentration were reported in 47%, 449%,
21%, and 17% of cases, respectively, and the prevalence of such changes re-
mained as high 10 years later [2,3]. Such changes may reflect increased eryth-
ropoietin production resulting from increased oxygen consumption or direct
thyroid hormone-mediated B-adrenergic stimulation of erythroid marrow. In
a similar study of 57 cats in the United Kingdom, however, there were minimal
changes in RBC parameters and macrocytes were rare [4]. Anemia seems to be
rare and usually associated with severe hyperthyroidism, and it may result
from bone marrow exhaustion or iron or other micronutrient deficiency [4].
A significantly higher incidence of Heinz body formation has been reported
in cats with hyperthyroidism compared with healthy cats, although with fewer
and smaller bodies than typically seen in diabetic cats [5]. Hyperthyroid cats
also seem to have a higher mean platelet size than healthy cats, but the signif-
icance of this remains unclear [6].

Changes in white blood cell parameters are not unusual in hyperthyroidism
but are relatively nonspecific. The most frequent changes include leukocytosis,
mature neutrophilia, lymphopenia, and eosinopenia presumably reflecting
a stress response [2-4]. Eosinophilia and lymphocytosis may occur in a small
number of cats, however, and potentially result from a relative decrease in
available cortisol because of excess circulating thyroid hormone concentrations
[4].

It is important to note that apart from the rare cases of thyrotoxic anemia,
the hematologic abnormalities are subtle in hyperthyroid cats and are not clin-
ically significant. In some affected cases, hematologic parameters may not be
altered, and in hyperthyroid cats with concurrent illness, the abnormalities
present may reflect the latter rather than the former disease.

Biochemical Analyses

The most striking biochemical abnormalities are elevations in the liver en-
zymes, alanine aminotransferase (ALT), alkaline phosphatase (ALKP), lactate
dehydrogenase (LDH), and aspartate aminotransferase (AST). At least one
of these enzymes is elevated in more than 90% of hyperthyroid cats [2-4].
The elevations in these enzymes can be dramatic (>500 IU/L each, respec-
tively), but at least in one study, serum ALKP and total T, concentrations
were significantly correlated [7]. As such, the degree of elevation is more subtle,
if present at all, in early cases of hyperthyroidism. In addition, liver enzyme
concentrations decrease to within the reference range with successful manage-
ment of hyperthyroidism [8]. If marked elevations in liver enzymes are ob-
served in cats with mildly elevated thyroid hormone concentrations or if
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such elevations persist despite successful treatment of the hyperthyroidism,
concurrent hepatic disease should be considered and investigated.

Despite the marked elevations in hepatic enzymes, histologic examination of
the liver of hyperthyroid cats has revealed only modest and nonspecific
changes, including increased pigment within hepatocytes, aggregates of mixed
mflammatory cells in the portal regions, and focal areas of fatty degeneration
[9]. In more severe cases, centrilobular fatty infiltration may occur together
with patchy portal fibrosis, lymphocytic infiltration, and proliferation of bile
ducts [3,9]. Suggested explanations for such abnormalities have included mal-
nutrition, congestive cardiac failure, infections, hepatic anoxia, and direct toxic
effects of thyroid hormones on the liver. Several reports have examined the
possibility of other sources of these enzymes, however, and have shown that
the liver and bone contribute to increased ALKP activity in hyperthyroid
cats [7,10,11]. In one of these studies, the bone isoenzyme contributed up to
80% of the total ALKP activity [10].

Hyperphosphatemia, in the absence of azotemia, was originally reported in
approximately 20% of cases and was more recently reported in a higher percent-
age (36%-43%) of hyperthyroid cats, particularly when compared with an age-
matched control group [3,10,12]. This, together with the elevation in the bone
1soenzyme of ALKP, is consistent with altered bone metabolism in hyperthyroid-
ism. Certainly, in human thyrotoxic patients, there is an increased risk of osteo-
porosis because of a direct effect of thyroid hormone on bone. The net bone loss
leads to the release of calcium and a tendency toward hypercalcemia, hyperphos-
phatemia, hypoparathyroidism, and reduced concentrations of activated vita-
min D. Studies in hyperthyroid cats have demonstrated significant differences
compared with people, however. Circulating osteocalcin concentration, used
as a measure of osteoblastic activity and bone remodeling, although variable,
was elevated (mean + SD: 0.32 £ 0.3, range: 0-1.7 ng/mL) in 16 (44%) of 36
hyperthyroid cats compared with values from 10 healthy cats (range: 0-0.25
ng/mL) [10]. In a further preliminary study, osteocalcin, the bone isoenzyme
of ALKP, the carboxy-terminal propeptide of type I collagen (PICP), the car-
boxy terminal telopeptide of type I collagen (ICTP), serum cross-linked car-
boxy-terminal collagen telopeptide (CTx), and deoxypyridinoline (Dpd)
concentrations were measured in 4 healthy and hyperthyroid cats before and
after radioactive iodine treatment. All concentrations were increased in the hy-
perthyroid cats and decreased after successful therapy, suggesting thyrotoxic-in-
duced increased bone turnover [13]. Early reports of feline hyperthyroidism
suggested that the circulating calcium concentration was largely unaffected by
hyperthyroidism, but only total calcium was measured. In two separate studies,
18 (50%) of 36 [10] and 4 (27%) of 15 [12] hyperthyroid cats had serum ionized
calcium concentrations lower than the reference range. In addition, hyperpara-
thyroidism seems to be common in hyperthyroid cats [12]. In 30 hyperthyroid
cats, the circulating parathyroid hormone (PTH) concentration was elevated
in 23 (77%) cases (mean + SEM: 85.0 & 17.2, range: 33.1-120.3 pg/mL [refer-
ence range: 2.9-26.3 pg/mL)]), with values approaching up to 19 times the upper



