
231

Open Veterinary Journal, (2022), Vol. 12(2): 231–241
ISSN: 2226-4485 (Print)� Original Research
ISSN: 2218-6050 (Online)� DOI: 10.5455/OVJ.2022.v12.i2.11

Introduction
Hyperthyroidism is the most frequent endocrinopathy 
in older cats, reported in up to 12.3% of cats over the 
age of 8 (Stephens et al., 2014; Köhler et al., 2016; 
McLean et al., 2017). It is a multisystemic disease that 
affects the cardiovascular, gastrointestinal, and renal 
systems, as well as the metabolic rate (Peterson, 1984). 
In the hyperthyroid state, the renal function is affected 
by several mechanisms, including the activation of the 
renin–angiotensin–aldosterone system and increased 
renal blood flow, leading to an increase in glomerular 
filtration rate (GFR) (Vaske et al., 2016). The increased 
GFR in addition to decreased creatinine production 
due to muscle loss contributes to the masking of renal 
disease in hyperthyroid cats.
There are several therapeutic options available for feline 
hyperthyroidism: antithyroid drugs, radioiodine therapy, 
thyroidectomy, and nutritional management (Carney et 
al., 2016). Many authors consider radiodioine-131 as the 

best curative treatment option (Okosieme et al.,  2020). 
It is considered safe, effective, and durable, regardless 
of the method of dosage (Peterson and Becker, 1995; 
Milner et al., 2006; Lucy et al., 2017; Finch et al., 
2019). However, the literature describes approximately 
2.5%–9% of persistent hyperthyroidism and 2%–40% 
of iatrogenic hypothyroidism after therapy (Peterson 
and Becker, 1995; Lucy et al., 2017; Morré et al., 
2018; Fernandez et al., 2019; Finch et al., 2019). The 
development of iatrogenic hypothyroidism and azotemia 
after radioiodine treatment has been associated with a 
shorter survival time (Williams et al., 2010).
Methods of dosing the activity of radioiodine to be 
administered include using a fixed dose or calculating 
an individualized dose either based on a clinical scoring 
system or based on scintigraphy tracer studies. At the 
moment, there is no consensus on which method is 
most appropriate. To the authors’ knowledge, there are 
no studies comparing thyroid function, renal function, 
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Abstract
Background: Hyperthyroidism is the most frequent endocrinopathy in older cats. To date, there is no consensus on 
how to best calculate the dose of radioiodine to administer to hyperthyroid cats.
Aim: The goals of this study were to compare thyroid function, renal function, and survival time between hyperthyroid 
cats receiving a fixed dose of radioiodine and those receiving an individualized dose calculated using a clinical scoring 
system.
Methods: Medical records of 110 cats treated with radioiodine therapy at the University of Bern between 2010 and 
2020 were reviewed. Thyroid function, renal function, and survival of cats treated with a fixed dose of radioiodine 
(2010–2015; n = 50) were compared to those of cats treated with an individualized dose (2015–2020; n = 60) at 
different time points after therapy.
Results: Treatment with a fixed dose of radioiodine (mean = 168 ± 26 MBq) was associated with 69% of euthyroidism, 
19% persistent hyperthyroidism, and 12% hypothyroidism, whereas treatment with an individualized dose  
(mean = 120 ± 30 MBq) led to 54% euthyroidism, 23% hyperthyroidism, and 23% hypothyroidism (p = 0.73). More 
than 12 months after treatment, the incidence of azotemia was comparable between cats treated with a fixed dose 
(37%) and those treated with an individualized dose (31%) (p = 0.77). No factors were found to be predictive of 
treatment failure (hypothyroidism or hyperthyroidism) after therapy. Median survival time after radioiodine therapy 
was 44 months. In a multivariate analysis, persistent hyperthyroidism was the only variable independently associated 
with a shorter survival time (HR = 6.24, p = 0.002).
Conclusion: The method of calculating the dose of radioiodine (fixed vs. individualized) to treat feline hyperthyroidism 
does not appear to be decisive for posttreatment thyroid function, renal function, or survival.
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and survival between cats treated with a fixed dose of 
radioiodine and cats treated with an individualized dose 
based on a clinical scoring system.  
The main objectives of this study were to compare 
thyroid function, renal function, and survival between 
hyperthyroid cats treated with a fixed dose of radioiodine 
and cats treated with an individualized dose based 
on a clinical score in the same institution. Secondary 
aims were to identify factors associated with treatment 
failure and survival after radioiodine treatment.

