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Abstract 

Background: Hyperthyroidism and chronic kidney disease (CKD) are common in geriatric 

cats and often occur concurrently. Among other effects, hyperthyroidism causes protein 

catabolism and increases renal blood flow and the glomerular filtration rate (GFR). These 

effects render traditional renal markers insensitive for the detection of CKD in cats with 

uncontrolled hyperthyroidism. Early identification of occult CKD may influence the 

prognosis, monitoring and therapy of hyperthyroidism or CKD. Symmetric dimethylarginine 

(SDMA) is a new serum renal biomarker that is stable, easily measured and has been recently 

validated for use in cats. SDMA correlates well with GFR and is not affected by muscle 

mass. SDMA is more sensitive than serum creatinine in detecting early CKD in non-

hyperthyroid cats, but our understanding of its performance in hyperthyroid cats is in its 

infancy.  

In Australia, the gold standard treatment for cats with benign hyperthyroidism (i.e. 

thyroid hyperplasia or adenoma) is a fixed dose of orally administered radioiodine, regardless 

of the serum total thyroxine (TT4) concentration at the time of diagnosis. The development of 

iatrogenic hypothyroidism after radioiodine treatment is detrimental to renal function and 

may negatively affect long-term survival. As a result, the goal of radioiodine treatment is to 

maximise the number of cats that achieve euthyroidism while limiting the development of 

hypothyroidism. Currently, information regarding long-term outcomes in cats treated with an 

oral fixed dose of radioiodine is limited and there are no practical markers to detect occult 

CKD in these cats. 

Objectives: This study aimed to describe the treatment outcomes following oral 

administration of a fixed dose (138 MBq; 3.7 mCi) of radioiodine in a sample of hyperthyroid 

cats and examine the correlation between serum TT4 concentrations before and after 
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treatment. A second aim was to measure the serum SDMA concentration in hyperthyroid cats 

before and after treatment to determine the relationships between SDMA, creatinine and TT4 

concentrations at both time points. 

Method: In a sample of cats previously treated with a fixed dose of oral radioiodine, 

TT4 concentration and renal clinical pathological parameters were documented before and 

after radioiodine treatment. Logistic regression was used to assess the relationship between 

TT4 concentrations before and after treatment. The differences in pre- and post-treatment 

variables for cats that had TT4 concentrations below or within the reference interval were 

also assessed. 

Renal parameters including urine specific gravity and serum SDMA, urea and 

creatinine concentrations were measured before and three months after receiving a fixed dose 

of oral radioiodine treatment in prospectively enrolled hyperthyroid cats. The Pearson 

correlation coefficient was used to determine the association between treatment and serum 

TT4, SDMA and creatinine concentrations. To assess agreement between serum SDMA and 

serum creatinine regarding categorisation of CKD staging, Goodman and Kruskal’s gamma 

statistic was used. 

Results: Of 162 cats, 133 (82%) had TT4 concentrations within the reference interval 

after treatment. Four (3%) and 25 (15%) cats had TT4 concentrations above and below the 

reference interval after treatment, respectively. The severity of hyperthyroidism at diagnosis, 

as measured by the percentage elevation of TT4 concentration above the reference interval, 

had no impact on the odds of cats having TT4 concentrations below the reference interval 

after treatment (OR = 1.00; 95% CI 0.96–1.05; p = 0.93). 

Over the follow-up period after radioiodine treatment, serum SDMA increased in 51 

of 74 (69%) cats, whereas serum creatinine increased in 78 of 80 (98%) cats. A moderate 

correlation between serum SDMA and creatinine was seen after treatment (r = 0.523, 
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p < 0.001) but not before treatment (r = 0.523, p = 0.23). Where assessable after treatment, 

serum SDMA and creatinine did not agree in the staging of cats with kidney dysfunction 

based on the International Renal Interest Society CKD guidelines. No significant correlation 

was seen between serum SDMA and TT4 concentration at any time point. 

Conclusions and relevance: When using an orally administered fixed dose of 

radioiodine for the treatment of feline hyperthyroidism, TT4 concentrations at diagnosis 

cannot be used to predict TT4 concentrations after treatment. The proportion of cats with TT4 

concentrations below the reference interval after treatment was 15%. Further work is required 

to optimise oral radioiodine dosing to maximise euthyroidism. 

Extra-renal factors associated with hyperthyroidism appear to hinder the ability of 

SDMA to identify cats with occult CKD before treatment. Further work is required to 

elucidate the mechanism and impact on the performance of SDMA as a diagnostic test of 

renal function in hyperthyroid cats.  
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Chapter 1. Literature review 

1.1. Feline hyperthyroidism 

Hyperthyroidism is the most common endocrinopathy affecting middle-aged to geriatric 

cats.1 In over 97% of cases, the clinical manifestation arises from the development of 

functional adenoma or adenomatous hyperplasia of the thyroid tissue. Functional thyroid 

carcinoma, most commonly adenocarcinoma, is seen in the remaining 1–3% of hyperthyroid 

cats.1 The latter may be grossly indistinguishable from benign disease by being well 

encapsulated and mobile with respect to adjacent tissue. Carcinomas may also be locally 

invasive and metastasis to local blood vessels, lymph nodes and subsequently to distant sites 

may occur.1 In a large prospective cohort study using thyroid scintigraphy to characterise 

hyperfunctional thyroid tissue in hyperthyroid cats, bilateral disease was most common (60% 

of cases), while unilateral and multifocal disease (three or more distinct thyroid tumour 

nodules) were seen in 35% and 5% of cases, respectively.2  

Since its discovery in 1979, hyperthyroidism has been detected in cat populations 

worldwide, with geographical-dependent prevalence.1, 3, 4 The advent of improved animal 

health care (with the consequent longer life span of cats) and increasing awareness by both 

owners and veterinary clinicians has meant that feline hyperthyroidism is more frequently 

and effectively diagnosed in recent years.5 This likely contributes to the absolute increase in 

the prevalence of hyperthyroidism that has been reported in cat populations throughout the 

world.6-8  

Transplantation of adenomatous thyroid tissue into murine models demonstrates 

autonomous cell growth and function that is independent of extra-thyroidal humoral 

stimulation.9 This was thought to be from mutation of the thyrotropin receptor or its guanine 

nucleotide binding proteins that are involved in cell activating signal transduction.9, 10 
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Subsequently, somatic mutations in the transmembrane region of exon 10 of the thyroid-

stimulating hormone receptor gene within adenomas and adenomatous hyperplastic nodules 

from cats with hyperthyroidism have been identified.11 The trigger for such mutations 

remains unknown and this proposed mechanism has not been investigated in cats with 

hyperthyroidism.   

Epidemiologic studies looking at risk factors for feline hyperthyroidism commonly 

conclude that a single factor cannot explain the underlying aetiology of hyperthyroidism.6, 7, 

12, 13 4 Potential environmental exposures to goitrogenic thyroid disruptors such as the 

ubiquitous flame retardant polybrominated diphenyl ethers in household products, soy 

isoflavones in feline maintenance diets and bisphenol A used to line metal cans have been 

associated with the development of hyperthyroidism.12, 14, 15 It has been postulated that 

thyroid disruptors decrease the effective circulating serum thyroid hormone concentration 

through thyroid hormone receptor inhibition or inhibition of key enzymes required in the 

production or activation of thyroid hormones. This results in chronic overstimulation of the 

thyroid tissue by up-regulated thyroid-stimulating hormone (TSH) secretion as part of the 

physiologic negative feedback mechanism, with subsequent aberrant hyperplasia of thyroid 

follicular cells.4  

Variability (excess or deficiency) in dietary mineral content, such as selenium and 

iodine, has also been postulated to be associated with thyroid dysfunction, but as for the 

aforementioned thyroid disruptors, prospective longitudinal studies assessing the association 

between exposure of the aforementioned substances and feline hyperthyroidism are lacking 

and a causal link is yet to be established.14  

In a retrospective epidemiological cross-sectional study, long-haired non-purebred 

cats were at increased risk of hyperthyroidism compared with shorthaired non-purebred cats 

and purebred cats.16 The mechanism underlying these associations has not been established, 
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although it was postulated that there could be an increased requirement for tyrosine for 

producing pigment, or increased exposure to environmental goitrogens ingested via 

grooming.16 

Regardless of the underlying pathology, hyperthyroidism results in the overproduction 

of the hormone thyroxine and, to a lesser degree, tri-iodothyronine in the thyroid gland. 

Thyroxine is the main circulating thyroid hormone and is highly protein-bound, with less than 

1% of thyroxine circulating in the unbound free state. In peripheral tissue, only free thyroxine 

can enter cells to be de-iodinated to tri-iodothyronine, which is three to five times more 

potent than thyroxine. Thyroid hormones bind to receptors in the nuclei, triggering a series of 

cascades that ultimately influence gene coding for regulatory enzymes.1  

Diagnosis of hyperthyroidism requires demonstration of an elevation in total 

thyroxine (TT4; the total concentration of bound and unbound thyroxine) or a combination of 

high-normal TT4 and free thyroxine above the reference interval, in addition to appropriate 

clinical findings.1 Hyperthyroidism causes a state of hypermetabolism that affects multiple 

organ systems. Many of the resultant haemodynamic changes directly or indirectly affect the 

kidneys.17 Thyroid hormones have been shown to increase renin mRNA and renin 

concentration production in mice models.18, 19 Based on this finding, it has been hypothesised 

that thyroid hormones either influence renin gene expression to stimulate transcription or 

stabilise precursor renin mRNA.18 An elevation in tri-iodothyronine can also cause vascular 

smooth muscle relaxation, thus decreasing peripheral vascular resistance.17 The renin-

angiotensin and aldosterone system is consequently activated, resulting in increased renal 

sodium resorption within the proximal tubule and loop of Henle to ensure arterial filling 

volume can be maintained.20 Hyperthyroidism also upregulates β-adrenergic receptor 

expression within cardiac and renal cortical tissues, leading to increased sympathetic nervous 

system activity and further renin-angiotensin and aldosterone system activation.21, 22 
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Consequently, heart rate, left ventricular contractility and blood volume increase, which leads 

to increased renal blood flow, glomerular capillary hydrostatic pressure and increased 

glomerular filtration rate (GFR).17, 20, 23  

1.2. Current treatment options for feline hyperthyroidism 

Treatment of hyperthyroidism is aimed at limiting the excessive production of thyroid 

hormones. There are four main treatment modalities for feline hyperthyroidism: anti-thyroid 

medications, dietary iodine restriction, surgical removal of affected thyroid tissue or ablation 

of the hyper-functional thyroid tissue using radioiodine therapy.1, 24 The latter two modalities 

provide definitive treatment for the disease by permanent removal or destruction of abnormal 

thyroid tissue, while anti-thyroid medications and therapeutic diets require ongoing daily use 

to control thyroid hormone production. 

Effective treatment restores normal metabolism and reverses the haemodynamic 

changes induced by hyperthyroidism, although cardiac structural remodelling occurs slowly, 

and while echocardiographic abnormalities can resolve, new echocardiographic abnormalities 

can emerge in the months following treatment.25 The aberrant elevation in GFR as a result of 

hyperthyroidism is expected to normalise for the treated patient with the establishment of 

euthyroidism, but this may then be below the reference interval in cats with occult CKD or 

those with reduced renal blood flow secondary to iatrogenic hypothyroidism.17 This newly 

established GFR may be irreversible if the treatment is definitive, or may be altered by dose 

titrations of other treatments.26 The advantages and disadvantages of the main treatment 

modalities are outlined in Table 1.  
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Table 1. Advantages and disadvantages of the current treatment modalities for 

hyperthyroidism (adapted from Scott-Moncrieff1)   

Treatment Advantages Disadvantages 

Radioiodine  Few known side effects 

(dysphagia, vomiting) 

 Rapid reduction of thyroid 

hormone concentration 

 Potentially curative 

 Treats all hyper-functional 

tissue, regardless of 

anatomic location 

 High initial expense 

 Requirement of special facilities 

 Possible under- or over-dose 

resulting in persistent 

hyperthyroidism or iatrogenic 

hypothyroidism, respectively 

 Radiation exposure 

Thyroidectomy  Rapid reduction of thyroid 

hormone concentration 

 Potentially curative 

 Excised tissue can be 

examined 

histopathologically 

 High initial expense 

 Anaesthetic risk 

 Risk of iatrogenic hypothyroidism 

or hypoparathyroidism 

 Chance of persistent 

hyperthyroidism if ectopic thyroid 

tissue is not removed 

 Risk of recurrent laryngeal nerve 

damage 

 

Thioureylenes  Low initial expense 

 Reduction in GFR can be 

corrected by alteration 

(reduction) of dose 

 Daily drug administration 

 Not curative 

 Various (potentially severe) side 

effects including gastrointestinal 

signs, idiosyncratic facial pruritus, 

and haematological changes such 

as neutropenia and 

thrombocytopenia27 

 Significantly shorter survival time 

compared with treatment with 

radioiodine28 

 Transformation to carcinoma may 

occur over the course of long term 

therapy.29 
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Iodine-

restricted diet 

 Low initial expense 

 Reduction in GFR can be 

corrected by alteration of 

diet 

 Requires exclusive use of diet 

(difficult for outdoor cats and 

multi-cat households) 

 Not palatable for all cats30 

 Not curative 

 Long-term consequences unknown 

 Transformation to carcinoma may 

occur over the course of long term 

therapy.29  

Note: GFR, glomerular filtration rate 

 

1.2.1. Anti-thyroid medication (thioureylenes) 

The anti-thyroid drugs recommended for use in cats include methimazole and carbimazole. 

Methimazole is reported to be effective for treatment of feline hyperthyroidism in 95% of 

cases.1 Methimazole can be administered either orally or as a topical gel, which is typically 

placed on the inner surfaces of the ear pinnae. Carbimazole is administered orally and is 

rapidly converted to an equimolar amount of methimazole after oral absorption. Due to 

differences in the molecular weights, 5 mg of carbimazole is equivalent to 3 mg of 

methimazole.31 A dose of 2.5 mg methimazole (or 5 mg carbimazole) twice a day is 

recommended due to the best balance between efficacy and risk of adverse effects.26 Dose 

and frequency are adjusted based on initial clinical severity and response to therapy. 

Thioureylenes inhibit the thyroid peroxidase enzyme, thus inhibiting the oxidation and 

organification of iodide, and ultimately the coupling of iodothyronines to form thyroxine and 

tri-iodothyronine.32 Because anti-thyroid medications have no cytotoxic effects, the 

underlying adenomatous hyperplastic process continues over time and disease progression 

may lead to escape from long-term control. In a large cohort of cats with hyperthyroidism, 

disease severity, defined by serum free thyroxine concentration and the thyroid-to-salivary 

gland ratio on scintigraphy, was observed to increase proportionally with disease duration.29 

Similarly, the prevalence of suspected thyroid carcinoma increased proportionally with 
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disease duration, suggesting that transformation to malignancy is possible over time, although 

histopathology was not used to confirm thyroid carcinoma in these cases.29 

Thioureylenes were previously recommended as the initial treatment of choice for all 

hyperthyroid cats to allow assessment of the effect of treatment of hyperthyroidism on renal 

function and therefore the suitability of the cat for definitive treatment. However, recent 

evidence suggests that this precaution may not be necessary. While the unmasking of renal 

azotaemia can be unpredictable as GFR changes with establishment of euthyroidism, cats 

with a pre-treatment creatinine value of less than 177 μmol/L, equivalent to mid-stage II 

CKD according to the International Renal Interest Society (IRIS) guidelines, are not expected 

to have shortened survival time should azotaemia be unmasked after the establishment of 

euthyroidism.33, 34 

Thioureylenes are recommended for the treatment of hyperthyroidism in moderately 

to severely azotaemic cats because dosage can be tailored to individual needs.26 Treatment of 

hyperthyroidism appears essential regardless of CKD stage. Untreated hyperthyroid cats are 

vulnerable to ongoing kidney injury, as demonstrated by the common presence of proteinuria 

and elevation of markers of kidney function such as retinol binding protein.35, 36 These 

normalise with treatment of hyperthyroidism in cats without pre-existing CKD.34-36 

Treatment of hyperthyroidism in cats with moderate to severe CKD should be approached 

with caution due to the possibility of worsening renal function leading to clinical 

deterioration with restoration of euthyroidism.26, 37 Thioureylene medications are ideal for 

treatment of hyperthyroidism in these cats as they are titratable to control hyperthyroidism as 

much as possible while avoiding clinical deterioration due to CKD.26 Thioureylenes can also 

be used as a short-term solution for cats severely affected by hyperthyroidism to stabilise 

disease ahead of definitive treatment.38 
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1.2.2. Iodine-restricted diets 

Iodine is an essential component of thyroid hormones and limiting intake of dietary iodine 

leads to a reduction in thyroid hormone synthesis.1 Dietary iodine restriction to less than 

0.39ppm on a dry matter basis has been shown to reduce circulating thyroid hormone to 

euthyroid concentrations in hyperthyroid cats.30, 39-41  

The commercial prescription diet Hill’s Y/D is an iodine-restricted diet with an iodine 

concentration of 0.2ppm on a dry matter basis .30 This diet can normalise the TT4 

concentration in 75–83% of hyperthyroid cats within 2 months of exclusive feeding.30 

However, in contrast with other treatment modalities, target TT4 concentrations in the lower 

half of the reference interval are typically not achieved and clinical signs may not necessarily 

improve significantly.30, 42   

There is also ongoing debate regarding the nutritional composition of Hill’s Y/D, 

which is considered appropriate for cats with concurrent CKD compared with maintenance 

diets, due to its moderate sodium, phosphorus and protein restriction.43 However, protein 

restriction likely exacerbates protein malnutrition in hyperthyroid cats and the geriatric group 

affected by hyperthyroidism are already expected to have a degree of sarcopenia.44 

Furthermore, Hill’s Y/D may be a poor nutritional choice for cats because of its relatively 

high carbohydrate content, the reliance on predominantly plant-based proteins and the 

inclusion of the potential goitrogen soy as an ingredient.45 With restoration of euthyroidism, 

it is expected that the catabolic state associated with hyperthyroidism resolves,46 but 

significant reduction in serum creatinine concentration, which is reflective of an individual’s 

muscle mass,47 was documented despite the normalisation of TT4 in prospective studies on 

the effect of Hill’s Y/D.30, 42, 48  

Iodine-restricted diets need to be fed exclusively to achieve therapeutic effect.30  The 

efficacy of dietary therapy may be reduced if owner or cat compliance is suboptimal. This, in 
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addition to poor palatability of the diet, may contribute to therapeutic failure. Thus, iodine-

restricted diets may fail in approximately one-quarter of cats in the first months.30 Dietary 

fluctuations in iodine may contribute to the development of hyperthyroidism,14 and thus, 

switching between iodine-restricted and non-restricted diets due to poor palatability or poor 

compliance may be particularly counterproductive for treating hyperthyroidism.  

In summary, dietary iodine restriction effectively lowers TT4 concentrations over 

time, but much is to be learned about the long-term effects of dietary iodine restriction in 

hyperthyroid cats. In the meantime, Hill’s Y/D provides a treatment option for cats that are 

not candidates for definitive treatment and that cannot be treated with thioureylenes because 

of poor compliance or adverse effects.  