674 SHIEL & MOONEY

limit of the reference range. Of 8 hyperthyroid cats in which the plasma 1,25
vitamin D concentration was measured, three values were higher than the re-
ference range rather than suppressed as in human beings, but there was no over-
all significant difference between this group and 20 healthy cats [12]. The
etiology of hyperparathyroidism, hyperphosphatemia, ionized hypocalcemia,
and elevated bone marker concentrations in cats remains unclear and warrants
further study. These abnormalities have not typically been associated with any
specific clinical signs. There has been at least one report of a hyperphosphatemic
hyperthyroid cat with calcification of multiple paws that resolved with induction
of euthyroidism, however [14]. There has also been some suggestion that the al-
tered bone marker concentrations may provide a sensitive method for monitor-
ing treatment in hyperthyroid cats, but further studies are required. Although
not typically associated with human hyperthyroidism, concurrent hyperparathy-
roidism has recently been diagnosed in 13 of 96 patients [15], and the cat may
prove to be a suitable model for further investigations in this field.

In early reports of hyperthyroidism, mild to moderate azotemia seemed to be
common, occurring in 25% to 70% of cases [3,4]. Gurrent figures suggest that
just more than 10% of hyperthyroid cats are azotemic. Although azotemia is
not unexpected in a group of aged cats, it could be exacerbated by the increased
protein catabolism and prerenal uremia of thyrotoxicosis [9]. Most studies have
shown relatively lower pretreatment urea concentrations in hyperthyroid cats
[16-20] when compared with posttreatment values, however. This is presum-
ably related to the elevated glomerular filtration rate (GFR) associated with hy-
perthyroidism, resulting from increased cardiac output and renal afferent
arteriolar vasodilation [13,16-18]. In hyperthyroid cats without azotemia, the
serum creatinine concentration is significantly lower compared with age-
matched healthy animals [12] and significant increases have been documented
after treatment [13]. These low values may be related to reduced muscle mass
rather than to any effect of thyrotoxicosis on tubular secretion of creatinine, be-
cause this is not considered to occur in cats. Together with the effects of hyper-
thyroidism on urea concentrations, this has significant implications when
assessing renal function before deciding on the best option for treatment.

Several other clinicopathologic abnormalities have been described in hyper-
thyroid cats. Hypokalemia has been reported in up to 17% of hyperthyroid
cats, [21] but although the etiology remains unclear, it is rarely clinically signif-
icant [22]. In a study of 15 hyperthyroid and 40 healthy cats, there was no sig-
nificant difference in circulating ionized or total magnesium concentrations
between the two groups [23]. This contrasts to other species, in which hyper-
thyroidism increases magnesium excretion and lowers circulating concentra-
tions. There was a negative correlation between ionized magnesium
concentrations and logarithmically transformed total T, concentrations in the
hyperthyroid group, however, suggesting some correlation with lowered mag-
nesium concentration and the severity of the hyperthyroid state.

Blood glucose concentrations may be elevated in hyperthyroid cats, presum-
ably reflecting a stress response [3]. Hyperthyroidism is also associated with
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glucose intolerance characterized by delayed clearance of administered glucose
from the plasma despite increased secretion of insulin [24]. Two separate stud-
ies have examined the effect of hyperthyroidism on circulating fructosamine
concentration [25,26]. In both studies, the serum fructosamine concentration
was significantly lower in hyperthyroid cats compared with healthy cats, pre-
sumably as a result of increased protein turnover. Importantly, 17% to 50%
of cases had values lower than the respective reference range, and caution is
advised in interpreting the serum fructosamine concentration in hyperthyroid
cats, particularly if they are concurrently diabetic. Almost 50% of hyperthyroid
cats have detectable serum troponin I concentrations, with a marked reduction
in this percentage after therapy, consistent with hyperthyroid-induced myocyte
damage [27]. Abnormal coagulation parameters were detected in 3 of 21 cats
before methimazole therapy [28]. All 3 cats had elevated proteins induced by
vitamin K absence or antagonism; 1 cat also had an elevated prothrombin
time. This could be attributable to the reduced fat absorption seen in some hy-
perthyroid cats [3] or to concurrent small intestinal disease. A separate study
reported serum folate and cobalamin concentrations lower than the reference
range in 5 (38.5%) and 3 (23.1%) of 13 hyperthyroid cats, respectively [29].
The cause warrants further investigation but may be associated with malab-
sorption or increased metabolism.

