EVALUATION OF DOG ELECTROCARDIOGRAPHY IN
HYPOKALEMIA
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ABSTRACT

The objective of the work was to study Electrocardiography in normal doges
and in dogs treated with intravenous furosemide for 14 days.

In present study eight dogs in different sex and two years age used ,serum
potassium level determined using commercial kit and ECG evaluate twice daily pre
and post furosemide use .

ECG tracing compared in the two groups (treated and control) . when serum
k'reach (4.4 mEq/ L +1.044) at day four from starting , and in the last five days of
treatment the mean of serum potassium reach (3.2 m Eq /L + 0.504 ). the
electrocardiographic changes shows features of hypokalemia T inversion or flatting of

T wave in limb leads (I,11,111),avl, avf and most of the chest leads .

INTRODUCTION

The electrocardiogram (ECG) is the test of choice for diagnosis of abnormal
heart rhythms and also can be useful for identification of cardiomegally or drug effect
on the heart (1) .

An electrocardiogram is a diagnostic test that records the electrical activity of the
heart. Canine electrocardiographs are common procedures in a small animal
veterinary practice .they are normally used as a diagnostic tool when canine heart
disease is suspected and used to monitor heart function in the operating room (2)
There are typical six lead system (placement protocol) and 111 are called bipolar limb
lead and detail the electrical voltage being produce by the heart between two lead(avr,
avl, avf) compare cardiac electrical stimulation at one limb to a central point of the
heart (3).

A vital element to an important group of blood minerals called electrolytes,
potassium function in both cellular and electrical function ,such as in the conduction

of electrical charges in the heart, nerves and muscle .therefore lower level of



potassium in the blood stream will compromise the normal functioning of these tissue
(4).

Hypokalemia contributes to the pathogenesis of cardiovascular disease ,and many
cardiovascular disorders and drugs aggravate hypokalemia (5 ; 6) hypokalemia is
therefore acommon ,reversible factor in the natural history of cardiovascular disease.
Hypokalemia enhance the propensity for ventricular fibrillation in the normal ,as well
as the ischemic canine heart (7) , Also hypokalemia induce hyper excitability and is
clinically manifested by increase in supra ventricular and ventricular ectopy (8).
Diuretic inhibit chloride dependent sodium resorption and induce potassium excretion
in a dose dependent manner (9).

Plasma potassium increase about 0.6 m Eq /L for each 0.1 unit decrease in blood pH
.the reverse is true for pH increase ,thus if an acidotic animal has a normal plasma
potassium level ,it should be considered hypokalemia and corrective therapy should
be initiated .potassium loss may develop as a consequence of vomiting , diarrhea,
using some drug such as diuretic ,bad use for drug cortisone and using purgative (10).
The electrically active tissue of the heart in sensitive to change in extracellular
concentration of K*. hypokalemia produce flattening and or inversion of T wave ,then
appearance of U wave then prolongation of QT interval (normal QT< 0.4 sec) (11).
Hypokalemia cause cellular hyperpolarity increase resting potential,hastens
depolarization and increase automaticity and excitability (12 ).

There was no study on canine electrocardiography, so The objective of this work is

the determination of electrocardiograph changes in dogs in case of hypokalemia.

MATERIAL AND METHODS

Animals:

Eight dogs (different sex and about two years age ) six dog treated with furosemide
(40 mg/daily ) and two as a control .

ECG used to evaluate all dogs twice daily pre and post administration of furosemide .
5ml of blood collected for serum potassium determination using kit of
potassium(Human Gmbh.65205,Wiesbaden,Germany) .

ECG Procedure according ( 3)

1-place a blanket on the table.



2-

3-

Place the animal in right lateral decumbency, the spine should be straight and the
forelimbs should be perpendicular to the spine and parallel to each other.

Shaving the hair ,spray alcohol and spray ECG conductivity solution over the alcohol
to provide good contact metal surface, the chest ,or each other.

Red-left leg Green-Right leg

Black-Left arm White- Right arm

4-leads aVR, aVL ,aVF

-Attach the unipolar lead to elbowof the left front leg and the other unipolar lead to
the elbow of the right front leg (lead aVR).

Clip theleft unipolar lead to the elbow of the left rear leg and the other unipolarlead to
the elbow of the left front leg (lead aVL ).

