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Sodium Bicarbonate for Correction of Metabolic 
Acidosis in Open-Heart Surgery 

WILLIAM K. 11, M.D. 
BERTRAM S. HOLDER, M.D. 

Brooklyn, New York* 

HEN A PUMP oxygenator is employed w for total body perfusion during open- 
heart surgery, metabolic acidosis may occur 
whether the perfusion flow is low or nor- 
mal.1-3 In such instances, the effect on the 
heart may be detrimental, even to the point 
of fatality.4~5 To offset such effects, we have 
used sodium bicarbonate to raise the stand- 
ard bicarbonate content of the blood. Since 
the body can tolerate a wider range of stand- 
ard bicarbonate or PaC02 than of pH, we 
believe that chemotherapy to restore proper 
acid-base balance is of distinct advantage. 

Further, while measurement of parameters 
related to acid-base balance is simple,6.7 this 
does not in itself give adequate guidance for 
the correction of acidemia; therefore, we 
have used diagrams such as those shown 
here for such guidance. 

METHODS 
Fifteen cardiac patients in classes I11 and 

IV A.S.A. (table 1) were studied before, 
during, and after total perfusion for open- 
heart surgery. The majority showed elec- 
trocardiographic evidence of uncorrectable 
cardiac arrhythmias. 

Adult patients were premedicated with 
meperidine hydrochloride .(50 to 100 mg.) 
and atropine sulfate (0.4 mg.) , 1 hour before 
surgery. A sleep dose of thiopental sodium 
was given for induction of anesthesia and 
60 mg. of succinylcholine chloride intra- 
venously for intubation. Anesthesia was 
maintained with a mixture of equal amounts 
of nitrous oxide and oxygen at a flow rate 
of 4 L./min. When indicated, repeated doses 
of meperidine (10 to 20 mg.) were given to 
maintain a light plane of anesthesia, with 
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TABLE 1 
Patients Studied 

Patient No. Age Sex Body weight, Operations 
ka. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

6 
8 
22 
25 
47 
47 
42 
41 
49 
32 
45 
50 
55 
56 
26 

F 
F 
M 
M 
F 
M 
F 
F 
F 
M 
M 
M 
M 
M 
M 

18.5 
21.0 
60.0 
80.0 
40.0 
70.0 
44.0 
83.5 
50.0 
60.0 
55.0 
62.0 
60.0 
65.0 
74.0 

Interatrial septal repair 
Interatrial septal repair 
Interventricular septal repair 
Pulmonary valuloplasty 
Mitral and aortic valvuloplasty 
Mitral valvuloplasty 
Mitral valvuloplasty 
Mitral valvuloplasty 
Mitral valvuloplasty 
Mitral valvuloplasty 
Mitral valvuloplasty 
Mitral valve replacement 
Mitral valve replacement* 
Mitral valve replacement 
Mitral valve replacement* 

*Fatality. 

d-tubocurarine for muscle relaxation. Arti- 
ficial ventilation was maintained throughout 
the whole operative procedure. 

During perfusion, the lungs were inflated 
with a constant flow of nitrous oxide-oxygen 
at a rate of 2 L./min. and anesthesia main- 
tained by 0.5 to 1 percent halothane given 
directly through the pump oxygenator. 

At the termination of the surgical proce- 
dure, the oral endotracheal tube was re- 
placed by a nasal endotracheal tube for bet- 
ter stability and tolerance of intubation dur- 
ing the recovery period, the nasal tube being 
left in place until the patient could maintain 
a normal respiratory acid-base pattern - 
usually 24 hours postoperatively. 

Pediatric Patients - Children were given 
meperidine (1 mg./kg. of body weight) and 

a total dose of 0.3 mg. of atropine sulfate, 
1 hour before surgery. Anesthesia was in- 
duced and maintained with 0.5 to 1.5 percent 
halothane in 50:50 nitrous oxide-oxygen, 
and the patient was intubated soon after 
induction. Management of anesthesia dur- 
ing perfusion was similar to that for adults. 
The oral endotracheal tube was left in place 
throughout the recovery period. 

