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Through a retrospective review of the randomly selected hos- 
pital records of 114 patients, we defined four groups based upon 
arterial carbon dioxide tension (PaC02) and mode of ventilation. 
Group 1, with a PaCO* of 15 mm Hg or less, consisted of 25 pa- 
tients with an over-all mortality of 88 per cent. Group II, with a 
PaCO* of 20 to 25 mm Hg, consisted of 35 patients with a mortal- 
ity of 77 per cent. Group Ill, with a PaCO* of 25 to 30 mm Hg, 
consisted of 33 patients with a mortality of 73 per cent, and 
Group IV, with a PaCO* of 35 to 45 mm Hg, consisted of 21 pa- 
tients with a mortality of 29 per cent (p <O.OOl). Shock and 
sepsis were most common in group I patients. 

These findings suggest that extreme hypocapnia in the critical- 
ly ill patient has serious prognostic implications and is indicative 
of the severity of the underlying disease. 

Experience in the care of critically ill patients has emphasized the 
lethal potential of hypoxemia and both respiratory and metabolic 

acidosis. Although respiratory alkalosis has been linked to the de- 
velopment of cardiac arrhythmias [I], the frequency and impor- 
tance of hyperventilation with hypocapnia has not been adequately 

stressed. We recently found that 45 per cent of 8,607 consecutive 

arterial carbon dioxide tension (PaC02) measurements were below 

35 mm Hg; respiratory alkalosis was more common than all other 

acid-base abnormalities taken together (Table I). These observa- 

tions stimulated a retrospective clinical study of the significance of 

severe hypocapnia. We present biochemical and physiologic ob- 

servations in 25 patients with carbon dioxide tensions below 15 

mm Hg and compare these findings with observations in two other 

groups of patients with milder degrees of hypocapnia and in pa- 
tients with eucapnia. 

METHODS 

Arterial blood, collected anaerobically in a heparinized syringe, was ana- 
lyzed for oxygen and carbon dioxide tension and pH using an International 
Laboratories, Inc. 113 micro pH and gas analyzing system. Results of the 
analyses were punched on standard data cards and processed on an IBM 
7074 digital computer. The program calculates oxyhemoglobin saturation 
and bicarbonate by appropriate equations. Hydrogen ion concentration 
was calculated by computer as the antilog of pH. 

Respiratory alkalosis was defined when the pH was 7.45 or greater and 
the PaC02 was less than 35 mm Hg without metabolic acidosis as the pri- 
mary acid-base disturbance. The hospital records of four randomly select- 
ed groups of patients with varying PaCO, levels were reviewed: Group I 
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(25 patients with extreme hypocapnia) with a PaCOp of 15 
mm Hg or less, group II (35 patients) with a PaCO* of 20 to 
25 mm Hg, group Ill (33 patients) with a PaC02 of 25 to 30 
mm Hg. A comparable group of patients, group IV (21 pa- 
tients), with a normal PaCO* (35 to 45 mm Hg) were se- 
lected for comparison. 

Each group was subdivided based upon the mode of 
ventilation at the time the index blood gas determination 
was macle. Ventilation was either spontaneous or unas- 
sisted, assisted pressure-cycled or assisted volume- 
cycled. The total group consisted of 114 patients. 

Shock was defined on the basis of a decrease in sys- 

temic pressure as well as by signs of inadequate peripher- 

al blood flow with the following criteria: (1) systolic blood 

pressure less than 80 mm Hg; (2) absent or poorly palpa- 

ble pulses; (3) clammy skin; (4) depressed sensorium; (5) 

urine flow less than 25 ml/hour. Sepsis was considered 

present when there was gross evidence of suppuration 

clinically or when positive cultures from blood, urine, spu- 

tum or exudate were associated with a septic febrile 

course. 
The Chi-square test was used for statistical comparison 

of the groups. The t test was used to analyze paired data. 

With each test a “p” value of >0.05 was considered not 

significant. 

