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Abstract 

“Feline Hyperthyroidism: a longitudinal comparative study of patients in the 

presence or absence of concurrent chronic kidney disease” 

 

Feline hyperthyroidism is the most common endocrinopathy of the domestic cat and is 

caused by the multi-systemic effects of increased circulating concentrations of thyroid hor-

mones T3 and T4.  

Geriatric feline patients also frequently suffer from concurrent chronic kidney disease, often 

only noticeable when thyrotoxicosis is addressed and the glomerular filtration rate diminishes, 

allowing the diagnosis of this underlying disease.  

The prediction or detection of underlying renal disease is vital for the establishment of appro-

priate treatment and avoiding further renal damage. Laboratorial screenings are seldom val-

uable in its diagnosis, as hyperthyroidism “masks” many of the alterations associated with 

the renal disorder.  

This study shows that serum concentrations of urea may be used as a diagnostic indicator of 

chronic kidney disease, with a 70% sensitivity. Determination of a cut-off value of 11.6 

mmol/L and 135.5 µmol/L for reference levels of serum concentrations of urea and creatinine, 

respectively, proved to significantly beneficial as diagnostic indicators of underlying chronic 

kidney disease, with a sensitivity and specificity of 80% and 92%, correspondingly, for the 

cut-off value of serum urea and 30% and 100%, correspondingly, for the cut-off value of se-

rum creatinine. These findings may represent the solution for the diagnostic challenge that 

these patients represent. 

 

Keywords: feline hyperthyroidism, chronic kidney disease, indicator, urea, creatinine. 
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Resumo 

“Hipertiroidismo felino: um estudo longitudinal comparativo de pacientes na 

presença ou ausência de doença renal crónica concomitante” 

 

O hipertiroidismo felino é a endocrinopatia mais comum do gato doméstico e é causada pe-

los efeitos multisistémicos de concentrações séricas aumentadas das hormonas tiroideias T3 

e T4. 

O gato geriátrico sofre também frequentemente de doença renal crónica concomitante, ape-

nas detectável aquando do tratamento da tirotoxicose e diminuição da taxa de filtração glo-

merular, permitindo o seu diagnóstico. 

Prever ou detectar esta doença concomitante é vital para o estabelecimento do tratamento 

apropriado e prevenção de maior lesão renal. As análises laboratoriais raramente são úteis 

no seu diagnóstico, uma vez que o hipertiroidismo “mascara” muitas das alterações associ-

adas com patologia renal. 

Este estudo mostra que concentrações séricas de ureia podem ser usadas como indicador 

de diagnóstico de doença renal crónica, com uma sensibilidade de 70%. A determinação de 

valores limiares de 11.6 mmol/L e 135.5 µmol/L para as concentrações séricas de ureia e 

creatinina, respectivamente, provaram ser adequadas como indicadores de diagnóstico de 

doença renal crónica subjacente, com uma sensibilidade e especificidade associadas de 80% 

e 92%, respectivamente, para o valor limiar de ureia sérica; e 30% e 100%, respectivamente, 

para o valor limiar de creatinina sérica. Estes achados poderão representar a solução para o 

desafio clínico que estes pacientes representam. 

 

Palavras-chave: hipertiroidismo felino, doença renal crónica, indicador, ureia, creatinina. 
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1. Introduction 

Veterinary surgeons treat disease relying mainly on clinical signs, as animals are unable to 

express their feelings or symptoms. Their work combines the diagnosis, treatment and after-

care of these patients, working to preserve the health and welfare of animals. Nowadays, 

more of the veterinarian's responsibility is to grow towards preventive medicine, avoiding 

future medical complications. 

Feline hyperthyroidism, the most common endocrine disease of the middle- to old-aged cat, 

was firstly diagnosed in 1979 (Peterson, Johnson & Andrews, 1979). Since then, the inci-

dence of the disease has dramatically increased, possibly due to the increased awareness of 

both veterinary surgeons and pet owners of its existence; and the constant thrive to find 

more efficient and sensitive methods of diagnosis.  

Because it affects the elderly cat, it is common that these patients are concurrently suffering 

from other diseases characteristic of their age span, such as chronic kidney disease. Hyper-

thyroidism has the ability to "mask" the presence of concurrent renal disease. Diagnosis and 

treatment of hyperthyroid renal patients is then complicated when compared to the patient 

solely affected by one of the diseases. As such, the future lies in finding that one indicator or 

predictor of the presence of chronic kidney disease in hyperthyroid patients, so that appro-

priate treatment and monitoring may be applied to the individual. 

This area of feline medicine is still very "cloudy" and indefinite. The objective of this study is 

to attempt to aid in the enlightenment of this medical challenge.  

Feline hyperthyroidism is a disease with a huge impact in the health and welfare of the feline 

patient, with consequences and complications in a variety of systems that, if untreated, may 

be fatal. Due to this, it is now part of the common feline geriatric profile determination, to pur-

sue an earlier diagnosis and better prognosis. 

 

“Good Veterinarians talk to animals. Great Veterinarians hear them talk back” 

-Michael Oblenski 
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2. Placement 

The student attended the Medivet Watford Care Centre - 24 hour Hospital in London, United 

Kingdom, part of the Medivet Veterinary Group, from October 1st 2014 to February 28th 

2015, for her curricular placement, with a weekly schedule Monday to Friday from 9am till 

7pm. 

Medivet Watford 24 Hour Hospital is one of five 24 hour Hospitals operated by Medivet, with 

a permanent staff of 7 veterinary surgeons and 11 veterinary nurses and patient care assis-

tants as well a team of mobile staff.  

Medivet Watford offers a 24 hour emergency care, ambulance service, home visits, along 

with in-practice consultations, hospitalisation, isolation and canine- and feline-friendly facili-

ties.  

Besides conventional medicine, the Medivet Group also offers diagnostic and treatment op-

tions that include MRI, X-ray, Ultrasound, Endoscopy, Soft Tissue and Orthopaedic Surgery. 

Healthcare plans, Pet Insurance Advice, Cattery Dog Boarding and Pet Passports are only 

some of the wide range of support systems also comprised within the Medivet Group. 

The daily routine would start with a clinical discussion of the hospitalized patients, followed 

by their examination. Throughout the day, the student would observe and assist in consulta-

tions, diagnostic methods, surgery, critical care and monitoring of patients.  

All the veterinary surgeons constantly supervised the student during these activities and 

beckoned the student in the event of a particular situation either at consult, hospital or sur-

gery. 

The placement involved activities regarding companion animal medicine in consultation, 

hospital and surgery, comprising animal welfare, behaviour, cardiology, dentistry, dermatolo-

gy, emergency and critical care medicine, endocrinology, gastroenterology, geriatrics, hae-

matology, infectious diseases, microbiology, musculoskeletal medicine, neo-natal medicine, 

nephrology, neurology, nutrition, oncology, ophthalmology, orthopaedics, otology, pharma-

cology, respiratory medicine, rehabilitation, reproduction and obstetrics, toxicology, transfu-

sion medicine, urology 

Diagnostic and treatment techniques allowed the student to assist in anaesthesiology, elec-

trocardiography, endoscopy (bronchoscopy, colonoscopy, enteroscopy, gastroscopy, lapa-

roscopy, otoscopy), laboratorial screenings (haematology, biochemical profile, cytopathology, 

urinalysis), magnetic resonance imaging, oxigenotherapy, radiography (cranial, thoracic, ab-

dominal, dental and musculoskeletal), surgery (soft tissue and orthopaedics) and ultrasonog-

raphy (abdominal, cardiothoracic, echocardiography). 
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3. Feline Hyperthyroidism: Literature Review 

Hyperthyroidism or thyrotoxicosis is the most common feline endocrinopathy (Mooney, 2005). 

Firstly described in 1979 (Peterson, Johnson & Andrews, 1979), it is a multisystemic disease 

caused by the abnormal functioning of the thyroid gland with excessive production of thyroid 

hormones triiodothyronine (T3) and thyroxine (T4) (Hoenig, Goldschmidt, Ferguson, Koch & 

Eymontt, 1982). 

It is expected that 1 in 300 cats may develop the disease, with a relative incidence of 0.03%. 

The striking increase in the disease's prevalence suggests it is a relatively new disease of 

cats, complicated initially by the fast growing population of domestic felines, increased 

longevity and a greater resource to veterinary services since the disease was first described 

(Gerber, Peter, Ferguson & Peterson, 1994). 

It is deemed an important cause of morbidity in middle- to old-aged cats across the United 

States, Canada, United Kingdom, Continental Europe, Australia, New Zealand and Japan 

(Peterson, 2012) In many countries, it is considered to be epidemic (Edinboro, Scott-

Moncrieff & Glickman, 2010).  

It affects cats between the ages 6 to 21 years old, the average onset of the disease being at 

12 years of age (Broussard, Peterson & Fox, 1995). 

As a life-threatening disease, it requires prompt veterinary care (van der Kooij, Becvarova, 

Meyer, Teske & Kooistra, 2014). Early diagnosis and treatment may prevent the developing 

of complications (Paepe et al, 2008) having allowed life expectancy in affected cats to 

increase considerably (Puig, Cattin & Seth, 2014). 

3.1. The Thyroid Gland 

3.1.1. Anatomy 

The feline thyroid gland includes two distinct lobes below the cricoid cartilage, which extend 

ventrally over the first five or six tracheal rings and consist of follicles containing colloid in 

which the thyroglobulin is stored (Graham & Mooney, 2005). 

The thyroid gland is intimately related to the parathyroid glands, each of them to two 

parathyroid glands, one internal and one external (Flanders, 1999). Blood supply to both 

glands is done via the cranial thyroid artery, arising from the common carotid. Many blood 

vessels anastomose on the surface of the gland and then penetrate into the thyroid 

parenchyma (Radlinsky, 2007). 

The thyroid gland is flat, smooth and salmon-coloured in its normal state. When hyperthyroid, 

glands are enlarged, the colour varying between yellow to brown and masses or cysts may 

be observed. Dimension-wise, thyroid glands are approximately 1 cm long and 3 to 5 mm 

wide and parathyroid glands 4 mm in diameter (Flanders, 1994). In unilateral 

hyperthyroidism, the contralateral gland will generally be either of normal appearance or 

atrophic (Nelson, 2009). 
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3.1.2. Physiology 

3.1.2.1. The hypothalamic-pituitary-thyroid axis 

The synthesis of thyroid hormones in regulated by the central nervous system, particularly 

the hypothalamic-pituitary-thyroid axis. The process begins with the production of TRH in the 

paraventricular nucleus of the hypothalamus. The hypothalamus releases thyrotropin-

releasing hormone (TRH), which acts on the pituitary gland, inducing it to release thyroid-

stimulating hormone (TSH), in turn binding to a TSH receptor. TSH stimulates the uptake of 

iodine by the follicular thyroid cells, thyroid hormone synthesis and their release into 

circulation (van Hoek, Hesta & Biourge, 2014). 

This binding results in the activation of G proteins, which determine titres of cAMP present in 

the gland. Higher concentrations of cAMP result in the activation of the thyroid gland, whilst 

lower concentrations inhibit the thyroid and its hormone’s production (Peterson & Ward, 

2007). 

The overall function of the thyroid gland is based on a negative feedback mechanism 

between circulation thyroid hormones, T3 and T4, on the hypothalamus and anterior pituitary 

in which excess of these hormones induce a negative feedback on the anterior pituitary, 

decreasing the production of TSH and, in turn, thyroid hormone secretion. There is also a 

negative regulation of thyroid hormone production caused by the chronic stimulation of TSH-

producing receptors by TRH, which decreases the production of TSH (Graham & Mooney, 

2005). 

3.1.2.2. Thyroxine (T4) and Triiodothyronine (T3) 

Metabolically active hormones produced by the thyroid gland are 3,5,3’,5’-L-

tetraiodothyronine (thyroxine (T4)) and 3,5,3´-L-triiodothyronine (triiodothyronine (T3)), both 

iodothyronines synthesized from iodotyrosines present in the thyroid colloid (Graham & 

Mooney, 2005). Thyroid hormones are the only organic iodine components in the feline body 

(Peterson, 2006). The whole process of thyroid hormone synthesis consists of five different 

steps: activation and uptake of iodide by the thyroid gland; thyroglobulin iodination; coupling 

of thyroid hormones; liberation of thyroid hormones from thyroglobulin and conversion of 

thyroxine to triiodothyronine (Hoffmann, Marks, Taboada, Hosgood & Wofsheimer, 2003). 

Although most hormonal production of thyroid secretion is T4, it is considered a pro-hormone, 

as through extra thyroidal 5'-deiodination, it becomes T3, a mechanism which is regulated by 

peripheral tissues. As so, most T3 originates from this process (Peterson, Kintzer & Hurvitz, 

1988). T3 is also five times more potent than T4 (Mooney, 2010) and responsible for most of 

the hormonal activity attributed to the thyroid gland (Syme, 2007). 
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3.1.3. Function 

Thyroid hormones circulate in the bloodstream, binding to plasma proteins, also a reservoir 

for these hormones. The free fraction of these hormones represents solely 0.1% of the total 

production (Mooney, 2005). Transport into the cell is potentiated by specific transporters on 

the target cell's membrane (Syme, 2007). 

T3 then binds to regulatory regions of the DNA (Syme, 2007), regulating gene transcription in 

almost any cell, hence the multisystemic effect of the disease (Becker, Graves, Kruger, 

Braselton & Nachreiner, 2000). Beside heat production and regulation of carbohydrate, lipids 

and protein metabolism (Taylor, Jacobs, Lumsden & Bonett, 1989), thyroid hormones also 

have an effect of the nervous system, increasing the sympathetic drive (Labuc & Jones, 

1988). 

3.2. Aetiopathogenesis 

3.2.1. Aetiology and risk factors 

To date, no prospective studies evaluating epidemiology and risk factors have been per-

formed (van Hoek et al, 2014) and so, no underlying cause has yet been identified, disabling 

the development of appropriate prevention for the condition (Peterson, 2012). 

The aetiology is multifactorial (Olczak et al, 2004). Immunologic, infectious, nutritional, envi-

ronmental and genetic factors interact together to cause the pathologic abnormalities ob-

served in hyperthyroidism (Gerber et al, 1994). Retrospective case-control studies have iden-

tified several risk factors associated with the development of hyperthyroidism (van Hoek et 

al, 2014). 

3.2.1.1. Geography 

Risk factors appear to be similar for the United Kingdom, United States of America and New 

Zealand (Wakeling, Everard, Brodbelt, Elliot & Syme, 2009), although some geographical 

variation occurs (Peterson, 2012). 

The last Ice Age resulted in the appearance of a new type of soil, relatively poor in iodine, 

spreading across the Alps, Pyrenees, the Great Lakes Basin, the Thomes Valley in England 

and vast areas of Japan and China, possibly related to the incidence of many cases of goitre 

in human patients in this area, although in Japan the population tends to feed on high quanti-

ties of seaweed and fish, iodine-rich ingredients and empirically used in the treatment of goi-

tre before iodine was discovered (Hamwi & Tzagournis, 1970). Southern Europe is not af-

fected as much, possibly due to differences in genetics, nutrition or environmental factors 

(Lobo, Fabrica, Almeida, Ribeiro & Peneda, 2004). 

3.2.1.2. Genetics and Heredity 

Purebred cats are less likely to develop hyperthyroidism (Olczak et al, 2004), as was previ-

ously stated with the Siamese and Himalayan breeds (Scarlett, Moise & Rayl, 1988). 
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There seems to be no gender predilection, even though a recent study demonstrates an in-

creased incidence of the disease in male patients when compared to female patients (Peter-

son & Ward, 2007). 

Overexpression of the c-ras oncogene in lesioned areas of the thyroid gland also implies that 

mutations in such a gene may be related to the progression of the disease, knowing that, in 

normal cells, activation of the ras protein leads to mitosis, whilst the oncogenic mutation 

causes cells to be non-responsive to feedback mechanisms that prevent excessive mitosis 

(Mooney, 2002). 

3.2.1.3. Nutrition 

Studies demonstrate that the increase in consumption of canned food is one of the most im-

portant risk factors associated with the development of hyperthyroidism (Scarlett et al, 1988), 

especially some particular flavours such as liver, fish and giblets (Martin, Rossing, Ryland, 

DiGiacomo & Freitag, 2000). This implies a correlation between the percentage of soy isofla-

vones, iodine and other iatrogenic compounds in the can itself, like bisphenol A (Edinboro, 

Scott-Moncrieff, Janovitz, Thacker & Glickman, 2004), with increased incidence of hyperthy-

roidism (Peterson, 2012). 

Iodine is an essential component of thyroid hormones (Peterson, 2012). As such, incon-

sistent and inadequate intake may lead to hyperplasia, adenomatous changes and, conse-

quently, hyperthyroidism (Olczak et al, 2004). In periods when iodine is available in excess, 

its transport to the thyroid gland is inhibited, causing negative feedback to the pituitary gland 

and hence a decrease in the production of TSH. Contrarily, when deficient amounts of iodine 

are present in diet, there is a chronic stimulation of the pituitary gland to produce TSH, which 

can also result in hyperplasia of the thyroid gland (Edinboro et al, 2010). Studies demon-

strate a huge variation in dietary iodine concentrations. The fluctuating effects of iodine and, 

consequently, its effects on the thyroid gland, could be related to the development of hyper-

thyroidism in cats fed based on a canned food (Peterson, 2012). 

Selenium is intricately related to thyroid hormone metabolism, deficient and excessive con-

centrations being related to increased and decreased production of thyroid hormones, re-

spectively (van Hoek et al, 2014). Through the suppression of thyroxine-5'-deiodinase and 

decrease in selenoperoxidase action on the rate-limiting thyroid hormone synthesis, seleni-

um deficiency leads to a boost in T3 and T4 production (van Hoek et al, 2014). At the same 

time, increased intake of selenium in diet may result in cell growth and autonomous nodules 

in the thyroid gland (van Hoek et al, 2014). 

Soy isoflavones, like genistein and daidzein, are phytoestrogens from the flavonoids group 

(van Hoek et al, 2014), a low-cost source of protein commonly added to canned cat food and 

present in very high concentrations in most dry and semi-moist foods (Peterson, 2012).  
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Soy isoflavones act via inhibition of thyroid peroxidase, which results in reduced liberation of 

iodine and, subsequently, reduced thyroid hormone synthesis. Additionally, they inhibit 5'-

deiodinase, reducing the conversion of total T4 to T3 (Peterson. 2012). The ultimate effect is 

the reduction of thyroid hormone synthesis, with simultaneous TSH secretion by the pituitary 

gland, culminating in thyroid hyperplasia (Peterson, 2012). Soy isoflavones are also intimate-

ly related to iodine concentrations in diet, as iodine deficiency increases the thyroid influence 

of genistein and daidzein, whilst its supplementation prevents it. This may be alarming in face 

of the tendency to decreased iodine concentrations in canned food. As such, a diet contain-

ing soy isoflavones ought to be avoided (Peterson, 2012). 

3.2.1.4. Goitrogens in Environment and Drinking Water 

Goitrogens may act directly on the thyroid gland, inhibiting hormone synthesis, leading to 

high titres of TSH and thyroid enlargement; or indirectly, interfering with the regulatory mech-

anism of the gland or peripheral hormone metabolism (Peterson & Ward, 2007). These 

agents can be found in environmental chemicals, cat litter and canned food linings (Peterson 

& Ward, 2007).These chemicals act as thyroid disruptors, classified as any substance which 

can lead to an altered thyroid function (van Hoek et al, 2014). Chronic exposure to these 

compounds may lead to mutations to the TSH receptor gene and G proteins in follicular cells 

and autonomous thyroid hormone secretions (Scott-Moncrieff, 2012). 

3.2.2. Pathogenesis 

3.2.2.1. Functional Thyroid Adenomatous Hyperplasia 

The most common cause of hyperthyroidism, described in 98% of cases, is functional thyroid 

adenomatous hyperplasia involving one or both thyroid lobes, the latter in higher percentage, 

representing 70% of diagnosed cases (Meeking, 2005). In more than 98% of cats, the patho-

logic changes observed are benign, whether in the form of hyperplasia or adenoma. Once 

hyperthyroidism has established itself, this hyperfunctioning tissue becomes autonomous, 

producing and secreting thyroid hormones in the absence of extra thyroidal stimulation such 

as TSH (Gerber et al, 1994). Histologically, normal thyroid tissue is replaced by foci of hyper-

plastic tissue that can form nodules ranging from 1mm to 3mm in size (Hoenig et al, 1982). 

When unilaterally affected, the contralateral lobe is generally atrophied due to the suppress-

ing effects of the circulation hormones on TSH secretion. When bilaterally affected, both 

lobes are found enlarged (Padgett, 2002). 
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3.2.2.2. Thyroid Carcinoma 

Thyroid tumours generate from the epithelial cells of the colloid follicles or from parafollicular 

C cells. Generally, they are benign but carcinomas may occur. With the same clinical presen-

tation and because both produce excessive amounts of thyroid hormones, they may be indis-

tinguishable (Barber, 2007).  

Thyroid carcinoma, with a prevalence of under 5% (Peterson, 2012) is histologically general-

ly represented as a mixture of compact and follicular carcinomas, highly metastatic, especial-

ly to regional lymph nodes. Nonetheless, follicular and papillary forms may be seen (Barber, 

2007). 

3.3. Clinical Manifestations 

Clinical signs of the disease occur due to the excessive secretion of thyroid hormones (Pe-

terson et al, 1983). As they regulate an enormous variety of metabolism cycles and interfere 

with various systems, features will vary according to the duration of the condition and the 

presence of concomitant conditions and the observational skills of the owners. As an insidi-

ously progressing disease, clinical signs may be disregarded as part of an aging process 

(Mooney, 2010). 

3.3.1. General Features 

The most common clinical findings of hyperthyroidism include weight loss (90%), polyphagia 

(61%), hyperactivity (40%), tachycardia (48%), polyuria and polydipsia (47%), vomiting 

(38%) and cardiac murmur (41%) (Broussard et al, 1995). Less commonly, reported cases of 

diarrhoea (39%), muscle weakness (<1%), panting (23%), increased nail growth, alopecia 

and unkempt coat (36%) and ventro-flexion of the neck. Some cats also present themselves 

with very aggressive behaviour (8%) (Gunn-Moore 2005). 

3.3.1.1. Hyperactivity 

The hyperthyroid cat is hyperactive, difficult to examine, hard to handle, restless and may 

become aggressive when restrained. In severe cases, the handling of the animal may even 

result in cardiac arrhythmias and collapse, due to impaired tolerance to stress (Mooney, 

2010). 

3.3.1.2. Weight Loss 

The increase in metabolic rate together with the increase in body temperature, induce weight 

loss in over 80% of hyperthyroid cats (Peterson et al, 1983). 

3.3.1.3. Polyphagia 

Polyphagia results from the increased expenditure in energy due to an increased metabolic 

rate and the need to compensate for this expenditure. Despite the fact that calorie intake is 

higher, it is not enough to compensate the increased expenditure and weight loss in which it 

results (Gunn-Moore 2005). 
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3.3.1.4. Polyuria and Polydipsia 

Thyroid hormone excess may result in hypothalamic disturbance, which in turn can cause 

primary polydipsia (Peterson et al, 1983). Simultaneously, by provoking systemic hyperten-

sion and consequent hyperfiltration, it can result in renal failure (Mooney, 2005). Primary pol-

ydipsia concurrent with renal disease and electrolyte abnormalities can result in polyuria and 

polydipsia, both features that occur in less than 50% of cats but, when evaluated individually, 

can be marked (Mooney, 2010). Some cats may present themselves as polyuric or polydipsic 

in the absence of renal disease, in which case these clinical signs tend to resolve with treat-

ment for hyperthyroidism (Syme, 2007). 

3.3.1.5. Palpable Goitre 

Goitre is palpated in approximately 90% of cats, although this finding is not pathognomonic 

of the disease, as the mass could represent enlargement of other regional anatomical struc-

tures (Meeking, 2005). Hyperthyroid lobes assume a more ventral and caudal position due to 

extra weight, palpable in the thoracic inlet and, occasionally, anterior mediastinum (Flanders, 

1994). 

3.3.1.6. Muscle Weakness and Ventro-flexion of the Neck 

Occasionally, there have been reports of muscle weakness and atrophy, described by the 

owners as an inability to tolerate exercise and probably related to the thyrotoxicosis-related 

weight loss. The exhibition of ventro-flexion of the neck, in severe cases of muscle weak-

ness, may result from hypokalaemia recently discovered in hyperthyroid cats (Mooney, 

2005). 

3.3.1.7. Coat Abnormalities 

Longhaired cats may develop alopecia due to excess grooming, whilst shorthaired cats de-

velop unkempt and matted hair due to under grooming, yet uncommonly noted (Mooney, 

2010). 

3.3.2. Cardiovascular Features 

Induced cardiac effects result from increased cardiac output, via increased heart rate and 

contractility (Syme, 2007). Additionally, thyroid hormones have a direct effect on cardiac 

muscle, contributing to cardiac abnormalities (Gunn-Moore 2005), causing irreversible struc-

tural damage, whilst interfering with the sympathetic nervous system and forcing cardiac 

changes to compensate for altered peripheral tissue function (Mooney, 2010). 