Other biochemical parameters, such as cholesterol, sodium, chloride,
bilirubin, albumin, and globulin, are rarely, if ever, affected by hyperthyroid-
ism. Of all the possible biochemical abnormalities, elevated liver enzyme activ-
ities remain the change most commonly associated with hyperthyroidism. The
other reported changes are variably associated with hyperthyroidism and pro-
vide little diagnostic information.

Urinalysis

Routine urinalysis in thyrotoxic cats seems to be noncontributory. Urine spe-
cific gravity values are extremely variable and ranged from 1.009 to 1.050
(mean = 1.031) in 57 hyperthyroid cats, with only two values (4%) less than
1.015 [3]. This was not significantly different when compared with values
obtained from hyperthyroid cats 10 years later [2].

Proteinuria is common in hyperthyroid cats. In one study, the urinary pro-
tein/creatinine ratio (UPC) was elevated (>0.5) in 15 (34%) of 44 hyperthyroid
cats that were nonazotemic and had no evidence of a urinary tract infection
[30]. In the same study, 27 cats (61%) had a urinary albumin/creatinine ratio
(UAC) greater than 30 mg/g, with 18% having a ratio greater than 82 mg/g,
which are cutoff points representing established limits for albumin excretion.
The severity of the proteinuria decreased in most cats after treatment. Neither
an elevated UPC nor an elevated UAG was predictive of the development of
renal failure, and their pathogenic significance remains unclear.

Urinary corticoid/creatinine ratios are significantly higher in untreated hy-
perthyroid cats, with 15 (47%) of 32 cats having concentrations greater than
the upper limit of the reference range (42.0 x 1079 [31]. In these cats, values
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reached up to four times this upper limit and presumably reflect increased met-
abolic clearance of cortisol and activation of the hypothalamic-pituitary-adrenal
axis by the disease. Therefore, elevated urinary corticoid/creatinine ratios
should be interpreted with caution, and hyperthyroidism should be ruled out
if hyperadrenocorticism is being considered.

DEFINITIVE DIAGNOSTIC TESTS

The diagnosis of hyperthyroidism is confirmed by the demonstration of in-
creased thyroidal radioisotope uptake or circulating concentrations of the thy-
roid hormones.

Thyroidal Radioisotope Uptake

Uptake of radioactive iodine isotopes (**'I or '**I) and technetium Tc 99m as
pertechnetate (*™Tc0,") is increased in hyperthyroid cats [3,32-35]. The ra-
dioactive iodine isotopes and pertechnetate are trapped and concentrated
within the thyroid gland. Unlike **'T and '*’I, however, pertechnetate is not
organically bound to thyroglobulin or stored within the thyroid gland. The rel-
atively long halflife, higher y-energy, and B-emission of '*'I and the higher ex-
pense of '*’T make their routine use in feline thyroid scintigraphy uncommon.
Because of availability, lower cost, and superior image quality, pertechnetate is
preferred.

Percentage thyroid uptake of pertechnetate is routinely measured between
20 and 60 minutes after intravenous injection [32,33]. Values are significantly
higher in hyperthyroid cats compared with healthy cats and correlate well with
circulating thyroid hormone concentrations [36]. Calculation of the percentage
uptake of pertechnetate is not routinely performed, however, because it re-
quires accurate assessment of the injected dose together with correction for
background radioactivity. Similar if not more diagnostically efficient results
are obtained if the thyroid/salivary (I/S) ratio is calculated, and this provides
the best correlation with serum total T, concentrations [36]. It is generally ac-
cepted that the T/S ratio in healthy cats is <1 [36], although values as high as
1.66 have been reported [37], indicating the need for validation in individual
centers. For assessment of the T/S ratio, pertechnetate may be administered
subcutaneously or intravenously [38].

It is clear that quantitative thyroid imaging is not required for the diagnosis
of hyperthyroidism in most cats. Theoretically, however, it could provide im-
portant diagnostic information in some cats. Nonthyroidal illness likely exerts
less effect on the results of scintigraphy than basal total T, concentration and
could potentially exclude hyperthyroidism in those few euthyroid cats with an
elevated free T, concentration. In addition, results of scintigraphy may be ab-
normal in cats with early hyperthyroidism and reference range circulating thy-
roid hormone concentrations. In a preliminary study of 6 occult hyperthyroid
cats, the diagnostic value of pertechnetate scans was considered greater than
that of thyroid hormone measurements [39]. In a further study of 23 cats
with palpable thyroid nodules and reference range circulating total T values,
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16 were diagnosed as hyperthyroid on the basis of scintigraphy (17/S ratio >1),
and these cats had, as a group, significantly higher serum free T, concentra-
tions than those with a normal T/S ratio [40].

