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Thyroidal lliness
Camille Brassard

ABSTRACT (academic)

About 10% of hyperthyroid cats have a normal total T4 (TT4), requiring further testing to make
the diagnosis. Thyroid stimulating hormone (TSH) is measured using the “canine” assay (TSH-
CLIA, Immulite 2000 by Siemens) as the only assay currently available. However, this assay
cannot differentiate between subnormal and low-normal TSH concentrations in cats due to poor
specificity (70-85%). A novel feline-optimized TSH assay (TSH-BAW, Truforma by Zomedica)
was recently developed. It allows differentiation between euthyroid and hyperthyroid cats.
However, the effect of non-thyroidal illness (NTI) on TSH-BAW has not been evaluated. Our
objectives included the comparison of serum TSH concentration using both the TSH-CLIA and
TSH-BAW assays among hyperthyroid cats, cats with NTI, and healthy cats, and the evaluation
of the sensitivity and specificity of the TSH-BAW for diagnosis of FHT. This prospective cross-
sectional study was performed on 102 client-owned cats, including 37 hyperthyroid, 33 healthy,
and 32 NTI cats. The following thyroid hormones were measured in all cats: TT4, TSH with both
assays (Immulite 2000 and Truforma). Hyperthyroidism was confirmed by thyroid scintigraphy.
Euthyroidism was confirmed by repeating TT4 measurement at least three months after
enrollment (if available) to rule out subclinical hyperthyroidism. Cats with NTI were further divided
based on the severity of their illness. Serum TSH was compared among groups using Kruskal-
Wallis followed by Dunn’s procedure, and compared among NTI severity scores using the Fisher’s
Exact test. Significance was set at P <0.05. The sensitivity and specificity of TSH-BAW for
detecting hyperthyroidism are 78% (62-90%) and 97% (84-100%), respectively. The median TSH
is significantly different between hyperthyroid cats and healthy and NTI cats with both assays
(P<0.01). The TSH was not different between the latter euthyroid groups (P=0.87 and P=0.29).
Eight (21.6%) hyperthyroid cats have a normal TSH-BAW but undetectable TSH-CLIA. Twelve (4
healthy, 8 NTI) euthyroid cats (18.5%) have an undetectable TSH-CLIA with only two (1 healthy,
1 NTI) (3%) having an undetectable TSH-BAW. The proportion of cats with a suppressed TSH is
higher with severe illnesses with the TSH-CLIA only. In conclusion, the TSH-BAW has a high
specificity, identifies normal TSH in healthy cats more often, and appears to not be affected by
NTI. It can be a useful tool for the diagnosis of feline hyperthyroidism. However, a low-normal
TSH cannot be used to rule out hyperthyroidism.
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ABSTRACT (general)
Hyperthyroidism leads to elevation of the thyroid hormone total T4 (TT4). About 10% of

hyperthyroid cats have a normal TT4, requiring further testing to make the diagnosis. Another
thyroid hormone, thyroid stimulating hormone (TSH), could be used like it is with people. In feline
medicine, it is measured using the “canine” assay (TSH-CLIA, Immulite 2000 by Siemens) as the
only assay currently available. However, this assay cannot differentiate between subnormal and
low-normal TSH concentrations in cats due to poor specificity (70-85%). A novel feline-optimized
TSH assay (TSH-BAW, Truforma by Zomedica) was recently developed. It allows differentiation
between euthyroid and hyperthyroid cats. However, the effect of non-thyroidal illness (NTI) on
TSH-BAW has not been evaluated. Our objectives included the comparison of serum TSH
concentration using both the TSH-CLIA and TSH-BAW assays among hyperthyroid cats, cats
with NTI, and healthy cats, and the evaluation of the sensitivity and specificity of the TSH-BAW
for diagnosis of FHT. The study was performed on 102 client-owned cats, including 37
hyperthyroid, 33 healthy, and 32 NTI cats. The following thyroid hormones were measured in all
cats: TT4, TSH with both assays (Immulite 2000 and Truforma). Cats with NTIl were further divided
based on the severity of their illness. Serum TSH was compared among groups using Kruskal-
Wallis followed by Dunn’s procedure, and compared among NTI severity scores using the Fisher’s
Exact test. Significance was set at P <0.05. The sensitivity and specificity of TSH-BAW are 78%
and 97%, respectively. The median TSH is significantly different between hyperthyroid cats and
healthy and NTI cats with both assays. The euthyroid cats (healthy and NTI cats) were not
different. Eight (21.6%) hyperthyroid cats have a normal TSH-BAW (not normal in the face of
hyperthyroidism) but undetectable TSH-CLIA. The proportion of euthyroid cats with a suppressed
TSH (not normal in the face of euthyroidism) is higher with the TSH-CLIA compared to the TSH-
BAW. Only with the TSH-CLIA, the proportion of NTI cats with a suppressed TSH is higher than
healthy cats, and is higher with severe illnesses. In conclusion, the TSH-BAW has a high
specificity, identifies normal TSH in healthy cats more often, and appears to not be affected by
NTI. It can be a useful tool for the diagnosis of feline hyperthyroidism. However, a low-normal
TSH cannot be used to rule out hyperthyroidism.
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APPENDIX 1 - TABLES

Table 1 — Total thyroxine (TT4) and thyroid-stimulating hormone (TSH) using the Immulite 2000
canine assay (TSH-CLIA) and the novel feline-optimized assay (TSH-BAW) of hyperthyroid,
euthyroid healthy, and euthyroid cats with NTI

Hyperthyroid cats | Euthyroid healthy Euthyroid cats with P - value
(n=37) cats NTI
(n=32) (n =33)
TT4 169.12 (140.7- 31.8°(29.5-34.1) 20.2° (16.6-23.8) a/b:
197.5) <0.001
b/b: 0.66
TSH- 0.03? (0.03-0.03) 0.08! (0.06-0.1) 0.06° (0.05-0.08) a/b:
CLIA <0.002
b/b: 0.22
TSH- 0.0092 (0.008- 0.06° (0.04-0.07) 0.05° (0.04-0.07) a/b:
BAW 0.009) <0.001
b/b: 0.87

Results are described as median (range). Results in the same row that are not connected by the
same letter are significantly different. Reference interval: TT4 (9-46 nmol/L), TSH-CLIA (0.03-
0.3 ng/mL) and TSH-BAW (0.008-0.3 ng/mL).

Table 2 — Proportions of suppressed thyroid-stimulating hormone using the Immulite 2000
canine assay (TSH-CLIA) and the novel feline-optimized assay (TSH-BAW) in euthyroid healthy
and euthyroid cats with NTI

Euthyroid healthy Euthyroid cats with Total P - value
cats NTI (n =65)
(n=32) (n=33)
TSH-CLIA | 4/32 (12.5%) 8/33 (24.2%) 12/65 0.34
(18.5%)
TSH-BAW | 1/32 (3%) 1/33 (3%) 2/65 (3%) |1.0
P - value 0.35 0.026 <0.01

Proportions were not statistically different between each group (euthyroid healthy cats,

euthyroid cats with NTI, and the total of all euthyroid cats). The proportions were significantly
different between both assays for the euthyroid cats with NTI and the total of all euthyroid cats.
Reference interval: TSH-CLIA (0.03-0.3 ng/mL) and TSH-BAW (0.008-0.3 ng/mL).

Table 3 — Concurrent diseases of euthyroid cats with NTI divided by severity

Non-thyroidal illnesses

diseases
(n =15)

Group 1 - mild

CKD (9), DM (2), chronic pancreatitis (1), CE (2), FIV+ (1), chronic
nasal disease (2), fever (1), UTI (1), colonic mass (1)

Vi



Group 2 - severe Acute or worsened gastrointestinal illness (2), round cell neoplasia

diseases (1), FUO (1), acute pancreatitis/cholangiohepatitis (3),

(n=14) pyelonephritis (1), DKA (3), systemic fungal disease (1), blood
loss anemia (1)

Group 3 — severe Round cell neoplasia (1), pancytopenia (1), sepsis/bacteremia (2),

diseases leading to secondary HL (1 — same as sepsis/bacteremia)

non-survival

(n=4)

Abbreviations: Chronic kidney disease (CKD), diabetes mellitus (DM), chronic enteropathy (CE),
feline immunodeficiency virus positive (FIV+), urinary tract infection (UTI), fever of unknown
origin (FUO), diabetic ketoacidosis (DKA), hepatic lipidosis (HL)

Table 4a — Proportions of suppressed thyroid-stimulating hormone using the Immulite 2000
canine assay (TSH-CLIA) and the novel feline-optimized assay (TSH-BAW) in euthyroid cats
with NTI divided by disease severity

Group 1 Group 2 Group 3 P - value
(n =15) (n=14) (n=4)
TSH-CLIA | 2/15 (6.7%) 5/14 (35.7%) 1/4 (25%) 0.34
TSH-BAW | 0/15 (0%) 1/14 (7.1%) 0/4 (0%) 0.5
P - value 0.48 0.16 1.0

Proportions were not significantly different between each group nor between assays.

Table 4b — Proportions of suppressed thyroid-stimulating hormone using the Immulite 2000
canine assay (TSH-CLIA) and the novel feline-optimized assay (TSH-BAW in euthyroid cats
with NTI divided by disease severity

Group 1 Groups 2 +3 P - value
(mild diseases) (severe diseases)
(n=15) (n=18)
TSH-CLIA 2/15 (6.7%) 6/18 (33.3%) 0.24
TSH-BAW 0/15 (0%) 1/18 (5.6%) 1.0
P - value 0.99 <0.01

Proportions were not different between each group (group 1 — mild diseases and group 2+3 —
severe diseases). The proportions were significantly different between both assays for the group
2+3 — severe diseases.
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Table 4c — Proportions of inappropriately suppressed thyroid-stimulating hormone using the
Immulite 2000 canine assay (TSH-CLIA) and the novel feline-optimized assay (TSH-BAW) in
euthyroid cats with NTI divided by disease severity

Group 1+2 Groups 3 P - value
(survivors) (non-survivors)
(n =29) (n=4)
TSH-CLIA | 7/29 (24.1%) 1/4 (25%) 1.0
TSH-BAW | 1/29 (3.4%) 0/4 (0%) 1.0
P - value 0.03 0.99

Proportions were not different between each group (group 1+2 — survivors and group 3 — non-
survivors). The proportions were significantly different between both assays for the group 1+2 —

survivors.
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APPENDIX 2 — FIGURES

Figure 1 — Thyroid-stimulating hormone (TSH) concentration using the Immulite 2000 canine

assay (TSH-CLIA) and the novel feline-optimized assay (TSH-BAW) according to group
c¢TSH and fTSH according to group
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Median thyroid-stimulating hormone concentration (TSH) concentrations of hyperthyroid cats
(Hyperthyroid), euthyroid healthy cats (Healthy) and euthyroid cats with non-thyroidal illness
(NTI). Significant difference is marked by an asterix. The median TSH concentrations of the
hyperthyroid cats were significantly different than both euthyroid groups (Healthy and NTI) with
both assays (P<0.01). The median TSH concentrations of Healthy and NTI groups were not
different with both assays (TSH-CLIA P=0.22, TSH-BAW P=0.87).