These effects result in clinical findings such as tachycardia, systolic murmurs, premature 

beats, gallop rhythm, general weakness (Nelson, 2003), as well as hyperkinetic femoral 

pulses and prominent left apical precordial beat (Syme, 2007). Recent studies with colour-

flow Doppler’s echocardiography associate systolic murmurs, often grades I to II/IV, with 

obstruction of the left or right ventricular outflow, whilst gallop rhythm seems to be caused by 

rapid ventricular filling (Syme, 2007). 
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Hyperthyroid cats may also suffer from hypertension, which is reduced once the patient has 

achieved a euthyroid state. Although producing mild increases in such pressure, the 

condition is only responsible for severe cases of hypertension when accompanied by renal 

failure (Mooney, 2010). 

3.3.3. Gastrointestinal Features 

Intermittent vomiting and diarrhoea can also be observed, the former possibly caused by 

rapid overeating or the direct stimulation of the chemoreceptor trigger zone. Diarrhoea may 

be caused by malabsorption or intestinal hypermotility (Peterson et al, 1983). 

3.3.4. Respiratory Features 

Respiratory signs include tachypnoea, coughing and sneezing (Gunn-Moore 2005) and can 

be caused by cardiac abnormalities or stress-inducting situations, respiratory muscle 

weakness, increased ventilation, airway resistance, diminished lung compliance or possible 

tracheal compression due to thyroid enlargement (Mooney, 2010). 

3.3.5. Apathetic Hyperthyroidism 

Apathetic hyperthyroidism is a concealed form of the disease in which hyperactivity is 

replaced by depression and polyphagia by anorexia, although weight loss persists (Peterson 

et al, 1983). Although clinically euthyroid, histological evidence of adenomatous hyperplasia 

together with reference range levels of serum thyroid hormones are observed. These non-

functional goitres are believed to progress to functional adenomatous tissue and clinical 

hyperthyroidism over time (Norsworthy, Adams, McElhaney & Milios, 2002). 

3.4. Diagnosis 

Diagnosis of hyperthyroidism is based on three vital parameters: recognition of the classical 

clinical signs, palpation of thyroid nodule and evidence of increased serum T4 concentrations 

(Nelson, 2003). However, it may be complicated by age or coexistence of nonthyroidal 

disease (Scott-Moncrieff, 2012). Recommended procedures are useful not only for diagnosis 

of hyperthyroidism but also to exclude other conditions from the differential diagnosis. They 

include screening laboratory tests, diagnostic imaging, thyroid function tests and 

electrocardiography (Mooney, 2010). 

3.4.1. Thyroid Palpation 

The very first step towards diagnosing hyperthyroid illness is the physical examination of the 

patient, with a thorough palpation of the thyroid gland, a non-invasive and inexpensive tool to 

aid the clinician (Peterson, 2013). 

Currently, there are two main techniques used for thyroid palpation: the Classic Palpation 

Technique and the Norsworthy Palpation Technique. In the first, the cat is positioned with its 

neck slightly extended and head tilted backwards. The clinician’s thumb and index finger are 

passed through either side of the trachea, from the laryngeal area to the sternal manubrium. 
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 The Norsworthy technique requires the clinician to be positioned directly behind the cat, 

raise the cat’s head and turn it in a 45º degree to either side, evaluating the opposite thyroid 

gland. The clinician’s finger runs between the trachea and the sternothyroid muscle 

(Peterson, 2013). A thyroid nodule usually presents itself as a mobile structure beneath the 

skin, slipping between the examiner’s fingers. Enlarged lobes also tend to present 

themselves slightly more ventrally to their normal position (Peterson, 2013). 

Numerous euthyroid cats have a palpable goitre. Investigators believe that this could be an 

indicator of a pre-hyperthyroid or subclinical hyperthyroid stage. Close monitoring of the 

goitre and serum thyroid hormone concentrations is recommended as it may evolve to 

clinical hyperthyroidism (Norsworthy et al 2002). The thyroid palpation test is highly sensitive 

but poorly specific in the diagnosis of hyperthyroidism (Peterson, 2013). 

3.4.2. Screening Laboratory Tests 

Screening laboratory tests are vital in the discarding of concurrent diseases and conditions 

masked by hyperthyroidism that might play an important role in the treatment and prognosis 

of the patient (Shiel & Mooney, 2007). 

3.4.2.1. Haematology 

The results of a CBC (complete blood count) are normally unremarkable in hyperthyroid 

patients (Nelson, 2003). Albeit, erythrocytosis and macrocytosis, as well as increased 

packed cell volume (PCV), mean corpuscular volume (MCV), red blood cell (RBC) count and 

haemoglobin concentration have been reported (Broussard et al, 1995) as well as an 

increase in Heinz bodies (Shiel & Mooney 2007).  

These abnormalities may be due to the effect that increased oxygen consumption has on 

elevating the production of erythropoietin; or the direct stimulation of the bone marrow 

through thyroid hormone adrenergic receptors (Mooney & Peterson, 2004). Anaemia, when 

present, occurs due to bone marrow exhaustion, iron and other micronutrient deficiencies in 

severely hyperthyroid cats (Mooney & Peterson, 2004). 

Normally a stress leukogram is observed, with leucocytosis, neutrophilia, lymphopenia, 

eosinopenia and rare megathrombocytosis. These changes might also be induced by the 

decrease in available cortisol (Peterson et al, 1983). 

Studies performed in the UK reported these changes to be clinically insignificant, except in 

the case of thyrotoxic anaemia (Shiel & Mooney 2007). 
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3.4.2.2. Biochemistry 

The biochemical profile of a hyperthyroid cat is expected to reveal an increase in liver 

enzymes: Alanine aminotransferase (ALT), alkaline phosphatase (ALP), lactate 

dehydrogenase (LDH) and aspartate aminotransferase (AST), at least one of them is 

increased by over 90% (Peterson et al, 1983). These elevations can be caused by the direct 

toxicity of the thyroid hormones on the liver or hepatic hypoxia secondary to cardiac failure, 

also commonly present in these patients. However, serum ALP may also be raised because 

of an increase in bone metabolism (Foster & Thoday, 2000). 

Serum concentrations of ALP and tT4 are correlated. In hyperthyroidism, the increase in 

these values is mild and, once euthyroid, they range within normal values (Peterson et al, 

1983). 

Another parameter to consider is serum levels of phosphorus, as hyperphosphatemia, 

together with high ranges of bone isoenzyme of ALP is suggestive of altered bone 

metabolism (Mooney & Peterson, 2004). 

Hyperparathyroidism is also a very common feature that accompanies hyperthyroid patients, 

with parathyroid hormone (PTH) values up to 19 times the normal range, although causes for 

this abnormality remain unclear (Barber & Elliot, 1996). The increase in PTH values is 

thought to contribute to the development of hypocalcaemia after thyroidectomy surgery is 

performed (Mooney, 2010). 

Over 20% of hyperthyroid cats are azotaemic, possibly because of the increased protein 

catabolism, hypertension and possible pre-renal uraemia (Broussard et al, 1995). Urea and 

creatinine are inversely related to the kidney’s glomerular filtration rate. As such, serum urea 

levels tend to be suppressed in a hyperthyroid cat. However, due to protein catabolism, 

creatinine concentrations may be increased. Therefore, urea/creatinine ratios may be 

increased in hyperthyroid patients but tend to normalize post-treatment (Syme, 2007). 

Other serum biochemical abnormalities found in hyperthyroid cats include hypokalaemia, 

possibly due to stress. In a hypokalaemic state, a myopathy develops, expressed via muscle 

weakness and ventro-flexion of the neck (Gunn-Moore 2005). 

Increase in blood glucose concentrations is observed, together with glucose intolerance due 

to delayed clearance, despite increased secretion of insulin (Hoenig, Peterson & Ferguson, 

1992).  

Fructosamine concentrations were found to be significantly lower than those of healthy cats, 

as a result of increased protein turnover (Mooney, 2010). Cholesterol, chloride, bilirubin, 

sodium, albumin and globulin are parameters rarely affected by hyperthyroidism. Of all the 

abnormalities described above, the most consistent with hyperthyroidism are increased liver 

enzymes, the rest providing little diagnostic information (Shiel & Mooney 2007). 
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3.4.2.3. Urinalysis 

Urinalysis is useful in discarding concurrent illnesses such as infections of the urinary tract, 

diabetes mellitus and chronic renal failure, as well as differentiate between prerenal and 

renal azotaemia (Meeking, 2005). Even so, consistent changes are unreported and urinalysis 

adds little information to the diagnosis of hyperthyroidism (Shiel & Mooney 2007). 

Hyperthyroid cats frequently report the presence of mild proteinuria, possibly caused by 

glomerular hypertension and hyperfiltration, which decreases with treatment (Syme, 2007). 

Generally unremarkable, urine specific gravity (USG) may vary from 1.009 to 1.050 but is 

generally lower than the average, reflecting altered concentration mechanisms in the kidney 

(Peterson et al, 1983). Most patients have specific urine gravity of 1.035. The determination 

of the USG allows the distinction between primary renal insufficiencies from prerenal 

azotaemia when urea levels are higher than the normal range (Nelson, 2003). 

3.4.2.4. Glomerular Filtration Rate 

Although not widely used in practice, GFR has been used to predict the emerging of post-

treatment azotaemia, with 100% sensitivity and 78% specificity results. GFR tends to 

decrease when treatment is implemented, indicating that this is consistent with restoration of 

euthyroidism (Adams, Daniel, Legendre, Gompf & Grove, 1997b). 

3.4.2.5. Thyroid Function Tests 

Increased thyroid hormone production confirms the diagnosis of hyperthyroidism (Shiel & 

Mooney, 2007). However, all available serum thyroid function tests have their limitations and 

can produce false positives and negatives (Peterson, 2013). 

3.4.2.6. Basal Circulating Thyroid Hormone Concentration 

Circulating concentrations of T3 and T4 are extremely specific for the diagnosis of 

hyperthyroidism, even though measuring total T4 is preferable (Peterson, Melián & Nichols, 

2001). Nonetheless, thyroid hormone concentrations fluctuate, and so finding normal thyroid 

hormone levels is not exclusive for the diagnosis of hyperthyroidism (Peterson et al 1987). 

3.4.2.6.1. Serum Total Thyroxine (tT4) 

Measurement of blood T4 levels is now a standard procedure for older cats. Most 

veterinarians rely on it to distinguish between patients affected or not by thyroid disease 

(Meeking, 2005). 

Over 90% of hyperthyroid cats reveal increased T4 concentrations, most up to 20 times the 

upper limit of the normal range. However, up to 10% of hyperthyroid patients have also been 

found to display tT4 concentrations within the higher end of the normal range of values, 

indicating that the diagnosis of such disease should not be excluded based on a single 

reference range of total T4 (Broussard et al, 1995). 



14 

 

Normal values of tT4 in hyperthyroid patients may be due to three possible causes: mild or 

subclinical hyperthyroidism, eventually evolving towards secretion of more T4 into circulation; 

fluctuating T4 concentrations, in mild hyperthyroidism; and severe non-thyroidal illness, 

known to suppress thyroid hormone levels to their normal range (Peterson, 2013).  

3.4.2.6.2. Serum Free Thyroxine (fT4) 

An alternative method of diagnosis is the measurement of circulating free T4 concentrations, 

especially when within-normal-range total T4 values were determined (Nelson, 2003) as fT4 

values will remain increased in hyperthyroid patients whether they have concurrent 

nonthyroidal disorders or not, unlike tT4 values (Peterson et al, 2001). 

Although more sensitive than tT4, it is not specific. False-positives may occur in the presence 

of concurrent illness. Hence, fT4 should be measured together with tT4 (Peterson et al, 2001). 

High concentrations of fT4 are consistent with hyperthyroidism when tT4 levels are mid to 

high range levels (>35-40 nmol/L), and consistent with non-thyroidal disease when tT4 are 

low (Peterson et al, 2001). However, the only reliable means of measurement of fT4 is via 

dialysis, an expensive and not always available method. Consequently, analysis of fT4 

concentrations is reserved for borderline tT4 cases (Nelson, 2003). 

3.4.2.6.3. Serum Total Triiothyronine (tT3) 

A poorly sensitive diagnostic test, it is no longer recommended for the diagnosis of 

hyperthyroidism, as over 30% of hyperthyroid cats presented normal values of tT3 

concentrations (Peterson et al, 2001). 

3.4.2.6.4. Serum Thyroid-Stimulating Hormone (TSH) 

To date, there is no feline-specific TSH assay. However, the available canine TSH assay has 

a 96% homology to that of feline TSH. There is proven usefulness in using a canine TSH 

assay together with measurements of tT4 and fT4 concentrations for the diagnosis of 

hyperthyroidism in subclinical conditions or in the presence of renal disease (Wakeling, 

Moore, Elliott & Syme, 2008). Regardless, this test has the inability to differentiate between 

low-normal TSH concentrations from undetectable values and so euthyroid from hyperthyroid 

patients. Its’ importance lies in the exclusion of hyperthyroidism, by detection of a normal or 

high value of TSH (Peterson, 2013). 

In conclusion, measuring tT4, fT4 and TSH concentrations, together with the identification of 

concurrent non-thyroidal illness is the ideal procedure towards confidently diagnosing 

hyperthyroidism. Nonetheless, dynamic thyroid function tests have proven extremely helpful 

(Mooney, 2010). 
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3.4.2.7. Dynamic Thyroid Function Tests 

Three dynamic tests are available to assess normal thyroid function: thyroid-stimulating 

hormone (TSH) response test, thyroid-releasing hormone (TRH) response test and 

triiodothyronine (T3) suppression test. They are recommended in the case of repeated 

normal tT4 values, equivocal fT4 values, unavailability of thyroid scintigraphy or when a 

thyroid nodule cannot be palpated (Peterson, 2013). 

3.4.2.7.1. Thyroid-Stimulating Hormone (TSH) Test 

In the TSH response test, serum concentrations of T4 are measured before and after 

exogenous administration of thyroid-stimulation hormone (TSH) in order to prove the inability 

of the thyroid gland to retain response to TSH and still produce maximum amounts of T4 

(Mooney, 2010). In a healthy feline, a two-fold increase in thyroid hormone secretion would 

occur, whilst in hyperthyroid cats, continuous production is maintained at maximum rates, 

overlooking the TSH given (Rutland, Nachreiner & Kruger, 2009). 

Hardly accessible and expensive, the TSH response test cannot differentiate between 

euthyroid cats and those with mild hyperthyroidism, deeming it inappropriate for the 

diagnosis of hyperthyroidism (Gunn-Moore 2005). 

3.4.2.7.2. Thyrotropin-Releasing Hormone (TRH) Test 

The thyrotropin-releasing hormone response test also assesses the pituitary-thyroid axis. In 

healthy cats, TRH causes the liberation of larger quantities of TSH and thereupon, increased 

levels of thyroid hormones. In hyperthyroid cats, because there is a chronic suppression of 

TSH due to negative feedback originated from autonomous T3 and T4 production, this 

pathway will be disrupted and the percentage of increased thyroid hormone production is 

much lower than that expected of healthy or non-thyroidal cats (Peterson, Broussard & 

Gamble, 1994). Reports suggest than increases in production rated above 60% are 

suggestive of euthyroidism, whilst increases lower than 50% are consistent with 

hyperthyroidism and in-between 50% and 60% remain inconclusive (Peterson et al, 1994). 

Additionally, TRH induces an increase in circulating tT4 concentrations in healthy cats, useful 

in differentiating between healthy and sick euthyroid cats from mildly hyperthyroid cats with 

normal thyroid hormone concentrations (Peterson et al, 1994). However, severe non-

thyroidal illness may cause TSH production to be insensitive to the administration of TRH 

and the TRH-stimulating test inappropriate for the differentiation of sick patients with or 

without thyroid pathology (Tomsa, Glaus, Kacl, Pospischil & Reusch, 2001). 

In conclusion, the TRH response test seems to be useful in diagnosing mildly hyperthyroid 

cats in the face of repeated normal serum concentration of T4. However, if these are 

particularly high or low, the test is deemed useless (Peterson et al, 1994). 
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Although TSH stimulating test produces a significantly higher increase in thyroid hormone 

concentration, it is no longer available in the UK. TRH medical preparations are. Additionally, 

with TRH the sampling time post-injection is earlier, making it a practical alternative to the 

TSH stimulating test (Sparkes, Jones, Gruffydd-Jones & Walker, 1991). Albeit, the 

performance of this dynamic test may result in adverse reactions such as vomiting, 

salivation, tachypnoea and defecation due to central stimulation and activation of central 

cholinergic and catecholaminergic mechanisms (Peterson et al 1994). Furthermore, it is a 

considerably expensive test to perform when compared to available options. All things 

considered, this test has been deemed unfit for the diagnosis of hyperthyroidism (Nelson, 

2003). 

3.4.2.7.3. Triiodothyronine (T3) Suppression Test 

The Triiodothyronine suppression test evaluates the ability of the pituitary gland to inhibit 

TSH secretion after suffering suppression by sodium liothyronin, homologous to 

triiodothyronine (T3) (Peterson, Graves & Gamble, 1990). 

In a healthy cat, the pituitary gland will be inhibited from producing further amounts of TSH 

and, subsequently, thyroid hormone synthesis. As such, it is expected that in the second 

sample, T4 concentrations will decrease in over 50% of the initial baseline (Peterson et al, 

1990). However, in hyperthyroid patients, excess circulating thyroid hormones have already 

suppressed TSH production. Administering exogenous T3 adds little to this effect (Peterson et 

al, 1990). 

3.4.3. Thyroid Imaging 

3.4.3.1. Thyroid Scintigraphy 

Thyroid scintigraphy is a diagnostic test that produces a visual display of the thyroid 

functional tissue based on its radionuclide uptake. It is mainly used in a clinically 

symptomatic patient with no evidence of corresponding increase in serum thyroid hormone 

levels (Nap, Pollak, van den Brom & Rijnberk, 1994). 

Effective prior to surgery, it helps predict the successfulness of performing a surgical 

thyroidectomy and the likelihood of the patient developing post-operative hypocalcaemia 

(Flanders, 1994). Extremely sensitive, diagnosis can be attained before laboratory tests can 

detect the expected changes, making it the “gold standard” in mild or occult hyperthyroidism. 

However, it is an expensive procedure difficultly accessible, as special licensing is required 

(Peterson, 2013). 

3.4.3.2. Thyroid Ultrasonography 

High-resolution ultrasonography is extremely useful in the evaluation of thyroid lobes, as it 

will reveal increased volume of these lobes and important variations in homogeneity, 

echogenicity and margination when compared to healthy cats (Mooney, 2004). 

3.4.3.3. Thoracic Radiography 

In 50% of patients, it is possible to visualize mild to severe left cardiomegaly (Syme, 2007).  
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3.4.3.4. Echocardiography 

Regarding structural and functional changes suffered to the heart, the most commonly 

reported are hyperdynamic functioning of the myocardium, hypertrophic cardiomyopathy and 

congestive cardiomyopathy (Meeking, 2005). 

3.4.3.5. Electrocardiography 

The electrocardiography of the patient may reveal sinus tachycardia and increased R-wave 

amplitude in lead II. Also reported were atrial and ventricular arrhythmias, shortened Q-T 

interval, prolonged QRS duration, intraventricular conduction disturbances and ventricular 

pre-excitation. Recently, an increase in right bundle branch block was seen (Syme, 2007). 

3.5. Treatment 

Hyperthyroidism is a challenging disease to manage, patients often suffering from metabolic 

disorders derived from thyrotoxicosis itself or from underlying concurrent disease, which will 

lead to severe complications. Addressing the disease comprises not only the best choice of 

treatment but the effects it will have on the other organ systems (Padgett, 2002). The 

disease’s natural progression is towards emaciation, cardiac and metabolic dysfunction and, 

eventually, death. However, with the appropriate treatment, hyperthyroidism has favourable 

prognosis, especially the thyroid lesions are benign (Mooney, 2010). 

The principle behind treating hyperthyroidism can undertake three main routes: removing or 

destroying abnormal functioning tissue, inhibiting thyroid hormone synthesis and release, or 

mediating the influence that these hormones have on peripheral tissue (Mooney, 2010). 

Pondering between the available treatment options should be based on various factors, 

including the cat's age, renal function and presence of concomitant disease. Simultaneously, 

it should depend on the underlying cause of the disease, the severity of the thyrotoxicosis 

whether or not neoplasia is diagnosed and if there is unilateral or bilateral involvement. Other 

criteria are the surgeon's expertise, the owner and cat's compliance and financial situation 

(Nelson, 2003). 

There are four different approaches to treating hyperthyroidism: antithyroid drugs, surgical 

thyroidectomy, radioiodine therapy and iodine-restricted dietary therapy. Surgical 

thyroidectomy and radioiodine therapy are considered to be curative methods, whilst 

antithyroid drugs and iodine-restricted diets are merely reversible control measures (Higgs, 

Murray & Hibbert, 2014). 

3.5.1. Medical Management 

Medical management is used to reduce the synthesis of thyroid hormones, inhibiting 

secretion of triiodothyronine and thyroxine. Whether on a long-term management or prior to 

surgery, medical management is effective (Behrend, 2006). 
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3.5.1.1. Antithyroid Drugs 

Various drugs can be used for the treatment of feline hyperthyroidism, antithyroid drugs being 

the leading option. Pharmaceuticals in this group include drugs like propylthiouracil, 

methimazole and carbimazole (Behrend, 2006). 

3.5.1.1.1. Available Licensed Compounds 

3.5.1.1.1.1. Propylthiouracil (PTU) 

Propylthiouracil (PTU) was the first drug to be used in the medical management of 

hyperthyroidism, as early as the 1980’s. The least potent, PTU has the ability to inhibit 

peripheral T3 production. Regardless, PTU provokes severe side effects such as vomiting, 

anorexia, lethargy, thrombocytopenia and immune-mediated haemolytic anaemia. For this, its 

use is no longer recommended (Peterson, Hurvitz, Leib, Cavanagh & Dutton, 1984). 

3.5.1.1.1.2. Methimazole 

Methimazole, a thiomidazole derivative, is extremely efficient in reverting thyrotoxicosis and 

attaining euthyroidism, with fewer side effects compared to PTU and, hence, regarded safe 

and effective in the short- or long-term management of hyperthyroidism (Peterson et al, 

1988). 

The licensed form of methimazole is Felimazole®, commercialized by Dechra Veterinary 

Products, tablets containing 2.5 mg or 5 mg of Methimazole (Caney, 2013). A transdermal 

form of methimazole was also developed, as a safe and effective alternative for oral 

administration of the drug. In a pluronic lecithin organogel (PLO) based vehicle, it resulted in 

euthyroidism with fewer side effects than those related to oral medication (Sartor, Trepanier, 

Kroll, Rodan & Challoner, 2004). 

Methimazole has no power to reduce the size of the adenomatous hyperplasia, which 

continues to grow and produce larger quantities of thyroid hormone, thus the need to 

eventually increase the treatment dose. This phenomenon has been described as 

“methimazole resistance” (Boretti et al, 2014). 

3.5.1.1.1.3. Carbimazole 

Carbimazole is a pro-drug. Converting to methimazole once in vivo, it was developed with 

the intent to provide longer duration of action, with even fewer side effects comparing to 

methimazole (Mooney, Thoday & Doxey, 1992). The UK licensed product containing 

carbimazole is Vidalta®, prolonged release tablets of 10 or 15 mg of Carbimazole, 

commercialized by MSD Animal Health (Caney, 2013). 

A UK general practitioner's survey shows preference in the use of carbimazole (51.6%) over 

methimazole (40.5%) (Higgs et al, 2014). 
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3.5.1.1.2. Pharmacodynamics and Pharmacokinetics 

These drugs inhibit reactions catalysed by peroxidase, including oxidation of iodide and 

iodination of tyrosyl residues in thyroglobulin, ultimately blocking the synthesis of thyroid 

hormones. Moreover, they prevent coupling of iodotyrosines with iodothyronines, by again 

interfering with peroxidase or altering the structure of thyroglobulin (Mooney, 2001). 

Nonetheless, they lack the ability to inhibit the release of already synthesized and stored 

thyroid hormone, or any efficient action on tumorous cells (Mooney, 2001). 

Mechanisms of metabolization and elimination are uncertain, although in humans the liver is 

the main metabolic pathway (Hoffmann et al, 2003). Carbimazole has a larger molecular 

weight, which means that a similar dose of 5 mg of carbimazole will result in a serum 

concentration of this drug 50% lower than that of the same amount of methimazole 

(Trepanier, 2007). 