Thyroid scintigraphy is expensive, requiring access to sophisticated equip-
ment, and is not without limitations as a diagnostic tool. One study demon-
strated positive scintigraphy results in 14 cats in which there was a clinical
suspicion of hyperthyroidism but reference range serum total T, concentra-
tions [41]. Three of these cats exhibited >60% T stimulation after administra-
tion of thyrotropin-releasing hormone (TRH), however, and, subsequently, no
histopathologic evidence of thyroid disease was found. Therefore, the specific-
ity of thyroid scintigraphy warrants further investigation.

Methimazole administration may also affect scintigraphy findings. Methima-
zole and other related drugs inhibit the thyroid peroxidase enzyme, reducing
organification of iodine and inhibiting coupling of iodotyrosines. Although me-
thimazole exerts no direct effect on thyroidal iodide uptake, a reduction in T}
and a consequent elevation in the thyroid-stimulating hormone (I'SH) concen-
tration are potentially associated with increased iodide uptake. One study
of five healthy cats showed a significant increase in the percentage uptake of
pertechnetate and the T/S ratio at 20 minutes after 3 weeks of methimazole
therapy to maximal T, suppression, from a mean of 0.23% to 1.05% and
0.81 to 1.36, respectively [42]. A similar study in 19 hyperthyroid cats showed
no significant change in either of these parameters after a minimum of 30 days
of methimazole therapy [43]. At that time, all cats had total T4 concentrations
less than 51.5 nmol/LL but circulating TSH concentrations remained sup-
pressed, suggesting that the mechanism of increased trapping had not yet
been activated. Two of the cats with unilateral disease seemed to have bilateral
disease after treatment, possibly reflecting increased thyroidal radioisotope up-
take, and in these cats, this diagnosis was supported by the greatest increase in
TSH concentrations. Therefore, recent administration of methimazole must be
considered during quantitative interpretation of thyroid scintigraphy.

Radioactive iodine is also affected by methimazole therapy, with mean
8-hour uptake values representing iodide trapping, increasing from a mean
of 2.1% to 4.1% after 3 weeks of therapy [42]. Interestingly, the 24-hour uptake
in this same group fell from a mean of 7.04% to 5.16%, presumably reflecting
methimazole-induced reduction in organification and coupling within the thy-
roid gland. Withdrawal of methimazole was associated with markedly in-
creased 8- and 24-hour uptake values peaking between 4 and 9 days after
cessation of therapy and continuing out to 24 days after withdrawal. This sup-
ports a short-term rebound effect that may enhance the efficacy of radioactive
iodine therapy but has implications when used as a diagnostic test in cats pre-
viously treated with methimazole.

Qualitative scintigraphic imaging, conversely, remains a useful procedure in
hyperthyroid cats to determine unilateral or bilateral involvement, alterations
in the position of thyroid lobes, the site of hyperfunctioning accessory or ec-
topic thyroid tissue, or distant metastases from a functioning thyroid carcinoma
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[44]. Care must be taken in qualitative assessment of lobe involvement in cats
previously treated with methimazole, however [43].

Circulating Thyroid Hormone Concentrations

The elevated circulating thyroid hormone concentration remains the biochem-
ical hallmark of hyperthyroidism. Several reports have evaluated the efficacy of
total T}, total T, and free T, in confirming a diagnosis of hyperthyroidism.
Measurement of TSH, although frequently used in people and long awaited
in cats, has not been fully evaluated in the diagnosis of feline hyperthyroidism,
because a species-specific assay is not yet available.

Basal total thyroid hormone concentration
The basal total Ty concentration is greater than the reference range in most hy-
perthyroid cats [3,4,45]. Serum total T3 values are often concurrently elevated
[3,4,45]. Serum total T3 values are within the reference range in a significant
proportion of hyperthyroid cats; however, 4 (3%) of 131 cats [3], 11 (9%) of
122 cats [4], and, more recently, 59 (29%) of 202 cats [2] had a significantly
higher percentage than previously described. In the largest study of 917 hyper-
thyroid cats thus far studied, the serum total T3 concentration was within the
reference range in 307 (33.5%) cases, representing 163 (79.5%) of 205 cats cat-
egorized as mildly hyperthyroid with a serum total T, concentration less than
65 nmol/L (Fig. 1) [45]. In most other cases, the total T, concentration is usu-
ally less than 100 nmol/L, and it is likely that the serum total T3 concentration
would increase into the thyrotoxic range if the disorder were allowed to prog-
ress untreated. Severe concurrent nonthyroidal illness may play a role in sup-
pressing the T’ concentration by inhibiting peripheral conversion of Ty to Tj,
as it does in people, although this seems to be a less common phenomenon in
cats [4]. It is becoming increasingly recognized that the serum total Ty concen-
tration may also be within the middle to high end of the reference range (>30
nmol/L) in a significant percentage (up to and exceeding 10%) of hyperthyroid
cats, presumably because of earlier diagnosis or sampling a group of mildly af-
fected animals that would not have been tested previously (Fig. 2) [2,45].
Nonspecific fluctuation of thyroid hormones may account for the reference
range total T, and T3 values found in hyperthyroid cats. In one study of 14
mildly affected cats, serum total T, and total T3 concentrations were measured
hourly for 10 hours and daily for 15 days in 7 of the cats [46]. In both time
frames, serum thyroid hormone concentrations fluctuated to a degree exceed-
ing normal assay variation, with greater fluctuation occurring over the 15-day
rather than the 10-hour sampling period. Provided that basal thyroid hormone
concentrations are only mildly elevated, the degree of fluctuation can result in
reference range values. Increased thyroidal production could result in an in-
creased circulating concentration, but because the serum halflife of thyroid
hormones is measured in hours, acute decreases presumably reflect fluctuations
in binding proteins or other unclear hemodynamic changes. In cats with mark-
edly elevated serum thyroid hormone concentrations, the degree of fluctuation
is of little diagnostic significance [46,47].