Figure 2 — Total thyroxine (TT4) concentration in hyperthyroid cats that had a normal TSH-BAW
concentration vs subnormal TSH-BAW concentration
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There was no significant difference (P=0.834). Asterix denotes outliers.

Figure 3 — Thyroid-stimulating hormone (TSH) concentrations using the novel assay (TSH-
BAW) in euthyroid cats with nonthyroidal ilinesses (NTI) according to their severity
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Median thyroid-stimulating hormone concentration (TSH) concentrations of euthyroid cats with
NTI divided by disease severity (group 1, group 2, and group 3). There was no statistical
difference between each group (P=0.70).
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CHAPTER 1 - LITERATURE REVIEW

Thyroid physiology
A. Thyroid structure and function

The thyroid gland is located in the ventral neck, with separate lobes on each side of the
trachea in the cat. It contains two types of endocrine cells: follicular cells and parafollicular cells
(or C cells). The basic functional unit of the thyroid is the follicle, composed of a single layer of
thyroid epithelial cells and intraluminal colloid. The colloid contain thyroglobulins (Tg), a large
glycoprotein produced by the thyroid follicular cells that is essential for the synthesis of thyroid
hormones. The parafollicular cells (C cells) are located in the interstitium between the follicles,
and are responsible for the production of calcitonin.(1-3) The C cells and their product calcitonin
help regulate calcium metabolism.

During embryological development, the follicular cells originate from the pharyngeal
epithelium. It then descends along the neck to its final position. During its descent, the thyroid
remains connected to the pharynx by the thyroglossal duct, where remnants of thyroid tissue may
be left. Similarly, accessory thyroid tissue in the mediastinum can be explained by the close
embryologic relation of the thyroid to the aortic sac.(1, 3)

B. Hypothalamus-Pituitary-Thyroid axis

The hypothalamus-pituitary-thyroid (HPT) axis is a multi-loop feedback system
responsible for thyroid homeostasis. The hypothalamus and pituitary gland are in close
anatomical contact.(1-5)

The hypothalamus is a neuroendocrine structure located in the diencephalon. Special
hypophysiotropic neurons in the paraventricular nucleus of the hypothalamus are responsible for
the production of thyrotropin releasing hormone (TRH), which is then stored at the nerve ending.
In response to specific stimuli, TRH is released into the median eminence, an extension of the
hypothalamus into the pituitary stalk. The pituitary stalk is the functional link between the
hypothalamus and the anterior pituitary. It contains the hypothalamic-hypophyseal portal blood
system connecting both organs. Thyrotropin releasing hormone is transported to the anterior
pituitary via this blood system.(4, 5) The anterior pituitary gland contains five types of cells which
all have specific hormonal function. Thyroid releasing hormone act on thyrotropes, which are the
cells responsible for thyroid homeostasis. The action of the thyrotropes leads to production and
secretion of thyrotropin (or thyroid stimulating hormone (TSH)). In turn, TSH stimulates thyroid
follicular cells to produce triiodothyronine (T3) and thyroxine (T4) via a G-protein-linked receptor
and cAMP second messenger pathway.(1, 2, 4, 5)

The HPT axis is regulated by negative feedback via the plasma concentrations of T3 and
T4. High concentrations of T3 at the hypothalamic and pituitary levels inhibit the synthesis of both
TRH and TSH (long feedback). Thyroxine is converted into T3 by 5'-deiodination mainly in the
peripheral tissue in cats.(3, 6, 7) A direct negative effect of T4, independent of T3, has also been
reported.(8) Increased concentration of TSH also suppresses the hypothalamic production of TRH



(short feedback) as well as the further pituitary synthesis of TSH (ultra-short feedback).(1, 2, 4,
5) Other extrathyroidal factors are also known to positively or negatively affect the HPT axis,
including fasting, stress, concurrent illnesses, hormones |[cortisol, melanocyte-stimulating
hormone (MSH), leptin, growth hormone (GH), MSH, leptin, GH, ghrelin, prostaglandins], drugs,
neurotransmitters (dopamine) and cytokines (TNF-a, IL-1, IL-6). In humans, thyroid hormones
and TSH concentrations are also influenced by the circadian rhythm, with peaks at certain time
points of the day.(1, 2, 5, 9, 10) In addition, intrathyroidal autoregulatory mechanisms are present
in situations of abnormal iodine concentration. lodine insufficiency leads to decreased Tg
iodination, decreased thyroid hormone synthesis, decreased thyroid sensitivity to TSH, and
increased ratio of T3/T4 secretion.(1, 2) With iodine excess, there is a decreased expression of
the genes encoding thyroid peroxidase (TPO) and Sodium-lodine Transporter (NIS) in order to
avoid hyperthyroidism.(1)

C. Production of thyroid hormones

The two thyroid hormones produced by the thyroid gland are T3 (3,5,3'-L-triiodothyronine)
and T4 (3,5,3',5'-L-tetraiodothyronine). lodine is required for their synthesis, which comes entirely
from the diet. The thyroid gland is the only organ that can bind iodine organically. Thyroid
hormones synthesis can be divided into the five steps listed below.(1-3, 5, 11)

The first step is the active transport of iodide from the extracellular fluid into thyroid
follicular cells. This is done by the Sodium-lodine Transporter (NIS) located on the basal
membrane, which derives its energy from a Na-K-ATPase pump.(1-3, 5, 11) The second step
includes Oxidation and Organification. Transport of iodine into the follicular lumen is facilitated by
the protein pendrin. lodine is oxidized by the enzyme thyroid peroxidase (TPO) and incorporated
into the tyrosine residues of Tg. These actions take part at the apical membrane. The iodinated
tyrosine residues formed are monoiodotyrosine (MIT) and diiodotyrosine (DIT), containing one or
two iodine ions respectively. This process is called organification.(1-3, 5, 11) The third step is the
oxidative coupling of the MIT and DIT to form the thyronines (T3 and T4). Coupling of two DIT
leads to production of T4, and coupling of one MIT and one DIT results in production of T3. This
reaction is also catalyzed by TPO.(1-3, 5, 11) The fourth step is the tansport of Tg back into the
thyroid follicular cells by endocytosis or pinocytosis. In the cytoplasm, each colloid droplet fuses
with lysosomes as they move towards the basal membrane. The lysosomal enzymes hydrolyze
the bonds between the iodinated residues and Tg. This action releases T3, T4, MIT and DIT into
the cytoplasm.(1, 2, 5, 11) The fifth and final step is the diffusion of T3 and T4 into the circulation,
and de-iodination of the free iodotyrosine (MIT and DIT). The iodine is then recycled and reused
by the thyroid follicular cells. A small, insignificant amount of Tg is also released into the circulation
in healthy subjects.(1, 2, 5, 11) In opposition to other species, the feline thyroid gland does not
contain the deiodinase enzyme D1. Therefore, conversion of T4 into T3 is mostly done locally in
peripheral tissue.(3, 6, 7) This is where the majority of T3 is produced.

Thyroid hormones are highly protein bound, with a minimal number of them in their free
form (<0.05% fT4 and 0.5% fT3)(1). The thyroid binding proteins include a high-affinity thyroxine-
binding globulin (TBG), which is found only in dogs and humans, thyroxine-binding prealbumin
(TBPA), also called transthyretin, albumin, and in a minimal amount of lipoproteins and



transthyretin. Due to the lack of TBG in cats, the main binding protein is transthyretin. Thyroxine
is significantly more highly bound to proteins than T3. Therefore, T4 has a lower metabolic
clearance rate and a longer half-life. For this reason, the majority of thyroid hormone produced
by the thyroid gland is T4.(1, 2)

D. Mechanism of action and metabolism of thyroid hormones and TSH

Only free thyroid hormones can enter cells and exert a biologic effect. T3 is three to five
times more potent than T4, and is therefore the main biologically active thyroid hormone. This is
mainly due to its higher affinity for the nuclear receptor (15 fold), but also a quicker entry into the
cell and onset of action. Between 40% and 80% of T4 is transformed into T3 by deiodination in
local tissue.(1, 2)

Thyroid hormones exert their biologic effect through genomic and nongenomic
mechanisms. Primarily, they act on a nuclear receptor present in almost all cells of the body. This
nuclear thyroid hormone receptor (TR) belongs to the steroid-thyroid-retinoid receptor family,
which exists in four forms in cats. The action of thyroid hormones on TR influences the expression
of many genes coding for different metabolic processes. Recently, it was found that thyroid
hormones also act on receptors in the membrane (integrins) and mitochondria of almost all cells
of the body.(1-3) These nongenomic effects are thought to contribute to the basal setting of
cells.(1-3) Binding to mitochondrial receptors leads to activation of adenine nucleotide translocase
(ANT), which influences energy production via non-shivering thermogenesis and ATP production
from oxidative phosphorylation.(12) Activation of the integrin receptors leads to proliferative
actions and affects the activity of ion channels.