RESULTS 

Clinical Characteristics. Table II summarizes the 
clinical characteristics and the mortality in each of 
the four groups. Mean age was not significantly dif- 
ferent in each group. Males predominated 3 to 1 in 

TABLE I Incidence of Arterial Blood Gas Abnormalities 

Abnormalities ND. % 

Hypoxemia 
Significant (PaOl 50-70 mm Hg) 
Extreme (PaOP below 50 mm Hg) 

Alkalosis 
Respiratory 
Metabolic 

Acidosis 
Respiratory 
Metabolic 

Within normal limits 

Total individual determinations 

1.698 19.7 
J59 8.8 

3,849 44.7 
1,916 22.2 

1, .I52 13.4 
669 7.7 
:703 8.2 

8,607 

the group of patients with unassisted ventilation, 
whereas sex distribution was equal in the group with 
assisted ventilation. 

The incidence of shock and sepsis was significant- 
ly higher in patients with spontaneous extreme hypo- 
capnia (PaCOp of 15 mm Hg or less). Mortality corre- 
lated inversely with the PaCO* level. When mortality 
between groups was compared, combining the pa- 
tients in groups II and Ill (PaC02 20 to 30 mm Hg), the 
differences were significant (p KO.05). In patients 
with hypocapnia while maintained on a respirator 
mortality rates were also increased and were signifi- 
cantly different from the control group (p KO.001). 
The median survival time for group I patients with 

TABLE II Clinical Characteristics and Mortality in 114 Patients with Varying PaCO? 

Group I Group II Group Ill Group IV 
Data 15 mm Hg or less 20-25 mm Hg 25-36 mm Hg 35-45 mm Hg 

Unassisted Ventilation 

No. of patients 15 12 10 11 

Age (yr) 
Mean 55 61 59 55 
Flange 20-84 25-77 29-71 23-74 

Sex 
Male 13 7 7 9 
Female 2 5 3 2 

Shock 11 2 2 5 
Sepsis 9 3 0 0 
Mortality 12 7 5 3 

Assisted Ventilation 

No. of patients 10 (6.PC, 4 VC)i 23 (16 PC, 7 VC) 23 (13 PC, 10 VC) 10 (6 PC, 4 VC) 

Age (yr) 
Mean 65 61 61 54 
Range 25-86 3-86 21-83 25-82 

Sex 
Male 5 10 10 7 
Female 5 13 13 3 

Shock 8 8 10 2 
Sepsis 0 1 3 1 
Mortality 10 20 19 3 

*When groups II and III are combined, differences are statistically significant (P <0.05). 
t PC = pressure-cycled; VC = volume-cycled. 

P Value 

NS 

‘:o.ol 
<:0.01 
O.l> p > 0.05* 

NS 

co.05 
NS 
<O.OOl 
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TABLE III Primary Diagnosis in 15 Patients with 
Spontaneous Extreme Hypocapnia* 

Diagnosis 

No. of 
Pa- 

tients Outcome 

Cerebrovascular accident 3 

Hepatic coma 

Bronchopneumonia 

Acute myocardial 

infarction 

Sepsis without 

antecedent cause 

Rheumatic heart disease- 

mesenteric embolus 

Methyl salicylate 

overdose 
Heroin addiction with 

septic emboli 

* PaCO* 15 mm Hg or less. 

2 

2 died 

1 discharged 

3 died 

2 died 

1 died 

1 discharged 

2 died 

1 Died 

Died 

Discharged 

No.of 
Deaths 

Due to 

Septic 

Shock 

spontaneous ventilation was 1 day, with a range of 

less than 24 hours to 44 days. Survival time was esti- 

mated from the moment the index arterial blood gas 

was drawn to the time of death. 

The primary diagnosis for the group with extreme 

hypocapnia and unassisted ventilation is listed in 

Table Ill. Cerebrovascular disease, hepatic coma, 

bronchopneumonia, atherosclerotic heart disease 

and the major disease entities were also common 

entities in each of the other groups. 

Laboratory Characteristics. Table IV summarizes a 

comparison of the laboratory characteristics of all 

groups of patients. All variables except arterial oxy- 
gen tension (PaO*) were significantly different in each 

group (unassisted ventilation and assisted ventilation). 

