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Background: Radioiodine (131I) is effective treatment for hyperthyroidism in cats, but optimal dose to restore euthy-

roidism without inducing hypothyroidism is unclear. Treatment-induced hypothyroidism can lead to azotemia and reduced

duration of survival.

Objective: To compare efficacy and short-term outcomes of low-dose 131I versus higher, standard-dose 131I as treatment

for hyperthyroidism.

Animals: A total of 189 client-owned cats undergoing 131I treatment for mild-to-moderate hyperthyroidism (serum

T4 ≥ 4.0 lg/dL and <13.0 lg/dL).
Methods: Prospective, nonrandomized, cohort study comparing treatment with either low-dose (2 mCi, n = 150) or stan-

dard-dose (4 mCi, n = 39) 131I. Serum T4, thyroid-stimulating hormone (TSH), and creatinine concentrations were measured

after 1, 3, and 6 months to determine persistent hyperthyroidism, overt hypothyroidism (low T4, high TSH), subclinical

hypothyroidism (normal T4, high TSH), and azotemia.

Results: There was no significant difference in prevalence of cats with persistent hyperthyroidism between standard- and

low-dose treatment groups at 3 (0% versus 5.3%; P = .34) and 6 (0% versus 3.3%; P = .51) months. Overt (18% versus 1%;

P = .0005) or subclinical (46% versus 21%; P = .004) hypothyroidism was more common in cats at 6 months after standard-

dose 131I. No difference in incidence of azotemia existed between groups, but cats treated with standard-dose 131I had higher

creatinine concentrations (P < .05) and higher percent rises in creatinine (P < .0001).

Conclusions and Clinical Importance: Low-dose 131I is safe and effective for cats with mild-to-moderate hyperthyroidism,

as evidenced by a cure rate of >95% with reduced frequency of iatrogenic hypothyroidism and azotemia.
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Hyperthyroidism resulting from adenomas/adeno-
matous hyperplasia of the thyroid gland is the

most common endocrine disorder of older cats.1,2 Treat-
ment options include antithyroid drugs such as methi-
mazole or carbimazole, iodine-restricted diet,
thyroidectomy, or radioactive iodine.3–6 Radioiodine
(131I) is generally considered the optimal treatment for
hyperthyroidism in cats because of its safety and
efficacy.1,5,7,8

Ideally, the dose of 131I used to treat hyperthyroidism
in cats should restore euthyroidism without inducing

hypothyroidism. In other words, the goal of radioiodine
treatment is to irradiate and destroy all of the abnormal
adenomatous thyroid gland while leaving normal thy-
roid tissue intact. Several schemes exist to determine the
appropriate dose of 131I to administer to hyperthyroid
cats.8 The most commonly employed approach is a
fixed standard-dose protocol in which 4–5 millicuries
(mCi; 148–185 megabecquerel [mBq]) 131I is adminis-
tered to cats regardless of severity of hyperthyroidism
or size of thyroid tumor.9–14 Less commonly, individu-
alized or cat-specific dosing protocols are used in which
the 131I dose might be low (3 mCi; 110 mBq), medium
(4 mCi; 150 mBq), or high (5 mCi; 185 mBq) depen-
dent on severity of hyperthyroidism and size of thyroid
goiter.5,8 Recently, a preliminary study suggested that
even the 3 mCi dose could be more radioiodine than
many hyperthyroid cats need and that 2 mCi (75 mBq)
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131I could successfully treat most cats with mild-to-mod-
erate hyperthyroidism.a

The main disadvantage of lower doses of radioiodine
is the potential for treatment failure. In hyperthyroid
cats receiving the higher standard dose of 131I, persis-
tent hyperthyroidism has been rarely reported
(<5%).5,11,12,15 Possible benefits of administering lower
doses of 131I in the management of hyperthyroidism in
cats include lower radiation exposure to cats and per-
sonnel, decreased cost of radioiodine, shorter quaran-
tine times for cats after treatment, and likely reduced
incidence of iatrogenic hypothyroidism.8 Importantly,
hypothyroidism induced by treatment for hyperthy-
roidism appears to contribute to the development of
azotemia and reduced duration of survival in cats.16

Iatrogenic hypothyroidism, based on the finding of sub-
normal serum thyroxine (T4) concentration 3 or more
months after standard-dose 131I treatment, occurs in as
few as 3%10 and up to as many as 79%17 of all treated
cats, with most studies reporting a prevalence of
≤9%.9,11,12 No study has examined the prevalence of
iatrogenic hypothyroidism in cats with milder degrees
of hyperthyroidism treated with standard-dose 131I.
Likewise, the frequency of iatrogenic hypothyroidism in
hyperthyroid cats treated with low-dose (2 mCi) 131I
has not been well established.