Due to their action on almost all cells in the body, thyroid hormones are part of the
metabolic processes of the entire organism. They stimulate calorigenesis, and are therefore
essential for the regulation of the basal metabolic rate and thermoregulation. Thyroid hormones
play a critical role in fetal development and growth. They stimulate carbohydrate, lipid, and protein
metabolism. Thyroid hormones lead to increased activity of Na-K-ATPase pumps as well as
increased mitochondria size and number. Some of their effects include positive chronotropy and
inotropy, increased oxygen consumption, stimulation of erythropoiesis, and increased bone
turnover. As this is a non-exhaustive list of all the numerous functions of the thyroid hormones, it
can be concluded that T3 and T4 stimulate the metabolic processes of all cells in the body.(1, 2,
4)

In most species, inactivation of T3 and T4 is mainly achieved via deiodination, which is
performed by deiodinase enzymes (D1, D2 and D3). Deiodinase enzyme D3, an inner ring 5-
deiodinase, is the main enzyme leading to inactivation of T3 and T4 by transformation into
metabolically inactive reverse T3 (rT3) and 3,3'-diiodothyronine (3,3'-T2).(1-3, 6, 7) At this time, it
is unclear if cats have the D3 enzyme. Considering the short half-life of thyroid hormones and the
high iodine requirement in cats, D3 enzymatic activity is likely present.(3, 6, 7) The second major
metabolic pathway of thyroid hormone inactivation is conjugation to soluble molecules
(glucuronides and sulfates), and subsequent elimination in bile and urine.(1, 2)



Feline Hyperthyroidism

A. Description of the disease

Hyperthyroidism or thyrotoxicosis is defined as excessive production and secretion of
thyroid hormones T3 and T4. In cats, it is due to a primary autonomous condition of the thyroid
gland, with a benign adenomatous process (adenomatous hyperplasia or follicular cell adenoma)
being the most common pathology. In 70% of cases, both thyroid glands are affected.(13)
Functional thyroid carcinoma is a rare condition, seen in less than 3-5% of cases.(14-18) Ectopic
thyroid disease is also uncommon with a prevalence of 4%.(19) Feline hyperthyroidism (FHT) is
a progressive disease, similar to toxic nodular goiter in humans.(20) Other causes of
hyperthyroidism reported in humans and/or in dogs include TSH-secreting pituitary adenoma(21,
22), ingestion of exogenous thyroid hormones(23, 24), and acute thyroiditis(25). These conditions
have not been documented in cats.(1, 2) An autoimmune etiology was suspected in one older
study(26), but that hypothesis was refuted by multiple reports, including a publication from the
same investigators. (27-29)

Thyroid autonomy, or autonomous replication of thyroid follicular cells and of thyroid
hormones synthesis, is the key to development of hyperthyroidism. It is believed that chronic
stimulation of follicular cells with a high growth potential would lead to somatic mutations, and
therefore to autonomy.(30-33) Several mutations involving different aspects of the thyroid
follicular cells have been published in cats with hyperthyroidism. One study reported eleven
mutations of the TSH receptor gene in thyroid nodules of hyperthyroid cats, of which five are also
seen in humans with hyperthyroidism.(34) Other publications (in vitro and in vivo) have identified
decreased expression of inhibitory G proteins(35, 36), and overexpression of the oncogene c-
Ras(37) in thyroid nodules of hyperthyroid cats. Unfortunately, the underlying cause of those
mutations remains unclear.

Hyperthyroidism is a the most common endocrinopathy affecting cats. The mean age at
diagnosis is 12-13 years old, with a range of 4 to 22 years old. Feline hyperthyroidism is rarely
diagnosed in young animals, with less than 5% of them diagnosed before 8 years of age.(13, 38-
40) Hyperthyroidism causes a hypermetabolic state leading to systemic complications. Most
common clinical signs include weight loss, polyphagia, hyperactivity, gastrointestinal signs
(vomiting, diarrhea), polyuria/polydipsia, poor grooming, and behavior changes. The latter
includes increased activity levels, anxiety and aggressiveness.(1, 2, 33) Less than 10% of
hyperthyroid cats will be lethargic and have a poor appetite (“apathetic’ or asymptomatic
hyperthyroidism).(13, 40) In humans, this condition is mainly seen in older patients with
concurrent diseases and/or therapy responsible for those symptoms.(41, 42) Advanced severe
hyperthyroidism can also lead to lethargy and generalized weakness.

Hyperthyroidism has significant effects on the cardiovascular system, including positive
chronotropy, reduced atrioventricular conduction times, and upregulated beta-adrenergic
receptors. Hyperthyroid cats often have systolic heart murmurs (54%), tachycardia (42-66%), a
gallop rhythm (12-15%) and other potential arrhythmias. Electrocardiographic abnormalities
include increased R-wave amplitude on lead Il (29-49%), atrial and ventricular arrhythmias (20%),
prolonged QRS duration (16%), shortened Q-T interval (11%), and conduction disturbances (3%).



Echocardiographic abnormalities include myocardial hypertrophy (72%), enlarged left atrium
(70%) and left ventricle (46%), and enhanced contractility (15-21%). They can also have an
elevated myocardial marker Troponin 1.(2, 13, 33, 43-46) Those changes are similar to those seen
in cats with primary hypertrophic cardiomyopathy (HCM), however they rarely lead to congestive
heart failure (<5%), and they mostly resolve once the hyperthyroidism is treated.(13, 33, 43-45)
Heart failure was more commonly reported before the 2000s, likely due to the fact that FHT was
diagnosed in a more advanced state(13, 46). Systemic hypertension (SH) is also reported in
hyperthyroid cats, however a causality has not been clearly proven. Prevalence of SH is believed
to be somewhat low, with most recent publications reporting a prevalence between 5-20%.(47-
49), with one older study publishing a higher prevalence of 89%.(50) The pathophysiology of SH
in FHT is unclear. Diastolic resistance is reduced due to decreased peripheral vascular resistance
and the increase in cardiac output only mildly elevates the systolic blood pressure.(51)
Hypertension does not always resolve after controlling hyperthyroidism.(48, 49) Interestingly, 20-
25% of cats will develop SH after treatment of hyperthyroidism.(49) Target organ damage (TOD)
due to FHT is also very uncommon.(51, 52) In summary, the association between FHT and SH is
unclear, and could be the result of a comorbidity such as masked chronic kidney disease, or the
“‘white coat effect” associated with the increased anxiety of hyperthyroid cats.(2, 33)

Hyperthyroidism increases glomerular filtration rate (GFR) by several mechanisms,
including increased renal blood flow secondary to increased cardiac output, intra-renal
vasodilation, decreased resistance of the efferent arteriole, activation of the renin-angiotensin-
aldosterone system (RAAS), and increased tubuloglomerular feedback secondary to changes in
tubular reabsorption. This increase in GFR, along with increased tubular secretion and decreased
muscle mass, leads to reduced creatinine concentration.(33, 51, 53) Concomitant chronic kidney
disease, which is common in senior cats (>30% in cats over 15 years old)(54), can therefore be
missed. At time of diagnosis, about 10-25% of cats are azotemic.(38, 55, 56) Following a reduction
in GFR upon a return to euthyroidism, , the prevalence of post-treatment azotemia increases to
15-50%.(38, 55-62) Predicting occult kidney disease in hyperthyroid cats is challenging, and most
studies have not found a predictive blood work parameter. A recent paper reported that urine
specific gravity (USG) is only mildly affected by hyperthyroidism, and that a concentrated urine
capacity (>1.035) has a high sensitivity in predicting normal renal function after treatment.(63)
Another effect of hyperthyroidism on renal function is the development of mild proteinuria. Since
the mechanism is unclear, the latter is not associated with renal damage, and mostly resolves
within 4 weeks after treatment.(56, 62)

B. Prevalence and etiology

Feline hyperthyroidism was first described by Peterson et al. in 1979 in a case series of
five cats.(64) In 1980 and 1981, another case series of ten cats was published in the United
States of America (USA), as well as a case report of one cat in New Zealand.(65, 66) Following
those publications, FHT started to be recognized by veterinarians in several countries, and
screening for the disease slowly became an important part of feline medicine.

The prevalence of FHT before its recognition in 1979 was suspected to be low, but some
reports seemed to be contradictory. In 1964, a histological study of the feline thyroid gland



reported that thyroid anomalies were common in domestic cats, and that typical clinical signs in
some of those patients were suggestive of FHT.(17) However, a pathology review study came to
the opposite conclusion: Of several thousands of feline necropsies performed at the Animal
Medical Center (AMC) in New York City between 1970 and the first diagnosis of FHT in 1977, the
incidence of gross thyroid enlargement was rare at an average of 1.9 cats per year.(67)

In 1983, the first reported incidence of FHT was published by Peterson et al. in New York
City. Three new cases were diagnosed per month, with 131 diagnoses over a 3.5 year period.(13)
During a similar timeframe, at the University of California, a total of 125 cats were diagnosed with
FHT over a 5 year period.(2) Already in the 1990s and 2000s, FHT was recognized as a common
disease of middle-aged and senior cats. Since it was first discovered, the prevalence of FHT in
North America has seen a significant increase.(2, 68, 69) The prevalence was as low as 0.1-0.3%
between 1978-1982, and increased to 3-4.5% in publications from 1985 and 1993-1997.(13, 39,
64, 70, 71) The prevalence of FHT in cats over 8-10 years of age was reported in the 2000s in
various regions of the world, with evidence of regional differences: 11.4% in Germany(72), 16.4%
in United Kingdom (UK)(73), 20.1% in Spain(73), 3.9% in Hong Kong(74), and 8.9% in Japan(75).
Since then, the prevalence of hyperthyroidism has remained around 10-20% in cats over 10 years
old, with some regional variation.(1, 2, 68, 76-78) Feline hyperthyroidism is considered the most
common endocrinopathy in cats in this age range.

Although increased recognition of FHT and improvement of geriatric feline medicine play
a role in the increased prevalence of the disease, researchers suspect other factors are also
contributing. Epidemiological studies have reported several risk factors for FHT, including genetic
predispositions as well as nutritional and environmental exposure leading to thyroid
dysfunction.(1, 2) Multiple publications have shown that pure breeds (especially Siamese and
Himalayan breeds) are protected from the disease.(70, 77, 79-81) Female cats seem to be over-
represented in some studies(39, 80), but a sex predilection is not consistently reported.(74, 77,
81, 82)

Eating mainly canned food has been associated repeatedly with a higher risk of
developing FHT.(3, 39, 70, 79-83) As the etiology of this nutritional factor remains unclear today,
it is hypothesized that nutritional excesses and deficiencies as well as consumption of goitrogens
(i.e. thyroid disruptors) are causative.(2) Dietary iodine concentration is one of the most studied
nutritional factors. Indeed, deficiency and excess in iodine, especially with dramatic fluctuations,
are known to increase the risk of toxic nodular goiter in humans.(84-86) In cats, some publications
have found a correlation between lower concentrations of iodine and development of FHT.(39,
81) Also, iodine concentration is highly variable in commercial cat diets, especially canned food,
and supplementation in iodine has decreased over the last 30 years.(87-89) However, there is
not enough data to establish a cause and effect relationship between iodine deficiency or dramatic
fluctuation in iodine intake and FHT. Selenium excess has also been studied due to its role in
thyroid homeostasis, but no correlation has been found between selenium concentration and
FHT.(90-92) The effect of high dietary moisture has been evaluated showing a potential small
effect of water content on thyroid function, but a definitive clinical statement cannot be concluded
from this study.(90)



Consumption of goitrogens, or compounds that disrupt thyroid function, is another risk
factor that is likely important in FHT pathogenesis. Goitrogens can come from the diet and/or the
environment. Soy isoflavones are known to inhibit thyroid enzymes (TPO and 5’-deiodinase),
leading to decreased T3 concentration and secondary increase in TSH. The latter results in
increased synthesis of thyroid hormones, and therefore elevation of T4 and normalization of T3.(2,
93) The thyroid disruption seen secondary to soy is exacerbated by iodine deficiency, and there
is likely an interaction between different risk factors in the pathogenesis of FHT.(93) Soy
isoflavones are present in multiple dry food commercial feline diets, which is not consistent with
the increased risk of FHT in cats eating canned food. Other compounds that are known goitrogens
include bisphenol A (BPA), polychlorinated diphenyls (PCB), polybrominated diphenyl ethers
(PBDE), dioxins, perfluorinated chemicals, phthalates, and perchlorates.(2) All of these
compounds can disrupt thyroid function by several mechanisms, including inhibition of enzymes
and blockade or activation of receptors.(2) The structure of BPA, PBC and PBDE is highly similar
to T4.(69) Bisphenol A is used to make epoxy resins that compose the interior lining of metal
cans. Migration of BPA into food has been proven in both human and pet food products.(94, 95)
It is suspected that BPA might at least partly explain the association between canned food and
FHT.

