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T4 (thyroxine) – major product secreted by follicular cells of the thyroid gland
T3 (triiodothyronine) – responsible for main hormone activity
Intracellular T3 concentration – controls biologic activity of thyroid hormone, which depends on the concentrations of circulating T3 and T4
Pass thru cell membranes by specific transporters
Once inside the cell
T3  exerts its biologic effects
T4 - converted in to the active T3
T3 or T4 – metabolized into inactive hormines (rT3 or T2)
Conversions controlled by iodothyronine deiodinase enzymes

Integrates with nuclear receptors that bind to regulatory proteins of genes, thus up- or down-regulating their expression
T3 upregulates nuclear gene expression by binding to the thyroid hormone receptors TRalpha and TRbeta.
TR interacts with discinct DNA sequence, termed thyroid hormone response element (TRE) as a homodimer or heterodimer with retinoid X receptor (RXR).

Physiologic effects of thyroid hormone on the cardiovascular system
Heart rate
Positive chronotrophic effect
Resting sinus tachycardia is most common cardiovascular sign of hyperthyroidism in people
Circadiam rhythm preserved, may ben exaggerated
Relative decrease in parasympathetic tine
Autonomic effects
Increased sensitivity of sympathoadrenal system
Adrenergic hyperresponsiveness 
Systemic vascular resistance and blood pressure
Decline in systemic vascular resistance
T3 – dilation of the resistance arterioles of peripheral circulation
Altered secretion of atrial natriuretic peptide and adrenergic tone
Cardiac output
Increased 
Due to the decrease in SVR – effective arterial filling volume falls leading to RAAS stimulation to increase plasma volume
Thyroid hormone stimulates EPO secretion
Results in increased preload
Increase in systolic myocardial contractility – increase in calcium release from the ryanodine channels in the sarcoplasmic reticulum
Reduction in diastolic relaxation time. – sarcoplasmic reticulum Ca++ ATPase 
Altered myosin heavy chain isoform result in accelerated cardiac contraction

Cardiovascular manifestations of hyperthyroidism in cats
Tachycardia
Murmurs/gallops
I-III/VI, intensity may vary with heart rate
May be due to dynamic outflow tract obstruction
Hyperkinetic femoral pulses
Prominent left apical precordial beat
Respiratory abnormalities
Tachypnea/panting
CHF, heat intolerance, decreased ability to increase the already elevated cardiac output in response to stress or exercise
ECG
Tachycardia
Atrial and ventricular arrhythmias and intraventricular conduction defects
amplitude and duration of P-QRS-T complexes may be abnormal
Increase in R wave amplitude
Radiographic or echocardiographic evidence of LV enlargement
Diagnostic imaging
May show left sided cardiomegaly in cats, +/- CHF
Echo: LV hypertrophy, LA and LV dilation, increased fractional shortening
Changes may be subtle
Anticipated changes – eccentric hypertrophy
Congestive heart failure
Uncommon cause in the absence of preexisting cardiac disease
Cardiac troponin I is sensitive and specific marker for myocyte damage and is increased in cats with HCM. Elevated infrequently in hyperthyroid cats.
Blood pressure
Possible as a consequence of hyperthyroidism
May develop after treatment for hyperthyroidism

Treatment for cardiac manifestations of hyperthyroidism
Control underlying hyperthyroid state

Renal manifestation of hyperthyroidism

Renal hypertrophy
Increased kidney to body weight ratio in rats
RAAS mediated?
Renal hemodynamics and GFR
Activation of RAAS has been implicated as the mechanism for alteration in renal hemodynamics in the hyperthyroid state
Plasma renin activity an plasma concentrations of angiotensin II and aldosterone are increased in experimental hyperthyroidism
Pressure-diuresis-natriuresis: increases in renal perfusion result in increases in water and sodium excretion. This system is impaired in hyperthyroid cats – less sodium is excreted at any given renal perfusion pressure – d/t increased renal tubular reabsorption of sodium. This is how plasma volume decreases despite increase in renal blood flow and GFR.
Role of thyroid hormone in the progression of experimental nephropathy
Increased renal protein excretion – possibly direct effect on permeability of the glomerular barrier
Increased renal blood pressure

Renal manifestations of hyperthyroidism in cats
GFR
GFR decreases with all treatment modalities for hyperthyroidism
Detectable 1 month after treatment, remains stable for at least 6 months
Urea and creatinine
Concentrations or urea and creatinine are inversely related to GFR – values typically increase after treatment.
Creatinine is also related to muscle mass, levels may be low in a emaciated patient pretreatment
Urea concentrations tend to be decreased in hyperthyroid patients because of the changes in GFR. AN increase in dietary protein in take and protein catabolism may tend to increase urea concentration
Urinalysis
PU/PD reported in 74% of cats with hyperthyroidism, may not be indicator of renal disease and therefore may resolve with treatment
12% had UTIs, none had clinical signs in one study
mild proteinuria seen with hyperthyroidism, tends to resolve with treatment
prediction of azotemia after treatment
est that approx. 1/3 of cats become azotemic after treatment, attributable to the “unmasking” of renal disease in patients with increased GFR as a result of the thyroid disease
unclear how clinically significant the azotemia is, no decrease in survival times
Choice of treatment modality
initially treat medically to judge response and to see if significant azotemia develops
methimazole has antioxidant properties that confer degree of protection against cisplatin and gentamicin induced renal injury in experimental models
rarely advisable to undertreat disease to spare the kidneys
Treatment of hyperthyroid cats that are azotemic before therapy
Difficult to diagnose and treat
Introduce treatment gradually to allow monitoring

Hyperthyroid cats can have concurrent hyperparathyroidism



Questions:

1. What is the recommended treatment strategy for a hyperthyroid cat which documented chronic kidney disease?
A: Perform I131 treatment, reassess kidney values and supplement with thyroxine as needed to augment GFR.
B: Introduce oral treatment slowly and monitor for changes in kidney function.
C: Treat with methimazole as you would a non-CKD cat.
D: Do not treat, because controlling the hyperthyroidism will send them into kidney failure faster.

2. Why can the pre treatment BUN and creatinine levels be misleading in determining if a hyperthyroid cat’s kidney function?
A: Because the creatinine level is generally higher than in a similar non-hyperthyroid cat
B: Because the hyperthyroid state increases GFR which may falsely lower the creatinine level
C: BUN levels can be affected by both the GFR and protein catabolism in the same direction, making BUN assessment inadequate for predicting post treatment azotemia

3. True or False: n-acetyl-beta-D-glucosaminidase (NAG) has been found to be increased in hyperthypoid cats that developed azotemia after treatment.


Answers:
[bookmark: _GoBack]1. B
2. B
3. True
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