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INTRODUCTION 

THE MATERIAL PRESENTED in this paper is part of an on-going project to study bio- 
chemical changes in children undergoing cardiopulmonary bypass (CPB) with 
haemodilution for open-heart surgery. In previous communications we showed that 
the concentration of ionic calcium in the haemodiluted pump priming fluid can 
influence the levels of both monovalent and divalent cations in the plasma. 1,2 With 
nearly normal calcium ion activity in the priming solution, plasma electrolyte levels 
during and after the operation were more frequently at or near normal. However, 
intra-operative hyponatraemia and post-operative hypokalaemia still occurred 
and hypomagnesaemia was also observed. 

In an attempt to minimize these changes, we have since tried using as the haemo- 
diluent one of the commercial multiple electrolyte solutions containing physio- 
logical concentrations of ions: Plasma-lyre ®* was chosen because it contains mag- 
nesium. To the Plasma-lyre we added dextrose to make a i per cent solution, thus 
maintaining osmolality and blood sugar at acceptable levels. We compared the 
effects of this solution as diluent with those of the 5 per cent dextrose in 0.2 per 
cent NaC1 previously used, and also observed differences in the pattern of electro- 
lyte changes during and after cardiopulmonary bypass between patients in whom 
the bypass period was longer than 50 minutes and those in whom it was less than 
30 minutes. 

PATIENTS AND METHODS 

Sixteen patients who were to undergo open-heart operations were assigned to 
three groups, as shown in Table I. This table also includes details of age, weight,  
diagnosis, operative procedure , and length of pump run. 
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*Plasma-lyre® 148 in water: Na ÷ 140 mEq/L; K ÷ 5 mEq/L; C1- 98 mEq/L; Mg ÷÷ 3 mEq/L; 
bicarbonate as acetate 27 mEq/L and as gluconate 23 mEq/L. Travenol Laboratories Inc., 
Morton Grove, Illinois 60053, U.S.A. 
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G r o u p  [ - consisted of five patients undergoing total correction of tetralogy of 
Fallot, in whom the period of bypass exceeded 50 minutes (long-pump-run eases ) 
and the haemodiluent was Plasma-lyte with dextrose added to make a 1 per cent 
solution. 

G r o u p  I I  - consisted of five patients undergoing total correction of tetralogy of 
Fallot. All were long-pump-run cas6s ( > 50 min) but the haemodiluent was 5 per 
cent dextrose in 0.2 per cent NaCI. 

G r o u p  I I I  - consisted of six patients undergoing suture closure of an atrial septal 
defect (ASD), in whom the period of bypass was 30 minutes or less (short-pump- 
run cases) and the diluent was Plasma-lyte with dextrose added to make a 1 per 
cent solution. 

Thus, Groups I and II were similar except for the diluent used, and Groups I 
and III were similar except for the duration of bypass. 

All operations were performed under normothermic conditions and the haemo- 
dilution, bypass procedure, and anaesthetic techniques were the same in all patients 
and similar to those used in our previously reported cases. 1,2 

The Temptrol® disposable bubble oxygenator* was employed. The volumes of 
the diluting fluid and blood to be added were calculated to produce a standardized 
30 per cent overall dilution of the combined priming volume plus patient's esti- 
mated blood volume (EBV), that is: 

Total volume of diluents 
× 100 = 30 per cont. 

EBV + total priming volume 

The total volume of diluents was considered to be the combined volume of diluting 
fluid plus the acid-citrate-dextrose (ACD) solution (USP formula A) and the 
added calcium chloride, heparin, and THAM (trishydroxyaminomethane). The 
volume of the priming solution was usually about one third greater than the 
patient's EBV (Table I). We checked the consistency of the degree of haemodilu- 
tion by noting the haematocrit levels during early bypass. 

Blood samples were taken from an indwelling arterial catheter at the following 
times: (1) at induction of anaesthesia; (2) during operation prior to bypass; (3) 
during bypass - three samples (early, mid- and late bypass); (4) after bypass 
during chest closure; (5) post-operatively, every four hours during the first 24 
hours, and every eight hours during the second post-operative day. 