Indoor housing and exposure to different chemical products (mainly fertilizers, herbicides,
insecticides and cat litter) have also been associated with an increased risk of developing FHT in
multiple publications.(70, 79-81) House cats have elevated plasma concentration of PBDES(96),
and a recent study showed higher concentrations of different types of PBDE and PCB in the
plasma of hyperthyroid cats.(97) This study supports the hypothesis of goitrogens in the
pathogenesis of FHT and suggests the environment where cats live has an effect on the
development of this disease.

B. Early/subclinical hyperthyroidism

Subclinical hyperthyroidism (SCH) is defined in humans as low TSH concentration in
conjunction with normal TT4.(98, 99) Despite being subclinical, this entity can be associated with
systemic complications in humans, especially cardiovascular disorders, and treatment may be
required. It can also progress into clinical hyperthyroidism.(98, 99) Diagnosis can be challenging,
as TSH can be decreased due to other factors, including nonthyroidal illness syndrome (NTIS)
and drug-mediated suppression.

In cats, subclinical hyperthyroidism has not been clearly defined nor studied as it has been
in humans. Subclinical, early, and mild hyperthyroidism are sometimes used synonymously. Cats
classified into these categories generally have normal or slightly elevated total T4 and suppressed
TSH concentrations. The presence of clinical signs in these cats are generally absent to mild. As
discussed later, using TSH concentrations to define these cats has been problematic given the
limitations of the TSH-CLIA assay (see C. Diagnosis). In some studies, severity of clinical signs,
thyroid hormone concentrations, and thyroid scintigraphy are used to determine if cats have
subclinical or mild hyperthyroidism.(100, 101)



One publication has reported the presence of low TSH concentration with normal T4 value,
suggestive of SCH.(100) Histopathology of the thyroid gland of those cats revealed a higher
prevalence of nodules. However, limitations were that most of those cats had non-thyroidal iliness
with a predominance of kidney disease, the low TSH was based on only one blood sample, and
it was performed on a canine assay. Due to the canine assay being the only assay available for
measurement of TSH, its low sensitivity makes it impossible to know if the TSH was truly
decreased in those cats.. In a later study by the same authors, cats with an undetectable TSH
were more at risk of progressing to clinical hyperthyroidism with an odds ratio of 39.(83) Based
on their data, 28% of cats were defined as having SCH.(83) Considering the limitations of this
study, it is likely overestimating the true prevalence of SCH.

Other studies have used a severity score system to define SCH. This scoring system is
based on the TT4 and TT3 concentrations, the measured thyroid tumor volume on scintigraphy,
the percent thyroidal uptake of sodium **™Tc-pertechnetate, and the 24-hour thyroid 1'3! uptake
measurement.(101-103) Based on this system, about half of the cats have a mildly elevated TT4,
and about a quarter have a normal TSH concentration.(101)

As seen in humans, the presence of a thyroid goiter is common in euthyroid cats. Between
38-76% of senior cats without overt hyperthyroidism have a palpable thyroid slip.(104-106)
Histologically, up to 85% of those thyroid glands had lesions consistent with nodular hyperplasia
or adenoma.(107, 108) A significant amount of euthyroid cats with thyroid nodules end up
developing overt hyperthyroidism within months to years.(83, 100, 108) Having a thyroid goiter
does not coincide with hyperthyroidism, but cats with a thyroid slip are at an increased risk of
developing the disease.(83, 100) It is important to remember that most hyperthyroid cats (80-
90%) have a thyroid nodule on palpation.(2, 13, 38, 40)

C. Diagnosis

The diagnosis of FHT typically includes measurement of thyroid hormones in combination
with compatible clinical signs and physical examination findings. The thyroid hormones that can
be evaluated include total T4, total T3, free T4, and TSH.

The primary method for diagnosing FHT is by measuring the serum concentration of total
T4 (TT4). It is inexpensive, simple, and leads to a diagnosis of hyperthyroidism in over 90% of
the cases.(38, 109) It has a high sensitivity (91-96.5%) and specificity (93-100%) for diagnosis of
FHT, making it the screening test of choice.(2, 13, 38, 40, 109) Hyperthyroid cats can have a
normal TT4 concentration for several reasons, including normal daily fluctuation of this hormone
in the blood, presence of subclinical/early disease, or presence of a concurrent illness, termed
nonthyroidal illness syndrome (NTIS). About 10% of hyperthyroid cats have a normal TT4
concentration, with approximately 80% of these cats having mild hyperthyroidism and 20%
having concurrent NTIS.(9, 33, 110-112) The effect of NTIS on thyroid function is discussed in
depth in the next chapter of this document. Total T4 can be measured with four different assays:
Radioimmunoassay (RIA), chemiluminescent enzyme immunoassay (CLIA), point-of-care (POC)
enzyme-linked immunosorbent assay (ELISA), and enzyme immunoassay (EIA).(113) Other
human assays are not recommended. Radioimmunoassay is considered the gold standard, but



is limited by the need for radioactive metabolite and lack of automation.(106, 110, 113, 114) In
comparison, CLIA is considered very similar(115, 116), however ELISA and EIA are less
reliable.(113) The ELISA assay shows discordant results in up to 56% of cases, and is therefore
not considered accurate.(117) The EIA correlates better, but discordance is seen in 24% of
cases.(113, 118) Both of these assays can therefore lead to false positive as well as false negative
results, impacting clinical decision making. If a false positive TT4 result is a concern using either
of these methods, then measuring TT4 using the RIA method is recommended.

Measurement of total T3 (TT3) is also highly specific, but its lack of sensitivity reduces its
utility. TT3 remains in the normal reference interval in over 30% of hyperthyroid cats.(38, 109)
This is partly due to a compensatory decrease in peripheral conversion of T4 into T3 secondary
to hyperthyroidism.(110) For this reason, TT3 is rarely used for diagnosis of FHT. If measured, it
should be interpreted in conjunction with a TT4 level.

Measurement of free T4 (fT4) is more sensitive than TT4 for FHT, with elevation of fT4 in
over 98% of hyperthyroid cats.(109) As it is less affected by NTIS than TT4, fT4 will be elevated
in 95% of cases where the TT4 is within the reference range.(109) However, fT4 is associated
with significant limitations, including the need for special measurement assays (equilibrium
dialysis or ultrafiltration), the increased risk for spurious errors, and a critical lack of specificity (as
low as 84%).(109, 110, 119-121) If fT4 concentration is not commonly reduced secondary to
NTIS, the opposite is not true: NTIS can lead to increased values of fT4. Up to 30% of euthyroid
cats with a NTIS have elevated fT4 level.(109, 122) Endocrinologists therefore recommend
against the use of fT4 alone for the diagnosis of FHT. As the addition of fT4 does not add
diagnostic value to TT4 concentration, it is rarely performed.(109, 110, 123) There are two main
ways to measure fT4, either by equilibrium dialysis (ED) or via a chemiluminescent enzyme
immunoassay (CLIA). Equilibrium dialysis or ultrafiltration are required to truly determine the fT4
concentration, and therefore ED is considered the gold standard. This has been well distinguished
in dogs with thyroid diseases.(124-126) Although there is good correlation between fT4 measured
via CLIA and ED, ED remains superior in hyperthyroid cats, both before and following therapy.
Compared to ED, CLIA had a lower sensitivity for diagnosis of FHT, and led to overdiagnosis of
iatrogenic hypothyroidism.(126) As ED is more expensive and takes longer to measure, it remains
the test of choice for measurement of fT4.

In the absence of a feline-specific assay, serum TSH concentration is usually measured
with chemiluminescent canine immunoassays (TSH-CLIA) (Immulite Canine TSH assay;
Siemens; Malvern, PA, USA USA). For diagnosis of feline hyperthyroidism, the TSH-CLIA has an
excellent sensitivity (97-99%), but a low specificity (70-85%), significantly limiting its
usefulness.(2, 83, 101, 113, 127) This poor specificity is explained by its inability to differentiate
low-normal from truly decreased TSH values, both below the low limit of detection of 0.03 ng/mL.
About 25%-30% of euthyroid cats have a suppressed TSH (<0.03 ng/mL).(101, 127) The positive
predictive value (PPV) of this assay is very low at 21.7%.(101) For this reason, TSH alone is not
recommended for screening of feline hyperthyroidism. However, combination of TSH with TT4 or
fT4 increases the specificity to 99%.(127) A novel TSH assay with a lower limit of detection has
recently been developed for feline TSH measurement (TSH-BAW) (Truforma Feline-optimized



TSH assay; Zomedica; Ann Harbor, MIl, USA). This assay uses bulk acoustic wave (BAW)
technology which detects shifts in radio frequency on the sensor surface. The TSH molecules
present in the sample bind to a capture monoclonal antibody on the sensor as well as a
monoclonal antibody in solution, forming a sandwich complex. An enzyme binds to this complex,
immobilizing it to the sensor surface and converting an enzymatic substrate to an insoluble
product, which accumulates on the sensor. This change in weight on the sensor surface is
detected.(128) The BAW technology is highly sensitive and allows a lower limit of detection of
0.008 ng/mL, significantly lower than the TSH-CLIA assay.(128-130) A TSH of 0.01 ng/mL can
differentiate euthyroid and hyperthyroid cats, with 12% of cats with a normal TSH-BAW (= 0.01
ng/mL) having a suppressed TSH-CLIA (<0.03 ng/mL).(128) Based on a recent study evaluating
this assay, the test sensitivity and specificity for diagnosis of feline hyperthyroidism are 91.1%
and 98.9%, respectively. It also has a high positive predictive value (PPV) of 86.9%.(101)
However, this study did not evaluate extensively the effect of NTI on the TSH-BAW assay, with
only a small group of 12 cats with CKD. Considering that 20-30% of hyperthyroid cats with a high-
normal TT4 suffer from concurrent diseases, it is essential to determine how the TSH-BAW assay
is affected by NTI before recommending it as a test of choice.