Materials and Methods
Study design
Retrospective study. 
Data collection
The medical records of all cats treated with radioiodine 
between 2010 and 2020 at the Small Animal Hospital 
of the University of Bern were reviewed. 
Follow-up after treatment was carried out at the 
referring veterinary clinics. If information regarding 
thyroid and renal function before and after therapy 
was lacking, referring veterinarians were contacted. If 
the additional information was not sufficient to assess 
thyroid and renal function, a recheck appointment 
was recommended, if the cat was still alive. Several 
laboratories using different analytical methods 
and reference intervals for serum T4 concentration 
determination were involved. The majority of T4 
measurements were performed by chemiluminescent 
immunoassay (CEDIA T4, TermoFischer, USA; Cobas 
8000 c701, Roche Switzerland) at external laboratories 
(IDEXX Switzerland and Laboklin, Germany, 
respectively) or by immunoassay in dry-slide format 
with a point-of-care analyzer (IDEXX Catalyst Dx, 
IDEXX Laboratories, Westbrook). In most cases, T4 
before and after radioiodine treatment was measured 
by the same laboratory. Thyroxine-stimulating 
hormone (TSH) was measured using a canine TSH 
chemiluminescence assay (IMMULITE 2000 Canine 
TSH, Siemens Healthcare Diagnostics Products Ltd; 
ADVIA Centaur, Siemens Healthcare Diagnostics 
Products Ltd) at external laboratories (IDEXX 
Switzerland and Laboklin, Germany, respectively).
Cats were divided in two groups according to the method 
of radioiodine dosage: the “fixed dose” (F) group 
(2010–2015) and the “individualized dose” (I) group 

(2015–2020). The fixed dose was changed from 180 
MBq to 165 MBq in 2014 and then to 150 MBq in 2015. 
In 2015, the occurrence of iatrogenic hypothyroidism 
after radioiodine treatment and its consequences 
raised concerns. In the hope of limiting this treatment 
complication, while maintaining treatment success, a 
decision was made to change from using a fixed dose 
to an individualized dose. The individualized dose of 
each cat was calculated according to a clinical scoring 
system, as previously described (Table 1) (Mooney, 
1994). Briefly, the dose to be administered is calculated 
by summing the scores assigned to the severity of 
clinical signs, size of the goiter, and (untreated) total 
T4. In all cats, radioiodine was injected subcutaneously. 
Following the injection, the cats were hospitalized in 
isolation for a minimum period of 9 days and were 
only discharged when the measured radiation level was 
below 0.25 uSv/h at 1 m distance using a Geiger counter. 
Follow-up information for each cat was grouped as 
follows: 1–3 months, 4–12 months, and more than 
12 months after radioiodine treatment. Clinical and 
laboratory information was assessed in each of these 
time intervals.
Thyroid function was classified as described in Figure 1. 
Persistent hyperthyroidism was defined as T4 concentration 
above the reference interval. Euthyroidism was defined as 
T4 within the reference interval and TSH under 0.3 ng/ml. 
If TSH was not available, T4 within the reference interval 
but above its 20th percentile was accepted for euthyroidism, 
as in one study, where thyroid function was determined 
by scintigraphy in all cats, no hypothyroid cat had a T4 
concentration above the 18th percentile of the reference 
range (Peterson et al., 2017). Iatrogenic hypothyroidism 
was defined as T4 below the reference interval and/or 
TSH > 0.3 ng/ml. The fourth group was defined as eu- 
or hypothyroidism if T4 was within the 20th percentile 
of the reference interval and TSH was not available.  
Although thyroid function was assessed separately for 
each of the follow-up time points, a “definitive thyroid 
function” category was determined. This corresponded 
to the most recent and complete evaluation of thyroid 
function, allowing a clear classification, at least 3 months 
after treatment.
When comparing the thyroid status after radioiodine 
treatment between the F group and the I group, cats 
classified as “eu- or hypothyroid” were excluded.  