1.2.3. Thyroidectomy 

Thyroidectomy is an effective definitive treatment modality for feline hyperthyroidism that 

does not require specialist equipment and can be performed in primary care facilities.1 

Thyroidectomy is the only treatment modality that enables routine histopathological 

evaluation of excised thyroid tissue. The general anaesthesia protocol for this procedure 

requires careful consideration for the management of the cardiovascular and haemodynamic 

changes associated with hyperthyroidism.49 To minimise the metabolic and cardiac 

complications associated with hyperthyroidism, a period of stabilisation with medical therapy 

has been recommended in preparation for the procedure.50  

The decision to perform a sub-total (unilateral) versus total (bilateral) thyroidectomy 

may not be straightforward. Bilateral lobe involvement is present in around 60% of 

hyperthyroid cats but lobe enlargement is often asymmetric.2 Small, but hyper-functional 

lobes and ectopic thyroid tissue can be easily missed based on palpation alone.51 Thus, 

thyroid scintigraphy is recommended before carrying out thyroidectomies to allow 

characterisation of the extent of thyroid disease.51 If scintigraphy cannot be performed due to 
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cost or availability, the post-operative risk of persistent or recurrent hyperthyroidism should 

be taken into consideration. Iatrogenic hypoparathyroidism and hypothyroidism also need to 

be considered. Post-operative hypocalcaemia has been reported in 6–82% of cats following 

thyroidectomy, varying with the technique used.52, 53 In affected cats, post-operative 

hypocalcaemia was reported to be mild and manageable with calcium and dihydrotachysterol 

supplementation.53, 54  

Plasma thyroid hormone concentration is expected to decline to subnormal levels 

within 1–3 days of total thyroidectomy, but thyroid hormone supplementation is typically 

only considered in the initial weeks following surgery if there is concurrent rapid decline in 

renal function or if clinical signs of hypothyroidism are observed. These are often non-

specific and mild such as weight gain and lethargy.1 Long-term reports (beyond 4 weeks 

post-operatively) on the incidence of iatrogenic hypothyroidism following sub-total 

thyroidectomy are scarce. In one study, serum TT4 concentration below the reference interval 

was seen in 13 of 46 (28%) cats beyond 6 months post-thyroidectomy; however, three of 

these cats had NTI. Other laboratory parameters such as TSH were not available for 

interpretation. A further 13 of 46 (28%) cats were already receiving thyroid hormone 

supplementation.52 

Persistence or recurrence of hyperthyroidism in bilateral thyroidectomies performed 

at referral practices has been reported as between 5–11% at follow-up intervals of 3 months 

to 59 months.52, 53, 55, 56 This finding was attributed to the presence of ectopic thyroid tissue 

that was not recognised or accessible during surgery, 53, 55 or due to remnant adenomatous 

tissue left at the surgical site.52 In a more recent retrospective study assessing thyroid changes 

after thyroidectomy in general practice, 15 of 68 (22%) cats had persistent or recurrent 

hyperthyroidism, while 33 of 68 (49%) cats were hypothyroid within 6 months of the 

surgery.57 Where long-term follow-up data was available for 23 cats, 6 of 12 (50%) cats who 
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were initially hypothyroid within 6 months of follow up had recurrence of hyperthyroidism. 

The remaining 6 (50%) cats had normalisation of TT4 at a median of 234 days after surgery. 

In total, 10 of 23 (43.5%) cats had recurrence of hyperthyroidism after bilateral 

thyroidectomy with a median follow up period of 726 days. The relatively large persistence 

or recurrence rate of hyperthyroidism, in addition to anaesthetic and surgical risks (such as 

iatrogenic hypoparathyroidism, Horner’s syndrome and laryngeal dysfunction), are 

significant limitations to this treatment modality.  

1.2.4. Radioiodine 

Functional hyperplastic or neoplastic thyroid follicular cells concentrate iodine, including 

radioiodine (radioisotope iodine-131). The beta particles emitted by radioiodine cause 

follicular cell death, and because they only travel 1–2 mm in tissue, neighbouring structures 

such as the parathyroid glands are minimally affected. Normal thyroid cells may also be 

spared because they are often atrophic in feline hyperthyroidism, secondary to physiologic 

negative hormonal feedback. Therefore, these thyroid cells fail to concentrate radioiodine. 

After ablation of the autonomous hypertrophic or neoplastic thyroid follicular cells, 

unscathed normal thyroid follicular cells are stimulated by TSH and resume function over 

time.58  

The earliest studies on radioiodine treatment used an intravenous route of 

administration.59-62 Subsequent studies found that subcutaneous administration did not affect 

the treatment outcome compared with intravenous administration, and the subcutaneous route 

became the preferred parenteral route due to lower radiation exposure to personnel and 

avoidance of the added stress of venipuncture or intravenous catheterisation for the cat.63-65 

Oral administration has also been described; higher doses than for parenteral administration 

were recommended in some studies due to the assumption of decreased bioavailability.66, 67 
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Formal pharmacokinetic and pharmacodynamic studies specific to radioiodine administration 

in cats have not been performed to test this assumption.  

Although oral administration of radioiodine is commonly used in humans, it has not 

been widely adopted in cats due the additional risk of vomiting following dosing, which may 

lead to treatment failure from inadequate dose absorption and increased personnel health and 

safety concerns due to higher radioactive spill risk. In Australia, the injectable formulation of 

radioiodine is costlier (approximately twice the price at time of writing) compared with the 

oral capsule formulation when ordered as a single dose from the dispensing radio-nuclear 

pharmacy (Australian Nuclear Science and Technology Organisation, New South Wales, 

Australia). Rigorous licensing restrictions by the Australian Radiation Protection and Nuclear 

Safety Agency make the preparation and distribution of radioactive material at referral 

hospital institutions difficult.68 Thus, oral administration has been adopted by most Australian 

institutions offering radioiodine treatment, despite the shortcomings discussed. 

1.2.4.1. Radioiodine dose calculation 

Radioiodine dose calculation has been an ongoing point of discussion in radioiodine therapy. 

Early studies employing radioiodine as treatment for hyperthyroidism used a tracer dose of 

radioiodine and thyroid scintigraphy to calculate a dose aiming to deliver 15,000–

20,000 rad/g of thyroid tissue based on the radioactive iodine uptake, effective half-life and 

weight of the thyroid gland in the cat.59-61, 64 A scoring system taking into account clinical 

severity, serum TT4 concentration and thyroid gland size based on palpation was later 

introduced to tailor treatment while avoiding the additional cost and radiation exposure 

associated with thyroid scintigraphy. The score was designed to reflect the severity of 

hyperthyroidism and guide the choice of the dose of radioiodine.63, 65 69 The use of a single 

fixed dose of radioiodine (ranging from 148–300 MBq) regardless of the degree of 

hyperthyroidism has also been evaluated. This method is logistically straightforward: there is 
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no requirement for scintigraphy and it results in a predictable decay in radioactivity to allow 

planning for the expected duration of isolation. Recently, a variation of these dose 

determination methods was suggested. This involved using thyroid scintigraphic findings to 

determine severity of disease and administration of a graded dose of radioiodine based on 

various scintigraphic criteria.70 When treatment outcomes for cats receiving the graded dose 

were compared with those in cats receiving fixed dose treatment, there was no significant 

difference between the groups. This is a generalised reflection of the comparable rates of 

resolution of hyperthyroidism for cats receiving a single fixed dose of radioiodine and other 

methods.62, 66, 67, 71-73  

Table 2 outlines the outcomes of the various methods of radioiodine dose selection 

and administration reported in the literature. No studies have directly compared treatment 

outcomes for the different dose calculation methods and the variability in study samples, 

sample sizes, design and absence of standardisation of time to follow up make such 

comparisons difficult. The scoring system criteria, dose ranges, and inclusion or exclusion 

criteria are also highly variable between studies, making it problematic to compare outcomes 

for the different dose calculation methods and for studies applying the same broad 

methodology. In addition, contrary to current times (see section1.2.4.2), iatrogenic 

hypothyroidism was once not recognised to be of clinical significance. Successful treatment 

of hyperthyroidism thus often included outcomes with TT4 concentrations both within and 

below the reference interval,67 with no assessment of concurrent TSH or renal parameters, 

which may lead to over-estimation of ‘hypothyroid’ outcomes based on TT4 concentration 

below the reference interval alone. 

Nonetheless, as previously mentioned, all approaches have comparable results, with similar 

proportions of successful treatment, over-treatment and under-treatment (Table 2). 
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With these findings, and because thyroid scintigraphy is not widely available, is costly 

and is associated with additional radiation exposure to cats and personnel, simpler dose 

calculation methods have become commonly used. The classical scoring system should allow 

for a tailored treatment that maximises successful treatment and minimises radiation exposure 

to personnel compared with a fixed dose regime, but this has not occurred. As a result, 

institutions offering radioiodine treatment have typically continued to use their established 

dose calculation and administration methods that have been guided by the availability of 

scintigraphy, cost and availability of radioiodine formulations, and the regulations of local 

governing bodies.  

 As mentioned above, single fixed oral radioiodine dosing has been adopted by most 

Australian institutions since the 1990s.73-75 However, it remains to be determined whether this 

dose regimen remains appropriate for the current population of hyperthyroid cats. In recent 

times, the diagnosis of hyperthyroidism is occurring earlier in the disease process.46 In 

addition, there has been increased interest in iatrogenic hypothyroidism because survival time 

may be affected when azotaemia occurs concurrently.76 Thus, there is a need to review 

whether previously established dosing methods are still appropriate or should be replaced by 

more complex methods (such as scintigraphy-based methods) that enable iodine dosing to be 

tailored to the individual cat.2, 77, 78  

1.2.4.2. Hypothyroidism after radioiodine treatment 

Hyperthyroidism causes suppression of pituitary TSH secretion.79 Recovery of pituitary 

thyrotrophs following radioiodine therapy and re-establishment of normal feedback 

mechanisms is expected to take months, preventing early differentiation between transient 

and permanent iatrogenic hypothyroidism.58 

Overt hypothyroidism is defined as a TT4 concentration below the reference interval 

with a concurrent TSH concentration above the reference interval, and subclinical 
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hypothyroidism is defined as a TT4 concentration within the reference interval (usually 

toward the lower end) with a concurrent TSH concentration above the reference interval.80 

These definitions do not consider or refer to the presence of clinical signs. Clinical signs 

attributable to hypothyroidism, such as lethargy, weight gain and poor appetite, are 

inconsistently observed in iatrogenic hypothyroidism. When present, they can be mild and 

similar to signs related to successful resolution of the hyperthyroid state.80 Iatrogenic 

hypothyroidism can be documented in 15% of the population at 1 month and up to 35% at 6 

months post radioiodine treatment.58, 76, 81 Furthermore, there is some emerging evidence that 

one third of cases are transient and additional cats may develop subclinical or overt 

hypothyroidism over as long as 12–18 months post-treatment, indicating the necessity for 

extended follow-up for radioiodine treated cats.58, 76, 81 

The consequence of iatrogenic hypothyroidism on renal function is of clinical 

importance. Williams et al. (2010) performed a retrospective cross-sectional study assessing 

the relationship between thyroid status and the presence of azotaemia in hyperthyroid cats.76 

The cats were treated with anti-thyroid medication alone or in combination with 

thyroidectomy and the outcomes were assessed at least 6 months after commencing 

treatment. Williams et al. (2010) found a significantly higher proportion of cats with 

azotaemia in the overtly hypothyroid group (16 of 28 [57%]) compared with the euthyroid 

group (14 of 47 [30%]). In addition, cats that developed azotaemia in the face of overt 

hypothyroidism at and beyond 6 months post-treatment had a shorter survival time (median 

456 days) compared with non-azotaemic cats (median 905 days).76 When TT4, TSH and 

serum creatinine values were assessed up to 18 months after low-dose radioiodine therapy, 

the prevalence of new or worsening azotaemia was significantly higher in hypothyroid (overt 

and subclinical) cats than in euthyroid cats.58 Similarly, in a smaller (n = 21) prospective 
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study, 7 (57%) of the cats that developed overt hypothyroidism had reduced renal function by 

12 months.81 

A TT4 concentration that is below the reference interval should prompt the clinician 

to consider either the development of iatrogenic hypothyroidism or the presence of 

concomitant NTI in cats that were previously treated with radioiodine. Diseases known to 

consistently suppress TT4 include diabetes mellitus, hepatopathy, renal failure and systemic 

neoplasia, although there is likely more correlation of TT4 suppression with the degree of 

systemic illness, irrespective of the disease type.82  

Further investigation to differentiate between iatrogenic hypothyroidism and NTI can 

include measurement of free thyroxine or TSH and thyroid scintigraphy.79 Although free 

thyroxine is less influenced by NTI than TT4,83 it may also decrease below the reference 

interval with increasing severity of NTI.84  The sensitivity and specificity of fT4 or 

diagnosing iatrogenic hypothyroidism have not been explicably established. Studies 

performed so far suggest there is no advantage in using fT4 over TT4 in the diagnosis of 

iatrogenic hypothyroidism.85 Furthermore, 6-12% of euthyroid cats with NTI may have 

elevated fT4 concentration.86 

TSH is the most sensitive endocrine test for detecting iatrogenic hypothyroidism and 

the specific endocrine test for differentiating hypothyroidism from NTI.85, 87 TSH is produced 

and secreted by pituitary thyrotrophs in response to thyrotropin-releasing hormone that is 

released from the hypothalamus when thyroxine and tri-iodothyronine concentrations fall. In 

cases of NTI, TSH should remain in the reference interval, while in cases of hypothyroidism, 

TSH should be above the reference interval. At time of writing, only the canine TSH assay is 

commercially available, but there is cross-reactivity of the assay with feline TSH and it has 

been validated for use in cats.88  
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Thyroid scintigraphy highlights functional thyroid tissue through thyroidal uptake of 

radionuclides. This is considered to be the best diagnostic imaging modality for thyroid 

dysfunction in dogs and humans but has not been validated as a test for iatrogenic 

hypothyroidism in cats.51, 85 Quantitative scintigraphy has been used to diagnose spontaneous 

hypothyroidism in dogs,89, 90 and is commonly used to assess post-radioiodine treatment 

efficacy in humans.91, 92   

Determination of the dose of radioiodine required to minimise iatrogenic 

hypothyroidism without increasing the rate of treatment failure is an area of ongoing 

research. A recent study comparing outcome of a low dose (73 MBq subcutaneous) versus 

the classical dose (148 MBq subcutaneous) of radioiodine found no significant difference in 

the rate of persistent hyperthyroidism between the two groups. However, subclinical 

hypothyroidism was more common at 6 months post-treatment following classical dose 

administration.78  

In another study evaluating outcomes using TT4 and TSH concentrations following 

low-dose (median 78 MBq subcutaneous) radioiodine, iatrogenic hypothyroidism (both 

subclinical and overt) was documented in 85 of 569 (15%) cats at 1 month post-treatment, 

with 23 (27%) of these cats being overtly hypothyroid.58 Ultimately, when followed for more 

than 18 months, 23% of the population became subclinically hypothyroid, although only 5% 

of these cats were overtly hypothyroid and few had clinical signs attributable to 

hypothyroidism. In this study, transient hypothyroidism was seen in 30% of untreated 

hypothyroid cats and the median time to normalisation of both TT4 and TSH was 6 months, 

but in 25% of these cats, transient hypothyroidism took 12 months or more to resolve. 

Information regarding intermediate or long-term follow-up of cats treated with a fixed oral 

dose of radioiodine remains scarce and no studies have focused on iatrogenic hypothyroidism 
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and the impact on renal parameters in these cats. Therefore, it is currently not known whether 

the classical fixed oral doses mentioned remains appropriate.  
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Table 2. Summary of previous studies assessing the outcome of radioiodine treatment in hyperthyroid cats 

Dose 

determination 
Study N Dose (MBq) Route 

Percentage 

euthyroid 

post-

treatment 

Percentage 

thyroxine 

below 

reference 

interval 

post- 

treatment 

Percentage 

thyroxine 

above 

reference 

interval post-

treatment 

Maximum 

follow-up 

period post- 

treatment 

(months) 

C
al

cu
la

te
d
 

d
o
se

 

Meric et al. (1986)60 29 55.5–227 IV 83 7 10 1 

Turrel et al. (1984)59 11 37–218 IV 64 18 18 6–18 

Theon et al. (1994)64 60 

60 

133.8 ±56 

133.5 ±41 

IV 

SC 

85 

84 

6 

5 

9 

11 

15–56 

S
co

ri
n
g
 s

y
st

em
 

Jones et al. (1991)69 32 39–134 IV 85 3 9 4 

Malik et al. (1993)67 40 200-300 PO 90 10 <1 

Mooney (1994)63 50 80–200 SC and IV 80 14 6 1–15 

Slater et al. (1994)93 236 103.6–329.3 IV 85 9 4 13–18 

Peterson et al. (1995)65 524 74–222 SC 87 11 2 3–12 

Peterson et al. (2014)94 131 37–74 SC 94.5 3 1.5 1–3 

Feeney et al. (2011)95 97 111–222 PO 63 31 3 2–3 

Morré et al. (2018)70 57 111-166.5 SC 58 26 16 6 

F
ix

ed
 d

o
se

 

Klausner et al. (1987)66 23 185 PO 82 9 9 2–28 

Meric et al. (1990)71 60 148 IV 88 4 8 2–28 

Craig et al. (1993)62 66 150 IV 87 8 5 2–33 

Dietze el al. (1998)73 67 154 PO 90 7 3 1–11 

Chun et al. (2002)72 193 148 IV 90 9 1 1–12 
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Dose 

determination 
Study N Dose (MBq) Route 

Percentage 

euthyroid 

post-

treatment 

Percentage 

thyroxine 

below 

reference 

interval 

post- 

treatment 

Percentage 

thyroxine 

above 

reference 

interval post-

treatment 

Maximum 

follow-up 

period post- 

treatment 

(months) 

  

F
ix

ed
  

d
o
se

 

 

Lucy et al. (2017)78 189 148 SC 82 18 0 6 

Lucy et al. (2017) 78 150 74 SC 96 1 3 6 

Morré et al. (2018)70 23 166.5 SC 61 30 9 6 

 

Note: IV, intravenous; PO, oral; SC, subcutaneous  
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1.3. Hyperthyroidism and kidney function 

The classical markers of renal function, serum creatinine and serum urea nitrogen, are 

indirect markers of GFR. These markers are considered insensitive at detecting renal 

dysfunction because there needs to be approximately 75% loss in functional renal mass 

before creatinine increases above the reference interval.96 In addition, extra-renal factors such 

as signalment, muscle mass and daily variability in exogenous and endogenous protein 

loading can result in an inaccurate assessment of renal disease status.97, 98 As previously 

discussed, hyperthyroidism artificially increases renal blood flow and thus GFR. Metabolic 

disturbances such as increased endogenous protein catabolism and muscle wasting from the 

hyperthyroid state further obscure the ability to accurately assess kidney function with 

creatinine and urea concentrations.5, 97 Successful treatment of hyperthyroidism reduces GFR, 

allowing for a more accurate correlation between creatinine, urea and renal function and 

better identification of cats with CKD.99-101 

Despite the artificial increase in GFR of hyperthyroid cats, 10–23% of cats are 

reported to have concurrent azotaemia at the time of diagnosis of hyperthyroidism.5, 28, 76 This 

is higher compared to the prevalence of CKD in the general population, which is estimated at 

1.2% (95% CI 1.1-1.3%), increased to 3.6% (95% CI 3.3-3.8%) in cats aged ≥ 9 years of 

age.102 Thus hyperthyroidism is a well reported risk factor for CKD diagnosis,34, 36 with the 

odds ratio for hyperthyroid cats with a concurrent diagnosis of CKD to be 5.7 (95% CI 2.8-

11.7, p < 0.001).102 Following treatment for hyperthyroidism with methimazole or 

radioiodine, the prevalence of azotaemia has been reported to be 17–49%.28, 99, 103, 104 TSH 

was not measured in these studies, and thus it is not possible to determine whether iatrogenic 

hypothyroidism or the unmasking of pre-existing CKD had led to occurrence of azotaemia. In 

studies where TSH was assessed concurrently, 57–66% of cats with abnormal kidney 
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function following radioiodine treatment (as determined by serum creatinine or GFR) were 

found to have iatrogenic hypothyroidism.85,81 

Although the diagnosis of renal disease, characterised by azotaemia prior to treatment, 

is associated with shorter survival times following radioiodine treatment,28 the unmasking of 

azotaemia subsequent to effective treatment for hyperthyroidism is not.33, 34 Regardless, a 

predictive marker for post-treatment azotaemia has long been sought because it would allow 

clinicians to manage owner expectations regarding the development of CKD following 

radioiodine treatment and for appropriate planning to take place, including closer monitoring 

and instigation of reno-protective interventions aiming to slow the progression of CKD. 

To date, a sensitive and specific predictive marker of pre-existing CKD in 

hyperthyroid cats remains elusive. Table 3 summarises the studies that have been performed 

to investigate whether specific pre-treatment clinical parameters can predict unmasking of 

CKD after radioiodine therapy prior to the commercial availability of symmetric 

dimethylarginine. 

The pre-treatment GFR potentially has predictive value in the development of post-treatment 

azotaemia,99, 105, 106 yet previously established cut-offs101 may be insensitive.100 Sensitive and 

specific cut-offs may be difficult to establish, possibly because pre- and post-treatment GFR 

are both influenced by factors other than the cats’ thyroid status.99, 105 An added consideration 

is the practicality of GFR measurement in clinical practice. This test requires injection of a 

filtration marker, such as exogenous creatinine, inulin or iohexol, followed by acquisition of 

single or multiple blood samples at specific time intervals to evaluate renal clearance.107 The 

process is straightforward, although has the potential to be laborious, but a major limiting 

factor of GFR measurement is the limited access to reference laboratories that offer 

commercial inulin or iohexol assays and GFR calculations validated in cats. Currently, all 

samples from Australia require shipping to overseas locations for analysis, which adds cost 
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and causes significant delays in the diagnostic process. GFR can also be measured using 

nuclear scintigraphy,108 but limited access to facilities, sedation requirement and expense 

precludes its routine use. In addition, the reference intervals change depending on the 

methodology used to determine GFR, making application of derived reference values difficult 

to extrapolate to all clinical scenarios. 
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Table 3. A summary of studies assessing potential predictive markers for occult kidney 

disease in hyperthyroid cats prior to the commercial availability of symmetric 

dimethylarginine 

Reference 
Sample 

size 

Potential predictive pre-

treatment variable measured 

Conclusion relating to 

development of post-treatment 

azotaemia 

Adams et 

al. 

