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Part I: Hypokalemia in Cats
Thomas K. Graves, D.V.M., D.A.C.V.I.M.

Editor's Note: The follow ing is excerpted from  Dr. 
G raves’ presentation given at the Ninth Annual Fred  
Scott Feline Sym posium  (form erly the Feline  
P ractitioner's Sem inar) on July 25-27  at the 
Triphammer Lodge in Ithaca, New York. The sem i
nar was sponsored by the Cornell Feline Health 
Center, Cornell University's College o f  Veterinary 
Medicine's Continuing Education Department, and  
several corporate sponsors.

Potassium Balance
Potassium homeostasis is, to say the least, com pli
cated. However, we can simplify things a bit if we 
think in terms of two basic factors: those things that 
control the amount of potassium available in the 
environment in which cells live, and intracellular 
conditions that affect how cells handle the potas
sium available to them. In short, potassium balance 
is affected by the level of intake of potassium into the 
body, the amount of potassium lost or excreted from 
the body, hormonal factors, and the body's acid/base 
status. Potassium is taken into the body by inges
tion, excreted by the kidneys (and to some extent in
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the feces), and redistributed between intracellular 
and extracellular compartments. The balance be
tween these three processes determines the overall 
potassium status of the body.

Extracellular potassium is usually around 4 
mEq/L, while intracellular potassium is held at around 
100 mEq/L. This gradient is critical to the electrical 
activity of cells. Clinically, only the extracellular 
potassium concentration is measured, but it is neces
sary to consider intracellular potassium as well when 
evaluating a patient with a likely potassium imbal
ance. The measured extracellular potassium does not 
always reflect the overall potassium status of the 
patient (See Table 1).

Acid/Base Effects on Potassium
Changes in pH cause a shift in potassium from 
outside to inside the cell and vice versa. The estimate 
is that for each 0.1 U drop in pH, there is a 0.6 mEq 
shift from intracellular to extracellular potassium.

♦NOTICE*

We will be publishing four issues for 
Volume 12 from September to De
cember 1997.

v ____________________________________________
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Table 1:

Clinical Condition Extracellular K+ Intracellular K+

Normal Normal Normal

Potassium Excess Increased Increased

Potassium Depletion Decreased Decreased

Acidosis Increased M ildly Decreased

Alkalosis Decreased Mildly Increased

Potassium Depletion and Acidosis Decreased Severely Decreased

This is not a hard and fast rule, but is a useful 
guideline for clinicians. Each increase in pH of 0.1 U 
during alkalosis is associated with approximately a
0.2 to 0.3 mEq drop in serum potassium.

This seems especially relevant in considering 
cats with chronic renal failure, most of which are 
acidotic. For example, a severely acidotic cat with a 
venous pH of 7.0 would have an elevation in serum 
potassium (due to translocation) of nearly 2.5 mEq! 
The unsuspecting clinician might consider a serum 
potassium of 4.5 mEq/L to be adequate, but in such a
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case, correction of acidemia (by fluid therapy, for 
example) could cause an intracellular shift in potas
sium which would leave the cat severely hypokale
mic.

Other Causes of Potassium Translocation
Insulin and catecholamines can cause translocation 
of potassium from the extracellular to the intracellu
lar compartment. These hormones cause uptake, 
especially in liver and muscle cells, by activating the 
Na+/K+ ATPase on the cell membrane. Physiologi
cally, this system allows for handling of acute exces
sive potassium loads.

How Do The Kidneys Handle Potassium?
One of the kidneys' most important functions is 
excreting potassium. Consider a normal sized cat 
eating its normal daily intake of potassium in one 
sitting. That would represent about 10 to 15 mEq of 
potassium. A bolus of potassium this large would 
surely be enough to kill a cat were it not for an 
efficient renal handling o f the electrolyte.

M ost of the adjustment in potassium balance 
occurs in the distal nephron. The important determi
nants of potassium secretion are 1) aldosterone, 2) 
serum potassium concentration, 3) urine flow, and 4) 
other electrolytes in the tubular lumen. Aldosterone 
is particularly important since it promotes sodium 
resorption leading to an electrochemical gradient that 
promotes potassium secretion. Elevation in serum

http://web.vet.comell.edu/


3

potassium concentrations and angiotensin II causes 
increases in serum aldosterone concentrations. Other 
factors that promote electronegativity of the tubular 
lum en include increases in concen tra tions o f 
nonresorbable anions in the tubular fluid. Examples 
include H C 0 3, S 0 42\  and penicillin.