Table 1. Clinical scoring system used to determine the individualized activity of radioiodine to be administered (Mooney, 1994).

Score Severity of clinical signs Serum total T4 
concentration (nmol/l) Size of goiter Total score and 

recommended activity
1 Mild < 80 Palpable with difficulty <9: <120 MBq
2 Mild to moderate <100 1.0 × 0.5 cm 9–12: 120–150 MBq
3 Moderate 100–150 1.5 × 0.5 cm >12:   150–180 MBq
4 Moderate to severe 150–400 >1.5 × 0.5 cm If bilateral disease, the higher 

end of the dose interval was 
used5 Severe >400 Visible to naked eye
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Cats with values of creatinine concentration above 
reference interval for the respective laboratory at the 
second or the third follow-up (i.e., at least 4 months 
after treatment) were classified as azotemic. 
Statistical analysis 
Data were analyzed using MedCalc Statistical 
Software version 20.009 (MedCalc Software Ltd, 
Ostend, Belgium). The D’Agostino–Pearson test was 
used to assess if continuous variables were normally 
distributed. These are presented as mean ± standard 
deviation (SD), whereas continuous variables that 
were not normally distributed are presented as median 
and interquartile range (IQR). Multiple comparisons 
were performed using analysis of variance tests (for 
normally distributed data) and Kruskal–Wallis test 
(for non-normally distributed data). Comparison 
of proportions between categorical variables was 
performed with the chi-squared test. Comparison of 
continuous variables was performed with the t-test for 
normally distributed data and with the Mann–Whitney 
test for non-normally distributed data. To identify 
potential risk factors for treatment failure, a univariate 
logistic regression was performed. In this analysis, 
cats classified as “eu- or hypothyroid” were excluded.  
All-cause-mortality was used for the survival analysis. 
Owners and veterinarians were contacted to determine 
if each cat was alive or dead, the date of death (if 
relevant) or last known date when the cat was alive. 

Cats alive at the time of the study and cats that were 
lost to follow-up were censored in the survival analysis. 
A univariate Cox proportional hazard regression was 
performed to determine the effect of the following 
parameters on survival: age at presentation, method 
of radioiodine dosage (fixed dose vs. individualized 
dose), definitive thyroid status (after exclusion of 
cats with undetermined thyroid function), presence 
of azotemia more than 4 months after treatment, and 
creatinine serum concentration more than 4 months 
after treatment. To identify independent predictors of 
survival, the univariate analysis was followed up by a 
multivariate Cox proportional hazard regression.
Ethical approval
This work involved the use of nonexperimental animals 
only. Established and internationally recognized high 
standards (“best practice”) of individual veterinary 
clinical patient care were followed.

Results
Signalment 
A total of 110 hyperthyroid cats received radioiodine at 
our institution between 2010 and 2020. The median age 
of treated cats was 13 years (IQR: 11–14 years). Cats 
in the I group were significantly older at the time of 
treatment than cats in the F group (median = 13 years 
(IQR: 11–13) versus 12 years (IQR: 12–14; p = 0.01). 
Fifty-five cats were male (50%) and 55 were female 