The significant differences between the variables in 

both groups are shown in the table. The pH range in 

the group with extreme hypocapnia and spontaneous 
ventilation was 7.48 to 7.83; PaCO* ranged from 

10.0 to 15.0 mm Hg. In the group with assisted venti- 

lation the pH ranged from 7.48 to 7.99; PaCOp 

ranged from 12.6 to 15.0 mm Hg. Serum electro- 

lytes, reported as mean f standard deviation (SD) 

only for group I with unassisted ventilation, were sodi- 

um 131.9 f 7.1 meq/liter, potassium 4.0 f 0.9 

meq/liter, chloride 96.4 f 6.0 meq/liter and bicar- 

bonate 19.3 f 6.0 meq/liter. Undetermined anions 

calculated by subtracting the sum of chloride and bi- 

carbonate ion concentrations from that of sodium 

and potassium were 26.8 f 6.4 meq/liter, well 

above the normal of 15 meq/liter. The most impor- 

tant component of this parameter is lactate, which 

was not measured directly in this series of patients. 

Figure 1 illustrates the mixed acid-base distur- 

bances in each of the groups described. The regres- 

sion line from the study of Arbus et al. [2] represents 

acute uncomplicated respiratory alkalosis. The shad- 

ed area encloses the 95 per cent confidence limits of 

that study. Since our group of patients with extreme 

hypocapnia falls below the lower limit of a PaCO* of 
15 mm Hg from that study, the regression line and 

confidence limits have been extended for purposes 

of comparison. Seventeen of the 25 patients (68 per 

cent) in the groups with extreme hypocapnia had ex- 

cess hydrogen ion concentrations and an element of 

acidosis exceeding what one would expect solely as 

compensation. In only three of these patients did the 

values fall within the significance band. 

In contrast, all but one of the patients with a nor- 
mal PaC02 had hydrogen ion concentrations lower 

than expected from the study of Arbus et al. The mild 

metabolic alkalosis observed in this group (Table IV) 

TABLE IV Laboratory Characteristics in Patients with Varying PaCOt 

Group I Group II Group III Group IV 
Variable 15 mg or less 20-25 mm Hg 25-30mm Hg 35-45mm Hg P Value 

pH (units) 7.59 * 0.10* 
PaCOz (mm Hg) 13+ 2 
H+ (nmol/liter) 26.6 zt 5.4 
HC03- (meq/liter) 12.9xt 3.1 
PaOz (mm Hg) 106 Z!C 488 

pH (units) 7.67 & 0.16 
PaCOt (mm Hg) 14zt 1 
H+ (nmol/liter) 23.01 7.4 
HC03- (meq/liter) 17.0* 7.4 
PaO, (mm Hg) 232A 14071 

Unassisted Ventilation 

7.59 + 0.10 7.57 f 0.02t 
23f 2 27zk 1 

25.8 f 2.9 26.6 f 1.11 

21.8 + 1.8 24.4 f 0.8s 

174 + 129 148 f 104 

Assisted Ventilation 

7.60 z!z 0.04 7.60 f 0.02t 
23zk 1 27 + 2 

25.1 f 2.1 25.3 f 1.41 
22.1 It 1.5 25.7 zk 1.69 

199 It 135 208 ir 135 

7.51+ 0.04 <0.05 
39+ 3 <O.OOl 

30.7 f 2.7 <O.Ol 
30.4 zk 2.6 <O.OOl 
153 l 68 NS 

7.50* 0.05 <O.OOl 
40 f 3 <O.OOl 

32.0 zt 4.0 <O.OOl 
30.1+ 5.0 <O.OOl 

138 f 102 NS 

NOTE: Statistical comparison of variables in unassisted and assisted ventilation patients: t P <O.OOl, $ P ~0.01, $ P <O.OOl. 
lI P <0.05. nmol/liter = 1OW moles per liter. 

*Mean i 1 SD. 
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may be due to potassium depletion, dehydration or 

mineralocorticoid activity. There were no major dif- 

ferences of these mixed acid-base abnormalities in 

the patients with unassisted ventilation from those 

supported with respirators. 

Mortality. Figure 2 emphasizes the relationship be- 

tween PaC02 and mortality. In each case mortality 

increases significantly as hypocapnia becomes more 

extreme. Mortality rates were comparable regardless 

of the mode of ventilation. 