(1997)101 

22 Serum TT4, creatinine, urea, 

USG and GFR (measured by 

nuclear scintigraphy) 

A pre-treatment GFR of 2.25 

ml/kg/min had 100% sensitivity 

and 78% specificity for predicting 

presence of CKD 30 days post-

treatment. 

 

Pre-treatment urea, creatinine and 

USG were not significantly 

different between azotaemic and 

non-azotaemic cats 30 days post-

treatment. 

Syme et 

al. 

(2001)109 

25 Urine protein:creatinine ratio Pre-treatment urine 

protein:creatinine ratio did not 

differ between cats that developed 

CKD and cats that did not at 6 

months post-treatment. 

Riensche 

et al. 

(2007)104 

39 Serum TT4, creatinine, urea, 

phosphorus, potassium, urine 

protein:creatinine ratio, USG 

 

No significant difference in any 

pre-treatment parameters measured 

between cats that developed CKD 

versus cats that did not 6 months 

post-treatment. 

Boag et al. 

(2007)99 

24 Serum TT4, creatinine, urea, 

total protein, albumin, alanine 

aminotransferase, alkaline 

phosphatase, glucose and 

GFR(measured by serum inulin 

clearance) 

A significant difference in pre-

treatment GFR was found between 

cats that had a GFR below the 

reference interval and cats that did 

not 6 months post-treatment. 

However, there was an overlap 

between the two groups and a pre-

treatment GFR cut off could not be 

determined. 

Pre-treatment glucose was 

associated with decreased GFR 

post-treatment, but the significance 

of this finding was not established. 
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Reference 
Sample 

size 

Potential predictive pre-

treatment variable measured 

Conclusion relating to 

development of post-treatment 

azotaemia 

Van Hoek 

et al. 

(2009)105 

21 Serum TT4, GFR (measured 

by plasma iohexol clearance),  

urine protein:creatinine ratio 

and retinol binding protein 

A significant difference was found 

between pre-treatment GFR, USG 

and TT4 concentrations between 

cats that had post-treatment CKD 

of < IRIS stage II CKD and cats 

that had ≥ IRIS stage II CKD 4 

weeks post-treatment. Further 

research is necessary to develop 

pre-treatment cut off values for this 

to be clinically applicable. 

Note: CKD, chronic kidney disease; GFR, glomerular filtration rate; TT4, total thyroxine; USG, urine specific 

gravity 

  

1.4. Symmetric dimethylarginine as a marker of renal function 

SDMA, a relatively new serum biomarker, has been shown to have good correlation with 

GFR and is more sensitive than serum creatinine for detecting renal dysfunction in cats.110, 111 

Both SDMA and its structural isomer, asymmetric dimethylarginine, are post-translational 

methylated arginine residues that are released into circulation as a by-product of protein 

catabolism.112 Studies in people have shown that the relationship to renal excretory function 

is much stronger for plasma SDMA than for asymmetric dimethylarginine. Because 

asymmetric dimethylarginine is highly protein bound, it is largely cleared by enzymatic 

hydrolysis and urinary excretion accounts for less than 20% of the asymmetric 

dimethylarginine metabolism.113 Meanwhile, due to SDMA’s small molecular size and 

positive charge, it is freely filtered at the glomerulus. More than 90% of SDMA is excreted 

by the kidneys, and thus plasma concentrations are affected by changes in GFR.113, 114 In a 

meta-analysis of human studies, the reciprocal of plasma SDMA concentration was highly 

correlated with inulin clearance GFR (r = 0.85; p < 0.0001) and plasma SDMA concentration 

was highly correlated with serum creatinine concentration (r = 0.75; p < 0.0001).114 This 

sparked much interest in the veterinary field regarding the role of SDMA as a surrogate 
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marker of renal function, and when assessed in cats with azotaemia, a strong correlation was 

found between plasma SDMA and creatinine concentration (r = 0.74; p < 0.001).115 A strong, 

linear relationship was also found between the reciprocal of SDMA and GFR in small group 

of 10 cats of varying degrees kidney dysfunction (r2 = 0.82; p < 0.001).110  

The established upper reference limit for normal cats is <14 µg/dL, based on data 

derived from measuring SDMA by liquid chromatography–mass spectrometry in 86 

apparently healthy adult cats aged 6–15 years and weighing 3–9 kg (IDEXX Laboratories, 

Inc, Westbrook, ME). This reference interval was established without comparison to classical 

measures of renal function such as GFR or serum creatinine. 

Hall et al. (2014) followed cats with declining renal function (as established by GFR 

measurements) and demonstrated that the serum SDMA concentration is more sensitive 

(100% vs 17%) but less specific (91% vs 100%) than serum creatinine in detecting a GFR 

reduction of more than 30%.111 Furthermore, SDMA increased to above the reference interval 

on average 14.6 months earlier than serum creatinine.111 A subsequent retrospective study 

found 11 of 12 (79%) cats with nephrolithiasis had elevated SDMA concentrations compared 

with two of 12 (17%) cats who were azotaemic based on serum creatinine at the time of 

diagnosis. In this study, for 39 cats, SDMA increased to above the upper reference interval 

ahead of serum creatinine by 26.9 months, supporting use of SDMA as a biomarker for 

earlier detection of reduced kidney function.116 

Early veterinary studies measured SDMA using liquid chromatography–mass 

spectrometry.110, 111, 115, 117 While this is the gold standard for SDMA, its utility is limited to 

high-volume clinical laboratories. IDEXX laboratories Inc. has developed a high-throughput 

competitive homogenous immunoassay and a Catalyst® SDMA test that uses the IDEXX 

Catalyst Dx® Chemistry Analyzer. Both tests have comparable performance to liquid 

chromatography–mass spectrometry.118, 119  
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SDMA has been recognised and incorporated as an adjunctive parameter in the IRIS 

guidelines for diagnosis, staging, monitoring and therapeutic planning of kidney disease.120 

This addition aimed to improve the accuracy of IRIS stages when serum creatinine is affected 

by extra renal factors such as increased endogenous protein catabolism and muscle wasting. 

By accurately staging CKD patients, the management and prognosis of these patients can be 

optimised.121  

1.4.1. Extra-renal factors affecting symmetric dimethylarginine 

In a cross-sectional analysis of healthy geriatric cats, SDMA had a weak positive correlation 

with age (r = 0.38, p = 0.03), which likely reflects the relationship of decreasing GFR with 

increasing age (r = −0.31; p = 0.01). This study found no significant effect by the total lean 

mass or sex on SDMA.98 Birman cats have a normal physiological concentration of serum 

creatinine and urea that is higher than the general feline population.122 In a study assessing 

SDMA concentration in 50 healthy Birmans, both SDMA and creatinine were significantly 

higher in Birmans compared with non-Birmans; however, SDMA was elevated above the 

reference limit less frequently compared with creatinine.123
 Although a Birman breed-specific 

reference interval for SDMA was formulated based on this study’s sample, there was 

significant overlap with the existing reference interval and wide confidence intervals 

associated with the upper limit of normal. Thus, the study concludes SDMA is a better 

marker of renal function in Birman cats than serum creatinine, and the existing reference 

limit for SDMA was appropriate, although analysis of both SDMA and serum creatinine was 

most ideal in the staging of renal disease in Birman cats.  

 The reference limit established in adult cats also applies to kittens aged 1–12 

months.124 Kittens less than 6 months of age were sedated and had significantly higher 

SDMA concentrations compared with un-sedated kittens. The degree of SDMA elevation was 

most dramatic in the youngest kittens aged 1–3 months. The authors postulated that the 
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increase in SDMA in this scenario is from decreased renal blood flow leading to decreased 

GFR as a result of sedation-related vasoconstriction.  

In 40 cats with hypertrophic cardiomyopathy, the serum SDMA concentration was not 

significantly different from that in healthy control cats. 125 However, in the same study, 17 

cats with diabetes mellitus were found to have significantly lower SDMA concentrations 

compared with healthy controls. The reason for this requires further research, but increased 

hepatic metabolism and renal hyperfiltration associated with diabetes mellitus have been 

proposed as pathophysiological explanations.  

Although it has been proposed that SDMA plays a role in the variability of nitrite and 

nitrate production, and thus vascular endothelial function,126 no association was found 

between plasma SDMA and systolic blood pressure in a study evaluating SDMA among 

other markers in normotensive and hypertensive cats with variable azotaemia.115 

An important additional consideration for interpretation of the SDMA assay is the 

potential for normal fluctuation within a patient. The index of individuality describes the 

relationship (ratio) between intra- and inter-individual variability for a diagnostic test.127 In 

dogs, this has been found to be moderate for SDMA, suggesting that a value may fall within 

the population-based reference limit but outside an individual’s homeostatic set point.128 In 

this scenario, the detection of abnormality in an individual ideally requires sequential 

measurements to demonstrate a minimum change (critical difference) that exceeds the total 

biologic variability that establishes the limits of normality of the assay. The critical difference 

has been determined to be 5.98 µg/dL for SDMA in dogs measured using an enzyme-linked 

immunosorbent assay.129 It should be noted that a considerable proportion of the change in 

serum SDMA concentration is attributed to the analytic variability of the assay, which is 

dependent on the assay methodology. Whether the critical difference calculated from 
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different assay methodologies makes a difference in the clinical interpretation of the test is 

yet to be explored.130, 131 The fluctuation of SDMA values in cats is yet to be assessed. 

1.4.2. Symmetric dimethylarginine and hyperthyroidism 

Serum creatinine results above the reference interval were seen in only 3.5% of hyperthyroid 

cats (N = 2,000) compared with 14% of the general feline population older than five years of 

age (N = 453,126). In contrast, the SDMA concentration was above the reference interval in 

20.6% of hyperthyroid cats compared with 27% of the general feline population.132 The 

disparity between serum creatinine and SDMA in the hyperthyroid population may be due to 

the fact that serum creatinine concentration is dependent on the muscle mass of the 

individual,47 which can be significantly decreased in the catabolic state of hyperthyroidism,46 

whereas SDMA is not. It could be interpreted from this that SDMA may be a better 

diagnostic test for detecting masked CKD in hyperthyroid cats before treatment. 

When laboratory data was used to assess the change in SDMA, serum creatinine, TT4 

and body weight before and after treatment of 1,281 hyperthyroid cats by any modality, 

serum creatinine continued to increase at all time points from baseline as the cats gained 

weight, up to 120 days post treatment.133 SDMA increased from 1–30 days post treatment, 

but plateaued beyond this point. Evidence contradicting this finding comes from a  smaller 

study of 47 cats that found that SDMA did not significantly change during the first month 

following treatment, while serum creatinine did increase significantly.134   

Several other small-scale studies have examined the relationship between SDMA, 

TT4, serum creatinine and GFR. These studies have suggested that SDMA concentration may 

not always differ between healthy and hyperthyroid cats.135, 136 Furthermore, significant 

correlations between SDMA, GFR and TT4 were not apparent.137 It is likely that these studies 

were statistically underpowered because they include fewer than 10 hyperthyroid cats and 

only up to eight healthy controls.  
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The influence of hyperthyroidism on the metabolism of SDMA in cats is yet to be 

explored in depth. In people with thyroid disease, L-arginine derivatives are  increased in 

both hyperthyroidism138, 139 and hypothyroidism compared with controls.140  

Peterson et al. (2018) found the pre-radioiodine treatment SDMA concentration of a 

group of hyperthyroid cats (N = 262) to have poor sensitivity (33.3%), but high specificity 

(97.7%) for detecting masked renal azotaemia.141 Serum creatinine, at the established cut-off 

concentration of 168 µmmol/L, was also poorly sensitive (11.9%), but highly specific 

(100%). In this study at baseline (pre-treatment), there was a weak, positive relationship 

between SDMA and serum creatinine (r = 0.325, p < 0.001) and a very weak (r = 0.12; p = 

0.05) relationship between and SDMA and TT4. At a median post-treatment follow-up 

interval of 6 months, these relationships were moderate (r = 0.664, p < 0.001) and weak (r = 

0.22; p < 0.001) respectively. This study suggested that SDMA concentration in un-treated 

hyperthyroid cats is mainly influenced by GFR, whereas effects by the hypermetabolic state 

are likely negligible. However, when GFR was measured by Buresova et al. (2019) in 10 

hyperthyroid cats, no significant relationship between SDMA and GFR was found before (τb 

= 0.3; p = 0.17) and after (τb = 0.22; p = 0.41) radioiodine treatments.142 This conclusion 

contradicts the specificity of 97.7% that SDMA was found to have in detecting masked renal 

azotaemia in untreated hyperthyroid cats,141 however the possibility of an underpowered 

analysis with a sample size of 10 cats should be taken into account as a caveat of this 

comparison.142 

 

1.5. Summary of previous research 

In many of the previous studies that assessed the outcome of cats treated for hyperthyroidism 

or examined the correlation between renal markers and markers of thyroid health, radioiodine 
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was given parenterally.59-62, 64, 65, 143 Some of these studies were limited by small sample size 

or information regarding renal health or outcome being inconsistently available.   

In Australia, orally administrated radioiodine has been widely adopted. Recognition 

that the development of iatrogenic hypothyroidism after treatment of hyperthyroid cats is 

detrimental to renal function and may negatively affect long-term survival has highlighted the 

importance of dose optimisation in radioiodine therapy.58, 76 The recommended dose has 

decreased in recent years, particularly in mildly hyperthyroid cats that are being treated 

subcutaneously.78 It is uncertain whether results from cats treated by the parenteral route can 

be extrapolated to cats treated orally. Furthermore, there is limited recent literature regarding 

the outcome of the treatment of hyperthyroidism in cats with an orally administered fixed 

dose of radioiodine.  

Thus, the first aim of the retrospective study conducted as part of this project was to 

describe how many cats that had been treated for hyperthyroidism with an orally 

administered fixed dose of approximately 138 MBq (3.7 mCi) of radioiodine have TT4 

concentrations within, below or above the reference interval. Secondly, the study aimed to 

assess whether the severity of hyperthyroidism (as defined by TT4 at time of diagnosis) had 

an impact on TT4 concentrations after treatment.  

Currently, there is no predictive marker for the reliable detection of concurrent CKD 

in hyperthyroid cats. This marker would allow clinicians to instigate more frequent 

monitoring of renal parameters and timely reno-protective interventions during and after 

treatment of hyperthyroidism. A predictive marker would also allow owners to anticipate an 

additional level of involvement in the management of their pet’s health once the 

hyperthyroidism has been controlled. Furthermore, inconsistent information exists regarding 

how SDMA behaves in hyperthyroid cats before and after treatment. 
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The prospective study conducted as part of this project aimed to measure the SDMA 

concentration in hyperthyroid cats before and after treatment with a fixed dose of 138 MBq 

of oral radioiodine, and to assess the serum SDMA concentration in relation to serum 

creatinine and TT4 concentrations at both time points.  
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Chapter 2. Assessment of treatment outcomes in 

hyperthyroid cats treated with an orally administered 

fixed dose of radioiodine 

2.1. Aims and hypothesis  

The aims of the study were to describe the treatment outcomes following oral administration 

of a fixed dose (138 MBq; 3.7 mCi) of radioiodine in hyperthyroid cats and to examine the 

correlation between TT4 concentrations before and after treatment. 

The hypothesis was that cats with milder disease at the time of diagnosis would be 

more likely to have a TT4 concentration below the reference interval after radioiodine 

treatment. 

2.2. Materials and methods  

2.2.1. Study design and data collection 

This was a retrospective cohort study of client-owned hyperthyroid cats that had been 

treated with an orally administered fixed dose of radioiodine at the U-Vet Werribee Animal 

Hospital, Victoria, Australia. Ethical approval was granted by the University of Melbourne 

Animal Ethics Committee (AEC application ID: 1613858). Any cat treated between February 

2011 and January 2018 was eligible for study inclusion. Cats included in this study had been 

treated using an established standard radioiodine treatment protocol.  As part of the protocol, 

cats were eligible for treatment with fixed dose radioiodine after a definitive diagnosis of 

hyperthyroidism was made based on presence of clinical signs consistent with 

hyperthyroidism (e.g. weight loss despite polyphagia, polydipsia and polyuria, poor coat)1 

and one of the following diagnostic test results: 1) A serum TT4 concentration above the 

upper limit of the reference interval. 2) A serum TT4 concentration within the high-normal 
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reference interval and an elevated free thyroxine concentration.  Furthermore, at a minimum, 

serum creatinine and urine specific gravity (USG), performed within 1 month of proposed 

radioiodine therapy, were assessed to evaluate renal function in candidate cats.  All cats had 

to be either ≤ International Renal Interest Society (IRIS) stage I CKD before any anti-thyroid 

treatment was given or ≤ IRIS stage II CKD once hyperthyroidism had been controlled 

medically with an anti-thyroid drug for a minimum of four weeks.144 

Cats with significant concurrent disease for which treatment should be prioritised 

before radioiodine treatment by the admitting veterinarian or suspicion of thyroid carcinoma 

based on clinical history, physical examination and diagnostic evaluation were excluded from 

fixed dosing. In particular, cats that had severe clinical signs attributable to hyperthyroidism 

and TT4 concentrations >200nmol/L at diagnosis, those with a poor clinical and TT4 

response to increasing and appropriate doses of thioureylene therapy for hyperthyroidism,26 

or those with fixed or large (> 2cm in longest dimension) thyroid masses had thyroid 

scintigraphy performed and calculated dose therapy rather than fixed dosing.29, 51, 145, 146 

Thioureylene drugs were discontinued at least one week prior to treatment and iodine-

restricted diet was discontinued at least four weeks prior to treatment. The fixed dose used is 

within the fixed dose range (55-227 MBq) used orally and parenterally at other institutions.60, 

62, 66, 72 It was selected based on this and the availability of commercial radioiodine capsules 

of 150 MBq (4.0 mCi) at the time of dispatch, which decayed predictably during overnight 

transport to give a final activity of approximately 138 MBq (3.7mCi) at the time of oral 

administration on the following morning. The dose was also influenced by a previous 

retrospective assessment of treatment outcomes at the same institution using a higher 

administered fixed oral dose of 154MBq (4.2mCi). This study recommended a dose reduction 

due to a 7% incidence of clinical hypothyroidism in the study population at two to 11 months 

post radioiodine treatment.73 



 

35 

The actual dose of radioiodine in individual capsules were measured within one hour 

prior to administration using a radionuclide dose calibrator (Atomlab 100 Plus Dose 

Calibrator, Biodex Medical Systems, Shirley, New York, United States of America) and was 

recorded for each cat. Cats eligible for radioiodine therapy were admitted the day before the 

actual administration of radioiodine.  Maropitant citrate (Cerenia®, Zoetis, Silverwater, 

NSW, Australia) was administered at 1 mg/kg SC before the evening feed to minimise the 

risk of vomiting over the next 24 hours, as previous incidences of vomiting following 

radioiodine capsule administration had been recorded at the institution in unmedicated cats.  

Cats were fasted for approximately 12 hours before radioiodine therapy as an additional 

precaution to reduce the incidence of vomiting.67 Sedation is a requirement for staff 

occupational health and safety and was given to effect to reduce anxiety, movement and risk 

of biting or rejecting the oral capsule, whilst maintaining the swallowing reflex.  Various 

sedation protocols were used, but the predominant sedative used was a 50:50 v/v solution of 

ketamine 100 mg/mL (Ceva Animal Health Pty Ltd, Glenorie, NSW, Australia) and 

diazepam 5 mg/mL (Troy Laboratories, Glendenning, NSW, Australia) administered 

intravenously. The maximum dose administered was 25 mg for ketamine and 1.25 mg for 

diazepam. If the cat was fractious and an intravenous injection was unable to be administered, 

or if there were contraindications for the use of ketamine or diazepam, intramuscular 

administration of a combination of midazolam 0.2 mg/kg (Hypnovel, Roche Products Pty 

Ltd, Hawthorn, VIC, Australia), butorphanol 0.2 mg/kg (Butorphanol, Ausrichter Pty Ltd, 

Camperdown, NSW, Australia) and alfaxalone 2 mg/kg (Alfaxan, Jurox Pty Ltd, Rutherford, 

NSW, Australia); or a combination of medetomidine 5 μg/kg (Medetomidine, Troy 

Laboratories Pty Ltd, Glendenning, NSW, Australia) and butorphanol 0.2 mg/kg was used. 

