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Coronary sinus potassium concentration recorded
during coronary angioplasty
STUART C WEBB, ANTHONY F RICKARDS, PHILIP A POOLE-WILSON
From the Cardiothoracic Institute and National Heart Hospital, Beaumont Street, London

SUMMARY Coronary sinus potassium concentration was measured continously in two patients
undergoing angioplasty of a significant stenosis of the left anterior descending coronary artery. After
each coronary occlusion there was a transient rise in coronary sinus plasma potassium concentration
caused by washout of potassium which had accumulated in the extracellular fluid during the short
period of ischaemia. There were no significant changes in the surface electrocardiogram and the
patients experienced no chest pain. Changes in coronary sinus potassium concentratioi. provide a

sensitive and early indication of myocardial ischaemia in man.

We have developed a catheter-tip electrode for the
continuous measurement of plasma potassium con-
centration. The electrode is structurally similar to that
previously used to measure coronary sinus pH. ' The
catheter has a potassium sensitive tip in the form of a
PVC membrane incorporating valinomycin as the ion
selective ligand.2 In the two patients reported here,
the electrode was used to monitor coronary sinus
potassium concentration ([K+]cs) during percutane-
ous transluminal angioplasty.'

Case reports

CASE 1
The first patient was a 48 year old man with a 10 week
history of intermittent chest pain after acute anterior
myocardial infarction. His medication was timolol
10 mg bd and nifedipine 20 mg tds. A treadmill exer-
cise test was positive; the patient developed chest pain
and ST segment depression (> 1 mm) occurred in
leads V5 and V6. Coronary angiography showed
single vessel disease with a severe stenosis of the left
anterior descending coronary artery distal to the
origin of a second diagonal branch.

Percutaneous transluminal angioplasty was per-
formed using a Gruntzig balloon catheter (Schneider
Medintag G-20-37). At the start of the procedure, a
thin-walled Cournand catheter (USCI 8F) was
inserted into the right femoral vein and positioned
with its tip 2 cm into the coronary sinus. A potassium
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electrode was introduced through the lumen of this
catheter until the tip protruded a further 2 cm into
the coronary sinus.
Three consecutive balloon inflations were per-

formed with a duration of 20 seconds and at intervals
of 80 seconds. The mean gradient across the stenosis
fell from 50 mmHg to 46, 20, and 2 mmHg, respec-
tively. The patient experienced no chest pain. In lead
V5 of the surface electrocardiogram the only change
was a slight diminution in T wave amplitude. No
change in [K+]cs was observed while the balloon was
inflated, but a transient rise occurred 4*5 seconds after
each arterial occlusion (Fig. 1). A peak rise of
0*3 mmol/l above the baseline [K+]cs of 4*0 mmoVl
was recorded. At the end of the procedure, angiogra-
phy showed a distinct improvement in the stenosis
and the patient remained symptom free during three
months follow up. Repeat treadmill exercise testing
was negative.

CASE 2
The second patient was a 54 year old man with a four
year history of classical angina pectoris and a
confirmed anterior myocardial infarction one year
previously. He was investigated because of a deterio-
ration in his exercise capability. Coronary angiogra-
phy showed single vessel disease with a severe stenosis
in his left anterior descending coronary artery distal to
the origin of the septal and diagonal branches.

Percutaneous transluminal angioplasty was per-
formed. The balloon catheter was inflated for 20 sec-
onds at intervals varying between 100 and 270 sec-
onds. The mean pressure gradient across the stenosis
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Coronary sinus potassium and angioplasty
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Fig. 1 Continuous coronary sinus potassium recording dunng three consecutive angioplasty balloon occlusions of
the left anterior descending coronary artery (case 1). [K+]cs did not change during occluswn but rose transiently
approximately 4 seconds after each balloon deflation.
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Fig. 2 Continuous coronary sinus potassium recording duing four angioplasty baloon occlusions of the left
anteror descending coronary artery and three injections ofcontrast medium into the left coronary artery ( I) (case 2).
[K+]cs rose transiendy after balloon deflation with a delay ofbetwen 6 and 8 seconds. Passage ofcontrast medium
through the coronary sinus caused an abrupt transient faU in [K+]cs.

