
67 

Y.J. Kao PhO MD~* Tan Mian Ma Cha,~ 
Sam Kleinman MD, Gabor B. Racz Ma Ch8 

Hyperkalaemia: a 
complication of warm 
heart surgery 

A case ispresented ofhyperkalaemia (13.6 mEq" L -z) occurring 

during cardiopulmonary bypass using warm blood cardioplegia 
(K + 40-60 mEq" L-t). Treatment with epinephrine, calcium 

chloride, sodium bicarbonate, and furosemide reduced K + to 

6.5 mEq" L -t within 30 min and myocardial performance was 
enhanced with amrinone and cardiac rhythm was controlled 
with A- V segmental pacing. It is believed that the hyperkalaemia 

resulted from a combination o f  the surgical procedure (mitral 
valve replacemenO and the use o f  warm cardioplegia. The pur- 
pose o f  this report is to increase the awareness o f  the possibility 
o f  hyperkalaemia with warm cardioplegia and to describe a 

successful therapeutic regimen. 

On prdsente un cas d'hyperkalidmie (13,6 mmol" L -t ) survenant 

au cours d'une circulation extracorporelle sous cardiopldgie san- 
guine chaude (K + 40--60 retool" L-I). On a initi~ un traitement 

I~pindphrine, au chlorure de calcium, au bicarbonate de so- 

dium et au furosdmide. La performance myodardique est aug- 
mentde par de l'amrinone et le rythme cardiaque contrtld par 
entrainement segmentaire A-V. On dmet lbpinion que 17~yper- 

kalidmie fut  ddclenchde par l'association du type d'intervention 
(remplacement mitral) ~ la cardiopldgie chaude. Lbbjectif de 
cette observation est de mettre en garde contre la possibilitd 
d'hyperkalidmie associde ~ la cardiopl~gie chaude et de proposer 
une thdrapeutique curative. 

Key words 
ANAESTHESIA: cardiac; 
COMPLICATIONS: hyperkalaemia; 
IONS: potassium; 
SURGERY: cardiopulmonary bypass. 

From the Department of Anesthesiology, Texas Tech 
University Health Sciences Center, Lubbock, Tex,as 79430. 

Address Correspondence to: Dr. Y.J. Kao, 
*Current address: Department of Anesthesiology, University 

of California Irvine Medical Center, 101 City Drive South, 
Orange, California 92668, Bldg. 53, Rt. 81A. 

~fCurrent address: 37 St. Agnes Road, Heath Cardiff, 
CF4 4AN, UK. 

Accepted for publication 17th September, 1992. 

Intraoperative variation of the plasma potassium concen- 
tration poses a challenge to the knowledge and skill of 
the anaesthetist. 1 Recently, warm heart surgery, which 
uses warm blood cardioplegia to arrest the heart followed 
by continuous warm blood perfusion of coronary arteries 
to maximize myocardial preservation, has become pop- 
ular.2-5 The interaction between several elements of this 
technique (e.g., normothermia and repeated doses of car- 
dioplegia), and anaesthesia has not been addressed. In 
this current communication, we present a case of severe 
hyperkalaemia ([K] = 13.6 meq. L-I), which resulted 
from using excess warm blood cardioplegia for myocardial 
preservation. 

Case report 
A 56-yr-old woman, ASA physical status class IV, was 
admitted for tricuspid and mitral valve replacement. Past 
medical history included rheumatic fever at the age of 
ten. Ten years before the current admission, severe tri- 
cuspid valve stenosis and regurgitation as well as mixed 
mitral valve disease were diagnosed. Surgical intervention 
was recommended but refused by the patient at that time. 
Her presenting complaints included fatigue, dyspnoea and 
lethargy. Physical examination revealed a thin, cachectic 
lady in severe distress with tachypnoea, ascites, pedal oe- 
dema and pulmonary oedema. Her maintenance med- 
ication includes spironolactone 50 mg and furosemide 40 
mg twice daily, warfarin 2.5 mg, digoxin 0.125 mg and 
atenolol 50 mg once daily. Vital signs were: weight 58 
kg, blood pressure 100/65 mmHg, and heart rate 110 
min -~. Blood cell counts and electrolyte concentrations 
were within normal limits except that blood urea nitrogen 
was 36 mg. dl -m and creatinine 1.2 mg. dl -t. Arterial 
blood gas analysis while breathing room air showed pH 
7.42, PaO2 66 mmHg and PaCO2 32 mmHg. Echocar- 
diographic studies of tricuspid valve revealed mild tri- 
cuspid stenosis and severe regurgitation. Severe mitral 
regurgitation and bilateral atrial enlargement were also 
noted. 