Urine was collected from an indwelling catheter during the operation and for 
48 hours post-operatively; at 4-hour intervals during the first post-operative day 
and at 8-hour intervals during the second post-operative day. 

The specimens were analyzed as follows: arterial pH, Pco2, and Po2 were 
measured immediately after the blood was drawn, using radiometer microelee- 
trodes and a PHM 27 pH meter with gas monitor. The haematocrit was measured 
on blood samples using standard methods. Sodium and potassium in plasma and 
urine were determined by standard flame speetrophotometrie teehniques.~ Total 
calcium and magnesium concentrations in plasma and urine were measured by 
emission and atomic absorption spectrophotometry 3,4 respectively. Calcium ion 
activity was determined on thawed frozen plasma by the method of Radde, e t  al. ~ 

*Bentley Sales Inc., 180 Main St., Norwalk, Conn. 06851, U.S.A. 
~IL Flame speetophotometer, model 143. 
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FICURE 1. Haematocrit, per cent (median -+- range). Shaded areas indicate the normal range. 
I -- specimen taken at induction; P -- specimen taken from the priming fluid. 

Blood sugar concentrations were measured by standard techniques 6,7 and plasma 
osmolality by osmometer.* 

Post-operative fluid management was standardized in all patients with admini- 
stration of 5 per cent dextrose in 0.2 per cent NaC1 at a rate to give approximately 
half the calculated normal maintenance volume. In addition, all measured blood 
losses were replaced with fresh ACD blood. 

RESULTS 

1. Haematocrit 
The haematocrits at induction of anaesthesia and in the pre-bypass specimens 

were higher in patients with tetralogy of Fallot ( Groups I and II ) than in patients 
with ASD (Group III) (Figure 1). In the pr iming fluids the haematocrits were 
consistently low in all groups and early in the bypass ranged between 25 and 30 
per cent, the desired levels. During bypass and chest closure, the haematocrits 

*Model 3--L Osmometer, Advanced Instruments, Inc., Newton Highlands, Mass, 02161, U.S.A. 
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TABLE II 

AMOUNT OF BLOOD ADMINISTERED TO PATIENTS (ML/KG) 
(Mean 4- SEn) 

157 

Postoperat ively 
Group Pre-bypass During Bypass Post-Bypass (first 24 hours) 

I 12 .94-1 .6  40.64- 6.8 28 .54-6 .7  10.84-3 .8  
I I 16 .54-2 .8  68.34-21.4 39 .24-8 .5  15.24-7 .0  

I I I  10 .24-2 .6  6.94- 3.1 11.34-2.4  7 .54-2 .7  

gradually approached pre-bypass values. Post-operatively, haematoerits remained 
unchanged at first, but tended to decrease on the second day. Table II shows the 
amount of blood administered to the patients in each group. During bypass the 
blood was added to the pump directly and at other times it was given intra- 
venously. The marked differences between long-pump-run and short-pump-run 
cases are obvious. 

2. Arterial pH 
At induction, the pH was elevated in patients of Group III, whereas it was 

normal in patients of the other two groups (Figure 2). The priming fluids of 
patients in Group I showed lower pH values than those of the other two groups. 
Despite this, patients in Group I became alkalotic during the late stages of bypass 
and chest closure. Their pH returned to normal in the early post-operative period, 
but the patients became alkalotic once more during the second post-operative day. 
Alkalosis developed in Group II patients late in the first post-operative day and 
continued, although less severe, during the second post-operative day. Patients 
in Group III remained in relatively normal acid-base balance throughout opera- 
tion and the first post-operative day, but their pH rose also during the second 
post-operative day. 

3. Plasma Sodium 
Normal plasma sodium concentrations were observed in the induction and pre- 

bypass specimens in most patients (Figure 3). The priming solutions showed a 
marked difference: those of Groups I and III contained sodium in physiological 
concentrations (135 mEq/L) ,  whilst those of Group II were lower (75 mEq/L) .  
In the early bypass specimens plasma Na + decreased slightly from pre-bypass 
values with little difference between Groups I and III. In contrast, in patients of 
Group II, plasma Na + decreased rapidly and markedly in the early bypass sam- 
pies. This severe hyponatraemia in Group II continued throughout the period of 
bypass and all the patients in the group were still hyponatraemie during chest 
closure. Normal Na + values were not reached until 4 hours post-operatively. In 
Group I, most patients had normal plasma sodium concentrations during chest 
closure and in the early post-operative period. Patients of Group III remained 
slightly hyponatraemic during bypass and chest closure but normal values were 
observed 4 hours post-operatively. During the second 24 post-operative hours all 
patients in the three groups became hyponatraemie. 