3.5.1.1.3. Effects on Thyroid Hormone Concentration 

Antithyroid drugs generate serum tT4 concentrations below the reference range (Peterson et 

al, 1988). Patients become euthyroid within two to three weeks of commencing the tablet 

treatments (Daminet et al, 2014). Methimazole lacks the ability to block the release of 

already synthesized and stored hormones in the thyroid colloid. Pre-existent hormones then 

continue to be released into the bloodstream even when therapy commences, explaining the 

2 to 4 weeks delay in achieving a euthyroid state (Peterson et al, 1988). 

Serum fT4 levels appear to remain relatively higher than tT4 levels. The dosage must then be 

adjusted so that it is possible to suppress tT4 production towards the lower end of the 

reference range (Behrend, 2006). 

In the event of treatment discontinuation, hormone levels will return to hyperthyroid values 

and clinical signs of thyrotoxicosis will re-emerge, proving this method of treatment to be 

reversible (Behrend, 2006). 

3.5.1.1.4. Administration 

Antithyroid drugs may be used as long-term or short-term management prior to radioactive 

therapy or surgical thyroidectomy (Mooney, 2001). On a first approach, hyperthyroid patients 

ought to be submitted to antithyroid drugs in order to reduce cardiac and metabolic 

imbalances, allow renal function to be assessed and decrease risk of anaesthesia if surgery 

is to be performed (Nelson, 2003). The goal is to achieve euthyroidism but, at the same time, 

allow metabolic disturbances to be corrected and the existence of concurrent disease which 

may alter the prognosis to be assessed, whether to later proceed towards curative treatment 

or maintain medical management (Behrend, 2006). 
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3.5.1.1.4.1. Starting Dose 

As methimazole does not have the ability to prevent the release of stocked thyroid hormones 

into circulation, the initial dose of the drug and time required to achieve euthyroidism depend 

on the amount of hormones previously concentrated in the gland; the thyroid secretory rate; 

the volume of the adenomatous tissue and the severity of the hyperthyroidism (Peterson et 

al, 1988). 

Currently, Dechra recommends a daily dose of 2.5 mg of methimazole twice daily, regardless 

of bodyweight and serum thyroid hormone concentrations (Dechra, 2015). However, a 

starting dose of 5mg twice daily may be implemented in severe thyrotoxic cases in which the 

serum total T4 concentrations are extremely elevated, considering renal parameters are 

adequate (Daminet et al, 2014).  

MSD Animal Health recommends a starting dose of 10 mg of carbimazole once daily when 

serum T4 concentrations are between 50 to 100 nmol/L and 15 mg once daily if serum T4 

concentrations are above 100 nmol/L (MSD Animal Health, 2015). 

3.5.1.1.4.2. Dose Adjustments 

Pathologically, neither methimazole nor carbimazole interfere with the thyroid lesion, allowing 

it to progress and enlarge throughout time. Consequently, it is expected that the normal daily 

dose will then inevitably increase (Peterson et al, 1983). 

Methimazole doses can be increased in 2.5 mg per day till euthyroidism or a maximum dose 

of 20 mg per day is achieved. Contrarily, if the levels of total T4 drop below the reference 

range, the dose should be decreased in decrements of 2.5 mg per day (Dechra, 2015). 

Regarding carbimazole, dosage can also be adjusted 10 days after treatment has initiated, in 

additions of no more than 5 mg per day and cautiously when approaching the 20 mg per day 

dose, as studies are scarce regarding this dose (MSD Animal Health, 2015). 

3.5.1.1.5. Drug-Associated Side Effects 

Methimazole and Carbimazole may induce potentially life-threatening or non-life-threatening 

effects (Mooney et al, 1992). Life-threatening effects include hepatotopathy, bleeding 

diathesis and serum alterations such as thrombocytopenia, agranulocytosis, neutropenia and 

anaemia. If these reactions occur, discontinuation of treatment ought to be considered 

(Daminet et al, 2014). Non-life-threatening reactions include gastrointestinal changes, like 

vomiting, nausea, anorexia and lethargy; generalized peripheral lymphadenopathy; mild 

haematological changes such as leukopenia, eosinophilia and lymphocytosis; and 

dermatological reactions, essentially excoriations, erythema and pruritus (Daminet et al, 

2014). In some patients treated with methimazole, acquired cases of myasthenia gravis and 

cold agglutinin-like disease have been reported (Mooney, 2004).  

Carbimazole can also cause weight loss, tachypnoea, pyrexia, and polydipsia. In fewer 

cases, there have been reports of facial pruritus, azotaemia, anaemia, hepatic damage and 

sudden death (Daminet et al, 2014). 
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Both methimazole and carbimazole are teratogens, requiring extra precautions on the 

owner’s part when administering the medication to the cat. Side effects generally occur within 

4 to 6 weeks of therapy implementation, becoming less frequent after 2 or 3 months of 

treatment (Daminet et al, 2014). 

No connection was encountered between the used dose of methimazole and the severity 

and frequency of the reported side effects.  However, fewer side effects were observed with 

the use of carbimazole compared to the use of methimazole (Peterson et al, 1988). 

3.5.1.1.6. Monitoring 

Monitoring of the patient is a vital step in establishing both the effectiveness of the 

undergoing treatment and its possible side effects (Daminet et al, 2014). Datasheets 

stipulated by providers of the available antithyroid drugs suggest monitoring haematological, 

biochemical and total T4 parameters before initiating treatment and then 3, 6, 10 and 20 

weeks after implementing these same treatments (Dechra, 2015, MSD Animal Health, 2015 

& Higgs et al, 2014). 

3.5.1.1.6.1. Pre-Treatment Monitoring 

Before the patient is submitted to therapy, it is crucial to obtain a full case history, bodyweight 

and body condition score, as well as a physical examination report. Likewise, a complete 

blood cell count (CBC), a full biochemical, hepatic and renal analysis together with basal 

circulating tT4 concentrations and blood pressure (Daminet et al, 2014). 

3.5.1.1.6.2. Midst-Treatment Monitoring 

After antithyroid treatment has initiated, monitoring body weight, body condition score, total 

T4 concentrations, haematology, biochemical profile, urine and blood pressure are essential 

(Daminet et al, 2014). 

3.5.1.1.6.2.1. Serum Total T4 Concentrations (tT4) 

From 2 to 3 weeks after initiation up till the point where euthyroidism is achieved, serum T4 

levels ought to be measured. Once stabilization has been achieved, they ought to be 

monitored 3 months after and then every 6 months (Daminet et al, 2014). Most practitioners 

aim for the lower half of the reference range of serum total T4 concentrations, advantageous 

in the presence of total T4 level-suppressing concurrent diseases (MSD Animal Health, 

2015). It is recommended to monitor tT4 levels as antithyroid medication does not prevent the 

growth and enlargement of the thyroid nodules, requiring an increase in dosage in the future 

to maintain the optimal levels of thyroid hormones in serum (Graham & Mooney, 2005). 
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3.5.1.1.6.2.2. Complete Blood Cell Count (CBC) 

A CBC ought to be performed every two weeks and then, after the initial period of the 3 

months, only in the suspicion of agranulocytosis, haemolysis or thrombocytopenia need it be 

performed, due to the unlikelihood of blood dyscrasias (Peterson et al, 1988). 

3.5.1.1.6.2.3. Biochemical Profile 

One of the most important changes observed once treatment for hyperthyroidism is 

implemented, is the decrease in the glomerular filtration rate, which tends to stabilize one 

month post-beginning. Therefore, it is essential to monitor these values at every visit, also 

allowing the clinician to assess the renal function, as well as liver function (van Hoek & 

Daminet, 2009). 

Renal parameters are useful in detecting azotaemia. Failing to monitor them may result in 

failing to diagnose chronic kidney disease, which can affect the survival of the patient (Syme, 

Markwell, Pfeiffer & Elliott, 2006). Liver enzyme levels tend to be elevated in hyperthyroid 

patients, normalizing within five months of treatment start. If such does not occur, further 

investigation on hepatobiliary disease is recommended (Mooney et al, 1992). 

3.5.1.1.6.2.4. Blood Pressure 

Hypertension, a feature considerably underdiagnosed before and after treatment, can lead to 

cardiac remodelling, chronic kidney disease and complications of the ocular and central 

nervous system, acting as a negative predictor for the survival of these cats (Higgs et al, 

2014). As a fairly uncommon feature in the early stages, it may develop following a few 

months of therapy, usually related to the exposure of coexistent renal disease (Morrow, 

Adams & Elliott, 2009). Because hyperthyroid cats are still at risk of developing systemic 

hypertension up to 6 months after implementing treatment for hyperthyroidism, it is a 

parameter that ought to be measured. For the first 6 months of the treatment, it is advisable 

to monitor the blood pressure and from then onwards every six months (Stepien, 2011). 

3.5.1.1.7. Prognosis 

If according to protocol, and the owner and patient offer good compliance, the successful 

response rate of antithyroid drug management of hyperthyroidism is 85% (Peterson et al, 

1988, Mooney et al, 1992). 

3.5.1.1.8. Advantages of the Use of Antithyroid Drugs 

Advantages of antithyroid drug therapy include effectiveness, reversibility, availability and 

cost-effectiveness in the short-term perspective. Furthermore, euthyroidism is rapidly 

achieved, anaesthesia, hospitalization and surgical complications are avoided (Mooney, 

2001). 

3.5.1.1.9. Disadvantages of the Use of Antithyroid Drugs 

Disadvantages comprehend drug-associated side effects and the possibility of iatrogenic 

hypothyroidism. Additionally, compliance is an extremely crucial element of the therapy, 

especially regarding unmanageable or inappetent cats (Mooney, 2001).  
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In the long-term perspective, it becomes less cost-effective as constant monitoring of thyroid 

hormone levels and adjustment of dosages are required (Mooney, 2001). 

Difficulties associated also include the fact that it is a reversible form of treatment and so, 

once the drug is withdrawn, hyperthyroidism will soon reappear (Peterson et al, 1988). 

Furthermore, it can be largely affected by the presence of concurrent disease, which may 

alter the dosage, pharmacodynamics and prognosis (Mooney, 2010). Antithyroid drug is 

ineffective in the treatment of hyperthyroidism caused by thyroid carcinoma (Mooney, 2001). 

3.5.1.2. Other Pharmacological Options 

Short-term control can be achieved with beta-adrenergic blockers or iodine agents (Mooney, 

2010). Beta-adrenergic blockers, such as propranolol and atenolol, reduce sympathetic 

stimulation, controlling situations of tachycardia, polypnoea, hypertension, aggression and 

hyperactivity derived from a hyperthyroid condition (Foster & Thoday, 1999). 

Potassium Iodine (KI) and Potassium Iodate (KIO3) block thyroid hormone synthesis via the 

Wolff-Chaikoff effect, in which inhibition of iodine organification occurs, an effective method of 

rejecting large quantities of iodide and preventing the production of massive concentrations 

of thyroid hormones, which lasts for a few days, after which the normal thyroid hormone 

synthesis resumes (Markou, Georgopoulos, Kyriazopoulou & Vagenakis, 2001). 

Cholecystographic contrast agents, like calcium ipodate and iopanoic acid, are effective in 

inhibiting peripheral conversion of T4 to T3, although in a transient manner (Murray & 

Peterson, 1997). 

3.5.2. Radioactive Iodine 

Radioiodine treatment is ideal in cases of enlargement of both thyroid lobes; non-accessible 

ectopic thyroid masses or non-resectable, metastatic thyroid carcinoma (Nelson, 2003). 

However, if the patient is diagnosed with concurrent renal disease, it is not a viable candidate 

for radioiodine treatment (Peterson, 2006). 

3.5.2.1. Kinetics and Function 

Iodine 131 is the radionuclide of choice for treatment with radioactive iodine therapy (Scott-

Moncrieff, 2012). It concentrates itself within the thyroid gland and emits beta and gamma 

radiation. These particles have the ability to destroy follicular cells without interfering with 

neighbouring structures or atrophic thyroid tissue, as they are unable to concentrate the 

isotope (Mooney, 1994). Response to this sort of treatment will eventually depend on the 

actual concentration of serum thyroid hormones, the size of the gland itself and the severity 

of the condition (Mooney, 2010). 

It is highly recommend a hyperthyroid patient be stabilized before undergoing radioiodine 

treatment, using methimazole or carbimazole (Behrend, 2006).  
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Radiation damage to follicular cells may cause immediate death or progressive atrophy, 

fibrosis and genetic damage, culminating in impaired survival, depending on the difference of 

iodine uptake in different follicles. This would also explain the period needed for the patient to 

achieve biochemical euthyroidism (Mooney, 1994).  

Thyroid hormones tend do decrease within 5 to 10 days and clinical signs tend to stabilize 

within 2 weeks of the treatment (Scott-Moncrieff, 2012). Studies demonstrate that more than 

80% of cats are deemed euthyroid 3 months after the treatment with iodine has begun, the 

majority within the first week and more than 95% after 6 months of treatment have ensued 

(Nelson, 2003). 

3.5.2.2. Dosage and Administration 

Radioiodine uses the smallest amount of radioisotope that will generate euthyroidism, at the 

same time preventing a hypothyroid outcome. The dose itself is dependent on the iodine 

uptake, effective half-life of the compound and the estimated weight of the gland (Mooney, 

2010). 131I may be administered intravenously, orally and subcutaneously. The latter is the 

recommended route, as no catheter is necessary, haemorrhage and contamination of the site 

are avoided, as well are oral complications such as vomiting (Mooney, 1994). 

After treatment, patients usually require a hospitalization period till the surface radiation is 

below a certain level (Mooney, 1994). The isolation period established for the UK is 2 weeks, 

a relatively long period (Puig et al, 2014). 

3.5.2.3. Side-Effects and Complications 

Post-treatment hypothyroidism and recurrence of hyperthyroidism are both rare events. 

Although levels of T3 and T4 remain low weeks or months following radioactive therapy, 

ultimately normalization occurs. Typically, it occurs in cats whose thyroids are bilaterally, 

largely and diffusely affected (Mooney, 1994). 

3.5.2.4. Prognosis 

Radioiodine treatment is associated with a greater than 80% success rate, 80% of patients 

returning to euthyroidism, whilst 10% are unresponsive and 10% become hypothyroid. 

However, the latter are not symptomatically hypothyroid and thyroid tissue does recover in 

these patients, although at a slower rate (Gunn-Moore 2005). It is believe that thyroid volume 

might have an influence in the outcome of treatment with radioiodine and predisposition for 

failure (Forrest, Baty, Metcalf & Thrall, 1996).  
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3.5.2.5. Advantages of Radioactive Iodine Treatment 

Radioactive iodine has the fewest side-effects of all treatments, and only one session is 

required. A curative method, no administration of medication, anaesthesia or surgery is 

required and it is the only adequate method for non-resectable thyroid carcinoma (Padgett, 

2002). Fluctuating serum thyroid hormone levels are reduced, unlike other treatment options 

(Boretti et al, 2014). 

3.5.2.6. Disadvantages of Radioactive Iodine Treatment 

The greatest disadvantage associated with radioactive iodine therapy, beside the expense, is 

the fact that special licensing is required and the patient must also be isolated for a certain 

amount of time post-treatment, dependent on the dosing used. Simultaneously, it is a risky 

procedure, for both patient and handler (Peterson, 2006). 

3.5.3. Surgical Thyroidectomy 

Surgical thyroidectomy consists on the removal of one or both of the patient’s thyroid glands, 

a relatively safe and effective option for curing feline hyperthyroidism (Birchard, Peterson & 

Jacobson, 1984). 

Surgical resolution is indicated in the presence of mass lesions in the thyroid glands, 

generally due to benign and functional hyperplasia in feline patients (Radlinsky, 2007). It is 

contraindicated when risk of anaesthesia is not acceptable; thyroid carcinoma is not 

resectable or metastatic; presence of ectopic thyroid tissue in the thorax; high chances of 

hypocalcaemia or the patient's renal function is not at its best (Nelson, 2003). In the case of 

deteriorated or unknown renal function, medical management should be started initially, to 

balance cardiac and metabolic derangements, achieve a state of euthyroidism, properly 

assess the renal function and then surgery may be considered (Nelson, 2003). 

3.5.3.1. Pre-Operative Considerations 

The first step towards surgical resolution is attaining a euthyroid state, as risk associated with 

surgery is decreased and prognosis is better (Birchard et al, 1984). Antithyroid drugs can be 

used not only to achieve euthyroidism but also allow the assessment of the patient’s renal 

and hepatic parameters before inducing a permanent treatment (Peterson et al, 1988). 

3.5.3.2. Anaesthesia 

Premedication is based on acepromazine (Stehling, 1974), whilst induction and maintenance 

use propofol and isoflurane, respectively. Atropine (Stehling, 1974) and ketamine should be 

avoided due to their ability to cause cardiac arrhythmias (Padgett, 2002). 

Regardless of the anaesthetic protocol, monitoring of the anaesthetic level and cardiac 

function is vital, to avoid possible complications from surgery (Birchard et al, 1984).  
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3.5.3.3. Anatomical Considerations 

In the event of hyperthyroidism caused by adenomatous hyperplasia, the gland is 

pathologically enlarged and, through gravitational force, may be located more caudal than 

normal (Padgett, 2002). In bilateral disease, approximately 70% of cases, both glands will be 

found enlarged, whilst in unilateral disease, the affected gland will be enlarged and its 

contralateral will be atrophied as a result of the negative feedback from the autonomous 

hormonal production (Birchard et al, 1984). 

Knowledge of the thyroid gland anatomy is essential when considering performing surgical 

thyroidectomy, as the glands are closely related to many important structures such as the 

carotid artery, internal jugular vein, vago-sympathetic trunk, recurrent laryngeal nerve, 

oesophagus and the parathyroid glands themselves. Damage to these structures may lead to 

very complicated postoperative outcomes (Radlinsky, 2007). Furthermore, the thyroid glands 

share their blood supply with not only the parathyroid glands but the laryngeal structures, 

which may result in hypoparathyroidism and, subsequently, hypocalcaemia or changes in 

phonation, correspondently (Radlinsky, 2007). 

3.5.3.4. Surgical Approach 

The patient should be positioned in dorsal recumbency, with the neck extended. Trichotomy 

and aseptic preparation should include the area between the mandible to the cranial thorax 

(Flanders, 1994). A skin incision is made from the larynx to the cranial area of the manubrium 

and then the sphincter colli muscles are incised. Afterwards, the sternohyoideus muscles are 

exposed and, digital pressure on the midline, will allow separation of the contralateral 

muscles and a ventral midline approach to the trachea. In the meantime, veins should be 

cauterized or ligated (Flanders, 1994). 

3.5.3.5. Surgical Techniques 

The first surgical technique to be proposed was named thyro-parathyroidectomy, which 

involved the removal of both thyroid and parathyroid tissue. However, due to the regulating 

effect of the parathyroid hormone in calcium homeostasis, the removal of the parathyroid 

gland led to the incidence of severe and lethal postoperative hypocalcaemia. As such, 

several surgical techniques, intending to preserve the parathyroid glands and its blood 

supply, arrived (Flanders, 1999). 

3.5.3.5.1. Extracapsular Thyroidectomy 

This technique is useful in the case of unilateral thyroidectomy. No dissection of the thyroid 

parenchyma is involved. Firstly, the surgeon ligates the cranial and caudal thyroid arteries, 

dissects the external parathyroid from the thyroid capsule and then excises the gland with its 

capsule intact (Flanders, Harvey & Erb, 1987). However, an 82% rate of postoperative 

hypoparathyroidism with hypocalcaemia was observed, deeming this technique 

unrecommendable (Flanders et al, 1987). 
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3.5.3.5.2. Modified Extracapsular Thyroidectomy 

With a 2 mm margin from the parathyroid gland and its blood supply, the thyroid capsule is 

cauterized and then removed, together with the associated thyroid parenchyma (Padgett, 

2002). 

3.5.3.5.3. Intracapsular Thyroidectomy 

In the Intracapsular technique, a small incision is made to the ventral side of the thyroid 

capsule, where no blood vessels are present and the thyroid parenchyma is bluntly removed 

from the capsule, leaving the thyroid capsule in situ and the parathyroid glands intact, at the 

same time preserving their blood supply (Birchard et al, 1984). Leaving residues of 

adenomatous tissue within the capsule may be associated with the recurrence of the 

hyperthyroid state (Padgett, 2002). 

3.5.3.5.4. Modified Intracapsular Thyroidectomy 

In this technique, more of the thyroid capsule is removed, maintaining in situ only the portion 

intimately associated to the external parathyroid gland and its blood supply, reducing the 

possibility of reminiscent thyroid hyperplastic or tumorous tissue and, consequently, the risk 

of recurrence of hyperthyroidism (Padgett, 2002). 

The Intracapsular and extracapsular techniques have postoperative hypocalcaemia 

incidence rates of 36% and 82%, respectively, proving the efficacy of meticulous 

intracapsular thyroidectomy in reducing of the surgery’s most important complications 

(Flanders et al, 1987). 

3.5.3.5.5. Staged Bilateral Thyroidectomy 

Hyperthyroidism most frequently compromises both thyroid lobes (70% of cases), thereby 

requiring a bilateral thyroidectomy (Flanders, 1994). If bilateral thyroidectomy is to be 

performed, there should be two separate unilateral thyroidectomies, separated by a period of 

3 to 4 weeks, in order for any possible parathyroid damage to be repaired (Flanders et al, 

1987). Staged surgery allows for ipsilateral parathyroid tissue to revascularize before the 

remaining thyroid gland is removed and the blood supply is potentially interrupted. 

Maintaining one functional parathyroid gland is sufficient to maintain calcium homeostasis 

(Flanders, 1999). 

Recurrence of hyperthyroidism after thyroidectomy is a fairly rare event, with similar 

incidence rates when considering the intracapsular, extracapsular, modified and staged 

techniques, none of them proving to be superior to the others and entirely up to the surgeon's 

choice and experience (Flanders, 1999).  
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3.5.3.5.6. Parathyroid Autotransplantation 

Parathyroid transplantation consists of placing pieces of parathyroid gland into small pockets 

within the cervical musculature and wait for revascularization to occur. It is a form of 

treatment for accidental parathyroid removal or complete devascularisation of the gland and 

results in the decrease in severity and time of postoperative hypocalcaemia (Padgett, Tobias, 

Leathers & Wardrop, 1998). 

3.5.3.6. Surgical Risks and Complications 

Risks associated with surgical thyroidectomy include, besides the obvious risk of 

anesthetizing a geriatric patient, the possibility of post-operative parathyroid damage with 

subsequent hypocalcaemia, laryngeal paralysis, hypothyroidism or development of Horner’s 

Syndrome (Gunn-Moore 2005). 

3.5.3.6.1. Hypocalcaemia 

The most common complication associated with bilateral thyroidectomy is hypocalcaemia 

due to hypoparathyroidism, when accidental removal or complete devascularisation of the 

parathyroid glands occurs (Birchard et al, 1984). Hypocalcaemia normally occurs within 5 

days of surgery and so ionized calcium levels ought to be monitored for the first 24 to 48 

hours after thyroidectomy (Flanders, 1994). Clinical signs of hypocalcaemia appear when 

serum calcium levels are less than 6.5mg/dL and they comprehend anxiety, inappetence, 

facial pruritus, lethargy, anorexia, twitching, tremors, tetany and convulsions (Flanders, 1994, 

Padgett, 2002). Cats showing mild signs of hypocalcaemia may be orally supplemented with 

calcium. Cats showing moderate or severe signs of hypocalcaemia, should be managed 

intravenous or subcutaneously (Flanders, 1994). 

3.5.3.6.2. Damage to the Recurrent Laryngeal Nerve 

Closely related to the thyroid gland, the recurrent laryngeal nerve may be damaged by 

thyroidectomy, resulting in change in phonation and laryngeal paralysis (Padgett, 2002). 

3.5.3.6.3. Hypothyroidism 

Thyroidectomy induces a drastic decrease in circulating concentrations of thyroid hormones 

for weeks to months after surgery. Normalization of these titres occurs due to either 

activation of contralateral lobes in unilateral thyroidectomies or accessory thyroid tissue in 

bilateral procedures (Mooney, 2010). Generally, no treatment is required unless the patient 

demonstrates clinical signs of hypothyroidism (Radlinsky, 2007). 

Serum levels of thyroid hormones are expected to decrease to their reference range within 

24 hours. As such, it is recommended to monitor serum thyroid concentrations at 24 or 48 

hours after surgery in order to assess the success in removing the hyperfunctioning thyroid 

tissue (Hoenig et al, 1982).  
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3.5.3.7. Prognosis 

The success of the procedure is dependent on the stability of the patient and the expertise of 

the anaesthetist and surgeon. Successful response rate is greater than 95%, although 

recurrence may occur due to ectopic thyroid tissue (Gunn-Moore 2005). Patients ought to be 

monitored up to 12 months after, especially after bilateral thyroidectomy, due to its implied 

morbidity and mortality (Mooney, 2010). 

3.5.3.8. Advantages of Surgical Thyroidectomy 

Advantages of surgery lie on the chance of a permanent cure and avoiding daily medication 

administration (Meeking, 2005). With a success rate greater than 95%, the response to 

treatment is fast and the treatment itself requires only a short hospitalization period (Gunn-

Moore, 2005). 

