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ABSTRACT 

Ten anaesthetized, heparinized healthy adult dogs were infused with protamine sulphate 
3 mg.kg -t and plasma ionized calcium was measured. A significant (p < 0.01) decrease in 
ionized calcium occurred which preceded the maximal reduction in cardiac output and 
systemic arterial pressure. The clinical implications of these results are discussed. 
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SYSTEMIC ARTERIAL HYPOTENSION may occur 
during the infusion of protamine sulphate, which 
is used to reverse the action of heparin at the 
termination of eardiopulmonary bypass. It is the 
clinical impression of many anaesthetists that the 
administration of calcium in the form of calcium 
chloride may reverse the circulatory effects of 
protamine. Protamine is a large negatively 
charged molecule which may be capable of 
binding ionized calcium (Ca+r), a reduction in 
which is known to cause a decrease in cardiac 
output and hypotensi0n. We therefore measured 
Ca ++ as well as potassium (K r)  and sodium 
(Na+), during and following the infusion of 
protamine sulphate. 

METHODS 

Ten healthy dogs weighing 26 to 33 kg were 
anaesthetized with pentobarbitone 30mg,kg -~ 
intravenously, paralyzed with pancuronium 0.1 
mg.kg -~ and ventilated with 0.5 per cent enflu- 
rane in 70 per cent nitrous oxide with oxygen. The 
left femoral vein and both femoral arteries were 
cannulated and a thermal dilution Swan-Ganz 
catheter was inserted in the pulmonary artery 
through the right external jugular vein. Electro- 
cardiogram, heart rate and systolic and diastolic 
systemic arterial pressures were recorded con- 
tinuously using a Gould six channel recorder. 
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The dogs were ventilated to keep the Pacoz 
between 5.2 and 5.4 kPa and normal saline was 
infused to maintain the haematocrit between 38 
and 42 per cent. After a steady state had been 
achieved, heparin (3 mg'kg -~) was given as a 
bolus. After 30 minutes, protamine sulphate 
3 mg'kg -I was given over 3 minutes through the 
left femoral vein, using a Sage syringe pump. 
Cardiac output (thermal dilution) and arterial 
blood gases were measured before the introduc- 
tion of 0.5 per cent enflurane (control) 10 
minutes after 0.5 per cent enflurane, 1, 5, 15, 
and 25 minutes after heparinization and 1, 2, 3, 
4, 5, 10, 15, and 30 minutes after the start of the 
infusion of protamine. 

Ca r+ ,  K r ,  and Nar were measured using 
ion-specific electrodes (Orion models SS-20 and 
SS-30, respectively), samples being analyzed in 
a random manner. Each sample was analyzed 
twice, the mean of the two results being used. 
The electrodes were recalibrated after every four 
analyses. The largest difference recorded for 
estimations on the sample site were Nar 1.5 
mmol/1, K r 0.06mmol/I, and Ca ++ 0.015 
mmol/l. The data were subjected to paired 
t-tests, p < 0.05 considered significant. 

RESULTS 

Cardiac output, Ca ++, Na + , and K + were not 
significantly altered after 0.5 per cent enflurane 
or by heparinization (Table I). 

There was a dramatic reduction in cardiac 
output and systemic arterial pressure within two 
minutes of the start of the protamine infusion, 
maximal after 3 minutes (Table II). This was 
associated with arterial hypoxia. The mean 
Ca §  was significantly reduced one minute 
after the start of the protamine infusion, the 
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TABLE 1 
EFFECT OF 0.5 PER CENT ENFLURANE AND HEPARINIZATION 

(MEANS "4" SD) 

Q Ca +* Na* K § 
Litres/Min mmol/litre mmol/litre nunol/litre 

Control 3.6 --- 1.0 1.27 - 0,09 147.8 --- 3.1 4.06 --- 0.42 
E~o 3.5 +- 1.2 1 . 2 6 -  0.13 147.8 - 3.0 4.02.4_ 0.39 
H~ 3.6 • 1.3 1.24 --- 0.12 148.2 - 3.8 4.07 --- 0.40 
H~ 3.5 +-- 1.2 1.26 +- 0.13 148.2 --- 3.4 4.06 -4- 0.36 
H~5 3.5 • 1,3 1.27 4- 0.09 148.0 +- 3.0 4.07 - 0.31 
H25 3.5 -- 1.4 1.26 +- 0.13 146.7 4- 3.4 4.09 -+ 0.39 

There was no significant change in any variable (p > 0.05) after 10 
minutes of 0.5 per cent Enflurane [E,o] or 1 5 15, and 25 minutes after 
heparinization (3 mg.kg- ) [Hi, Hs, H15, H25]. 

Q = cardiac output. 