158 CANADIAN ANAESTHETISTS' SOCIETY JOURNAL 

ARTERIAL pH 

GROUP I 

GROUP rr 

7.6" 

7.4" ~ 

7.2 

7"6 t 

• ~! ~ ~ ~. ,~i ..,,.~.'~::i::::~i# ~ : ~ ! , ~ : ; ~ : ; :  

~::~:Ni~. "'i~ . . . . . . . . .  :~ ...... 

GROUP 111' 

7 .6 -  

7.4 

I P / 8 16 24 32 40 48 I~-BYPASS~-I 
: OPERATION ~ - - ' - - - ~ - - -  PO ST-O P(H r) ~I 

F m ~ E  2. Ar te r i a l  b lood  p H  ( m e d i a n  -+ r a n g e ) .  S h a d e d  a reas  i nd ica t e  the  n o r m a l  r ange .  I 
s p e c i m e n  t a k e n  a t  i nduc t ion ;  P = s p e c i m e n  t aken  f rom t h e  p r i m i n g  fluid. 

4. Plasma Potassium 
Plasma potassium values showed very little difference between the three groups 

(Figure 4). Potassium values were elevated in the priming fluids used in Groups 
I and III, and subnormal in those of Group II. In spite of these differences in the 
priming fluids, plasma potassium concentrations during bypass did not differ 
between Groups I and II, gradually decreasing in value. Steady levels of plasma 
potassium were maintained in the short-pump-run patients (Group III) through- 
out operation. Post-operatively, patients in Groups I and II were hypokalaemic, 
and those in Group III less so or normokalaemie. None of the patients received 
post-operative potassium therapy. 

5. Total Plasma Magnesium 
The pattern of change in plasma magnesium was similar in Groups I and III; 

most values remained within normal limits throughout operation, and decreased 
post-operatively to levels below or just at the lower limit of normal (Figure 5). 
The concentration of magnesium in the priming fluids used in Group II was sig- 
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FIGUP~ 3. P lasma  sod ium concent ra t ion ,  m E q / l i t r e  ( m e d i a n  -+ r a n g e ) .  S h a d e d  areas i nd ica t e  
the  no rma l  range.  I ~ spec imen  taken at induct ion;  P ~ spec imen t a k e n  f rom p r i m i n g  fluid. 

nificantly lower than that in the other two groups. This resulted in depressed 
magnesium levels in Group II patients at the start of bypass. However, there was 
a gradual rise in plasma magnesium during bypass and the values remained at 
the lower limit of normal during the post-operative period. No significant dif- 
ferences in intra-operative magnesium levels in plasma were seen between long- 
pump-run and short-pump-run patients. 

6. Plasma Calcium 
(a) Total Calcium. Total calcium in the priming fluids of all three groups was 

high, with medians between 11 and 13 mEq/L  (Figure 6). The pattern for Groups 
I and II was the same. The normal values observed at induction of anaesthesia 
were followed by an increase in plasma total calcium at the start of bypass. The 
level remained elevated throughout operation, with values returning to normal 
by the end of the fourth post-operative hour. Values around the lower limit of 
normal were then present for the remaining observation period. Group II also 
demonstrated the same changes during operation, but the patients remained hyper- 
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calcaemic for the first 8 post-operative hours, and their values became slightly 
subnormal by the end of the first post-operative day. 

(b) Ionized Calcium. Calcium ion activity in the priming fluids of all three 
groups was low (Figure 7). Groups I and II showed the same pattern of changes 
during operation and the early post-operative period. The initially normal values 
decreased to the lower limit of normal at the start of bypass, then rose to hyper- 
calcaemic levels during bypass, and decreased again during chest closure, with 
values remaining above the normal range. By the fourth post-operative hour, 
calcium ion activity had returned to normal in both groups. In the later post- 
operative period, ionic calcium in Group I remained at the lower limit of normal, 
whereas patients of Group II became hypocalcaemic (ionized fraction). Plasma 
calcium values in Group III remained within normal limits throughout the period 
of observation, with the exception of the early bypass specimen which had slightly 
subnormal values. 