The objective of this study was to compare the effi-
cacy of 2 different doses of 131I (2 mCi and 4 mCi) in
the treatment of cats with mild-to-moderate hyperthy-
roidism. Our hypothesis was that hyperthyroid cats
treated with low-dose 131I would develop iatrogenic
hypothyroidism less frequently than cats treated with
the higher standard dose, yet have a similarly low
prevalence of persistent hyperthyroidism.

Materials and Methods

Selection of Animals

A prospective, non-randomized, cohort study of client-owned

hyperthyroid cats presenting to either the Cornell University

Hospital for Animals (CUHA) or the Animal Endocrine Clinic

(AEC) for 131I treatment between October 2013 and December

2014 was performed. Cornell University College Veterinary Medi-

cine Clinical Studies Committee approved the study after an ethi-

cal and scientific review. The project was reviewed by the IACUC

office and exempted from IACUC review because the procedures

to be performed were clinically required, represented standard

accepted veterinary practice for the animals’ condition, and did

not meet the regulatory and Cornell policy description for the use

of animals for research, teaching, or testing. Informed client con-

sent was obtained for all cats in the study.

Cats were eligible for enrollment if they had mild-to-moderate

hyperthyroidism (serum T4 concentration ≥4 lg/dL but <13 lg/
dL; reference range 0.9–3.9 lg/dL) together with compatible clini-

cal features (e.g, weight loss despite a good appetite, palpable goi-

ter).18 Cats with serum T4 ≥ 13 lg/dL were excluded to focus on

cats with mild-to-moderate hyperthyroidism that might be

expected to be cured with a low dose of 131I.a Cats must not have

been fed a prescription iodine-restricted dietb for at least 2 weeks

before evaluation. If cats had been previously treated with methi-

mazole, the drug must have been discontinued for at least 1 week

before evaluation. A prior methimazole trial was not required for

enrollment. Cats were excluded from the study if they were azote-

mic (serum creatinine ≥2 mg/dL) at the time of enrollment, had

thyroid scintigraphic findings compatible with thyroid carcinoma

(i.e, large heterogeneous areas of uptake with irregular or specu-

lated margins, linear multifocal uptake patterns, or evidence of

metastasis to regional lymph nodes or lungs),19,20 or were previ-

ously treated by thyroidectomy or percutaneous thyroid ablation.

Study Protocol

For all cats, before-treatment evaluation included complete his-

tory, physical examination, routine laboratory testing (CBC and

serum biochemistry profile), serum T4 and TSH concentrations,

and quantitative thyroid scintigraphy.19–21 All before-treatment

laboratory testing was performed at a single commercial veterinary

diagnostic laboratory.c Thyroid scintigraphy confirmed unilateral

or bilateral thyroid lobe enlargement (i.e, “hot” thyroid nodules)

together with a high thyroid-to-salivary gland (T/S) ratio (≥1.5) in
all study cats. Cats were treated with a single subcutaneous dose

of 131I (4 mCi at CUHA or 2 mCi at AEC) within 24 hours of

scintigraphy, and then hospitalized and monitored in accordance

with nuclear safety regulations.

Recheck examinations were performed at 1, 3, and 6 months

after 131I treatment. In most cases, the referring veterinarian per-

formed these follow-up examinations. At each follow-up visit, blood

samples were collected to determine serum concentrations of T4,

TSH, and creatinine. To improve case enrollment and compliance

with follow-up, the referring veterinarians had the option to submit

these serum samples to 1 of 2 commercial veterinary diagnostic labo-

ratoriesc,d (almost all practices in the northeastern USA use one of

these designated commercial laboratories). Approximately half of

all referring veterinarians used 1 laboratory, whereas the remainder

used the other laboratory. There was no significant difference

(P = .74; chi-square test) between the proportion of low- or stan-

dard-dose 131I-treated cats rechecked by either veterinary diagnostic

laboratory (63% vs 59%c and 37% vs 41%d).