COMMENTS 

The frequency of abnormal Pa02 and PaCO* in criti- 

cally ill patients was not appreciated until rapid mem- 

brane technics replaced laborious bubble equillibra- 

tion technics for their analysis. Only 8 per cent of 

8,607 separate analyses in our continuous series 

were coimpletely normal. Hypoxemia was observed 

in 20 per cent of the studies and respiratory alkalosis 

in 45 per cent. Respiratory acidosis was seen in 13 
per cent of the studies, suggesting that hyperventila- 

tion is considerably more common than hypoventila- 
tion in the critically ill patient. 

Although early studies in respiratory failure em- 

phasized the pattern of pure alveolar hypoventilation 

with hypoxemia and hypercapnia [3,4], continuing 

experience has demonstrated that hypoxemia may 

be associated with hypercapnia, eucapnia or hypo- 

capnia. McFadden and Lyons [5], for example, ob- 
served that Pa02 and airway obstruction, as mea- 

sured by spirometry, were linearly related in patients 

with asthma, whereas PaCO* had a biphasic relation- 

ship. PaCOp was low in patients with mild to moder- 

ate airway obstruction, became normal with increas- 

ing airway obstruction and was elevated in patients 

with severe obstruction. Stated differently, hyperven- 

tilation was observed with mild to moderate obstruc- 

tion, and hypoventilation with severe obstruction. 

Their data emphasize the importance of considering 

both Pa02 and PaCOz in evaluating the adequacy of 

alveolar gas exchange. 

The variable behavior of oxygen and carbon diox- 

ide is explained by consideration of the factors regu- 

lating their arterial concentrations. Although alveolar 

ventilation, inequality of ventilation and perfusion, dif- 

fusion limitations and true venoarterial shunting all 
determine PaOp, hypoxemia in the critically ill patient 

is generally due to the progressive development of 

diffuse atelectasis and is relatively independent of 

total alveolar ventilation. In contrast, PaCOp is pri- 
marily determined by the rate of alveolar ventilation 

although the amount of carbon dioxide produced by 

the body, mixed venous carbon dioxide tension and 

ventilatioln to perfusion relationships also influence its 
concentration in arterial blood. 

Alterations in PaCO* are due to a rate of alveolar 

45 

1 

Lo 
0 ,r 2'0 <ii j8j ’ 4 

‘,I il. ic 50 

1 3c01 mHg 
Figure 1. Relationship between hydrogen ion concentra- 
tion and PaCQ in critically ill patients illustrating mixed 
acid-base disturbances. The regression line represents 
acute uncomplicated respiratory alkalosis with 95 per cent 
confidence limits. Regression equation from Arbus et al. 
[2]: H+ = 0.74 pCOz + 10.4 (nmol/liter = nanomoles/ 
liter = 7rg moles/liter.) 

ventilation that is inappropriate to the patients’ meta- 

bolic needs. That is, alveolar pCOp is inversely relat- 

ed to alveolar ventilation and directly related to the 

quantity of carbon dioxide produced by the tissues. In 

the normal person ventilation is adjusted to metabolic 

requirements so that PaCO* is maintained within 

close limits. PaCOp is normally slightly higher than al- 

veolar pCO2. 
Respiratory alkalosis may be functional or organic. 

Important organic causes include central nervous 

system disorders, hypoxemia, fever, drugs, mechani- 

cal ventilation, cardiopulmonary disease and shock 

[CT]. 

40. 

20’ l--l- - Ill _ 
20-25 2 5 30 35-45 

POCO~ , TmHG 

Figure 2. Mortality related to mode of ventilation and 
level of PaCO,. The inverse relationship is significant for 
the entire group (p < 0.00 1) and for the assisted ventilation 
group (p C 0.00 1). When groups II and Ill were combined in 
the unassisted ventilation group, the relationship was sig- 
nificant (p < 0.05). 
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Although hypoxemia is generally regarded as a 
major stimulus to hyperventilation, the observation 

that hyperventilation persists after PaOs is restored 

to normal indicates that other factors may be instru- 

mental. The studies of Pappenheimer [8] have em- 

phasized the role of interstitial hydrogen ion concen- 

tration in regulating ventilation and have stressed the 

bicarbonate gradient which exists between cerebro- 

spinal fluid and arterial blood. 