Some Causes of Hypokalemia
M ost clinicians agree that anorexia can lead to a 
certain degree o f hypokalemia, but considering the 
translocation, renal physiology, and overall potas
sium balance, decreased dietary intake is probably 
not the major cause of low potassium, except in 
chronic, severe dietary potassium restriction. On the 
other hand, disorders that cause vomiting and/or 
diarrhea can lead to hypokalemia. There are several 
drugs that can lead to hypokalemia. Examples in
clude loop diuretics and thiazide diuretics, penicil
lins, steroids, insulin, and glucose. In cats, the major 
cause of hypokalemia, however, is urinary loss. This 
can occur in a variety of scenarios, including chronic 
renal failure, post-obstructive diuresis, and possibly, 
diet-induced hypokalemic nephropathy. It should be 
noted that although dietary causes of hypokalemia 
are not common, one large retrospective study of 
hypokalemia in cats determined that cats fed Hill's C/ 
D or Feline M aintenance diets were 4 times more 
likely to develop hypokalemia than were cats fed 
other diets. This indicates that urine acidifying diets, 
and diets with less than 0.4% potassium content 
should probably be avoided in cats at risk for devel
opment of hypokalemia.

Effects of Hypokalemia

Skeletal M uscle: Hypokalemia has profound effects 
on muscle and on its function. W eakness develops 
when potassium drops below 3 mEq/L. Lower potas
sium concentrations are associated with muscle ne
crosis and severe clinical signs. In cats, persistent 
ventroflexion of the neck, appendicular weakness, 
and pain have been documented as part of a hypokale
mic polymyopathy. There are several proposed 
mechanisms, including electrochemical derangement,

skeletal muscle ischemia, and glycogen depletion 
among others.

K idneys: Hypokalemic nephropathy is a poorly
documented entity in cats, although it has been stud
ied in dogs. Some renal effects in cats, however, have 
been demonstrated. First of all, declines in glomeru
lar filtration rate and renal blood flow have been 
documented in cats fed potassium deficient diets and 
urinary acidifiers. Secondly, there is a strong corre
lation between hypokalemia and chronic renal failure 
in cats. Thirdly, hypokalemic cats with impaired 
renal function show improvement when dietary po
tassium is supplemented.

Cardiovascular System : Hypokalemic animals can 
develop cardiac arrhythmia. Electrocardiographic 
changes can include decreased T wave amplitude, ST 
segment depression, and prolonged QT interval. None 
of these changes, however, are seen consistently in 
cats with hypokalemia. It is also important to con
sider interactions between hypokalemia and com 
monly used cardiac drugs. Hypokalemia potentiates 
digitalis toxicity, and can confer myocardial resis
tance to anti-arrhythmic drugs.■

(Part I I  will present diagnosis and  treatm ent 
o f  hypokalem ia)

' Are You Moving? ^
If so, please send a "Change of Address" to our 
office so you can continue to receive Feline Health 
Topics with uninterrupted service.
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Feline Hyperthyroidism: An Update
Thomas K. Graves, D.V.M., D.A.C.V.I.M.

Today's feline practitioners are well-versed in the 
pathophysiology, diagnosis, and treatment of hyper
thyroidism. This disease continues to be one of the 
most commonly diagnosed disorders of geriatric cats, 
and our knowledge of hyperthyroidism continues to 
grow. This article will present some of the more 
recent developments in the field of feline thyroidology.

The Free T4 Story
Some veterinarians currently use the serum concen
tration of free T4 (FT4) as a first-line diagnostic test 
for feline hyperthyroidism. I do not recommend this 
pratice for the following reasons:

1. M ost hyperthyroid cats have elevated serum 
concentrations of total T4 (TT4) and FT4. M easure
ment of FT4 has no added benefit in these cats.

2. It is true that most cats with occult hyperthy
roidism have elevated serum concentrations o f FT4 
in the face of normal TT4 concentrations. FT4's 
sensitivity, therefore, is slightly higher than that of 
TT4. However, the problem arises in evaluating sick 
cats with nonthyroidal illness. For reasons that are 
not understood, around 10 percent o f cats with 
nonthyroidal illness have false elevations in serum 
FT4 concentration. This means that a cat with ali
mentary lymphoma, for example, which could be 
confused clinically with hyperthyroidism, has a 10 
percent chance of having a misdiagnosis of hyperthy
roidism based on the serum FT4 concentration alone. 
In this hypothetical case the TT4 would be low since 
cats with nonthyroidal illness reliably have low se
rum concentrations of TT4. So, if FT4 is to be used 
as a diagnostic test for feline hyperthyroidism, it must 
be interpreted together with the serum TT4 concen
tration. If the TT4 concentration is low and the FT4 
concentration is high, hyperthyroidism is not present.

