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ABSTRACT

Serum hepatic and renal parameters from a
97 hyperthyroid cat cohort, sampled within
2 weeks before and 8-11 weeks after oral
radioiodine treatment, were retrospectively
reviewed for: 1.relationships between pre-
treatment total serum thyroxine concentra-
tion (T4) and the biochemical values; 2.
degree of value change; and 3. influence

of pre-treatment methimazole exposure or
concurrent cardiac management drugs on
the values. Spearmen’s ranked correlation,
chi-square, Kruskal-Wallis, and Mann-
Whitney techniques were used. Weak
statistically significant correlations between
the pre-treatment T4 and the degree of ALP,
ALT, and AST abnormality and between
the degree of post-treatment T4, ALP, and
ALT reduction were found. The degree of
T4 change was greater in methimazole-
exposed and cardiac drug-treated cats. The
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BUN and creatinine significantly increased
post-treatment; about half of the cats became
azotemic (varying degrees). No significant
relationship was found between the pre-
treatment T4 or the T4 reduction and the
increase in BUN and creatinine values.

INTRODUCTION

The clinical phenomenon of feline hyper-
thyroidism has been studied from many
perspectives since it was first documented
in the early 1980s.! Numerous aspects of
the disease have been investigated includ-
ing diagnostic tests,>* risk parameters,’
cardiovascular sequellae,*® renal sequel-
lae,!" survival,'*' efficacy and radiation
safety of systemic lodine-131 (radioiodine)
treatment,'>!” thyroidectomy, 18 medical
management,'*>* and laboratory findings.?>-3°
Despite the numerous reports on feline hy-
perthyroidism, there is limited information
on the effect of methimazole on radioiodine

treatment results in spontaneously diseased
cats 13,14,22,24
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Similarly, there is limited statistical
information on whether pre-treatment or
post-treatment routine laboratory parameters
are related to the severity of the hyperthy-
roid condition,'3"32 and to what degree they
progress or regress following radioiodine
treatment in the same population of
cats. 28303234 No study was found in which
there were more than 50 cats with paired
follow-up laboratory values. Furthermore,
in most of the studies, regardless of the
number of cats, there were confounding
variables including pre-treatment with thy-
roid suppression drugs.3333

Because the decision to treat a hyper-
thyroid cat with radioiodine is based in part
on the evaluation of pre-treatment labora-
tory values, particularly the severity of the
total serum thyroxine concentration (T4)
abnormality, the status of routine serum
renal parameters and liver enzymes, as well
as a clinical assessment of the potential for
post-treatment biochemical abnormalities, it
seemed germane to evaluate this in a cohort
of spontaneously hyperthyroid cats analyzed
before and after treatment.

The purpose of this study was two-fold
and was focused on a large cohort of mini-
mally managed hyperthyroid cats treated
with radioiodine at a private treatment facil-
ity that could be retrospectively evaluated.
First, a comparison of pre-treatment T4 to
routine laboratory parameters before and
approximately 2 months after radioiodine
treatment was conducted to determine if the
magnitude of observed abnormalities was
related to a single pre-treatment T4 for: 1.
the degree of post-treatment renal-related
serum biochemical abnormalities, or 2. the
degree of pre-treatment liver-related serum
biochemical abnormalities. Secondly, a com-
parison was made to determine if pre-treat-
ment exposure to methimazole or concurrent
treatment with a varied spectrum of cardiac
management drugs (deemed necessary due
to disease severity) significantly influenced
the pre-treatment to post-treatment change in
T4 (one before and one after treatment), the
T4 post-treatment status 2 months following
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radioiodine treatment, or the trends in serum
biochemical results.

MATERIALSAND METHODS

Cats (n = 97) included in this retrospective
study were presented for hyperthyroid treat-
ment with [131 (radioiodine) at a privately
owned, inpatient facility in the years from
2000 through 2003. To be included in the
study, the pre-treatment parameters of T4
(as total T4) (ug/dl), body weight (kg), age
(years), gender (f, f/s, m m/n), breed, and the
serum concentrations of: aspartate ami-
notransferase (AST) (U/), alanine trans-
aminase (ALT) (U/l), alkaline phosphatase
(ALP) (U/1), total bilirubin (mg/dl), choles-
terol (mg/dl), total protein (g/dl), albumin
(g/dl), creatinine (mg/dl), urea nitrogen
BUN (mg/dl), phosphorus (mg/dl), calcium
(mg/dl) acquired within 2 weeks prior to the
radioiodine treatment had to be available for
analysis.

None of the cats were receiving concur-
rent thyroid suppression medication (me-
thimazole) at the time of radioiodine treat-
ment and those previously exposed to it had
a minimum withdrawal of two weeks from
that medication before final pre-treatment T4
testing or radioiodine administration.

