Feline Hyperthyroidism - Avoiding Further Renal Injury
Michael R. Broome, DVM, MS, Dipl. ABVP

Background

In the 30 years since hyperthyroidism was initially reported by Peterson in 1979' we have
developed numerous methods for successfully treating the disease. Surgical thyroidectomy was
first described in the initial description of the disease’ and later by numerous others>'°.
Descriptions of medical management initially with propylthiouracil (PTU)'""" and subsequently
with methimazole'*** followed thereafter. Radioiodine therapy using '*'I was initially reported
in 1984 by Turrel and has gone on to become the gold standard therapy for these patients.25
Additional novel therapies including percutaneous ethanol injection®*® and percutaneous
ultrasound guided radiofrequency heat ablation” have also seen limited utility. As a result of the
numerous options for treating hyperthyroidism in the cat, successful resolution of thyrotoxicosis
in these patients has become common place. Ensuring the long term survival and well being of
these patients remains a somewhat more complicated endeavor. Not surprisingly, ensuring long
term survival for these patients involves addressing the concurrent health issues present in these
geriatric patients. Common concurrent illnesses experienced by hyperthyroid cats include
cardiac, neoplastic and gastrointestinal diseases.”’> Excluding thyrotoxic cardiomyopathy,
which is a largely reversible form of cardiovascular disease that is itself caused by
hyperthyroidism®® *°, no other single malady has exceeded the prevalence of renal insufficiency
in hyperthyroid cats.>”*

Hyperthyroidism masks chronic kidney disease

In 1994 Graves, et. al. *! described the initial report associating renal function changes with
the treatment of cats with hyperthyroidism. In his report the authors measured glomerular
filtration rate (GFR) estimated by plasma disappearance of **Tc-labeled DTPA as well as several
clinical laboratory parameters of renal function in 13 cats with naturally acquired
hyperthyroidism before and after bilateral thyroidectomy. They found that the mean GFRs
decreased and the mean serum creatinine increased in these cats following a resolution of their
thyroid disease. In this study 15% of the cats became azotemic following a return to
euthyroidism. Following this initial report numerous other authors confirmed that the changes in
renal function accompanying the resolution of hyperthyroidism were independent of the method
of therapy.40’ 4243 Hence, regardless of the therapy chosen, a decrease in GFR should be
expected upon resolution of hyperthyroidism.

All of the studies done to date that have evaluated renal function in cats treated for
hyperthyroidism have concluded the following findings, 1.) the metabolic changes associated
with hyperthyroidism can mask the presence of co-existing chronic kidney disease, 2.) the
changes in renal parameters that follow a resolution of hyperthyroidism manifest themselves
within a one month period after which ongoing measurement of renal parameters reveal
relatively stable values. Initial studies failed to identify reliable parameters to predict which cats
will become azotemic following resolution of their thyroid disease. Subsequently GFR as
estimated by renal scintigraphy40 was shown to have predictive value in determining which cats
with hyperthyroidism will become azotemic following radioiodine therapy. More recent studies
have confirmed the utility of GFR measurement in predicting which hyperthyroid cats will
become azotemic following resolution of the thyroid disease. These recent studies have also
shown value in more routinely available laboratory parameters including serum creatinine, urine
specific gravity and T4 levels when attempting to predict which hyperthyroid cats will become
azotemic following a return to euthyroidism.“'46

Evidence that hyperthyroidism itself contributes to chronic kidney disease.



The prevalence of chronic kidney disease in the geriatric cat population has variably been
reported as 7.7% of the cats over 10 years of age*’, 15.3 % of the cats over 15 years of age*® and
30% of cats over 15 years of age49. By comparison the prevalence of chronic kidney disease in
hyperthyroid cats has been reported as ranging between 14-40%""*°. The higher than expected
prevalence of chronic kidney disease in hyperthyroid cats suggests that thyrotoxicosis may
actually contribute to the development or progression of chronic kidney disease in cats. Figure 1
illustrates the pathophysiologic steps that may allow thyrotoxicosis to contribute to the
development or progression of chronic kidney disease in hyperthyroid cats.