After oral administration of radioiodine capsule, 5mL of water was given via syringe into the 

cat’s mouth to encourage swallowing and orogastric transport of the capsule. The 
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approximate location of the capsule in the stomach was confirmed using a Geiger counter 

(RAM GENE-1F radiation contamination meter, Rotem Radiation, Arava, Israel). Treated 

cats were monitored continuously until recovery from sedation and then offered a meal of 

their usual diet at 50% of their daily energy requirements. In addition to monitoring appetite, 

demeanour, urination and defaecation at least three times daily whilst hospitalised, cats were 

particularly observed three hourly during the nine hours following treatment for vomiting; if 

any was observed this was recorded.   

 Clinical and diagnostic data of cats was collected from U-Vet and/or referring 

veterinary practice databases at two separate time points: 1) Diagnosis of hyperthyroidism; 

and 2) At least one month after radioiodine treatment (recheck). If cats had rechecks 

performed at more than one time point after radioiodine treatment, only the first recheck that 

was performed at least one month after treatment was included for data analysis. For each cat, 

radioiodine treatment information and the TT4 concentrations, renal parameters and clinical 

signs attributable to hyperthyroidism at each of the two time points were collated using 

REDCap electronic data capture tools hosted by the University of Melbourne.147 

The primary clinicopathological parameter of interest was the TT4 concentration; as 

multiple reference laboratories were used, TT4 results were expressed as a percentage 

(TT4%) above or below the upper or lower reference limit, respectively, for each laboratory. 

This was calculated by the formula: 

𝑇𝑇4% =
TT4 concentration−The upper reference limit TT4 concentration 

The upper reference limite TT4 concentration
X 100  

Renal parameters (serum creatinine and USG) were assessed where available. Renal 

azotaemia was suspected if serum creatinine was ≥140µmol/L (≥1.6mg/dL) in conjunction 

with inadequate urine concentrating ability as demonstrated by a USG of <1.035. Staging of 

chronic kidney disease (CKD) was based on the IRIS guidelines.144 
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Clinical records of cats with missing TT4 concentrations at one or both time points 

were excluded from the study.  

2.2.2. Statistical analysis 

Logistic regression analysis was used to estimate the odds ratio for the outcome of a TT4 

concentration below the reference interval, using TT4 at diagnosis expressed as a percentage 

(TT4%) above the upper limit of the reference interval, as the explanatory variable. Analysis 

was performed in 10% increments (e.g. cats with TT4% 0-10% above the RI, 10-20% above 

the RI and so on up to 330%), to allow meaningful interpretation of the odds ratios given the 

highly variable TT4% results between individual cats. The Pearson correlation coefficient was 

used to assess the relationship between TT4 concentration expressed as a percentage of the upper 

reference limit of the reference interval (TT4%) at diagnosis and recheck 

Descriptive statistics were used to summarise historical, clinical and 

clinicopathological parameters. For these parameters, normality was not assumed and results 

are reported as the median and interquartile range (IQR). The Mann–Whitney U-test (MWU) 

was used to compare the TT4% at the time of diagnosis for cats that had received anti-thyroid 

medications and those that did not. The MWU was also used to compare the TT4 % above 

the upper limit of the reference interval at diagnosis, duration from diagnosis to radioiodine 

treatment, duration of anti-thyroidal treatment prior to radioiodine treatment, duration from 

radioiodine treatment to recheck, body weight at time of treatment, age and creatinine and 

USG at diagnosis and at recheck for cats with TT4 concentration below the reference interval 

versus within the reference interval at recheck. Similarly, categorical variables were 

compared between groups using the chi-squared test. There were too few cats with TT4 

above the reference interval at recheck (i.e. remaining hyperthyroid) to perform comparison 

between this group and the groups of cats with TT4 within or below the reference interval, 

respectively. For all analyses, statistical significance was defined as p < 0.05 and all statistical 
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tests were two-tailed. All statistical analyses were performed using Minitab version 18 (Minitab 

LLC, State College, PA, United States). 

2.3. Results 

Between February 2011 and January 2018, 277 cats received a single oral fixed dose of 

radioiodine. Of these, 162 cats had all relevant information available and were included in the 

study. The remaining 115 cats were excluded because TT4 concentrations after treatment 

were not available. The mean dose of oral radioiodine that the included cats received was 

132.6 MBq (SD 4.7). 

2.3.1. Signalment of the sample 

The sample consisted of 142 domestic shorthair, seven domestic mediumhair and five 

domestic longhair cats: two each of Ragdoll, Tonkinese and British shorthair, and one each of 

Russian blue and Scottish fold. There were 75 (46%) male and 87 (53%) female cats; all cats 

were neutered. The median age was 12.54 years (IQR 11–14). 

2.3.2. Clinical data at diagnosis of hyperthyroidism 

The most frequently documented clinical signs attributed to hyperthyroidism at the time of 

diagnosis are summarised in Table 4. Additionally, over-grooming was noted in five cats and 

vocalisation in four cats. Altered behaviour such as urine marking, or increased irritability, 

aggression, or vocalisation were each reported once in individual cats. 

Of the 162 cats, 115 had received anti-thyroidal medication for a median of 104 days 

(IQR 62.0–217.0) before radioiodine treatment. The median TT4 percentages above the 

reference interval at the time of diagnosis for medicated and un-medicated cats were 74% and 

97%, respectively; there was no statistically significant difference between these groups (U = 

2,885, p = 0.42). One cat had a previous unilateral thyroidectomy, which normalised the TT4 

concentration, before recrudescence of hyperthyroidism 877 days later. One cat had been fed 
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an exclusive iodine-restricted diet (Hill’s Y/D) for 24 days without noticeable clinical 

improvement or reduction in TT4. 

Table 4. Common clinical signs attributable to hyperthyroidism at the time of diagnosis 

Clinical sign N % 

Weight loss 132 82 

Polyphagia 96 58 

Cardiac murmur or gallop rhythm 85 51 

Vomiting 60 36 

Polyuria and polydipsia 49 30 

Hyperactivity 33 20 

Tachypnoea or open-mouth breathing 30 18 

Hyporexia 15 9 

Diarrhoea 16 10 

Generalised weakness 8 5 

 

 

2.3.3. Evaluation of total thyroxine before and after radioiodine treatment 

At the time of diagnosis, the median TT4 percentage above the upper limit of the reference 

interval was 78.1% (IQR 33.1–150.0%). The median time from diagnosis of hyperthyroidism 

to radioiodine treatment was 79.5 days (IQR 39.8–174.8) overall. The median duration from 

diagnosis of hyperthyroidism to radioiodine treatment was 79.5 days (IQR 39.8-174.8) 

overall. This duration did not differ significantly between groups that had post-treatment TT4 

concentrations within (78.0 days [IQR39.0-167.0]) and below (81.0 days [IQR 45.0-334.5]) 

the reference interval at recheck (U = 1,836.5, p = 0.41).  

At time of recheck, 133 (82.0%) cats had a TT4 concentration within the reference interval, 4 

(3.0%) cats had a TT4 concentration above the reference interval, and 25 (15.0%) cats had a 

TT4 concentration below the reference interval. The median duration from treatment to 

recheck was 135.0 days (IQR 108–184).  
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There were 41 cats with a follow up duration of 49-108 days, 80 cats with a follow up 

duration of 109-183 days and 41 cats with a follow up duration of 184-1261 days.  Of the 41 

cats reassessed at 49-108 days; seven cats had TT4 concentration below the reference interval 

and 33 cats had TT4 within the reference interval. One cat remained hyperthyroid. Of the 80 

cats reassessed at 109-183 days, 68 and 12cats had TT4 concentrations within and below the 

reference interval, respectively. One cat remained hyperthyroid.  Of the 40 cats reassessed at 

>184 days, 32 and six cats had TT4 concentrations within and below the reference interval, 

respectively, and two cats remained hyperthyroid. 

Overall, the median duration from treatment to recheck did not differ significantly 

between cats that had TT4 concentrations within and cats that had TT4 concentrations below 

the reference interval at recheck. Furthermore, age, sex, body weight, breed, TT4% above the 

upper reference limit at diagnosis and duration of anti-thyroid medication prior to radioiodine 

treatment did not differ between these two groups of cats (Table 5).   

When all cats were included, there was a statistically significant, but weak correlation 

between the TT4% at diagnosis and after treatment (r = 0.20, p = 0.01) (Figure 2). However, 

with exclusion of the cats that remained hyperthyroid after radioiodine treatment, the TT4% 

at diagnosis and after treatment were not significantly correlated (r = 0.09, p = 0.26). 

The TT4 concentration at diagnosis (expressed as TT4% above the upper limit of the 

reference interval) did not predict whether cats would have TT4 concentration below the 

lower limit of the reference interval at recheck (OR = 1.00, 95% CI 0.96-1.05, P = 0.93) 

(Figure 1).  The distribution of TT4% at the time of diagnosis in cats with and without low 

TT4 concentrations at recheck is shown in Figure 2.  
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Figure 1. Scatterplot depicting the relationship between TT4 concentration expressed as 

a percentage above or below the upper limit of the reference interval (TT4%) at 

diagnosis and at recheck 

Note: TT4% of 0 (at diagnosis or recheck) indicates the upper reference limit of the respective laboratory. Each 

dot represents an individual cat. 
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Figure 2. Distribution of TT4 concentrations at diagnosis expressed as percentage above 

the upper limit of the reference interval (TT4%) in cats with or without a TT4 

concentration below the reference interval (RI) at recheck 

Note: Data is shown as a box plot. The horizontal line depicts the range. The box and vertical line show 

interquartile range and median, respectively. Outliers are illustrated by asterisks. 

 

2.3.4. Renal parameters before and after radioiodine treatment 

At baseline, 140 of 162 (86.0%) cats had clinicopathologic data regarding their renal function 

available, including creatinine and USG. Eight of 140 (6.0%) cats had azotaemia with 

concurrent USG <1.035, consistent with IRIS stage II CKD. At the time of recheck, 

concurrent creatinine and USG measurements were available for 98 cats, of which 31 of 98 

(31.6%) had azotaemia with concurrent azotaemia. The creatinine concentrations were 

consistent with IRIS stage II CKD in 25 cats, consistent with IRIS stage III CKD in five cats 

and consistent with IRIS stage IV CKD in one cat. 

Seventeen of 25 (68%) cats with a TT4 concentration below the lower limit reference 

interval at recheck had both serum creatinine and USG documented. Nine (53.0%) of these 

cats had concurrent azotaemia with a USG of <1.035; the creatinine concentrations were 
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consistent with IRIS stage I and IV CKD for 1 cat each, 5 cats had creatinine concentration 

consistent with IRIS stage II CKD and 2 cats were classified as IRIS stage III.  

Eighty of 133 (60.0%) cats with a TT4 concentration within the reference interval had 

complete data regarding renal function at recheck. Twenty-three (28.8%) cats had concurrent 

azotaemia with a USG of <1.035, of which 20 had creatinine concentration consistent with 

IRIS stage II CKD and 3 cats with IRIS stage III CKD. 

Cats with a TT4 concentration below the lower limit of the reference interval after 

radioiodine treatment had a significantly higher median creatinine concentration at diagnosis 

and after treatment (U = 1,947.5, p = 0.03 and U = 1902.5, p = 0.03 respectively) than cats 

with TT4 concentrations within or above the reference interval (Table 5). The median USG 

was not significantly different between these groups at diagnosis (U = 1,080.0, p = 0.10). 

However, after treatment, USG was significantly lower in cats with TT4 concentrations 

below the lower limit of the reference interval than those with TT4 concentrations within 

reference interval (U = 474.0, p = 0.04). 
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Table 5. Selected clinicopathological data from cats with TT4 concentrations within or below the reference interval after radioiodine 

treatment 

 TT4 concentration within reference 

interval (n = 133) 

TT4 concentration below the reference 

interval (n = 25) 

  

 
n Median IQR n Median IQR 

U-

Statistic 
p-value 

TT4 percentage above reference 

interval at baseline 
133 86.0 32.5–150 25 66.7 37.2–123.3 1,577.0 0.69† 

Duration from diagnosis to I131 

treatment 
133 78.0 39.0–167.0 25 81.0 45.0–334.5 1,836.5 0.41† 

Duration of anti-thyroidal treatment 

prior to I131 (days) 
90 104.0 63.8–207.3 22 98.5 56.8–367.3 1,173.5 0.98† 

Duration from I131 treatment to 

recheck (days) 
133 132.0 109.0–182.5 25 144.0 106.0–184.0 1,703.0 0.85† 

Body weight at time of I131 

treatment (kg) 
132 4.3 3.73–5.09 25 4.6 3.7–5.4 1,787.0 0.51† 

Age (years) 132 12.8 11.0–14.2 25 13.0 11.5–14.6 1,820.5 0.42† 

Creatinine at diagnosis (µmol/L) 126 100.0 80.0–122.3 24 122.0 103.3–149.0 1,947.5 0.03† 

USG at diagnosis 120 1.045 1.038–1.050 23 1.040 1.026–1.050 1,080.0 0.10† 

Post-treatment creatinine (µmol/L) 123 139.0 120.0–170.0 24 164.5 132.3–207.5 1,902.5 0.03† 

Post-treatment USG 82 1.039 1.024–1.050 17 1.026 1.016–1.043 474.0 0.04† 

Note: †Mann–Whitney U-test 

Domestic breed refers to all non-purebred cats (domestic shorthair, domestic mediumhair and domestic longhair) 

I131, radioiodine; IQR, interquartile range; TT4, total thyroxine; USG, urine specific gravity 
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2.4. Discussion 

There is little recent information regarding treatment outcome of hyperthyroid cats after oral 

radioiodine treatment.  Hence, this study aimed to describe the proportion of cats that have 

TT4 concentrations within, above or below the upper and lower limits of the reference 

interval after receiving a fixed dose (approximately 138 MBq; 3.7 mCi) of oral radioiodine.  

Furthermore, we aimed to assess whether TT4 concentrations after treatment are dependent 

on the severity of hyperthyroidism (as assessed by TT4%) at diagnosis.  The TT4% at 

diagnosis and after treatment correlated weakly, due to the four cats that remained 

hyperthyroid at time of recheck. When only the cats with resolution of hyperthyroidism after 

radioiodine treatment were considered, i.e. those with TT4 within or below the reference 

interval at recheck, no relationship between pre- and post-treatment TT4 concentration was 

detected. In clinical practice, this indicates that the odds for a below reference interval TT4 

outcome does not depend on the pre-treatment TT4 concentration. That is, the odds are the 

same for cats with relatively low baseline TT4% increase to cats with relatively high baseline 

TT4 increase.   

The lack of relationship between pre- and post-treatment TT4 concentrations contrasts 

with existing studies using parenteral radioiodine therapy.72, 78, 94  Higher pre-treatment TT4 

concentrations have been found to correlate significantly with higher post-treatment TT4 

concentrations. In addition, it has been shown that the prevalence of overt or subclinical 

iatrogenic hypothyroidism following treatment of mildly to moderately hyperthyroid cats 

reduces when lower radioiodine doses are used78, 94 and this suggests that there is a 

correlation between severity of hyperthyroidism, radioiodine treatment dose and treatment 

outcome. 
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Veterinary studies that directly compare parenterally and orally administered 

radioiodine therapy with respect to doses required and outcome achieved are currently 

lacking. When humans were randomised to receive similar radioiodine doses either orally or 

intravenously, there was no difference in rates of resolution of hyperthyroidism. 

Unfortunately, the impact of the route of administration on the rate of iatrogenic 

hypothyroidism was not reported.148 It has been suggested within the veterinary literature that 

oral doses of radioiodine should be higher than parenteral doses to account for reduced 

bioavailability associated with oral administration.67 To date, there is a scarcity of published 

information regarding the bioavailability of radioiodine in cats. The absorption of iodine 

occurs primarily in the small intestine. In healthy humans, absorption is rapid and nearly 

complete in the fasted patient, with a baseline absorption fraction of 0.99.149 Absorption is 

slowed when iodide is ingested with food, but is virtually complete after 3 hours.150 It 

remains unclear to what extent absorption of oral radioiodine is affected by gastrointestinal 

transit time, blood flow and absorptive capacity. These factors are likely altered in feline 

hyperthyroidism and variability in absorbed dose may explain the observed lack of 

relationship between pre- and post-treatment TT4 concentrations. 72, 78, 94  

Importantly, results of this study do not support the concept that the radioiodine dose 

should be generally higher when it is administered orally. Indeed, the radioiodine dose used 

in this study is comparable to or lower than doses described in the literature for both 

parenteral and oral administration.63, 65, 73, 78, 95 The rate of resolution of hyperthyroidism was 

comparable between these studies, with persistent hyperthyroidism after radioiodine 

treatment reported in 1-4% of cases when assessed between one to three months post 

treatment. This study assessed cats over a wider time frame but found a similar rate of 

persistent hyperthyroidism (3%).  
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Hypothyroidism reduces glomerular filtration rate and may lead to renal azotaemia.81, 

85  Renal azotaemia that is associated with iatrogenic hypothyroidism reduces survival time in 

cats treated for hyperthyroidism.34  Therefore, it is paramount to find the appropriate dose of 

radioiodine that establishes euthyroidism but prevents hypothyroidism.  Reduced renal 

function before treatment may be associated with reduced renal excretion of radioiodine, 

therefore increasing its effective half-life.151 In our study, cats with TT4 concentrations below 

reference interval at recheck had significantly higher creatinine concentrations at diagnosis 

than cats with TT4 concentrations within the reference interval.  This may suggest that cats in 

the ‘low TT4 group’ had reduced renal function before radioiodine therapy and were 

therefore predisposed to the development of hypothyroidism post-treatment.151 Alternatively, 

there may have been a higher proportion of cats with non-thyroidal illness in this group. 

Unfortunately, we were not able to differentiate hypothyroidism from non-thyroidal illness 

because clinical signs, scintigraphic images of the thyroid or concurrent free T4 and TSH 

concentrations were inconsistently recorded. For these reasons, we were also unable to 

differentiate cats with overt hypothyroidism (defined as TT4 below the lower limit of the 

reference interval with concurrent TSH above the upper limit of the reference interval) and 

those with subclinical hypothyroidism (defined by a TT4 concentration within the low-

normal reference interval and TSH above the reference interval).80 

The overall prevalence of renal azotaemia after radioiodine treatment in this study 

(31.6%) is similar to those previously reported of 16-41%.78, 99, 141 Furthermore, 53% of cats 

with TT4 concentrations below the lower limit of the reference interval at recheck were 

azotaemic. This generally supports the findings of previous studies.58, 76, 81 However, in 

addition to the limitation of being unable to differentiate hypothyroid cats from those with 

non-thyroidal illness, the cross-sectional nature of the study means that cats were not 

followed over time. Thyroid function is known to change over time; transient iatrogenic 
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hypothyroidism may persist for 6-12 months19 and development of late-onset 

hypothyroidism is also possible.81, 152 Therefore, the results presented here may not reflect the 

long-term outcome of these cats and the proportion of cats with potentially reversible renal 

azotaemia remains uncertain. Further prospective studies are needed to evaluate these factors 

and to determine the optimal oral radioiodine dose for the current population of hyperthyroid 

cats.  

In the interest of obtaining a large study population, the study focused mainly on TT4 

concentrations; other parameters that may be used to assess severity or outcome, such as 

goitre size or clinical signs, were not thoroughly assessed. Such information was difficult to 

collate given the retrospective nature of this study. Goitre measurements and clinical signs 

are also subjective and affected by the palpation technique of the clinician and, to a lesser 

degree, inter-observer variability.153  

Another limitation of this retrospective study was the lack of uniformity in time 

intervals between diagnosis, radioiodine treatment and recheck. As a result of the wide 

variation in each of these time intervals for a relatively small study population, we could not 

adequately assess their impact on the relationship between pre- and post TT4 concentration. 

Prospective studies using consistent time frames from diagnosis to treatment and treatment to 

recheck would be better placed to assess the strength of the relationship between pre- and 

post-treatment TT4 concentrations.  