In both laboratories, serum T4 concentration was measured by

a homogenous enzyme immunoassay validated for use in cats

(Data S1).19 In both laboratories, serum TSH was measured by a

canine chemiluminescent immunoassay, also validated for use in

cats (Data S1).19 As described in Data S1, when serum samples

were divided into 2 aliquots and submitted to both laboratories

for analysis, results showed good agreement for both T4 and TSH

concentrations, especially within the ranges for clinical decision

surrounding their reference intervals (0.9–3.9 lg/dL and 0.03–
0.3 ng/mL, respectively).

Data and Statistical Analysis

All statistical analyses were performed by proprietary statistical

software.e,f Continuous data were assessed for normality by the

Shapiro-Wilk test and by visual inspection of graphical plots.22,23

Data were not normally distributed; therefore, all analyses used

nonparametric tests.23 Results are reported as median (interquar-

tile range [IQR], 25th–75th percentile) and are represented graphi-

cally as box-and-whisker plots and bar graphs. For all analyses,

statistical significance was defined as P ≤ .05.

For analysis, cats were classified into 1 of 4 thyroid categories

based on the reference intervals established for serum T4 (0.9–
3.9 lg/dL) and TSH (0.03–0.3 ng/mL) concentrations: persistent

hyperthyroidism (T4 ≥ 4.0 lg/dL; TSH <0.03 ng/mL), euthy-

roidism (T4, 0.9–3.9 lg/dL; TSH ≤ 0.3 ng/mL), overt hypothy-

roidism (T4 ≤ 0.8 lg/dL; TSH > 0.3 ng/mL), and subclinical

hypothyroidism (T4 0.9–3.9 lg/dL; TSH > 0.3 ng/mL). See Data

S1 for details on how we determined the reference intervals for

serum T4 and TSH concentrations. The thyroid status of each cat
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was assessed at 3 and 6 months after 131I treatment, but not at

1 month to prevent misclassification of cats that might still be

recovering from TSH suppression secondary to the original hyper-

thyroid state.

Although dependent on the discretion of both owner and refer-

ring veterinarian, supplementation with a low dose (0.075 mg once

daily) of levothyroxine (L-T4) was recommended in any cat that

had overt hypothyroidism 3 or more months after radioiodine

treatment, or in any cat with subclinical hypothyroidism and wors-

ening azotemia detected at the 3-month examination. For cats sup-

plemented with L-T4 at 3 months, the T4 and TSH concentrations

measured at 6 months were excluded from numerical statistical

analysis. However, the categorical data still classified these cats as

hypothyroid at the 6-month recheck examination.

Continuous variables were compared between groups by the

Mann-Whitney U-test; comparisons among 2 or more measure-

ments within a group (before–after) were compared with the Wil-

coxon signed ranks test. Categorical variables were compared

among groups by the chi-square test (or Fisher’s exact test, where

appropriate).

Before study enrollment, the sample size for the study was esti-

mated based on an estimated incidence of overt hypothyroidism of

approximately 25% for the standard-dose treatment and 5% for

the low-dose treatment (effect size of ~20% difference) with twice

the number of cats being enrolled in the low-dose group. With an

alpha error rate of 5% and a power of 80%,24 this yielded an esti-

mate of approximately 68 cats in the low-dose group and 34 cats

in the standard-dose group. During the enrollment period, cats

receiving low-dose 131I were enrolled at a ratio of about 3.8:1 cat

treated with standard-dose treatment. These cats were included to

increase the power to detect an even smaller significant treatment

difference should it be observed.

Results

Study Populations

During the study period, 189 cats were successfully
enrolled: 39 cats were treated with standard-dose 131I

and 150 cats were treated with low-dose 131I. All cats
completed the study, but 1 cat treated with the standard
dose missed the 1-month recheck appointment. Cats
treated with standard-dose 131I included 31 domestic
shorthair, 6 domestic longhair, 1 Maine Coon, and 1
Siamese. Median age of these cats was 13 years (range,
5–18 years), with a sex distribution of 20 (51%) spayed
females and 19 (49%) neutered males. Cats treated with
low-dose 131I included 114 domestic shorthair, 16
domestic medium or longhair, 7 Maine Coon, 5 Sia-
mese, 2 Burmese, 2 Norwegian Forest, and 1 each Bir-
man, Ragdoll, Russian Blue, and Tonkinese. Median
age of these cats was 13 years (range, 7–19 years), with
74 (49%) spayed females and 76 (51%) neutered males.