7. Plasma Protein Concentrations 
All patients exhibited a fall in plasma protein levels when bypass was started. 

This fall persisted until chest closure in Group I and III, but not in Group II 
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(Figure 8). Values in Group II remained within normal limits during the post- 
operative period, whereas those in Group I and III remained at the lower limit 
or just below normal. 

8. Plasma Osmolality and Blood Sugar 
The addition of l per cent dextrose to Plasma-lyte in the primes of Groups I 

and III increased the glucose concentrations to an average of 750 mg per 100 ml. 
During perfusion and chest closure they ranged around 300 mg per 100 ml. The 
majority of values at the 24th post-operative hour were only slightly elevated. 

The values for plasma osmolality in Groups I and III reflected the blood sugar 
changes, being 350 mOsm/kg on the average in the primes and between 300 and 
315 m Osm/kg during bypass. Post-operatively, a rapid decrease to normal or low 
normal levels was observed. 

9. Urinary Excretion 
(a) Urinary Volume and Flow Rate. Urinary output, expressed as a proportion 

of diluent added to the priming fluid, differed between the long-pump-run and the 
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short-pump-run cases (Table III).  Whereas by  the end of the four post-operative 
hours, the urine volume in Groups I and II exceeded or was equal to that of the 
diluent in the priming fluid, the patients of Group III, because of the shorter dura- 
tion of bypass, had excreted only a volume equivalent to 70 per cent. 

Between start of bypass and the end of the fourth post-operative hour all pa- 
tients showed high flow rates (ml /kg/hr) .  However, in Group I the flow rate 
from start of bypass to the end of the first post-operative day was higher than in 
Groups II and III. Flow rates were normal in all groups after the first 4 hours but  
higher in Group III during the second post-operative day than in the other two 
groups. 

(b) Electrolyte Excretion (Table IV). Urinary sodium excretion in absolute 
amounts (mEq/kg)  was higher in patients of Group I than in patients of Group II 
during the period from start of bypass until the end of the fourth post-operative 
hour. The amount of sodium excreted during the operation and until the end of 
the first day was higher in the patients whose prime contained Plasma-lyte 
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T A B L E  I I I  

URINARY OUTPUT (Mean 4- SEre) 

As propor t ion  of d i luen t  added to 
p r iming  fluid 

As Flow Ra te  
( m l / k g / h r )  

S t a r t  of Bypass S ta r t  of Bypass  
S ta r t  of Bypass  unt i l  end of 4th unti l  end of 4 th  24 to 48 hours  

unt i l  end of pos topera t ive  postoperat ive  4 to 24 hours  post- 
Group opera t ion hour  hour  postoperat ively  opera t ive ly  

I 0 .89-4-0.18 1,20:t=0.15 6 . 9 6 + 0 . 9 4  1. 054-0 .14  1. 544 -0 .36  
I I 0 . 8 0 4 - 0 . 1 0  1.03 4-0 .09 5. 324-0 .55  0. 844-0 .06  1.58-4-0.31 

I I I 0 .39 4 -0 .05  0 .71 4-0.11 4. 864-0.71 1 .144 -0 .21  2.04-4-0.19 

(Groups I and III)  than in those whose prime did not (Group II). During the 
second post-operative day sodium excretion did not differ between the groups. 