Furthermore, several laboratories that applied different methods and/or reference 

intervals for TT4 concentrations were used by the practices that monitored the study cats. To 

allow direct comparison of results retrospectively, the severity of hyperthyroidism was 

defined by the percentage TT4 above or below the reference interval, however such a 

comparison may still be problematic if laboratories use the same assay methodology different 

reference intervals to optimise test sensitivity and specificity.  
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Nearly half of the cats treated with radioiodine in the period of interest did not have 

TT4 concentrations available at recheck and were therefore excluded. Regular rechecks of 

clinical status, TT4 and renal parameters recommended to owners and vets at discharge from 

our institution. Thus, it is likely that recheck TT4 concentrations were not performed because 

vets or owners felt it would not change management or because there were financial 

constraints. Inclusion of all available cats may have revealed a relationship between pre- and 

post-treatment TT4 concentrations, particularly if the exclusion of cats resulted in a selection 

bias.  

This study finds no direct correlation between the TT4 concentration at the time of 

diagnosis and the TT4 concentration after treatment in cats receiving a mean fixed dose of 

132.6MBq (3.6mCi) of radioiodine orally.  These findings contrast with the outcomes of 

parenteral radioiodine treatment studies where a relationship between severity of 

hyperthyroidism, radioiodine dose and treatment outcome was inferred. The odds of having 

low TT4 concentrations after treatment did not increase with lower TT4 concentrations at 

diagnosis.  The study results therefore do not support a dose revision based on the severity of 

the increase in TT4 at the time of diagnosis of hyperthyroidism.  We suggest that 

extrapolation from conclusions established by studying a feline population that received 

radioiodine parenterally to a population treated with radioiodine orally should be approached 

with caution. 

TT4 concentrations below the lower limit of the reference interval were seen in 14.9% 

of the cats studied here and abnormalities in renal parameters were more common in these 

cats compared with cats that had TT4 concentrations within the reference interval.  This 

highlights that renal and thyroid parameters should be checked regularly after oral 

radioiodine therapy.  It is possible that many of the cats with TT4 concentrations below the 



 

50 

lower limit of the reference interval suffered from iatrogenic hypothyroidism.  Hence a 

reduction of the oral radioiodine dose may be indicated, although the optimal oral radioiodine 

dose is ideally determined during further pharmacological and prospective clinical studies.  
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Chapter 3. Symmetric dimethylarginine concentrations in 

hyperthyroid cats before and after oral fixed dose 

radioiodine treatment 

3.1. Aims and hypothesis  

This study aimed to measure SDMA concentrations in hyperthyroid cats receiving a fixed 

dose (138 MBq; 3.7 mCi) of oral radioiodine before and after treatment and to assess the 

SDMA concentration in relation to serum creatinine and TT4 concentrations at both time 

points.  

It was hypothesised that SDMA would increase significantly as hyperthyroidism 

resolves. SDMA and serum creatinine were expected to be significantly correlated only after 

hyperthyroidism resolved, leaving fewer extra-renal factors to affect serum creatinine. Where 

renal dysfunction was present in radioiodine-treated cats, SDMA was hypothesised to be 

elevated consistently, whereas this was not expected for serum creatinine due to the greater 

sensitivity of SDMA over serum creatinine in detecting renal dysfunction.  

3.2. Materials and methods  

3.2.1. Enrolment 

Client-owned cats with a confirmed diagnosis of hyperthyroidism deemed appropriate for 

treatment with a fixed (approximately 138Mbq) oral dose of radioiodine at the U-Vet 

Werribee Animal Hospital, were eligible for enrolment in this prospective cohort study. The 

enrolment period was from January 2017 to September 2018. All procedures included within 

the study were approved by the Animal Ethics Committee of the University of Melbourne 

(AEC application ID 1613858). 
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3.2.2. Inclusion criteria and exclusion criteria 

Cats were required to meet all the following criteria prior to enrolment: 

1. Diagnosis of hyperthyroidism based on previously documented supporting clinical 

signs (e.g. weight loss, polyphagia, polydipsia, palpably enlarged thyroid glands, 

change in behaviour, vomiting or diarrhoea) and serum TT4 concentration above the 

reference interval, a serum TT4 concentration within the high–normal reference 

interval with an elevated free thyroxine concentration or a definitive diagnosis based 

on thyroid scintigraphy.77 

2. At a minimum, serum creatinine, urea and USG were available for assessment of 

renal function. Cats had to fall into one of the following categories of renal health 

based on IRIS guidelines:144 

a)  No evidence of renal disease at the time of diagnosis and/or after medical 

control of hyperthyroidism 

b)  ≤ IRIS stage I CKD (serum creatinine <140 µmol/L) at the time of initial 

diagnosis of hyperthyroidism, before any anti-thyroid treatment is given  

c)  ≤ IRIS stage II CKD (140 µmol/L < serum creatinine ≤250 μmol/L) once 

hyperthyroidism has been controlled medically with an anti-thyroid drug for 

a minimum of 4 weeks. 

Cats with diseases that may co-occur with hyperthyroidism or CKD were enrolled provided 

these comorbidities were not likely to significantly affect the cats’ quality of life or life-span 

post-radioiodine treatment or could be controlled medically. In particular, cats with 

hypertension and cardiac murmurs were eligible for enrolment. Cats with any of the 

following criteria were excluded: 

1. Concomitant disease that may significantly affect survival time or quality of life 

following radioiodine treatment, as evidenced by the presence of clinical signs, 
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abnormal physical examination findings or previously documented 

clinicopathological parameters that could not be explained by hyperthyroidism or its 

medical treatment. 

2. Cats considered at risk of thyroid carcinoma based on historical, physical or 

diagnostic findings. In particular, cats that had severe or rapidly progressive 

hyperthyroidism, a poor response to prior thioureylene medical therapy, fixed or large 

(>2 cm in longest dimension) thyroid masses or scintigraphic findings suggestive of 

thyroid carcinoma.2  

3. Cats considered to have azotaemic renal disease based on IRIS guidelines,144 with the 

cut off dependent on hyperthyroid treatment history: 

a)  ≥ IRIS stage II CKD at the time of initial diagnosis of hyperthyroidism, 

before any thioureylene treatment is given 

b)  ≥ IRIS stage III CKD once hyperthyroidism is consistently controlled 

medically with a thioureylene drug for a minimum of 4 weeks.  

4. Treatment with a thioureylene in the last 7 days.  

5. Use of an iodine-restricted diet in the previous 4 weeks. 

3.2.3. Data and sample collection 

3.2.3.1. Clinical history collection 

At initial presentation (T0), the information collected about each cat included age, sex, neuter 

status and common clinical signs of hyperthyroidism. The cat’s medical history was reviewed 

to identify any exclusion criteria. Where owners reported clinical signs attributed to 

thyrotoxicosis, they were asked to rate the severity as mild, moderate or severe and this was 

recorded. If the cat had previously been on medical management for hyperthyroidism, the 

type, duration and date of discontinuation of treatment was recorded. 
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3.2.3.2. Physical examination and blood pressure measurements 

At the time of enrolment, all cats were physically examined by the primary clinician, who 

was either a resident or specialist in small animal internal medicine. The physical 

examination included collecting information on the suspected thyroid goitre (location, size 

and fixation), body weight, body condition score and muscle condition score. The body 

condition score was assigned using a validated 9-point system,154 while the muscle condition 

score was assigned using a 4-point system.155 Both values were assigned by the primary 

clinician after visual inspection and palpation of the fat and musculature as described by the 

established scoring systems. 

Blood pressure measurements were taken using Doppler sphygmomanometry.156 Cats 

were placed in a quiet consultation room and allowed to acclimatise for at least 15 minutes 

before blood pressure measurement. Gentle restraint was applied to hold cats in either sternal 

recumbency or in a sitting position with the forelimb or hind limb raised to the level of the 

heart so that blood pressure measurement could be performed from the distal limb. Six 

measurements were obtained, with the first measurement discarded and the subsequent five 

measurements averaged and interpreted according to IRIS guidelines.144 A fundic 

examination was performed on all cats using a light source and 20 diopter double aspheric 

indirect lens to assess for evidence of hypertensive retinopathy if the systolic blood pressure 

was >160 mmHg or if there was historical documentation of hypertension. The blood 

pressure measurements and fundic examination was aborted if the cat was aggressive or 

severely stressed when handled. Treatment and monitoring of confirmed hypertension 

followed IRIS guidelines.144  

3.2.3.3. Blood sample collection and analysis 

Within 24 hours before radioiodine treatment, 2.5 mL of blood was collected from each cat 

via jugular venipuncture and used to fill two haematocrit tubes before the remainder was 
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placed in a serum clot activator tube. Samples were collected in conscious cats or following 

sedation before radioiodine administration (see Section 2.2.6). Samples that were collected 

after sedation were flagged, and the type and amount of sedation used was recorded. All 

preparations and analysis of blood samples was performed by qualified laboratory technicians 

at the U-Vet Werribee Animal Hospital clinical pathology laboratory, with the exception of 

SDMA measurements, which were performed by the IDEXX reference laboratory (Mt 

Waverley, Victoria, Australia). 

Serum tubes were centrifuged within 1 hour of collection and serum separated for 

standard biochemistry analysis within 2 hours of collection at the U-Vet Werribee Animal 

Hospital clinical pathology laboratory, using the COBAS INTEGRA® 400 plus (Roche 

Diagnostics Ltd, Rotkreuz, Switzerland), with calibration and quality control performed 

following manufacturer guidelines (see Appendices 2 and 3). The creatinine assay used 

a standard kinetic colorimetric assay based on the Jaffé method (CREJ2, Roche Diagnostics 

Ltd, Rotkreuz, Switzerland), and the urea assay used a standard kinetic colorimetric assay 

based on urease and glutamate dehydrogenase (UREAL, Roche Diagnostics Ltd, Rotkreuz, 

Switzerland). The U-Vet Werribee Animal Hospital reference interval was 70–160 µmol/L 

for creatinine and 5.4–10.7 mmol/L for urea, both of which were previously established by 

transference validation.157 

The remaining serum was separated in 0.25 mL aliquots and stored at −80 °C until the 

paired 3 months post-treatment sample was acquired. At this time, the samples were thawed 

with one aliquot used to measure serum TT4 concentration on site at the U-Vet Werribee 

Animal Hospital clinical pathology laboratory using the Immulite 1000 XPI (Siemens, 

Victoria, Australia), with calibration and quality control performed following manufacturer 

guidelines (see Appendix 4). The TT4 assay was a solid-phase competitive 

chemiluminescence immunoassay that has been previously validated for use in cats (Canine 
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Total T4 assay, Siemens, Australia).158 The U-Vet Werribee Animal Hospital reference 

interval for the TT4 assay was 9.5–48 nmol/L was validated by method comparison to the 

solid-phase competitive chemiluminescence immunoassay (Canine Total T4 assay, Siemens, 

Australia).158, 159 The upper limit of the range of linearity of the assay has been determined to 

be 193nmol/L. If the TT4 concentration exceeded 193nmol/L, results were displayed as 

>193nmol/L (in 15 cats) or diluted to obtain a specific TT4 results (in 3 cats). 

The other aliquot was submitted to IDEXX laboratory (Victoria, Australia) for 

measurement of serum SDMA concentration using liquid chromatography on the Beckman 

and Coulter AU680 (Beckman and Coulter Pty Ltd, Victoria, Australia), with calibration and 

quality control performed following manufacturer guidelines.111 The IDEXX reference 

interval for SDMA was 0–14 µg/dL. 

3.2.3.4. Urine sample collection and analysis 

Within 24 hours before radioiodine therapy, a minimum of 2.5 mL of urine was collected as a 

voided sample or via cystocentesis. If cystocentesis was required because a voided sample 

could not be collected, the procedure was performed conscious in a tolerant cat, or following 

sedation before radioiodine administration.  

Urine samples were analysed by qualified laboratory technicians at the U-Vet 

Werribee Animal Hospital clinical pathology laboratory using refractometry to measure 

USG, and SIEMENS Multistix® reagent strips to semi-quantitatively measure glucose, 

bilirubin, ketone, blood, pH and protein concentrations in the urine sample.  

3.2.3.5. Classification of kidney dysfunction 

Renal azotaemia was defined as a serum creatinine concentration of ≥140 µmol/L or a serum 

SDMA concentration of >14 µg/dL with concurrent suboptimal urine concentration (i.e. USG 

<1.035).144, 160 The severity of kidney dysfunction was then separately stratified into CKD 

stages based on the creatinine and SDMA concentration according to the IRIS CKD staging 
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guidelines. The SDMA concentration is currently not used without a concurrent creatinine 

concentration and consideration of the body condition score according to the IRIS CKD 

staging guidelines. However, for the purpose of this study comparing CKD staging based on 

creatinine and SDMA concentrations individually, the SDMA cut-offs for staging have been 

taken directly from the guidelines without context of the concurrent creatinine concentration 

and body condition score (Appendix 1). Where urine concentration was ≥1.035, pre-renal 

azotaemia was defined as a serum creatinine concentration of ≥140 µmol/L or a serum 

SDMA concentration of >14µg/dL. Suspected IRIS stage I CKD was defined by a suboptimal 

urine concentration (USG <1.035), with a concurrent serum creatinine of <140 µmol/L or the 

serum SDMA concentration <14µg/dL.  

3.2.4. Radioiodine treatment 

Radioiodine capsules were ordered from Ansto (Lucas Heights, NSW 2230, Australia) on the 

day before oral administration. Capsules were 150 MBq at the time of calibration, with a 

predictable decay pattern expected to provide a dose of approximately 138 MBq at the time 

of administration. The dose of each capsule was assessed using a dose calibrator (Atomlab 

100 Plus Dose Calibrator, Biodex Medical Systems, New York, United States of America) at 

U-Vet Werribee Animal Hospital less than 60 minutes before administration to determine the 

actual dose administered and this was recorded for each cat. 

All cats were fasted and administered maropitant (Cerenia®, Zoetis Australia Pty Ltd, 

West Ryde, NSW, Australia) at 1 mg/kg subcutaneously in the evening before radioiodine 

treatment to minimise the occurrence of vomiting following capsule administration. 

Immediately before oral radioiodine treatment, cats were lightly sedated to enable safe and 

rapid deposition of the radioiodine capsule behind the tongue base using forceps. Swallowing 

function was maintained for the procedure. The predominant sedation used was a 50:50 v/v 

solution of ketamine 100 mg/mL (Ceva Animal Health Pty Ltd, Glenorie, NSW, Australia) 
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and diazepam 5 mg/mL (Troy Laboratories, Glendenning, NSW, Australia) administered 

intravenously to effect. The maximum dose administered was 25 mg for ketamine and 1.25 

mg for diazepam. If the cat was fractious and an intravenous injection was unable to be 

administered, or if there were contraindications for the use of ketamine or diazepam, 

intramuscular administration of a combination of midazolam 0.2 mg/kg (Hypnovel, Roche 

Products Pty Ltd, Hawthorn, VIC, Australia), butorphanol 0.2 mg/kg (Butorphanol, 

Ausrichter Pty Ltd, Camperdown, NSW, Australia) and alfaxalone 2 mg/kg (Alfaxan, Jurox 

Pty Ltd, Rutherford, NSW, Australia); or a combination of medetomidine 5 µg/kg 

(Medetomidine, Troy Laboratories Pty Ltd, Glendenning, NSW, Australia) and butorphanol 

0.2 mg/kg was used. After oral administration of the radioiodine capsule, 5 mL of tap water 

was given orally by syringe to ensure swallowing and complete oesophageal transit of the 

capsule. A Geiger counter (RAM GENE-1F radiation contamination meter, Rotem Radiation, 

Arava, Israel) was used to ensure the approximate location of the capsule in the stomach 

based on level of ionising radiation emitted from this region. After administration of the 

capsule, cats were housed in the radioiodine isolation ward of the U-Vet Werribee Animal 

Hospital for a minimum of 7 days. Cats were deemed safe for discharge when their level of 

radiation, measured with a Geiger counter, had decayed to ≤20 µSv/hr biological exposure at 

a distance of 1 m. 

3.2.5. Recheck of treated cats 

The owners of the enrolled cats were contacted three months (T1) from the time of 

radioiodine treatment to arrange for post-treatment recheck examination and sampling. This 

duration from time of treatment was chosen to allow for an approximation of the final 

treatment outcome for most cats.62, 152, 71 If owners were unable to be contacted at this time, 

monthly attempts to contact the owners were made up to one week before the study end date 

(September 2018). Contact was attempted until a follow-up appointment could be arranged, 
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until the owners declined a follow-up assessment at U-Vet Werribee Animal Hospital or until 

the study ended. At T1, the historical, clinical and clinicopathological assessments described 

in Section 3.2.3 were repeated. The blood and urine samples were processed as described in 

Sections 3.2.3.3 and 3.2.3.4, respectively. After processing, the T1 serum sample was stored 

at 4 °C for up to 4 days because serum TT4 measurements were performed in batches on 

Tuesdays and Fridays.  

3.2.6. Statistical analysis 

Data analysis support for the study was obtained from the Statistical Consulting Centre at the 

University of Melbourne. All statistical analyses were performed using Minitab version 18 

(Minitab LLC, State College, PA, United States).  

Sample size calculation was used to determine the number of cats needed to identify a 

difference in the classification of renal dysfunction between SDMA and serum creatinine post 

radioiodine treatment. Information published by IDEXX Australia at the time was used for 

this analysis (Appendix 5). The McNemar test was used to detect an effect size of 15%, using 

power and alpha-error set to 80% and 0.5%, respectively.  

Continuous variables were assessed for normality by visual inspection of graphical 

plots. Results were reported as median with the interquartile range (IQR) where data was not 

consistent with a normal distribution, and as mean with the standard deviation where data 

was. Paired t-tests were used for the comparison of the means of continuous variables (e.g. 

serum urea, creatinine, SDMA, TT4 and USG) at T0 and T1. Correlations between TT4, 

SDMA and creatinine at T0 and T1 were estimated using the Pearson correlation coefficient. 

Where the precise value of the TT4 concentration was not known because they were above 

the upper reference interval of 193nmol/L, the value of 193nmol/L was used in determining 

the Pearson correlation coefficient.  
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Outliers were defined as being three or more standard deviations from the mean. 

When outliers were detected, sensitivity analyses were conducted to investigate the influence 

of the outliers on the relationships between the variables. To assess the agreement between 

serum SDMA and creatinine regarding categorisation of IRIS CKD staging, the Goodman 

and Kruskal’s gamma statistic was used as a measure of concordance for ordinal categories. 

For all analyses, statistical significance was defined as p < 0.05 and all statistical tests were 

two-tailed. 

3.3. Results 

Based on sample size calculations, at least 76 cats needed to be included in the study to have 

sufficient power to detect a difference identifying CKD between SDMA and serum creatinine 

at T1. During the period of inclusion, 108 cats treated with fixed dose radioiodine were 

enrolled with owner consent. The mean calibrated dose of oral radioiodine used was 131.6 

MBq (standard deviation 5.0). A total of 28 (26%) cats did not complete the study or were 

excluded: owners of 16 cats declined follow-up examinations at U-Vet Werribee Animal 

Hospital due to travel distance, owners of 11 cats could not be contacted and one cat was 

diagnosed with large cell gastrointestinal lymphoma before T1. A total of 80 (74%) cats 

returned for their T1 evaluation and were included in the study.  

3.3.1. Signalment of the sample population 

The sample of cats consisted of 70 domestic shorthair cats, five domestic medium or longhair 

cats, two Ragdolls and one each of Tonkinese and Burmese breeds. There were 47 (59%)  

female neutered and 33 (41%) male neutered cats. The median age of the population was 12.9 

years (IQR 10.6–15.1). 
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3.3.2. Clinical data before and after radioiodine treatment 

The median duration from time of diagnosis of hyperthyroidism to radioiodine treatment was 

69 days (IQR 37.3–161.8). Fifty-two (65%) cats had received treatment with anti-thyroidal 

medication for a median time of 35 days (IQR 0–93). One cat was treated with an iodine-

restricted diet (Hill’s Y/DTM) for 939 days.  

The most common clinical signs of hyperthyroidism at T0 and T1 are outlined in 

Table 6. At T1, the median weight change was a gain of 0.5 kg (IQR 0.1–0.8), but 10 (12%) 

cats lost weight between T0 and T1. All 10 of these cats had resolution of hyperthyroidism: 

nine were euthyroid and one had a TT4 concentration below the reference interval. The 

severity of polyphagia improved from severe to moderate or mild in seven of 11 (64%) cats. 

Three cats continued to be mildly polyphagic, and in one cat polyphagia was a new finding. 