To date two different markers of renal proximal tubular injury have been used to investigate
the potential contribution of hyperthyroidism to renal injury. These markers are retinol binding
protein (RBP) and N-acetyl-B-D-glucosaminidase (NAG). RBP is a serum protein that binds
retinol (vitamin A). Serum RBP forms a complex with its retinol ligand. This complex binds to
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Figure 1: This graphic demonstrates the pathophysiologic steps that may result
in thyrotoxicosis contributing to chronic kidney disease.

the larger protein transthyretin, which prevents the loss of both serum RBP and its bound retinol
through glomerular filtration. Upon release of its ligand, the uncomplexed RBP no longer has
affinity for transthyretin and can freely pass through the glomerular barrier and be reabsorbed
through endocytosis in the proximal tubules. However, when tubular function fails, elimination
of uRBP shifts from intratubular catabolism to urinary excretion. This tubular type of proteinuria
is a highly sensitive index of renal tubular damage in humans and retinol binding protein is
suggested as a clinically useful marker of renal function in cats.”® Because urine levels of RBP
(uRBP) is a marker for tubular dysfunction or damage, increased uRBP excretion may reflect



ongoing tubular damage. Cats with untreated hyperthyroidism have increased levels of uRBP.
After treatment, these high uRBP levels fall in cats without azotemia suggesting that
hyperthyroidism is responsible for a reversible form of renal disease. These findings have been
interpreted as evidence that hyperthyroidism contributes to CKD in cats.”’

Enzymuria is the presence of enzymes in urine. One potentially clinically useful urinary
enzyme 1s N-acetyl-B-D-glucosaminidase (NAG), a lysosomal glycosidase found primarily in
epithelial cells of the proximal convoluted tubule. Because urinary creatinine excretion is
relatively constant over time, urinary NAG levels are expressed as a ratio over urine creatinine
which yields the NAG index (U/g) (NAGi). Like uRBP, NAG is known to be a specific marker
of active proximal tubular damage in many species and can be of use in the early detection of an
array of renal diseases, both acute or chronic.”® Cats with hyperthyroidism have increased values
of urinary NAG. With the return to euthyroidism increased urinary NAG levels return to normal.
These findings represent additional evidence that hyperthyroidism contributes to CKD in cats.”

Previously it has been suggested that hyperthyroid cats with concurrent chronic kidney
disease should have their thyroid disease medically managed using methimazole with the goal of
“dialing in” a mildly to moderately elevated T, level that would reduce symptoms of
thyrotoxicosis and minimize the patient’s azotemia.”*>® More recent evidence that thyrotoxicosis
from hyperthyroidism actually contributes to chronic kidney disease should prompt the
therapeutic goal of euthyroidism.

Evidence that iatrogenic hypothyroidism contributes to chronic kidney disease.

To investigate the effect of hypothyroidism on renal function in dogs Panciera et. al. measured
various renal parameters before and after creating iatrogenic hypothyroidism in dogs with normal
renal function using radioiodine.”’ These authors found that experimentally induced iatrogenic
hypothyroidism reduced GFR in dogs with previously normal renal function. To investigate the
effect of reversing hypothyroidism in dogs, Gommersen et. al. measured various renal
parameters before and after supplementation with oral L-thyroxine in dogs with spontaneous
clinical hypothyroidism.”® These authors found that supplementation with oral L-thyroxine at
doses that achieved euthyroidism resulted in an increase in GFR in spontaneously hypothyroid
dogs. To investigate the impact of iatrogenic hypothyroidism on renal function and survival time
in hyperthyroid cats, Williams et. al. correlated post therapy thyroid hormone levels with renal
status. They found that iatrogenic hypothyroidism appears to contribute to the development of
azotemia and reduced survival after treatment of feline hyperthyroidism.”’