If the serum TT4 concentration is in the high end of 
the normal range and the serum FT4 concentration is 
high, a diagnosis of hyperthyroidism can reasonably 
be made.

It should also be noted that physical examination 
and historical findings are the most important tests of 
all. Some practitioners simply rely on serum FT4 
concentration as part of a routine geriatric screening 
panel. If a serum FT4 concentration is slightly 
elevated, and no goiter has been palpated, the test, 
together with a serum TT4 determination should 
probably simply be repeated at a later date. If clinical 
signs of hyperthyroidism are present, a T3 suppres
sion test would probably be most definitive in ruling 
out hyperthyroidism.

Ipodate-How Useful Is It?
There is nothing new about using iodinated radio- 
graphic contrast agents in the treatment of hyperthy
roidism, but it has only very recently been investi
gated for use in cats. In a study from The Animal 
M edical Center (New York, NY), 12 cats with hyper
thyroidism were treated with ipodate. Ipodate blocks 
the peripheral conversion of T4 to T3 (T3 is the active 
hormone that interacts with intracellular thyroid hor
mone receptors). The drug also blocks thyroid hor
mone secretion, and it may block some of the effects 
of thyroid hormone on the heart and liver. O f the 12 
cats in the AMC study, 8 responded to treatment with 
ipodate over the 14-week period of the study. These 
cats had a slight increase in mean body weight, a 
slight decrease in mean heart rate, and substantial 
decreases in mean serum concentration of TT3. The 
serum TT4 concentrations remained elevated. There 
were no adverse affects of the drug noted in the 12 
cats studied.
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Although it is always good to have more treat
ment alternatives available, ipodate is of limited 
usefulness in the treatment of feline hyperthyroid
ism. M ethimazole remains the drug treatment of 
choice for the following reasons:

1. Cats with severe hyperthyroidism are un
likely to respond to ipodate treatment, although those 
with a milder form of the disease are likely to re
spond. Cats with mild disease, as well as those with 
severe hyperthyroidism, respond well to methima
zole.

2. Improvements in body weight, heart rate, and 
circulating concentrations of thyroid hormones are 
much greater in cats treated with methimazole than in 
the cats treated with ipodate.

3. Ipodate is expensive. The recommended 
dose of lOOmg/day costs about $1. Since feline 
hyperthyroidism has to be treated for the remainder 
of an affected cat's life, the cumulative cost could be 
quite high in comparison with other treatment op
tions.

Although further studies should probably be done, 
it appears that ipodate is mainly useful in temporary 
treatment of hyperthyroidism in cats unable to toler
ate methimazole.■

Dr. Thomas K. Graves is in the Department o f  Phar
macology & Physiology at the University o f  Roches
ter School o f  Medicine and Dentistry.

Research Briefs
Patterns of Feline Coronavirus Infection and 
Fecal Shedding from Cats in Multiple-cat 
Environments
(Authors— J.E. Foley, A. Poland, J. Carlson, and 
N.C. Pedersen)— Researchers used a reverse tran- 
scriptase-polymerase chain reaction (RT-PCR) test 
to determine patterns of fecal shedding of feline 
coronavirus among cats. The cats studied included 
275 purebred cats from six private catteries and 40 
specific-pathogen -free (SPF) laboratory-reared cats. 
The 40 SPF cats were experimentally inoculated with 
crude fecal ex trac t co n ta in in g  fe lin e  en teric  
coronavirus (FECV). Fecal and plasma samples 
were collected every 4 days and evaluated with RT- 
PCR and indirect immunofluorescence assays, re
spectively, to correlate RT-PCR results with fecal 
infectivity and to determine patterns o f FECV shed
ding and anti-FECV IgG production in acutely in
fected cats. The 275 cats in private catteries were 
monitored for 1 year. Fecal and blood samples were 
collected every 1 to 3 months and assayed by use of

RT-PCR and serologic tests to determine patterns of 
coronavirus shedding and cofactors for high fre
quency shedding.