Preoperative medication included morphine sulfate 5 
mg and scopolamine 0.4 mg one hour before induction 
of anaesthesia with sufentanil 150 I.tg and midazolam 
0.5 mg. Muscle relaxation was achieved with pipecur- 
onium 5 mg. After orotracheal intubation, intermittent 
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positive pressure ventilation was initiated and minute ven- 
tilation was adjusted to maintain an end tidal PCO2 of 
30 mmHg. Anaesthesia was maintained with additional 
sufentanil 250 ~tg and midazolam 5 mg in divided doses 
before surgical incision. A right subclavian venous can- 
nula and a left radial arterial cannula were inserted for 
haemodynamic monitoring. Because the tricuspid valve 
was to be replaced, the surgeon requested that a pul- 
monary artery catheter not be placed. Other monitors 
included urinary bladder thermometer, oesophageal ther- 
mometer, noninvasive blood pressure (Dinamap), pulse 
oximeter and capnometer. Cardiopulmonary bypass at 
33 ~ was instituted via the vena cava to the ascending 
aorta. The perfusion pressure was maintained between 
50 and 80 mmHg by infusion of phenylephrine and ni- 
troglycerin. After crossclamping the ascending aorta, 
warm blood cardioplegia (37 ~ containing a high con- 
centration of potassium ([K] - 20 to 30 meq. L -l) was 
infused through a cannula at the aortic root. Asystole 
occurred after the infusion of 500 ml of the cardioplegia. 
Following asystole, the cardioplegic solution was changed 
to low potassium ([K] = 6-8 meq. L -l) blood cardio- 
plegia (37 ~ continuous infusion for myocardial preser- 
vation. The mitral valve was approached through a right 
atfiotomy and septostomy. Myocardial electromechanical 
activity returned during replacement of the mitral valve. 
It was decided to resume high potassium blood cardio- 
plegia infusion which also failed to arrest the heart. In 
an attempt to stop the electromechanical activity, the po- 
tassium concentration in the blood cardioplegia was fur- 
ther increased (estimated concentration 40 to 60 
meq. L-I). The myocardium was finally arrested after 
a total dose of potassium chloride of 90 meq. Mitral valve 
replacement was then completed, septostomy repaired 
and the tricuspid valve was replaced with a porcine valve 
(Edward-Carpentier valve). The rest of the operation was 
uneventful. Aortic crossclamp time was 90 min. 

After the valve replacements, the atriotomy was closed, 
and the aortic crossclamp was removed after air was 
vented from the left ventricle and aorta. Perfusion of the 
coronary arteries was reestablished. However, despite 30 
min of continuous circulatory support, asystole persisted. 
The body core temperature (urinary bladder) was 36.1 ~ 
C. Arterial blood gas and serum electrolytes were pH 
7.4, PaO2 450 mmHg and PaCO2 41 mmHg, [Na] = 
136 meq. L-I; [K] = 13.6 meq 'L- l ;  [Ca] = 1.2 
meq. L -I. Repeat serum electrolytes were [Na] = 134 
meq-L-I; [K] = 13.1 meq. L -I and [Ca] = 1.1 
meq. L -I. Atrial and ventricular pacing wires were placed 
and A-V sequential pacing started. The ventricular cap- 
turing threshold was initially found to be high and a 
wide sinuous QRS wave complex was seen on the ECG. 
On visual inspection, contractility of the myocardium was 

judged to be grossly inadequate. Treatment of hyperka- 
laemia was therefore started before attempts to wean the 
patient from cardiopulmonary bypass. Therapy for the 
hyperkalaemia included the infusion of epinephrine at 
0.05 ~g. kg -I. min -I and sodium bicarbonate 50 meq. 
Calcium chloride 1 g bolus and furosemide 10 mg were 
also given. The perfusionist was instructed to increase 
fresh gas flow to reduce blood CO2 level. Amrinone, 5 
~tg. kg -l. min -l was also infused to improve the myocar- 
dium contractility. Thirty minutes after the initiation of 
hyperkalaemia therapy, the QRS wave narrowed, myo- 
cardial contractility improved and repeated plasma po- 
tassium concentration was found to be 6.5 meq. L -~. The 
patient was then weaned from cardiopulmonary bypass 
with blood pressure of 90/50 mmHg. Total cardiopul- 
monary bypass time was 160 min and during cardio- 
pulmonary bypass, the urine output was 250 ml. Ven- 
tricular preload was maintained with packed red blood 
cells and 5% albumin solution. Blood coagulation ab- 
normalities were corrected with protamine and fresh fro- 
zen plasma. Cardiac contractility was supported with in- 
fusions of amrinone and epinephrine. Cardiac rhythm 
was controlled with A-V sequential pacing at a rate of 
90 min -I to counter sinus bradycardia and fwst degree 
A-V block. A mild alkalaemia (pH 7.5) was induced by 
hyperventilation. The loss of pacemaker capturing was 
treated with small boluses (250 mg) of calcium chloride. 
Serum electrolyte levels were monitored every 30 min 
to quantitate potassium and calcium levels. After skin 
closure, the patient was transferred to the post-surgical 
cardiac care unit with ventilatory support. 