There were no significant differences in breed
(P = .49), age (P = .62), or sex (P = .86) between the 2
study populations. Similarly, no significant differences
in before-treatment serum concentrations of T4, TSH,
or creatinine were found among cats treated with
low- or standard-dose 131I (Figs 1-3). Thyroid scintigra-
phy also failed to reveal any significant differences in
median T/S ratio (3.7 vs 4.4; P = .255) or bilateral lobe
involvement (102/150 [68%] vs 28/39 [72%]; P = .702)
between the low- or standard-dose treatment groups,
respectively.

After-Treatment Thyroid Function

At 1, 3, and 6 months after treatment, cats treated
with standard-dose 131I had significantly lower serum
T4 concentrations (P < .005) and higher TSH concen-
trations (P < .001) than did the cats treated with low-
dose 131I (Figs 1 and 2).

At the 3-month recheck, 5 cats (3 with overt and 2
with subclinical hypothyroidism) that received standard-
dose 131I and 1 cat (with subclinical hypothyroidism)

Fig 1. Box plots of serum T4 concentrations in 189 cats before and after treatment with low- (2 mCi; n = 150) or standard-dose (4 mCi;

n = 39) 131I. (A) Before treatment; (B) 1 month after 131I treatment; (C) 3 months after 131I treatment; and (D) 6 months after 131I treat-

ment. The significant differences between the 2 treatment groups are indicated for each time period. Boxes represent the interquartile range

(IQR) from the 25th to 75th percentile. The horizontal bar in each box represents the median value. The T-bars represent the main body

of data, which in most instances is equal to the range. Open circles represent outlying data points.
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that received low-dose 131I were started on low-dose L-
T4 supplementation. Therefore, the serum T4 and TSH
concentrations measured at 6 months from these 6 cats
were not included in the data analysis shown in Figs. 1
and 2. After L-T4 replacement, the median serum T4

increased from 0.8 lg/dL (range, 0.5–1.5 lg/dL) at
3 months to 1.6 lg/dL (range, 1.3–3.1 lg/dL) at
6 months in the 5 cats of the standard-dose group
(P = .063) and from 1.1 lg/dL to 2.4 lg/dL in the 1 cat
of the low-dose group. Median serum TSH concentra-
tion decreased from 10.7 ng/mL (range, 0.4–12.0 ng/
mL) to 2.9 ng/mL (P = .25) but remained high (range,
0.6–12.0 ng/mL) in all 5 of the standard-dose cats when

tested at 6 months. Serum TSH fell from 2.4 ng/mL to
1.0 ng/mL in the 1 cat of the low-dose group.

All paired serum T4 and TSH concentrations allowed
categorization of cats into 1 of 4 outcome categories
(euthyroidism, persistent hyperthyroidism, overt
hypothyroidism, or subclinical hypothyroidism). There
were no discordant results.

Euthyroidism. (T4 0.9–3.9 lg/dL; TSH ≤ 0.3 ng/mL):
At 3 months, 17 (44%) of the 39 cats that received
standard-dose 131I and 111 (74%) of the 150 cats that
received low-dose 131I were euthyroid (Fig 4). At
6 months, 14 (36%) of the 39 cats that received stan-
dard-dose 131I and 113 (75%) of the 150 cats that

Fig 2. Box plots of serum TSH concentrations in 189 cats before and after treatment with low-dose (2 mCi; n = 150) or standard-dose

(4 mCi; n = 39) 131I. Data are plotted as in Fig. 1.

Fig 3. Box plots of serum creatinine concentrations in 189 cats before and after treatment with low- (2 mCi; n = 150) or standard-dose

(4 mCi; n = 39) 131I. Data are plotted as in Fig. 1.
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received low-dose 131I were euthyroid (Fig 4). Cats
treated with standard-dose 131I were significantly less
likely to be euthyroid than those treated with low-
dose 131I at both 3 (P = .0014) and 6 (P = .0001)
months.

Persistent Hyperthyroidism. (T4 ≥ 4 lg/dL; TSH <
0.03 ng/mL): Persistent hyperthyroidism was not
observed in any of the cats treated with standard-dose
131I. Of the 150 cats treated with low-dose 131I, persis-
tent hyperthyroidism was detected in 8 (5.3%; 95% C.I.
2.7–10.2%) cats at 3 months and 5 (3.3%; 95% C.I.
1.4–7.6%) cats at 6 months (Fig 4). However, there was
no significant difference in the percentage of cats with
persistent hyperthyroidism between treatment groups at
either 3 (0% vs 5.3%; P = .34) or 6 (0% vs 3.3%;
P = .51) months. Generally, our target T4 concentration
for cats with hyperthyroidism after radioiodine treat-
ment is 1.5–3.0 lg/dL. Based on that desired range of
1.5–3.0 lg/dL, 7 cats in the low-dose group had T4

>3.0 lg/dL but ≤3.9 lg/dL (higher than considered
ideal, yet still within the reference interval).