Fig. 1. Classification for thyroid function according to serum T4 concentration after 
radioiodine treatment.
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(50%). There were significantly more male cats in the 
I group (36/60; 60%) compared to the F group (19/50; 
38%) (p = 0.02). Median weight at admission was 
3.9 kg in the F group and 4.2 kg in the I group (p = 
0.63). Most common breeds were Domestic Shorthairs 
(92/110; 84%) and Norwegian Forest cats (3/110; 3%). 
There were two (2%) of each of the following breeds: 
Persian, Chartreux, Maine Coon, British Shorthair, 
and Ragdoll; and one (0.9%) of each of the following: 
Siamese, Angora Turk, Siberian, and Balinese. The 
most common clinical sign was weight loss, present in 
12/22 (55%) cats in the F group and 17/23 (74%) cats 
in the I group (p = 0.17). Hyperactivity was present in 
2/4 (50%) cats in the F group and 3/4 (75%) cats in the 
I group (p = 0.47). Polyphagia was present in 10/25 
(40%) cats in the F group and 12/25 (48%) cats in the 
I group (p = 0.57). Polyuria–polydipsia was present in 
4/19 (21%) cats in the F group and 6/23 (26%) cats in 
the I group (p = 0.7). 
Vomiting was significantly more frequent in the F 
group (8/12; 67%) compared to the I group (9/28; 
32%; p = 0.04). 56/64 (88%) cats were treated before 
radioiodine treatment with methimazole, whereas 8/64 
(12%) were treated with carbimazole. The percentage 
of cats treated medically was not different between the 
two groups (p = 0.80). 
Baseline clinical and clinicopathological analysis 
Before radioiodine therapy, the mean body condition 
score (BCS) was 4.4/9 ± 1.7 (n = 73). A cervical nodule 
was palpable in 57/61 (93%) cats and heart murmur 
was audible in 41/49 (84%) cats. The disease was 
unilateral in 29/44 (66%) cats. Those parameters were 
not different between the two groups (p = 0.24; p = 0.19 
and p = 0.22, respectively). Alopecia was significantly 
more present in the I group (28/41; 68%) compared to 
the F group (1/3; 33%, p < 0.001). 
On biochemistry, ALT and ALP were increased in 
23/60 (38%) and 11/62 (18%) cats, respectively. This 
difference was not statistically significant between the 
two groups (p = 0.28 and p = 0.95, respectively). Mean 
creatinine concentration was 100 ± 41 µmol/l in the F 
group and 96 ± 47 µmol/L in the I group (p = 0.63). 
Mean T4 concentration was 133 ± 74 nmol/l in the F 
group and 134 ± 69 nmol/l in the I group (p = 0.53). 
Hypertrophic cardiomyopathy was diagnosed on 
cardiac ultrasound in 16/45 (36%) of the cats. The 
occurrence was not different between cats in the F and 
I groups (p = 0.56). 
Evolution over the years 
From 2010 to 2020, there were no obvious changes 
in body weight, BCS, and T4 in the cats referred for 
radioiodine therapy.
Treatment
Figure 2 shows the activity of radioiodine administered 
at our institution from 2010 to 2020. Fifty (45%) cats 
received a fixed activity of radioiodine and 60 (55%) 
received an individualized activity based on a clinical 