TESTING FOR HYPERTHYROIDISM IN CATS 679

7 8 4.5
6
3.5
5
g =
o 4 E
E L25 &
£ £
o (g
£ £
S 34 ]
5 @
m m
o] F1.5
2 4 o]
1
0.5
l®)
0 0
Normal Hyperthyroid Other lliness

Fig. 1. Box plots of serum T concentrations in 172 clinically normal cats, 917 cats with un-
treated hyperthyroidism, and 221 cats with nonthyroidal disease (other illness). The box rep-
resents the interquartile range (25th-75th percentile range or the middle half of the data). The
horizontal bar in the box represents the median value. For each box plot, the T-bars represent
the main body of data, which is equal to the range in most instances. Outlying data points are
represented by open circles. The shaded area indicates the reference range for the serum Ty
concentration. (From Peterson ME, Melian C, Nichols R. Measurement of serum concentrations
of free thyroxine, total thyroxine, and total triiodothyronine in cats with hyperthyroidism and
cats with nonthyroidal disease. ] Am Vet Med Assoc 2001;218:531; with permission).

The presence of concurrent nonthyroidal illness can also affect the circulat-
ing total T, concentration in hyperthyroid cats. In 494 cats with a variety of
nonthyroidal illnesses, 63 had a palpable thyroid nodule and a significantly
higher mean (+SD) serum total T, concentration of 21.7 (£10.4) nmol/L
than the concentration of 12.7 (£8.1) nmol/L in the cats without a palpable thy-
roid nodule [48]. Subsequently, the serum total T, concentration increased into
the thyrotoxic range in 4 of these cats, and adenomatous hyperplasia of the thy-
roid glands was found at necropsy in 2 other cats. In another study of 110
hyperthyroid cats, 39 had a concurrent nonthyroidal illness [49]. These cats
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Fig. 2. Box plots of serum total T4 concentrations from 172 clinically normal cats, 917 cats
with untreated hyperthyroidism, and 221 cats with nonthyroidal disease (other illness). See
Fig. 1 for key. (From Peterson ME, Melian C, Nichols R. Measurement of serum concentrations
of free thyroxine, total thyroxine, and total triiodothyronine in cats with hyperthyroidism and
cats with nonthyroidal disease. J Am Vet Med Assoc 2001;218:531; with permission.)

had a significantly lower serum total Ty concentration than the hyperthyroid
cats without a concurrent illness. In total, a reference range serum total T4 con-
centration was found in 14 (13%) cats, but this only represented 3 (4%) of 71
cats without concurrent disease compared with 11 (28%) of 39 cats with such
disorders. In a larger study of 917 hyperthyroid cats, a concurrent illness was
identified in 17 (22%) of 80 cats with mild hyperthyroidism and a reference
range serum total T4 concentration [45]. In 12 of these cats, the serum total
T, concentration was within the middle to high end of the reference range
(>30 nmol/L), whereas values were within the middle to low end of the refer-
ence range in the remaining 5 cats, but these had the most severe concurrent
illnesses. The mechanisms remain unclear but are more likely to involve
changes in protein binding or metabolism rather than any effect on the
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hypothalamic-pituitary-thyroid axis [8,48]. Reference range values resulting
from the suppressive effect of nonthyroidal disease are only expected in cats
with early or mild hyperthyroidism, because the degree of suppression has little
diagnostic significance in hyperthyroid cats with a markedly elevated serum to-
tal T, concentration [4,48,49]. Despite the possibility of encountering middle to
high reference range values in mildly hyperthyroid cats with concurrent dis-
ease, they usually do not pose a diagnostic dilemma, because serum total T}
concentrations also decline in euthyroid individuals with similar illnesses
[45,48,50]. In euthyroid cats, the degree of suppression is correlated with the
severity rather than with the type of illness and can be used as a prognostic in-
dicator (Figs. 3 and 4) [45,48,50]. Low total T, values are only expected in
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Fig. 3. Box plots of serum total T4 concentrations from 221 cats with nonthyroidal disease,
grouped according fo severity of illness. Of the 221 cats, 65 had mild disease, 83 had mod-
erate disease, and 73 had severe disease. See Fig. 1 for key. (From Peferson ME, Melian C,
Nichols R. Measurement of serum concentrations of free thyroxine, total thyroxine, and total
triiodothyronine in cats with hyperthyroidism and cats with nonthyroidal disease. J Am Vet
Med Assoc 2001;218:533; with permission.)
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Fig. 4. Relation between mortality and serum total T4 concentration in 98 cats with nonthyr-
oidal illness. (From Mooney CT, Litfle CJ, Macrae AW. Effect of illness not associated with the
thyroid gland on serum total and free thyroxine concentrations in cats. ] Am Vet Med Assoc
1996,208:2005; with permission.)