3.5.3.9. Disadvantages of Surgical Thyroidectomy 

Disadvantages consist on cost and possible risks and previously discussed complications 

associated with surgery (Meeking, 2005). 

3.5.4. Dietary Management 

Diet control is frequently overlooked, although it has been proven to be essential in the 

management of feline endocrine diseases. Its goal is to allow the patient to gain weight, 

restore muscle loss, decrease postprandial hyperglycaemia, and improve insulin sensitivity, 

control glucose metabolism, hyperphosphatemia, secondary hyperparathyroidism and control 

the progression of underlying renal disease (Peterson & Eirmann, 2014). 

Being a hypermetabolic state known to have various effects on multiple organ systems, 

hyperthyroidism is regularly associated with altered protein, glucose, insulin and parathyroid 

hormone metabolisms, besides renal consequences (Peterson et al, 1983).  

The increased metabolic rate associated with the disease means the body’s energy demand 

is higher than its energy consumption and, subsequently, there is a negative nitrogen 

balance and a severe weight loss (Hamwi & Tzagournis, 1970). When thyroid hormone is 

secreted in the right quantities, normal protein synthesis results. In a hyperthyroid state, 

hypermetabolism also occurs in all organs, except spleen, brain and testes. These patients 

require 2-3 times the normal calorie intake to maintain their body weight. In the end, the 

greater catabolism of proteins results in wasting of the lean body mass (Hamwi & 

Tzagournis, 1970). Patients lose weight but maintain abdominal adipose tissue, before 

entering a stage of severe muscle wasting, emaciation, cachexia and possible death 

(Peterson & Eirmann, 2014). Besides the catabolic effect suffered from the hyperthyroid 

state, as most patients are also geriatric, they most likely also suffer from sarcopenia of 

aging, a phenomenon in which skeletal muscle and strength are progressively lost and 

muscle fatigability increases (Sakuma & Yamaguchi, 2012). This together with the decrease 

in body fat experienced by elderly cats tends to aggravate their weight loss (Peterson & 

Eirmann, 2014). 
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Insulin and glucose metabolisms are also altered, the patient developing severe insulin 

resistance and glucose intolerance (Raboudi et al, 1989). The insulin resistance observed 

together with a reduced clearance of glucose is consistent with a prediabetic state, which 

may evolve if the patient is not treated (Peterson & Eirmann, 2014). It would be expected that 

the insulin resistance then associated with hyperthyroidism would improve once treatment 

was initiated. However, in some cases, it worsens, which indicate that the abnormalities may 

not be reversible and may develop diabetes long after they are euthyroid again (Hoenig et al, 

1992). Nonetheless, most of these patients also became obese or overweight after the 

treatment, which may contribute to the development of diabetes (Rand, 2013). 

Potential electrolyte imbalances observed in a hyperthyroid state are those of 

hyperphosphatemia and hyperparathyroidism (Barber & Elliott, 1996). A combination of high 

serum phosphate concentrations together with high levels of parathyroid hormone (PTH) is 

suggestive of secondary renal hyperparathyroidism, indicating underlying renal disease 

(Barber, Rawlings, Markwell & Elliott, 1999). Simultaneously, PTH is a uraemic toxin, which 

could induce further renal damage, increasing morbidity and mortality in hyperthyroid 

patients (Peterson & Eirmann, 2014). 

3.5.4.1. Recommendations 

Hyperthyroid patients ought to be fed based on a diet with high protein, moderate phosphate 

and low carbohydrate concentrations (Peterson & Eirmann, 2014). 

Restoring and maintaining existent muscle mass is a priority in hyperthyroid cats, with a 

recommended percentage of at least 40% protein of the daily calorie intake, which ought to 

be maintained in euthyroidism, as sarcopenia of age persists (Peterson & Eirmann, 2014). 

Regarding the amount of carbohydrates ingested, these should represent less than 15% of 

the daily calorie intake and be accompanied by a moderate to high concentration of fat in the 

diet (Peterson & Eirmann, 2014). Low levels of carbohydrates lower postprandial glycaemia, 

improve insulin sensitivity and stabilize glucose metabolism, possibly preventing the 

development of over diabetes mellitus after hyperthyroidism is managed (Zoran & Rand, 

2013). 

The purpose of reducing phosphate concentrations in diet is to consequently also decrease 

the levels of PTH, preventing the progression of possible coexistent chronic kidney disease 

(Barber et al, 1999). As such, in the concurrent presence of CKD, reduction in dietary 

concentrations of phosphate is recommended. For cats with CKD stages 1 and 2, dietary 

recommendations are phosphate concentrations of 125 to 250mg of phosphate per 100kcal. 

In cats with severe renal disease (CKD stages 3 and 4), dietary concentrations of phosphate 

ought to be lower than 125 mg per 100kcal, even though it means lower levels than the 

minimum recommendations by the AAFCO (125mg/100 kcal) (Peterson & Eirmann, 2014). If 

these concentrations are not met or serum phosphate levels remain high, phosphate binders 

may be used (Kidder & Chew, 2009). 



31 

 

3.5.4.2. Iodine-Restricted Diet 

The recent iodine-restricted formula has introduced a new reversible alternative for the 

treatment of feline hyperthyroidism (van der Kooij et al, 2014), as restricted contents of iodine 

reduce circulating thyroid hormone levels to their normal range (Scott-Moncrieff, 2012). 

Additionally, it has been associated with reduced incidence of clinical signs associated with 

hyperthyroidism within four months of its implementation, proving beneficial for management 

of hyperthyroid cats (van der Kooij et al, 2014). 

Results of this treatment have shown to be independent whether the patient had been 

previously treated with antithyroid drugs or not (van der Kooij et al, 2014). A very important 

advantage associated with this form of treatment when compared to the use of antithyroid 

drugs is the fact that stress and side-effects associated with the administration of medication 

is avoided. Furthermore, anaesthesia and hospitalization are not required (van der Kooij et 

al, 2014). 

In the UK, Hill's Prescription Diet y/d Feline is effective provided that the cat feeds exclusively 

on such a diet and that the owner is compliant with the veterinarian's instructions (van der 

Kooij et al, 2014). 

3.5.5. Other Treatment Options 

Other treatment options for hyperthyroidism include percutaneous intra-thyroid ethanol 

infusion (Wells et al, 2001); percutaneous radiofrequency heat ablation (Mallery, Pollard, 

Nelson, Hornof & Feldman, 2003) and somatic gene therapy (Blackwood & Argyle, 2002). 

Using ultrasound guidance, ethanol injection causes coagulative necrosis and vascular 

thrombosis of the thyroid gland. Bilateral treatment is unadvised, due to the side effects 

associated with this procedure, which include dysphonia, gagging, laryngeal paralysis and 

Horner's syndrome, making it unacceptable in hyperthyroid patients (Wells et al, 2001). 

Percutaneous ultrasound-guided radiofrequency uses heat for the ablation of the thyroid 

gland, however only transiently. Side effects also comprise Horner’s syndrome and laryngeal 

paralysis (Mallery et al, 2003). 

Somatic gene therapy provokes cytotoxicity specifically to the thyroid cells. Targeting of feline 

thyroid cells may be done using the feline thyroglobulin promoter, with a type-specific activity. 

Further investigations into these results are warranted (Blackwood & Argyle, 2002).  

3.6. Feline Hyperthyroidism and other diseases 

Coexistent disease is a common finding in hyperthyroid cats, the most commonly described 

diseases being chronic kidney disease, congestive heart failure, systemic neoplasia and 

gastrointestinal disease (Puig et al, 2014). 
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3.6.1. Renal Complications of Hyperthyroidism 

Just like hyperthyroidism, chronic kidney disease (CKD) is a disease of the elderly cat 

(Wakeling et al, 2008) having been reported in approximately 30% of hyperthyroid patients 

(Langston & Reine, 2006). The concurrent presence of these diseases has a negative impact 

on the diagnosis of chronic kidney disease, and often only after treatment for thyrotoxicosis 

does the patient show signs of renal dysfunction, allowing it to be diagnosed. Additionally, 

there are no specific tests available to predict the outcome of renal function once treatment 

for hyperthyroidism is initiated (Williams et al, 2010b). 

3.6.1.1. Renal physiological Effects of Hyperthyroidism 

Thyroid hormones induce renal hypertrophy, alter renal hemodynamic and glomerular 

filtration rate (Syme, 2007). Hyperthyroidism leads to an increase in the glomerular filtration 

rate, through increased cardiac output and decreased peripheral vascular resistance and 

decrease in creatinine concentration (Adams, Daniel & Legendre, 1997a). Additionally, the 

“pressure-diuresis-natriuresis response” is dysfunctional, leading to a decrease in the 

excretion of sodium and subsequent increase in plasma volume (Vargas, Atucha, Sabia, 

Quesada & García-Estan, 1994). Increased tubular reabsorption of phosphorus (Alcalde et 

al, 1997) and chloride also occur (Ornellas et al, 2003). Also associated with a high incidence 

of hyperparathyroidism, the disease may be responsible for high parathyroid hormone (PTH) 

concentrations (Barber & Elliott, 1996). Consequently, calcification of soft tissues, including 

the kidney, may develop, contributing for the progression of CKD (Syme, 2007). As a result of 

increasing blood flow through the kidneys, many of the renal features that exhibit renal failure 

are in fact masked by the presence of hyperthyroidism (Nelson, 2003). 

When treatment for the condition is applied, a consequential decrease in circulating levels of 

total T4 leads to a correspondent decrease in the GFR and emerging signs of renal disease 

(Daminet et al, 2014). 

3.6.1.2. Diagnosis 

Diagnosis and management of patients with coexistent renal and hyperthyroid disease is 

extremely challenging, as chronic kidney disease is capable of suppressing total thyroxine 

values to their reference range (Peterson & Gamble, 1990), and hyperthyroidism provokes 

an increase in glomerular filtration rate (Adams et al, 1997a) and muscle loss, reducing 

creatinine concentrations and thus interfering with the recognition of renal disease (Wakeling 

et al, 2008). 
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3.6.1.2.1. Diagnosing Hyperthyroidism in the presence of CKD 

Coexistent non-thyroid illness tends to suppress circulating concentrations of tT4, maintaining 

them within the reference range, even though hyperthyroidism is present (Peterson & 

Gamble, 1990). As such, normal thyroid hormone concentrations are not exclusive of 

hyperthyroidism if clinical signs are detected (Wakeling et al, 2008). Several tests have been 

proposed to solve this challenge: measurement of free thyroxine (fT4) concentrations 

(Peterson et al, 2001), triiodothyronine (T3) suppression test (Peterson et al, 1990), 

thyrotropin-releasing hormone (TRH) stimulation test (Peterson et al, 1994) and thyroid 

scintigraphy (Nap et al, 1994) The best option seems to be the measurement of fT4 together 

with tT4 or TSH (Wakeling et al, 2008). 

3.6.1.2.2. Diagnosing CKD in the presence of Hyperthyroidism 

Hyperthyroidism, to a certain extent, cloaks the underlying azotaemic state that only 

becomes evident once the treatment for hyperthyroidism is implemented and the cat reaches 

a euthyroid state (Boag et al, 2009). Treating hyperthyroid cats using antithyroid drugs leads 

to the unmasking of clinical manifestations associated with renal dysfunction, advisable as a 

first approach on any patient whose renal state is unknown. Depending on whether renal 

abnormalities are revealed or not in screening laboratory tests, the approach to 

hyperthyroidism is then different (Behrend, 2006). 

3.6.1.3. Treatment 

Feline patients diagnosed with both hyperthyroidism and chronic kidney disease are a 

medical challenge for veterinarian surgeons, as treating hyperthyroidism will lead to a 

decrease in renal function but leaving the condition unattended will also further damage the 

renal system (Syme, 2007). Because of this, it is advisable to commence gradual reversible 

therapy with antithyroid drugs, allowing the renal parameters to be assessed once the cat 

achieves euthyroidism (Behrend, 2006). In this case, if renal insufficiency happens to 

develop, it may be reversed (Riensche, Graves & Schaeffer, 2008).  

If renal parameters reveal abnormalities, permanent hyperthyroid therapy is contraindicated, 

reversible methods being indicated in this situation. If the renal parameters are considered 

normal, then definitive therapy methods such as radioactive iodine or surgical thyroidectomy 

may be considered, besides medical therapy (Behrend, 2006). 

Target serum total T4 values aimed to reach are at the top half of the reference range 

concentrations, rather than bottom half, as when renal disease was not detected (Higgs et al, 

2014).  

Avoiding treatment for hyperthyroidism results in the activation of renin-angiotensin-

aldosterone system (RAAS) (Williams, Elliott & Syme, 2013), culminating in increased GFR 

and renal afferent arterial hypertension. The ultimate outcome of these events is the 

progression of the kidney disease and cardiac remodelling, increasing morbidity and 

decreasing survival (Higgs et al, 2014). 
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3.6.1.4. Monitoring 

Renal parameters and serum thyroid hormone levels should be evaluated during therapy 

with antithyroid drugs, in order to establish if the present GFR is well tolerated by the kidney 

or if it induces further renal damage. If levels remain constant, therapy may be continued. 

However, if renal function appears to be affected and the patient develops azotaemia, doses 

of the drug should be adjusted (Trepanier, 2007). 

If permanent treatment has been undergone and the patient develops uraemia or renal 

failure, L-thyroxine can be administered in order to maintain a euthyroid or mildly 

hyperthyroid state to prevent further renal damage (Gunn-Moore 2005). 

A compromise between persistence of hyperthyroidism and renal function may be 

compulsory in order to offer better quality of life. Finding the optimal balance between 

treatment for hyperthyroidism and ceasing chronic kidney disease from evolving is a 

persistent challenge for veterinary surgeons (Frénais, Rosenberg, Burgaud & Horspool, 

2009). 

3.6.1.5. Prognosis 

3.6.1.5.1. Predictors 

Predicting whether or not renal insufficiency might develop post-treatment would help in the 

choice of treatment modality as well as decreasing morbidity cases (Riensche et al, 2008). 

Hyperthyroidism is correlated with the occurrence of proteinuria, which tends to resolve 

within 4 weeks of radioiodine treatment (van Hoek et al, 2009). Studies suggest that 

proteinuria might be of interest as a prognostic marker (Syme et al, 2006). Analysis 

performed in thyrotoxic cats after treatment reveal that levels of UPC (Urine Protein 

Concentration) decreased, whilst UAC (Urine Albumin Concentration) did not, indicating that 

the referred proteinuric state is due to the excretion of proteins other than albumin (Williams 

et al, 2010b). Although proteinuria cannot predict progression of CKD, possibly because 

urinary proteins associated with hyperthyroidism are different from those associated with 

CKD, it is associated with a decrease in the survival time of hyperthyroid cats (Syme et al, 

2006). 

Azotaemia can be present prior to the initiation of treatment or develop after it is started. In 

the first case, survival rates tend to be shorter than the latter (Milner et al, 2006). As such, 

when applying treatment, the clinician is advised to follow the guidelines established by IRIS 

(International Renal Interest Society) (Daminet et al, 2014). Development of azotaemia tends 

to be associated with the unveiling of previously existing underlying renal disease, disguised 

by the altered hemodynamics in the thyrotoxic kidney (Syme, 2007).  
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Only frail associations have been established between total T4 concentrations (van Hoek et 

al, 2009) or urea and creatinine concentrations (Williams et al, 2010b) and the outcome of 

azotaemic state.  Studies show that the existence of pre-treatment azotaemia, unlike post-

treatment azotaemia, has a negative impact on the survival time of patient, estimated at 6 

months (Syme, 2007). 

Overall, there seems to be no reliable predictor in the development of post-treatment renal 

insufficiency, emphasizing the need for reversible management of hyperthyroid first-approach 

cases until further investigation is done (Riensche et al, 2008). 

3.6.2. Cardiovascular Complications of Hyperthyroidism 

3.6.2.1. Cardiovascular physiological effects of Hyperthyroidism 

Thyroid hormones play a vital role in the alteration of cardiovascular hemodynamics, by 

altering the heart rate, cardiac output and systemic vascular resistance. The overall effect of 

thyroid hormones on the cardiovascular system in to provoke an increase in oxygen 

requirements of peripheral tissues to make up for the hypermetabolic state, culminating in a 

higher cardiac output and hyperdynamic circulatory state (Klein, 1990). 

Thyrotoxicity decreases systemic vascular resistance (SVR) up to 50% (Graettinger, 

Muenster, Selverstone & Campbell, 1959), activating the renin-angiotensin-aldosterone 

system (RAAS), regulating the reabsorption of sodium and increase in plasma volume 

(Syme, 2007). Additionally, thyroid hormone provoke an increase in the secretion of 

erythropoietin (Caro, Silver, Erslev, Miller & Birgegard, 1981). Both these actions together 

contribute to an increase of approximately 25% in blood and plasma volume, which in turn 

increase cardiac preload and cardiac output (Kleine, 1990). 

Thyroid hormones have a positive inotropic (Klein, 1990) and chronotropic (Syme, 2007) 

effects, increasing cardiac contractility and rate, which may be clinically evident through a 

resting sinus tachycardia. At the same time, diastolic relaxation time is also decreased.  

(Syme, 2007). Changes in contractility may be associated with the increased muscle fibre 

shortening induced by the increase in myosin ATPase activity or the changes observed in 

peripheral hemodynamics, both seen in a hyperthyroid state (Klein, 1990). 

Systemic hypertension is more frequently recognized in clinical practice as an issue of the 

geriatric feline patient. Even though previously thought to be highly associated with 

hyperthyroidism, studies prove the incidence of hypertension in only 5% of hyperthyroidism 

patients, generally also coexistent with azotaemia (Elliott, 2002). 

This low incidence of hypertension is consistent with the decrease in systemic vascular 

resistance and diastolic blood pressure observed in hyperthyroid patients, despite the 

increase in cardiac output (Syme, 2007). However, the incidence of hypertension in post-

treatment hyperthyroid patients increase to between 20 to 25% (Elliott, 2002), hence the 

importance of monitoring blood pressure 2 to 3 months after the achievement of the 

euthyroid state (Trepanier, 2007).  
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Clinical manifestations of hypertension may consist of retinal haemorrhages and retinal 

detachment, although they are not common in patients affected by the disease. These 

changes culminate in loss of vision by the patients (Meeking, 2005). The presence of 

hypertension leads to a decreased survival time of patients and could possibly be related to 

the presence of underlying chronic kidney disease (Williams et al, 2010b). 

Despite all its effects on the cardiovascular system, thyrotoxicosis is an uncommon cause of 

cardiac failure if there was no previous evidence of cardiac disease. However, if there was, 

due to the hemodynamic changes suffered in hyperthyroidism, decompensation and 

aggravation may occur (Syme, 2007). 

3.6.2.2. Treatment 

The normalization of serum thyroid hormone concentrations may not lead to the concurrent 

control of the hypertensive state (Trepanier, Hoffman, Kroll, Rodan & Challoner, 2003), in 

which case anti-hypertensive agents such as amlodipine, beta-blockers (atenolol) or 

angiotensin-converting enzyme (ACE) inhibitors (enalapril or benazepril) are required 

(Trepanier, 2007). 

Amlodipine is a calcium channel blocker, appropriate for the treatment of severe cases of 

hypertension (Elliott, Barber, Syme, Rawlings & Markwell, 2001). Atenolol, a beta1 selective 

blocker, is also capable of controlling tachyarrhythmia and hyperactivity, frequently observed 

in hyperthyroid patients. Beside their antihypertensive actions, ACE inhibitors also reduce 

intraglomerular pressure in patients with underlying renal disease (Trepanier, 2007). 

Furthermore, because it increases GFR and promotes its own renal excretion in chronic 

kidney disease patients, benazepril is more appropriate than enalapril (King, Strehlau, 

Wernsing & Brown, 2002). 

Due to all effects thyroid hormones may have on the cardiovascular system, management for 

hyperthyroidism should also take into consideration the effects these complications may have 

in the treatment prognosis as well as the changes euthyroidism might cause once it is 

restored. As such, presence of cardiovascular abnormalities has an influence in the choice of 

treatment modality. Firstly, if permanent treatment is considered, the patient ought to be 

stabilized with antithyroid drugs, due to all the risks associated with anaesthesia in the face 

of cardiac arrhythmias. If these are not tolerated, beta-blockers may be considered for short-

term stabilization of the patient. Antithyroid drugs will restore euthyroidism and reverse 

complications caused be an excess circulation of thyroid hormones (Syme, 2007). 

3.7. Feline Thyroid Storm 

In the event of excessive circulating thyroid hormones, whether due to overproduction, 

leakage or rand exogenous source, the patient will develop thyrotoxicosis. In most patients, 

the underlying cause is hyperfunctioning adenomatous hyperplasia, observed in feline 

hyperthyroidism (Ward, 2007). 
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Thyroid storm, described as the acute form of thyrotoxicosis in humans, is uncommon but 

has high degree of mortality due to failing in recognizing clinical signs associated with the 

disease (Ward, 2007). Although well recognized in human medicine, thyroid storm has not 

been described in veterinary medicine, even though recognition of this acute episode of 

thyrotoxicosis could have a significant impact on the patient's prognosis (Ward, 2007). 

3.7.1. Pathogenesis 

This life-threatening augmentation of clinical hyperthyroid signs has a very obscure 

pathophysiology (Jacobs et al, 1973). A study performed by Jacobs and others (1973) 

demonstrated that thyroid storm may occur even in patients with reference range 

concentrations of thyroid hormones, representing a decompensation of a thyrotoxic state and 

the exhaustion of the body towards the effects of the thyroid hormones rather than an 

augmentation in their concentrations. 

Multiple factors may be involved in the pathogenesis of the feline thyroid storm, such as 

availability of free thyroid hormones and the rapidity and magnitude of change in serum 

levels of thyroid hormones, the latter more important than the concentrations of these 

hormones themselves (Ward, 2007). For example, the occurrence of thyroid storm after 

radioiodine therapy or surgery (McDermott, Kidd, Dodson & Hofeldt, 1983), where damage to 

the thyroid gland and rapid release of hormones occurs; or after withdrawal from antithyroid 

drug management corroborate the fact that sudden changes in serum concentrations of 

these hormones are vital for the occurrence of thyroid storm (Ward, 2007). Another possible 

factor involved is activation of the sympathetic nervous system, as clinical manifestations of 

thyroid storm mimic those of catecholamine excess. Fact is that thyroid hormones have the 

ability to alter the sensitivity of tissue to catecholamine, the increased sensitivity resulting in 

the clinical signs characteristic of thyroid storm. Additionally, these signs were clinically 

reduced using adrenergic beta-blockers. However, they were not enough to prevent the 

onset of thyroid storm episodes, meaning that factors other than sympathetic activation are 

involved in the event (Ward, 2007). The last factor that may be related to thyrotoxic storm is 

the enhanced cellular response to thyroid hormones associated with infection, hypoxia, 

hypovolemia, lactic and keto-acidosis (Sarlis & Gourgiotis, 2003).  

  



38 

 

Studies have identified a series of precipitating factors that may be involved in the 

development of feline thyroid storm, whether they are related to an increase in circulating 

thyroid hormones (abrupt withdrawal from antithyroid medication, radioiodine therapy, 

surgical thyroidectomy, palpation of the thyroid, administration of stable iodine or 

inappropriate ingestion of thyroid hormone supplementation) or to non-thyroidal illness 

(stress, infection, surgery, trauma, thrombo-embolic disease or vascular accidents) (Ward, 

2007). 

3.7.2. Clinical Manifestations 

Clinical signs associated with thyroid storm as the same as those described for thyrotoxicosis 

in feline hyperthyroidism, including cardiovascular, respiratory and muscular features. Other 

clinical signs may include hyperthermia, respiratory distress, pulmonary crackles or dullness 

at auscultation from pleural effusion or pulmonary oedema (Kienle, Bruyette & Pion, 1994). 

Absent motor limb function could also be present due to thyrotoxic thromboembolic disease 

(Ward, 2007). 

3.7.3. Diagnosis 

The diagnosis of feline thyroid storm is based on the identification of clinical signs, presence 

of serum thyrotoxicosis and evidence of the precipitating event (Ward, 2007).The laboratory 

findings observed for feline thyroid storm are the same as those observed for uncomplicated 

thyrotoxicosis, as seen in feline hyperthyroidism (Broussard et al, 1995). 

In humans, the diagnosis of thyroid storm is based on the identification of a fever, central 

nervous system, gastrointestinal and cardiovascular signs together with a precipitating event. 

In feline patients, however, it is based solely on the clinical signs discussed previously. As 

such, the clinician should thrive to find a precipitating event (Ward, 2007). 

3.7.4. Treatment 

The treatment for feline thyroid storm has four main goals: reducing the production of thyroid 

hormones; disabling the effect of already produced hormones in peripheral tissue; providing 

systemic support and identifying the precipitating factor behind the event (Sarlis & Gourgiotis, 

2003). 