Dynamic tests have been evaluated in the past for the diagnosis of FHT. These include
the T3 suppression test, the TRH stimulation test, and the TSH stimulation test. The aim of those
tests is to diagnose early hyperthyroidism when TT4 and fT4 are within reference range or
unhelpful. With the T3 suppression test, a significant overlap exists between euthyroid and
hyperthyroid cats.(131-133) With the TRH stimulation test, values between 50-60% are
equivocal(110, 134, 135), and administration of TRH commonly causes cholinergic reactions
including severe salivation, nausea, vomiting, diarrhea, tachypnea and micturition.(136-139) The
TSH stimulation test has a poor diagnostic performance, with a strong overlap between results of
euthyroid and hyperthyroid cats.(140) The accuracy of all three tests is reduced with the presence
of NTI.(141) In summary, dynamic tests can potentially be useful for diagnosing the early form of
FHT, however they are rarely needed.(110, 135)

The best diagnostic test available for diagnosis of FHT is radioisotope uptake of the thyroid
visualized via scintigraphy. Increased uptake of radioactive iodine (1> or 1*3!) or pertechnetate
(®*TcO4°) can be confirmed by the thyroidal percentage of uptake or by the thyroid-to-salivary
ratio. It correlates strongly with the concentration of thyroid hormones, and is highly sensitive
(99%). Scintigraphy is also beneficial in identifying the extension of the disease (unilateral vs.
bilateral, presence of ectopic functional thyroid tissue), and in raising the index of suspicion of a
thyroid carcinoma.(16, 19, 142, 143) The limitations of this test are mainly related to its need for
ultra-specialized equipment and the biosecurity requirements of dealing with radioisotopes.
Heavy sedation or general anesthesia might be required for the performance of this test.
Therefore, as scintigraphy is the gold standard in diagnosing FHT, its use remains mostly limited
for patients assessment prior to thyroidectomy or radioactive iodine therapy.(110)
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D. Management

Feline hyperthyroidism can be managed with both definitive and non-definitive therapies.
Choice of treatment depends on the characteristics of hyperthyroidism, the status of the patient,
as well as the owners’ preferences.

Non-definitive (or reversible) treatments include oral anti-thyroid drugs and iodine-
restricted diets. These therapies control hyperthyroidism by inhibiting the production and/or action
of thyroid hormones. They are not cytotoxic to the thyroid adenomatous disease, and therefore
do not resolve the underlying cause of the hyperthyroidism. Stopping this type of therapy will lead
to relapse of the clinical disease.(2, 3, 144)

1. Oral anti-thyroid medications, also called thioureylenes, exist in three different forms:
methimazole, carbimazole and propylthiouracil (PTU). All thioureylenes act by inhibiting the action
of TPO, the enzyme required in oxidation of iodine, organification, and coupling of the iodinated
tyrosine residues to form T3 and T4.(145, 146) Propylthiouracil is not recommended in cats
anymore due to important adverse effects.(147, 148) Anti-hyperthyroid drugs are the most popular
first-line therapy for treatment of FHT. Owners of hyperthyroid cats will be offered this treatment
option in 92% of cases, and 93% of cats will be treated with thioureylenes at some point in the
course of their disease.(149) Control of the hyperthyroidism is achieved in about 75% of
cases.(150) However, the primary thyroid disease will continue to grow, and may become
resistant to anti-thyroid drugs with time. In a large cross-sectional study of 2096 cats, 19.3% of
cats became refractory to methimazole and were suspected to have progressed to a thyroid
carcinoma within 4-6 years (vs. 0.4% within one year of diagnosis).(151) Survival time is lower in
cats treated with anti-thyroid medications compared to radioactive iodine (2 years vs. 4-5.3
years).(55) Other than progression of the primary thyroid disease, inconveniences of anti-thyroid
drugs include their adverse effects —dose-dependent vomiting and anorexia (20-25%), self-
induced excoriations (up to 12%), myelosuppression (16 to 35%), hepatopathy (3%), bleeding
diathesis (3%), and acquired myasthenia gravis (few reports only) —, the need for check-ups in
the long term, the need to pill the cat for the rest of its life, and its teratogenic potential.(3, 144,
150, 152) A topical formulation of methimazole has been proven to be effective, and can be
beneficial in cats that are difficult to pill and to reduce the prevalence of gastrointestinal adverse
events.(153, 154)

2. lodine-restricted diet is the other reversible therapy for FHT. As iodine is an essential
component of thyroid hormones production, severe iodine restriction (<0.3 mg/kg) significantly
decreases the concentrations of both T3 and T4 in cats.(155-160) At this time, there is only one
commercial iodine-restricted diet for management of FHT: Hill’'s Prescription Diet y/d. Dietary
management has the lowest success rate in controlling hyperthyroidism, estimated at about
50%.(150) It fails to normalize thyroid hormones concentration in 30% of cats, and when they
decrease back to the reference interval, they usually stay in the high normal range. Subsequently,
clinical signs and systemic effects of hyperthyroidism are not completely controlled in most
cases.(155-162) Other important inconveniences of dietary therapy include the low palatability of
the available commercial diet, its suboptimal protein composition for cats that are already muscle
wasted, and the need to feed this diet exclusively.(162) In summary, the use of a iodine-restricted
diet is considered the last therapeutic option for FHT, and should be reserved for cases where
other treatments are not possible.(2, 3, 150)
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Definitive options include radioactive iodine therapy and surgery (thyroidectomy). Both
treatments offer a permanent cure by removal of the thyroid autonomous disease. They are
however not reversible, and complications of these procedures are often permanent as well.(2,
3)

1. Radioactive iodine therapy (or I**! therapy) is considered the best treatment for FHT.(1-
3, 150, 163, 164) This therapy is safer than surgery, has lower complication rates, is non-invasive,
and is curative. Success rate of radioactive iodine therapy is over 95%, and survival time is
higher.(55, 150, 164, 165) It is also financially beneficial: the cost of the procedure is upfront, but
considered advantageous on the long term compared to antithyroid medications.(166) The
mechanism of action of radioactive iodine therapy allows for specific destruction of the
autonomous tissue, and is therefore beneficial for ectopic thyroid disease.(145, 163, 165) It is
also the treatment of choice for cats with invasive/metastatic carcinoma.(18, 167, 168) The use
of radioactive material requires the need for special licensing and facilities. Local, regional and
national laws regarding radiation safety need to be respected. After receiving 1'% treatment, cats
must be hospitalized in a specific area until the radiation they emit is considered low enough, and
specific guidelines must be followed by the owners for 2-4 weeks after discharge.(3, 164, 169)
This period of hospitalization and quarantine can be a major concern for some owners(170). Cats
with significant or unstable concurrent diseases should be excluded from receiving this therapy.
Other inconveniences of 1'% therapy include treatment failure and development of iatrogenic
hypothyroidism. About 5% of cats fail their first 1-131 treatment and require retreatment or
alternative therapy (thyroidectomy or antithyroid medications).(165, 171-174) A 2021 study
reported that all cats with a TT4 concentration >150 nmol/L (11.6 ug/dL) at time of discharge after
1-131 therapy ultimately failed to become euthyroid.(174) latrogenic hypothyroidism, on the other
hand, is fairly more frequent. The prevalence of iatrogenic hypothyroidism remains high and
variable, ranging from 5-50% depending on the study.(102, 103, 164, 171-173, 175, 176) This
disparity is partly due to the definition of hypothyroidism, time of follow-up, difference in dosing
regimens, and age of the study. latrogenic hypothyroidism should be categorized as previously
reported: overt hypothyroidism (T4 <1.0 pg/dL; TSH >0.30 ng/mL) vs. subclinical hypothyroidism
(T4 =1.0-3.8 yg/dL; TSH >0.30ng/mL).(171, 177) latrogenic hypothyroidism can be only
transient (about 30% of cases), with full recovery of thyroid function within 6-12 months, or
definitive and require treatment. Long-term follow-up is needed as it can take up to 18 months for
hypothyroidism to occur.(178) latrogenic hypothyroidism is rarely associated with clinical signs
typical of the disease, but is clinically important due to its effect on the kidneys. Development or
worsening of azotemia as well as reduced survival time have been associated with iatrogenic
hypothyroidism.(56, 103, 175, 179) Supplementation with levothyroxine is recommended with
those cats. At this time, using an individualized and/or low dose of 1*3! as well as selecting patients
with an undetectable TSH concentration are the actions that can be taken to hopefully reduce the
risk of iatrogenic hypothyroidism.(102, 103, 171) Despite those potential complications, the
prognosis of radioactive iodine therapy is considered excellent.(1-3, 150, 170)

2. Thyroidectomy has a high success rate of over 90%, slightly below 113! treatment, and
is the fastest way to resolve hyperthyroidism (24-48 hours after surgery).(14) It is however an
invasive procedure that requires general anesthesia, is more expensive, and associated with a
higher risk of complications.(14, 150, 180) Complications of thyroidectomy include iatrogenic
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hypothyroidism, iatrogenic hypoparathyroidism, treatment failure, laryngeal nerve paralysis,
Horner’s syndrome, hemorrhage and infection. After bilateral thyroidectomy, patients will for sure
be hypothyroid, and the risk of hypoparathyroidism is significantly increased. (14, 180-182) Life-
threatening hypocalcaemia can occur, in which case in-hospital intensive care is required.
Treatment failure can occur when thyroid tissue is left in situ during the procedure, when ectopic
tissue is not identified (intrathoracic, base of the tongue), or when the thyroid tumor invades
peripheral tissue.(3, 14, 18, 19, 180) Considering that thyroidectomy is less beneficial and more
risky than radioactive iodine treatment, it is rarely recommended in the first place.