Overt Hypothyroidism. (T4 ≤ 0.8 lg/dL; TSH >0.3
ng/mL): At 3 months, 4 (10%) of the 39 cats that
received standard-dose 131I had overt hypothyroidism
(Fig 4). In contrast, only 1 (1%) of the 150 cats that
received low-dose 131I had overt hypothyroidism
(Fig 4). Cats receiving standard-dose 131I had a signifi-
cantly (P = .014) higher incidence of overt hypothy-
roidism than did cats treated with low-dose 131I. At
6 months, 7 (18%) of the 39 cats that received stan-
dard-dose 131I had overt hypothyroidism (Fig 4). In
contrast, only 1 (1%) of the 150 cats that received low-
dose 131I had overt hypothyroidism (Fig 4). Cats receiv-
ing standard-dose 131I had a significantly (P = .0005)
higher incidence of overt hypothyroidism than did cats
treated with low-dose 131I.

Subclinical Hypothyroidism. (T4, 0.9–3.9 lg/dL; TSH
> 0.3 ng/mL): At 3 and 6 months, 18 (46%) of the 39
cats treated with standard-dose 131I had subclinical
hypothyroidism (Fig 4). In comparison, only 30 (20%)
and 31 (21%) of the 150 cats treated with low-dose 131

I had subclinical hypothyroidism at 3 and 6 months,
respectively (Fig 4). Cats treated with standard-dose
131I were significantly (P = .004) more likely to develop
subclinical hypothyroidism at 3 and 6 months.

Incidence of Overt or Subclinical Hypothyroidism. Either
overt or subclinical hypothyroidism was observed in 22
(56%) of the 39 cats receiving standard-dose 131I and 32
(21%) of the 150 cats receiving low-dose 131I at
3 months. By 6 months, 25 (64%) of the 39 cats treated
with standard-dose 131I and 31 (21%) of the 150 cats trea-
ted with low-dose 131I had overt or subclinical hypothy-
roidism. Cats receiving standard-dose 131I had
significantly (P < .0001) higher incidence of hypothy-
roidism (either overt or subclinical) at 3 and 6 months
after radioiodine treatment.

Incidence of Azotemia

Both groups of hyperthyroid cats experienced
increases in median serum creatinine concentrations
after 131I treatment (Fig 3). At 3 months, azotemia
(creatinine ≥2 mg/dL) was found in 15 (38%) of the
39 cats treated with standard-dose 131I and in 44
(29%) of the 150 cats treated with low-dose 131I. At
6 months, azotemia was detected in 18 (46%) of cats
treated with standard-dose 131I and 44 (29%) of cats
treated with low-dose 131I. There was no difference in
the incidence in azotemia between treatment groups at
3 (38% vs 29%; P = .27) or 6 (46% vs 29%; P = .06)
months.

However, compared with the low-dose 131I group,
cats treated with standard-dose 131I had significantly
(P < .05) higher serum creatinine concentrations at 1, 3,
and 6 months (Fig 3B–D). Additionally, the median
percent rise of serum creatinine in cats treated with
standard-dose 131I (52% at 1 month, 70% at 3 months,
and 77% at 6 months) was higher than the median per-
cent rise in cats treated with low-dose 131I (31% at
1 month, 46% at 3 months, and 50% at 6 months).
Cats treated with standard-dose 131I had significantly
(P < .0001) greater increases in the median percent rise

Fig 4. Bar graphs depicting the thyroid status in 189 cats treated with low-dose (2 mCi; n = 150) or standard-dose (4 mCi; n = 39) 131I.

(A) Percentage of cats with persistent hyperthyroidism, euthyroidism, subclinical hypothyroidism, or overt hypothyroidism at 3 months

after 131I treatment. (B) Percentage of cats with persistent hyperthyroidism, euthyroidism, subclinical hypothyroidism, or overt hypothy-

roidism at 6 months after 131I treatment. The prevalence of euthyroidism at 6 months is twice as high in cats treated with low-dose 131I,

whereas the prevalence of overt and subclinical hypothyroidism is 3-fold higher in cats treated with standard-dose 131I.
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of serum creatinine over baseline concentration at all
after-treatment time points.