scoring system. Before 2013, while using a fixed dose, 
two cats received a lower dose of radioiodine (75 
MBq) because the untreated T4 value was only mildly 
increased. One cat received a higher dose (245 MBq) 
because the untreated T4 value was severely increased.
The mean dose of radioiodine administered in the F 
group (168 ± 26 MBq; IQR: 150–181) was significantly 
higher than the mean dose administered in the I group 
(120 ± 30 MBq; IQR: 90–140; p < 0.0001).
Follow-up
The outcomes of the cats after radioiodine therapy 
according to the method of radioiodine dosage are 
presented in Table 2.
Median body weight increased from 4.1 kg (IQR: 3.4–
5.0; n = 96) at moment of treatment to 4.8 kg (IQR: 
4.3–6.0; n = 11) more than 12 months after treatment 
(p = 0.78). 
In the F group, the median T4 serum concentration 
significantly decreased from 133 nmol/l (IQR: 82–163; 
n = 26) at treatment to 21 nmol/l (IQR: 10–28; n = 30) 
for 1–3 months, 27 23 nmol/l (IQR: 17–28; n = 23) for 
4–12 months, and nmol/l (IQR: 21–31; n = 18) more 
than 12 months after radioiodine therapy (p < 0.001). 
In the I group, median T4 serum concentration also 
significantly decreased from 134 nmol/l (IQR: 91–188; 
n = 59) at treatment to 18 nmol/l (IQR: 15–38; n = 37) 
for 1–3 months, 20 nmol/L (IQR: 17–29; n = 39) for 
4–12 months, and 18 nmol/L (IQR: 16–29; n = 17) for 
more than 12 months after radioiodine (p < 0.001).
In the F group, median creatinine serum concentration 
significantly increased from 110 µmol/l (IQR: 83–146; 
n = 24) at treatment to 125 µmol/l (IQR: 96–167;  
n = 26) for 1–3 months, 150 µmol/l (IQR: 115–198; 
n = 17) for 4–12 months, and 138 µmol/l (IQR: 122–
183; n = 20) more than 12 months after radioiodine 
therapy (p = 0.016). In the I group, median creatinine 
serum concentration also significantly increased from 
96 µmol/l (IQR: 76–138; n = 45) at treatment to 140 
µmol/l (IQR: 105–185; n = 31) for 1–3 months, 149 
µmol/l (IQR: 119–179; n = 37) for 4–12 months, and 
158 µmol/l (IQR: 112–191; n = 16) more than 12 
months after radioiodine (p < 0.001).
Assessment of thyroid function after radioiodine 
therapy is shown in Figure 3. The proportion of 
euthyroid cats increased at each follow-up. Definitive 
thyroid status could be assessed in 81/110 (74%) cats 
and a clear thyroid function could be determined in 
61/110 (55%) cats. Median time to assessment of 
definitive thyroid status was 11 months (IQR: 5–20). 
Of those cats, 11 (14%) were hypothyroid, 37 (46%) 
were euthyroid, and 13 were persistently hyperthyroid 
(15%). The remaining 20 (25%) cats were eu- or 
hypothyroid. After excluding cats classified as eu- or 
hypothyroid, the overall percentages of euthyroidism 
and iatrogenic hypothyroidism were 61% (37/61) 
and 18% (11/61), respectively. One persistently 
hyperthyroid cat received a second dose of radioiodine, 
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Fig. 2. Box plots showing the activity (MBq) of radioiodine administered to 110 
hyperthyroid cats from 2010 to 2020 (○ outliers).

Table 2. Comparison of outcome parameters in 110 hyperthyroid cats after radioiodine treatment, according to the radioiodine 
dosing method .

Total F group I group p
Radioiodine therapy
Dose (mean MBq) 141 168 120 <0.0001
First recheck (1-3 months)
Time to recheck (mean months) 1.7 1.9 1.7 0.1
T4 (median umol/L) 19 21 18 0.41
Creatinine (median umol/L) 138 125 139 0.70
Azotaemia 8/54 (15%) 4/22 (18%) 4/32 (13%) 0.56
Second recheck (4-12 months)
Time to recheck (mean months) 6 5.6 6.8 0.04
T4 (median nmol/L) 21 22 20 0.53
Creatinine (median umol/L) 150 150 149 0.63
Azotemia 10/50 (20%) 5/13 (39%) 5/37 (13.5%) 0.055
Third recheck (> 12 months)
Time to recheck (mean months) 20.5 28 17.5 0.003
T4 (median nmol/l) 22 27 18 0.18
Creatinine (median µmol/l) 140 138 158 0.90
Azotemia 16/35 (46%) 7/19 (37%) 5/16 (31%) 0.73
Definitive thyroid status
Median time to definitive status (months) 11 14 10.5 0.11
Euthyroidisma 37/61 (61%) 18/26 (69%) 19/35 (54%) 0.24
Median survival time (months) 44 47 >29 0.25

aPercentage of euthyroid cats represented after exclusion of cats with unclear thyroid status; (F group): group of cats receiving a fixed dose of 
radioiodine; (I group): group of cats receiving an individualized dose of radioiodine based on a clinical score P-value: less than 0.05.
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while the remaining hyperthyroid cats were treated 
with antithyroid medications. 
After 4–12 months of therapy, serum creatinine 
concentration was significantly lower in cats with 
persistent hyperthyroidism compared to euthyroid and 
hypothyroid cats (n = 40; p = 0.002) (Fig. 4). However, 
more than 12 months after therapy, serum creatinine 
concentration was no longer significantly associated 
with thyroid status (n = 27; p = 0.12).
After 4–12 months of therapy, azotemia was present 
in 38% of hypothyroid cats, 18% of euthyroid cats, 
and in no hyperthyroid cat (n = 35; p = 0.11). After 12 
months, azotemia was present in 75% of hypothyroid 
cats, 26.3% of euthyroid cats, and in no hyperthyroid 
cat (n = 27, p = 0.057).