Reducing the production of thyroid hormones can be done via antithyroid medication, using 

methimazole or carbimazole. However, they do not prevent the release of already produced 

thyroid hormones (Peterson et al, 1988). To prevent this secretion, it is advisable to use 

stable iodine compounds, such as potassium iodine or iopanoic acid (Ward, 2007). 

Inhibiting peripheral effects of T3 and T4 can be rapidly done with beta-adrenergic blockers 

such as propranolol and atenolol. Alternatively, it is possible to remove thyroid hormones via 

peritoneal dialysis, plasmapheresis and haemodialysis, with limited use in veterinary 

medicine (Ward, 2007).  
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The goal of systemic support is to reverse the effects of thyrotoxicosis in the different organs, 

via cooling of the body, crystalloid fluid replacement and anti-hypertensive therapy. 

Thromboembolic disease may be prevented with anticoagulative therapy, like aspirin or 

heparin (Ward, 2007). 

To eradicate the precipitating factor, one must identify it with the use of hematologic, 

biochemical and urine analysis together with blood pressure monitoring and imaging (Ward, 

2007). 

Even though it hasn't been described in feline internal medicine, acute episodes of 

thyrotoxicosis produce a syndrome that is consistent with what could be considered feline 

thyroid storm. Because of this lack of recognition, morbidity and mortality rates are unknown. 

The key to a better prognosis lies on a quick diagnosis followed by the adequate 

management of the condition. If left untreated, thyrotoxicosis is a fatal condition (Ward, 

2007). 

3.8. Prognosis 

The outcome of a clinical thyrotoxicosis case is dependent on the animal's health status 

when the disease was first diagnosed; the coexistence or not of other diseases and 

diseases; the underlying cause of the thyrotoxicosis, whether it is hyperplasia, neoplasia or 

others; the ability of the clinician to provide the appropriate method of treatment and the 

presence or absence of adverse reactions associated with the treatment considered (Nelson, 

2003). Because 98% of cases are caused by adenomatous hyperplasia of the thyroid gland, 

with effective therapy, the prognosis is favourable (Shiel & Mooney 2007). 

Medical management, radioactive iodine therapy, surgical thyroidectomy or dietary 

management can prove to be the right treatment if the right circumstances are present. 

Clinical signs will fade with any of the therapies. However, only surgery and radioactive 

iodine therapy have the potential for cure. Nonetheless, the disease may even recur months 

or years after surgical thyroidectomy or radioiodine therapy have been performed (Nelson, 

2003). 

Some factors are associated with lower survival rates, such as increasing age, proteinuria 

and the existence of concurrent hypertension (Williams, Peak, Brodbelt, Elliott & Syme, 

2010b). Methimazole also seems to induce shorter survival time when compared to 

radioactive iodine treatment (Milner, Channell, Levy & Schaer, 2006) as does the association 

of iatrogenic hypothyroidism with azotaemia (Williams, Elliot & Syme, 2010a). If left 

untreated, hyperthyroidism will progress to provoke severe renal, cardiac and liver damage, 

culminating in life-threatening disease. However, depending on the presence of concurrent 

illness, treatment will ameliorate prognosis (Gunn-Moore, 2005). On average, life expectancy 

is approximately 2 years (Slater, Geller & Rogers, 2001). 
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4. Longitudinal Comparative Study 

4.1. Objective 

The objective of this retrospective study is to comparatively assess clinical cases of 

hyperthyroid patients diagnosed or not with concurrent chronic kidney disease. More 

specifically, it aims to interpret laboratorial data collected at the moment of diagnosis of the 

hyperthyroid disease and after treatment has been implemented, in order to evaluate its 

evolution and relation to the presence or absence of concurrent chronic kidney disease. 

Through a retrospective study, the student used statistical methods to analyse significant 

alterations in laboratorial analysis, in an attempt to establish a pattern in both patient groups.  

4.2. Material and Methods 

4.2.1. Population 

The clinical cases and data for the present clinical investigation were collected during the 

student’s training period, from the database at the Medivet Watford Care Centre, part of the 

Medivet Veterinary Group, presented directly at the Watford Centre or referred from other 

Medivet branches, between October 1st 2014 and February 28th 2015. 

4.2.2. Criteria for Inclusion 

Criteria for inclusion in this study were clinical cases of diagnosed feline hyperthyroidism that 

had: 1) adjacent and valid laboratorial data at the time of hyperthyroidism diagnosis, 2) 

undergone treatment for hyperthyroidism and 3) laboratorial data post-treatment.  

As such, some hyperthyroid patients were excluded on the basis that they did not follow 

these 3 main criteria. 

4.3. Clinical Investigation 

The chosen 23 patients were characterized according to breed, gender, reproductive status 

and age. Laboratorial data regarding complete blood count, assessment of liver and renal 

function as well as electrolyte, glycaemia and lipid disturbance was analysed. After 

treatment, all these procedures were repeated. Treatment options, techniques and 

developments were also analysed.  

Data collected at the re-checks allowed the diagnosis of chronic kidney disease patients and 

the separation of all patients in to two groups: hyperthyroid patients with concurrent chronic 

kidney disease (CKD. n=10) and hyperthyroid patients without concurrent chronic kidney 

disease (Non CKD. n=13). Individually comparing laboratorial data collected before and after 

treatment for hyperthyroidism allowed the development of a comparative study of both these 

groups.  

4.3.1. Diagnosis 

Hyperthyroid cats were considered those presenting clinical signs of hyperthyroidism and 

then confirmed with serum thyroxine levels above the reference range (T4≥50 nmol/L).  
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Diagnosis of chronic kidney disease was executed based on elevated serum creatinine and 

serum concentrations of urea and then staged according to their UPC (urine protein 

creatinine) ratio and systolic blood pressure (BP) and International Renal Interest Society 

(IRIS) guidelines. Renal failure is also generally compatible with a urine specific gravity of 

less than 1.035, indicating renal azotaemia. However, as later explained, USG was not 

considered a diagnostic criteria for CKD as the parameter is extremely variable in 

hyperthyroid patients and was not established in all patients. 

4.3.2. Treatment 

At the practice, four treatment options were offered to the diagnosed cats: medical 

management, surgical thyroidectomy, dietary management and radioactive iodine therapy. 

Chosen treatment options, protocols and side effects are represented in table 21, 22 and 23, 

in annex.  

For medical management, two drugs were placed at disposal: Felimazole® Coated Tablets of 

2.5 mg or 5 mg Methimazole (Dechra Veterinary Products ®) and Vidalta® prolonged-release 

tablets of 10 mg or 15 mg Carbimazole (MSD Animal Health®). Patients in this study were 

administered a dose of 2.5 mg of methimazole every 12 hours, consistent with 

recommendations by the manufacturer, Dechra. Increases or decreases in dose were of 2.5 

mg according to if levels of T4 were found to be above or below reference range levels, 

accordingly. Patients treated with carbimazole had a daily dose of 15 mg, with increases and 

decreases in 5 mg of carbimazole if T4 levels were high or low, accordingly.  

4.3.3. Laboratorial Analysis 

Each patient underwent a physical examination, including palpation of the cervical region to 

detect a palpable goitre, complete blood cell count (CBC), serum biochemical profile 

(creatinine, urea, phosphorus, calcium, glucose, alanine aminotransferase – ALT, alkaline 

phosphatase - ALP, total bilirubin, total protein, albumin, globulin, cholesterol and blood 

electrolytes – sodium, chloride, potassium, phosphate). Patients diagnosed with post-

treatment CKD had their systolic blood pressure measured. Some patients also had urine 

collected for urinalysis.  

Results were then organized to allow better interpretation. As such, laboratorial analysis 

consisted of complete blood cell count, liver function assessment (including liver damage 

markers such as hepatocellular enzyme – ALT; biliary enzymes – ALP; serum protein and 

bilirubin concentrations), renal function assessment (serum levels of urea, creatinine, urine 

specific gravity – USG – UPC and BP) and electrolyte, glycaemia and lipid disturbance.  

Blood samples for quantitative haematological examination and biochemical results were 

collected via jugular venepuncture preserved in EDTA tubes and plain tubes, respectively. 

TT4 concentrations were also obtained from samples collected in plain tubes.  
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Urine was collected via cystocentesis, a simple procedure that prevents potential sample 

contamination from the posterior urinary tract and then chemically analysed using Multistix® 

dipstick whilst determination of urine specific gravity (USG) was measured using a 

refractometer. Systolic blood pressure was measured using a Doppler animal blood pressure 

system.   

Samples were collected at Medivet Watford Care Centre or at any of Medivet Group 

branches and analysed at in-house laboratories or the veterinary reference laboratory, the 

LSL – Lab Services Ltd (Marble Arch House, 66-68 Seymour Street, London, W1H 5AF). 

Reference range values for each parameter at different laboratorial analysis are registered in 

table 20 in annex.  

4.3.4. Statistical Formulas 

This study comprises two different methodologies: descriptive analysis and inferential 

statistics. The first is used to characterize the population and analyse results obtained from 

pre-treatment and post-treatment laboratorial analysis. Inferential statistics was used in order 

to establish some sort of relation between the laboratorial analysis of both groups of patients 

before and after treatment. For this purpose, the student used R® Software version 3.2.1, 

2015 and Microsoft Office Excel® version 15.0, 2016. Statistical methods included 

Frequency Count, Percentage Count, Fisher’s Exact Test for Count Data, ROC (Receiver 

Operating Characteristics) Curves and Tools for Analysis of Epidemiologic Data, such as 

Sensibility, Specificity and Diagnostic Value Indexes.  

4.4. Results and Discussion 

As diseases of the elderly cat, hyperthyroidism and chronic kidney disease are commonly 

observed simultaneously (Adams et al, 1997a). As the effects of each disease interact with 

the other, diagnosis and treatment of the patient may be complicated (Langston & Reine, 

2006). Through increased cardiac output, hyperthyroidism increases renal blood flow with a 

relative increase in glomerular filtration rate, and secretory and resorptive capacities of the 

renal tubules (Ford, Lim, Chisnall & Pearce, 1989), allowing the kidney to maintain its 

homeostatic role, even in the presence of concurrent renal disease (Bradley et al, 1974). 

When treated for hyperthyroidism, the effects of thyroid hormones are no longer felt and, 

subsequently, patients with underlying kidney disease suffer from deterioration of function 

and increase in severity of the disease. In contrast, patients without concurrent kidney 

disease do not suffer from significant renal function decline (Adams et al, 1997a). For this 

reason, chronic kidney disease is generally only diagnosed after treatment for 

hyperthyroidism, as GFR alterations have normalized (Williams et al, 2010b). 
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4.4.1. Serum thyroxine concentrations 

Twenty-three feline hyperthyroid patients were included in the present study. All patients were 

clinically hyperthyroid, with serum thyroxine levels above 50 nmol/L (upper reference limit 

considered by the lab), with an average of 109.5 nmol/L, ranging from 51.7 nmol/L to 309 

nmol/L. Full detailed measurements for all the patients are available on table 24 in annex.  

 

Table 1. Minimum, maximum and average serum thyroxine concentrations (nmol/L) at the time of 
diagnosis of hyperthyroidism in all patients in this study (n=23). 

Serum thyroxine concentrations (nmol/L) 

Minimum Maximum Average 

51.7 309 109.5 

 

These results were consistent with those found in other studies, some of the patients having 

mildly increased and others significantly increased values of tT4 (Daminet et al, 2014). As in 

other similar studies, serum thyroxine concentrations above reference range (>50 nmol/L) 

are consistent with the diagnosis of hyperthyroidism (Hoffman et al, 2003).  

Renal failure is one of the systemic diseases that causes the most significant suppression of 

serum total T4 values, in accordance with its severity, possibly even to within their reference 

range. This may cause false negatives in the diagnosis of hyperthyroidism (Peterson & 

Gamble, 1990). Moreover, mild hyperthyroidism may induce only slight fluctuations of T4 just 

above the reference range, values that could be further suppressed if severe concurrent 

illness like CKD was present (Peterson et al, 2001). Accordingly, diagnosis of the thyroid 

disease cannot solely be performed on these concentrations, but combined with clinical signs 

and physical examination of the patient (Peterson, Graves & Cavanagh, 1987). 

Contrarily to the findings of Wakeling and others (2008), all patients revealed serum total T4 

levels above the reference range and there were no significant differences in titres of those 

with and without underlying renal disease. Following treatment, monitoring of hormone 

concentration showed that all patients became euthyroid, although patients treated medically 

suffered fluctuations between hyper and hypothyroid states, rendering dosage adjustments 

until stabilization was achieved. Surgical treatment conferred euthyroidism within 24 hours of 

thyroidectomy, corroborating the outstanding results reported by Hoenig and others (1982). 

Results of serum thyroxine concentrations measurements are available in table 25 in annex.  
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Chronic kidney disease’s influence on thyroid function must not be overlooked even after 

treatment, which could also explain within reference range levels of T4 in these patients 

(Adams et al, 1997a). Serum thyroxine levels were measured in three occasions post 

initiation of treatment for hyperthyroidism in all patients. Of all 23 patients, 16 (69.6%) 

suffered fluctuations in T4, presenting both hypothyroid and hyperthyroid endocrinology (T4 ≤ 

15 nmol/L and T4 ≥ 50 nmol/L, respectively) post-treatment. However, this was solved via 

changes in administered drug dose, eventually reaching stabilization. The average 

concentration of serum thyroxine of all cats in these three monitoring occasions was 34 

nmol/L once euthyroidism was achieved in all patients, at the 3rd consult.  

4.4.2. Age 

In this study, the average age of the patients at the time of hyperthyroid diagnosis was 14.3 

years, ranging from 8.8 years to 19.2 years, as may be seen in table 24 in annex.  

 

Table 2. Minimum, maximum and average age (years) at the time of diagnosis of hyperthyroidism in 
all patients in this study (n=23). 

Age (years) 

Minimum Maximum Average 

8.8 19.2 14.3 

 

These findings are consistent with a middle- to old-age development (Peterson et al, 1983). 

No patient was below the age of 8 years (Feldman & Nelson, 2000) and no significant 

difference was observed in the age of both groups. In a study performed by Peterson and 

others (1983), age intervals for the diagnosis of hyperthyroidism included patients from the 

age of 6 to 20 years old, with an average of 12 years. Even though the average age and the 

minimum age reference have slightly shifted, they are consistent with the results of other 

studies such as those performed by Wakeling and others in two separate studies (2011 and 

2009).  

4.4.3. Breed, Gender and Status 

Of the total of 23 patients, 18 (78.3%) were Domestic short-hair and 5 (21.7%) were 

Domestic long-hair. 14 (60.9%) patients were male and 9 (39.1%) female. All patients were 

neutered, wormed, vaccinated and client-owned cats. Full breed and gender details are 

available in table 24 in annex. 
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Table 3. Distribution of breed in the hyperthyroid patients (n=23) in absolute frequency and 
percentage. 

Breed 

Domestic Long-hair Domestic Short-hair Others 

5 (21.7%) 18 (78.3%) 0 (0%) 

 

Table 4. Distribution of gender in the hyperthyroid patients (n=23) in absolute frequency and 
percentage. 

Gender 

Male Female 

14 (60.9%) 9 (39.1%) 

 

Even if not significant, in the study performed by Broussard and others (1995), there was 

also a higher incidence of hyperthyroidism in male patients (60.9%) when compared to 

female patients (39.1%) in this study. Breed was not considered a significant risk factor by 

Broussard and others (1995).  However, an absolute predominance of domestic short- and 

long-haired cats was established over pure bred cats, as previously seen in the studies of 

Olczak and others (2004). The fact that all patients were neutered, wormed and vaccinated is 

not considered risk factors for the development of hyperthyroidism (Kass et al, 1999). 

4.4.4. Clinical signs 

The typical hyperthyroid patient owes its clinical state to the rise in production, secretion and 

circulation of thyroxine and triiodothyronine (Meeking, 2005).  

In the present study, weight loss was the most common clinical sign observed, with an 

incidence of 100%, as was seen in the studies performed by Peterson and others (1983), 

Mooney and Peterson (2004) and Broussard and others (1995), with incidences of 98%, 

94.4% and 87%, respectively. The percentage of weight loss was not calculated due to the 

absence of weight information prior to the diagnosis of the hyperthyroid disease in some of 

the patients, where weight loss was reported solely by the owner and verified by the increase 

in weight verified once treatment was started.  
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Table 5. Clinical signs expressed by patients at the time of diagnosis of hyperthyroidism, in absolute 
frequency and percentage. 

Symptom Number of patients/ Percentage 

Weight Loss 23 (100%) 

Hyperactivity 22 (96%) 

Tachycardia 22 (96%) 

Polyphagia 16 (70%) 

Polyuria/Polydipsia 12 (52%) 

Palpable Goitre 12 (52%) 

Systolic Murmur 8 (35%) 

Tachypnoea 5 (22%) 

Vomiting 2 (9%) 

Arrhythmia 2 (9%) 

Diarrhoea 0 (0%) 

Muscle Weakness 0 (0%) 

Coughing 0 (0%) 

 

The percentage of hyperactivity observed was slightly lower than that observed by Peterson 

and others (1983), Joffe (1986) and Mooney and Peterson (2004) with an incidence of 76%, 

68% and 57%, correspondingly. The increase in this percentage may also be attributable to 

the stress suffered in consult.  

Weight loss together with polyphagia happens because of an increase in energy metabolism, 

compensating for the increased intake and even inducing simultaneous increase in 

catabolism. Hyperactivity results from the direct stimulation of the sympathetic system by the 

thyroid hormones (Peterson et al, 1983). Progression of these abnormalities may lead to 

muscle weakness, emaciation and cachexia (Mooney & Peterson, 2004). 

Tachycardia, defined as heart rate greater than 240 beats per minute, was seen 96% of 

patients in this study, contrasting with the 66% observed by Peterson and others (1983), 64% 

by Joffe (1986) and Mooney and Peterson (2004), 42% by Broussard and others (1995) and 

33% by Bucknell (2000). This higher incidence may again be explained by the complications 

aroused when dealing with a stress patient. 

Polyphagia, registered in 70% of these patients, was seen in a lower percentage than 

Peterson and others (1983), who observed an incidence of 81%; but closer to the 77% 

registered by Joffe (1986) and Mooney and Peterson (2004) and much higher than the 49% 

by Broussard and others (1995) and the 28% observed by Hui and others (2015).  
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Polyuria and polydipsia, reported in 52% of these patients, was similar to the findings of 

Peterson and others (1983), Hui and others (2015) and Joffe (1986), who reported an 

incidence of 60%, 57% and 53%, correspondingly. However, it was lower than the 70% 

incidence reported by Mooney and Peterson (2004) and higher than the 36% reported by 

Broussard and others (1995). These differences may be attributable to the fact that this is a 

symptom mainly reported by the owner and not observed during consult, which may give 

liberty for errors in judgement or miss-reports. Polyuria and polydipsia could be triggered by 

concurrent renal disease (Peterson et al, 1983), increased renal blood flow, electrolyte 

abnormalities or primary to the interference of the thyroid hormones with the hypothalamus 

(Mooney, 2005). In the CKD group, most likely it will be caused by both kidney and thyroid, 

whilst patients with no CKD will present polyuria and polydipsia most likely due to increased 

renal blood flow and resulting decline in solute gradient (Feldman & Nelson, 2000). 

Half of the patients presented a palpable goitre, much less than the 85 to 90% cited by Taylor 

and others (1989), the 97.4% observed by Mooney and Peterson (2004) and 83% by 

Broussard and others (1995). However, similar incidence (60%) was reported by Bucknell 

(2000). Together with clinical signs and history, goitre is very indicative, despite not 

pathognomonic, of hyperthyroidism (Hoenig et al, 1982). The absence of a higher incidence 

of palpable goitre might have been affected by the lack of palpating experience by the 

veterinary surgeon (Norsworthy et al, 2002), behavioural state of the patient or repositioning 

of the gland in the anterior mediastinum.  

Systolic murmurs were registered in only 8 patients (35%), which is much less than the 41%, 

53% and 54% seen by Broussard and others (1995), Peterson and others (1983) and Gunn-

Moore (2005), respectively. This incidence is still higher than the 25% reported by Bucknell 

(2000). The closest results were those found by Mooney and Peterson (2004), with a 32% 

incidence of cardiac murmurs. The murmurs were seen in grades II and III of VI, as most 

often described by Peterson and others (1983). The grades of the different systolic murmurs 

are registered in table 26, in annex. Ventricular arrhythmias were also infrequent (9%), and 

possibly related to the advanced age, as perceived by Taylor and others (1989). These 

findings are in agreement with those of Bucknell (2000), who also reported low incidence 

(4%) of ventricular arrhythmias.  

Direct effects of thyroid hormones on cardiac muscle together with indirect influence on the 

adrenergic nervous system and an attempt to provide the necessary tissue perfusion prompt 

the cardiac abnormalities associated with thyrotoxicosis (Syme, 2007). 

Interference with the release of calcium in the sarcoplasmatic reticulum and simultaneous 

positive chronotropic effect stand for the development of tachycardia (Syme, 2007). At the 

same time, the demand for a tissue perfusion to compensate for intensified tissue 

metabolism results in high cardiac output, explaining the cardiac effects observed clinically, 

such as tachycardia and tachypnoea (Liu, Peterson & Fox, 1984). 
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Tachypnoea, registered in 22% of the patients is in agreement with the 25% and 28% found 

by Peterson and others (1983) and Joffe (1986), respectively. However, it was higher than 

the 9% and 4% registered by Broussard and others (1995) and Bucknell (2000), 

correspondingly. Mooney and Peterson (2004) observed an incidence of 34% of respiratory 

abnormalities, including sneezing, which was not observed in the patients included in this 

study. Tachypnoea may also be associated with stressful situations, in which case the results 

may be altered also by the stressful environment or the patient’s temperament.  

Vomiting was reported in only 2 patients (9%), a much lower incidence than that of previous 

literature, which includes 53%, 49%, 45%, 44% and 26% observed by Peterson and others 

(1983), Joffe (1986), Mooney and Peterson (2004), Broussard and others (1995) and Hui and 

others (2015). Diarrhoea, not observed at all in this study, was observed in 60%, 33%, 31%, 

26% and 15% by Mooney and Peterson (2004), Peterson and others (1983), Joffe (1986), 

Hui and others (2015) and Broussard and others (1995). Vomiting and diarrhoea are both 

clinical signs that may not be observed during consult, and so the veterinary surgeon relies 

on the owner to report these symptoms. In the event that the owner does not witness these 

signs or dismisses them, incidence is then inevitably altered. However, thorough anamnesis 

was done and so the results were considered viable for the purpose of this study.  

Muscle weakness, reported in 25%, 22% and 12% of patients by Peterson and others 

(1983), Bucknell (2000) and Broussard and others (1995), correspondingly, was not 

registered in the patients included in this study, possibly due to the increased awareness of 

the veterinary surgeon body to the condition, earlier diagnosis and prevention of a state of 

muscle and hypermetabolism waste that would lead to the clinical evidence of muscle 

weakness.  

According to Broussard and others (1995), there is a decrease in the prevalence and severity 

of clinical signs attributed to thyrotoxicosis, brought by the ongoing clinicians’ effort towards 

an earlier diagnosis, preventing the evolution of these signs. This may explain the absence, 

in this study, of some of the “classical” signs mentioned in literature. 

Insidious and progressive, signs of hyperthyroidism vary with the severity of the disease and 

the presence of concurrent nonthyroidal illness (Mooney, 1990). Common diseases of the 

geriatric cat such as renal failure, gastrointestinal or other endocrinologic diseases such as 

diabetes mellitus may mirror some of the clinical signs above described (Scott-Moncrieff, 

2012). With a display of multiple system dysfunction, no particular clinical sign confirms nor 

excludes hyperthyroidism, although, contrarily to the present study, the most specific seems 

to be an enlargement of the thyroid gland (Mooney, 1990). 

Once treatment for hyperthyroidism was instituted, clinical signs, for the exception of 

polydipsia in 3 patients, faded away, as would be expect when thyroidal stimulating effect 

was removed (Peterson & Gamble, 1990). 
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Some of the results were different to those found in literature and this fact could be explained 

by the increasing awareness of the veterinary surgeons in the practice towards the disease, 

their ability to early detect signs of possible hyperthyroidism and prevent the development of 

later complications of the disease such as those reported above.  

4.4.5. Complete Blood Count (CBC) 

Routine screenings prove to be more useful in the diagnosis of concurrent illness, differential 

diagnosis and establishment of prognosis than adding to the diagnosis of hyperthyroidism 

(Graham & Mooney, 2005). Generally, haematological screenings have little to add to the 

diagnosis of hyperthyroidism (Hoenig et al, 1982), likewise conveyed by this study. 

Table 6. Abnormalities observed in the erythrogram of the 23 hyperthyroid patients at the time of 
diagnosis, in absolute frequency and percentage. 