hyperthyroid cats with the most severe concurrent disorders, and in these
cases, other criteria, particularly detection of a palpable thyroid nodule, may
indicate the need to investigate hyperthyroidism further [45].

Despite the number of drugs that are known to affect circulating thyroid hor-
mone concentrations in people and dogs, there are few reports concerning such
an effect in hyperthyroid cats. In eight hyperthyroid cats treated with an immu-
nosuppressive dose of prednisolone administered intramuscularly, there was
no significant decrease in the serum total T, concentration when assessed 24
hours later [51]. The effects of other drugs have not yet been evaluated.

Free thyroxine concentration

In human thyrotoxicosis, assessment of free T} is considered a better diagnostic
test for hyperthyroidism because it is less affected by nonthyroidal factors than
is total Ty and provides a more accurate reflection of thyroid status. Notably,
when the serum total T concentration is increased, the concentration of free
T, is disproportionately increased, and this may be related, in part, to relative
saturation of binding proteins by T and a subnormal concentration of the pri-
mary binding proteins. In addition, the serum free T, concentration remains
elevated in hyperthyroid patients with nonthyroidal illnesses when the total
T, concentration is suppressed into the reference range. Measurement of the
free T, concentration has recently been evaluated in hyperthyroid cats and
seems to be a useful diagnostic test, particularly in cats with a reference range
serum total T, concentration (Fig. 5) [45]. The serum free T, concentration
was elevated m 903 (98.5%) of 917 hyperthyroid cats, whereas the
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Fig. 5. Box plots of serum free T4 concentrations in 172 clinically normal cats, 917 cats with
untreated hyperthyroidism, and 221 cats with nonthyroidal disease (other illness). See Fig. 1
for key. (From Peterson ME, Melian C, Nichols R. Measurement of serum concentrations of free
thyroxine, total thyroxine, and total triiodothyronine in cats with hyperthyroidism and cats with
nonthyroidal disease. J Am Vet Med Assoc 2001;218:532; with permission.)

corresponding serum total Ty concentration was elevated in 837 (91.3%) cases.
In all cats with a markedly elevated serum total T, concentration, the free T
concentration was concurrently elevated, adding little diagnostic information to
that already obtained. In 205 of these cats categorized as mildly hyperthyroid
with or without a concurrent illness, however, the serum free and total T, con-
centrations were elevated in 191 (93.2%) and 125 (61%) cases, respectively
(Fig. 6). The increased diagnostic sensitivity of free T, measurement is compli-
cated by a loss of specificity, because 6% to 12% of sick euthyroid cats have
elevated concentrations [45,50]. The specificity of free T, measurement may
be substantially lower in certain disease states. In one study comparing free
T, concentrations in cats with chronic renal failure and hyperthyroidism
(n = 16) and hyperthyroidism alone (n = 16), free T, concentrations were
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Fig. 6. Box plots of serum total T4, T3, and free T4 concentrations in 205 cats with mild hyper-
thyroidism (defined as total T4 concentration <66 nmol/L). See Fig. 1 for key. (From Peterson
ME, Melian C, Nichols R. Measurement of serum concentrations of free thyroxine, total thyrox-
ine, and total triiodothyronine in cats with hyperthyroidism and cats with nonthyroidal disease.

J Am Vet Med Assoc 2001;218:533; with permission.)

falsely elevated in 31% of the euthyroid cats [52]. The serum free T, concen-
tration should therefore be interpreted with caution if used as the sole diagnos-
tic criterion for confirmation of hyperthyroidism. More reliable information is
obtained when it is interpreted together with the serum total T4 concentration.
A middle to high reference range total Ty concentration and an elevated free T},
concentration are consistent with hyperthyroidism [45]. By contrast, a low total
T, value and elevated free T, value are usually associated with nonthyroidal
illness [45,50].

Feline thyroid-stimulating hormone

In human beings, measurement of the circulating TSH concentration is gener-
ally used as a first-line discriminatory test of thyroid function. Commercially
available assays are second or third generation, with a functional sensitivity
up to 30 times lower than the lower limit of the reference range. In addition,
there is a log-linear negative feedback relation between free T, and TSH,
such that marked changes in TSH concentration can be induced by relatively
small changes in free T,. To date, a feline-specific TSH assay has not been
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developed commercially, and most studies have focused on using assays de-
signed for canine or human use.