Potassium excretion was similar for all groups from the start of bypass until the 
end of the fourth post-operative hour. After this time potassium excretion became 
greater in patients of Groups I and III than in those of Group II. 
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T A B L E  IV 

CATION EXCRETION IN URINE ( m E q / k g )  
(Mean  ± SEre) 

S ta r t  of bypass  
to 4 hours  4 to 24 hours  24 to 48 hours  

Group  postoperat ively pos topera t ive ly  postoperat ively 

Sodium I 2 .564-0 .67  1 . 7 8 ± 0 . 5 1  1.19 4-0 .46 
II 1.26-4-0.29 1 . 0 8 ± 0 . 4 3  1.69 4-0 .69 

I I I  1 .50-~0 .50  2 . 2 1 ± 0 . 4 8  1 .344-0 .47  
Po tass ium I 1 .194-0 .15  1 . 7 5 ± 0 . 2 4  1. 334-0.20 

II 1 .034-0 .17  1 . 5 1 ± 0 . 2 5  0 .864-0 .10  
I I I  0 .854 -0 .18  2 . 0 8 ± 0 . 1 6  1 .244-0 .15  

Calcium I 0. 394-0.06 0 . 0 5 ± 0 . 0 0  0 . 0 5 ± 0 . 0 0  
II 0 .314 -0 .17  0 .16  4 -0 .03  0 .024-0 .01  

I I I  0 .204 -0 .06  0 . 0 6 ± 0 . 0 2  0 .204 -0 .04  
Magnes ium I 0 .184-0 .02  0 . 0 1 ± 0 . 0 2  0 .23 4-0 .04  

II  0 .074-0 .01  0 . 0 7 ± 0 . 0 3  0 .014 -0 .04  
I I I  0 .134 -0 .02  0 . 1 6 4 - 0 . 0 3  0 . 3 1 ± 0 . 0 4  
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(c) Calcium and Magnesium Excretion. No significant differences in calcium 
excretion were found at any time between the three patient groups. 

Magnesium excretion was significantly higher in patients receiving Plasma-lyte 
as the prime diluent (Groups I and III) than in patients whose diluent was 5 per 
cent dextrose in 0.2 per cent NaC1 ( Group II). 

Discussion 

Our purpose in this study was twofold: (1) to minimize intra- and post-opera- 
tive biochemical abnormalities occurring in children undergoing open heart sur- 
gery by using a more "physiological" combination of ions in the priming fluid than 
had been customary previously, and (2) to determine whether the duration of 
bypass has any significant influence on the development of these abnormalities. 
We have been only partially successful in our first objective since the post-opera- 
tive abnormalities remained essentially unaltered. 

Plasma-lyte was chosen as the physiological diluent for comparison with the 
customary 5 per cent dextrose in 0.2 per cent NaC1 as it contains magnesium 
(3 mEq/litre), whereas many other physiological solutions such as lactated 
Ringer's solution contain none. The addition of this relatively small amount of 
magnesium in the priming fluid had a beneficial effect during bypass as the patients 
receiving the Plasma-lyte in the priming solutibn remained normomagnesaemic 
during operation and those receiving the 5 per cent dextrose in 0.2 per cent NaC1 
became hypomagnesaemic. However, this benefit did not extend into the post- 
~perative period when the maiority of patients in Groups I and III became mildly 
to moderately hypomagnesaemic. This may have been due to the prompt urinary 
~xcretion of magnesium in the magnesium-supplemented groups. 

The degree of intra-operative hypomagnesaemia is probably greater than is ap- 
9arent from our data as we measured only total magnesium concentrations in the 
?lasma, whereas it is the ionic fraction which is of physiological importance. Re- 
cently, an attempt has been made to calculate ionic magnesium levels during and 
?o/lowing bypass 8 but the values cannot be verified at present by direct measure- 
nent. Calculation of ionized magnesium concentrations in our patients using this 
nethod produced results similar to those reported by Killen and his associates, but 
he values differ considerably from those obtained by measuring ultra-filterable 
nagnesium concentrations. ° Furthermore, normal values calculated in this manner 
lifter significantly from normal values obtained by direct measurement. 1°,11 We 
uspect that direct measurement of ionic magnesium under anaerobic conditions 
rill give more meaninguful results. Probably much more magnesium will have to 
~e added to the priming solution than is sufficient to bring total magnesium levels 
tp to normal values, and only then will normal ionic magnesium concentrations be 
aaintained during bypass. 