Hypoxemia produces stimulation of ventilation via 

the carotid and aortic body chemoreceptors, and the 

glossopharyngeal and vagus nerves with transmis- 

sion of impulses to the respiratory center in the me- 

dulla. The fall in pCOs reduces cerebrospinal fluid hy- 

drogen ion concentration which decreases the neural 

activity arising in the medullary respiratory hydrogen 

ion receptors [ 9, lo]. The reduced hydrogen ion con- 

centration stimulates the choroid plexus and glia to 
actively restore cerebrospinal fluid hydrogen ion con- 

centration toward normal [ 91. 

found in patients with cirrhosis of the liver and partic- 

ularly in patients with hepatic coma [ 17,181. The 

blood levels of serum ammonia have occasionally 

been well correlated with the degree of hyperventila- 

tion, although not consistently. Vanamee et al. [ 191, 
in their study, had 25 of 29 patients with hepatic 

coma, coexistent respiratory alkalosis and elevated 

serum ammonia levels. The cause of hyperventilation 

and hypocapnia in hepatic disease is unknown. A rise 

in serum ammonia or hypoxemia has been consid- 

ered and discounted. Eight of our patients were in he- 

patic coma and all died. In each case the PaCOs was 

less than 30 mm Hg. 

Another mechanism for hyperventilation in the crit- 
ically ill patient is the increase in mixed venous and 

jugular pCOp which accompanies a fall in cardiac 

output and cerebral blood flow. 

Bronchopulmonary disease and pulmonary con- 

gestion may cause hyperventilation with respiratory 

alkalosis. Diminished pulmonary compliance, uneven 

ventilation perfusion ratios and venoarterial shunting 

are significant causes of hypoxemia and hyperventi- 

lation in acutely ill patients [20]. The use of pres- 

sure-cycled ventilators in such patients can com- 
pound the existing disturbance [ 211. Ventilatory ad- 

justment is essential with such respirators as pulmo- 

nary compliance increases. 

Hyperventilation and respiratory alkalosis as fre- 

quent findings in septic shock and acute cerebrovas- 

cular disorders have been previously documented. 

MacLean et al. [ 111, and Simmons, Nicoloff and 

Guze [ 121, in their evaluation of patients with septic 

shock, found hyperventilation a valuable early sign of 

that syndrome. Respiratory alkalosis, elevated cardi- 

ac index and hypotension without peripheral vaso- 

constriction were findings in early sepsis. In a recent 

review of the hemodynamics of bacteremic shock, 

Winslow et al. [ 131 found that 17 of their 50 patients 

(34 per cent) had a PaCOs of less than 30 mm Hg. 

The precise explanation for this development of hy- 

perventilation in sepsis has not been defined. The 

high incidence of septic shock in our patients with 

spontaneous extreme hypocapnia conforms to these 

previous observations. 

The physiologic alterations produced by hyperven- 

tilation are many and varied [22]. Acid-base equilibri- 

um is disturbed, cardiorespiratory changes are pro- 

duced, and the oxygen carrying capacity of the blood 

is altered. 
The effects of alkalemia are as profound as those 

of hypoxemia. Marked electrolyte shifts between in- 

tracellular and extracellular compartments lower 

serum potassium levels and raise serum lactate con- 

centration, presumably in an effort to decrease total 

extracellular buffer capacity. The total amount of cal- 

cium may be unchanged, but the ionized fraction de- 

creases. Although acidosis has traditionally been 
considered extremely harmful to cellular integrity, 

studies of intracellular hydrogen ion concentration in- 

dicate that the cell is actually less able to compen- 

sate for alkalosis than it is for acidosis [ 231. 

Rout, Lane and Wallner [ 141, evaluating 41 pa- 

tients with acute cerebrovascular accidents, found 
that hyperventilation with respiratory alkalosis was 

associated with a poor prognosis. None of their 

seven patients admitted with severe hyperventilation 

survived. Patients with a PaCOs of less than 35 mm 
Hg carried a 70 per cent mortality. Lane and col- 

leagues [ 151, in their study of the mechanism of hy- 

perventilation in acute cerebrovascular accidents, 
found that a nonchemical ventilatory drive such as 

central neurologic damage was responsible for the 
hyperventilation. These findings have been empha- 
sized by Plum [ 161. 