Documentation of iatrogenic hypothyroidism.

A total T4 level below the low end of the reference range following therapy of any kind for
hyperthyroidism is usually a good indication of iatrogenic hypothyroidism. When medical
therapy is being used, this finding should prompt the reduction in methimazole dose
administered to the patient. Following radioiodine (**') therapy a transient period of
hypothyroidism is common (Figure 2). This period of hypothyroidism occurs in the period
following the death of the adenomatous thyroid tissues responsible for the hyperthyroidism and
before regeneration of previously suppressed normal thyroid tissue by the increased TSH
released by the pituitary gland in response to the hypothyroidism.” The duration of this period is
usually measured in days to weeks and may be completely clinically silent. However, depending
on the degree of suppression or damage to normal thyroid tissues, this transient period may be
clinically detected. In cats with normal renal function this period is generally monitored by
periodic total T4 measurement without intervention. Supplementation with oral thyroid
hormones (i.e., L-thyroxine) during this period will rapidly resolve the iatrogenic



hypothyroidism but will also prevent the persistent TSH production by the pituitary gland needed
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Figure 2: T4 verses time post radioiodine therapy for a typical hyperthyroid cat.
Notice the transient decline in serum total T4 that follows the resolution of the
adenomatous thyroid disease causing hyperthyroidism. This period is accompanied
by increased TSH release resulting in the stimulation of the previously suppressed
normal thyroid tissue and ultimately in the return to chronic euthyroidism.

to stimulate regeneration of previously suppressed normal thyroid tissue. Therefore unless cats
with normal renal function demonstrate other overt symptoms of this transient hypothyroidism
(e.g., anemia, lethargy), supplementation is generally avoided. However cats with preexisting
renal dysfunction will potentially experience a further worsening of chronic kidney disease
during this period of iatrogenic hypothyroidism.” As a result, supplementation with L-thyroxine

for cats with iatrogenic hypothyroidism and concurrent chronic kidney disease is generally
indicated.

The diagnosis of iatrogenic hypothyroidism in cats with concurrent chronic kidney disease
and associated azotemia can be complicated as cats are just as susceptible to euthyroid sick
syndrome as dogs.®" ® While thyroid stimulating hormone (TSH) measurement is routinely used
for diagnosing thyroid disease in man and dogs, it is not routinely used in cats as no feline
specific assay is currently available. Furthermore, the canine TSH assay has shown a limited
sensitivity for measuring feline TSH levels at the low end of the assay. Despite these limitations,
measurement of TSH levels using the canine specific assay (cCTSH) can provide limited
information about thyroid function in cats. Because the assay has a reasonable validity at the
high end of the range, the combination of an increased cTSH with low total T4/fT4 levels in a
post radioiodine therapy cat is consistent with the diagnosis of iatrogenic hypothyroidism.
However, because the cTSH assay is a canine specific test, reference laboratories do not provide
feline specific reference ranges. As a result, familiarity with the reference range of cTSH for
healthy geriatric cats (< 0.03-0.15 ng/ml) determined by Wakeling is required.®®

Recommendations



We have seen that in hyperthyroidism the renal autoregulatory mechanisms can become
dysfunctional resulting in a local activation of the Renin, Angiotensin, Aldosterone System. This
activation can then lead to hyperfiltration and subsequent glomerular hypertension ultimately
leading to proteinuria. This proteinuria leads to increased tubular protein resorption and further
renal injury.