One study has investigated the use of a TSH assay developed for use in dogs
for diagnosing hyperthyroidism in cats [53]. The serum TSH concentration
was measured in a group of 17 cats with chronic renal failure alone and in
17 cats with hyperthyroidism and renal failure. All the hyperthyroid cats
had TSH concentrations at or lower than the lower limit of detection of the ca-
nine assay (0.03 ng/mL), whereas 15 of the cats with chronic renal failure had
detectable TSH concentrations, with a median of 0.05 ng/mL. Thus, although
canine TSH values are statistically lower in hyperthyroid cats compared with
euthyroid cats, the assay, because of its relatively high sensitivity, is not helpful
in confirming hyperthyroidism in individual cats. Its only value may be in elim-
inating hyperthyroidism in cats with readily detectable concentrations.

A separate study compared 12 euthyroid cats and 22 hyperthyroid cats using
an assay developed for measuring human TSH concentration [54]. The median
circulating TSH concentration of 0.14 mIU/L in euthyroid cats was higher than
that of 0 mIU/L in hyperthyroid cats. The validity of measuring feline TSH
using a human assay is currently unknown, however.

Recently, feline TSH has been expressed and purified in vitro, allowing fu-
ture development to standardize and improve clinical assays for feline TSH.
The development of such an assay would also be invaluable in studies of the
pathogenesis of this disorder in cats [55,56].

Dynamic Thyroid Function Tests

Because of the possibility of finding reference range serum thyroid hormone
concentrations in hyperthyroid cats, several additional diagnostic tests have
been suggested to be useful in confirming a diagnosis (Table 1). In most cases,
however, the serum total Ty concentration increases into the thyrotoxic range if
retested several weeks later, obviating the need for further diagnostic tests.
Such tests may be required in some cats with clinical signs suggestive of hyper-
thyroidism, however, when a repeated serum total T concentration remains
equivocal and a serum free T, measurement is unavailable or unhelpful.

Thyrotd-stimulating hormone response test

In an early study, it was suggested that the TSH response test, utilizing bovine
TSH, was useful in confirming a diagnosis of hyperthyroidism [3]. In 11
hyperthyroid cats, the mean serum post-TSH total T, concentration of 144.1
nmol/LL was not significantly different from the mean basal concentration of
127.4 nmol/L, suggesting that the thyroid glands in these cats secrete thyroid
hormones independently of TSH control or are producing T, at a maximal
rate with minimal reserve capacity. Nevertheless, in a larger study of 40 hyper-
thyroid cats, although the overall limited T}, response to TSH stimulation was
confirmed, it was shown that hyperthyroid cats with equivocal basal total T,
concentrations exhibit a response indistinguishable from that in healthy cats
[67]. The negative correlation between the relative increment and the baseline
total T, suggests that the abnormal thyroid glands do retain the ability to
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Table 1
Dynamic thyroid function tests in cats

T3 suppression

TSH response
test

TRH response
test

Drug Liothyronine
Dose 15-25 pg
every
8 hours for
7 doses
Route Oral
Sampling 0 and 2-4
times hours after
last dose
Assay Total T4 (and
total T3 to
check
compliance/
absorption)
Interpretation
Euthyroidism <20 nmol/L
with >50%

suppression
Hyperthyroidism ~ >20 nmol/L

+ <35%

suppression

Bovine TSH
0.5 IU/kg

Intravenous

0 and 6 hours

Total T4

100% increase

Minimal/no
increase

Human TSH
0.025-0.2
mg per cat

Intravenous
1 and 6-8
hours

Total Ty4

100%

increase

Not
determined

TRH
0.1 mg/kg

Intravenous
O and 4
hours

Total T4

>60%

increase

<50%

increase

Abbreviations: T3, triiodothyronine; T4, thyroxine; TRH, thyrotropin-releasing hormone; TSH, thyroid-stim-

ulating hormone.

respond to TSH but are producing T, at maximal rates. Presumably, hyperthy-
roid cats with the lowest basal total T, concentrations have the greatest poten-
tial to respond to TSH, although it has been suggested that this response may
be related to stimulation of normal thyroid tissue often found within hyperplas-
tic glands [57]. Measurement of the serum total T3 concentration adds little di-
agnostic information because of the more variable response found in healthy

and hyperthyroid individuals.

Bovine TSH is no longer available as a pharmaceutic preparation. A recent
study evaluating the use of recombinant human TSH (rhTSH) for this test in
seven euthyroid cats suggested that this was a safe alternative capable of induc-
ing similar T stimulation [58]. Goncurrent measurement of free T, was also
evaluated but added little additional information. Given the expense of rhTSH,

this test has limitations in the evaluation of hyperthyroidism in cats.