The T4 status of the methimazole-
exposed cats at the time before the drug
was discontinued was not available as
pretreatment data and was not included in
the analyses. The presence or absence of
previous thyroid suppression treatment was
classified as methimazole exposure and
was included in the pre-treatment database
without regard to dose or duration, because
those variables were beyond the control of
the treatment facility. Again, to be included
in the study, the post-treatment parameters
for all of the above variables as well as the
presence or absence of concurrent cardiac
pharmacologic management (beta-adren-
ergic blocker, calcium channel blocker, or
angiotensin-converting enzyme inhibitor
individually or in any combination) as pre-
scribed by the facility director [RCW] had
to be available for analysis. Because the use
of individual vs combinations of drugs was
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variable, we chose to consolidate the group
into those being managed for cardiac disease
regardless of the individualized management
protocol, acknowledging that the physi-
ologic effects of the drugs are different. To
the authors’ knowledge, other drugs that
might have influenced the results were not
administered, but that possibility has not
been unequivocally excluded. Because the
cats were isolated for an average of 16.95
+/- 4.61 days, the post-treatment laboratory
evaluation occurred between 8 and 11 weeks
after oral radioiodine administration. Fol-
lowing radioiodine-related isolation, the cats
were managed by referring veterinarians so
specific data on the presence or absence of
drugs for other conditions was not available.

Only laboratory values including total
T4 values from two national/regional com-
mercial veterinary clinical laboratories
were accepted. The laboratory used for the
pretreatment and post-treatment biochemical
assessment had to be the same for a given
cat. Statistical analyses were performed on
cat data independently for each of the two
involved laboratories prior to indexing the
variables as defined below to assure trends
were the same. To provide insight on the
relative laboratory parameter status (includ-
ing T4) across the two involved laboratories,
the numeric values for parameters were
indexed as a function of the specified normal
range in each laboratory.

The indexing process consisted of setting
all individual animal values for each test
to 1.0 if the value fell within the specified
normal range for that laboratory. If a value
exceeded the upper limit of that labora-
tory’s specified normal range, the individual
animal value was divided by the maximum
normal value and expressed as a value > 1.0.
Similarly, if a value was less than the lower
limit of that laboratory’s specified normal
range, the individual animal value was
divided by the minimum normal value and
expressed as a value < 1.0. Thus, the result-
ing indexed parameters for all cats were
intended to minimize individual laboratory
influence. Unless specified otherwise, all

42

laboratory values used in the analysis were
indexed. However, the indexed data were
treated as continuous variables and were not
rounded until all analyses were completed.

Each cat was treated with dosages
between 1.13 —2.07 x 108 Becquerels (3.06
— 6.04 millicuries) of [131 orally in a gelatin
capsule. The activity in the gelatin capsule
was calibrated from a commercial source
to be given to the cat at a specific time. The
norm for radioiodine dose was 5.0 mCi/cat
in the early phases of the study, and 4.0 mCi/
cat in the later phases of the study. Dose
adjustments were subjectively based on the
variables of body weight and T4 concentra-
tion. Therefore, a very small cat (eg, 2 kg)
with a T4 less than twice the upper normal
limit for the involved laboratory would have
received 3.0 mCi. Similarly, a large cat (eg,
6 kg) with a T4 of over three times the upper
normal limit for the involved laboratory
would have received 6.0 mCi. The aver-
age dose in mCi/kg was calculated for the
various body typesAll pre-treatment indexed
parameters (total T4, AST, ALT, ALP, total
bilirubin, cholesterol, total protein, albumin,
BUN, creatinine, phosphorus, and calcium
concentrations) were statistically compared
to the same parameters obtained post-
treatment in cats receiving and not receiving
concurrent cardiac-related medication, in
cats with pre-treatment methimazole expo-
sure, or in cats that had received a combina-
tion of these medications. An assessment
was made of all indexed and non-indexed
pre-treatment variables, all indexed and
non-indexed post-treatment variables, and
the differences between them (pretreatment
minus post-treatment paired for each animal)
to determine if their respective distribu-
tions were normal using the Kolmogorov-
Smirnov test with the Lillefors significance
correction.® By this analysis, none of the
pretreatment variables, none of the post-
treatment variables (except total protein and
phosphorus), or the differences between
then were normally distributed. To further
clarify the distribution of the laboratory
variables, the differences (post-treatment mi-
nus pre-treatment) were subjected to a visual
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assessment of Normal Q-Q, and Detrended
Normal Q-Q plots.?

Based on interpretation of these tests, the
differences were not normally distributed for
any of the parameters. Therefore, all analy-
ses were performed with the assumption
that the data being not normally distributed
required the use of non-parametric statistical
methods. To determine whether all indexed
pre-treatment variables could be pooled, and
whether all indexed post-treatment variables
could be pooled without regard to previ-
ous or concurrent medication status, the
respective pre-treatment and post-treatment
values were statistically compared using the
Kruskal-Wallis test (nonparametric, one-way
ANOVA? equivalent test) for the four groups
defined here (cardiac meds, methimazole
exposure, both, no medications). Because
differences among some pre-treatment vari-
ables were found across the four groups, an
acknowledgment was placed in the results
tables to delineate those variables within the
otherwise pooled groups.