Non-thyroidal ililness syndrome (NTIS)

A. Overview of NTIS

Non-thyroidal illness syndrome (NTIS), previously referred as euthyroid sick syndrome, is
defined as changes in thyroid hormones concentration in sick patients in the absence of
dysfunction of the hypothalamus-pituitary-thyroid axis.(183-187) Typical changes involve
decrease in T3 +/- T4 concentration, and specificities regarding results of thyroid testing in each
species will be discussed in the next section. Changes in thyroid values resolve with recovery of
the underlying iliness.(186, 188-190) The pathogenesis of NTIS is multifactorial, and has not been
completely elucidated yet. Pathophysiological mechanisms include inadequate activity of the
deiodinases D1, D2 and D3, decreased expression of thyroid hormone receptors, impaired
binding to transport proteins, inadequate feedback control, impaired response to TSH and TRH,
cytokines-mediated actions, and selenium deficiency.(184, 185, 188, 191-215) Specific renal
mechanisms have also been reported in patients with CKD and NTIS, including loss of thyroid
hormones in the urine and effects of the reduced GFR.(216-218) Non-thyroidal illness syndrome
in critically ill patients has been extensively reviewed(191, 194, 210, 219-226), but the syndrome
has also been proven to happen with non-critical and/or chronic diseases.(215, 227-230)
Changes in thyroid testing have also been reported after a significant stress, general anesthesia
and/or a surgical procedure, and secondary to several drugs like glucocorticoids and non-steroidal
anti-infammatory drugs (NSAIDs) among others.(10, 231-245) The magnitude of changes in
thyroid hormones concentration correlates with the severity and/or duration of the disease. (223,
224, 246, 247) Importantly, the presence of NTIS has been associated with worsened outcomes
and reduced survival both in human(187, 199, 215, 219, 220, 222, 225, 226, 229, 248-256) and
veterinary medicine.(111, 122, 257-263) There is no clear evidence that patients with NTIS need
thyroid hormone supplementation. However, it remains controversial in human medicine.(184,
185, 187, 215, 264)

B. Effects of NTIS on thyroid hormones and TSH

a) Humans

Typical changes seen in humans with NTIS are low fT3 and high rT3. Previously, NTIS was
called “low T3 syndrome” for that reason. Decreased TT4 and fT4 occur in patients with severe
or persistent NTIS.(183, 187) The TSH concentration can be decreased or normal, which
differentiates NTIS from hypothyroidism. Serum TSH above normal is mainly seen in patients
recovering from NTIS, and is transient.(187, 265, 266) The reported prevalence of NTIS in human
patients admitted to ICU is between 44% and 70%, with 16-23% also showing a reduced T4.(199,
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267-269) The prevalence of NTIS has been reported in specific critical illnesses, including sepsis
(67%)(226), acute pancreatitis (64.7%)(225), COVID-19 (24-66%)(270-273), as well as many
other. NTIS has also been reported in chronic diseases and non-critically ill patients, with a
prevalence ranging from 20%-55%, with 15.5% having concurrently low T4 levels.(215, 227-230)
As reported above, the presence of NTIS is associated with a negative outcome, with a direct
correlation between the risk of death and the severity of decreases in T3 and T4.(187, 199, 215,
219, 220, 222, 225, 226, 229, 248-256, 274) Serum TSH alone is also considered a negative
prognostic factor in patients with acute NTIS. A low TSH concentration is associated with short-
term non-survival and severity of critical illness.(274-276) However, in several studies, the TSH
concentration alone is not significantly associated with outcome, and is therefore less useful than
T3 and T4 for this use in human patients.

b) Dogs

Similar to humans, dogs with NTIS will show a low TT3 with a raised rT3, as well as low TT4.
Decreased fT4 concentration is less frequent (4.5-21%), mostly seen with severe illnesses
(prevalence up to 70-85%).(190, 260, 261, 277, 278) The TSH concentration in dogs with NTIS
is most of the time within the normal range.(190, 277) However, it can be decreased or elevated,
with risk of misdiagnosing hypothyroidism in the latter case.(277-279) However, the combination
of high TSH, low TT4 and low fT4 concentrations, consistent with a diagnosis of hypothyroidism,
occurs only in 1-2% of dogs with NTIS.(277) Elevation of TSH is reported in 8-31% of dogs with
NTIS, more often than in human medicine, and there is ho association with the severity of the
underlying disease.(277-280) On the other hand, low TSH concentration has been associated
with non-survival and severity of the illness in a few studies, as seen in humans.(260, 281) The
presence of NTIS has a negative prognostic value, associated with higher mortality and
morbidity.(257-261, 263, 281, 282) Hormonal changes associated with NTIS are also transient,
with resolution noted within 4 weeks of remission of the illness.(190, 283) The TT4 normalizes
before the TT3, and an increase in TSH above the reference range can be noted during
recovery.(190, 283)

c) Cats

Serum TT4 and TT3 are decreased in NTIS in cats, as seen in other species. A TT4
concentration below the lower limit of the reference range is seen in 21-23% of cats with NTIS,
with a prevalence as high as 59% in cats suffering from severe illnesses.(111, 112, 122, 262) In
a large study of almost 500 cats with NTIS, the diseases associated with lower TT4 levels included
diabetes mellitus, hepatopathy, renal failure and systemic neoplasia.(111) Similar to humans and
dogs, low TT4 and TT3 levels are also associated with non-survival, and the severity of the illness
correlates with their degree of reduction.(111, 112, 122, 262, 263, 284) Indeed, a decreased TT4
has been shown to be a negative prognostic factor in most studies, which is not the case for other
prognostic indicators, such as the systemic inflammatory response syndrome (SIRS) criteria and
the level of acute phase proteins.(263, 284)

In comparison, T4 is less predictable in the face of NTIS. In most cases, fT4 concentration

will remain in the reference interval, but it will be decreased in 3-5% and increased in 6-12% of
cases.(112, 122, 262) The fT4 concentration is not significantly different between NTIS and
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controls, however cats with NTIS are more likely to have a high fT4 than healthy cats.(112, 122,
262) This is a major limiting factor, as it is impossible to differentiate a high fT4 from a cat with
hyperthyroidism vs NTIS. As seen in humans and dogs, severe illnesses are associated with
lower fT4 concentrations.(122, 262)

The behavior of TSH in cats with NTIS has only been evaluated in three studies, reporting a
normal or decreased concentration (<0.03 ng/mL, based on the TSH-CLIA) in most cases. The
opposite, an elevated TSH, is rarely seen in feline NTIS (2-3%).(101, 262, 285) Considering that
25-30% of healthy cats also have a suppressed TSH concentration, it is similar to what is seen
with cats suffering from NTIS.(101, 127, 262) Indeed, levels of TSH do not differ between ill and
healthy cats.(101, 262) An undetectable TSH concentration is seen in 31% of sick and 25% of
healthy cats, which are not statistically different.(262) However, similar to humans and dogs with
NTIS, a low TSH concentration is associated with the severity of the disease as well as short-
term mortality.(262) Recently, a novel TSH assay (TSH-BAW) allowing a lower limit of detection
of 0.008 ng/mL was evaluated in cats with variable thyroid status, including a group of 12 cats
with chronic kidney disease without evidence of thyroid dysfunction. In this group, 17% had
evidence of low TT4 concentration, and all had normal TSH values when measured with the TSH-
BAW assay. When measured with the TSH-CLIA assay, only 1 cat had a suppressed TSH
concentration.(101) In summary, TSH is not significantly affected by NTIS in cats based on the
canine assay. However, further data is needed to conclude on the effect of NTIS on the TSH
measured with the new feline-optimized assay.

Use of TSH in feline thyroid medicine disease

In addition to aiding in the diagnosis of FHT (see C. Diagnosis), TSH is also used for
diagnosing hypothyroidism, with overt hypothyroidism being defined as a TT4 < 1.0 pg/dL and a
TSH > 0.30 ng/mL, and subclinical hypothyroidism being described as a TT4 in the normal
reference interval and a TSH > 0.30 ng/mL.(2, 171, 286) Naturally occurring hypothyroidism is
rare in cats, and they mainly suffer from iatrogenic hypothyroidism (IH) following treatment of
FHT.(2, 3) It can be a real problem following definitive therapy, including radioactive iodine and
thyroidectomy. The burden of IH lies in its association with azotemia and reduced survival.(103,
175, 179) Unfortunately, the prevalence of IH post radioiodine treatment is relatively common and
clinical signs are generally absent. Therefore, routine measurement of TT4 and TSH after
radioiodine therapy is recommended to identify cats that develop IH post treatment (see D.
Management, Radioiodine therapy).

A study involving 1,400 hyperthyroid cats revealed several parameters associated with an
increased risk of developing IH after I*3! therapy, including old age, female sex, bilateral disease
with homogeneous distribution, and detectable TSH concentrations (>0.03 ng/mL).(102) The
absence of TSH suppression seems to be the most predictive parameter, with odds ratio (OR) of
3.0 and 12.1 for development of subclinical and overt hypothyroidism, respectively.(102)
Following this publication, it has been recommended to postpone [-131 treatment in cats with a
detectable TSH concentration. This study was performed with the TSH-CLIA assay, and we do
not know the performance of the TSH-BAW assay in this context. However, considering that 12%
of cats have an unmeasurable TSH-CLIA (<0.03 ng/mL), but a normal TSH-BAW (=0.01)(128),
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the TSH-BAW assay could potentially help decrease the prevalence of IH after radioactive iodine
therapy.
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CHAPTER 2 — EVALUATION OF A FELINE-OPTIMIZED TSH ASSAY IN
CATS WITH HYPERTHYROIDISM AND WITH NON-THYROIDAL
ILLNESS

A. Introduction
Feline hyperthyroidism (FHT) is the most common endocrinopathy in senior cats(2, 33),
and is being diagnosed in 10% of cats over 10 years of age.(69, 287)

Diagnosis of FHT is usually made by measuring serum total thyroxine (TT4) concentration.
This method is quick, inexpensive, and highly sensitive. Up to 90% of hyperthyroid cats have a
TT4 concentration above the reference interval.(38, 109, 110) However, 10-30% of them have a
serum TT4 within the normal range.(38, 109, 110) This false negative result can be due to mild
severity of disease (early hyperthyroidism) in conjunction with the natural fluctuation of the thyroid
hormones in the body. However, it can also be secondary to concurrent non-thyroidal iliness
(NTI). Non-thyroid illnesses can lower the concentration of circulating T3 and T4, with the severity
of decrease corresponding to the severity of the disease.(111, 112, 122, 262) Non-thyroidal
illnesses are identified in 20-30% of hyperthyroid cats with a falsely lowered TT4.(109, 112)

When FHT is suspected but the serum TT4 concentration is not elevated, further tests are
required to confirm the diagnosis. Diagnostic options include measurement of other thyroid
hormones, stimulation and suppression tests, and thyroid scintigraphy. Measurement of serum
free thyroxine (fT4) is of low utility, as 6.3% to 12% of cats with NTI will have a high fT4.(109, 122)
Therefore, a fT4 above the reference interval cannot be used to diagnose FHT. Measurement of
serum thyroid stimulating hormone (thyrotropin, TSH) in cats can also be problematic considering
the absence of a feline assay. The chemiluminescent canine immunoassay (TSH-CLIA) has been
validated in cats and is used to measure serum TSH concentrations in feline patients. The lowest
limit of detection of the TSH-CLIA assay is 0.03 ng/mL, which unfortunately cannot differentiate
between decreased and low normal values in cats, limiting its use to aid in the diagnosis of FHT.
A suppressed TSH, consistent with hyperthyroidism, is seen in 98% of hyperthyroid cats, but also
in 25-30% of euthyroid cats.(101, 127) This is an important limitation as it restricts the value of
TSH-CLIA assay as a screening test for hyperthyroidism as done in people. Also, serum TSH is
significantly less affected by NTI compared to other thyroid hormones, which is considerably
advantageous in a population of cats with a falsely normal TT4. In the limited studies in cats, TSH
concentrations are similar between ill and healthy subjects, and it is decreased only with severe
concurrent illnesses.(199, 221, 262)

A feline-optimized assay using bulk acoustic wave (BAW) technology, the Truforma feline-
optimized TSH assay by Zomedica (TSH-BAW), has become recently available with a lowest limit
of detection of 0.008 ng/mL, and a low end of the normal reference range of 0.01 ng/mL.(128)
Based on this data, 12% of healthy cats have an unmeasurable TSH-CLIA (<0.03 ng/mL), but
normal TSH-BAW (=0.01).(128) Therefore, TSH-BAW assay could better differentiate between
normal and hyperthyroid cats, and potentially help with diagnosis of FHT when the TT4 is normal.
The test has a high specificity (98.9%) and positive predictive value (86.9%) for diagnosis of
FHT.(101) In this publication, the assay was also used on a small group of euthyroid cats with
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CKD. Only one cat had an undetectable TSH-CLIA but normal TSH-BAW.(101) Other than this
limited evaluation, the effect of NTI on the TSH-BAW assay has not been evaluated. Cats with
hyperthyroidism are prone to comorbidities and signs of FHT can mimic other common feline
diseases. It is important to assess its diagnostic utility for diagnosing FHT in the case of NTI.

