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ABSTRACT 

To improve the accuracy of acid-base adjustment in mechanically ventilated patients we 
derived the formula: 

known arterial Pcoz x known minute ventilation 
Required minute ventilation - 

desired arterial Pco2 

which allows calculation of the minute ventilation required to produce a desired arterial Pco2 
by measuring the patient's existing arterial Pco2 and minute ventilation. This was tested in 
fifty patients using four types of ventilators and found to be statistically accurate, with a mean 
difference between predicted and observed Pcoz of 0.153 kPa (1.15 tort) __+ S.E.M. 0.798. 
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adjustment formula. 

MECHANICAL VENTILATION to control arterial 
carbon dioxide tension may be indicated not only 
in patients with respiratory failure but also in 
situations where there is a need to manipulate the 
arterial Pco2 outside of the normal physiological 
range such as in patients with head injury. The 
desired arterial Pco2 is achieved by varying the 
minute ventilation of the patient and while there 
are rough guidelines related to body weight and 
surface area such as the Radford nomogram' 
which assists in the initial choice of minute 
ventilation, none of these take into account 
factors such as the dead space to tidal volume 
ratio or the minute carbon dioxide production of 
the patient. Therefore after an initial arterial 
blood gas has been measured, the patient's 
minute ventilation must often be increased or 
decreased to achieve the desired arterial Pco: 
value, and a further blood gas measurement must 
be made. Several adjustments may be required, 
or a less than optimal value may be accepted as 
"close enough". We have derived a formula to 
improve the accuracy of acid-base adjustment in 
mechanically ventilated patients and evaluated 
its use in fifty patients using four types of 
ventilators. 
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DERIVATION OF FORMULA 

Since the inspired carbon dioxide is virtually 
zero, 

VC02 
CAc02 -- VA 

CAcoz: Alveolar Carbon Dioxide (per cent) 
"(/co2:C02 production (mllmln) 

VA: Alveolar ventilation (mllmin) 

Since the partial pressure of carbon dioxide in the 
alveolus (PAco2) is equal to the CAcoz x the dry 
ambient pressure (Pa) z 

Vco2 
.'.PAc02 = ~/---'~. PB 

At equilibrium, the PAco., = Pcoz in arterial blood 
(Paeo2) 3 

Vco~ 
�9 "Pac~ V'--'~" PB 

Assuming that carbon dioxide production (~'co2) 
is constant, 

PB x Vcoz = Pacoz x ~//A(Equation 1) 

also 

Pacoz ~ Wa 

Let us now examine minute alveolar ventilation 
(VA) 

VA = V~ -- 9D 
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Since WE = V - f  and ~;D = V D . f  

V'A ---- (VT -- VD). f (Equation 2) 

"~E is minute ventilation (ml/min) 
~ / D  iS minute dead space (ml/min) 

VT is equal to tidal volume (ml) 
f is respiratory frequency (breaths/rain) 

VD is tidal dead space (ml) 

If VT remains constant, then (VD/VT) = K 
(constant) 

Vo  = KVT 

Substituting VD = KV in Equation 2 

VA = (VT -- KVT)- f  

. ' .VA = ( 1 -  K ) - V T . f  

Since V T - f  = "r 

. ' .VA = (1 - K) ~'E (Equation 3) 

where K = VD/VT 

By substituting Equation 3 in Equation 1, 

P n x  "V'co 2 = Paco 2 x VE. (1 - K) 

If we again assume a steady state where carbon 
dioxide production is constant, then the product 
of  any minute ventilation and the resulting Paco2 
will be a constant;  that is, PB. Vco2 = (Paco2)~ " 
( V E ) I  " ( l  --  K) = (Paco2)2 " ( ~ " A ) 2  ' (1 - K). 
Cancelling I - K, (Paco2)l �9 (~'E)~ = (Pacoz)2 " 
(VE)2 where the subscripts represent different 
minute ventilations and the resulting Paco2. 

Therefore,  if one knows the arterial carbon 
dioxide tension and the minute ventilation re- 
quired to produce this Pacoz, then the minute 
ventilation required to produce a desired Paco2 is 
shown as: 

(VE)2 = (Paco2)l ' ( ~ ' E ) 1  

(Paco2)2 

or  

required minute ventilation = 

known Paco~ �9 known ~'E 

desired Paco2 

There are, of course,  three clinical require- 
ments for this formula to work. 