Over the next two hours, a brisk diuresis ensued (1800 
ml). The serum potassium concentration further de- 
creased to 4.5 meq-L -~. The trachea was extubated 12 
hrs after the operation. At postoperative day one, plasma 
creatinine concentration was 1.3 mg. dl -I and blood urea 
nitrogen concentration was 33 mg. dl -~. The remainder 
of her recovery was uneventful. 

Discussion 
We present a case of extreme hyperkalaemia (potassium 
level of 13.6 meq. L -I) at the end of cardiopulmonary 
bypass after warm heart surgery for mitral valve and tri- 
cuspid valve replacement. While electrolyte disturbance 
is a common clinical observation after cardiopulmonary 
bypass, the degree of plasma potassium concentration ele- 
vation in our patient is rare. We believe that the nature 
of the surgical procedure (mitral replacement), the tech- 
nique of the myocardial preservation (warm heart 
surgery) and, possibly, renal insufficiency are all contrib- 
uting factors to the hyperkalaemia. 

Hyperkalaemic cardiac arrest, induced by perfusion of 
a high potassium solution (cardioplegia) via the coronary 
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arteries after crossclamping of the aorta, has been used 
extensively over the last 20 yrs in cardiovascular 
surgery. 6,7 Myocardial standstill provides a motionless 
surgical field and reduces the metabolic demand of the 
myocardium and, therefore, prolongs the allowable op- 
eration time. Additional myocardial protection is usually 
provided by hypothermia.8,9 

The major disadvantages of hypothermic diastolic car- 
diac arrest include: (1) myocardial high energy com- 
pounds consumption and inadequate energy production 
secondary to the effect of low temperature on the enzymes 
of glycolysis pathway; (2) reperfusion injury, a complex 
phenomenon that is still poorly understood; and (3) dis- 
turbance to the myocardial membranous structures 
caused by the rapid change of the temperature. 2,1~ 

Over the last decade, through laboratory animal in- 
vestigations, a new myocardial preservation technique in- 
volving continuous perfusion of the myocardium with 
warmed blood and supplemental potassium has been de- 
veloped. 2.s The energy-generating mechanism of the myo- 
cardium is maintained, and all of the shortcomings of 
the above-mentioned cold crystalloid cardioplegia are 
ameliorated. The utilization of blood cardioplegia and 
the continuous infusion of the heart with warm (37 ~ ) 
potassium ion supplemented blood during aortic cross- 
clamping are the two functional elements of so-called 
"warm heart" surgery. 2 

Controlled perfusion of the myocardium by infusion 
of cardioplegia at the aortic root requires a competent 
aortic valve. Indeed, when aortic valvular regurgitation 
is suspected, the retrograde infusion of cardioplegia 
through the coronary sinus to arrest the heart is often 
used. 11-13 A physiologically intact aortic valve can be- 
come functionally incompetent following surgical man- 
ipulation. Retrocardiac padding for surgical exposure, 
traction of the mitral annulus during mitral valve replace- 
ment and the proximate position of right atrial cannulae 
to the noncoronary sinus have all been implicated in caus- 
ing an incompetent aortic valve. ~0 When the aortic valve 
becomes incompetent during a surgical procedure, repeat 
cardioplegia administration becomes ineffective. A high 
concentration of potassium containing fluid flows fast 
into the left ventricle, then through the sump tube, and 
returns to the cardiopulmonary pump reservoir. Unre- 
strained cardioplegia usage may result in hyperkalaemia. 