Comparison of thyroid and renal functions between cats 
receiving a fixed activity and an individualized activity 
of radioiodine 
Comparing the definitive thyroid function (most 
complete thyroid function assessment at least 3 months 
after radioiodine), in the F group (n = 26) there were 18 
(69%) euthyroid cats, 5 (19%) persistent hyperthyroid 
cats, and 3 (12%) iatrogenic hypothyroid cats. In the 
I group (n = 35), there were 19 (54%) euthyroid cats, 
8 (23%) persistent hyperthyroid cats, and 8 (23%) 
iatrogenic hypothyroid cats. These differences were not 
statistically significant (p = 0.427). 
Of the 22 cats with unclear thyroid status, 10 belonged 
to the F group and 12 to the I group. After 4–12 months 
of therapy and more than 12 months after therapy, 

Fig. 3. Bar chart illustrating the percentile distribution of thyroid status of cats at 
different time points after radioiodine treatment according to the method of radioiodine 
dosage (fixed dose vs. individualized dose).

Fig. 4. Box plots comparing serum creatinine conce‑ntrations (µmol/l) for 4–12 months 
after radioiodine therapy between hypothyroid, euthyroid, and hyperthyroid cats. 
The circle and the triangle represent outliers. * p < 0.05 compared to hypothyroid and 
euthyroid groups.
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serum creatinine concentration was not significantly 
associated with method of radioiodine dose calculation 
(p = 0.63 and p = 0.90, respectively). The incidence of 
azotemia at any time point (1–3 months, 4–12 months, 
and more than 12 months) was also not significantly 
associated with method of radioiodine dose calculation 
(p = 0.6, p = 0.056, and p = 0.73, respectively).
Investigation of the causes for treatment failure 
The results of the logistic regression are presented 
in Table 3. No association was found between the 
investigated variables and treatment failure (absence of 
euthyroidism) after treatment.
Survival analysis 
Median survival time was 44 months (n = 102). 
The results of the survival analysis are presented in  
Table 4. In the univariate Cox proportional hazard 
regression, age at presentation (n = 102; HR = 1.26; 
p = 0.006) and hyperthyroid definitive status (n = 60; 
HR = 6.7; p = 0.0013) were significantly associated with 
a shorter survival time. Serum creatinine concentration 
(n = 69; HR = 1.002; p = 0.072) and the presence of 
azotemia (n = 66; HR = 0.869; p = 0.773) more than 
4 months after treatment were not associated with 
survival time. In the multivariate analysis, hyperthyroid 
definitive status was the only variable independently 
associated with a shorter survival time (n = 60;  
HR = 6.42; p = 0.002). 
The Kaplan–Meier survival curves according to the 
definitive thyroid status and method of radioiodine 
dosage are shown in Figures 5 and 6. 

Discussion
There is no consensus on how best to determine the 
dose of radioiodine to administer to hyperthyroid 
cats. The methods reported to date include using a 
fixed dose or calculating an individualized dose using 
either a clinical score or scintigraphy tracer studies 
(Morré et al., 2018). Given the increased awareness 
of the prevalence of iatrogenic hypothyroidism after 
radioiodine and concerns that a fixed dose may increase 
its frequency, our group decided to change from using 
a fixed dose to an individualized dose in 2015. To the 
authors’ knowledge, this is the first study comparing the 
two dosing methods. We could not identify significant 
differences in thyroid function, renal function, or 
survival time between cats treated with a fixed dose 
and cats treated with an individualized dose calculated 
using a clinical scoring system.
The rates of euthyroidism and iatrogenic hypothyroidism 
in the F group of our study seem comparable to other 
studies using a fixed dose of radioiodine, when TSH 
is measured during follow-up (Lucy et al., 2017; 
Finch et al., 2019). Table 5 summarizes the outcomes 
of radioactive iodine reported in previous studies. 
However, the rate of persistent hyperthyroidism in the 
F group was higher than previously reported. Although 
results of different studies are difficult to compare, this 
is interesting because the mean dose of radioiodine 
administered in the F group was higher compared to 
previous reports. Studies using a fixed dose reporting 
a higher incidence of euthyroidism after treatment did 

Table 3. Univariate logistic regression to investigate factors associated with treatment failure.