Vomiting was persistent in seven cats, unchanged in four cats, improved in two cats and 

worsened in one cat. Hyporexia resolved in 10 of 11 (91%) cats and was reported as a new 

clinical sign in six cats. Polyuria or polydipsia was persistent in seven of 55 (13%) cats and 

had developed since T0 in four of 25 (16%) cats. Twelve (15%) cats were perceived to be 

lethargic at T1; eight of these cats were not considered to be lethargic at T0. Mild intermittent 

diarrhoea, increased activity and weakness were reported as new clinical signs in one cat 

each. Intermittent tachypnoea was unchanged in one cat and reported as a new clinical sign in 

one cat at T1. At T0, overgrooming and hair loss was noted in two cats and aggression and 

erratic behaviour were reported in one cat each. At T1, one cat was reported to have increased 

aggression. 

 

Table 6. Common clinical signs attributable to hyperthyroidism before (T0) and after 

(T1) radioiodine treatment 

 T0 T1 

Clinical sign N (%) Total N (%); 
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N as new finding 

Weight loss 75 (94) 10 (12); 0 

Polyphagia 55 (69) 11 (14); 1 

Cardiac murmur or gallop rhythm 50 (63) 9 (11); 1 

Vomiting 40 (50) 7 (9); 0 

Polyuria and polydipsia 37 (46) 11 (14); 4 

Hyperactivity 33 (41) 1 (1); 1 

Tachypnoea or open-mouth 

breathing 
23 (29) 2 (3); 1 

Hyporexia 11 (14) 1 (1); 1 

Diarrhoea 12 (15) 1 (1); 1 

Lethargy or hiding 15 (19) 12 (15); 8 

Generalised weakness 7 (9) 1 (1); 1 

 

 

Table 7. Mean body weight, body condition score, muscle condition score and systolic 

blood pressure in hyperthyroid cats before and after radioiodine treatment 

 Before treatment  

Mean (SD) * 

Median (IQR)† 

After treatment  

Mean (SD)* 

Median (IQR)† 

p-value 

Body weight (kg) 4.2 (1.1)* 4.7 (1.2)* <0.001‡ 

Body condition score (out of 9) 4.0 (3-5)†  5.0 (4-5)† <0.001§ 

Muscle condition score (out of 4) 3 (2-3)† 4 (3-4)† <0.001§ 

Blood pressure (mmHg) 174.8 (37.0)* 162.0 (31.4)* <0.001‡ 

Note: SD, standard deviation; IQR, interquartile range; ‡Paired t-test; §Mann-Whitney U test 

 

The mean body weight, body condition score and muscle condition score increased and the 

mean systolic blood pressure decreased significantly after treatment (Table 7). At T0, 26 

(33%) cats received sedation before urine and blood sampling, of which 17 cats received a 

ketamine and diazepam combination; six cats received a butorphanol, midazolam and 

alfaxalone combination; and three cats received a medetomidine, butorphanol and alfaxalone 

combination. At T1, sedation was used in three cats: two receiving a ketamine-midazolam 

combination and one receiving medetomidine alone.  
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3.3.3. Evaluation of total thyroxine before and after radioiodine treatment 

At T0, the median TT4 was 111.5 nmol/L (IQR 81.0–150.0) The median duration from 

radioiodine treatment to T1 was 108 days (IQR 99.0–133.0). At T1, the medianTT4 

concentration was 18.9 nmol/L (IQR 12.7–23.8); 66 (83%) cats had a TT4 concentration 

within the reference interval, two (2%) cats remained persistently hyperthyroid and 12 (15%) 

cats had a TT4 concentration below the reference interval.  

3.3.4. Renal clinicopathological parameters before and after radioiodine 

treatment 

Serum SDMA concentrations were not available on six occasions (three each at T0 and T1) 

due to leakage of sample during transit to the IDEXX laboratory. The USG could not be 

measured in four cats at T1 due to inability to obtain a sample (empty urinary bladder).   

SDMA increased in 52 of 74 (70%) cats, decreased in 22 (29%) cats and was the 

same in two (2%) cats from T0 to T1 (Figure 3). Serum creatinine increased in 78 of 80 

(98%) cats, decreased in one (1%) cat and was unchanged in one (1%) cat from T0 to T1 

(Figure 4). USG decreased in 49 of 76 (64%) cats, increased in 19 (25%) cats and was 

unchanged in 8 (11%) cats from T0 from T1 (Figure 5). At T0, 19 of 80 (24%) cats had USG 

<1.035, of which one (1%) was considered to have renal azotaemia. At T1, 37 of 76 (49%) 

cats had USG <1.035, of which 26 (34%) were considered to have renal azotaemia. 
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Figure 3. Serum symmetric dimethylarginine of 75 cats before and after radioiodine 

treatment 

Note: SDMA, symmetric dimethylarginine; T0, before treatment; T1, after treatment. The dotted line represents 

the upper limit of the SDMA reference interval. To optimise the scale of this graph, two cats with outlier values 

were excluded. The SDMA concentration of the first outlier was 49.4 µg/dL (T0) and 13.0 µg/dL (T1), while 

the SDMA concentration of the second outlier was 47.0 µg/dL (T0) and 118.0 µg/dL (T1). 
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Figure 4. Serum creatinine of 80 cats before and after radioiodine treatment 

Note: T0, before treatment; T1, after treatment. The dotted line represents the upper limit creatinine cut-off 

value for renal azotaemia according to International Renal Interest Society guidelines. 
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Figure 5. Urine specific gravity in 76 before and after radioiodine treatment 

Note: T0, before treatment; T1, after treatment. The dotted line represents the lower cut-off for adequate urine 

concentration. 

 

Table 8. Clinicopathologic data of study cats before and after radioiodine treatment 

 Before treatment After treatment 
p-value* 

N Mean (SD) N Mean (SD) 

PCV (%) 80 36.4 (4.7) 80 33.7 (4.1) <0.001 

TP (g/dL) 80 68.9 (5.5) 80 74.6 (5.3) <0.001 

Serum TT4 (nmol/L) 80 135.0 (57.2) 80 21.0 (17.4) <0.001 

Serum creatinine 

(µmol/L)  
80 83.0 (29.1) 80 142.7 (37.4) <0.001 

Serum urea (mmol/L) 80 8.4 (2.5) 80 10.5 (3.0) <0.001 

Serum SDMA (µg/dL) 75 13.1 (7.2) 75 15.9 (12.5) 0.019 

Urine specific gravity 76 1.041 (0.010) 76 1.034 (0.014) <0.001 

Note: *Paired t-test; PCV, packed cell volume; TP, total protein; SDMA, symmetric dimethylarginine; TT4, 

total thyroxine; T0, before treatment; T1, after treatment 
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Compared with T0, the mean of serum creatinine, urea and SDMA increased significantly, 

while the mean of serum TT4 and USG decreased significantly in the total sample at T1 

(Table 8). Similarly, when only cats with TT4 concentrations within the reference interval at 

T1 were considered, the mean of serum creatinine, urea and SDMA concentrations increased 

significantly from T0 to T1, while the mean USG decreased significantly from T0 to T1 

(Table 9). In this subgroup of cats, 32 of 62 (51%) had suboptimal urine concentration at T1, 

of which 21 (34%) were considered to have renal azotaemia based on the serum creatinine 

concentration and USG. Pre-existing suboptimal USG was documented in 15 (47%) of these 

32 cats at T0. 

 

Table 9. Clinicopathologic data before and after radioiodine treatment in cats with a 

total thyroxine concentration within the reference interval after treatment 

 
Before treatment After treatment 

p-value* 
N Mean (SD) N Mean (SD) 

PCV (%) 66 36.4 (4.3) 66 34.1 (0.0) <0.001 

TP (g/dL) 66 68.5 (5.6) 66 73.9 (5.0) <0.001 

Serum TT4 (nmol/L) 66 137.8 (55.3) 66 20.5 (6.6) <0.001 

Serum creatinine 

(µmol/L)  
66 83.5 (29.8) 66 141.3 (35.3) <0.001 

Serum urea (mmol/L) 66 8.5 (2.6) 66 10.2 (2.6) <0.001 

Serum SDMA (µg/dL) 63 12.7 (5.9) 63 16.5 (5) 0.002 

Urine specific gravity 62 1.041 (0.010) 62 1.033 (0.014) <0.001 

Note: *Paired t-test; SD, standard deviation; PCV, packed cell volume; TP, total protein; T0, before treatment; 

T1, after treatment 

 

In the 12 cats with a TT4 concentration below the reference interval at T1, mean serum 

SDMA concentrations were not significantly different between T0 and T1. Similar to the total 

cat population and cats with a TT4 within the reference interval, the means for serum 

creatinine and urea increased while the mean USG decreased significantly from T0 to T1 

(Table 10). Five of 12 (42%) cats were considered to have renal azotaemia based on the 
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serum creatinine concentration and USG at T1, of which sub-optimal USG was pre-existing 

in two of five (40%) cats. In all three subgroups, the packed cell volume decreased and the 

total protein increased significantly from T0 to T1. 

 

Table 10. Clinicopathologic data before and after radioiodine treatment in cats with a 

total thyroxine concentration below the reference interval after treatment 

 Before treatment After treatment 
p-value* 

N Mean (SD) N Mean (SD) 

PCV (%) 12 36.6 (6.9) 12 31.7 (4.9) 0.005 

TP (g/dL) 12 70.9 (5.3) 12 79.0 (5.2) 0.001 

Serum TT4 (nmol/L) 12 119.8 (71.0) 12 7.1 (0.9) <0.001 

Serum creatinine 

(µmol/L)  
12 84.5 (26.9) 12 158.7 (42.7) <0.001 

Serum urea (mmol/L) 12 8.5 (2.4) 12 12.8 (4.2) <0.001 

Serum SDMA (µg/dL) 10 16.0 (13.10) 10 12.30 (3.9) 0.362 

Urine specific gravity 12 1.040 (0.009) 12 1.033 (0.013) 0.039 

Note: *Paired t-test; SD, standard deviation; PCV, packed cell volume; TP, total protein; T0, before treatment; 

T1, after treatment 

 

3.3.5. Categorisation of renal dysfunction by symmetric dimethylarginine or 

creatinine before and after radioiodine treatment 

At T0, 77 of 80 cats (96%) had complete renal clinicopathological information including 

serum SDMA, serum creatinine and USG (Table 11). Of the three cats with missing SDMA 

concentration one had USG ≥1.035 and two had USG <1.035. The latter were classified as 

having IRIS stage II CKD based on serum creatinine. Of the 77 cats with complete data, 60 

had USG ≥1.035. A concurrent elevation of SDMA or creatinine was classified as pre-renal 

in origin. In this group, 10 of 60 cats (17%) had SDMA concentrations above the reference 

value, and two of 60 cats (3%) had serum creatinine concentrations above the IRIS cut-off for 

azotaemia. There was no statistically significant correlation between SDMA and creatinine 

among cats that had USG ≥1.035 at T0 (r = 0.12, p = 0.93; Figure 6).  
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Seventeen of the 77 cats with complete renal clinicopathologic information had USG 

<1.035 at T0. Based on the serum creatinine concentration, 16 of 17 (94%) cats were 

classified with suspected IRIS stage I CKD and one (6%) cat with suspected IRIS stage II 

CKD. Based on the serum SDMA concentration, seven of 17 (41%) cats were classified with  

suspected IRIS stage I CKD, eight of 17 (47%) cats were classified with IRIS stage II CKD 

and two of 17 (47%) cats and with IRIS stage IV CKD (Table 11). 

Serum SDMA and serum creatinine agreed on the IRIS CKD staging of eight of 17 

(47%) cats; seven with suspected stage I CKD, and one with stage II CKD. Serum SDMA 

classified 10 cats as having stage II CKD or higher, while creatinine only staged one cat as 

having stage II CKD and none with higher stages of CKD. The number of cats with 

suboptimal urine concentration was not large enough to perform any formal statistical testing 

to assess concordance of categorisation of IRIS staging between SDMA and serum creatinine 

concentration. 

 

Table 11. International Renal Interest Society chronic kidney disease staging before 

radioiodine treatment using serum creatinine and symmetric dimethylarginine  

IRIS CKD stage 
Based on serum creatinine 

0 1 2 Total 

B
as

ed
 o

n
 s

er
u
m

 S
D

M
A

 0 60   60 

1  7 0 7 

2  7 1 8 

4  2 0 2 

Missing 1 2 0 3 

Total 61 18 1 80 

Note: CKD, chronic kidney disease SDMA; symmetric dimethylarginine. International Renal Interest Society 

CKD staging (0–4) according to the serum creatinine (columns) and serum SDMA (rows) concentrations. The 

allocation of suspected stage 0 is given to cats with adequate urine concentration (urine specific gravity ≥1.035) 

and deemed to have adequate renal function. The allocation of suspected stage 1 is given to cats with urine 

specific gravity <1.035, but with creatinine <140µmol/L and/or SDMA <14µg/dL. Bolded numbers indicate 

agreement between serum creatinine and SDMA. 
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Figure 6. Correlation between serum creatinine and symmetric dimethylarginine in 60 

cats with a urine specific gravity of ≥1.035 before radioiodine treatment 

Note: SDMA, symmetric dimethylarginine. Scatter plot comparing serum creatinine and SDMA concentration 

in 60 cats at before treatment, with each dot representing one cat. The solid line represents the line of best fit. 

The dotted lines represent the upper limit creatinine cut-off value for renal azotaemia according to International 

Renal Interest Society guidelines and the upper limit of the SDMA reference interval. 

 

 

At T1, 75 of 80 (93%) cats had complete renal clinicopathological information including 

serum SDMA, serum creatinine concentrations and USG. As mentioned previously, three cats 

had no serum SDMA concentration measured and four cats had no USG measured; these 

were recorded as missing values in Table 12. Of the cats with missing SDMA, one had USG 

≥1.035, one had USG <1.035 and one had no USG measured.  

Of the cats with complete data, 38 of 75 (51%) had USG ≥1.035. In this group, 13 of 

38 (34%) cats had SDMA concentrations above the reference value, and 11 of 39 (28%) cats 

had serum creatinine concentrations above the IRIS cut-off for azotaemia (≥140 µmol/L). 

There was a moderate and statistically significant correlation between SDMA and serum 
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creatinine among cats with USG ≥1.035 after radioiodine treatment (r = 0.340, p = 0.01; 

Figure 7).  

Thirty-seven of 76 (49%) cats had USG <1.035 at T1. Based on the serum creatinine 

concentration, 11 of 37 (27%) cats were classified as having suspected stage I CKD, while 26 

of 37 (70%) cats were classified as having suspected IRIS stage II CKD. Based on serum 

SDMA concentrations, 14 of 36 (39%) cats had suspected stage I CKD, 20 of 36 (56%) cats 

had suspected stage II CKD, one (3%) cat had suspected stage III CKD and one (3%) cat had 

suspected IRIS stage IV CKD. Serum SDMA and serum creatinine agreed on the IRIS CKD 

staging of 22 of 36 (61%) cats, six with suspected stage I CKD and 16 with stage II CKD. 

Serum SDMA classified 22 cats as having stage II CKD or higher, while creatinine classified 

26 cats as having stage II CKD and none with higher stages of CKD (Table 12). 

Overall, there was poor agreement of the IRIS stages when CKD was classified based 

on either SDMA or serum creatinine concentrations alone at T1; the Goodman and Kruskal’s 

Gamma correlation value was 0.30 and did not achieve statistical significance (p = 0.17). 
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Table 12.  International Renal Interest Society chronic kidney disease staging after 

radioiodine treatment using serum creatinine and symmetric dimethylarginine  

 

 

 

 

 

 

 

 

 

Note: CKD, chronic kidney disease SDMA; symmetric dimethylarginine. International Renal Interest Society 

CKD staging (0–4) according to the serum creatinine (columns) and serum SDMA (rows) concentrations. The 

allocation of suspected stage 0 is given to cats with adequate urine concentration (urine specific gravity ≥1.035) 

and deemed to have adequate renal function. The allocation of suspected stage 1 is given to cats with urine 

specific gravity <1.035, but with creatinine <140µmol/L and/or SDMA <14µg/dL. Bolded numbers indicate 

agreement between serum creatinine and SDMA. 

. 

   

IRIS CKD stage 
Based on serum creatinine 

0 1 2 Missing  Total 

B
a
se

d
 o

n
 s

er
u

m
 S

D
M

A
 

0 38    38 

1  6 8 0 14 

2  4 16 0 20 

3  0 1 0 1 

4  1 0 0 1 

Missing  1 0 1 4 6 

Total 39 11 26 4 80 
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Figure 7. Correlation between serum creatinine and symmetric dimethylarginine in 38 

cats with urine specific gravity ≥1.035 after radioiodine treatment 

Note: SDMA, symmetric dimethylarginine. Scatter plot comparing serum creatinine and SDMA concentrations 

in 38 cats, with each dot representing one cat after treatment. The solid line represents the line of best fit. The 

dotted lines represent the upper limit creatinine cut-off value for renal azotaemia according to International 

Renal Interest Society guidelines and the upper limit of the SDMA reference interval. 

 

 

3.3.6. Correlation between serum symmetric dimethylarginine and creatinine 

before and after radioiodine treatment 

The correlation between SDMA and creatinine at T0 and T1 was assessed in 77 cats. There 

was no statistically significant correlation between serum SDMA and creatinine at T0 (r = 

0.137, p = 0.23) when the total sample was analysed (Figure 8). Two cats were identified as 

outliers based on their SDMA concentrations at T0, which were approximately five standard 

deviations above the mean SDMA concentration. Both cats were classified as potentially 

having suspected IRIS stage I CKD based on their serum creatinine concentration and USG at 

T0. When these outliers were removed, there was minimal change to the correlation between 

SDMA and creatinine at T0 (r = 0.140, p = 0.23).  
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There was also no statistically significant correlation between serum SDMA and 

creatinine at T1 (r = 0.138, p = 0.23) when the total sample was analysed (Figure 9). One cat 

was identified as outlier, having a SDMA concentration of 118 µg/dL, which was 

approximately eight standard deviations above the mean SDMA concentration. This cat was 

also classified as an outlier at T0. The cat’s SDMA concentration had increased further at T1, 

while it remained classified as suspected IRIS stage I CKD based on serum creatinine 

concentration and USG. The cat had a TT4 concentration within the reference interval at T1. 

When this outlier cat was removed from the data, a moderate correlation between serum 

SDMA and creatinine concentration was seen; (r = 0.523, p < 0.001; Figure 10). 

 
Figure 8. Correlation between serum creatinine and symmetric dimethylarginine in 77 

cats before radioiodine treatment.  

Note: SDMA, symmetric dimethylarginine. Scatter plot comparing serum creatinine and SDMA concentrations 

in 77 cats before treatment. Each dot represents one cat and the triangles mark the outlier cats. The solid line 

represents the line of best fit.  
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Figure 9. Correlation between serum creatinine and symmetric dimethylarginine in 77 

after radioiodine treatment 

Note: SDMA, symmetric dimethylarginine. Scatter plot comparing serum creatinine and SDMA concentrations 

in 77 cats before treatment. Each dot represents one cat and the triangle marks the outlier. The solid line 

represents the line of best fit. 
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Figure 10. Correlation between serum creatinine and symmetric dimethylarginine in 76 

cats after radioiodine treatment, excluding the outlier 

Note: SDMA, symmetric dimethylarginine. Scatter plot comparing serum creatinine and SDMA concentrations 

in 76 cats after treatment. Each dot represents one cat and the outlier has been excluded. The solid line 

represents the line of best fit. 

 

3.3.7. The relationship between symmetric dimethylarginine, creatinine and 

total thyroxine concentration  

The relationship between SDMA and TT4, and serum creatinine and TT4 at T0 and T1 was 

assessed in 77 and 80 cats, respectively. 

There was no correlation between SDMA and TT4 concentrations at T0 (r = 0.172, p 

= 0.14) and T1 (r = 0.011; p = 0.92); Figures 11 and 12 respectively. Two outliers were 

identified in the SDMA data at T0 and one outlier was identified at T1, as described in 

Section 3.3.6. The correlation between SDMA and TT4 did not change significantly when 

these outliers were excluded at T0 (r = 0.035, p = 0.77) and T1 (r = 0.017; p = 0.88).  
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There was a weak correlation between serum creatinine and TT4 concentrations 

before (r = 0.324, p = 0.003) and after (r = 0.298, p = 0.007) radioiodine treatment; 

Figures 13 and 14, respectively.   

Two cats that remained hyperthyroid were identified as outliers because both were 

more than five standard deviations above the mean TT4 concentration at T1. Upon their 

exclusion, the correlation between SDMA and TT4 did not change significantly at T1 (r = 

0.011; p = 0.93); however, the correlation between TT4 and serum creatinine reduced slightly 

when these outliers were excluded (r = 0.243; p = 0.03; Figure 15). 