1. The patient must be in a steady metabolic 
state, when carbon dioxide production is con- 
stant. 

2. The dead space/tidal volume ratio must 
remain unchanged; therefore,  changes in minute 
ventilation should be accomplished by changing 
the respiratory rate, not the tidal volume. 4 

3. The patient must accept  the new minute 
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ventilation without attempting to over-ride the 
ventilator. 

What then are the practical chances that all of 
these requirements would be satisfied in a general 
intensive care unit with multiple problems and 
different types of ventilators? To test this formu- 
la, 50 patients with different diagnoses (Table I) 
were studied using four different types of venti- 
lators (Table II). 

METHOD OF EVALUATION 

Using the derived formula, changes were made 
in the minute ventilation for each patient and the 
predicted Paco2 was compared with the actual 

Pac0~. The blood gas measurements were made 
after thirty minutes of ventilation at any given 
minute volumeset t ing.  Patients studied appeared 
metabolically stable and the actual bicarbonate 
was recorded as a rough measure of metabolic 
stability. All patients studied were also con- 
trolled at the desired minute ventilation. 

RESULTS 

Figure 1 compares the measured Pacoz with the 
predicted Paco2. It can be seen that the results are 
highly significant with an R value of  0.973. The 
mean difference between observed'and predicted 
Paco2 was 0.153 kPa (1.1 torr) -I- S.E.M. 0.106 kPa 
(0.8torr). The significance of  these results ap- 
pears even greater in view of the fact that the 

TABLE I 
PATIENTS STUDIED 

Post Cardiac Surgery 13 
Post Abdominal Surgery 6 
Neurosurgical 13 
Cardiorespiratory Arrests 4 
Pancreatitis 3 
Status Epilepticus 2 
Chest Trauma 2 
GI Bleed 2 
Respiratory Failure with Infiltrates 4 
Septic Shock 1 

Total 50 

TABLE II 
VENTILATORS 

Bird 29 
Engstrom 8 
Bennett MAt+ z 7 
Ohio CCV 6 

Total 50 
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FIGURE ] Measured arterial Pco= on the x-axis is 
compared with predicted value of arterial Pcoz on the 
Y-axis. The correlation (R = 0.973) is excellent. 

error  of  Paco= measurements in our  laboratory is 
0.133kPa ( l . 0 to r r ) .  There was no signif icant 
change in the measurement o f  b icarbonate in the 
patients studied, nor was there any dif ference in 
subgroups of  diagnosis or vent i la tor  type. 

�9 DISCUSSION 

We feel that after an initial blood gas determi- 

nation and measurement  of the patient 's  minute 
ventilation we can now more accurately adjust  
the arterial Pco2 and the patient 's  acid base 
balance by the use of this formula. This reduces 
the number of changes in minute ventilation and 
repeated blood gas analyses. The limitations of 

the formula and its application must be recog- 
nized. The patient should be in a stable metabolic 
state with reasonably constant carbon dioxide 
production, l f the  patient is agitated or is trigger- 
ing the ventilator at a rate different from that 
desired, obviously the formula will not work. 

Once a desired tidal volume has been selected 
for the patient, it should be maintained and 
changes in minute ventilation should be made by 
varying respiratory fi 'equency. While Nunn s 
states that equilibration time for arterial Pcoz is 
longer with a drop in minute ventilation than with 
a rise in minute ventilation, this was not evident 
in our results and the predictive value of the 
formula was no different for increases or de- 
creases in minute ventilation. Therefore it ap- 
pears that after thirty minutes of steady ventila- 
tion the adjustment by excretion or  retention of 
carbon dioxide has stabilized and an accurate 
measure of  arterial Pco2 can be obtained approx- 
imately thirty minutes after a change of minute 
ventilation. 
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R~SUM~ 

Pour am61iorer la pr6cision du r~glage de l'~quillbre acido-basique chez les malades sous 
ventilation mecanique nous vaons d6duit la formule: 

Pcoz art6riel connu x ventilation minute connue 
Ventilation minute requise = 

Pco2 art~riel d6sir~ 

ce qui permet de caleuler la ventilation minute requise pour produire un niveau de Pco2 
art6riel d6sir~ en mesurant la Pco2 art6rielle actuelle du patient et sa ventilation minute. Cette 
formule a 6t6 v6rifi6e sur 50 patients Iors de l'emploi de quatre types de ventilateurs et nous 
I'avons trouv6e statistiquement pr6cise avec une diff6rence moyenne entre la Pco z pr~,dite et 
observee de 0.153 kPa (l. 15 torr) + S.E.M. 0.798. 