These findings suggest that leaving the hyperthyroid state untreated may be detrimental to
renal function. For this reason resolving thyrotoxicosis, even in cats with concurrent CRF, may
help preserve remaining kidney function. However the reduction in GFR that accompanies a
resolution of thyrotoxicosis should be anticipated and standard supportive therapies for pre-
existing renal disease should be initiated to ensure tolerance for the incremental change in renal
function that accompany the return to euthyroidism. Most cats with concurrent CKD and
hyperthyroidism will benefit from the administration of subcutaneous fluids following the
initiation of antithyroid therapy. Many cats will benefit from the initiation of other standard
therapies including possible dietary phosphorus restriction, phosphate binders, H, blockers,
calcitriol, potassium gluconate, antihypertensive therapy (as indicated by confirmation of
hypertension), benazepril (as indicated by confirmation of proteinuria), and supplemental B-
vitamin administration.

We have also shown that iatrogenic hypothyroidism has the potential to reduce GFR and
hence significantly exacerbate preexisting chronic kidney disease. As a result when treating cats
with concurrent chronic kidney disease for hyperthyroidism every effort should be made to avoid
iatrogenic hypothyroidism. Conservative doses of methimazole and customized doses of
radioiodine ("*'T) should be utilized when treating cats with hyperthyroidism and concurrent
chronic kidney disease. Since the detection of concurrent renal disease is challenging in
hyperthyroid cats, the insurance of chronic euthyroidism is critical when managing these
patients.

Most articles have shown that hyperthyroid cats with concurrent chronic kidney disease will
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Figure 3: T4 and creatinine verses time post radioiodine therapy for a series of 22 hyperthyroid
cats in stage 2-3 IRIS chronic kidney disease that were given 0.1 mg L-thyroxine PO q24h
beginning at discharge following By therapy. Note the minimal impact on renal function that is
achieved by avoiding a period of post treatment iatrogenic hypothyroidism.



demonstrate a mild increase in creatinine following a return to euthyroidism. This increase in
creatinine is due to the decreased GFR that accompanies the reduced cardiac output and renal
blood flow in these patients following a return to euthyroidism. In the large majority of cases,
this increase in creatinine is well tolerated. Even cats that became azotemic as a result of this
decrease in GFR generally demonstrate evidence of marked clinical improvement including
cessation of gastrointestinal (i.e., vomiting and diarrhea) symptoms and weight gain.
Occasionally cats with pre-existing chronic kidney disease will demonstrate a more overt
deterioration in kidney function following the initiation of therapy for hyperthyroidism leading to
a potentially life limiting uremia. It is this author’s opinion that the majority of these cases are
caused by periods of iatrogenic hypothyroidism that contribute to further renal function decline.

As aresult it is of paramount importance that iatrogenic hypothyroidism should be avoided
when treating hyperthyroid cats with preexisting chronic kidney disease. These patient’s reduced
renal function might be irreversibly exacerbated by the physiologic changes that accompany
hypothyroidism. To avoid iatrogenic hypothyroidism when treating hyperthyroid cats with
concurrent chronic kidney disease we have adapted a therapeutic protocol that ensures resolution
of the patient’s thyrotoxicosis while avoiding even transient hypothyroidism. This therapeutic
approach involves the use of customized radioiodine therapy doses followed by supplementation
with oral L-thyroxine that is initiated at discharge from the hospitalization required for
radioiodine therapy. Preliminary evaluation of 22 cats with stage 2-3 IRIS chronic kidney disease
and pretreatment serum creatinine levels of 1.7-3.3 (mean = 2.6 mg/dl) treated with customized
doses of radioiodine ranging between 1-5 mCi (mean = 2.9 mCi) and discharged on oral L-
thyroxine (at 0.1 mg PO g24h) confirmed the avoidance of iatrogenic hypothyroidism and
minimal associated worsening in azotemia (Figure 3). In these patients the supplementation with
physiologic levels of thyroxine on discharge from the hospitalization needed for radioiodine
therapy ensures that the incremental decrease in GFR that accompanies resolution of
thyrotoxicosis will not be accompanied by additional renal injury caused by iatrogenic
hypothyroidism.