Place the left unipolar lead on the elbow of the left front leg and the other unipolar
lead on the elbow of the left back leg (lead aVF).

RESULTS AND DISCUSSION

The mean of serum potassium in control animal (5.2 m Eqg/ L +0.673) whereas
the mean of potassium in treated animal in the first, second and third day of treatment
with furosemide within normal limit (5.9 m Eg/L + 0.408 ) . at the fourth day the
mean of serum potassium started to decline reach(4.4 m Eg/L £ 1.044 ) while in the
last five days of treatment (9-13days) the mean serum potassium(3.2mEgq/L + 0.5042).

potassium level in blood decrease in some case like diarrhea, persistent
vomiting ,diuretic use, use of steroid. potassium play an important role in cell
metabolism and excitability ,disorders of potassium balance can have profound
clinical effects ,particularly on the cardiovascular and neuromuscular system(4 ) .

Potassium is the major intracellular cation in mammalian cells and is largely
responsible formaintenance of intracellular volume. Serum potassium concentrations
slightly exceed plasma concentrations because potassium is released from platelets
during the clotting process. Potassium is responsible for maintaining resting cell
membrane potential. Therefore, disorders of potassium concentration affect excitable
membranes ( 13).

The ECG recorded daily for any evidence of hypokalemia in the first day of trial
was normal in control and treated animals .As in figure (1) .While in the fourth day
ECG tracing start to show features of hypokalemia .T inversion or flatting of T wave



in the limb leads (1,11,111) aVL, aVR and aVF and most of the chest leads as shown in
figure (2) . in the following days of treatment the rhythm continue to be sinus
figure(3), but diffuse T wave inversion continue to appear and suspicious U wave
seen in lead Il (V5) QT interval continue to be normal figure(4).

Hypokalaemia was also associated with changes in the morphology of the
Twave recorded in CV5, in particular, with a flattening and/or a notching of the wave
(14).

Potassium is the most abundent intracellular cation and hypokalemiais the most
commont electrolyte abnormality encountered in clinical practice. The most signifcant
ECG manifestation of hypokalemia is a prominent U wave. Several cardiac and non
cardiac drugs are known to suppress the HERG K+ channel and hence the IK, and
especially in the presence of hypokalemia, can result in prolonged action potential
duration( 15) .

An electrocardiogram, is a non-invasive way to look at the electrical activity of
the heart. The various spikes, bumps and waves on the ECG tracing follow a specific
pattern , this may be a signal that something is wrong with the heart. In the case of a
patient with hypokalemia, there's an extra "bump" on the ECG tracing, called a "U"
wave, it is not clear what electrical activity is occurring in the heart when the "U"
wave appears on the ECG tracing. What is known is that a prominent "U" wave is
often an indication of hypokalemia.(16) .

The U wave is a low amplitude deflection following the T wave which is
mostly observed in V2 and V3 precordial leads.The mechanism behind the U wave
form is still being investigated but it has been identified in cases of hypokalemia (17) .

and (18) show Pathologic U waves may be seen in ischemic heart disease where
they sometimes point to acute ischemic events. The large U waves of hypokalemia are
most likely not true U waves but rather the terminal deflection in abifid T wave.

The adverse association between hypokalemia and arrhythmia in animal models
appears to be more significant in the presence of acute myocardial ischemia (19).
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Figure 2

Calibration: 20 mm (2mv)
4 days after IV Frusemide 20 mg twice daily
T wave inversion in leads Il, 111, AVF, and chest leads VI, VII, VII (hypokalaemia)
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Figure 4
Sinus rhythm. . Inverted T in leads Il, 111, AVF, VI, VIl and flattened T in V5, V6

REFERENCES
1- Allen .(1994). Veterinary drug handbook .3"ed .Ames:low state Univ. Press 297-299 .
2- Reece, Wm.(2005) .Functional Anat. and phys. of Domestic Animals, Lippinocott
Williams and Wilkins .




Dennis,M.; McCurnin, DVM. ;Joanna, M. and Bassert, VMD. (2002).Clinical
Textbook for Veterinary Technicians .

Phillips ,SL.  And Polzin ,DJ.(1998).clinical disorders of potassium
homeostasis.hyperkalemia and hypokalemia.Vet.Clin. North  Am. Small Animal
Pract.28 (3): 545-564.