In the 6 cats in which L-T4 supplementation was ini-
tiated after the 3-month recheck, the median serum cre-
atinine concentration at 6 months (2.60 mg/dL; range,
2.1–3.4 mg/dL) did not differ (P = .63) from that mea-
sured at 3 months (2.65 mg/dL; range, 2.3–3.6 mg/dL).
Therefore, the 6-month serum creatinine concentrations
from the L-T4-treated cats were included in the data
analysis (shown in Fig 3). However, if these 6 cats with
severe azotemia were excluded from the data analysis (5
in the standard-dose and 1 in the low-dose groups),
then there was no longer a difference in creatinine con-
centration between treatment groups (P = .06).

Discussion

Results of the present study confirm that low-dose
(2 mCi) 131I is safe and effective for treating cats with
mild-to-moderate hyperthyroidism. Cats with mild-to-
moderate hyperthyroidism treated with 2 mCi 131I were
significantly less likely to develop iatrogenic hypothy-
roidism compared with cats receiving the higher, stan-
dard dose of 4 mCi. Furthermore, persistent
hyperthyroidism in cats dosed with 2 mCi 131I was rare
(3.3%) and comparable to published rates for cats trea-
ted with conventional doses of radioiodine.5,11,12

It is well known that treatment of hyperthyroidism in
cats results in a reduction in glomerular filtration rate
(GFR), potentially unmasking underlying chronic kid-
ney disease (CKD).17,25,26 A previous retrospective
study of hyperthyroid cats found that treatment-
induced hypothyroidism was associated with an
increased risk of azotemia compared with cats that
became euthyroid.16 Furthermore, hypothyroid cats that
developed azotemia had significantly reduced survival
times.16 Another study found that after 131I treatment
in hyperthyroid cats, emergent renal disease was a pre-
dictor of negative outcome and the most common clini-
cal complaint at death.27 Because hypothyroidism likely
plays a role in progression of renal disease in cats after
treatment for hyperthyroidism,16,28 it seems logical that
a major goal of 131I treatment should be to minimize
development of iatrogenic hypothyroidism. In the pre-
sent study, treatment with low-dose 131I was associated
with a significant reduction in the development of treat-
ment-induced hypothyroidism compared with standard
dosing. This finding refutes the idea that the 4 mCi
“one-size-fits-all” 131I-dosing regimen is best for all
hyperthyroid cats.

Six months after 131I treatment, 29% of cats receiving
low-dose and 46% of cats given standard-dose 131I
became azotemic (serum creatinine ≥2.0 mg/dL).
Although this difference in incidence of azotemia was
not significant (P = .06), cats treated with standard-dose
131I developed both higher serum creatinine concentra-
tions (P < .05) and higher percent rises in creatinine
over before-treatment concentrations (P < .0001) than
did cats treated with low-dose 131I. Although the impor-
tance of these findings is unknown, the pattern is of
clinical concern. The degree of azotemia that develops

after treatment of hyperthyroidism is, at least in part,
related to the absolute serum T4 concentration, and
cats that become overtly hypothyroid are more likely
to develop lower GFRs (and thereby more severe
azotemia) than cats that maintain normal serum T4

concentrations (Data S2).16,17,28 In other words, severe
overt iatrogenic hypothyroidism is likely to both reduce
GFR and increase serum creatinine concentrations to a
greater extent than does subclinical hypothyroidism, in
which serum T4 concentrations remain within the lower
end of the reference interval. The different resultant thy-
roid status after 131I treatment in treated cats might
explain the varied incidence of azotemia (15–49%)
reported after treatment.7,17,29

Supplementing cats with iatrogenic overt hypothy-
roidism with L-T4 to achieve a euthyroid state
is expected to increase GFR and improve renal
function.28,30,31 In this study, no improvement in serum
creatinine was seen in 6 cats with either subclinical or
overt hypothyroidism treated with L-T4 for 3 months.
However, these cats were given a low replacement dose
(0.075 mg/d) that was suboptimum for most older
hypothyroid cats according to recent reports.31,h In
support of that premise, serum TSH concentrations
remained very high, and peak, after pill serum T4

concentrations remained in the lower half of the ref-
erence interval (below the ideal target range of
2.5–3.5 lg/dL)31 despite L-T4 supplementation. Because
of the rise and fall of circulating T4 concentration that
occurs after each L-T4 dose, the peak, after pill value
should be in the high-normal range to keep circulating
T4 concentrations within the euthyroid range as concen-
trations fall throughout the rest of the day (until the
next L-T4 dose is administered). Increasing the total
daily L-T4 dose to 0.1–0.2 mg divided twice daily gener-
ally helps restore euthyroidism and lowers serum crea-
tinine concentrations in these cats.31,e