Supplementation with oral L-thyroxine is not needed following radioiodine therapy in the
majority of hyperthyroid cats including those with normal kidneys or mild (< IRIS stage I)
kidney disease. In the majority of cats the transient period of hypothyroidism that follows
resolution of their autonomously functional, adenomatous thyroid disease will result in increased
TSH production by the pituitary leading to reactivation and regeneration of the chronically
suppressed and atrophic normal thyroid tissue ultimately leading to a return to chronic
euthyroidism. However, cats demonstrating protracted periods of iatrogenic hypothyroidism
following radioiodine therapy with evidence of concurrent chronic kidney disease will benefit
from L-thyroxine supplementation. Furthermore proactive supplementation with oral L-
thyroxine at discharge following hospitalization for radioiodine therapy in hyperthyroid cats with
IRIS stage 2-3 chronic kidney disease has been shown to minimize further decline in renal
function following a return to euthyroidism, presumably by avoiding a period of post therapy
hypothyroidism.



References

1. Peterson ML.E., Johnson J.G. and Andrews L.K. Spontaneous Hyperthyroidism in the Cat. in Scientific
Proceedings (Abstract) American College of Veterinary Internal Medicine. 1979. Seattle.

2. Birchard S.J., Peterson ML.E. and Jacobson A., Surgical Treatment of Feline Hyperthyroidism. Results of 85
Cases. ] Am Anim Hosp Assoc, 1984. 20: p. 705-7009.

3. Flanders J.A., Harvey H.J. and Erb H.N., Feline Thyroidectomy. A Comparison of Postoperative Hypocalcemia
Associated with Three Different Surgical Techniques. Vet Surg, 1987. 16(5): p. 362-6.

4. Welches C.D., Scavelli T.D., Matthiesen D.T., et al., Occurrence of Problems after Three Techniques of
Bilateral Thyroidectomy in Cats. Vet Surg, 1989. 18(5): p. 392-6.

5. Swalec K.M., Recurrence of Hyperthyroidism after Thyroidectomy in Cats. ] Am Anim Hosp Assoc, 1990.

26(4): p. 433-437.

Birchard S.J., Thyroidectomy and Parathyroidectomy in the Dog and Cat. Probl Vet Med, 1991. 3(2): p. 277-89.

7. Norsworthy G.D., Feline Thyroidectomy: A Simplified Technique That Preserves Parathyroid Function.
Veterinary Medicine, 1995.

8. Birchard S.J., Thyroidectomy in the Cat. Clin Tech Small Anim Pract, 2006. 21(1): p. 29-33.

9. Naan E.C,, Kirpensteijn J., Kooistra H.S., et al., Results of Thyroidectomy in 101 Cats with Hyperthyroidism. Vet
Surg, 2006. 35(3): p. 287-93.

10.Naan E.C., Kirpensteijn J., Peeters M.E., et al., Complications after Thyroidectomy in 101 Hyperthyroid Cats.
Journal of Veterinary Internal Medicine, 2006. 20(6): p. 1523.

11.Peterson M.E., Propylthiouracil in the Treatment of Feline Hyperthyroidism. ] Am Vet Med Assoc, 1981.
179(5): p. 485-7.

12.Peterson M.E., Hurvitz A.IL,, Leib M.S., et al., Propylthiouracil-Associated Hemolytic Anemia,
Thrombocytopenia, and Antinuclear Antibodies in Cats with Hyperthyroidism. J Am Vet Med Assoc, 1984.
184(7): p. 806-8.

13.Peterson M.E., Aucoin D.P., Davis C.A., et al., Altered Disposition of Propylthiouracil in Cats with
Hyperthyroidism. Res Vet Sci, 1988. 45(1): p. 1-3.

14.Peterson ML.E., Kintzer P.P. and Hurvitz A.L., Methimazole Treatment of 262 Cats with Hyperthyroidism. J Vet
Intern Med, 1988. 2(3): p. 150-7.