Spearman’s Ranked Correlationa tech-
nique was used to identify linear relation-
ships among the pre-treatment variables
from cats receiving concurrent cardiac-re-
lated medication, from cats that had pre-
treatment methimazole exposure, from cats
treated with both medications, and from cats

that had received neither type of medica-
tion. A similar analysis was performed on
the post-treatment variables and the differ-
ence between the pre and post-treatment
variables. To further determine if there were
statistically significant differences between
the pre-treatment and the post-treatment
paired indexed variables, a Wilcoxon Signed
Ranks testa was utilized.

Finally, to examine the differences be-
tween the pre-treatment and post-treatment
indexed laboratory variables, the Mann-
Whitney test was used to determine if there
were statistically significant differences in
the degree of laboratory variable change
between the unmedicated group and each
of the three medicated groups. Gender
cross tabulations data were evaluated by
Chi-square test of independence. Statistical
significance for all analyses was defined as
the probability of the null hypothesis (eg, no
relationship or no difference) being true was
less than 5.0 % (p < 0.05).

RESULTS

The mean age of the 97 cats studied herein
was 12.86 years (+/- 2.39 years SD). In gen-
eral, females (57%) outnumber males except
for the group treated with both pre-treatment
methimazole exposure and concurrent
cardiac drugs. There were some differing
trends among the male to female ratio within

Table 1. Gender distribution across of ninety seven hyperthyroid cats classified by medication

history.
Gender
Medical History: Male Female TOTAL (
(intact or neutered (intact or neutered both genders)
no medications 21 29 50
pre-treatment of methimazole 9 9 18
exposure
pre-treatment or 6 14 20
post-treatment
cardiac-related medications*
both methimazole and 6 3 9
caridac-related medications
TOTAL 42 55 97

* beta-adrenergic blcoker, calcium channel blocker, or angiotensin-converting enzyme inhibitor

“SPSS Inc, 11.5.1 (2002), Chicago, IL
Intern J Appl Res Vet Med * Vol. 9, No. 1, 2011.
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the four groups, but the differences were not
statistically significant (Table 1). The body
weight of the cats ranged from 2.18 to 7.18
kg. The average dose administered was 1.65
mCi/kg for cats weighing between 2 and 4
kg, 1.09 mCi/kg for cats weighing 4 to 6 kg,
0.75 mCi/kg for cats weighing more than
6 kg. These differences acknowledge that
the degree of T4 increase above the normal
range was subjectively factored in to the
dose administered. The range of radioiodine
dose for the cats in this study was 0.67 to
2.46 mCi/kg.

Eighteen (18.6%) had prior methimazole
exposure, 20 (20.6%) were treated with
cardiovascular-related medications during

or after radioiodine administration, 9 (9.3%)
had both methimazole and cardiac-related
medication, and 50 (51.5%) had none

of these medications. The indexed mean
pre-treatment T4 was 2.53 +/-1.66 times

the upper normal limit for each lab (range
1.0 — 14.9; Table 2). The indexed mean
post-treatment T4 was 0.93 +/-0.31 times the
upper normal limit for each lab (range 0.3

— 3.1; Table 3). Post-treatment, 63 (64.9%)
of the T4 values were in normal range, 31
(32.0%) were below normal range, and three
(3.1%) were above normal range. However,
the indexed pre-treatment T4 was 14.9 for
one of the cats above the normal range post-
treatment.

Table 2. Pre-treatment serum parameters for ninety seven hyperthyroid cats regardless of

medication history*

Number of cats
with indexed
laboratory values
more than 2 SD
from the group

Laboratory Values
Number lower than  within
of normal normal
observations range range
Variable: n(%) n(%)
Total T4 97 0 1(1.1)
AST 78 2(2.2) 48 (61.5)
ALT 94 0 19 (20.2)
ALP 94 0 64 (68.1)
total 81 0 64 (79.0)
bilrubin
cholesterol 87 0 81 (93.1)
total protein 91 1(L.1) 83 (91.2)
albumin 90 2(2.2) 86 (95.6)
BUN 93 13 (14.0) 62 (66.7)
creatinine 93 9(9.7) 78 (83.9)
phosphorus 88 0 86 (97.7)
calcium 90 0 86 (95.6)

mean
greater Indexed** SD of >2SD >2SD
than mean value  indexed** below  above
normal mean
range
n(%) n(%)  n(%)
96 (99.0) 2.527 1.664 0 0
28 (35.9) 1.278 0.560 0 4(5.1)
75 (79.8) 2.510 2.107 0 5(5.3)
30(31.9) 1.216 0.515 0 3(3.2)
17 (21.0) 1.219 0.560 0 3(3.7)
6(6.9) 1.015 0.067 0 0
7(7.7) 1.003 0.019 1(1.1) 1(L.1
2(2.2) 0.993 0.080 1 (1.1) 0
18 (19.4) 1.044 0.191 0 5(5.4)
6(6.5) 1.001 0.142 2(22) 1(L.1)
2(2.3) 1.003 0.018 0 0
444 1.001 0.008 0 1(1.1)