 

 

Figure 11. Correlation between serum total thyroxine and symmetric dimethylarginine 

in 77 cats before radioiodine treatment 

Note: SDMA, symmetric dimethylarginine; TT4, total thyroxine. Scatter plot comparing serum TT4 and SDMA 

concentrations in 77 cats before treatment. Each dot represents one cat and the triangles mark the outlier cats. 

The solid line represents the line of best fit. 
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Figure 12. Correlation between serum total thyroxine and symmetric dimethylarginine 

in 77 cats after radioiodine treatment 

Note: SDMA, symmetric dimethylarginine; TT4, total thyroxine. Scatter plot comparing serum TT4 and SDMA 

concentrations in 77 cats after treatment. Each dot represents one cat and the triangle marks the outlier cat. The 

solid line represents the line of best fit. 
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Figure 13. Correlation between serum total thyroxine and creatinine in 80 cats before 

radioiodine treatment 

Note: TT4, total thyroxine. Scatter plot comparing serum TT4 and creatinine concentrations in 80 cats before 

treatment. Each dot represents one cat. The solid line represents the line of best fit. 
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Figure 14. Correlation between serum total thyroxine and creatinine in 80 cats after 

radioiodine treatment 

Note: TT4, total thyroxine. Scatter plot comparing serum TT4 and creatinine concentrations in 80 cats after 

treatment. Each dot represents one cat and the triangles mark the outlier cats. The solid line represents the line of 

best fit. 
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Figure 15. Correlation between serum total thyroxine and creatinine in 78 cats after 

radioiodine treatment, excluding the outliers 

Note: TT4, total thyroxine. Scatter plot comparing serum TT4 and creatinine concentrations in 78 cats after 

treatment. Each dot represents one cat and the outliers have been excluded. The solid line represents the line of 

best fit. 

 

3.4. Discussion 

This is the first study to assess the change in serum SDMA that occurs in hyperthyroid cats 

before and after an oral fixed dose of radioiodine. Consistent with the study hypothesis, mean 

SDMA concentration increased significantly as hyperthyroidism resolved. This is likely 

because SDMA correlates with GFR,110, 111 and an increase in SDMA after treatment in most 

cats is likely a reflection of a decrease in GFR because the effects of hyperthyroidism on 

renal perfusion resolve. The significant decrease in USG observed after radioiodine treatment 

in cats with TT4 concentration within and below the reference interval would support this 

supposition.  However, it must be noted that SDMA did not increase in each cat, even though 

previous studies report that GFR consistently declines as hyperthyroidism resolves.99-101 
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Overall, SDMA decreased in 22 (29%) cats at T1 compared with T0, and of these, six cats 

had concurrent TT4 concentrations below the reference interval at T1. In these cats, the 

concurrent decrease of SDMA is particularly surprising because several of these cats may 

have been hypothyroid and GFR is expected to decline in hypothyroidism.161 The mean 

SDMA concentration did not change significantly between T0 and T1 when all cats that had 

TT4 concentrations below the reference interval at T1 were evaluated, although the size of 

this subgroup was small. 

IRIS CKD staging defined by SDMA did not agree with staging based on serum 

creatinine. At T0, discordances were due to SDMA classifying cats into higher IRIS stages 

compared with the serum creatinine classification, suggesting a higher sensitivity of SDMA 

for detecting renal dysfunction.141 However, at T1, SDMA classified cats into both higher and 

lower IRIS stages than the serum creatinine classification. This was inconsistent with the 

hypothesis that SDMA concentrations would be consistently elevated in cats with renal 

dysfunction after treatment with radioiodine. This finding supports the notion that SDMA is 

affected by extra-renal factors in hyperthyroid cats. Similar findings were reported by 

Buresova et al. (2019), who showed that SDMA and GFR poorly correlate at any time point 

and proposed that SDMA concentrations in hyperthyroid cats may not just be affected by 

renal hyperfiltration, but also affected by alterations in protein metabolism and potential 

alterations in hepatic clearance of SDMA.142 Thyroid status, renal function and SDMA 

appear to have a complex interplay because correlations between TT4 and SDMA are also 

weak.141, 142 Genetic variation could also contribute to inter-individual variability in SDMA 

metabolism. In people, a genetic variant of the AGXT2 gene has been linked to enhanced 

SDMA metabolism in vitro. Whether genetic variation plays a role in the metabolism of 

feline SDMA remains to be studied.162 
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In contrast to SDMA, serum creatinine increased in all but two cats at T1 compared 

with T0, and a weak negative correlation between TT4 and serum creatinine was seen at both 

time points. This is supportive of the findings from earlier studies,141, 142 although it is a 

caveat of the current study that the precise value of the TT4 concentration was not known for 

all TT4 concentrations above the upper reference range of 193nmol/L at T0, which may have 

confounded assessment of the relationship between the renal parameters and TT4 

concentration at this time point.  Taken together, the results of this study and the conclusions 

from Buresova et al. (2019) suggest that SDMA lacks specificity for detecting renal 

dysfunction in hyperthyroid cats.142
 This is contrary to the findings of Peterson et al. (2018) 

who reported a specificity of 97.7% for detecting masked CKD in untreated hyperthyroid 

cats.141  

As hypothesised, SDMA and serum creatinine did not correlate before radioiodine 

treatment but a moderate correlation was seen following treatment. Similar findings were 

made by Peterson et al. (2018).141 SDMA and creatinine have been shown to correlate well in 

cats that are not affected by hyperthyroidism.111 However, hyperthyroidism causes protein 

catabolism, therefore resulting in a reduction of muscle mass and creatinine production.46 97 

Subsequently, creatinine may not accurately reflect GFR in hyperthyroid cats, and this may 

partly explain the lack of correlation between SDMA and serum creatinine at T0. As 

hyperthyroidism resolves, muscle condition improves and creatinine concentrations increases. 

The correlation between SDMA and serum creatinine improves as both parameters become 

more reliable predictors of GFR.111, 141 Nonetheless, the correlation between SDMA and 

serum creatinine was only moderate at T1, suggesting that other extra-renal factors affect 

both serum creatinine and SDMA. 

Further research is needed to establish the relationship between thyroid status, renal 

function and SDMA. In particular, SDMA concentrations in cats that have TT4 
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concentrations below the reference interval should be evaluated further, as only 12 such cats 

were studied here. In the meantime, SDMA and serum creatinine cannot substitute for each 

other and SDMA concentrations in hyperthyroid cats should be interpreted with caution 

because they may not adequately reflect renal function of these cats.  

Two cats in this study had markedly elevated SDMA concentrations at T0 and were 

identified as outliers. SDMA increased further at T1 in one of these cats and normalised in 

the other. Both cats were considered to potentially have suspected IRIS stage I CKD based on 

their serum creatinine and USG at T0 and had no clinical evidence of dehydration or 

hypovolaemia. So far, such extreme values of SDMA have not been reported in the human or 

veterinary lite12rature. Further investigations, such as GFR measurement or diagnostic 

imaging were not performed and it cannot be excluded that the cat with increasing SDMA 

had occult kidney disease or nephrolithiasis.116 Upregulation of SDMA production has been 

reported in growing animals but not in adult animals or disease states to date, and seems a 

less likely mechanism for this result.124 

The serum samples from T0 were stored at −80 °C for a median duration of 108 days 

(IQR 99–133). Creatinine is a very stable biomarker and no clinically relevant changes have 

been noted in canine plasma creatinine concentration with repeated free-thaw cycles over 72 

hours, nor with serum and plasma creatinine concentration when stored at −20 °C or −70 °C 

for up to 8 months.163, 164 There is no published information regarding the stability of 

creatinine in feline serum or plasma. SDMA has been found to be stable in canine and feline 

serum and plasma for at least 7 days at room temperature, up to 14 days at 4 °C and with up 

to three freeze-thaw cycles between −80 °C and room temperature.165, 166 Information 

regarding the long-term stability of SDMA is lacking and further study is required. 

Anecdotally, SDMA has been reported to be stable for at least 5 years when frozen at −20 °C 

or −70 °C (IDEXX, Laboratories, Inc., Personal Communication).167 Canine serum and 
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plasma TT4 is stable at room temperature for 5 days and for several months when frozen at 

−20 °C.168 Storage conditions have not been studied in feline serum and plasma, but similar 

stability is expected.169 Based on the current available information, it is unlikely that the 

storage conditions or duration of storage could have significantly influenced the results of 

this study.  

This study’s sample is comparable to that of recent studies assessing renal parameters 

before and after radioiodine treatment in hyperthyroid cats:78, 141, 142 namely, geriatric, 

predominantly domestic breed, hyperthyroid cats. There was a slight over-representation of 

female neutered cats in this study, but this has not been observed in isolation.141 Similar to 

previous studies, body weight, body condition score and muscle condition score increased 

from T0 to T1.  

The packed cell volume decreased and total protein increased significantly in the 

overall study sample and within subgroups of cats that had within and below reference 

interval TT4 concentrations. It has been previously observed that hyperthyroid cats have mild 

elevation in the packed cell volume.5 Proposed explanations for this include the stimulation 

of erythropoietin secretion by thyroid hormones170 and the presence of macrocytosis, which 

has been observed in 20% of hyperthyroid cats.5 The difference in packed cell volume may 

be further exacerbated post-radioiodine treatment by the subpopulation of cats that develop 

kidney dysfunction and secondary anaemia.171 A higher total protein post-treatment may 

reflect subclinical dehydration, given the higher proportion of cats with renal azotaemia 

following radioiodine treatment, or the resolution of subclinical gastrointestinal dysfunction 

and possible malabsorption associated with feline hyperthyroidism.1, 172, 173 

The dose of radioiodine administered in this study was comparable to a recent 

study.142 However, cats in this study received radioiodine orally, not parenterally. The 

proportions of cats with apparent reduced renal function at T0 and T1 are comparable to 
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those in other studies assessing renal function of hyperthyroid cats before and after 

treatment.5, 28 34, 76, 174 Consistent with previous studies, renal azotaemia after treatment was 

more common in cats with TT4 concentrations below the reference interval than in those with 

TT4 concentrations within the reference interval.141 Because thyroid scintigraphy, free 

thyroxine and TSH were not performed, further classification of cats with renal azotaemia 

into subgroups of overt and subclinical hypothyroidism, transient or permanent 

hypothyroidism and NTI was not possible. 

Another limitation of this study was that GFR measurements were not performed. In 

addition, the CKD staging classifications were assigned based on measurements at single 

time points before and after radioiodine treatment for the purposes of allowing clinically 

relevant comparison between serum creatinine and SDMA. IRIS cut-offs were chosen rather 

than use of the laboratory upper reference interval to allow conclusions of this study to be 

universally applicable and enable standardised gradation of severity. However, because both 

serum creatinine and SDMA are assays with high inter-individual variability, sequential 

measurements are required to detect abnormalities within individuals and to definitively 

confirm both the presence of CKD and the stage.128 Thus it is possible that misclassification 

of renal status confounds comparison of CKD staging by both serum SDMA and serum 

creatinine, particularly for cats with suspected IRIS stage I disease, where suspicion of renal 

disease may have been solely based on documenting a USG of <1.035. Longitudinal studies 

of SDMA and creatinine in hyperthyroid cats with known GFR status may need to be 

performed to further elucidate agreement between creatinine and SDMA in cats with mild 

renal dysfunction. Pre-renal azotaemia may also affect creatinine and SDMA concentration, 

yet it was not evident during physical examination, blood pressure measurement, or packed 

cell volume and total protein evaluation. Sedation was used in 26 and three cats before and 
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after radioiodine treatment, respectively, but is also unlikely to have affected the study 

outcome significantly.175  

The follow-up time after radioiodine treatment was approximately 3 months. 

Although the expected recovery time for previously atrophic thyroid tissue following 

resolution of hyperthyroidism is 1–3 months in the majority of cats,62, 152, 71 there is emerging 

evidence that a large proportion of cats could develop overt hypothyroidism as late as 6–12 

months following radioiodine therapy.81 This could further influence renal function such that 

results of this study may not accurately reflect long-term thyroid function in cats. However, 

most changes in renal function related to resolution of hyperthyroidism occur in the first 

month following radioiodine treatment, with no further significant change in GFR between 

1–6 months after treatment.99 Furthermore, up to 30% of previously healthy geriatric cats will 

develop CKD over the course of 12 months.176 This could confound interpretation of results 

if follow-up periods after radioiodine treatment increase beyond 3 months.  

Although this study found that mean SDMA concentrations increased significantly as 

feline hyperthyroidism resolved, SDMA did not increase consistently in all cats. In particular, 

SDMA decreased in nearly one-third of cats, and cats with TT4 concentrations below the 

reference interval had similar mean SDMA concentrations before and after the fixed dose of 

oral radioiodine treatment. SDMA and TT4 concentration did not correlate at any time point, 

whereas serum creatinine and TT4 were weakly correlated before and after treatment, 

presumably because serum creatinine correlates with GFR. The reason for a lack of 

predictability in change of SDMA after radioiodine treatment in hyperthyroid cats requires 

further investigation. Given the poor agreement in CKD staging between SDMA and serum 

creatinine, both markers should be used with the USG when assessing renal function before 

and after radioiodine treatment in hyperthyroid cats. 
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Chapter 4. Conclusions 

The retrospective component of this dissertation contributes to the limited information 

regarding the outcomes of an orally administered fixed dose of radioiodine treatment in 

hyperthyroid cats. TT4 concentration at the time of diagnosis cannot be used to predict the 

TT4 concentration at follow-up in hyperthyroid cats treated with oral radioiodine. 

The similarity in oral radioiodine treatment outcomes from both studies in this thesis 

stem from the shared data from the 60 cats treated in 2017 when data collection was being 

undertaken for both studies concurrently. However, the retrospective dataset also includes 

cats that received treatment from 2011 onwards, which suggests the population of 

hyperthyroid cats, at least in the geographical area of Melbourne, Australia, has not changed 

considerably over the last decade.  

Both of the studies in this thesis found that 15% of cats had a TT4 concentration 

below the reference interval at time of recheck and these cats more commonly had 

abnormalities in renal parameters compared with cats with normal or above reference interval 

TT4 concentrations. Some of these cats may have had iatrogenic hypothyroidism, with 

possibly reversible azotaemia.  

The observed proportion of cats below reference interval TT4 concentration following 

treatment suggests that the fixed oral radioiodine dose used at this institution should be 

reduced, but there is little information in the literature to assist in formulating an evidence-

based approach for this dose reduction. As the next step, explaining why there is no 

relationship between the severity of hyperthyroidism and outcome for oral radioiodine treated 

cats is recommended. This would ideally involve a better understanding of the 

pharmacokinetics and pharmacodynamics of orally administered radioiodine in cats.  
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The main limitation of the study was its retrospective nature. Variability in time 

intervals before and after radioiodine treatment may have masked the relationship between 

pre- and post-treatment TT4 concentrations, but it was not feasible to formally test this due to 

the small sample sizes for the large variation in time spans observed. In addition, the study 

had an exclusion rate of 42% due to lack of follow-up information. It is uncertain whether the 

cats that returned for follow-up were not significantly different from the cats that failed to 

return for follow-up, introducing a possible source of bias.  

While the prospective study allowed for a more uniform time interval of TT4 

measurements before and after radioiodine treatment, it was constructed with a different aim 

in mind and the sample was smaller than that of the retrospective study, precluding similar 

analysis. Parameters such as gastrointestinal transit time, or occult renal disease may further 

influence the pharmacokinetics and thus outcomes of radioiodine treatment and are difficult 

to detect or control in a clinical population. This makes designing clinically relevant 

pharmacokinetic studies of feline orally administered radioiodine challenging. The findings 

regarding oral radioiodine treatment outcomes from both studies in this thesis can be used to 

inform the design of a larger prospective study exploring the relationship between pre- and 

post-treatment TT4 concentrations, with an extended follow-up period out to twelve months 

post-treatment, and measurement of fT4 and TSH to allow diagnosis of iatrogenic 

hypothyroidism or NTI. Renal function and the transient or permanent nature of iatrogenic 

hypothyroidism should be determined throughout the same time period. This information is 

fundamental for designing an optimal oral radioiodine dosing protocol for the current 

Australian feline hyperthyroid population. 

The prospective study was performed because there was conflicting information in the 

literature regarding how SDMA changes before and after radioiodine treatment in feline 

hyperthyroidism and how SDMA corresponds to serum creatinine and TT4 concentrations at 
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these time points. The clinical utility of SDMA in cats with hyperthyroidism before and after 

treatment was thus uncertain and unfortunately uncertainty remains following this study. 

Although SDMA and serum creatinine were moderately correlated after radioiodine 

treatment, the two markers did not agree in their classification of IRIS CKD staging. 

Misclassification of the kidney status based on IRIS CKD staging was possible because the 

renal markers were only measured at a single time point. Nevertheless, this should not impact 

comparison of creatinine with SDMA at individual time points, and the findings were 

comparable to recent studies regarding changes in SDMA before and after radioiodine 

treatment.  

This study highlights the multiple facets of SDMA metabolism that remain 

unexplored in the health and extra-renal disease of feline patients. A detailed understanding 

of the possible biosynthesis and elimination pathways of SDMA, and how this changes in 

hyper-catabolic states such as hyperthyroidism is required. Furthermore, the intermediate 

inter-individual variability of this biomarker could suggest a genetic component at play in the 

metabolism of SDMA. 

Until further work is carried out to elucidate how SDMA is influenced by extra-renal 

factors in hyperthyroidism, SDMA may need to be interpreted with caution when attempts 

are made to detect occult CKD in hyperthyroid cats. As a renal biomarker, SDMA is best 

interpreted with serial measurements and used concurrently with the classical renal 

biomarkers serum creatinine and urea. 

Feline hyperthyroidism is the most common endocrinopathy affecting middle-aged to 

geriatric cats, and comorbid CKD occurs commonly in hyperthyroid cats. The knowledge 

gained from this body of work has contributed towards the ongoing challenge of optimising 

treatment in this large population of beloved cats. However, it becomes apparent with the 

information gained from this dissertation that further work is required to establish the ideal 
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dose of oral radioiodine and to overcome the diagnostic conundrum placed upon clinicians by 

cats affected by hyperthyroidism and CKD concurrently.  
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Appendices 

Appendix 1. Staging of chronic kidney disease based on serum 

creatinine or symmetric dimethylarginine concentration according 

to the International Renal Interest Society staging of chronic kidney 

disease guidelines 

IRIS CKD staging Creatinine µmol/L SDMA µg/dL 

 1  <140  ≤14 

 2  140–250  15–24 

 3  251–440  25–44 

 4  >440  ≥45 

CKD, chronic kidney disease; SDMA, symmetric dimethylarginine 

 

Note: SDMA is current not used solely as staging of CKD based on International Renal Interest Society staging 

of CKD guidelines. For the purpose of this study comparing CKD staging based on creatinine and SDMA 

concentrations individually, the SDMA cut-offs for staging have been taken directly from the guidelines without 

context of the concurrent creatinine concentration and body condition score. 

 

IRIS Staging of Chronic Kidney Disease.  

http://www.iris-kidney.com/pdf/IRIS_2017_Staging_of_CKD_09May18.pdf 

  

http://www.iris-kidney.com/pdf/IRIS_2017_Staging_of_CKD_09May18.pdf
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Appendix 2. Integra 400 Biochemistry Analyser standard operating 

procedure 

 

1. INTRODUCTION 

 

This standard work procedure outlines the safe working procedures for the use of the Integra 

400 Biochemistry Analyser in the Clinical Pathology Laboratory. 

 

Summary of operation 

 

2. TRAINING/LICENCING 

The operator shall have the following training; 

 

 Laboratory inductions must be undertaken by the local Laboratory Technical Officer 

(LTO). In addition, inductions into all equipment must be undertaken by authorized 

personnel before any work can be completed. 

 Inductions by an authorized user must be completed for use of; Cobas Integra 400 

Biochemistry Analyser  

 

3. PERSONAL PROTECTIVE EQUIPMENT 

Personal protective equipment that meets relevant Australian Standards. 

 

 Laboratory coat 

 Enclosed footwear that is sturdy and non-slip 

 

4. WARNINGS 

 

SAFETY PRECAUTIONS: 

 

 See Risk Assessment (PRACP006)   

 Operator must be trained and familiar with the Safe operating procedure   

 Operator to wear PPE as listed 

 Use all equipment in accordance with the SOP (SOPCP006) 

 

DO'S AND DON'T': 

 

ALWAYS – Only run serum, plasma or fluids through analyser, never whole blood. 