15. Trepanier L.A., Peterson M.E. and Aucoin D.P., Pharmacokinetics of Methimazole in Normal Cats and Cats
with Hyperthyroidism. Res Vet Sci, 1991. 50(1): p. 69-74.

16. Trepanier L.A., Peterson M.E. and Aucoin D.P., Pharmacokinetics of Intravenous and Oral Methimazole
Following Single- and Multiple-Dose Administration in Normal Cats. J Vet Pharmacol Ther, 1991. 14(4): p. 367-
73.

17.Reine N.J., Peterson M.E. and Hohenhaus A.E., Effects of Methimazole on Hemostatic Parameters in Cats with
Hyperthyroidism. J Vet Intern Med, 1999. 13: p. 245 (abstract).

18.Hoffmann G., Marks S.L., Taboada J., et al., Transdermal Methimazole Treatment in Cats with Hyperthyroidism.
J Feline Med Surg, 2003. 5(2): p. 77-82.

19. Trepanier L.A., Hoffman S.B., Kroll M., et al., Efficacy and Safety of Once Versus Twice Daily Administration
of Methimazole in Cats with Hyperthyroidism. J Am Vet Med Assoc, 2003. 222(7): p. 954-8.

20.Sartor L.L., Trepanier L.A., Kroll M.M., et al., Efficacy and Safety of Transdermal Methimazole in the Treatment
of Cats with Hyperthyroidism. J Vet Intern Med, 2004. 18(5): p. 651-5.

21.Hodak S.P., Huang C., Clarke D., et al., Intravenous Methimazole in the Treatment of Refractory
Hyperthyroidism. Thyroid, 2006. 16(7): p. 691-5.

22.Lecuyer M., Prini S., Dunn M.E., et al., Clinical Efficacy and Safety of Transdermal Methimazole in the
Treatment of Feline Hyperthyroidism. Can Vet J, 2006. 47(2): p. 131-5.

23.Trepanier L.A., Medical Management of Hyperthyroidism. Clin Tech Small Anim Pract, 2006. 21(1): p. 22-8.

24.Trepanier L.A., Pharmacologic Management of Feline Hyperthyroidism. Vet Clin North Am Small Anim Pract,
2007. 37(4): p. 775-88, vii.

25.Turrel J M., Feldman E.C., Hays M., et al., Radioactive lodine Therapy in Cats with Hyperthyroidism. ] Am Vet
Med Assoc, 1984. 184(5): p. 554-9.

26.Goldstein R.E., Long C., Swift N.C., et al., Percutaneous Ethanol Injection for Treatment of Unilateral
Hyperplastic Thyroid Nodules in Cats. ] Am Vet Med Assoc, 2001. 218(8): p. 1298-302.

27.Walker M.C., Percutaneous Ethanol Treatment of Hyperthyroidism in a Cat. Fel Prac, 1998. 26(5): p. 10-12.

28.Wells A.L., Long C.D., Hornof W.J., et al., Use of Percutaneous Ethanol Injection for Treatment of Bilateral
Hyperplastic Thyroid Nodules in Cats. ] Am Vet Med Assoc, 2001. 218(8): p. 1293-7.

29.Mallery K.F., Pollard R.E., Nelson R.-W., et al., Percutaneous Ultrasound-Guided Radiofrequency Heat Ablation
for Treatment of Hyperthyroidism in Cats. J Am Vet Med Assoc, 2003. 223(11): p. 1602-7.

30.Liu S.K., Peterson M.E. and Fox P.R., Hypertropic Cardiomyopathy and Hyperthyroidism in the Cat. ] Am Vet
Med Assoc, 1984. 185(1): p. 52-7.

31.Jacobs G., Hutson C., Dougherty J., et al., Congestive Heart Failure Associated with Hyperthyroidism in Cats. J

o



Am Vet Med Assoc, 1986. 188(1): p. 52-6.