Abnormalities of the erythrogram Patients 

Increased PCV 3 (13%) 

Increased RBC 3 (13%) 

 

All twenty-three cats presented a within-range erythrogram except 3 patients (13%), who 

revealed polycythaemia with an increased packed cell volume (PCV) and elevated red blood 

cell (RBC) count. Due to normal serum protein values, it was classified as absolute 

polycythaemia. Mistaking erythrocytosis seen in hyperthyroidism with polycythaemia vera 

may lead to unnecessary aggressive treatment, warranting a conservative approach on 

haematological data collected during handling of a hyperthyroid patient (Liu, Liu, Liya & Shi, 

2015). 

Erythrocytosis was reported to be in 47% of patients by Peterson and others (1983) and the 

same twelve years later by Broussard and others (1995). Mooney and Peterson reported an 

incidence of 39% by Mooney and Peterson (2004). Macrocytosis, observed by Peterson and 

others (1983) and Broussard and others (1995) to be increased in 44% of patients; and in 

27% of patients by Mooney and Peterson (2004), was not observed in the patients included 

in this study. This erythrocytosis is most likely caused by the intensified production of 

erythropoietin by the bone marrow when stimulated via a beta-adrenergic receptor by thyroid 

hormones (Peterson et al, 1983) or via increased oxygen consumption (Mooney, 2001) in the 

hyperthyroid cat.  

While not infrequent, changes in WBC in hyperthyroid patients are usually non-specific 

(Mooney, 2005). The leukogram of 4 patients, before and after treatment, evidenced mature 

(right-shift) neutrophilia, lymphopenia and eosinopenia, consistent with a stress leukogram 

(Taylor et al, 1989), in turn comprehensible in light of the impaired tolerance to stress 

observed in feline hyperthyroid patients (Mooney & Peterson, 2004). 
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Table 7. Abnormalities observed in the leukogram of the 23 hyperthyroid patients at the time of 
diagnosis, in absolute frequency and percentage. 

Abnormalities in the leukogram Patients 

Mature Neutrophilia 4 (18%) 

Lymphopenia 4 (18%) 

Eosinopenia 4 (18%) 

 

Stress leukograms were also observed in previous studies, in which mature neutrophilia, 

lymphopenia and eosinopenia were registered in, respectively,  46%, 19% and 41%, by 

Peterson and others (1983); 19%, 22% and 13%, by Mooney and Peterson (2004) and 

commonly by Broussard and others (1995). 

Eosinophilia and lymphocytosis were also reported in two patients, which can be explained 

by the decrease in available cortisol produced by the direct effect of thyroid hormones, and 

was also experienced by Thoday and Mooney (Mooney, 2001). 

The thombogram revealed that 11 of the total patients (42.8%) presented thrombocytopenia, 

whilst 1 patient (4.3%) presented thrombocytosis. It has been stated that the intrinsic 

coagulation mechanisms appear to be unaltered in thyrotoxicosis, the evidence of 

haemorrhage, altered coagulation or thrombosis absent (Feldman & Nelson, 2000). 

Thrombocytopenia was observed in almost 50% of patients. Considering that feline 

hyperthyroid cats have larger platelets than euthyroid feline patients (Feldman & Nelson, 

2000) and comments forwarded by haematologists in the laboratory units used, this 

abnormality was attributed to an analytical error caused by platelet aggregation on the film, 

deeming it unreliable for counting. However, an appropriated number of platelets was 

considered by personal haematological evaluation. One patient exhibited thrombocytosis, 

found after the patient had had surgical resolution of a buccal abscess, implying a rebound 

thrombocytosis caused by the previous haemorrhagic-infected lesion (Blackwood, 2005).  

The complete list of abnormalities found in the CBC of all 23 patients at the time of the 

diagnosis and after implementation of treatment for hyperthyroidism may be found in table 27 

and table 28 in annex, respectively. After commencement of treatment, all patients revealed 

a normal erythrogram. However, regarding the leukogram, it was possible to observe a 

typical stress leukogram, with lymphopenia, eosinopenia and right shift neutrophilia in 4 cats 

(18%). The thrombogram revealed thrombocytopenia in 10 cats (43.5%). No other 

abnormalities were registered. 
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4.4.6. Liver Function 

Regarding liver function, 20 patients (86.9%) had at least one of their liver enzymes 

increased. Of these, 17 patients (73.9%) had increased serum concentrations of ALT and 7 

patients (30.4%) had increased serum concentrations of ALP. Serum concentrations of ALP 

were increased, on average, by 240% whilst serum concentrations of ALP were increased, 

on average, by 193%. All other hepatocellular or biliary enzymes were found within their 

normal concentration range, as were serum protein and bilirubin levels.  

Table 8. Liver enzyme increases in 23 hyperthyroid patients at the time of diagnosis, in absolute 
frequency and percentage. 

 Increased ALT Increased ALP Other 

Patients (%) 17 (73.9%) 8 (30.7%) 0 (0%) 

Percentage of increase 240% 193% 0% 

 

Liver function assessment parameters of all 23 patients at the time of diagnosis of 

hyperthyroidism and after implementation of treatment are registered in table 29 in annex.  

In different studies by Peterson and others (1983) and Broussard and others (1995), ALT 

levels were found elevated in 54% of cases, whilst Mooney and Peterson (2004) already 

found an 85% incidence of increased ALT levels in patients, a percentage closer to that found 

in this study. ALP levels were increased in 75% of patients in both the Peterson and others 

(1983) and Broussard and others study, whilst Mooney and Peterson found it to be increased 

in 62% of patients in their study. Even though these percentages are not quite in the range of 

those found in the literature, it is expected that, in 90% of hyperthyroid patients, at least one 

of these enzymes is increased. As may be evidence in table 29 (in annex), only 3 of the 23 

patients did not reveal any increase in their liver enzymes, meaning that 87% of patients did 

suffer increase in their liver enzymes, in agreement with previous studies. AST with 

registered increase in 66% of patients by Peterson and others (1983) and 54% of patients by 

Broussard and others (1995), was not found to be increased in any of the patients in this 

study. Unlike the studies of Broussard and others (1995) and Peterson and others (1983), 

where levels of ALP were more frequently increased than ALT, levels of ALT were found to be 

more increased than the former. Additionally, they were not only mildly increased but up to six 

times the upper limit for ALT and three times the upper limit of ALP.  

Whether hepatotoxicity induced by T3 and T4, hypoxia or accelerated bone turnover is the 

mechanism through which they are augmented, remains unclear. However, liver dysfunction 

seems to not be the cause, as cited by Peterson and others (1983). Despite being unable to 

confirm this with a 100% certainty, it seems most likely that ALP serum concentrations in 

hyperthyroid cats originated from liver and bone, according to a study performed on 

migration bands of isoenzymes (Foster & Thoday, 2000). 
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In post-treatment analysis, liver damage markers revealed increased serum concentrations 

of (ALT ≥ 60 UI/L) in 6 cats (26.1%), by an average of 131%. All other liver damage markers 

were found within their normal range. Persistently increased values of ALT were those of 

patients who had reported the highest values previously, even though they all had less than a 

two-folded increase in these levels, indicating massive decline.  

ALT is a specific liver damage marker (Peterson et al, 1983) and, in this particular case, 

continuous monitoring of these patients suggested a progressive decrease in the 

concentration, implying that a slower recovery may be at reach. Then again, King and others 

(2007) proposed an association between serum increases in ALT titres of patients with CKD. 

This may also be a valid explanation for persistently elevated concentrations of ALT, as all 

these patients were also diagnosed with concurrent chronic kidney disease. 

It may be concluded that hyperthyroidism together with chronic kidney disease could be 

mutually responsible for increases, even to extreme values, of serum concentrations of ALP 

and ALT. Once hyperthyroidism is treated, declines occur but may still be found over the 

reference range in cases of severe concurrent renal disease.  

As suggested by the findings of Mooney and others (1992), this study validates using serum 

ALT and ALP concentrations as sensitive yet non-specific indicators for the efficacy of 

hyperthyroidism treatment, even if not during the first two weeks but in a longer term 

perspective, dependable on the achievement of euthyroidism. 

Because of its invasive and costly nature, unless hepatocellular and biliary enzymes remain 

abnormally high, even after treatment for CKD, further hepatobiliary examinations are 

unwarranted (Berent, Drobatz, Ziemer, Johnson & Ward, 2007). Measurements of serum 

protein concentrations discarded the possibility of concomitant dehydration in any of the 

patients (Feldman & Nelson, 2000). In the end, differences between both groups came down 

to persistence in high enzyme titres in patients with concurrent CKD, although not 

significantly. 

4.4.1. Electrolyte, Glycaemia and Lipid Disturbances 

The heightened renal blood flow associated with hyperthyroidism infers dysfunction, to an 

extent, of body electrolyte regulation (Bradley, Stephan, Coelho & Reville, 1974). This study 

witnessed changes in the balances of serum glucose, sodium, chloride, cholesterol, 

phosphorus, calcium and potassium. All individual electrolyte disturbances suffered by the 

patients in this study are registered in table 36 in annex.  

Pre-treatment screenings revealed that 11 patients (47.8%) suffered electrolyte disturbances, 

10 (43%) suffering from hyperglycaemia, 3 (13%) from hypernatraemia and 4 suffering from 

hypochloraemia, hyperchloraemia, hypercholesterolaemia and hyperphosphataemia.  
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Of 23 post-treatment patients, 11 (47.8%) showed electrolyte disturbances, including 

hyperglycaemia in 8 cats (34.8%), hypocalcaemia and hyperphosphataemia in 6 cats 

(26.1%), hypercholesterolaemia in 5 cats (21.8%), hyponatraemia and hypochloraemia in 2 

cats (8.7%) and hyperkalaemia in 1 cat (4.3%). 

Table 9. Electrolyte disturbances observed in the 23 hyperthyroid patients at the time of diagnosis. 

Disturbance Number of patients/Percentage 

Hyperglycaemia 10 (43%) 

Hypernatraemia 3 (13%) 

Hypochloraemia 1 (4.3%) 

Hyperchloraemia 1 (4.3%) 

Hypercholesterolaemia 1 (4.3%) 

Hyperphosphataemia 1 (4.3%) 

 

Table 10. Electrolyte disturbances observed in the 23 hyperthyroid patients after treatment start. 

Disturbance Number of patients/Percentage 

Hyperglycaemia 8 (34.8%) 

Hypocalcaemia 6 (26.1%) 

Hyperphosphataemia 6 (26.1%) 

Hypercholesterolaemia 5 (21.8%) 

Hyponatraemia 2 (8.7%) 

Hypochloraemia 2 (8.7%) 

 

Hyperglycaemia was found in 21%, 14% 12% and 5% of patients in the studies of Broussard 

and others (1995), Bucknell (200), Peterson and others (1983) and Mooney and Peterson 

(2004), respectively. The incidence of hyperglycaemia in this study is slightly higher than 

literary references. Cats have the ability to increase their serum glucose concentrations 

massively when in stress. Furthermore, in hyperthyroid states, stress tolerance is impaired 

(Mooney & Peterson, 2004). At the same time, increased absorption of glucose from dietary 

intake and production from glycogen together with glucose insulin resistance, culminate in 

hyperglycaemia (Feldman & Nelson, 2000). The results of this study are then coherent with 

findings of a stress leukogram in 4 of the hyperglycaemic cats. As to the remaining 6 

hyperglycaemic patients, it is most likely that metabolic and electrolytic disturbances 

discussed above are responsible for hyperglycaemia.  
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To corroborate this, post-treatment analysis revealed that those with stress leukogram in pre-

treatment analysis were also stressed afterwards, possibly due to the animal’s character and 

stressful response, even in the absence of thyrotoxicosis; whereas those thought to have 

altered glucose and insulin metabolism and resistance, some revealed improvement, with 

normal serum glucose concentrations, whilst the others remained hyperglycaemic yet with 

lower values when compared to previous screenings, perhaps indicating a slight but slow 

improvement in these mechanisms once thyrotoxic stimulation was removed. 

Hypernatraemia was found in 6% and 4% of patients in the studies of Peterson and others 

(1983) and Williams and others (2013). The findings in this study are in-between these 

results and the 18% incidence of hypernatraemia observed by Bucknell (2000). 

Consequences of electrolyte regulatory disruption are an increase in tubular reabsorption of 

sodium, normally compensated by the kidney and not seen in the absence of heart failure, 

indicating that possible cases of hypernatraemia are due to joint weight and muscle loss 

(Bradley et al, 1974). 

Weight loss is also responsible for a concurrent loss in total body water and potassium 

(Feldman & Nelson, 2000), conflicting with findings in these studies, where hypokalaemia 

was not observed, which may be due to a weight loss in a degree not sufficient to produce 

these abnormalities and the absence of dehydration in all patients in this study. Nonetheless, 

hypernatraemia was observed in 3 patients. Following treatment, the abnormality resolved 

and normal concentrations of sodium were registered, which would be consistent with post-

treatment weight gain. The incidence of hypernatraemia in this study was of 13%, slightly 

higher than the 8% observed by Ueda, Hopper and Epstein (2015) but lower than the 18% 

observed by Bucknell (2000).  

Post-treatment hyponatraemia was registered in 2 different patients in the CKD group, 

indicating that the abnormalities could result from advanced renal failure stage. Comparing 

clinical signs with the laboratorial data, the student verified that these patients remained 

polydipsic even after resolution of hyperthyroidism, most likely due to the concurrent renal 

disease and responsible for an overload in volume and subsequent volume expansion and 

dilutional hyponatraemia (Skelly & Mellanby, 2005).  

Hypochloraemia and hyperchloraemia, reported solely in two individual hyperthyroid patients, 

have only been reported in 2% and 3% of patients, respectively, in the previously mentioned 

study by Peterson and others (1983). Hypochloraemia was registered in the same patients 

who developed post-treatment hyponatraemia, corroborating overload of volume caused by 

polydipsia (Skelly & Mellanby, 2005).  
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Hyperchloraemia, caused by increased reabsorption of chloride in the proximal tubule and 

loop of Henle (Langston & Reine, 2006), was observed in 1 patient and faded with treatment. 

However, in pre-treatment analysis, hypochloraemia was also observed in one patient who 

did not present concurrent hyponatraemia, which would be suggestive of metabolic alkalosis. 

However, it may have happened due to the use of diuretics, fluid therapy, 

hyperadrenocorticism and vomiting (Skelly & Mellanby, 2005), and clinical history reported 

the occurrence of vomiting as one of these patient’s clinical sign, corroborating this 

assumption.  

As a rule, cholesterol concentrations are unaltered in hyperthyroidism. Synthesis and 

depuration of cholesterol are intensified, leading to lower concentrations of both cholesterol 

and triglycerides in serum (Feldman & Nelson, 2000). For the majority of cases, cholesterol 

levels were within reference range, except for the one patient.  

In post-treatment screenings, however, hypercholesterolaemia developed in 4 other patients 

and persisted in the same patient discussed above. Peterson and others (1983) reported and 

incidence of 8% hypercholesterolaemia, although regarding endocrine disorders the latter is 

more commonly associated with hypothyroidism. Of these patients, all had concurrent CKD 

and proteinuria, which indicates that hypercholesterolaemia present in these patients may be 

caused by a protein-losing glomerulonephritis at the base of a potential nephrotic syndrome. 

Although none of these patients revealed concurrent hypalbuminaemia, 4 of the 5 revealed 

serum concentrations of albumin in the lower half of the reference range (Squires, 2005). 

The incidence of hypercholesterolaemia in CKD patients is consistent with the findings of 

studies performed by DiBartola and others (Kidder & Chew, 2009). 

Hyperphosphataemia was found in 43%, 36%, 21, 18% and 4% of patients in the studies 

performed by Barber & Elliott (1996), Archer & Taylor (1996), Peterson and others (1983), 

Mooney and Peterson (2004) and Bucknell (200), correspondingly. The results of this study 

are closer to those of Bucknell (2000). Thyroid hormones directly interfere with bone 

resorption, releasing calcium and phosphorus into circulation. Decreases in PTH 

concentrations and, subsequently, calcitriol production follow, culminating in faecal and 

urinary heightened loss of calcium. The compensating mechanism, which involves activation 

of osteoblast and bone formation, ultimately produces loss of bone density (Archer & Taylor, 

1996). The biochemical consequence of this interaction is increased serum concentrations of 

phosphate and normal to reduced concentrations of calcium (Archer & Taylor, 1996). 
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In pre-treatment electrolyte screening, hyperphosphataemia was detected in 1 patient, whom 

later did not show evidence of chronic kidney disease. Levels of calcium were normal in all 

patients, as routinely established (Feldman & Nelson, 2000) but then again only total calcium 

was measured. Altered tubular and bone resorption of phosphate together with muscle 

catabolism caused by the thyrotoxicosis may be behind this (Peterson et al, 1983). Also, 

polyphagia and associated potentiated dietary phosphate intake may have played a role, 

which would and did resolve with treatment (Barber & Elliott, 1996). Aside from 

hyperphosphataemia, this patient also presented increased levels of ALP and no indication of 

azotaemia, together consistent with modified bone metabolism (Mooney, 2005). 

Post-treatment analysis revealed increased concentrations of phosphorus in 6 other patients, 

all of them diagnosed with concurrent azotaemia and CKD. In light of Peterson and others’ 

study (1983), it could be the direct cause of reduced GFR of the electrolyte measured in this 

situation. Hyperphosphataemia in these cases was also accompanied by hypocalcaemia. If 

PTH levels had been measured, the combination of these three parameters may have been 

indicative of renal secondary hyperparathyroidism, extremely common in these patients 

(Barber & Elliott, 1992). Hyperphosphatemia may predispose to calcification of soft tissue, 

including kidney, further deteriorating renal function in CKD patients (Barber & Elliott, 1992) 

and increased tendency to develop post-surgical hypocalcaemia (Mooney, 2005). 

Being the pillar features of chronic kidney disease the presence of azotaemia, 

hyperphosphataemia and hypocalcaemia (Skelly & Mellanby, 2005), and having confirmed 

the presence of chronic kidney disease in this patient, these abnormalities are within the 

expected profile, only presenting themselves once GFR was reduced. 

The only alterations verified in calcium levels were those of 6 patients in the CKD group 

following treatment for hyperthyroidism. Because of the previously mentioned phosphorus 

retention that occurs with treatment for hyperthyroidism, lower concentrations of 

1,25(OH)2D3 are produced and lower absorption levels of calcium from the intestine occur. 

Together, they contribute for the final decline in serum calcium levels (Skelly & Mellanby, 

2005). However, an increase in PTH simultaneously ensues, with a return in calcium 

production before renal disease reaches a severe stage. This would explain why some of 

CKD patients have normal concentrations of serum total calcium and not all are 

hypocalcaemic (Skelly & Mellanby, 2005). 

Hyperkalaemia, observed in the one patient, was accompanied by higher levels of urea, 

creatinine and CKD stage 2 with moderate risk of target-organ damage (AP2), proteinuria 

and severe UPC ratio (0.92), all findings consistent of advance renal disease and lower 

survival rate (King, Tasker, Gunn-Moore, Strehlay & BENRIC Study Group, 2007). 
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Besides those described above, no other electrolyte disturbances were found. Although 

some are caused by thyrotoxicosis and some are caused by the unmasking of chronic kidney 

disease after treatment, no significant association was found between any specific electrolyte 

and the presence of concurrent CKD. Even though electrolyte imbalance has no predictive 

value for the diagnosis of post-treatment CKD in hyperthyroid patients, screenings are vital 

for the assessment of treatment efficacy, discarding of other concurrent illness and 

complementing the renal diagnose of CKD. 

4.4.2. Renal Function 

Routinely, serum biochemical profiles together with urinalysis are used to identify renal 

disease in geriatric patients, as an attempt to diagnose renal disease. However, it is 

necessary a loss in 75% of functional nephrons for these to develop and, when they do, they 

may be masked by increases in GFR and renal blood flow, seen in concurrent disease such 

as hyperthyroidism (Adams et al, 1997a). In this case, GFR may be of interesting value, the 

estimation being of significant predictive value of post-treatment incidence of azotaemia and 

associated renal failure (Becker et al, 2000).  GFR values normalise close to 1 month after 

treatment has started (Boag et al, 2007). Unfortunately, in the current study, measurement of 

GFR was not available. 

The interpretation of parameters registered in renal function assessment determined 

significant differences between both groups prior to and after treatment for hyperthyroidism.  

Azotaemia was considered when screenings revealed increased levels of urea (≥12 mmol/L) 

and creatinine (≥177 µmol/L). Increased serum urea concentration was considered in the 

presence of increases levels of urea (≥12 mmol/L) together with within reference levels of 

creatinine (88-177 µmol/L). Low serum creatinine were considered at lower than reference 

levels of creatinine (≤ 88 µmol/L). This criteria followed parameters established by the 

reference range values of the laboratory used by the practice, also available in table 20, in 

annex. 

 

Table 11. Renal abnormalities verified in 23 hyperthyroid patients at the time of diagnosis, in absolute 
frequency and percentage. 

Renal Parameters Number of patients/Percentage 

Increased serum urea concentration 7 (30.4%) 

Creatinaemia 0 (0%) 

Azotaemic 0 (0%) 

Low Creatinine 4 (17.4%) 

 

Renal assessment revealed 0 azotaemic patients and 23 non azotaemic patients (100 %). Of 

the non azotaemic patients, 4 (17.4%) had low serum creatinine concentrations. In total, 12 

patients (60.9%) were non azotaemic and had normal serum creatinine concentrations.   
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Profiling these results allowed this study to be based on three different renal profiles:  

Profile A: Non azotaemic, Low Creatinine 

Profile B: Non azotaemic, Normal Creatinine  

Profile C: Increased Urea, Normal Creatinine 

Full renal function assessment parameters at the time of diagnosis and distribution of 

patients into their corresponding renal profiles may be seen in table 30 in annex.  

Azotaemia in hyperthyroid patients would be the result of combined protein catabolism, 

hypertension and thyrotoxic uraemia (Mooney, 2005) or presence of severe renal disease 

(Feldman & Nelson, 2000). In this study, no patient revealed pre-treatment azotaemia, which 

goes against findings of studies by Williams and others (2010b), with an incidence of 11.2% 

of azotaemic hyperthyroid cats and Mooney (2005), with a 20% incidence.  

Elevated serum concentrations of BUN were found 27% of patients included in Peterson and 

other’s study (1983) and in 26% of Mooney and Peterson’s patients (2004). However, 

contrarily to the results of the present study, these studies also reported increased serum 

concentrations of creatinine in 20% and 23% of patients, respectively, indicating that the 

latter percentages were consistent with the presence of azotaemia. Azotaemia was also 

found present in 23% of patient in the Broussard and others (1995) study and 32% of 

patients in the Hui and others (2015) study.  

Shirota and others (1992) observed increases in serum urea together with low or normal 

serum creatinine concentrations. Increases in urea concentrations are believed to occur due 

to increased protein intake and catabolism in the thyrotoxic state. As to decreases in levels of 

creatinine, they occur because renal clearance of creatinine surpasses its production. At the 

same time, due to thyroid effect on GFR, urea levels are expected to be decreased. Both 

factors involved may be responsible for the balance and normal values of urea reported 

(Syme, 2007). When mildly increased, urea is poorly correlated with posterior development 

of azotaemia (Syme, 2007). Increases in serum urea concentration, in this study, were 

reported ranging between 12.8 and 16.9 mmol/L, as may be seen in table 30 (in annex). 

The abnormalities experienced by patients with Profile A are consistent with the findings of 

Shirota and others (1992). None of these patients later developed CKD. As also experienced 

by Ford and others (1989), so serum creatinine concentrations were observed to be low in 

hyperthyroid patients without concurrent chronic kidney disease only to then regularize with 

the achievement of euthyroidism. Low pre-treatment values of creatinine are associated with 

muscle loss, which contributes with a decrease in creatinine production. Post-treatment 

increases in creatinine are most likely due to muscle mass gain or alterations in GFR and, 

therefore, are unreliable as predictors of renal function deterioration, as experimented by 

Boag and others (2007). Regardless of its cause, low levels of creatinine in hyperthyroidism 

contribute to the absence of clinical evidence of azotaemia before treatment, in patients with 

concurrent chronic kidney disease (Barber & Elliott, 1992).  
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Renal function assessment parameters of the hyperthyroid patients at the re-check consult 

once treatment started are registered in table 31 in annex. Post-treatment renal assessment 

of the patients revealed 10 azotaemic patients (43.5%) and 13 non azotaemic patients 

(60.9%). After determination of UPC, diagnosis of chronic kidney disease was established in 

10 patients (43.5%). Determination of USG levels was executed in all patients presenting 

increased serum urea concentration and creatinaemia. Of these patients, all presented low 

USG values, ranging from 1.009 to 1.028. Using urine protein creatinine ratio (UPC) and 

blood pressure measurements (BP) and following IRIS Guidelines for the staging of chronic 

kidney disease, all 10 azotaemic patients were staged.  

Table 12. Distribution of patients (n=23) into the two different groups (CKD and Non CKD) after post-
treatment renal function assessment, in absolute frequency and percentage. 

Groups Number of Patients (%) 

CKD 10 (43%) 

Non CKD 13 (57%) 

 

Table 13. IRIS staging of the diagnosed CKD animals in the 23 hyperthyroid patients, according to 
serum creatinine concentrations (µmol/L), systolic blood pressure (mmHg) and UPC values. 