 Faculty of Veterinary & Agricultural Sciences 

Use of Integra 400 Biochemistry 

Analyser 

Standard Work Procedure 

SWP # CP006 
Clinical Pathology 

Issue Date: September 

2018 

Review Date: September 

2020 

Revision # 2.1 
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NEVER – Perform any procedure unless you have read the SWP and associated risk 

assessment  

 

5. OPERATION 

Area in which use of analyser will be undertaken 

The Cobas Integra 400 plus is an automated clinical chemistry analyser. It is used in the 

Clinical pathology Laboratory to run routine biochemistry tests. 

Equipment and Reagents 

Cobas Integra (Integra)  controls and rack  white cobas cups 

Calibrators and rack   reagent racks   PCCC1 & PCCC2 (QC – 

freezer) 

transfer pipettes    Cfas (calibrator – freezer)  

     

Preparation 

* Ensure water supply is full 

*  Ensure waste bottle is empty. 

 

The Integra will have woken itself up and should have run the BOD start up. The ISE rack 

needs to be onboard the analyser for this to take place automatically. . 

 

Log on – bottom right hand side of screen, double click on NONE or alternatively SHIFT F3 

will also give you the log in box.  Log in and password are cpl. 

 

Remove a PCCC1 and PCCC2 cobas cup from the upright freezer (drawer 2) to thaw (they 

are the QC).  Place them in the Blue 9 rack in position 1 and 2. 

 

See following sheet for control positions on the rack.  The positions are reserved so remain 

the same each time any QC is requested. 

 

If the ISE rack is not onboard in needs to be inserted into position O. 

 

A message in regards to the ISE rack being replaced will appear on the screen.  Tick the 

boxes if any reagents have been replaced, otherwise click cancel or ok. 

 

Click on the red sun on the top menu to manually initiate BOD start up.  This will take about 

7 minutes. 

 

Once completed, check that all actions passed by clicking on Service Icon, Choosing View 

from the menu and then Notes from the drop down menu. 

 

Remove reagent racks from fridge and load onto instrument. 

 

Procedure 

 

To program QC 

 

Select the Orders Icon (picture of test tubes) and select the Quality Control Tab 

Select the SAP profile for the QC and SAVE. 
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If a large animal profile is also required, manually add the AST, GLDH, GGT and Mg to the 

QC list and SAVE. 

 

Load the rack onto the Integra into position J 

Click Start. 

 

To view the QC results 

 

Click on the Results icon and select the Quality Control tab.  Select each test to see the result. 

If you cannot see any results, use the Precision and Accuracy buttons at the right bottom 

corner to toggle between types of statistics in case one set of reference values has not been 

entered. 

 

To program a Calibration 

 

If a reagent needs to be calibrated, it will not run the QC for that particular test and will 

appear in the Missing/Blocked tests tab. If a new reagent cassette is loaded, the Integra 

automatically looks to do a calibration on it and will not process that test in any samples until 

the calibration has been completed. 

 

Cfas is the common calibrator and consists of a standard 1 and standard 2.  Standard 2 is just 

distilled water. 

 

The Calibrator rack is the Green CAL 20 rack. See following sheet for the positions of the 

various calibrators. The positions are reserved so remain the same each time a calibration is 

requested. 

 

Select the Orders Icon and then the Calibration Tab.  Choose the tests to be calibrated and 

SAVE. 

The calibration rack must be inserted into position I which is a temperature controlled 

position. 

Click Start if necessary. 

 

To view Calibration results 

 

Click on the Results Icon and select the Calibration Tab. Select each test to see if the 

calibration was successful or not. Right click on the date of the calibration, select detail and 

then calibration from the drop down menus.  Ensure that the old and new calibration curves 

are similar. 

 

Calibrator and Quality Control Positions. 

 

CAL 20 Rack (calibrator rack)                            Red sample 3 rack 

Saved postions     saved positions 

1 cfas Std 1      1   RCal Std 1 

2 cfas std 2 (distilled water)    2   RCal   Std 2 (distilled water) 

3 CFASP  std 1      3    

4 TDMI std 1 (A)     4    

5 TDMI std 2 (B)     5    
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6 TDMI std3 (C)     6    

7 TDMI std 4 (D)     7    

8 TDMI std 5 (E)     8    

9 TDMI std 6  (F)     9 

10 PMF std 1      10 

11 PMF std 2      11 

12 C-PUC std 1 -  urinary protein   12  

13 AMM-S std 1      13 

14 AMM-S std 2 (distilled water)   14 

15        15 

 

Sample 9 Rack (blue) – Control rack    ISE Rack 

Saved Positions 

1 PCCC1       1 SDRII  (used for 

Phenobarbitone) 

2 PCCC2       2 Activator 

3 AMM-N       3 

4 AMM-P       4 

5 PNPUC – CSF/Ur Protein control    5 

6 PPPUC       6 

7 TDMC1       7 NaCl Diluent 9% 

8 TDMC2       8 ISE Deproteinizer 

9 TDMC3 

10  

11 RBS2 

12 RL3 

Programming in new lot numbers for Controls and Calibrators 

 

The Integra must be in Standby mode to be able to make any changes in the configuration 

folder. 

 

Controls 

 

Click on the configuration icon and then open up the Controls file. 

 

Select the required control  

Click on the Lot tab 

Select New Lot 

Type in the Lot number and expiry date 

 

Select the barcode icon from the top left hand tool bar 

 

Using the sheets that were enclosed with the controls, scan in the appropriate barcodes. 

(Cobas Integra 400plus/800, Control barcodes) ID/MS 
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Calibrators 

 

Click on the configuration icon and then open up the Calibrator file 

 

Select the required calibrator 

Click on the Lot tab 

Select New Lot 

Type in the Lot number and expiry date 

 

Select the barcode icon from the top left hand tool bar. 

 

Using the sheets that were enclosed with the calibrator, scan in the appropriate barcodes 

(Cobas Integra 400 plus/800, Control barcodes) ID/MS 

 

Programming samples 

 

See SWPCP024    for instructions. 

 

Shut Down 

 

At the end of the day, the Integra needs to be shut down.  This is done by putting it into sleep 

mode and removing the reagent cassettes. 

 

If the Integra is in operating mode (ie: picture of analyser on icon bar has green background), 

press STOP. 

 

You will be given two options: Stop once sampling is completed and Stop immediately.  

Choose the first option.  This will put the machine into Standbye. 

 

If machine is in standbye or once the machine is in standbye, press stop again.  You will be 

asked if you want to go from Standbye to sleep.  Press OK.  The analyser icon changes to a 

blue background with moon and stars. 

 

Remove the reagent racks and place on the bottom shelf of the biochemistry fridge.  Leave 

the ISE rack on board.  
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Appendix 3. Integra 400 Biochemistry Analyser performance of a 

biochemistry profile standard operating procedure 

 

1. INTRODUCTION 

 

This standard work procedure outlines the safe working procedures for the performance of a 

biochemistry profile in the Clinical Pathology Laboratory. 

 

Summary of operation 

 

2. TRAINING/LICENCING 

The operator shall have the following training; 

 

 Laboratory inductions must be undertaken by the local Laboratory Technical Officer 

(LTO). In addition, inductions into all equipment must be undertaken by authorized 

personnel before any work can be completed. 

 Inductions by an authorized user must be completed for use of; Cobas Integra 400 

Biochemistry Analyser and Spintron Centrifuge. 

 

3. PERSONAL PROTECTIVE EQUIPMENT 

Personal protective equipment that meets relevant Australian Standards. 

 Laboratory coat 

 Enclosed footwear that is sturdy and non-slip 

 

4. WARNINGS 

 

SAFETY PRECAUTIONS: 

 

 See Risk Assessment (PRACP006 – Integra Biochemistry Analyser and PRACP008 - 

Centrifuges)   

 Operator must be trained and familiar with the Safe operating procedure   

 Operator to wear PPE as listed 

 Use all equipment in accordance with the SOP (SOPCP006 – Integra Biochemistry 

Analyser and SOPCP008 – Spintron Centrifuge) 

 

DO'S AND DON'T': 

 

ALWAYS – Only run serum, plasma or fluids through analyser, never whole blood. 

 Faculty of Veterinary & Agricultural Sciences 

Performance of a Biochemistry 

Profile 

Standard Work Procedure 

SWP # CP024 
Clinical Pathology 

Issue Date: September 

2018 

Review Date: September 

2020 

Revision # 2.1 
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NEVER – Perform any procedure unless you have read the SWP and associated risk 

assessment  

 

5. OPERATION 

Area in which use of analyser will be undertaken 

 

The Cobas Integra 400 plus is an automated clinical chemistry analyser. It is used in the 

Clinical pathology Laboratory to run routine biochemistry tests. 

 

It is presumed that the relevant SOP and SWP for using the Cobas Integra 400 has been 

reviewed and that the operator is familiar with the instrument. 

 

It is also presumed that the daily start up has been completed and the instrument is ready to 

use. 

Equipment and Reagents 

 

Cobas Integra (Integra)  white cobas cups  Sample racks 

reagent racks    Permanent marker 

patient samples   transfer pipettes     

 

Which type of sample for which rack? 

 

Rack 5 & 6 are for 4.5ml or 8.5ml tubes 

Rack 10 is for 4ml Lith Hep tubes 

Rack 2,3 and 4 are for microcups 

     

Preparation 

Ensure patient sample has been labelled correctly with patient surname and Rxworks number. 

Centrifuge sample. 

 

Record patient details on the benchtop worksheet and allocate a number to the sample 

 

Serum samples and other larger sample tubes can be loaded directly onto the analyser.  The 

plasma in the small paediatric tubes must be aliquoted off and placed into a white cobas cup 

before being loaded onto the analyser. 

 

Procedure 

 

Programming samples 

 

Select the Orders Icon and click on the Sample tab. 

 

In the Patient ID box: Insert our patient ID number, RETURN 

 

In the Name box: Insert patient surname, OK 

 

Order ID: automatically counts up from 1 each day 
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Choose a Sample Appearance from the drop down menu: icteric, haemolysed, lipaemic 

 

Select Sample type:  If you forget, the automatic defaults to serum 

 

Assign tests and a rack to the sample.  This can be done one of two ways: 

 

Method 1: 

 

Position: click on the first drop down box to select the rack depending on the type of sample 

tube you have, 

 

Click on the second drop down box to select the position on the rack that the sample will be 

put into 

 

Select the Test/Profile and SAVE 

 

Place sample into correct rack and postion and place into the Integra in any of the positions J 

– N 

 

Press Start if necessary. 

 

Method 2: 

 

Select Test/Profile and SAVE 

 

Click on the assign sample icon in the menu (picture of a test tube and curser) 

 

Select rack from drop down menu. 

 

Open sample folder on left hand side and drag samples across to positions on rack. 

 

SAVE. 

 

Place rack into Integra in any of the positions J – N. Press start if necessary. 

 

Adding on Tests to a previously run sample. 

 

Click on Orders Screen 

 

Click on Sample Tab  

 

In patient ID, type in the patient number, press Tab and in the order ID type in the test order 

number, RETURN. 

 

This will bring up the patient file with the tests that have already been run and also shows the 

rack and position number (handy if the sample has been removed from rack) 

 

Select test/s required to be added on. 

 

Save 
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If the sample is still on board, it will automatically begin if Integra is in operating mode. 

Otherwise, insert rack and press START if necessary. 

 

To View Results 

 

Select the Results Icon. 

 

Select the Sample Tab and from the left hand side of the screen, open the current date’s 

folder. 

 

Select the sample ID and the results appear on the screen. 

 

To view the client details along with the results, right click on the sample ID.  From the drop 

down menu, select Print Preview. 

 

To Validate Results 

 

If a test result has been flagged, it will appear in under the Validate Tab. Select each sample 

ID and press on accept all to remove the sample from the work list.  

 

This enables that rack position to be reused. 

 

Blocked Tests 

 

Tests can be blocked for a number of reasons.  If it’s due to a reagent running out, the test 

will automatically run once the reagent has been replaced, and the Calibration and QC have 

been completed. (So long as the sample rack is still on board the Integra). 

 

To see which tests have been blocked: 

 

Click Orders Screen 

 

Click on Worklist Tab  

 

Open blocked folder 

 

Double click on the blocked sample to open it 

 

To delete blocked test 

 

Click on test that is blocked and right click on the mouse.  You will have two options – edit 

or validate 

 

Click Edit 

 

If you get an “order ID in use” message box, just hit close 

 

Right click again on the blocked sample in the new screen, select delete from the drop down 

menu. 
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Or deselect the test from the left hand menu  

 

Click Save.   

 

The sample will now be removed from the blocked folder. 

 

Dilutions 

 

Some reagents have an automatic dilution programmed into them so that if the sample value 

is higher than the reagent range, a dilution will automatically be performed.  In other cases 

the results will show a figure >x with the comment >TEST RNG. 

 

You will need to reorder the test and request an on board dilution. 

 

Programme in the sample from the Orders Icon. After selecting the test to be run, right click 

on it and select dilutions from the drop down menu.  From the screen that appears you can 

request a 1 in 10 (Factor A) or a dilution of your own choosing (Specific Factor) though the 

largest dilution that can be requested is a 1 in 20. 

 

For a dilution greater than 1 in 20, perform a manual dilution prior to loading the sample. In 

the same Dilutions screen from the drop down menu, the Manual Dilution Factor box can be 

filled out.   

Select Save. 

 

The result is calculated with the dilution factor taken in to consideration 

 

Multiple tests on the one sample 

 

In some instances a precision type test needs to be run where multiple sampling needs to be 

done from a particular sample. 

 

To do this:  

 

Programme in the sample from the Orders Icon. After selecting the test to be run, right click 

on it and select Multiple testing from the drop down menu. From the screen that appears you 

can request how many repetitions you require. The test now appears in the Orders Screen 

with the number in front of the test. 

 

Select Save. 
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Appendix 4. Use of the Immulite Immunoassay Analyser standard 

operating procedure 

 

1. INTRODUCTION 

 

This standard work procedure outlines the safe working procedures for the use of the 

Immulite Immunoassay Analyser in the Clinical Pathology Laboratory. 

 

Summary of operation 

 

2. TRAINING/LICENCING 

 

The operator shall have the following training; 

 

 Laboratory inductions must be undertaken by the local Laboratory Technical Officer 

(LTO). In addition, inductions into all equipment must be undertaken by authorized 

personnel before any work can be completed. 

 Inductions by an authorized user must be completed for use of; Immulite Immunoassay 

Analyser. 

 

3. PERSONAL PROTECTIVE EQUIPMENT 

 

Personal protective equipment that meets relevant Australian Standards. 

 

 Laboratory coat 

 Enclosed footwear that is sturdy and non-slip 

 

4. WARNINGS 

 

SAFETY PRECAUTIONS: 

 

 See Risk Assessment (PRACP025 – Immulite Immunoassay Analyser)   

 Operator must be trained and familiar with the Safe operating procedure   

 Operator to wear PPE as listed 

 Use all equipment in accordance with the SOP (SOPCP025 – Immulite Immunoassay 

Analyser) 

 

DO'S AND DON'T': 

 Faculty of Veterinary & Agricultural Sciences 

Use of the Immulite Immunoassay 

Analyser 

Standard Operating Procedure 

SWP # CP025 
Clinical Pathology 

Issue Date: September 

2018 

Review Date: September 

2020 

Revision # 1.1 
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ALWAYS – Only run serum or plasma through analyser, never whole blood. 

NEVER – Perform any procedure unless you have read the SWP and associated risk 

assessment  

 

5. OPERATION 

Area in which use of analyser will be undertaken 

Clinical Pathology Laboratory 

Equipment and Reagents 

 

Immulite 1000   K9 controls  Reagent units  Sample cup 

holders 

Sample cups   patient samples Distilled water  Probe wash 

Probe clean solution  Reagent wedges 

     

Daily start off 

 

Remove controls from the freezer (large white), reagent units, reagent wedge/s and samples 

from fridge (grey upright) and allow to come to room temperature. 

 

 At the Windows desktop, double click the IMMULITE 1000 icon. 

 From the start up screen, select RUN IMMULITE 

 Enter password cpl 

 The Home screen will appear on the monitor and the following message will appear on 

the display panel. 

 DPC Immulite Press GO to start. 

 A number of prompts will now appear; Follow the steps, pressing GO when prompted 

after each step. 

 

 1. Remove all tubes from load chain 

 2. Load water and substrate containers. Empty waste container. 

 3. Prime the syringes, substrate and water. (Each item needs to be primed at least 5 

times to ensure removal of any air bubbles) 

 

 When prompted, open the reagent carousel lid and remove the reagent tray. Load 

required reagent wedges and replace reagent tray into the reagent carousel. 

 

As soon as the reagent carousel lid closes, the reagent barcodes will be read and the message 

Reagent barcode read completed will appear.  Press GO again and the on board reagent status 

will appear on the monitor. 

 

To remove or add reagents during a run, press the PAUSE button.  This will allow for reagent 

wedges to be added or removed without interrupting the run cycle. 

 

Procedure 
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Running controls 

 

 Run K9Con Level 1 and Level 2. 

 From the Home screen, select the WORKLIST button. Select CONTROL from the 

Entry Type field. 

 Enter the sample cup #, select the control to be run, select the control lot number, select 

the control level 

 Click the ACCEPT button.  

 Transfer the control sample into a sample cup and place the cup into the sample cup 

holder. 

 Load the sample cup holder followed by the required test unit/s onto the load platform.  

 Once the cycle is complete, the result will appear to the right on the home screen. 

 Select the REVIEW button from the home screen. 

 Confirm that the controls are within their normal limits.  If they are, samples can now 

be programmed.  If not, re run controls with fresh control material. 

 

I have found that the controls are very stable and it is not necessary to wait for them to be 

completed before programming on the patient samples. 

 

Running Patient Samples 

 From the Home screen, select the WORKLIST button.  Select PATIENT from the 

Entry Type Field. 

 Enter the sample cup # and then as many patient identifiers as required. 

 Click the ACCEPT button. 

 Transfer the patient sample into a sample cup and place the cup into the sample cup 

holder. 

 Load the sample cup holder followed by the required test unit onto the load platform. 

 Once the cycle is complete, the result will appear to the right on the home screen. 

 Currently the temperature of the reagent carousel is not being controlled, so once tests 

are complete, remove reagent wedges and replace back into their kit boxes in the fridge. 

Do not leave them onboard for the day. 

 

Total T4 – sample volume 150µl 

Cortisol – sample volume 130µl 

 

If there is a significant delay between samples being programmed on, the following message 

will appear on the display screen. DPC IMMULITE    PRESS GO TO START. You will then 

be prompted to follow the steps of the daily startup, it is not necessary to repeat these steps so 

GO can be pressed each time to skip the steps. 

 
Daily Shut Down 

 

 If the immulite is not already in idle, on the display screen, simultaneously hold the 

ALARM MUTE and GO button.  The following message will be displayed. DPC 

IMMULITE IDLE   Select RUN IMMULITE to begin. 

 From the Home screen, select the LOG OFF button. 

 The Start up screen now appears. 

 Pipette 2ml of the Probe Cleaning Solution into the re useable Probe cleaning wedge. 

 Place the probe cleaning wedge into Position 1 of the carousel wheel. 

 From the start up screen, select DIAGNOSTICS 
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 From the diagnostics screen, select PRBCLEAN and then click the RUN button. 

 Press go on the display panel.  The procedure will take about 10 minutes. 

 The following message will now appear on the display screen,  Press GO to run 

PROBE ANGLE . 

 Press GO and observe the water flow being dispensed, it should be directed in a steady 

stream without any splashing. 

 Simultaneously Press ALARM MUTE and GO to stop procedure. The display screen 

will now show the message  DPC IMMULITE IDLE  Select RUN IMMULITE to 

begin. 

 Remove the probe cleaning wedge from the carousel, rinse well and leave to drain on 

paper towel. 

 Select the CLOSE button to return to the start up menu. 

 Select SHUTDOWN from the start up menu. 

 You will be prompted as to whether you wish to proceed with shutdown.  Select YES. 

 The Windows desktop will now appear. 

 

Reagents and Parts 

 

All reagents and parts are ordered from Siemens 

 

Siemens  

885 Mountain Highway 

Bayswater, 3153 

Ph: 1800310300 

Attn: Healthcare Customer Care 
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Appendix 5. Correlation between symmetric dimethylarginine and 

creatinine in cats: Information provided by IDEXX (2015–2016; Asia–

Pacific region) 

  Creatinine  

  Abnormal Normal Total 

SDMA 
Abnormal 15% 20% 35% 

Normal 5% 60% 65% 

  Total 20% 80% 100% 
Note: SDMA, symmetric dimethylarginine 
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