Oxygenator and Perfusion Procedures - 
Before surgical incision, the right radial ar- 
tery was cannulated for blood sampling and 
for recording of blood pressure by strain 
gauge (Statham P23 DB) . Venous pressure 
was recorded a t  the external jugular vein 
by a Fenwall manometer. 

The pump oxygenator consisted of a dou- 
ble-roller DeBakey pump and a Temptrol" 
Disposable Bubble Oxygenator (model 
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8100-01, series 2990). The oxygenator was 
primed with a mixture of 5 percent dextrose 
in 0.2 percent saline solution, administered 
at 20 ml.lkg. of body weight with heparin 
(25 mg./L.). Flow rate was maintained at 
2.2 to 2.5 L./min./m2 body surface for adults 
and at 75 to 85 ml./min./kg. of body weight 
for pediatric patients. 

Measurement of Blood Gases and Electro- 
lytes - A control sample was taken before 
induction of anesthesia; subsequent samples 
were taken before establishment of perfu- 
sion; every 15 minutes during perfusion; a t  
the end of perfusion; and at hourly intervals 
in the recovery room until the blood acid- 
base balance approached normal. Where 
necessary, sampling was continued on post- 
operative days. 

Blood pH was measured by Astrup elec- 
trodes, and PaCO, and standard bicarbonate 
by the Astrup method.6 Venous blood sam- 
ples were measured preoperatively and post- 
operatively for sodium, potassium, and c h b  
ride by flame photometry. 

Bicarbonate Replacement Procedures - 
The amount of sodium bicarbonate given 
was calculated according to body weight and 
degree of base excess, employing the 
formula - 

Sodium bicarbonate (mEq.) = body 
weight (kg.) x 0.2 x base excess (mEq.). 

The value 0.2 was used because the extra- 
cellular fluid volume was estimated as 20 
percent of total body weight. The results 
obtained by this arbitrary formula verified 
its validity. 

Acid-base disturbance was corrected by 
sodium bicarbonate after each blood-sample 
determination. During perfusion, sodium 
bicarbonate was added to the extracorporeal 
circulation in a concentration of 44.6 mEq./ 
10 ml. At all other times, it was given intra- 
venously as 44.6 mEq.1250 ml. of 5 percent 
dextrose in water at a rate of 10 ml./min. 

RESULTS 
The quadrangles (figs. 1 to 4) provide for 

the four possible gross acid-base disturb- 
ances - respiratory or metabolic acidemia 
and respiratory or metabolic alkalemia. In 
respiratory alkalemia the decrease of PaCOz 
due to hyperventilation results in alkalosis 
of the cerebrospinal fluid, an important 
factor in respiratory control.* 

Each patient started with a relatively nor- 
mal acid-base blood pattern, established as 

pH 7.41, standard bicarbonate 24.8 mEq./L., 
and PaCO, 44 mm. Hg. During perfusion, 
all 15 patients showed acidemia at  20 to 30 
minutes after the start of the procedure. In 
all but 2 patients, 13 and 15, acid-base val- 
ues returned to near normal with standard 
bicarbonate replacement. 

Despite sodium bicarbonate administra- 
tion, sodium concentration in the blood was 
not elevated (table 2), probably because of 
the use of hypertonic priming solutions. The 
slight elevation of potassium can be ex- 
plained by the small amount of cell destruc- 
tion inevitable in this type of procedure. 
The chloride concentration was also little 
changed. 

Mortality - There were 2 deaths, pa- 
tients 13 and 15. In patient 13, a 55-year-old 
man undergoing a mitral valve replacement, 
arterial blood-gas determinations in the re- 
covery room showed pH 7.35, PaCO, 50 mm. 
Hg, and a base excess of +2.5 mEq. During 
his 1st postoperative day, arterial blood was 
pH 7.34, PaCO, 39 mm. Hg, and base ex- 
cess - 5.50. After intravenous administra- 
tion of 62.5 mEq. of sodium bicarbonate, the 
acid-base pattern returned to near normal. 
On the 2nd postoperative day, the pH was 
7.28, the PaCO, 42 mm. Hg, and the base 
excess -8.5 mEq., corrected to near normal 
by 105 mEq. sodium bicarbonate given in- 
travenously. However, on the 3rd postopera- 
tive day, the base excess was -11 mEq., 
with a pH of 7.22 and PaC02 of 50 mm. 
Hg. His general condition was poor, with 
cold and clammy extremities and the hemo- 
globin remained low despite repeated whole- 
blood transfusions. Surgical re-exploration 
disclosed a massive retroperitoneal hemor- 
rhage from a lacerated left iliac artery. The 
patient expired 2 hours later. 