The objectives of this prospective cross-sectional study are to 1) Compare serum TSH
concentration using both the TSH-CLIA and TSH-BAW assays among hyperthyroid cats, cats
with NTI, and healthy cats, and 2) Evaluate the sensitivity and specificity of the TSH-BAW for
diagnosis of FHT. We hypothesize that 1) Hyperthyroid cats will have lower TSH-BAW
concentrations compared to healthy and NTI cats, that 2) The TSH-BAW will identify normal TSH
in euthyroid cats more often than the TSH-CLIA, and that 3) Cats with NTI will have similar TSH
concentrations compared to healthy cats with both the TSH-BAW and TSH-CLIA assays.

B. Material and methods

This prospective cross-sectional study was performed on cats presenting to the Virginia-
Maryland College of Veterinary Medicine (VMCVM) Veterinary Teaching Hospital (VTH) for
medical care. It was approved by the Virginia Tech Institutional Animal Care and Use Committee
(22-017). Written informed consent was obtained from each owner prior to participation in the
study.

B.1 Case Selection
Client-owned and hospital staff-owned hyperthyroid cats, euthyroid cats with NTI and

healthy cats were prospectively enrolled between January 2022 and July 2023. All cats underwent
a complete physical examination, complete blood count (CBC), serum biochemistry, and thyroid
hormones measurements (TT4 and TSH) by both immunoassays. Urinalysis (UA) was performed
on most hyperthyroid cats and euthyroid cats with NTI when urine could be collected safely via
cystocentesis or free-catch methodology (NOSORB litter, Catco Veterinary Products inc, Cape
Coral, FL, USA).

Hyperthyroidism was confirmed by the presence of a high TT4 as well as consistent
scintigraphy changes as previously described(173) in all hyperthyroid cats. Euthyroidism was
confirmed by TT4 values within the reference range at presentation and at least 3 months later.
Cats were diagnosed as healthy based on unremarkable physical examination and bloodwork
(CBC, serum biochemistry, TT4 +/- UA) findings. Hyperthyroid cats were excluded if their history,
physical examination, blood work and/or urinalysis revealed any abnormalities that could not be
explained by FHT. Abnormalities considered consistent with FHT included low body condition
score and muscle atrophy, tachycardia, heart murmur (unless reported before diagnosis of FHT),
vomiting and diarrhea (unless reported before diagnosis of FHT), low creatinine, mild to moderate
elevation of alanine transaminase (ALT), alkaline phosphatase (ALKP) and/or gamma-glutamyl
transferase (GGT), diluted urine (USG <1.035), and proteinuria.(13) Euthyroid cats had to be 5
years of age or older for enrollment to mimic a feline hyperthyroid population.(13, 38-40) Cats that
received medications known to alter thyroid hormone concentrations (reported in cats, dogs or
humans) in the previous 14 days or general anesthesia in the past 48 hours were excluded. (10,
231-245)
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B.2 TT4 and TSH Assays

Blood samples from all cats were collected, placed into plain non-additive tubes, and then
centrifuged (1,500 X g for 10 to 15 minutes) within 1 hour after collection. The serum was
immediately separated and stored at 4 °C until used for measurement of thyroid hormones.
Measurement was performed on the same day unless exceptions.

Thyrotropin was measured on serum using a canine chemiluminescence assay (TSH-
CLIA) with the Immulite 2000 (Siemens Healthineers; USA, Malvern, PA, USA) and the feline-
optimized TSH assay (TSH-BAW) with the Truforma Point-of-Care (POC) Diagnostic Platform
(Zomedica, Ann Harbor, MI, USA). Total thyroxine was measured on the same serum using the
feline TT4 assay with the same Immulite 2000. Serum was manipulated by trained laboratory
technicians for TT4 and TSH-CLIA, and by one of the investigators (C.B.) for the TSH-BAW assay
as it is a POC device. It was performed according to the manufacturer’s instructions, using the
furnished material (pipettes and cartridges).(288)

The TSH-CLIA is a chemiluminescent immunometric assay with a lower limit of detection
of 0.03 ng/mL. It has been validated for use in cats.(127) The lower limit of detection is also the
low end of the reference interval, with an unmeasurable TSH (<0.03 ng/mL) considered abnormal.
The TSH-BAW is a sandwich immunoassay using Bulk Acoustic Wave (BAW) technology. The
BAW sensor measures shifts in radio frequency, resulting from antibody-analyte binding and
accumulation onto the sensor surface. The lower limit of detection of the TSH-BAW assay is 0.008
ng/mL. The low end of the reference interval has been evaluated as 0.01 ng/mL.(101, 128)

B.3 Severity of NTI

Cats in the NTI group were further divided based on the severity of their illness. Group 1
included cats with diseases of mild severity, based on the following criteria: Asymptomatic or mild
clinical signs that can be treated on an outpatient basis. Group 2 included cats with moderate to
severe illness, which was defined based on the Systemic Inflammatory Response Syndrome
(SIRS) criteria. In cats, it is determined by fulfillment of at least two of the following criteria: rectal
temperature >103.5 °F or <100 °F, heart rate >225 beats per minute (bpm) or <140 bpm,
respiratory rate >40 breaths per minute, white blood cell count >19,500 cells/uL or <5,000 cells/uL,
and band neutrophil fraction >5%.(289) Group 3 consisted of non-survivors.

B.3 Statistical analysis

Normal probability plots were inspected to assess the distribution properties of TSH-BAW
and TSH-CLIA. Subsequently, data were summarized as median (minimum, maximum).
Sensitivity and specificity of TSH-BAW and TSH-CLIA for detecting FHT were computed as
simple binomial proportions with exact Clopper-Pearson 95% confidence intervals.
Concentrations of TSH with both assays were compared using the Kruskal-Wallis test followed
by Dunn’s procedure for multiple comparisons. The proportion of cats with normal and subnormal
TSH were compared between euthyroid groups and between NTI scores using Fisher's Exact
test. P-values for 2-way comparisons were adjusted for multiple comparisons using Bonferonni’'s
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procedure. Statistical significance was set to P <0.05. All analyses were performed using SAS
version 9.4 (Cary, NC, USA).

C. Results

One hundred and two cats were enrolled in the study, with 37 hyperthyroid, 32 healthy
and 33 NTI cats. The mean age and standard deviation of hyperthyroid, healthy and NTI cats was
11.7 +/- 2.2 yrs, 9.7 +/- 3.2 yrs, 11.2 +/- 4 yrs, respectively. The healthy euthyroid cats were
significantly younger than the hyperthyroid cats (P=0.03). There were 77 Domestic Shorthair, 20
Domestic Longhair, 2 Siamese, and 1 each of the following breeds: Maincoon, Bengal, and Devon
Rex. Fifty-six cats were spayed females, and the remaining 46 were castrated males. There was
no difference between groups regarding the breed and sex distribution. In 4 hyperthyroid cats, a
thyroid slip was not reported. Three euthyroid cats had a thyroid slip (2 healthy, 1 NTI). In 7
euthyroid cats (all healthy), the presence of a thyroid slip was not assessed by the attending
clinician. The median concentrations of TT4 and TSH with both the TSH-CLIA and TSH-BAW
assays are reported in table 1.

C.1 General performance of the TSH assays

The median TSH concentrations were significantly different between hyperthyroid and
euthyroid cats (healthy and NTI cats) with both assays (P<0.002), and were not different between
healthy and NTI cats (TSH-CLIA P=0.22, TSH-BAW P=0.87) (figure 1). The TSH-BAW assay had
a sensitivity and specificity for the diagnosis of FHT of 78% (95% CI 62-90%) and 97% (84-100%),
respectively. It had a positive predictive value (PPV) and negative predictive value (NPV) of 97%
(83-100%) and 80% (64-91%), respectively. The sensitivity and specificity of the TSH-CLIA assay
were 95% (81-99%) and 88% (72-97%), respectively. The PPV and NPV were 90% (76-99%) and
94% (79-99%), respectively. The proportion of cats with a suppressed TSH with the TSH-CLIA
assay (<0.03 ng/mL) but normal with the TSH-BAW assay (20.01 ng/mL) was 19% (19 cats,
including 11 euthyroid cats).

C.2 Hyperthyroid cats

The median TT4 concentrations of hyperthyroid cats were significantly higher than of
euthyroid cats (healthy and NTI cats) (P<0.001) (table 1). With the TSH-CLIA assay, the TSH
concentrations were suppressed (<0.03 ng/mL) in all hyperthyroid cats but one. With the TSH-
BAW assay, the TSH concentrations were decreased (<0.01 ng/mL) in 29 (78.4%), and
completely suppressed (<0.008 ng/mL) in 28 (75.7%) hyperthyroid cats. In this population, 8 cats
(21.6%) had a suppressed TSH with the TSH-CLIA assay (<0.03 ng/mL) but normal with the TSH-
BAW (=0.01 ng/mL) (table 2). The median TT4 concentrations were not significantly different
between hyperthyroid cats that had a normal TSH measured with the TSH-BAW (152.5 nmol/L,
55.1-212) vs. subnormal TSH (142 nmol/L, 69.4-453) (P=0.834) (figure 2).

C.3 Euthyroid cats

With the TSH-CLIA assay, the TSH concentrations were suppressed in 12 (18.5%)
euthyroid cats, with 4 (12.5%) being healthy cats and 8 being (24.2%) cats with NTI. With the
TSH-BAW assay, the TSH levels were suppressed in only 2 (3%) cats, 1 healthy and 1 with NTI
(table 2). There was no difference in the median TSH concentration between healthy and NTI
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euthyroid cats with both assays (TSH-CLIA P=0.29, TSH-BAW P=0.87) (figure 1). Six cats with
NTI (18.2%) had a low TT4 concentration, with 5 (15.2%) that had an unreadable value. All healthy
cats had a TT4 level within the reference interval. The median TT4 concentrations were not
significantly different euthyroid healthy cats and cats with NTI (P=0.66) (table 1).