Parameter OR 95% CI p
T4 at diagnosis 0.99 0.98–1.00 0.059
Method (fixed vs. score) 1.89 0.65–5.5 0.23
Dose 131I 1.00 0.99–1.02 0.72
T4:131I ratio 0.48 0.15–1.52 0.2

All values refer to the association of each variable with euthyroidism after therapy.

Table 4. Univariate and multivariate Cox proportional hazard regression to investigate factors associated with survival.

Variable Hazard ratio 95% CI p
Univariate analysis
Age 1.26 1.07–1.50 0.006
Method (fixed vs. score) 0.61 0.26–1.43 0.26

Definitive thyroid status
Hypothyroidism 3.44 0.89–13.4 0.07
Hyperthyroidism 6.7 2.11–21.35 0.0013

Azotemia > 4 months after treatment 0.87 0.33–2.28 0.77
Creatinine > 4 months after treatment 1.002 1.00–1.004 0.07
Multivariate analysis

Definitive thyroid status
Hypothyroidism 3.57 0.91–13.99 0.07
Hyperthyroidism 6.42 2.00–20.53 0.002

Age 1.09 0.85–1.39 0.52
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not include TSH measurement during follow-up and 
could have underestimated the incidence of iatrogenic 
hypothyroidism (Chun et al., 2002; Vagney et al., 2018; 
Yu et al., 2020).
A previous study evaluating an individualized dose 
of radioiodine to treat feline hyperthyroidism and 
measuring TSH during follow-up reported a markedly 
higher incidence of iatrogenic hypothyroidism and a 

lower rate of euthyroidism compared to the I group 
in our study (Fernandez et al., 2019) (Table 5). The 
mean dose of radioiodine administered in that study 
was slightly higher compared to the mean dose 
administered to the I group.
As mentioned previously, some studies did not 
include TSH measurement during follow-up and 
likely underestimated the incidence of iatrogenic 

Fig. 5. Kaplan–Meier survival curves for 60 cats treated with radioiodine and divided 
in three groups according to definitive thyroid status (hypothyroid n = 11; euthyroid  
n = 37; and hyperthyroid n = 12).

Fig. 6. Kaplan–Meier survival curves for 102 cats treated with radioiodine according to 
method of radioiodine dose calculation (F group: n = 45; I group: n = 57).
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hypothyroidism (Mooney, 1994; Peterson and Becker, 
1995; Vagney et al., 2018). TSH has been shown 
to be a more sensitive and specific marker for the 
identification of feline hypothyroidism compared to 
total T4 and free T4 (Peterson et al., 2017; Wakeling 
et al., 2020). A recent study on radioiodine treatment 
of hyperthyroid cats, using the same clinical score 
as in our study and including routine measurement 
of TSH during follow-up, reported an incidence of 
iatrogenic hypothyroidism of 40% (Fernandez et al., 
2019). Recognizing iatrogenic hypothyroidism after 
radioiodine treatment is very important, especially 
in azotemic cats, as the combination of azotemia and 
hypothyroidism is associated with a shorter survival 
time (Williams et al., 2010). In our study, however, 
neither hypothyroidism nor azotemia after treatment 
was significantly associated with survival. 
In one study, the use of an individualized dose based 
on thyroid scintigraphy did not show superiority 
compared to a fixed dose of 167 MBq (Morré et al., 
2018). It is interesting to note that the outcome reported 
in the group receiving the individualized activity (58% 
euthyroidism, 16% persistent hyperthyroidism, and 
26% iatrogenic hypothyroidism) is very similar to 
the outcome reported for the I group in our study. In 
future studies, it would also be interesting to compare 
the outcome of radioiodine treatment dosed using 
either thyroid scintigraphy or a clinical score within 
the same institution (Peterson and Becker, 1995;  
Morré et al., 2018).
In our study, we could not demonstrate the benefit of 
administering an individualized dose of radioiodine 
based on a clinical scoring system, compared to a fixed 
dose, to treat feline hyperthyroidism. Because the use 
of a clinical score makes the planning of radioiodine 
treatment more difficult, the results of our study should 
lead to a reflection of what is indeed the best solution. 
Although the use of fixed dose is easier to plan, using a 
clinical score has the theoretical advantage of allowing 
adaptation of the dose to the needs of a particular 
patient. Even if our study did not show an advantage 