* previous exposure to methimazole, concurrent of subsequent treatment with cardiac-related drugs, both, or no medi-
cation [cardiac-related drugs include beta-adrenergic blocker, calcium channel blocker, or angiotensin-converting

enzyme inhibitor]
[the pre-treatment indexed means for T4 and ALP we not statistically the same among the four medication groups]
**indexed laboratory values within the normal range are equated to 1.0

indexed laboratory values above the normal range are expressed as a multiple of the highest normal value

indexed laboratory values below the normal range are expressed as a multiple of the lowest normal value
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Table 3. Post-treatment serum parameters for ninety seven hyperthyroid cats regardless of

medication history*

Laboratory Values

Number lower than ~ within

of normal normal

observations range range

Variable: n(%) n(%)
Total T4 97 31 (3200 63(64.9)
AST 80 0 72 (90.0)
ALT 88 0 68 (96.5)
ALP 86 0 83 (96.5)
total 83 0 71 (85.5)

bilrubin

cholesterol 82 0 57 (69.5)
total protein 85 0 61 (71.8)
albumin 84 1(1.2) 74 (88.1)
BUN 90 3(3.3) 34 (37.8)
creatinine 92 0 47 (51.1)
phosphorus 85 1(1.2) 84 (98.8)
calcium 84 2(24) 75 (89.3)

Number of cats
with indexed
laboratory values
more than 2 SD

from the group
mean
greater Indexed** SD of >2SD >2SD
than mean value  indexed** below  above
normal mean
range
n(%) n(%) n(%)
3.1 0.933 0.306 0 0
8(10.0) 1.165 0.823 0 4(5.1)
20 (22.7) 1.252 0.955 0 5(5.3)
3(3.5) 1.020 0.123 0 3(3.2)
12 (14.5) 1.217 1.174 0 3.7
25(30.5) 1.062 0.139 0 0
24(29.2) 1.018 0.036 0 1(1.1)
9(10.7) 1.005 0.021 1(1.2) 0
53 (58.9) 1.222 0.320 0 5(54)
45 (48.9) 1.268 0.712 0 1(L.1)
0(0.0) 1.000 0.004 0 0
7(8.3) 0.998 0.062 9(1.2) 1(1.1)

*previous exposure to methimazole, concurrent of subsquent treatment with cardiac-related drugs, both, or no medi-
cation [cardiac-related drugs include beta-adrenergic blocker, calcium channel blocker, or angiotensin-converting

enzyme inhibitor]

**indexed laboratory values within the normal range are equated to 1.0
indexed laboratory values within the normal range are expressed as a multiple of the highest normal value
indexed laboratory value below the normal range are expressed as a multiple of the lowest normal value

There was a statistically significant (p
< 0.05), but very weakly positive correla-
tion (R values ranging from 0.32 to 0.42)
between the degree of T4 abnormality and
the degree of ALP, ALT, and AST abnor-
malities pre-treatment. However, this only
explained only about 10-15% of the varia-
tion (R-square values ranging from 0.10
to 0.18) encountered in these variables. In
addition, there was a statistically significant
relationship between the reduction in T4
and the reduction in ALP and ALT post-
treatment. There was no statistically detect-
able relationship between T4 abnormality
and either BUN or creatinine abnormalities

Intern J Appl Res Vet Med * Vol. 9, No. 1, 2011.

pre-treatment, and there was no statistically
detectable relationship between the degree
of reduction in T4 and the degree of increase
in either BUN or creatinine post-treatment.
There was a statistically significant differ-
ence (p < 0.05) between the pre-treatment
indexed median T4 of the group with me-
thimazole exposure (mean = 3.32, median =
2.34) and those cats in our series without it
(mean = 2.07, median =1.85). There was no
statistically significant difference between
the post-treatment indexed median T4 of
those with methimazole exposure (mean =
1.01, median = 1.00) and those cats in our
series without it (mean = 0.87, median =
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1.00). The pre- to post-treatment change in
indexed median T4 was significantly greater
(p <0.05) in the cats with methimazole expo-
sure (mean = 2.31, median = 1.49) than in
those without it (mean = 1.20, median 0.98).
There was no statistically significant differ-
ence in the pre-treatment indexed laboratory
parameters (excluding T4 and ALP) between
the methimazole exposed and unexposed
groups (methimazole exposed group had
greater T4 and ALP values). There was no
statistically significant difference in the any
of the post-treatment indexed laboratory pa-
rameters between the methimazole exposed
and unexposed groups. The pre- to post-
treatment change in indexed AST, ALT, total
bilirubin, cholesterol, total protein, albumin,
BUN, creatinine, phosphorus, and calcium
concentrations were not statistically signifi-
cantly different between those who were
methimazole-exposed compared to those
who were not (Table 4). However, the pre

to post-treatment change in indexed median
ALP was statistically significantly different
between the methimazole-exposed (mean =
0.22, median = 0.00) and unexposed (mean
=0.11, median =0.00) groups.