Results o f the RT-PCR test in SPF cats were 
directly correlated with fecal extract infectivity. Over
all, 370 of 894 (41%) fecal samples collected from 
cattery and shelter cats contained infectious levels of 
coronavirus. Of 121 cats from which multiple samples 
were collected, 11 never shed virus and 35, 65, and 
10, respectively, shed virus with low, moderate, and 
high frequency. High frequency shedding was asso
ciated with age and cattery of origin, but not with sex 
or concurrent disease. Stress associated with parturi
tion and lactation did not induce shedding in queens. 
Kittens did not shed coronavirus before they were 10 
weeks old, even when nursed by shedding mothers.

A large proportion of cats in multiple-cat 
environments shed coronavirus at any given time, but 
most undergo cycles of infection and shedding, re
covery, and reinfection. Infection is acquired from

(continued on next page)
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chronically shedding cats and from infectious cats 
undergoing transient primary infection. Chronically 
shedding cats cannot be identified on the basis of 
antibody titer or signalment, but must be identified on 
the basis of the results of serial fecal RT-PCR tests. 
(Resource: J  Am er Vet M ed Assn 210(9):1307-1312, 
1997.)

Feline Diabetes Mellitus: A Retrospective 
Mortality Study of 55 Cats (1982-1994)
(Authors— M.S. Kraus, C.A. Calvert, G J . Jacobs, 
and J. Brown)— Signalment, concomitant diseases, 
prognostic factors, and mortality were evaluated ret
rospectively in 55 diabetic cats (mean age, 11 years; 
range, 5 to 18 years). Sixty-seven percent of the cats 
were between 7.5 and 15 years of age. One-year 
mortality (n=23) was high; most early deaths were 
due to comorbid disease, and the rate of death dimin
ished in cats surviving beyond one year. The median 
survival time for all cats was 29 months; among cats 
that died, the median survival time was 11 months. Of 
the cats surviving more than one year, 16 were alive 
at a mean of 41 months. Only 13 of 37 cats died due 
to diabetes mellitus; the majority died due to con
comitant diseases, with renal failure (n=8) and hepato- 
pathies (n=6) being the most common causes. No 
clinical data was identified as being of prognostic 
significance. (Resource: J  Am  Anim Hosp Assoc 
33(2):107-111, 1997.)

Diagnosis and Treatment of Feline Systemic 
Hypertension
(Author: R.A. Henik)— The clinical signs of hyper
tension are usually referable to target organ damage, 
most notably in ophthalmic, renal, and cardiovascu
lar tissues, which have a rich arteriolar supply. Hy
pertension frequently accompanies chronic renal dis
ease and hyperthyroidism in old cats; antihyperten
sive medication should be administered if the indirect 
systolic blood pressure is consistently higher than 
170 mm Hg. Amlodipine, a calcium channel-block
ing drug, can be administered at an oral dosage of one 
fourth of a 2.5-mg tablet once daily (0.625 mg/day) 
for chronic control of hypertension. Blood pressure

should be measured in any cat with renal disease, 
hyperthyroidism, an acquired murmur, blindness, 
re tin a l d e ta c h m e n t, h y p h em a , or 
echocardiographically determined cardiac hypertro
phy. It is advisable to measure blood pressure in a 
quiet room, separated from other animals, humans, 
and peripheral noise. The pressure should be m ea
sured before the physical examination but after the 
patient has had sufficient time to acclimate to its 
surroundings. This article considers the hypoth
esized pathophysiology o f feline hypertension. Also 
discussed are the available methods of monitoring 
blood pressure and the clinical signs and treatment of 
hypertension in cats. (Resource: Compend Contin 
Educ Pract Vet 19(2):163-167, 1997.)

Diagnostic Evaluation of Cats with Seizure 
Disorders: 30 cases
(Authors— A.D. Quesnel, J.M. Parent, W. McDonell, 
D. Percy, and J.H. Lumsden)— Researchers were to 
investigate causes of seizure disorders in cats. The 
thirty cats that were studied had been referred to the 
Ontario Veterinary College for recurrent seizures.

The signalment and seizure pattern were evalu
ated. Diagnostic procedures included physical, neu
rologic, and fundic examinations; CBC; serum bio
chemical analyses, including determination of pre- 
and postprandial bile acid concentrations; urinalysis; 
serologic assays for FeLV, feline immunodeficiency 
virus, feline infectious peritonitis, toxoplasma gondii, 
magnetic resonance imaging of the brain; CSF analy
sis; and neuropathologic examination of euthanized 
cats and of surgical biopsy specimens.