All 131I-treated cats improved clinically, as evidenced
by weight gain and reduced hyperactivity and no classic
clinical signs of hypothyroidism (other than azotemia).
However, cats with overt hypothyroidism (i.e, low T4

and high TSH concentrations) generally manifest few, if
any, obvious or classic clinical signs (i.e, hair loss,
severe lethargy) during the first few months of 131I
treatment.31 Noticeable clinical features of hypothy-
roidism in cats usually take many months or years to
develop.31 Therefore, we would not expect obvious or
classic clinical signs of hypothyroidism to develop
within 6 months of 131I treatment in these cats (in either
the overt or subclinical categories) and that is exactly
what we found.

In human patients, the term subclinical hypothy-
roidism is used to describe the finding of a high serum
TSH concentration together with a normal (usually
low-normal) T4 concentration.32,33 By definition, sub-
clinical hypothyroidism is a biochemical diagnosis
because few, if any, clinical features of thyroid failure
are present.34–37 Subclinical hypothyroidism is a com-
mon finding after radioiodine treatment for human
patients with Graves’ disease and toxic nodular
goiter.34–37 In the present study, 1 in 5 cats treated with
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low-dose 131I and nearly 50% of cats treated with tradi-
tional 4 mCi 131I were categorized as having subclinical
hypothyroidism 6 months after treatment. In contrast,
overt hypothyroidism (high TSH with subnormal T4

concentrations) was much less common, developing in
only 1% of the 2 mCi group and 18% of cats treated
with 4 mCi 131I.

No study has published data on the test sensitivity and
specificity of the serum TSH concentration as a diagnos-
tic test for hypothyroidism in cats. In this study, all cats
categorized with overt (low T4 concentration) or subclini-
cal (low-normal T4 concentration) hypothyroidism had
serum TSH concentrations clearly higher than the upper
limit of the reference interval. The reference interval was
determined from data collected from a large number of
older (≥7 years) clinically normal cats (see Data S1). Of
those clinically normal cats, all had serum TSH concen-
trations <0.4 ng/mL; in contrast, all of these hypothyroid
cats had values >0.4 ng/mL, suggesting that the cTSH
test has high sensitivity as a diagnostic test for hypothy-
roidism in cats. In a previous study of cats with non-
thyroidal illness,g serum TSH concentrations remained
within the reference interval in 45 of 46 cats (98%),
suggesting that the cTSH test is also highly specific for
the diagnosis of hypothyroidism in cats. Although addi-
tional studies are certainly needed to further investigate
and validate the use of the cTSH test as a diagnostic test
for hypothyroidism in cats, high TSH in combination
with low or low-normal T4 appears to be a useful and
accurate means to make that diagnosis.

In humans, hypothyroidism occurring within the first
6 months after 131I treatment can be transient or
permanent;38,39 permanent hypothyroidism is likely if
the serum TSH concentration is high and the T4

concentration is low.40,41 Permanent hypothyroidism
develops by 1 year in at least 50% of patients given
high doses42 and by 25 years in at least 50% of those
given lower doses.41,43 Furthermore, approximately 2–
6% of humans with subclinical hypothyroidism will pro-
gress to overt hypothyroidism with each year after
radioiodine treatment.34,37,41 It is currently unknown if a
similar progression from subclinical to overt hypothy-
roidism occurs in cats, or if some cats with subclinical or
overt hypothyroidism will recover normal thyroid func-
tion (with normalization of serum TSH and T4 concen-
trations) months to years after radioiodine treatment.
Long-term follow-up studies are needed to classify the
progression or resolution of iatrogenic thyroid damage
in cats after radioiodine treatment.