32.Moise N.S. and Dietze A.E., Echocardiographic, Electrocardiographic, and Radiographic Detection of
Cardiomegaly in Hyperthyroid Cats. Am J Vet Res, 1986. 47(7): p. 1487-94.

33.Bond B.R,, Fox P.R., Peterson M.E., et al., Echocardiographic Findings in 103 Cats with Hyperthyroidism. J
Am Vet Med Assoc, 1988. 192(11): p. 1546-9.

34.Slater M.R., Komkov A., Robinson L.E., et al., Long-Term Follow-up of Hyperthyroid Cats Treated with lodine-
131. Vet Rad & Ultrasound, 1994. 35(3): p. 204-209.

35.Slater M.R., Geller S. and Rogers K., Long-Term Health and Predictors of Survival for Hyperthyroid Cats
Treated with lodine 131. J Vet Intern Med, 2001. 15(1): p. 47-51.

36.Connolly D.J., Guitian J., Boswood A., et al., Serum Troponin I Levels in Hyperthyroid Cats before and after
Treatment with Radioactive lodine. J Feline Med Surg, 2005. 7(5): p. 289-300.

37.Milner R.J., Channell C.D., Levy J.K., et al., Survival Times for Cats with Hyperthyroidism Treated with lodine
131, Methimazole, or Both: 167 Cases (1996-2003). ] Am Vet Med Assoc, 2006. 228(4): p. 559-63.

38.Broussard J.D., Peterson M.E. and Fox P.R., Changes in Clinical and Laboratory Findings in Cats with
Hyperthyroidism from 1983 to 1993. J Am Vet Med Assoc, 1995. 206(3): p. 302-5.

39.Bucknell D.G., Feline Hyperthyroidism: Spectrum of Clinical Presentions and Response to Carbimazole
Therapy. Aust Vet J, 2000. 78(7): p. 462-5.

40.Adams W.H., Daniel G.B., Legendre A.M., et al., Changes in Renal Function in Cats Following Treatment of
Hyperthyroidism Using 131i. Vet Radiol Ultrasound, 1997. 38(3): p. 231-8.

41.Graves T.K., Olivier N.B., Nachreiner R.F., et al., Changes in Renal Function Associated with Treatment of
Hyperthyroidism in Cats. Am J Vet Res, 1994. 55(12): p. 1745-9.

42.Dibartola S.P., Broome M.R., Stein B.S., et al., Effect of Treatment of Hyperthyroidism on Renal Function in
Cats. ] Am Vet Med Assoc, 1996. 208(6): p. 875-8.

43.Becker T.J., Graves T.K., Kruger J.M., et al., Effects of Methimazole on Renal Function in Cats with
Hyperthyroidism. J Am Anim Hosp Assoc, 2000. 36(3): p. 215-23.

44.Van Hoek 1., Lefebvre H.P., 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
Endocrinol, 2009. 36(1): p. 45-56.

45.Morrison J., Jergens A., Deitz K., et al. Comparison of Models for Predicting Renal Disease Following I-131
Therapy for Feline Hyperthyroidism in Conference Proceedings (Abstract) American College of Veterinary
Internal Medicine. 2010. Anaheim: p. 744-745.

46.Morrison J., Jergens A., Deitz K., et al. Investigation of Prognostic Factors for the Development of Renal
Disease Following I-131 Therapy in Feline Hyperthyroidism in Conference Proceedings (Abstract) American
College of Veterinary Internal Medicine. 2010. Anaheim: p. 745.

47.Dibartola S.P., Rutgers H.C., Zack P.M., et al., Clinicopathologic Findings Associated with Chronic Renal
Disease in Cats: 74 Cases (1973-1984). J Am Vet Med Assoc, 1987. 190(9): p. 1196-202.

48.J.P. L., C.A. O, T.D. O.B,, et al., Feline Renal Failure—Questions, Answers, Questions. Compen Contin Educ
Pract Vet., 1992. 14: p. 127.