Patients Serum creatinine (µmol/L) UPC BP (mmHg) Stage 

Patient 4 179 0.38 140 CKD stage 2 AP0 BP 

Patient 6 185 0.36 120 CKD stage 2 AP0 BP 

Patient 13 204 0.42 170 CKD stage 2 AP2 BP 

Patient 14 190 0.38 130 CKD stage 2 AP0 BP 

Patient 16 244 0.29 144 CKD stage 2 AP0 BP 

Patient 17 182 0.39 150 CKD stage 2 AP0 BP 

Patient 18 193 0.92 170 CKD stage 2 AP2 P 

Patient 19 201 0.11 125 CKD stage 2 AP0 NP 

Patient 21 226 0.17 160 CKD stage 2 AP2 NP 

Patient 22 195 0.12 130 CKD stage 2 AP0 NP 

 

After diagnosis of CKD, all hyperthyroid patients undergoing treatment were then divided into 

two groups, the CKD group and the Non CKD group, according to whether or not the patients 

were diagnosed with underlying CKD. The results are listed in table 32 in annex.  

After implementation of treatment, all patients in profile C not only maintained increased 

levels of urea but also developed creatinaemia, becoming azotaemic, and further decreased 

USG levels.  



60 

 

Patients with Profile A went on to display normal renal function and normal levels of urea and 

creatinine, previous abnormalities then being attributed to the hyperthyroid state. However, of 

patients with Profile B, 3 went on to reveal underlying CKD, with azotaemia and low levels of 

USG. The other 8 did not demonstrate underlying CKD, being included in the Non CKD 

group. Reference levels of serum creatinine reported by CKD patients may reflect a balance 

between increased titres provoked by chronic kidney disease and decreased titres provoked 

by hyperthyroidism, whilst the other patients in this profile may have experienced normal 

values of creatinine due to insufficient weight loss or compensating mechanisms (Syme, 

2007).  

Because patients in Profile A reflected the typical hyperthyroid renal profile and patients with 

concurrent CKD were only found in those with pre-treatment renal Profiles B and C, the only 

fluctuating variable between Profile B and C seems to be serum concentrations of urea. 

Concluding, CKD group patients demonstrated pre-treatment values of both normal urea and 

creatinine values (Profile B) and increased urea titres and normal creatinine values (Profile 

C). 

As such, the diagnostic indicating value of serum concentrations of urea, creatinine and 

incidence of azotaemia were determined using Fisher’s Exact Test, as may be seen in the 

table below. 

Table 14. Frequency, percentage and Fisher’s Exact Test of biochemical abnormalities in renal 
function of the hyperthyroid patients with and without CKD, calculated using R® Software version 
3.2.1 

Pre-treatment parameters 

Frequency Percentage (%) Fisher’s Exact Test 

CKD 
Not 

CKD 
CKD 

Not 

CKD 
p-value 95% CI 

Odds 

Ratio 

Azotaemia 
Yes 0 0 0 0 

- - - 
No 10 13 43.5 56.5 

Increased serum 

urea 

concentration 

Yes 7 0 30.4 0 

0.002 
2.09-

1450.57 
24.8 

No 3 13 13 56.5 

Creatinaemia 
Yes 0 0 0 0 

- - - 
No 10 13 43.5 56.5 

 

Results show the absence of azotaemia or creatinaemia in pre-treatment biochemical 

profiles. Increased serum urea concentration was registered in 7 patients before they started 

treatment. Of those, all reported post-treatment findings of CKD. Cats who did not display 

increased serum urea concentration in pre-treatment analysis were later found positive and 

negative for CKD in 3 (13%) and 13 (56.5%) cases, respectively. 
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In this particular study, the established null hypothesis was the absence of any correlation 

between the presence of azotaemia, increased serum urea concentration and creatinaemia 

and post-treatment CKD. For azotaemia and creatinaemia, it is not applicable, for the lack of 

positives in both groups. Results concerning increased serum urea concentration 

demonstrate a p-value of 0.002345. Considering borderline mark for accepting or rejecting a 

null hypothesis a p value higher or lower than 0.05, respectively, the student concludes that 

the above mentioned null hypothesis is rejected, meaning that there is an association 

between the presence of increased serum urea concentration and the development of CKD 

after treatment. 

 

Table 15. Sensitivity (Se), specificity (Sp) and diagnostic value (Diag.acc, Ppv and Npv) of serum urea 
concentration reference of 12mmol/L for CKD in the hyperthyroid patients, calculated using R® 
Software version 3.2.1. 

Parameters Serum urea concentration = 12 mmol/L 

 Est Lower Upper 

Se 0.70 0.35 0.93 

Sp 1.00 0.66 1.00 

Diag.acc 0.87 0.66 0.97 

Ppv 1.00 0.47 1.00 

Npv 0.81 0.54 0.96 

(Se - Sensitivity, Sp – Specificity, Diag. acc – Diagnostic Accuracy, Ppv – Positive Predictive Value, Npv – Negative Predictive 

Value) 

The above data is used to determine confidence limits for sensitivity and specificity of using 

increased serum urea concentration as a diagnostic indicator of the exhibition of post-

treatment CKD. In this particular case, the sensitivity (Se) is 0.7 (95% CI 0.35-0.93), 

specificity (Sp) is 1.00 (95% CI 0.66-1), diagnostic accuracy (Diag.acc) is 0.87 (95% CI 0.66-

0.97), the positive predictive value (Ppv) is 1.00 (95% CI 0.47-1) and the negative predictive 

value (Npv) is 0.81 (95% CI 0.54-0.96). All the evaluated parameters are noted in table 33 in 

annex. 

To complete the evaluation of the possibility of using serum urea concentration or 

creatinaemia as a diagnostic predictor for CKD, ROC Curves were performed, comparing 

different values of sensitivity (Se) and specificity (Sp) for different cut-off points of the various 

variables. Results are seen below. 
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Table 16. Various cut-off values for serum creatinine concentrations and ROC Curve coordinates for 
sensitivity and specificity, calculated using R® Software version 3.2.1. 

Serum Creatinine Concentration (µmol/L) Sensitivity (%) Specificity (%) 

78.9 100 7.14 

95.5 90 35.7 

98.5 80 42.9 

105.5 70 57.1 

114 50 64.3 

135.5 30 100 

 

Interpretation of the ROC Curve for difference serum creatinine concentration cut-off values 

reveals that optimal serum creatinine levels for the highest sensitivity (100%) associated with 

a specificity of 7.14% are 78.9 µmol/L, whilst the highest specificity (100%) is found at 135.5 

µmol/L, with an associated sensitivity of 30%. Epidemiologic tests were then applied to verify 

the diagnostic value of a serum creatinine concentration of 135.5 µmol/L as an indicator of 

CKD. 

Table 17. Sensitivity, specificity and diagnostic value of a cut-off serum creatinine concentrations of 
135.5 µmol/L for CKD in the hyperthyroid patients, calculated using R® Software version 3.2.1. 

Parameters Creatinine = 135.5 µmol/L 

 Est Lower Upper 

Se 0.30 0.07 0.65 

Sp 1.00 0.68 1.00 

Diag.acc 0.71 0.49 0.87 

Ppv 1.00 0.19 1.00 

Npv 0.67 0.43 0.85 

Plr Inf NaN Inf 

Nlr 0.70 0.47 1.05 

(Se – sensitivity, Sp – specificity, Diag.acc – diagnostic accuracy, Ppv – positive predictive value, Npv – negative predictive 

value, Plr – positive likelihood ratio, Nlr – negative likelihood ratio) 

Graph 1.  ROC Curve for different cut-off values of serum creatinine concentrations and sensitivity and 
specificity as a diagnostic predictive value 
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Applying a cut-off value of serum creatinine of 135.5 µmol/L implies that its diagnostic 

indicating value has a sensitivity of 30% (95% CI 0.07-0.65) and a specificity of 100% (95% 

CI 0.68-1.00), consistent with those registered with the ROC Curve method. Full list of results 

is represented on table 34 in annex.  

 

Table 18. Various cut-off values for serum urea concentration concentrations and ROC Curve 
coordinates calculated using R® Software version 3.2.1. 

Serum Urea Concentration (µmol/L) Sensitivity (%) Specificity (%) 

8.9 100 46.15 

9.05 90 53.85 

11.55 80 92.31 

12.35 70 100 

 

Executed ROC Curve for different serum urea concentration cut-off values indicate that the 

perfect sensitivity (100%) is associated with a serum urea concentration of 8.9 mmol/L and a 

specificity of 46.15% whilst the highest specificity (100%) is achieved with 12.35 mmol/L and 

is related to a 70% sensitivity. Using Epidemiologic function to determine sensitivity and 

specificity for a cut-off urea value of 11.6mmol/L, results were as seen below. 

 

  

Graph 2. ROC Curve for different cut-off values of serum urea concentration concentrations and 
sensitivity and specificity as a diagnostic predictor value 
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Table 19. Sensitivity (Se), specificity (Sp) and diagnostic value of a serum urea concentration cut-off 
value of 11.6 mmol/L for CKD in hyperthyroid patients calculated using R® Software version 3.2.1. 

Parameters Serum urea concentration = 11.6 mmol/L 

 Est Lower Upper 

Se 0.80 0.44 0.97 

Sp 0.92 0.64 1.00 

Ppv 0.89 0.52 1.00 

Npv 0.86 0.57 0.98 

Plr 10.40 1.54 70.12 

Nlr 0.22 0.06 0.76 

(Se – sensitivity, Sp – specificity, Ppv – positive predictive value, Npv – negative predictive value, Plr – positive likelihood ratio, 

Nlr – negative likelihood ratio) 

 

Results demonstrate that applying a cut-off value of 11.6 mmol/L of urea as an indicator for 

CKD in pre-treatment biochemical profiles has a sensitivity of 0.8 (95% CI 0.44-0.97), a 

specificity of 0.92 (95% CI 0.64-1.00), a positive predictive value of 0.89 (95% CI 0.52-1.00) 

and a negative predictive value of 86% (95% CI 0.57-0.98), confirming results above 

demonstrate via the ROC Curve method. Full details of the statistical analysis are registered 

in table 35 in annex. 

Interpretations of statistic data revealed that with a cut-off point of 11.6 mmol/L, serum urea 

has a positive predictive value of 89% with a sensitivity of 80% and a specificity of 92%. The 

same analysis was run on creatinine levels and demonstrated that with a cut-off point of 

135.5 µmol/L, creatinine had a positive predictive value of 100% with a sensitivity of 30% and 

specificity of 100%. In conclusion, using ROC Curves, a cut-off value of urea and creatinine 

that would reveal a higher sensitivity and specificity than that used by the laboratorial 

analysis was established, in order to predict the diagnostic value of serum urea concentration 

and creatinaemia for CKD in pre-treatment screening of hyperthyroid patients. Fisher’s Exact 

Test verified the presence of an association between pre-treatment serum urea concentration 

with post-treatment development of CKD, with a sensitivity of 70% and specificity of 100%, 

according to Sensitivity and Specificity of Diagnostic Tests Indexes. 

There is no trustworthy method to predict renal function after therapy of hyperthyroidism 

(Williams et al, 2010b). To date, unpublished data refers the presence of a weak yet 

significant correlation between creatinine and T4 concentrations in chronic kidney disease 

patients (Langston & Reine, 2006). Based on the studies by Riensche and others (2008), no 

useful predictive value could be given to pre-treatment levels of total T4, USG, serum 

creatinine or urea concentrations.  
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Creatinine and urea require a loss greater than 75% of functioning nephrons to appear 

increased and can be altered by non-renal parameters, deeming them with poor sensitivity 

and specificity for the detection of mild renal disease. Nonetheless, in a more recent study, 

Williams and others (2010b) determined that increased levels of urea result in a higher 

probability to develop azotaemia in post-treatment analysis. The results in this study are 

consistent with those found by Williams and others (2010b), indicating an association 

between serum urea concentration and post-treatment diagnosis of CKD.  

Lower pre-treatment values of urea, in comparison to post-treatment values were found in 

this study. This is in agreement with the findings of Adams and others (1997a and 1997b) 

and Becker and others (2000). Wakeling and others (2008) suggested that cats with serum 

creatinine levels in the upper half of the reference range may present concurrent presence of 

CKD in hyperthyroid patients. Considering the reference range used in this study, the upper 

half would include any values above 132.5 µmol/L. As the optimal cut-off point for ROC 

Curve of creatinine was 135.5 µmol/L, the findings of Wakeling and others (2008) were 

confirmed in this study, implying that, with a sensitivity of 30% and specificity of 100%, pre-

treatment values of creatinine above 135.5 µmol/L may be indicative of post-treatment CKD.  

A study developed by Adams and others (1997b) showed an absence of connection between 

USG levels and hyperthyroidism, even though thyroid hormones have been proven to have a 

diuretic effect. In the present study, USG values were only determined in 14 of the 23 

patients prior to treatment, restricting the attempt to establish a feasible correlation between 

these. USG measurements are registered in table 37 in annex. In post-treatment analyses, 

all patients with low levels of USG were also diagnosed with concurrent chronic kidney 

disease. USG levels vary considerably in hyperthyroid cats and are insignificant (Mooney, 

2000). Nonetheless, performing a complete urinalysis, including culture, is advisable to 

discard the presence of concomitant urinary tract infections, not infrequent in hyperthyroid 

patients 

Proteinuria is frequent in hyperthyroid cats, possibly caused by hyperfiltration of proteins 

other than albumin (Williams et al, 2010b). Even when the patient develops azotaemia, 

proteinuria tends to resolve with treatment, unless certain stages of CKD disease are present 

(Syme, 2009). Proteinuria was reported in 74% of these cats in this study in both the CKD 

and Non CKD group. Post-treatment urinalysis revealed that 26% of the 23 patients 

maintained this state. Of the latter, all were in the CKD group, possibly suggesting that the 

persistent proteinuria was due to presence of chronic kidney disease and that the others had 

improved since the removal of thyroid hormone stimulation.  
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In different studies, incidence of proteinuria was 90% (Williams et al, 2010b), 85% (Syme, 

2009) and 86% (van Hoek et al, 2009). Although unexplained, evidence shows that 

proteinuria may also be related with the development of post-treatment azotaemia, as marker 

of progressive renal disease (Williams et al, 2010b). However, the same study demonstrated 

that proteins involved in hyperthyroidism are different to those involved in CKD, indicating the 

lack of incriminating evidence towards proteinuria as a mediator of renal disease 

progression. The incidence of proteinuria in this study is noted in table 37 in annex. 

When comparing post-treatment screenings of patients to survival rates, there seems to be 

no difference between those with and without azotaemia. However, the same did not happen 

with pre-treatment analysis, as presence of azotaemia revealed shorter survival times than 

those of non azotaemic patients (Williams et al, 2010a).  

Before therapy, systolic pressure was measured in 6 of the total 23 patients. Of these, 4 

revealed hypertension, indicating a relative incidence of 67%, a lower percentage than the 

87% found by Kobayashi & Peterson (1990). In post-treatment monitoring, SBP was only 

measured in those diagnosed with CKD. Considering hypertension as SBP over 180 mmHg, 

none of the assessed cats were hypertensive, the average SBP being 143.9 mmHg. 

Complete results for SBP measurements are available in table 37 in annex.  

At the same time, blood pressure is thought to regularize after treatment for thyrotoxicosis, 

as was seen in the study mentioned above, and may explain the results seen in this study as 

well. A study by Williams and others (2010b) revealed an incidence of 14% of hypertension in 

hyperthyroid patients and 11% in CKD patients. It may be present at the time of diagnosis of 

hyperthyroidism or develop after treatment in previously normotensive cats. However, its 

upsurge does not seem to be related to increased RAAS activation and so may be a 

concurrent disease rather than a direct complication of hyperthyroidism (Williams et al, 

2013). Because SBP was not measured in all cats at the time of diagnosis, it is impossible to 

establish any significant relation with the aforementioned values and incidences. Prevalence 

of hypertension also seems to be directly correlated with increased age and the presence of 

concurrent chronic kidney disease, deeming it of extreme importance in monitoring of these 

patients (Bijsmans, Jepson, Chang, Syme & Elliot, 2015). No significant differences could be 

estimated between patients of both the CKD and Non CKD group, as the variable was not 

routinely measured before and after therapy for hyperthyroidism.  

Predicting the development of chronic kidney disease, although difficult, would facilitate the 

choice of treatment modality and decrease morbidity. As this cannot yet be done, antithyroid 

drugs seem to be the best approach to a hyperthyroid patient on a first basis. Once renal 

function has been assessed, then more permanent modalities may be considered (Mooney & 

Peterson, 2004).  
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4.5. Conclusion 

These findings are compatible with, and confirm, those found in the literature. The purpose of 

this study was not only to be able to interpret every single patient individually and 

comprehend its clinical course and evolution, but to attempt to establish a relationship 

between any parameter found in a pre-treatment analysis of hyperthyroid patients and the 

posterior unveiling of an already present underlying chronic kidney disease. With thorough 

evaluation of each patient and organizing of their clinical history, course and laboratory data, 

the student endeavoured to assess them on an epidemiologic, haematological, hepatic, renal 

and electrolyte level to better understand the physiology and pathology behind the patients’ 

clinical state. 

The age range of the diagnosed patients was 8.8 to 19.2 years, with an average of 14.3 

years, consistent with previous literature, which indicates the incidence of the disease in 

middle- to old-aged cats, with an average of 13 years old and very rarely affecting cats under 

the age of 8 years. No significant age difference was found between the group of CKD 

patients and the Non CKD group. 

The only two breeds described were Domestic short- and long-haired felines, denoting 

previous findings which state the lower prevalence of hyperthyroidism in purebred cats.  

On the contrary to the lack of sex predisposition found in previous studies, this study seemed 

to show a higher incidence in cats of the male gender (61%) when compared to female 

patients, even if only slightly. 

Clinical signs reported on examination of the patients included weight loss (100%), 

hyperactivity (96%), tachycardia (96%), polydipsia (52%), palpable goitre (52%) and polyuria 

(48%). Other less common clinical signs included systolic murmurs (35%), tachypnoea 

(22%), arrhythmia (9%) and vomiting (9%). Muscle weakness, coat abnormalities, diarrhoea, 

coughing and sneezing, although already described in aforementioned studies, were not 

registered in these patients. 

When laboratorial confirmation was undertaken, all patients revealed increased serum 

concentration of thyroxine, the only thyroid hormone measured. Increases ranging from 51.7 

nmol/L to 309 nmol/L, with an average of 109.5 nmol/L and median of 75 nmol/L. As such, all 

patients were clinically hyperthyroid, some mildly and other severely hyperthyroid. 

No significant difference was found between the CBC, liver function assessment and 

glycaemic and lipid levels of patients with concurrent chronic kidney disease and those 

without, indicating that they have no predictive value in pre-treatment analysis. 
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Some of the electrolyte disturbances were caused by the metabolic state associated with 

hyperthyroidism and so have little diagnostic value of CKD. These include hyperglycaemia, 

hypernatraemia, pre-treatment hyperphosphataemia and hyper- and hypochloraemia.  

Contrarily, other disturbances, such as post-treatment hyponatraemia, hypochloraemia, 

hyperphosphataemia, hyperkalaemia, pre and post-treatment hypercholesterolaemia are 

more closely related to the presence of CKD.  

Even if worthy of monitoring, electrolyte disturbances could not be used as indicators for the 

presence of post-treatment CKD in these patients.  

Regarding renal function, where urea, creatinine and USG levels were assessed, three 

profiles were established to explain the abnormalities found. None of the patients was 

azotaemic, contrasting with the expected 20% azotaemia in pre-treatment analysis noted by 

others studies. 

In the first, profile A, patients were non azotaemic and had low levels of serum creatinine. In 

profile B, patients were non azotaemic and had reference range values of creatinine. In 

profile C, patients had increased serum concentrations of urea and reference range values of 

creatinine.  

In a hyperthyroid state, urea is increased because of increased protein intake and 

catabolism. However, because of the high GFR associated with hyperthyroidism, it is 

decreased, meaning that a probable balance will occur and normal serum concentrations will 

appear, which would explain the occurrences in profiles A and B.  

Low creatinine concentrations occur due decreased production and increased renal 

clearance, which happens in profile A. However, if underlying renal disease is present or the 

thyrotoxic state is not severe enough to induce a high muscle loss, creatinine levels may be 

found within their normal reference range, which would explain the normal level of creatinine 

seen in both profile B and C. 

Patients in profile A, once euthyroid, became non azotaemic and had normal levels of 

creatinine, most likely due to weight gain and removal of thyroid hormone stimulating effect 

on urea and creatinine concentrations. 

Of those displaying profile B, some went on to exhibit azotaemia, while others also became 

non azotaemic. In the first case, increases in urea and creatinine concentrations occurred 

and, in the second case, persistence of normal values of urea and creatinine occurred. In this 

case, the most probable explanation was those who were non azotaemic and had normal 

serum creatinine concentrations and did not reveal post-treatment CKD were not as severely 

hyperthyroid or the muscle loss was not as intense as that seen in profile A. As such, 

decreases in creatinine were not as evident. With implementation of treatment, normalization 

occurred and the patients displayed regular renal function parameters.  
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As of those who were non azotaemic, had reference creatinine concentrations but revealed 

post-treatment CKD, it is most likely that CKD was not severe enough to provoke azotaemia 

despite thyrotoxicosis or that the increase in GFR from hyperthyroidism was so large that 

renal clearance of urea and creatinine was increased and so it was not possible to detect the 

underlying azotaemia and, once euthyroid, with the absence of thyroid hormone effects, CKD 

was unveiled. 

Patients with profile C, in a post-treatment analysis, all revealed the presence of azotaemia, 

indicating even higher concentrations of serum urea and increases in serum concentrations 

of creatinine. 

As CKD patients were found to have both pre-treatment renal profiles B and C, where the 

changing variable seems to be urea, it may be possible that it could be used as a diagnostic 

indicator for underlying CKD. Statistical results from this study demonstrate the presence of 

an association between pre-treatment elevated serum concentrations of urea and the 

presence of post-treatment chronic kidney disease, establishing itself as a diagnostic 

indicator of CKD in pre-treatment hyperthyroid cats, with a sensitivity of 70% and specificity 

of 100%. 

Further statistical methods were applied to discover the best cut-off point for serum urea and 

creatinine concentrations that would reveal the best associated sensitivity and specificity. The 

results demonstrated that a cut-off point of 11.6 mmol/L of serum urea was associated with 

an 80% sensitivity and 92% specificity. The same analysis was run for creatinine levels, 

which indicated that a cut-off value of 135.5 µmol/L of serum creatinine concentrations had 

an associated sensitivity of 30% and a specificity of 100%. These results are consistent with 

other studies that report the higher incidence of post-treatment CKD in patients with higher 

pre-treatment levels of urea and serum creatinine concentrations in the upper half of the 

reference range (>132.5 µmol/L). 

Because urinalysis and blood pressure were not consistently measured, it is impossible to 

take any conclusions from the present study, even though all patients with underlying CKD 

had lower levels of USG. 

Although 75% of nephron damage needs to be present for serum urea concentrations to be 

elevated, and easily being altered by non-renal factors, urea is still useful a marker in the 

diagnosis of CKD in hyperthyroid patients, according to the findings in this study.  

Proteinuria was seen in 74% of patients, both with and without underlying chronic kidney 

disease, possibly being correlated with thyroid and kidney disease. In those who remained 

proteinuric after treatment, all had concurrent CKD, indicating that the proteinuria in this case 

is most likely due to the renal disease and could be used as a marker of progressive renal 

disease. Studies have stated that the proteinuria involved in hyperthyroidism is caused by 

proteins different to those that cause proteinuria in CKD. 
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In conclusion, no significant difference was found between the CKD group and the Non CKD 

group when it comes to age, gender, breed, CBC, liver function markers and electrolyte 

disturbance, even though all these parameters are essential at the monitoring of the patient, 

to uncover underlying disease and to prevent concurrent complications that may be cause by 

the effects of thyroid hormones in the body. 

When it came to renal function assessment though, the findings in this study are consistent 

with an association between the presence of increased serum concentrations of urea and 

underlying chronic kidney disease. Simultaneously, for the population sample represented in 

this study, the cut-off point for optimal diagnostic predictive value associated with serum urea 

and creatinine concentrations are 11.6 mmol/L and 135.5 µmol/L, correspondingly. 

The major limitation in this study was the relatively small number of patients. It is in the 

interest of feline medicine that this study be replicated with a higher number of clinical cases, 

in order to establish if the same patterns are present.  

On a personal level, this study allowed the student to be fully aware of the impact of 

hyperthyroidism in feline internal medicine, whether on a diagnostic level; the available 

treatment options and how they function; and most of all the monitoring of the hyperthyroid 

patients and what can be the outcome of hyperthyroid treatment. Diagnosing hyperthyroidism 

can be a challenge, especially when the patient may also suffer from concurrent non-

thyroidal diseases, like chronic kidney disease, as was seen in this study. 