There was a statistically significant
difference (p < 0.005) between the indexed
median T4 of the group treated with the
cardiac medications (mean = 2.81, median
2.53) and those not treated with the cardiac
medications (mean = 2.07, median = 1.85) at
pre-treatment assessment. There was, how-
ever, no statistically significant difference
between the median indexed T4 at post-
treatment assessment of those who had been
treated with the cardiac medications (mean =
0.95, median =1.00) and those who had not
(mean = 0.87, median =1.00). The pre- to
post-treatment change in indexed median
T4 was statistically significantly greater (p
<0.01) in those who were treated with the
cardiac medications (mean = 1.86, median
= 1.62) than in those who were not treated
with the cardiac medications treated (mean =
1.20, median = 0.98). There was no statisti-
cally significant difference in the indexed
median laboratory parameters (excluding T4
and ALP) between the cardiac medication
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treated and untreated groups at pre-treatment
(excluding T4 and ALP, both of which were
greater in the cardiac medications group) or
post-treatment assessment (no exceptions).

Similarly, the change (pre- to post-treat-
ment) in AST, ALT, total bilirubin, cholester-
ol, total protein, albumin, BUN, creatinine,
phosphorus, and calcium concentrations
was not statistically significantt different
between those who were treated with the
cardiac medications compared to those who
were not. However, the pre- to post-treat-
ment change in indexed median ALP was
statistically significantly different between
those who were cardiac medication treated
(mean = 0.37, median = 0.14) compared to
those who were not so treated (mean = 0.11,
median = 0.00).

When post-treatment to pre-treatment
laboratory parameters were compared across
the groups by medical management status
(methimazole exposure only, cardiac medi-
cations only, both, and neither), there was a
statistically significant (p < 0.02) decrease in
median T4, ALP, ALT, AST, TBili, choles-
terol, and total protein, but a statistically
significant (p < 0.05) increase in median
BUN and creatinine (Table 4). Only the liver
enzymes (ALT, ALP, AST) were abnormal
(high) more than 30% of the time (with ALT
being abnormal almost 80% of the time)
pre-treatment. However, less than 6.5% were
more than two standard deviations above the
indexed group mean (Table 2).

Similarly, the total bilirubin and BUN
were abnormal (high) about 20% of the time
pre-treatment. However, less than 5.5% were
more than two standard deviations above the
group mean post-treatment. Of the labora-
tory values analyzed, ALT, cholesterol,
and total protein were abnormal (high) 20
to 30% of the time, and the creatinine and
BUN were abnormal (high) about 50% of
the time post-treatment (Table 4). With few
exceptions, comparing post-treatment to pre-
treatment values, the T4 and ALT statistical-
ly significantly decreased, but the BUN and
creatinine statistically significantly increased
(Table 4) following radioiodine treatment
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for all management groups. However, less
than 4.5% of the cats had abnormal renal-
related serum values more than two standard
deviations above the indexed mean post-
treatment.

DISCUSSION

There was a statistically significant improve-
ment in routine serum liver parameters and
a significant deterioration of the routine
serum renal parameters in this cohort of 97
hyperthyroid cats after radioiodine treatment
regardless of whether or not they had been
treated with either thyroid suppression drugs
or cardiac management drugs. The statis-
tically significant difference in the mean
reduction of T4 between the methimazole
exposed and unexposed groups and between
the cardiac medications-treated and non-
treated groups is presumed to be a function
of clinical disease severity and possibly
disease duration. Although, this may be in
part a rebound phenomenon due to enhanced
radioiodine uptake after methimazole with-
drawal, the similar trends seen in the cardiac
medications group may bring this into ques-
tion unless there is a similar and yet to be
recognized effect due to the cardiac medica-
tions. More controlled prospective investi-
gation of spontaneous disease is indicated
because this retrospective study only raises
the question. The presence or absence of a
methimazole-related enhanced T4 reduction
has been previously discussed in normal and
spontaneously affected cats.'**'> The data
and conclusions from our study, acknowl-
edging its retrospective limitations, do not
provide support for a specific “rebound”
effect exclusively for the methimazole-
exposed group. There was no other statisti-
cally significant relationship between either
cardiac medicated or methimazole-exposed
groups and the remaining laboratory values.