With hypothermic techniques, when cellular activity of 
the myocardium is suppressed by low temperature, the 
return of myocardial electromechanical activity and the 
need for repeat cardioplegia infusion is infrequent. How- 
ever, when the warm heart surgery technique is used, 
spontaneous myocardial electrical and mechanical activ- 
ities can return more frequently at physiological temper- 
ature. 2 The surgical field may become less than ideal, 

TABLE Management of hyperkalaemia 

Reduction of plasma potassium concentration 
1 Facilitate intracellular distribution of potassium ion 

- Beta 2 adrenergic stimulation 
- Alkalaemia, respiratory or metabolic 
- Glucose-insulin infusion 

2 Excretion of potassium 
- Loop diuretics 
- Na-K exchange resin enema (keyexalate) 
- Haemoftltrafion 

Antagonism of hyperkalaemia 
1 Increase plasma calcium concentration 
2 A-V sequential pacing of the heart 

and more importantly, the myocardial energy demand 
may overwhelm supply. In order to prevent the irrevers- 
ible ischaemic contracture, "stone heart," as a result of 
myocardial ischaemia at normothermia, 14 repeat cardio- 
plegia infusion to preserve myocardium is clearly indi- 
cated. However, overzealous treatment of myocardial 
electrical and mechanical activity by hyperkalaemic car- 
dioplegia when the competency of the aortic valve is jeop- 
ardized by surgical manipulation will lead to total body 
hyperkalaemia as experiened in our patient. 

Therole of renal insufficiency in hyperkalaemia should 
not be overlooked. Preoperatively, the patient had an in- 
creased blood urea nitrogen level - a strong indication 
of renal insufficiency. The patient was also taking a po- 
tassium sparing agent. The decreased capacity of the kid- 
neys to handle the potassium load during cardiopulmo- 
nary bypass would accentuate the post-bypass plasma 
potassium level. 

The treatment of hyperkalaernia (Table) consists of two 
goals: namely the reduction of the plasma potassium level 
and the antagonism of the effect of hyperkalaemia. The 
plasma potassium concentration can be reduced by either 
translocation of the potassium ion into the intracellular 
space which can be accomplished by alkalemia, Beta2 
ad renergic stimulation as well as insulin-glucose infu- 
sion, or elmination from the body by a loop diuretic agent 
as well as Na-K exchange resin enema. 1.15 When the pa- 
tient is still being supported with cardiopulmonary by- 
pass, haemofdtration may also be used. The antagonism 
of hyperkalaemic effects can be achieved with intravenous 
infusion of calcium, i An A-V sequential pacemaker must 
be used to maintain cardiac rhythm when asystole is pres- 
ent. 16 The treatment of hyperkalaemia diagnosed imme- 
diately after cardiopulmonary bypass for warm heart 
surgery, on the other hand, must be modified in light 
of the peculiar physiological and pharmacological con- 
siderations associated with warm heart surgery. The ade- 
quacy of cerebral protection a t  physiological temper- 
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ature has been a major concern regarding the safety of 
warm heart surgery. 2 Also, the effect of haemodynamic 
instability on cerebral perfusion during the post cardio- 
pulmonary bypass period must also be resolved. Sim- 
ilarly, the potential development of "stone heart" at nor- 
mothermia after incomplete myocardial preservation 
should be recognized. 14 These factors impose certain re- 
strictions on the method of treating hyperkalaemia. Hae- 
mofiitration after cardiopulmonary bypass may be un- 
desirable because an arterial venous shunt may impose 
an additional burden on the recovering myocardium. 
However, initiation of haemofdtration prior to the wean- 
ing of the patient from cardiopulmonary bypass can be 
beneficial. 

The management of this patient when hyperkalaemia 
was first recognized during cardiopulmonary bypass until 
the achievement of normokalaemia in the intensive care 
unit is summarized. Throughout the hyperkalaemic pe- 
riod, an A-V sequential pacemaker was used to maintain 
a stable cardiac rhythm. Sodium bicarbonate and hy- 
perventilation were used to achieve alkalosis. Epinephrine 
infusion to provide beta adrenergic stimulation was also 
given, both for betal adrenergic inotropic and chrono- 
tropic support and to provide a beta 2 adrenergic hypo- 
kalaemic effect. Other catecholamine inotropic agents 
such as dopamine or dobutamine were not used because 
they may not provide a beta2 adrenergic hypokalaernic 
effect. Since the kidneys have not been subjected to tem- 
perature fluctuations during cardiopulmonary bypass 
after warm heart surgery, renal excretion of potassium 
is maintained. Amrinone ws infused to provide additional 
inotropic activity and to counter the dose-limiting vaso- 
constrictive activity of epinephrine. Additionally, furosem- 
ide was also given to promote diuresis which facilitates 
the excretion of total body potassium load. Before the 
eventual normalization of the potassium level in the 
plasma, repeated boluses of calcium chloride were ad- 
ministered to counteract the effect of hyperkalaemia. 
While glucose-insulin infusion has been used extensively 
in routine clinical medicine to treat hyperkalaemia, in 
fight of the controversy surrounding the deleterious effect 
of hyperglacaemia on cerebral ischaemia, especially when 
hypothermia protection is not present during warm heart 
surgery, we elected not to administer this form of therapy. 
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