TABLE II 
EFFECT OF INFUSXON OF PROTAMXNE 3 mg'kg -l OveR THV.EE MINUTES (Mt~ANS -+ SD) 

Q SAP Po2 Pco2 Ca ++ Na + K + 
Litres/Min mmHg pH kPa kPa mmol/l mmol/1 mmol/l 

3.6 154 7.33 17.8 5.3 1.27 147.8 4.06 
Control ---1.0 -+21 -+0.03 ---49 "--0.3 -+0.09 -+3.1 -+0,42 

1 3.5 136t 7.33 20.5 5.3 1.18:~ 145.1�82 3.90 
-+1.4 +23 -+0.04 -+6.0 +0.4 -+0.14 -+4.2 -+0.37 

2 1.811 7oll 7.33 18.2 5.4 1.14�82 144.1�82 3.91 
"--0.9 "--14 -+0.05 ---5.6 ---0.5 +-0.11 "--4.9 +_0.47 

3 1.5 II 6011 7.33 15.4~ 5.3 1.18w 144.1 II 4.18 
---0.7 --.12 "--0.05 "--5.9 ---0.5 --.0.13 ---4.2 ---0.51 

4 1.611 6511 7.31 12.5�82 5.4 1.22t 144.6�82 4.18 
---0.6 --.18 +0.04 ---5.9 • ---0.08 +-4.0 +-0.44 

5 1.911 8011 7.29* 11.3�82 5.7 1.24 145.41" 4,25 
---0.8 "--28 "--0.03 "--5.8 ---0.7 ---0.09 -+3.9 "--0.44 

10 2,511 10711 7.25 II 11.8�82 6.4�82 1.24 145.75 4.28 
---0.8 --.25 --.0.04 "--5.8 -1 .1  --.0.09 --.3.3 +0.41 

15 2,811 11611 7.27* 14.2~: 6.1�82 1.25 146.7 4.07 
---0.9 +20 ---0.05 "--5.7 ---0.7 +-0.11 ---2.6 "--0.37 

30 3.1 II 125�82 7.29 + 16.0 5.7 1.22 146.9 3.95 
-1 .1  __-20 -+0.05 •  ---0.5 • •  • 

Q = Cardiac Output. SAP = Systemic Arterial Pressure. 
*p < 0,01 ip  < 0.02 Sp < 0.05 lip < 0.001 w = 0.025 �82 < 0.005 

maximal  reduction occurring two minutes  after 
the start of  the infusion. This  reduction was 
greater than could be accounted for by dilution. 
The small  reduction in Na § however,  probably 
represents dilution caused by the volume of  the 
protamine infusion. 

DISCUSSION 

The use of  protamine to reverse the action of  
heparin was first suggested by Chargaff  and 
Olson in 1937, '  but the deleterious effects of  

protamine on the circulation were first described 
by Thomson  in 1900. 2 

The hypotension that may occur during pro- 
tamine infusion is due to effects on the myocar-  
dium and peripheral circulation, and is not 
mediated through autonomic blockade, post- 
ganglionic parasympathetic receptors, alpha or 
beta receptors, or histamine release. 3 The  rela- 
tive contribution to the circulatory depression o f  
the effects on the myocardium and the peripheral 
vasculature has been open to much  discussion. 
Jaques, studying the species difference in re- 
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sponse to protamine administration, found the 
dog to be the most vulnerable and concluded that 
arteriolar dilatation was responsible for the hypo- 
tension. 2 Gourin, Streisand and Stuckey, 4 using 
an isovolumic left canine ventricle preparation, 
later concluded that the reduction in cardiac out- 
put was secondary to a reduction in venous return 
to the heart (pre-load) and indeed reported a tran- 
sient positive inotropic effect on the myocar- 
dium. Susbsequent reports by Iwatsuki, Matsu- 
kawa, and Iwatsuki 5 using an isolated canine 
heart muscle preparation and Marin-Neto, 
Sykes, Matin, Orchard and Chakrabarti 6 under 
controlled conditions of heart rate and proximal 
aortic pressure in heparinized dogs, have shown 
that a reduction in myocardial contractility plays 
at least some part in the circulatory depression 
caused by protamine. A reduction in plasma 
Ca +-- is known to cause a decrease in myocar- 
dial contractility 7 and it is the clinical impression 
of many anaesthetists that the administration of 
Ca ++ in "the form of CaC12 will readily reverse 
the circulatory effects of protamine. Our results 
indicate that the slow infusion of protamine 
(3 mg.kg -j)  does significantly reduce the Ca ++ 
in anaesthetized heparinized dogs. The 10 per 
cent reduction in Ca ++ which occurred in our 
experiment was unlikely to have been the sole 
cause of the circulatory depression. The signifi- 
cance of a 10 per cent reduction in Ca ++ will 
vary according to circumstances. Many patients 
do not suffer haemodynamic disturbances during 
protamine infusion and, in these patients, a 10 
per cent reduction in Ca ++ presumably has 
little significance. However Westhorpe, Var- 
ghese, Petrie, Wills and Lumley 8 have shown 
that a combination of haemodilution and citrate 
binding by stored blood used to prime the pump 
may lead to a lowering of the Ca ++ in the post- 
bypass period. Thus, at termination of cardio- 
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pulmonary bypass, the Ca --+ level may already 
be low and further reduction by binding to 
protamine may reduce this to a level which may 
cause significant myocardial depression. We 
conclude that protamine causes a reduction in 
plasma Ca ++ in the dog and that if binding of 
Ca + + also occurs in man this may be of clinical 
significance in certain circumstances, for exam- 
ple during the post-bypass period of cardiac 
surgery. 
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P~SUMI~ 

On a mesur6 ]e calcium plasmatique ionisE apr~s F administration de sulfate de protamine 
la dose de 3 mg'kg -1 chez dix chiens normaux, h4parinisEs, sous anesthrsie grn~rale. On a 
observe une diminution signifieative (p < 0.01) du calcium ionisr. Cette diminution 
prEcEdait la diminution maximale du debit cardiaque et de la pression artrrielle que l'on a 
observre. Les implications cliniques de ces rrsultats sont discutEes. 