The other fatality was a 26-year-old man 
who had undergone a previous open mitral 
valvuloplasty without apparent clinical im- 
provement. Immediately after the comple- 
tion of the second valve replacement, he 
suffered acute right and left ventricular dila- 
tation with atrial fibrillation. After eight 
defibrillation attempts, the electrocardio- 
gram showed sinus bradycardia, which re- 
sponded to isoproterenol intravenously. 
However, fibrillation recurred in the recov- 
ery room and was unresponsive to closed- 
chest massage or defibrillation efforts. Au- 
topsy showed markedly dilated right and 
left ventricles. 

In neither of these deaths could acid-base 
disturbance be implicated. 
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FIG. 1. Relationships of 'pH and standard bicarbonate in patients 1, 2, 3, and 4 (numbered in upper 
right comer of graphs). C = control value before operation; PP = prepump values; RR = recovery 
room parameters; PO1 = 1st postoperative day. Numbered points are time in minutes after start of 
perfusion. 

FIG. 2. Acid-base relationships in patients 5, 6, 7, and 8. Designat;ons are as in figure 1. 
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FIG. 3. Acid-base relationships in patients 9, 10, 11, and 12. Designations as in figure 1. 
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TABLE 2 
Electrolytes of Patients in rnEq.L. 

No. operative 1 2 3 4 5 6 
Patient Electrolyte Pre- Postoperative day 

1 Sodium 
Potassium 
Chloride 

Potassium 
Chloride 

Potassium 
Chloride 

Potassium 
Chloride 

Potassium 
Chloride 

Potassium 
Chloride 

Potassium 
Chloride 

Potassium 
Chloride 

Potassium 
Chloride 

Potassium 
Chloride 

Potassium 
Chloride 

Potassium 
Chloride 

Potassium 
Chloride 

Potassium 
Chloride 

Potassium 
Chloride 

2 Sodium 

3 Sodium 

4 Sodium 

5 Sodium 

6 Sodium 

7 Sodium 

8 Sodium 

9 Sodium 

10 Sodium 

11 Sodium 

12 Sodium 

13 Sodium 

14 Sodium 

15 Sodium 

139 

103 
139 

107 
139 

97 
143 

110 
144 

105 
136 

105 
140 

102 
140 

102 
140 

102 
142 

104 
140 

102 

3.1 

4.5 

3.9 

3.7 

4.0 

4.1 

3.9 

3.9 

3.9 

3.7 

3.9 

142 

103 
146 

102 
136 

105 

4.0 

3.0 

4.1 

136 

96 
136 

95 
132 

95 
139 

102 
137 

97 
120 

103 
137 

100 
132 

100 
136 

97 
136 

100 
131 

94 
113 

87 
136 

90 

3.2 

3.9 

4.2 

4.1 

5.2 

4.2 

4.0 

4.0 

4.5 

4.2 

4.1 

4.1 

5.7 

120 

103 
4.2 

129 128 133 

90 93 95 
4.1 4.8 4.2 

133 

92 
4.9 

126 

85 
137 

92 
128 

92 

5.8 

6.5 

6.5 

139 
9.1 
82 

4.6 4.9 
131 133 

90 88 
136 139 142 

101 104 102 
4.9 3.6 3.5 
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DISCUSSION ACKNOWLEDGMENT 
The satisfactory results achieved in 13 of 

the 15 patients given sodium bicarbonate for 
correction of acid-base balance during total 
perfusion for open-heart surgery gives con- 
vincing evidence of the value of this proce- 
dure. Without such replacement, serious manuscript. 
tissue dysfunction would undoubtedly have 
occurred. 

Further, the bicarbonate replacement did 

The authors wish to express their gratitude 
to Dr. Frederick F. Kao, Professor of Physi- 
ology at Downstate Medical Center, State 
University of New York, for his assistance 
in analyzing the data and preparation of the 
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