of using an individualized activity, refinement of the 
way in which the clinical score system is applied over 
time could still lead to improved treatment success in 
the future. 
In our study, no factors predictive of treatment failure 
could be identified. In previous studies, higher T4 serum 
concentration at presentation (Morré et al., 2018; Yu 
et al., 2020) and higher dose of radioiodine have been 
associated with treatment failure (Lucy et al., 2017). 
Although we did not evaluate the effect of thyroid 
nodule size and bilateral disease on the outcome, in one 
study these were not associated with thyroid function 
after radioiodine treatment (Volckaert et al., 2016). In 
another study, an association was reported between 
larger goiter and persistent hyperthyroidism after 
radioiodine treatment (Morré et al., 2018).
In our survival analysis, the only factor independently 
associated with shorter survival time was 
persistent hyperthyroidism. The effect of persistent 
hyperthyroidism on survival could be related to 
progressive clinical signs, namely weight loss, cardiac 
disease, and worsening quality of life. Most of these 
cats were likely treated medically or left untreated 
given the fact that many had been referred because of 
side effects of medical treatment. The owners’ refusal 
of a second radioiodine treatment could be due to costs 
and duration of hospitalization. In a survey, owners 
of cats with persistent or relapsing hyperthyroidism 
after radioiodine treatment were more likely to be 
unhappy with the outcome and their decision to choose 
radioiodine therapy (Boland et al., 2014).
The main limitations of this study are associated with 
its retrospective nature and limited sample size. Some 
cats were also lost to follow-up. Unfortunately, thyroid 
function after therapy could not be clearly determined 
in all cats, hence the introduction of the category 
“eu- or hypothyroid”, when TSH measurement 
was not available and T4 serum concentration was 
under the 20th percentile of the reference interval.  
Moreover, although the incidence of azotemia after 
radioiodine treatment was not significantly associated 

Table 5. Outcome of radioiodine treatment in previous reports using either a fixed dosing method or an individualized dose based 
on a clinical score to treat feline hyperthyroidism.

Study Year Method Dosage Euthyroidism Persistent 
hyperthyroidism

Iatrogenic 
hypothyroidism

M.E Peterson et al., 
JAVMA 1995 Clinical 

score
Mean: 125 MBq  

= 3.4 mCi 94% 1.5% 2.1%

Y. Fernandez et al., 
JFMS 2019 Clinical 

score
Median: 130 MBq  

= 3.5 mCi 40% 6% 54%

Chun et al., Vet R US 2002 Fixed 148 MBq = 4 mCi 90% 1% 9%

J.M. Lucy et al., JVIM 2017 Fixed
74 versus 148 MBq 

= 4 mCi versus 2 
mCi

65% 2.6% 32%

N.C. Find et al., JSAP 2019 Fixed 111 MBq = 3.0 mCi 65% 10% 25%
Yu et al., JFMS 2020 Fixed 154 MBq = 4.2 mCi 82.5% 2.5% 15%
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with thyroid function, this analysis was likely 
underpowered. Finally, the dose of radioiodine in the 
F group was not uniform over the years as mentioned 
previously. 
In conclusion, the method of determining the activity 
of radioiodine to administer to hyperthyroid cats was 
not associated with thyroid function, renal function, or 
survival time after therapy. No predictors of treatment 
failure were identified and persistent hyperthyroidism 
was the only parameter independently associated 
with shorter survival time. Further improvement 
of the clinical scoring system is needed before an 
individualized dose of radioiodine can be recommended 
over the use of a fixed dose as a method of limiting 
iatrogenic hypothyroidism while maintaining treatment 
efficacy.
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