Cats with NTI were divided in three groups based on the severity of their illness. There
were 15 cats, 14 cats and 4 cats in the groups 1, 2 and 3, respectively. Their NTI is reported in
the table 3. The median TSH concentrations were not statistically different between each group
with both assays (TSH-CLIA P=0.56, TSH-BAW P=0.70) (figure 3). With the TSH-CLIA, the TSH
concentrations were suppressed in 2 (6.7%) cats in the group 1, 5 (35.7%) in the group 2, and 1
(25%) cat in the group 3. With the TSH-BAW assay, only 1 cat had a suppressed TSH, and was
part of the group 2. The proportion of cats with a suppressed TSH was not different between
groups and between assays, as reported in table 4a. However, when groups 2 and 3 were
combined together, representing one group of cats with severe illnesses, the TSH concentrations
(33.3%) were suppressed significantly more often with the TSH-CLIA assay (33.3%) than to the
TSH-BAW assay (5.6%) (P<0.01) (table 4b). Similarly, when groups 1 and 2 were representing
all the cats that survived, the proportion of cats with a decreased TSH (24.1%) was significantly
higher with the TSH-CLIA assay (24.1%) compared to the TSH-BAW assay (3.4%) (P=0.03) (table
4c). Despite these differences between assays, no difference in proportions was observed
between groups (mild vs severe diseases (TSH-CLIA P=0.24, TSH-BAW P=1.0), survivors vs
non-survivors (TSH-CLIA P=1.0, TSH-BAW P=1.0).

D. Discussion

This report is one of the first studies evaluating a novel feline-optimized TSH assay, and
is the first reporting its performance in various causes of NTI. There are only two other studies
evaluating this assay.(101, 128)

For the use of the TSH-BAW assay for diagnosing FHT in cats that have an elevated TT4,
we found a sensitivity and specificity of 78% and 97%, respectively. This result is similar to
previously reported specificity of 98.9%.(101) As expected, this assay is highly specific, better
than the canine assay (88% in our study, 70-85% in the literature).(2, 83, 101, 113, 127) This
allows better differentiation between true hyperthyroid and euthyroid cats that have a TSH below
0.03 ng/mL. It also can identify euthyroid cats more often (97% of the time vs. 81.5% only with
the TSH-CLIA). With such a high specificity, the TSH-BAW assay brings a significant diagnostic
value to the diagnosis of FHT, especially when the TT4 is in the high normal of the reference
interval.

However, the sensitivity of the TSH-BAW assay is lower than the TSH-CLIA based on our
results. This is explained by the 21.6% of hyperthyroid cats that had a normal TSH-BAW
concentration (over 0.01 ng/mL). As these cats still had a TSH value below 0.03 ng/mL (and
therefore a suppressed TSH-CLIA), the sensitivity of the canine assay ended up being
significantly higher at 95%. All of our hyperthyroid cats had a TSH concentration below 0.014
ng/mL when measured by the TSH-BAW assay. Serum TSH below this threshold was rarely seen
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in euthyroid cats (2 healthy, 4 with NTI). Based on our result, we can conclude that FHT is unlikely
if the TSH is over 0.014 ng/mL.

When compared with the study by Peterson et al.(101), our sensitivity results are
somewhat similar. In that study, the sensitivity of the TSH-BAW assay when combined with TT4
measurement was 84.6%, compared to 90.5% when the TSH was used alone for the diagnosis.
(101) Our sensitivity of 79.9% is more comparable to the sensitivity of 84.6%, where all cats in
the hyperthyroid group had to have a high TT4 for inclusion in our study. The small difference in
sensitivity between the two studies could relate to study design for inclusion criteria in the
hyperthyroid group and possible intrinsic differences in population.

In a recent study evaluating TSH-BAW in cats that divided hyperthyroid cats by severity, it
was shown that cats with subclinical and mild hyperthyroidism were more likely to have a TSH
concentration within the reference range. Indeed, 13.7% of those cats (including 27.5% with
subclinical hyperthyroidism) did not have a decreased TSH(101), which is similar to our results.
This has also been reported with the TSH-CLIA assay, with early/mild forms of the disease being
associated with detectable levels of TSH.(102, 127). This suggests that the hypothalamus-
pituitary-thyroid axis has not yet been suppressed by the excessive amount of thyroid hormones
in circulation. However, some cats with severe hyperthyroidism still have a normal TSH
concentration, therefore other factors are likely contributing. Based on TT4 concentrations, we
did not find a significant difference between the cats that had a suppressed TSH and those that
did not (see figure 2). Considering that the degree of TT4 elevation is known to correlate directly
with the severity of hyperthyroidism(101), mild forms of the disease are unlikely the only reason
for a detectable or normal TSH in our population of cats.

Other than for diagnosis of FHT, the TSH concentration can have additional utilities with
hyperthyroid cats. For example, it has been shown to be an important prognostic factor for
response to treatment with 1'31,(102) Indeed, a detectable TSH-CLIA is associated with
development of iatrogenic hypothyroidism (IH) with odd ratios of 3.0 and 12.1 for subclinical and
overt hypothyroidism, respectively. This can be explained by the fact that TSH directly stimulates
the normal thyroid tissue, which should be inactive in the case of hyperthyroidism due to the
negative feedback created by elevated thyroid hormone levels. Because of the TSH in circulation,
those normal thyroid cells are functional and therefore uptake the radioactive iodine, leading to
their destruction. Based on aforementioned study and the burden of IH in cats that undergo **!
treatment, the TSH should be measured prior to considering this therapy. Our results show that
21.6% of hyperthyroid cats with normal TSH levels are being missed by the TSH-CLIA assay.
This suggests that the TSH-BAW assay could help reduce the prevalence of IH, however further
research is needed to make such a conclusion. Indeed, no studies have used the TSH-BAW
assay yet to evaluate this specific prognostic factor.

In our study, the median TSH concentration of euthyroid cats did not differ with both
assays, whether they were healthy or suffering from a NTI. This supports the thought that the
TSH is less affected by NTI than other thyroid hormones in cats, as it has been demonstrated
previously.(101, 262) However, it is not completely immune to the effect of NTI, as one study

22



found that a suppressed TSH (using the TSH-CLIA assay) was associated with severe illnesses
as well as a higher risk of mortality.(262) In that study, the TSH concentration did not differ
between groups either, however having a subnormal TSH value was associated with a negative
prognosis. Our results showed a trend in the same direction for the TSH-CLIA assay, however
we did not reach statistical significance, likely due to the small number of cats with NTI of different
severity. In our study, the proportion of cats with a suppressed TSH was twice as high in the NTI
group (24.2%) compared to the healthy controls (12.5%) with the TSH-CLIA assay. Also, an
undetectable TSH was more prevalent in cats suffering from illnesses of greater severity (6.7%
of cats with mild diseases compared to 33.3% of cats with moderate to severe illnesses). These
results suggest that the serum TSH concentrations measured with the TSH-CLIA assay could
decrease in the face of NTI, especially if the illness is severe.

Interestingly, this trend was not found with the TSH-BAW assay, and there were
significantly less cats with a suppressed TSH compared to the TSH-CLIA assay. This suggests
that the TSH-BAW assay is significantly less affected by NTI than the TSH-CLIA assay.
Considering that both healthy and NTI groups have similar results with the TSH- BAW, the
superiority of this assay might not be only explained by the fact that it can detect a normal TSH
more often. As our results did not show a significant effect of NTI on TSH concentrations using
the TSH-BAW assay, this lack of difference could be due to type Il error. Further study with a
larger population of ill cats with different disease severity is likely needed to further assess the
effects of NTI on the TSH-BAW assay. As of right now, we can suggest that the TSH when
measured with the TSH-BAW assay does not seem to be significantly affected by NTI, or that the
effect is too mild to be seen with our results. This is also consistent with the only other study
evaluating the TSH-BAW assay with euthyroid cats with NTI, which again involved a small group
of only 12 cats with CKD.(101)

This study contains several limitations. Our NTI group most likely lacked power to fully
assess the effect of severe diseases (and mortality) on the TSH-BAW. In addition, categorization
of illnesses by severity is strongly subjective. Unfortunately, this has been and will remain a major
limitation in veterinary medicine research because of how hard it is to define strict criteria for such
diverse clinical presentations. Objectivity was attempted by using the already known SIRS criteria,
however they are known to be imprecise and lacking specificity (even if these limitations seem to
be less dramatic in cats).(289) Nevertheless, this subjectivity makes it more difficult to compare
different studies together in regards to the effect of disease severity on TSH concentration.
Another limitation is that thyroid scintigraphy was not used to confirm euthyroidism. As this
currently is the best test available to evaluate thyroid function, this test involves specialized staff
and equipment, quarantined isolation due to radioactivity, use of sedation in some cats, and high
costs. Considering that TT4 is highly sensitive(2, 13, 38, 40, 101, 109) and the natural progression
of FHT, we elected to define euthyroidism based on a normal TT4 both at inclusion and at least
3 months later. By repeating TT4 measurement, we could detect most hyperthyroid cats that were
subclinical or ill at time of inclusion. Unfortunately, some cats could not be rechecked (4 healthy
and 19 NTI cats), either due to loss to follow-up or death of the patient. Therefore, we may have
included a small number of hyperthyroid cats in the euthyroid groups. Lastly, we did not include
subclinical hyperthyroid cats in our study. This population consists of about 40% of hyperthyroid
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cats with a high normal TT4 concentration(33, 110), and could therefore benefit specifically from
TSH measurement as part of diagnosis of FHT. Subclinical hyperthyroid cats are also known to
have higher TSH levels, which has been demonstrated by Peterson et al. with the TSH-BAW
assay.(101) It would have been ideal to confirm their results by evaluating this population in our
study.

CHAPTER 3 — CONCLUSION

In conclusion, the novel feline-optimized TSH assay (Truforma, Zomedica) has a high
specificity for diagnosis of feline hyperthyroidism, and identifies normal TSH in healthy cats more
often. It does not seem to be significantly affected by NTI, and is a better test for confirming
hyperthyroidism compared to the canine assay (Immulite 2000, Siemens) in this regard. It is
therefore a useful tool for the diagnosis of FHT, especially in cats with high normal TT4
concentrations and concurrent diseases. However, a normal TSH should not be used to rule out
the disease. That being said, based on our data, a TSH > 0.014 ng/ml makes FHT unlikely.

As it is a novel assay, there is still so much to learn about it. For example, if it is affected
by severe illnesses in a study with a large number of cats, or if it can also predict mortality in
euthyroid sick cats like the canine assay does. And for hyperthyroid cats precisely, it could be of
such importance clinically if it can help anticipate the development of iatrogenic hypothyroidism
following radioactive iodine therapy. Indeed, the next step is to evaluate if a normal and/or a
detectable TSH-BAW is associated with this adverse effect. A large population of cats treated
with 113! would be needed for this kind of study, and a multicenter approach might be ideal.
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