Because of the power this highly influential disease has on the body, the patients may suffer 

from a variety of abnormalities that may reflect alteration of one or more of these systems.  

In a constant conflict with chronic kidney disease, hyperthyroidism may conceal the presence 

of the renal disease, whilst chronic kidney disease may also complicate the diagnosis of 

hyperthyroidism. Once the disease is addressed, the privation from thyroid hormone 

stimulation allows the kidney to fully express its state, whether it is abnormal or not.  

Resolution of hyperthyroidism itself leads to systemic alterations that may, additionally, 

further deteriorate renal function in patients found to already have chronic kidney disease.  

All these factors combined, together with the increasing prevalence of hyperthyroidism and 

chronic kidney disease in geriatric patients nowadays, push for the breakthrough in 

diagnostic predictors that may expose concurrent chronic kidney disease in hyperthyroid 

patients. 
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4.6. Future Studies 

Future studies ought to include a larger number of patients to reproduce this study, as the 

population in the present study is small. Increasing the sample would allow for the 

determination of the association of serum urea concentrations and the presence of 

underlying chronic kidney disease, besides replication of the statistical analysis applied to 

both these parameters for a determinant cut-off value.  

Simultaneously, it would add in to the findings of all other screening tests, to assure that no 

other indicator could be found for the diagnosis of CKD in screenings such as CBC, liver 

biomarkers, electrolytes, glycaemia and lipid disturbances.  

It would also be of great advantage to propose a universal protocol for the approach on 

hyperthyroid patients, as many clinicians are also not aware of all the factors implicated in 

the disease and the complications that may arise if concurrent CKD was to be found.  

On the approach to a geriatric patient, routine screenings should include CBC, biochemistry 

profile, urinalysis and systolic blood pressure measurement. Once these have been 

established, the second step in the protocol would be the choice of treatment (preferably a 

reversible method) followed by monitoring of the patient, where screenings should include 

those above described and frequently do not. Guidelines for target T4 levels, monitoring of 

treatment and concurrent diseases is lacking in current practice. If renal function remained 

unaffected, more permanent treatment could be ensued.  

In summary, the role of CKD in the screening of a hyperthyroid patient and vice-versa, ought 

to be determined, to provide a better knowledge and assurance if abnormalities are to be 

encountered, how they are provoked, what they imply, how they can be reversed and their 

consequences in a practical point-of-view. 
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6. Annexes 

Table 20. Reference levels used for each laboratorial parameter, according to the reference range of 
laboratory used for the purpose of this study (LSL – Lab Services Ltd). 

 Minimum Maximum Unit 

  TP 60 80 g/L 

Albumin 25 46 g/L 

Globulin 25 50 g/L 

Alb/Glob 0,4 1,7 ratio 

Total Bil 0 15 umol/L 

ALT 15 60 IU/L 

ALP 18 180 IU/L 

Urea 3,5 12 mmol/L 

Creatinine 88 177 umol/L 

Calcium 2 3 mmol/L 

Phosphorus 1 2,5 mmol/L 

Glucose 4,3 5,3 mmol/L 

Cholesterol 2 6,5 mmol/L 

Amylase 500 2500 IU/L 

UPC 0 0,4 g/g 

Sodium 135 155 mmol/L 

Potassium 4 5,5 mmol/L 

Chloride 115 130 mmol/L 

RBC 5 10 10^9/mL 

Hb 8 15 g/dL 

PCV 24 45 % 

MCV 39 55 fl 

MCH 12 18 pg 

MCHC 32 38 g/dL 

Ret  <0,5 % 

Ret C   10^9/mL 

WBC 5,5 19,5  

Neu 2,5 12,5 10^6/mL 

Lymp 1 6 10^6/mL 

Eosino 0 1,5 10^6/mL 

Baso  <0,5 10^6/mL 

Mono 0 0,9 10^6/mL 

Plat 170 650 10^6/mL 

tT4 19 50 nmol/L 
 

 

 

 
  



84 

 

 

Table 21. Hyperthyroid treatment options adopted by the different patients, in absolute frequency and 
percentage. 

Medical Surgical thyroidectomy Dietary Radioactive Iodine 

21 (91%) 8 (34.8%) 2 (8.7%) 0 (0%) 

 

 

Table 22. Pharmacological management protocols adopted by the 21 patients undergoing medical 
management and side effects suffered.  

Single 
Drug 
Use 

Double 
Drug Use 

Methimazole 
Side Effects by 

Methimazole 
Carbimazole 

Side Effects by 
Carbimazole 

17 6 17 5 11 0 

 
 

Table 23. Surgical options adopted by the 8 patients undergoing surgical thyroidectomy, techniques, 
histological results and postoperative complications, in absolute frequency and percentage. 

Bilateral Unilateral Intracapsular Extracapsular Hypothyroidism Hypocalcaemia 

8 (100%) 1 (12.5%) 8 (100%) 0 (0%) 4 (50%) 2 (25%) 
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Table 24. Serum thyroxine concentrations (nmol/L), age (years), breed and gender of all 23 patients 
included in this study at the times of diagnosis of hyperthyroidism. 

Patient T4 (nmol/L) Age (years) Breed Gender 

Patient 1 58 10.9 DSH Female 

Patient 2 103 13.7 DLH Male 

Patient 3 66.4 16.7 DSH Female 

Patient 4 75 14 DSH Female 

Patient 5 65.5 12.4 DSH Male 

Patient 6 78.6 14.8 DSH Male 

Patient 7 65.7 19 DSH Male 

Patient 8 309 13 DSH Female 

Patient 9 100 14.2 DSH Male 

Patient 10 51.7 14.1 DSH Female 

Patient 11 63.2 15 DLH Female 

Patient 12 158 14 DSH Male 

Patient 13 144 17.2 DSH Male 

Patient 14 61.6 16 DSH Male 

Patient 15 154 14.3 DSH Male 

Patient 16 122 9.7 DLH Male 

Patient 17 55.1 16.9 DSH Male 

Patient 18 203 14.9 DSH Male 

Patient 19 211 8.8 DLH Female 

Patient 20 60.1 19.2 DLH Female 

Patient 21 58.9 9.6 DSH Male 

Patient 22 65.6 17.5 DSH Female 

Patient 23 188 12 DSH Male 
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Table 25. Serum thyroxine concentrations (nmol/L) of the 23 hyperthyroid patients at the 1st, 2nd and 
3rd consults following implementation of treatment. 

Patient 1st consult 2nd consult 3rd consult 

Patient 1 12.9 20.1 29.2 

Patient 2 45.9 26.8 36 

Patient 3 21 27.4 29 

Patient 4 12.9 160 34 

Patient 5 33 56 40 

Patient 6 32.8 79.2 39.5 

Patient 7 12.9 24.2 45.5 

Patient 8 12.9 116 94.3 

Patient 9 14.3 24 28 

Patient 10 40 52 31.8 

Patient 11 26.4 20.2 22.9 

Patient 12 12.9 12.9 27.5 

Patient 13 12.9 120 36.2 

Patient 14 17.1 12.9 25.8 

Patient 15 57.8 12.9 19.7 

Patient 16 12.9 133 19.9 

Patient 17 30.5 32 36 

Patient 18 35 15.4 46 

Patient 19 12.9 12.9 35 

Patient 20 12.9 27 31 

Patient 21 12.9 24.2 49.4 

Patient 22 42.7 34.7 39.5 

Patient 23 12.9 80 21.6 

Average 23.4 48.9 33 

 

Table 26. Grades of systolic murmurs detected at the time of diagnosis of hyperthyroidism, on a scale 
of I to VI. 

Patient Grade of the systolic murmur 

Patient 4 II 

Patient 10 II 

Patient 11 II 

Patient 17 III 

Patient 19 II 

Patient 21 III 

Patient 22 III 

Patient 23 III 
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Table 27. Complete Blood Cell Count of the 23 hyperthyroid patients at the time of diagnosis of 
hyperthyroidism. 

Patient Erythrogram Leukogram Thrombogram 

Patient 1 Normal Normal Thrombocytopenia 

Patient 2 Normal Normal Normal 

Patient 3 
Increased PCV  

Increased RBC 
Normal Thrombocytopenia 

Patient 4 Normal Normal Thrombocytopenia 

Patient 5 
Increased PCV 

Increased RBC 
Normal Normal 

Patient 6 Normal 
Eosinophilia 

Lymphocytosis 
Normal 

Patient 7 Normal Normal Thrombocytopenia 

Patient 8 Normal Normal  

Patient 9 Normal Normal Thrombocytopenia 

Patient 10 Normal 
Eosinophilia 

Lymphocytosis 
Normal 

Patient 11 Normal Normal Thrombocytopenia 

Patient 12 Normal Normal Normal 

Patient 13 Normal 

Mature neutrophilia 

Eosinopenia 

Lymphopenia 

Thrombocytopenia 

Patient 14 Normal Normal Thrombocytopenia 

Patient 15 Normal Normal Thrombocytopenia 

Patient 16 Normal Normal Thrombocytopenia 

Patient 17 Normal 

Mature neutrophilia 

Eosinopenia 

Lymphopenia 

Normal 

Patient 18 Normal 

Mature neutrophilia 

Eosinopenia 

Lymphopenia 

Thrombocytopenia 

Patient 19 Normal Normal Normal 

Patient 20 Normal Normal Thrombocytopenia 

Patient 21 Normal Normal Normal 

Patient 22 Normal 

Mature neutrophilia 

Eosinopenia 

Lymphopenia 

Thrombocytosis 

Patient 23 
Increased PCV 

Increased RBC 
Normal Normal 

 

  



88 

 

Table 28. Complete Blood Cell Count of the 23 hyperthyroid patients after start of treatment for 
hyperthyroidism. 

Patient Erythrogram Leukogram Thrombogram 

Patient 1 Normal Normal Normal 

Patient 2 Normal Normal Normal 

Patient 3 Normal Normal Normal 

Patient 4 Normal Normal Thrombocytopenia 

Patient 5 Normal Normal Normal 

Patient 6 Normal 
Eosinophilia 

Lymphocytosis 
Normal 

Patient 7 Normal Normal Normal 

Patient 8 Normal Normal  

Patient 9 Normal Normal Thrombocytopenia 

Patient 10 Normal 
Eosinophilia 

Lymphocytosis 
 

Patient 11 Normal Normal Thrombocytopenia 

Patient 12 Normal Normal Normal 

Patient 13 Normal 

Mature neutrophilia 

Eosinopenia 

Lymphopenia 

Thrombocytopenia 

Patient 14 Normal Normal Thrombocytopenia 

Patient 15 Normal Normal Thrombocytopenia 

Patient 16 Normal Normal Thrombocytopenia 

Patient 17 Normal 

Mature neutrophilia 

Eosinopenia 

Lymphopenia 

Normal 

Patient 18 Normal 

Mature neutrophilia 

Eosinopenia 

Lymphopenia 

Thrombocytopenia 

Patient 19 Normal Normal Normal 

Patient 20 Normal Normal Thrombocytopenia 

Patient 21 Normal Normal Normal 

Patient 22 Normal 

Mature neutrophilia 

Eosinopenia 

Lymphopenia 

Thrombocytosis 

Patient 23 Normal Normal Normal 
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Table 29. Liver function assessment parameter results of the 23 hyperthyroid patients at the time of 
diagnosis of hyperthyroidism and after implementation of treatment, including ALT and ALP 
measurements and respective percentage increases (%). 

Patient ALT ALP Others 

 Before (%) After (%) Before (%) After Before After 

Patient 1 62 (103%) Normal Normal Normal Normal Normal 

Patient 2 Normal Normal 189 (105%) Normal Normal Normal 

Patient 3 Normal Normal 324 (180%) Normal Normal Normal 

Patient 4 Normal Normal Normal Normal Normal Normal 

Patient 5 Normal Normal Normal Normal Normal Normal 

Patient 6 93 (155%) Normal Normal Normal Normal Normal 

Patient 7 Normal Normal Normal Normal Normal Normal 

Patient 8 272 (453%) Normal 489 (272%) Normal Normal Normal 

Patient 9 120 (200%) 166 (276%) Normal Normal Normal Normal 

Patient 10 138 (203%) Normal Normal Normal Normal Normal 

Patient 11 72 (120%) 115 (191%) Normal Normal Normal Normal 

Patient 12 150 (250%) Normal 306 (170%) Normal Normal Normal 

Patient 13 170 (283%) Normal 216 (120%) Normal Normal Normal 

Patient 14 105 (175%) Normal Normal Normal Normal Normal 

Patient 15 165 (275%) Normal Normal Normal Normal Normal 

Patient 16 105 (175%) 84 (140%) Normal Normal Normal Normal 

Patient 17 63 (105%) Normal Normal Normal Normal Normal 

Patient 18 373 (622%) 80 (133%) 416 (231%) Normal Normal Normal 

Patient 19 265 (441%) 65 (108%) 495 (275%) Normal Normal Normal 

Patient 20 Normal Normal 347 (193%) Normal Normal Normal 

Patient 21 158 (263%) Normal Normal Normal Normal Normal 

Patient 22 69 (115%) 69 (115%) Normal Normal Normal Normal 

Patient 23 86 (142%) Normal Normal Normal Normal Normal 

Average 144 (240%) 97 (161%) Normal Normal Normal Normal 
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Table 30. Renal function assessment of the 23 patients at the time of diagnosis of hyperthyroidism 
and their distribuition into their corresponding renal profile (A, B or C), according to serum urea 
(mmol/L) and creatinine (µmol/L) concentrations. 

Patient Urea (mmol/L) Creatinine (µmol/L) Interpretation Profile 

Patient 1 11.2 75 
Non Azotaemic  
Low Creatinine 

A 

Patient 2 6 86 
Non Azotaemic  
Low Creatinine 

A 

Patient 3 11.5 122 
Non Azotaemic 

Normal Creatinine 
B 

Patient 4 15.8 154 
Increased serum urea 

Normal Creatinine 
C 

Patient 5 7.8 113 
Non Azotaemic 

Normal Creatinine 
B 

Patient 6 12.8 107 
Increased Urea 

Normal Creatinine 
C 

Patient 7 10.3 123 
Non Azotaemic 

Normal Creatinine 
B 

Patient 8 8.8 87 
Non Azotaemic  
Low Creatinine 

A 

Patient 9 6 96 
Non Azotaemic  
Low Creatinine 

A 

Patient 10 9 124 
Non Azotaemic 

Normal Creatinine 
B 

Patient 11 7.2 104 
Non Azotaemic 

Normal Creatinine 
B 

Patient 12 6.5 83 
Non Azotaemic  
Low Creatinine 

A 

Patient 13 16.9 142 
Increased Urea 

Normal Creatinine 
C 

Patient 14 13.1 115 
Increased Urea 

Normal Creatinine 
C 

Patient 15 11.9 130 
Non Azotaemic 

Normal Creatinine 
B 

Patient 16 14 88.8 
Increased Urea 

Normal Creatinine 
C 

Patient 17 9 96 
Non Azotaemic 

Normal Creatinine 
B 

Patient 18 13.1 101 
Increased Urea 

Normal Creatinine 
C 

Patient 19 14.9 118 
Increased Urea 

Normal Creatinine 
C 

Patient 20 9.4 121 
Non Azotaemic 

Normal Creatinine 
B 

Patient 21 9.1 112 
Non Azotaemic 

Normal Creatinine 
B 

Patient 22 11.6 141 
Non Azotaemic 

Normal Creatinine 
B 

Patient 23 9.5 104 
Non Azotaemic 

Normal Creatinine 
B 

 

  



91 

 

Table 31. Renal function of the 23 patients at the post-treatment initiation re-check consult and the 
diagnosis of CKD in 10 of these patients based on serum urea (mmol/L) and creatinine (µmol/L) 
concentrations 

Patient Serum Urea (mmol/L) 
Serum Creatinine 

(µmol/L) 
Interpretation 

Patient 1 8.1 94 Normal 

Patient 2 9.5 123 Normal 

Patient 3 11.5 122 Normal 

Patient 4 17.1 179 CKD 

Patient 5 9.1 115 Normal 

Patient 6 20.6 185 CKD 

Patient 7 10.9 150 Normal 

Patient 8 11.8 99 Normal 

Patient 9 8.2 122 Normal 

Patient 10 7.5 101 Normal 

Patient 11 10.5 115 Normal 

Patient 12 8.1 113 Normal 

Patient 13 15 204 CKD 

Patient 14 14 190 CKD 

Patient 15 10.4 157 Normal 

Patient 16 16 244 CKD 

Patient 17 12.7 182 CKD 

Patient 18 13.6 193 CKD 

Patient 19 22.5 201 CKD 

Patient 20 10.4 111 Normal 

Patient 21 14.6 226 CKD 

Patient 22 13.3 195 CKD 

Patient 23 11.2 124 Normal 
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Table 32. Distribution of patients in to two groups (CKD and Non CKD according to post-treatment 
renal function assessement and the diagnosis of CKD. 

Patient Renal Function Group 

Patient 1 Normal Non CKD 

Patient 2 Normal Non CKD 

Patient 3 Normal Non CKD 

Patient 4 CKD CKD 

Patient 5 Normal Non CKD 

Patient 6 CKD CKD 

Patient 7 Normal Non CKD 

Patient 8 Normal Non CKD 

Patient 9 Normal Non CKD 

Patient 10 Normal Non CKD 

Patient 11 Normal Non CKD 

Patient 12 Normal Non CKD 

Patient 13 CKD CKD 

Patient 14 CKD CKD 

Patient 15 Normal Non CKD 

Patient 16 CKD CKD 

Patient 17 CKD CKD 

Patient 18 CKD CKD 

Patient 19 CKD CKD 

Patient 20 Normal Non CKD 

Patient 21 CKD CKD 

Patient 22 CKD CKD 

Patient 23 Normal Non CKD 
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Table 33. Sensitivity, specificity and diagnostic value of increased serum urea concentration reference 
of 12mmol/L for CKD in the hyperthyroid patients calculated using R® Software version 3.2.1. 

Parameters Serum urea concentration = 12 mmol/L 

 Est Lower Upper 

Aprev 0.30 0.13 0.53 

Tprev 0.43 0.23 0.66 

Se 0.70 0.35 0.93 

Sp 1.00 0.66 1.00 

Diag.acc 0.87 0.66 0.97 

Diag.or Inf NaN Inf 

Nnd 1.43 1.07 112.83 

Youden 0.7 0.008 0.93 

Ppv 1.00 0.47 1.00 

Npv 0.81 0.54 0.96 

Plr Inf NaN Inf 

Nlr 0.30 0.12 0.77 

(Aprev – Apparent Prevalence; Tprev – True Prevalence; Se – Sensitivity; Sp – Specificity; Diag.acc – Diagnostic Accuracy; 

Diag.or – Diagnostic Odds Ratio; Nnd – Number Needed to Diagnose; Youden – Youden’s Index; Ppv – Positive Predictive 

Value; Npv – Negative Predictive Value; Plr – Positive Likelihood Ratio; Nlr – Negative Likelihood Ratio) 

 

Table 34. Sensitivity, specificity and diagnostic value of a cut-off serum creatinine concentration of 
135.5 µmol/L for CKD in the hyperthyroid patients calculated using R® Software version 3.2.1. 

Parameters Creatinine = 135.5 mol/L 

 Est Lower Upper 

Aprev 0.12 0.03 0.32 

Tprev 0.42 0.22 0.63 

Se 0.30 0.07 0.65 

Sp 1.00 0.68 1.00 

Diag.acc 0.71 0.49 0.87 

Diag.or Inf NaN Inf 

Nnd 3.33 -3.96 1.53 

Youden 0.30 -0.25 0.65 

Ppv 1.00 0.19 1.00 

Npv 0.67 0.43 0.85 

Plr Inf NaN Inf 

Nlr 0.70 0.47 1.05 

(Aprev – Apparent Prevalence; Tprev – True Prevalence; Se – Sensitivity; Sp – Specificity; Diag.acc – Diagnostic Accuracy; 

Diag.or – Diagnostic Odds Ratio; Nnd – Number Needed to Diagnose; Youden – Youden’s Index; Ppv – Positive Predictive 

Value; Npv – Negative Predictive Value; Plr – Positive Likelihood Ratio; Nlr – Negative Likelihood Ratio) 
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Table 35. Sensitivity, specificity and diagnostic value of a serum urea concentration cut-off value of 
11.6 mmol/L for CKD in hyperthyroid patients calculated using R® Software version 3.2.1. 

Parameters Serum urea concentration = 11.6 mmol/L 

 Est Lower Upper 

Aprev 0.39 0.20 0.61 

Tprev 0.43 0.23 0.66 

Se 0.80 0.44 0.97 

Sp 0.92 0.64 1.00 

Diag.acc 0.89 0.66 0.97 

Diag.or 48.00 3.70 622 

Nnd 1.38 1.03 11.96 

Youden 0.72 0.08 0.97 

Ppv 0.89 0.52 1.00 

Npv 0.86 0.57 0.98 

Plr 10.40 1.54 70.12 

Nlr 0.22 0.06 0.76 

(Aprev – Apparent Prevalence; Tprev – True Prevalence; Se – Sensitivity; Sp – Specificity; Diag.acc – Diagnostic Accuracy; 

Diag.or – Diagnostic Odds Ratio; Nnd – Number Needed to Diagnose; Youden – Youden’s Index; Ppv – Positive Predictive 

Value; Npv – Negative Predictive Value; Plr – Positive Likelihood Ratio; Nlr – Negative Likelihood Ratio) 
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Table 36. Electrolyte, glycaemia and lipid disturbances observed in the 23 patients at the time of 
diagnosis of hyperthyroidism and after treatment start.  

Patient Before After 

Patient 1 None None 

Patient 2 Hyperglycaemia None 

Patient 3 
Hyperglycaemia 

Hypochloraemia 
None 

Patient 4 Hyperglycaemia 

Hyperglycaemia 

Hypercholesterolaemia 

Hyponatraemia + Hypochloraemia 

Patient 5 Hyperglycaemia None 

Patient 6 None Hypocalcaemia + Hyperphosphataemia 

Patient 7 Hyperphosphataemia None 

Patient 8 Hyperglycaemia None 

Patient 9 Hyperglycaemia Hyperglycaemia 

Patient 10 None None 

Patient 11 None None 

Patient 12 
Hyperglycaemia 

Hypernatraemia 
None 

Patient 13 None 

Hyperglycaemia 

Hypercholesterolaemia 

Hypocalcaemia + Hyperphosphataemia 

Hyponatraemia + Hypochloraemia 

Patient 14 
Hyperglycaemia 

Hypernatraemia 

Hyperglycaemia  

Hypocalcaemia + Hyperphosphataemia 

Patient 15 None None 

Patient 16 None Hypercholesterolaemia 

Patient 17 None Hyperglycaemia 

Patient 18 
Hyperglycaemia 

Hypernatraemia 
Hyperglycaemia 

Patient 19 
Hypercholesterolaemia 

Hyperchloraemia 

Hyperglycaemia 

Hypercholesterolaemia  

Hypocalcaemia + Hyperphosphataemia 

Patient 20 None None 

Patient 21 None Hypocalcaemia + Hyperphosphataemia 

Patient 22 None 

Hyperglycaemia 

Hypercholesterolaemia  

Hypocalcaemia + Hyperphosphataemia 

Patient 23 Hyperglycaemia None 
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Table 37. Pre- and post-treatment values for USG, systolic blood pressure (mmHg) and incidence of 
proteinuria in the 23 hyperthyroid patients. 

Patient USG SBP (mmHg) Proteinuria 

 Before After Before After Before After 

Patient 1 - - - - Yes - 

Patient 2 1.060 1.054 183 - - - 

Patient 3 1.019 - - - Yes - 

Patient 4 1.028 1.020 - 140 Yes Yes 

Patient 5 1.017 - - - - - 

Patient 6 1.024 1.026 - 120 Yes - 

Patient 7 1.027 - 197 - Yes - 

Patient 8 1.060 - 120 - - - 

Patient 9 1.060 1.043 - - Yes - 

Patient 10 1.060 - - - Yes - 

Patient 11 1.030 1.052 - - - - 

Patient 12 1.060 - - - - - 

Patient 13 1.022 1.030 - 170 Yes Yes 

Patient 14 - 1.008 202 130 Yes - 

Patient 15 - - - - Yes - 

Patient 16 - 1.034 - 144 Yes - 

Patient 17 - 1.012 210 150 Yes Yes 

Patient 18 - 1.027 - 170 Yes - 

Patient 19 1.020 1.031 129 125 Yes Yes 

Patient 20 - - - - Yes - 

Patient 21 - 1.010 - 160 Yes Yes 

Patient 22 - 1.017 - 130 Yes Yes 

Patient 23 1.050 - - - - - 

Measured (%) 14 (61%) 13 (57%) 6 (26%) 10 (43%) 17 (74%) 6 (26%) 

Minimum 1.017 1.008 120 120 - - 

Maximum 1.060 1.054 210 170 - - 

Average 1.038 1.028 174 144 - - 

 

 