Because of the central role of magnesium ions in energy metabolism and our 
ndings of post-operative hypomagnesaemia we advocate post-operative supple- 
mntation with magnesium (1 mEq/kg/day intravenously or intramuscularly). 
The second plasma constituent which we attempted to influence during bypass 

~as sodium. The twofold increase in sodium concentration of the Plasma-lyte 
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priming solution over that of the 5 per cent dextrose in 0.2 per cent NaC1, largely 
prevented the severe hyponatraemia during bypass. However, it did not influence 
either the development or the degree of post-operative hyponatraemia, which was 
particularly conspicuous on the second post-operative day. The increase in sodium 
load led to increased natriuresis in Plasma-lyre-treated patients, but no differences 
were seen between long- and short-pump-run eases. It has been shown previously 2 
that the hyponatraemia occurring on the first post-operative day can be prevented 
by administering su~ieient potassium to restore normal plasma potassium levels. 
We also suspect that the late post-operative hyponatraemia occurs partially on the 
basis of electrolyte shifts and may well be due to diminished glomerular filtration 
rate and water retention during this period. 

Intra-operative potassium changes differed only slightly between groups and 
showed little relationship with potassium concentrations in the diluent. Further- 
more, the use of potassium in the priming fluid at the concentrations present in 
Plasma-lyre (5 mEq/litre) did not prevent post-operative hypokalaemia. In view 
of this, plus the previously published report on the action of post-operative potas- 
sium supplements on plasma sodium levels, 2 it seems wise to administer such sup- 
plements to all paediatrie patients undergoing cardiopulmonary bypass with hae- 
modilution and a perfusion exceeding 30 minutes in time. 

An interesting phenomenon noted on examination of the results for plasma so- 
dium and potassium at the time of institution of bypass was that all patients in 
Group II had an increase in plasma potassium, despite the low concentrations of 
potassium in the priming solution, and that this was associated with decreased pH. 
Conversely, many patients of Groups I and III showed decreases in plasma sodium 
at that time, despite the normal or high concentrations of sodium in the priming 
fluids. Both these effects are exactly opposite to purely dilutional effects. Thus, 
many of the changes that occur at this time must be due to intercompartmental 
shifts of fluid and electrolytes, probably related to pH and osmolality, rather than 
to simple dilutional effects. 

The alkalosis shown by patients in Group I during late bypass and operation may 
be partially due to the substantial amounts ( 50 mEq/l i t re)  of potential bicarbonate 
as acetate and glueonate contained in Plasma-lyre, as well as to delayed metabolism 
of citrate in the ACD blood. 12,1a The tendency to alkalosis shown by all patients at 
some time during the post-operative period may contribute to post-operative hy- 
pokalaemia and vice versa. 

During operation and post-operatively, short-pump-run patients received less 
blood than patients in the other two groups and they were able to maintain plasma 
potassium largely within normal limits. The post-operative differences in plasma 
potassium between patients of Groups I and III were not due to differences in 
urinary excretion. The large amounts of dextrose in the large volumes of acid- 
citrate-dextrose blood given to the long-pump-run patients may play some role in 
hormonal secretion and subsequent transfer of cations (K+ and Mg+ + ) into the 
cells, 14-~6 but the exact role remains to be clarified. 

Duration of bypass also influenced haematocrit and plasma sodium differences 
between long-pump-run and short-pump-run eases but these changes seem to be 
related to the fact that during the short time on bypass full stabilization did not 
occur, as it did with the longer runs. 
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We have no explanation for the post-operative differences in haematoerit  and 
plasma protein values between Groups I and II. However, during bypass the de- 
gree of hypoproteinaemia was similar in all groups, confirming the equal and suc- 
cessful haemodilution. 

CONCLUSIONS 

The use of a multiple electrolyte solution containing physiological cation con- 
centrations (such as Plasma-lyte®) as the diluent in the p u m p  oxygenator priming 
fluid, is of value in maintaining plasma electrolyte values close to normal during 
bypass. However, Plasma-lyte does not appear to have much  beneficial effect in 
the post-operative period. Thus, we recommend: 

( 1 ) the use of multiple electrolyte solution for haemodilution; 
(2) the routine administration of magnesium supplements post-operatively in 

a dosage of i mEq /kg /day ;  and 
(3) the routine administration of potassium post-operatively if bypass time ex- 

ceeds 30 minutes, in a dosage of 2mEq/kg per 24 hours for at least 48 hours. 
In this way we would hope that the incidence and severity of post-operative 

alkalosis, hypomagnesaemia, hypokalaemia, and hyponatraemia are minimized. 