Over all treatment groups, the weak but
statistically significant relationship between
pre-treatment T4 and the pre-treatment liver-
related laboratory values (and the degree of
post-treatment change) suggests a probable
cause (hyperthyroidism) and effect (liver
disease), as well as a severity of disease
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effect that generally resolves with appropri-
ate treatment. Our observations are similar
to a report of only 15 cats, some of which
had been exposed to methimazole,* and to
a report of 45 cats, all of which were treated
with carbimazole.* Our finding that most
of the liver-related enzyme abnormalities
resolved post-treatment in all of our catego-
ries of treated cats may influence clinical
judgment on how extensive additional
pre-treatment liver assessments should be
and may minimize the likelihood that the
liver-related biochemical abnormalities are
drug-related.

Similar to our data, previous reports
indicate that 50% or more hyperthyroid cats
have pre-treatment abnormalities in ALT (
54 t0 91%), AST (56 - 66 %), and ALP (43
to 75%).26,27 Unique to our analysis is
that the degree of liver-related biochemical
abnormalities had a statistically significant
limited, and at least clinically interest-
ing, positive correlation with the degree of
T4 abnormality and the same statistically
significant relationship was found for the
degree of change (decrease) in these liver-
related values following treatment. A report
of 34 hyperthyroid cats identified a statisti-
cally significant relationship only between
pre-treatment ALP and pre-treatment T4.3
These and our observations further sug-
gest that great care should be observed in
determining the relevance of abnormal liver-
related biochemical values when making a
radioiodine treatment decision.

It has been stated that objective data on
how common azotemia is following radio-
iodine treatment for feline hyperthyroidism
is lacking,"" but reports of renal function
compromise in cats following radioiodine
treatment are common, +!1:26:273032 A mild
increase in BUN is common in untreated
hyperthyroid cats, but is poorly correlated
with the development of azotemia post-
treatment.'" Previous reports vary on the
occurrence of pre-treatment azotemia with
BUN abnormalities ranging from 27 to 71%,
and creatinine abnormalities up to 20%. As
for the liver-related biochemical parameters,
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our values were similar, but the degree of
abnormalities among the individual param-
eters varied.?*?’

One review suggests that overt renal
failure occurs in approximately 30% of cats
treated for hyperthyroidism within 30 days
after treatment, but that the creatinine re-
mains stable thereafter at +/- 2.1 mg/dl when
reassessed at lyear.30 This lack of progres-
sive renal dysfunction is corroborated by
another 2 1-cat study in which only five had
post-treatment renal dysfunction.”? Our data
suggest a similar frequency of renal-related
biochemical abnormalities. The question,
however, is whether the degree of renal
dysfunction is sufficient to either preclude
radioiodine treatment or to require aggres-
sive post-treatment medical intervention?
Unfortunately, our study failed to uncover
any useful trend between single sample pre-
treatment T4 and any of the pre-treatment,
post-treatment or change (pre-treatment
minus post-treatment) BUN or creatinine
values or the risk of clinically relevant post-
treatment renal failure.

We acknowledge that our analyses were
based on only one pre-treatment and one
post-treatment T4 sample, and that there
is some fluctuation in this parameter, even
during times of the day. However, an earlier
report of 39 hyperthyroid cats subjected to
various treatments indicated that there was
no difference between the pre-treatment T4,
BUN, or creatinine between cats that pro-
gressed to renal failure post-treatment and
those that did not.*' One study of 21 cats,
nine of which had pre-treatment exposure
to anti-thyroid drugs, did find a statistically
significant, formulaicallyderived relationship
between a single pre-treatment T4 and either
glomerular filtration rate (GFR; by iohexol
clearance) or the degree of GFR reduction
at 4 weeks post-radioiodine treatment.*?
However, in that group of cats only, 5 of 21
progressed to renal dysfunction defined by
increased serum creatinine concentration
and decreased GFR, but none of the cats had
increased BUN. We acknowledge the use of
pre-treatment methimazole trials by some to
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screen for hyperthyroid “masked” renal dis-
ease,”® but we had no data available, as this

screening is not routinely used at the facility
from which these data were garnered.

There are four groups in the current
study defined by selected aspects of their
medical management (eg pre-treatment me-
thimazole exposure and/or concurrent car-
diac medications and no medications). These
groups were defined retrospectively from the
available data, not by prospective design.
These groups were analyzed to determine if
there were any difference in the biochemical
status among the groups, suggesting medical
management affected the group’s biochemi-
cal parameters. No differences were found
except the relative degree of T4 change as
mentioned above.