Tﬁyrotropin—relmszhg hormone response test

There is a limited total T, response to TRH stimulation in hyperthyroid cats.
In one study, there was a significant increase in the mean serum total T con-
centration after TRH administration in 31 healthy cats, 35 mild to moderate
hyperthyroid cats, and 15 cats with nonthyroidal illnesses [59]. The percentage
increase in total T, was considerably less in the hyperthyroid cats compared
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with healthy cats and those with other diseases, however. From the results of
this study, it was suggested that a relative increase in total T} of less than 50% is
consistent with mild hyperthyroidism, a value greater than 60% is suggestive of
euthyroidism, and values between 50% and 60% remain equivocal. Discrimi-
nant analysis, taking into account the basal and absolute difference between
basal and post-TRH total T, concentrations, can also be used to distinguish hy-
perthyroidism from euthyroidism. Similar to the TSH response test, measure-
ment of the total T3 concentration was considered unhelpful because of the
greater variability in response within and between groups. A recent study eval-
uated the ability of the TRH response test to differentiate between hyperthy-
roid and severely sick euthyroid cats [60]. Of the 36 critically ill cats
reported, 22 had clinical and histopathologic evidence of hyperthyroidism,
whereas hyperthyroidism was not suspected in the remaining 14 animals. Of
these 14 euthyroid cats, 6 had serum total T} increases less than 50% of base-
line, 2 had increases between 50% and 60%, and 6 had increases greater than
60% after TRH administration. Although 18 of the hyperthyroid cats had a to-
tal T4 increase less than 50% of baseline, 2 had increases between 50% and 60%
and 2 had increases greater than 60%. The authors concluded that it was not
possible to use this test to differentiate between hyperthyroid cats and those
with severe nonthyroidal illness. Adverse reactions to TRH administration
seem to be common and include vomiting, excessive salivation, tachypnea,
and defecation. These reactions are transient, develop within a few minutes
of TRH administration, and usually resolve by the end of the 4-hour test.

Tritodothyronine suppression test

The Tj suppression test relies on the ability of administered liothyronine,
through negative feedback, to decrease T4 production by the thyroid gland. In
hyperthyroidism, because excess circulating thyroid hormone concentrations
have already suppressed TSH production and secretion, additional T3 has min-
imal effect on T, production. Therefore, the serum total T concentration re-
mains significantly higher after liothyronine administration in hyperthyroid
compared with euthyroid (healthy and sick) cats, and the percentage decrease
is consequently significantly lower [61,62]. Although individual laboratories
vary, as a general guideline, the postliothyronine serum total T, concentration
tends to be greater than 20 nmol/L. in hyperthyroid cats and less than
20 nmol/L in euthyroid cats. There is a greater overlap of results in hyperthyroid
and euthyroid cats when the percentage change in total T, is calculated. Never-
theless, suppression of 50% or more is consistent with euthyroidism, whereas
hyperthyroid cats rarely have values exceeding 35%. Discriminant analysis
can also be applied to the results to identify those variables providing the best di-
agnostic sensitivity and specificity, but the overall performance of the test tends
to be unaffected [62,63]. Although the T3 suppression test is capable of diagnos-
ing hyperthyroidism, some authors suggest that it is most useful in confirming
euthyroidism and ruling out hyperthyroidism [61]. Unlike the TRH response
test, it is not associated with any adverse reactions. It is a relatively prolonged
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test, however, and highly depends on good owner compliance in reliably admin-
istering liothyronine tablets and adequate gastrointestinal absorption, necessitat-
ing confirmation by before and after serum total T3 measurement [61,63].

ADDITIONAL DIAGNOSTIC TESTS

Ultrasonography has been used to document the dimensions and volume of
the thyroid glands in euthyroid and hyperthyroid cats [64]. Mean dimensions
0f20.4 mm x 2.5 mm x 3.2 mm and 21.1 mm X 6.7 mm x 6.8 mm (length x
width x height) and lobar volumes of 85 mm® and 578 mm® were recorded in
euthyroid and hyperthyroid cats, respectively. Eight of the 16 hyperthyroid
cats had unilateral disease, which may have affected results in these cases. Ul-
trasonography had 85.7% agreement with scintigraphy in defining normal and
abnormal thyroid lobes. Thyroid ultrasonography is technically demanding
and likely to be operator dependent, however.

A more recent study used helical CT to determine the dimensions and vol-
ume of thyroid tissue in clinically healthy cats [65]. The mean thyroid dimen-
sions were 16.5 mm x 2.0 mm X 4.31 mm (length x width x height) as
determined by transverse images, and the mean lobar volume measured
113.75 mm®. The value of such imaging in the diagnosis of hyperthyroidism
remains undocumented. The cost and availability of such technically demand-
Ing imaging techniques make their wide use unlikely, however.

SUMMARY

Hyperthyroidism remains a common endocrine disorder of cats. Although rel-
atively easy to diagnose in classically presenting cats, the increased frequency
of testing cats with early or mild disease has had significant implications for
the diagnostic performance of many of the routine tests currently used. Further
advances in the etiopathogenesis and earlier diagnosis are only likely with the
advent of a species-specific feline TSH assay.
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