dropped from 49 mmHg to 21, 28, 19, and
17 mmHg, respectively. During coronary occlusion
there was little change in [K+]cs, but after a delay of
between 6 and 8 seconds it rose transiently to a maxi-
mum of 0*6 mmol/ above a baseline value of
3*8 mmol/ (Fig. 2). During coronary angiography
there was a brief fall in [K+]cs because of the passage
of a bolus of potassium-free contrast medium (Fig. 2).
The fall was up to 1 mmol/l. There were no changes
in the surface electrocardiogram at any stage during
the procedure, and heart rate remained constant. The
patient remained symptom free throughout. Angio-
graphy after the final arterial dilatation showed no
residual stenosis. The patient did not experience any
chest pain in the two weeks after angioplasty and a
treadmill exercise test was negative.

Discussion

Animal studies have shown that potassium is lost from
the myocardial cell within seconds of the onset of
ischaemia. The extracellular potassium rises45 and an
increased potassium concentration can be detected in

the coronary sinus.6 In man, similar changes have
been reported when myocardial ischaemia is induced
by atrial pacing.7 The use of atrial pacing complicates
the interpretation of such studies since an increase in
heart rate in the absence of ischaemia causes a loss of
potassium from heart muscle.6 7

Percutaneous transluminal angioplasty provides a
unique opportunity to study the physiological effects
of acute coronary occlusion in man.8 We have used a
catheter-tip electrode which recorded continuously
coronary sinus plasma potassium concentration. The
system is stable and can detect changes in concentra-
tion of 0.05 mmol/. Results have been expressed as
concentration and not activity; the electrode was cali-
brated in normal saline containing known quantities
of potassium.
The recordings obtained from these patients show

that though [K+]cs did not change significantly dur-
ing coronary occlusion, a transient rise occurred when
the occlusion was removed. There was no alteration in
heart rate and as the steady state myocardial potas-
sium balance is zero,7 this rise cannot be attributed to
changes in blood flow. It therefore represents washout
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of potassium that has accumulated in the extracellular
fluid during the ischaemic period. The lack of any
significant change in [K+Jcs during occlusion is
explained by the fact that there is no flow or only
limited flow to the ischaemic muscle to convey the
potassium to the coronary sinus. After reducing pres-
sure in the balloon, the [K+lcs began to rise within 8
seconds. The delay may be partly the result of the
time to deflate the balloon and partly the time
required for blood to flow from the tissue to the coro-
nary sinus electrode. The maximum rise observed was
0*6 mmol/l and could easily be detected by this
method. It is not possible, without a continuous meas-
urement of regional coronary flow and knowledge of
the degree of mixing the blood from non-ischaemic
myocardium, to calculate the amount of potassium
lost from the ischaemic tissue. It is similarly impos-
sible to ascribe any significance to the minor changes
in the amplitude of the rise in [K+]cs after sequential
balloon inflations. These studies show for the first
time, however, that the loss of potassium from the
human myocardium is an early feature of ischaemia
and precedes such events as the development of chest
pain and electrocardiographic abnormalities.

Existing techniques for assessing the effects of
angioplasty during the procedure include angiography
and measurement of the gradient across the stenosis.
These methods do not indicate the extent to which the
apparent reduction of a stenosis is related to the abil-
ity to increase the level of myocardial work before the
onset of ischaemia. Such information might be
obtained by monitoring [K+]cs during atrial pacing
before and after angioplasty. This would provide an
immediate and physiologically useful measure of the
extent to which the procedure had been successful.

Webb, Rickards, Poole-Wilson

We are grateful to Mr R Montgomery for technical
assistance.
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