CONCLUSION

There are a number of shortcomings to

our approach, but our data is a sample of
what is encountered in a stand-alone feline
hyperthyroid treatment facility, acknowledg-
ing that some cats in severely debilitated
states were not referred for or considered
for treatment of their hyperthyroidism. For
example, we had no data on the time of day
in which the T4 samples were obtained for
either the pre-treatment or post-treatment
samples. Because there is some fluctua-
tion in T4 values with time, this could have
influenced our analysis using single samples
before and after treatment. We acknowl-
edge that all drug-related variables includ-
ing dose, duration, and owner compliance
were not documented. Because we had no
control over those variables, we chose not
to quantitate them out of concern for over-
stating the data. We also acknowledge the
shortcoming of grouping cats treated with
beta-adrenergic blockers, calcium channel
blockers, or angiotensin-converting enzyme
inhibitors individually or in any combination
into one cardiac medication group, because
the physiologic effects of the individual
drugs are different. However, the goal was
only to determine if cats considered suf-
ficiently ill to justify any kind of pharma-
cologic heart management exhibited any

49



different pre-treatment or post-treatment
serum biochemical trends compared to

those exposed to methimazole or to those
without any management drugs. Finally,

we acknowledge that the interpretation of
the biochemical values, heart rate, and the
clinical status of the cat may have influenced
the cardiac medication decisions both at the
primary care facility pre-treatment and at the
treatment facility.®

Based on our data and that from previ-
ous reports, we suggest caution in counsel-
ing clients with severely hyperthyroid cats
to manage expectations. In this report, the
terms “significant” and “statistically signifi-
cant” are used in the mathematical sense, but
these should not be unequivocally equated
to clinical relevance. Earlier reports suggest
that among hyperthyroid cats, 69% have
biochemical evidence of pre-existing liver
disease and 14% have evidence of pre-exist-
ing renal disease, but that older cats survive
longer post-treatment and those treated with
radioiodine survive longer than those treated
with methimazole.'> To us, this in combi-
nation with our own experience suggests
that some risks (eg, treatment in the face of
pre-treatment BUN or creatinine concen-
trations less than 2x or 1.5x upper normal
limits, respectively; treatment in the face
of pre-treatment ALT concentrations 2.5x
upper normal limits) are justified in making
the radioiodine treatment decision, but we
acknowledge disagreement exists.

Conflict of Interest

None of the authors have any financial or
personal relationships that would inappropri-
ately influence their work.

Funding Sources

None, the study was retrospective analysis
of an existing database

REFERENCES

1. Holzworth J; Theran P; Carpenter JL; Harpster NK;
Todoroff RJ: Hyperthyroidism in the cat: ten cases.
J Am Vet Med Assoc 1980; 176: 345-353.

2. Petersen ME: Diagnostic tests for hyperthyroidism in
cats. Clin Tech Small Anim Pract 2006; 21: 2-9.

3. Mooney CT: Feline hyperthyroidism. Diagnostics
and therapeutics. Vet Clin North Am Small Anim
Pract 2001; 31: 963-983.

50

4. Shiel RE and Mooney CT: Testing for hyperthyroid-
ism in cats. Vet Clin North Am Small Anim Pract
2007; 37: 671-691.

5. Kass PH, Petersen ME, Levy J, et. al.: Evaluation
of environmental, nutritional and host factors in
cats with hyperthyroidism. J Vet Int Med 1999; 13:
323-329.

6. Jacobs G, Hutson C, Dougherty J and Kirmayer A:
Congestive heart failure associated with hyperthy-
roidism in cats. J Am Vet Med Assoc 1986, 188:
52-56.

7. Moise NS and Dietze, AE: Echocardiographic,
electrocardiographic and radiographic detection of
cardiomegaly in hyperthyroid cats. Am J Vet Res
1986; 47: 1487-1494.

8. Weichselbaum RC, Feeney DA and Jessen CR:
Relationship between selected echocardiographic
variables before and after radioiodine treatment in
91 hyperthyroid cats. Vet Radiol Ultrasound 2005;
46: 506-513.

9. Kobayashi DL, Peterson, ME, Graves TK, Lesser M,
and Nichols CE: Hypertension in cats with chronic
renal failure or hyperthyroidism. J Vet Int Med
1990; 4: 58-62.

10. Adams WH, Daniel GB, Legendre AM, et. al.:
Changes in renal function in cats following treat-
ment of hyperthyroidism ising 1131. Vet Radiol
Ultrasound 1997; 38: 231-238.

11. Syme HM: Cardiovascular and renal manifestations
of hyperthyroidism. Vet Clin North Am Small Anim
Pract 2007; 37: 723-743.

12. Milner RJ, Channell CD, Levy JK and Schaer
M: Survival times for cats with hyperthyroidism
treated with iodine 131, methimazole or both: 167
cases (1996-2003). J Am Vet Med Assoc 2006; 228:
559-563.

13. Slater MR, Geller S and Rogers K: Long-term
health and predictors of survival for hyperthyroid
cats treated with iodine 131. J Vet Int Med 2001;
15:47-51.

14. Nykamp SG, Dykes NL, Zarfoss MK and Scarlett
JM: Association of risk of development of
hypothyroidism after iodine 131 treatment with
the pretreatment pattern of sodium pertechnetate
Tc 99m uptake in the thyroid glands in cats with
hyperthyroidism: 165 cases (1990-2002). J Am Vet
Med Assoc 2005; 226: 1671-1675.