All cats were found to have structural brain 
diseases; non-suppurative meningoencephalitis of 
unknown cause was found in 14 cats, feline ischemic 
encephalopathy in 6, meningioma in 2, polycythemia 
vera with secondary brain lesions in 2, post-traumatic 
epilepsy in 1, and cerebral abscess in 1. A definitive 
diagnosis could not be reached in 4 cats.

The most common cause of seizures in cats is 
structural brain disease. Structural brain lesions
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often can be detected on the basis of seizure pattern 
and results of neurologic examination. Cerebrospi
nal fluid analysis and brain imaging are essential to 
determine the cause of these lesions. Causes of 
seizures found in the cats of this study differ from 
those reported to be the most common. Non-suppu- 
rative meningoencephalitis of unknown origin ap
pears to be a frequent cause of neurologic disorders in 
cats, including seizure disorders. Feline ischemic 
encephalopathy appears to exist in a milder form than 
the classic disease and may be a common cause of 
seizures in cats. (Resource: J  Am Vet M ed Assoc 
210(1):65-71, 1997.)

Clinical Management and Outcome of Cats 
with Seizure Disorders: 30 cases (1991- 
1993)
(A uthors— A.D. Q uesnel, J.M . Parent, and W. 
McDonell)— Researchers were to determine outcome 
of clinical management of cats with seizure disor
ders. The thirty cats that were studied had been 
referred to the Ontario Veterinary College for recur
rent seizures.

Treatment was dictated by the cat's seizure 
frequency and by the underlying cause. Cats that 
were having cluster seizures or status epilepticus at 
the time of admission were treated orally with 
phenobarbital and with constant IV administration of 
diazepam. The other cats were treated with long
term oral administration of phenobarbital if the fre
quency o f their seizures justified it. Follow-up in
cluded evaluation o f seizure frequency, serum 
antiepileptic drug concentrations, and hematologic 
and serum biochemical values. Outcome was docu
mented on the basis of survival and seizure frequency 
at the end of the follow-up period, which ranged from 
3 to 21 months.

Six cats were euthanized without any thera
peutic attempts at the owners' request. Twenty o f the 
remaining 24 cats were alive at the time of final 
follow-up. Seventeen had a good outcome; 11 were 
not having any more seizures and 6 were having a

low frequency of seizures. For 3 other cats, seizures 
were not well controlled. Four cats had been 
euthanized (2 because of intractable seizures, 1 be
cause of post craniotomy complications, and 1 be
cause the owner did not want to pursue treatment).

Results suggest that severity of seizure disor
der in cats is not a good predictor of outcome and that 
aggressive treatment is often rewarding, even in the 
most severe cases. (Resource: J  Am  Vet M ed Assoc  
210:72-77.)

Paw Preferences in Cats Living in a House
hold Environment
(Authors— A.V.L. Pike and D.P. M aitland)— Forty- 
eight (28 males and 20 females) unrestrained cats 
(Felis silvestris catus), living in a natural domestic 
environment, were studied for paw preferences using 
a food reaching test. A total o f 46% were right- 
preferent, 44% were left-preferent and 10% were 
ambilateral. Sixty percent of the cats in the sample 
used one paw 100% of the time. This preference was 
stable over time (10 weeks), and was not influenced 
by the presence of food residue on the cat’s non
preferred paw. There was no difference between 
male and female cats in the proportions of left and 
right paw-preferent individuals. W e have reviewed 
the literature reporting paw preferences in cats and 
conclude that in static food-reaching tests, domestic 
cats show a marked paw preference with an equal 
distribution of left- and right-preferent individuals. 
They do not, however, show a group or population 
bias toward the use of any one paw. There are no 
significant sex differences. In contrast, there is previ
ously published evidence which appears to suggest 
that moving-target reaching tests uncover a left-sided 
behavioral asymmetry. (Resource: Behav Processes 
39(3) -.241-247, 1997.)

Other Research Articles of Interest:
G erds-G rogan  S and D ay re ll-H art B: Feline  
Cryptococcosis: A retrospective evaluation. J Am 
Anim Hosp Assoc 33(2): 118-122, 1997.

(continued on next page)
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Photocopies of the above articles are available by 
making your request via mail to the Flower- 
Sprecher Library, College of Veterinary M edi
cine, Ithaca, NY 14853; or by telephone at (607) 
253-3510; or by fax at (607) 253-3080.
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