The clinical consequences of subclinical hypothy-
roidism in the cat are unknown. In humans, subclinical
hypothyroidism is associated with cardiac dysfunction,
atherosclerosis, and hypercholesterolemia.36,37,44 Inter-
estingly, there also appears to be an increased preva-
lence of subclinical hypothyroidism in people with
CKD.45 A recent study of subclinical hypothyroidism
and CKD found that human patients receiving L-T4

supplementation had slower declines in GFR and were
less likely to develop end-stage CKD than those receiv-
ing a placebo.46 Another study demonstrated that GFR
was decreased in female patients with subclinical

hypothyroidism and that L-T4 supplementation normal-
ized the GFR.47 Although we do not know the effects
of subclinical hypothyroidism in cats, it seems prudent
to consider its impact in cats after 131I treatment, espe-
cially in those cats developing azotemia.

There are several limitations to this study. As 131I
dose differed by hospital and was not randomized, it is
possible that a hospital-related variable contributed to
the different outcomes. However, both hospitals stan-
dardized their diagnostic testing and treatment proto-
cols to minimize dissimilarities. No significant
differences were found in signalment or baseline thyroid
and renal variables between study populations managed
at each facility. Although it would have been ideal to
have all after-treatment T4, TSH, and creatinine con-
centrations determined at the same veterinary labora-
tory, that situation was not possible because the
referring veterinarians collected most of the follow-up
samples and not all practices used the same commercial
laboratory. To improve enrollment of cases and compli-
ance with follow-up in this study, we therefore allowed
after-treatment samples to be submitted to 2 commonly
used laboratories in the northeastern USA. Both labo-
ratories measured T4 and TSH by the same assay meth-
ods (see Data S1).

In this study, response to radioiodine treatment was
based on serial evaluations of T4 and TSH concentra-
tions rather than resolution of specific clinical signs.
Although all cats showed clinical improvement (e.g,
weight gain), no attempt was made to compare the time
for resolution of any particular clinical sign between
treatment groups. Therefore, it is impossible to know if
cats treated with low-dose 131I had a more protracted
recovery phase than cats treated with the standard dose.
Likewise, the outcome categories for hypothyroidism
were based solely on serum T4 and TSH concentrations
and not on any specific clinical findings because
hypothyroid cats do not generally develop any notice-
able clinical signs within 6 months of 131I treatment.31

Future longer-term studies to evaluate potential clinical
differences between cats with iatrogenic overt and sub-
clinical hypothyroidism are needed. The long-term out-
come (> 6 months) of cats treated with low-dose 131I
remains unclear, and it is possible that these cats may
experience higher rates of relapse than the cats treated
with standard-dose 131I. As noted earlier, 7 cats in the
low-dose group had T4 >3.0 lg/dL but ≤3.9 lg/dL
(higher than considered ideal, yet still within the refer-
ence interval) 6 months after radioiodine treatment.
Although not part of the study herein, these cats were
followed to determine outcome. Five of the 7 cats had
the serum T4 drop further (range 2.2–2.9 lg/dL) at
12 months. The remaining 2 cats still had T4 > 3.0 lg/
dL and ≤3.9 lg/dL at 12 months, but free T4 was nor-
mal in both cats. One of these 2 cats did show clinical
and biochemical relapse of hyperthyroidism at
24 months and was successfully retreated with 131I.

In conclusion, low-dose (2 mCi) radioiodine treat-
ment is a safe and effective treatment for cats with
mild-to-moderate hyperthyroidism, as evidenced by cure
in 97% of treated cats monitored for 6 months.
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Moreover, cats treated with low-dose 131I had lower
serum creatinine concentrations and developed hypothy-
roidism less often than cats treated with standard-dose
(4 mCi) 131I. Additional benefits of lower dose 131I for
treating hyperthyroid cats may include decreased cost
of 131I, reduced radiation exposure to cats and veteri-
nary personnel, and decreased quarantine time. This
study also revealed that the finding of a high serum
TSH concentration coupled with a normal (usually low-
normal) serum T4 concentration (subclinical hypothy-
roidism) is relatively common in hyperthyroid cats after
131I treatment. Further work is needed to determine the
consequences of subclinical hypothyroidism in cats and
clarify any benefits of L-T4 replacement on renal func-
tion in these cats.

Footnotes

a Peterson ME, Broome MR. Ultra-low doses of radioiodine are
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Data S1. Hormone validation information and com-
parison of results for serum T4 and TSH concentrations
between 2 commercial laboratories.

Data S2. Comparison of serum creatinine concentra-
tions in cats that develop overt hypothyroidism, subclinical
hypothyroidism, or euthyroidism after 131-I treatment.
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