15. Petersen ME: Radioiodine treatment of hyper-
thyroidism. Clin Tech Small Anim Pract 2006;
21:34-39.

16. Peterson ME; Becker DV: Radioiodine treatment
of 524 cats with hyperthyroidism. J Am Vet Med
Assoc 1995; 207: 1422-1428.

17. Weichselbaum RC, Feeney DA, Jessen CR. Evalu-
ation of relationships between pretreatment patient
variables and duration of isolation for radioiodine-
treated hyperthyroid cats. Am J Vet Res 2003; 64:
425-427.

18. Naan EC, Kirpensteijn J, Kooistra HS, et. al.: Re-
sults of thyroidectomy in 101 cats with hyperthy-
roidism. Vet Surg 2006; 35: 287-293.

19. Peterson ME, Kinzer PP and Hurvitz Al: Methima-
zole treatment of 262 cats with hyperthyroidism. J

Vol. 9, No. 1, 2011 = Intern J Appl Res Vet Med.



20.

2

—_

22.

23.

24.

25.

26.

217.

28.

Vet Int Med 1988; 2: 150-157.

Trepanier LA: Pharmacologic management of feline
hyperthyroidism. Vet Clin North Am Small Anim
Pract 2007; 37: 799-821.

. Chun R, Garrett LD, Sargeant J, et. al.: Predictors

of response to radioiodine therapy in hyperthyroid
cats. Vet Radiol Ultrasound 2002; 43: 587-591.

Fischetti AJ, Drost WT, DiBartola SP, et. al.: Effects
of methimazole on thyroid gland uptake of 99m
TC-pertechnetate in 19 hyperthyroid cats. Vet
Radiol Ultrasound 2005; 46: 267-272.

Forrest L, Baty C, Metcalf M, et. al.: Feline hyper-
thyroidism: efficacy of treatment using volumetric
analysis for radioiodine dose calculation. Vet
Radiol Ultrasound 1996; 37: 141-145.

Nieckarz JA and Daniel GB: The effect of me-
thimazole on thyroid uptake of pertechnetate and
radioiodine in normal cats. Vet Radiol Ultrasound
2001; 42: 448-457.

Broussard JD, Peterson ME and Fox PR: Changes
in clinical and laboratory findings in cats with
hyperthyroidism from 1983-1993. J Am Vet Med
Assoc 1995; 206: 302-305.

Peterson ME; Kintzer; Cavanagh PG; Fox PR; et.
al.: Feline hyperthyroidism:pretreatment clinical
and laboratory evaluation of 131 cases. J Am Vet
Med Assoc 1983; 183: 103-110.

Thoday KL; Mooney CT: Historical , clinical and
laboratory features of 126 hyperthyroid cats. Vet
Rec 1992; 131: 257-264.

DiBartola SP, Broome MB, Stein BS, et. al.: Effect
of treatment of hyperthyroidism on renal function

Intern J Appl Res Vet Med * Vol. 9, No. 1, 2011.

29.

30.

3

—_

32.

33.

34.

35.

36.

in cats. J Am Vet Med Assoc 1996; 208: 875-878.

Graves TK, Olivier NB, Nachreiner RF, at. Al.:
Changes in renal function associated with treat-
ment of hyperthyroidism in cats. Am J Vet Res
1994; 55: 1745-1749.

Langston CE and Reine NJ: Hyperthyroidism and
the kidney. Clin Tech in Small Anim Pract. 2006;
21: 17-21.

. Riensche MR, Graves TK, Schaeffer DJ: An

investigation of predictors of renal insufficiency
following treatment of hyperthyroidism in cats. J
Feline Med Surg 2008; 10: 160-166.

van Hoek I, Lafebvre HP, Peremans K, et. Al.:
Short- and long-term follow-up of glomerular
and tubular renal markers of kidney function in
hyperthyroid cats after treatment with radioiodine.
Domest Anim Eodocrinol 2009; 36: 45-56.

Berent AC, Drobatz KJ, Johnson VS, Ward
CR:Liver function in cats with hyperthyroidism
before and after 1311 therapy. J Vet Int Med 2007,
21:1217-1223.

Boag AK, Neiger R, Slater MR, et al, Changes in
the glomerular filtration rate of 27 cats with hyper-
thyroidism after treatment with radioactive iodine.
Vet Rec 2007; 161: 711-715.

Mooney CT, Thoday KL, Doxey, DL: Carbimazole
therapy of feline hyperthyroidism.. J Small Anim
Pract 1992; 33: 228-235.

Foster DJ, Thoday KL: Tissue sources of serum
alkaline phosphatase in 34 hyperthyroid cats: a
qualitative and quantitative study. Res Vet Sci
2000; 68: 89-94.

S1