49.Krawiec D.R. and Gelberg H.B., Chronic Renal Disease in Cats, in Current Veterinary Therapy X, R W. Kirk,
Editor. 1989, W. B. Saunders Company. p. 1170-1173.

50.Van Hoek I., Daminet S., Notebaert S., et al., Immunoassay of Urinary Retinol Binding Protein as a Putative
Renal Marker in Cats. ] Immunol Methods, 2008. 329(1-2): p. 208-13.

51.Van Hoek ., Meyer E., Duchateau L., et al. Retinol Binding Protein in Serum and Urine of Hyperthyroid Cats
before and after Treatment with Radioiodine. in Scientific Proceedings American College of Veterinary Internal
Medicine-PROC. 26TH ACVIM FORUM. 2008. San Antonia, TX: p. 731.

52.Bazzi C., Petrini C., Rizza V., et al., Urinary N-Acetyl-Beta-Glucosaminidase Excretion Is a Marker of Tubular
Cell Dysfunction and a Predictor of Outcome in Primary Glomerulonephritis. Nephrol Dial Transplant, 2002.
17(11): p. 1890-6.

53.C. Lapointe, M.-C. Belanger, M. Dunn, et al., N-Acetyl-Beta-D-Glucosaminidase Index as an Early Biomarker
for Chronic Kidney Disease in Cats with Hyperthyroidism. Journal of Veterinary Internal Medicine, 2008. 22(5):
p. 1103-1110.

54.Daminet S. Renal Function and Hyperthyroidism in Scientific Proceedings 16th European College of Veterinary
Internal Medicine-CA 2006. Amsterdam.

55.Daminet S. Feline Hyperthyroidism and Its Relation with Renal Function in Scientific Proceedings World
Congress. 2006. Prague.

56.Feldman E.C. and Nelson R.W., Feline Hyperthyroidism (Thyrotoxicosis), in Canine and Feline Endocrinology
and Reproduction, E.C. Feldman and R.W. Nelson, Editors. 2004, WB Saunders Company: Philadelphia. p. 152-
218.

57.Panciera D.L. and Lefebvre H.P., Effect of Experimental Hypothyroidism on Glomerular Filtration Rate and
Plasma Creatinine Concentration in Dogs. J Vet Intern Med, 2009. 23: p. 1045.

58.Gommersen K., Lefebvre H.P., Brenchekroun G., et al. Effect of Thyroxine Supplementation on Glomerular



Fltration Rate in Hypothyroid Dogs. in Scientific Proceedings American College of Veterinary Internal
Medicine-PROC. 26TH ACVIM FORUM. 2008. San Antonio, TX: p. 734.

59.Williams T., Peak K., Brodbelt D., et al., Survival and the Development of Azotemia after Treatment of
Hyperthyroid Cats. Journal of Veterinary Internal Medicine, 2010. 24(4): p. 863-869.

60.Meric S.M. and Rubin S.1., Serum Thyroxine Concentrations Following Fixed-Dose Radioactive lodine
Treatment in Hyperthyroid Cats: 62 Cases (1986-1989). ] Am Vet Med Assoc, 1990. 197(5): p. 621-3.

61.Peterson M.E. and Gamble D.A., Effect of Nonthyroidal Illness on Serum Thyroxine Concentrations in Cats: 494
Cases (1988). ] Am Vet Med Assoc, 1990. 197(9): p. 1203-8.

62.Mooney C.T., Little C.J. and Macrae A.W., Effect of Iliness Not Associated with the Thyroid Gland on Serum
Total and Free Thyroxine Concentrations in Cats. ] Am Vet Med Assoc, 1996. 208(12): p. 2004-8.

63.Wakeling J., Use of Thyroid Stimulating Hormone (TSH) in Cats. Can Vet J, 2010. 51(1): p. 33-4.