Schulman, M.andNarins ,RG.(1990). Hypokalemia and cardiovascular disease
Am.J.Cardiol.65 : 4-9 .

Hoes,AW.; Grobbee,DE. ;Peet,TM. andlubsen ,J.(1994). Donon-Potassium-sparing

diuretics increase the risk of sudden cardiac death in hypertensive patients.47:711-733

Hohnloser,sh.;Verrier,RL.;Lown, B. and Raeder,EA.(1986) .Effect of hypokalemia on
susceptibility to Ventricular fibrillation in the normal and ischemic canine
heart.AM.heart J. 112 : 32-35..

Tsuji,H . ;Venditti, FJJR.and Evans ,Jc. et al.(1994).The association of levels of serum
potassium and magnesium with ventricular premature complex (the Framingham
heart study) 74 : 232-235 .

Gennar,l.FJ. (1998). Hypokalemia.NEng J. Med.339:451-458.

10- Radostits,0.M.; Gay, C.C. ;Blood, D.C. and Hinchcliff. K.W. (2005) .Veterinary

Medicine .A textbook of the disease of cattle ,sheep ,pigs ,goats and horses .9™
ed.London,pp.1289.

11- Ary, L. G. (1996) .Electrocardiography .In :Harisons 'Principlees of internal Medicine

Anthony,S. :Fauci,E.B.;Dennis,L.K.Stephen,L.H.;Dan,L.L.;;Larry,J. and
Joseph,L.17" ed. New York .1388-1396 .

12- Gettes,L. and Surawicz ,B. (1968) .Effect of low and high concentration of potassium

on the simultaneously recorde.

13- HelioAutran and de Morais.(2009) POTASSIUM DISORDERS IN CATS: MYTHS

AND FACTS. Proceedings of the 34th World Small Animal Veterinary Congress
WSAVA 2009 Séao Paulo, Brazil — 2009.

14- Hanton, G ;Yvon, A; Provost, J-P; Racaud A , and Doubovetzky, M . (2007) .

Quantitative relationship between plasma potassium levels and QT interval in beagle
dogs . Laboratory Animals Ltd. Laboratory Animals , 41, 204-217.

15- Nabil EI-SherifandGioiaTuritto .(2011) . Electrolyte disorders and arrhythmogenesis.

Cardiology Journal , 18, 3, pp. 233-245.



16-Philip Podrid .( 2010). ; ECG Tutorial: ST and T Wave Changes; LIVE STRONG
.COM ,27,2013.

17-Frid , Anna Alexandra.(2012 ). Origin and Properties of the Electrocardiogram T-
Wave. Mcs. UNIVERSITY OF CALIFORNIA Los Angeles.

18- Nitin Verma ,Vincent M Figueredo ,Allan M Greenspan and Gregg S Nabil EI-Sherif
and GioiaTuritto .(2011) . Electrolyte disorders and arrhythmogenesis. Cardiology
Journal , 18, 3, pp. 233-245.

19- Yano,K. ;Matsumoto ,Y. and Hirata,M. (1991).Influence of sympathetic nerve action
on ventricular arrhythmogenicity in the dog with chronic hypokalemia
.angiology.42:878-888.

ewug ubﬁﬁ\ﬂbgégﬁﬂ\gégigxﬁ\ um\hhuﬁ"ﬂ
dadald)
o sl sl L (aleds) Als b g Apmpdal) VA 3 oS0 i) Jadads s ) ) jall cidoa
298 14335 2 s\aale 40 Ao o furosemid tée eldac) axy pall
el Jmn b o sl sl (6 sione oyl 3 Adlide Culinl g i pemy OIS G Al jall 3 i)
furosemid ez Alaladll Ac gana 53 plasall A gana (A (Sl S Qlal) Jaylads 8 il 45 jlda
e (4.4 mEqg/ L £1.044) oS Cus wl ) agall (8 adll (8 4 il gl (5 glua (aldas) Jaa gl
(3.2MEQ/L £) psani sall Jaza IS Alalaall (1 3 paY) Ausadl) LYY 85 furosemid s dlalal)
phre 5 ol ,RY) el (AT ds gall il (alisd] 5 mdand 48 Jaa o) (AL jeSl) lil) lalaa 0.504
Ll sl