SUMMARY 

The material presented in this paper is part of an ongoing project to study bio- 
chemical changes in children undergoing 30 per cent haemodilution during cardio- 
pulmonary bypass for open heart operations. 

We compared two groups of 5 children undergoing total correction of tetralogy 
of Fallot and having cardiac bypass times over 50 minutes: the diluent used in 
Group I was magnesium-containing Plasma-lyte® with dextrose added  to make a 1 
per cent solution, while that  in Group II was 5 per cent dextrose in 0.2 per cent 
NaC1. The results indicate that  the use of magnesium-containing multiple electro- 
lyte solution was of value in maintaining plasma electrolyte values close to normal 
during the period of cardio-pulmonary bypass, particularly those of magnesium and 
sodium, but did not appear to have any appreciable effect on the early post-opera- 
tive hypokalaemia or late post-operative hyponatraemia. 

Tile patients of Group I were compared with a third group (Group III)  of six 
patients undergoing closure of atrial septal defect with bypass times of less than 
30 minutes and using the same multiple electrolyte diluent as in Group I. The  
short-pump-run cases showed a lower incidence of post-operative hypokalaemia. 
There were no significant differences in post-operative excretion of sodium or potas- 
sium between these two groups (I and III) ,  but there was delayed diuresis until 
the second post-operative day. 

For haemodilution we recommend the use of a magnesium-containing multiple 
electrolyte solution combined with post-operative administration of magnesium 
supplement in the amount  of 1 mEq /kg /day  and potassium in the amount  of 2 
m E q / k g / d a y  for at least 48 hours. 
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R~svvn~ 

Ce que nous pr6sentons dans eet article fait partie d'un projet en cours off nous 
voulons 6tudier les ehangements biochimiques ehez les enfants qui, au cours de la 
chirurgie ~t coeur ouvert et de la circulation extracorporelle, subissent 30 pour 
cent d'h6modilution. 

Nous comparons deux groupes de einq enfants soumis ~ une correction totale 
de t6trologie de Fallot et ayant eu une dur6e de circulation extra-corporelle d'au- 
delft de 50 minutes; chez les enfants du premier groupe, le diluant contenait du 
magn6sium, dans de plasma-lyre® et une addition de dextrose pour r6aliser une 
solution ~t 1 pour cent; ehez les enfants du deuxi~me groupe, le diluant eontenait 
de la dextrose A 5 pour cent et du chlorure de sodium ~ 0.2 pour cent. Les r6sultats 
demontrent que la solution qui eontient du magn6sium et plusieurs 61eetrolytes 
r6ussissait ~ conserver l'6quilibre 616etrolitique du plasma pros de'la normale au 
cours de la circulation extracorporelle partieuliSrement si elle contenait du mag- 
n6sium et du ehlorure de sodium; toutefois, eette solution n'a pas sembl6 produire 
un effet appr6eiable sur l'hypokali~mie post-op6ratoire pr~coce ou l'hyponatr6mie 
post-op6ratoire tardive. 

Nous avons compar6 les enfants du groupe I avec ceux d'un troisi~me groupe 
(gr III)  comptant six malades ayant subi une fermeture de communication inter- 
auriculaire avec une dur6e de circulation extra-corporelle de moins de 30 minutes 
en utilisant le mSme solution ~t plusieurs 61ectrolytes employ6e pour le groupe I. 
Les cas off la dur6e de s6iour sous la pompe a 6t6 courte, ont manifest~ un taux 
inf6rieur d'hypokali6mie post-op6ratoire. Dans les suites opSratoires, on a constat6 
peu de differences dans l'excr~tion de sodium ou de potassium entre le~ enfants de 
ces deux groupes (I et III);  toutefois, la diur~se a 6t6 retard6e au deuxi~me jour 
post-op6ratoire. 

Comme diluant nous recommandons une solution contenant du magn6sium et 
de multiples 61ectrolytes et, en p6riode post-op6ratoire, l'administration addition- 
helle de magn6sium ~ raison de 1 mEq/kg/ jour  et de potassium ~ raison de 2 
mEq/kg / iour  durant au moins 48 heures. 
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