The acid-base relationships of blood plasma are 

expressed in the Henderson-Hasselbalch equation in 

which hydrogen ion is seen to be a function of the 

ratio of bicarbonate concentration and carbonic acid 

concentration. Overbreathing will result in an in- 

crease in blood pH unless bicarbonate concentration 

falls proportionately to the decrease in pCOs. Renal 
compensation for respiratory alkalosis involves sup- 

pression of both hydrogen ion formation and ammo- 

nia formation in renal tubular cells, with the excretion 
of sodium as bicarbonate, disodium phosphate as 

monosodium phosphate with the conservation of hy- 
drogen ion. Lactatemia and intracellular bicarbonate 
shifts are also important in compensation [ 71. 

Hyperventilation and respiratory alkalosis is also Most of the patients with severe hypocapnia in this 
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study had hydrogen ion in excess of that expected 

with compensation for respiratory alkalosis (Figure 

2). Albert et al. [24], who studied the ventilatory re- 

sponse to metabolic acidosis, were able to predict 

with reasonable certainty the degree of respiratory 
compensation for metabolic acidosis. These compar- 

isons emphasize that mixed rather than uncomplicat- 

ed acid-base disturbances are found in critically ill 

patients. 

Increased blood lactate is found consistently during 

hyperventilation, with absolute levels of lactate during 
hyperventilation ranging from 2 to 10 mmol/liter 

[ 251. Elevated blood lactate levels attributed directly 

to intracellular hypocapnia are perhaps due to inhibi- 

tion of pyruvate carboxylase, to the accompanying 

intracellular alkalosis, to a shift of the oxyhemoglobin 

dissociation curve to the left, to an enhanced rate of 

glycolysis by red blood cells and to a decrease in lac- 
tate uptake by the liver due to reduced hepatic perfu- 

sion [26-291. Whatever the mechanism of its pro- 

duction, lactate accumulation serves, together with 

renal excretion of bicarbonate, as a metabolic com- 

pensation process during respiratory alkalosis. Dur- 

ing acute hypoxemia, a moderate increase in lactate 

occurs; however, chronic hypoxemia is not a cause 

of lactic <acidosis. 

Alkalosis, by shifting the oxyhemoglobin dissocia- 

tion curve to the left with a decrease in 2,3-diphos- 

phoglycerate, causes an increase in hemoglobin af- 

finity for oxygen and a resultant increase in tissue 

hypoxia [ 30,3 1 ] . 
The arrhythmogenic properties of hypoxemia and 

inappropriate ventilation have been previously ob- 

served [ 11. Alterations in membrane responsiveness 

leading to change in automaticity and to production 

of reentry circuits serve as the basis for the genesis 
of arrhythmias [32]. One third of our patients with 

extreme hypocapnia had recurrent tachyarrhythmias. 

However, these were not refractory to the usual 

modalities of therapy. 

Hypocapnia has been shown to cause hypoten- 

sion, a decrease in stroke volume, reduced cardiac 

output and an increase in peripheral vascular resis- 

tance in dogs [33]. The heart rate response has 

been variable. Studies in man have shown an in- 

crease in cardiac output, an increase in heart rate 

and a fall in peripheral vascular resistance. Rowe et 

al. [34] found an increase in arteriovenous oxygen 

(AVO*) difference and a mean reduction of coronary 

blood flow with hyperventilation, using the nitrous 

oxide method of measurement. 
There is little agreement on the mechanism re- 

sponsible for the hypotension seen with hyperventila- 
tion. Interference with venous return due to the me- 

chanical effect of increased respiration, and general- 

ized reflex arteriolar dilatation due to hypocapnia 

have been postulated. Burnum, Hickam and McIntosh 

[ 351 found that hypocapnia produced vasodilatation 

and hypotension directly and is not mediated through 

the vasomotor centers. Recent studies of regional 

circulatory response to changes in blood pCOp 

suggest that not all areas of the vascular system re- 
spond in the same manner. Hypocapnia causes ce- 

rebral and cutaneous vasoconstriction but vasodilata- 

tion of skeletal muscle. Thus, total vascular resis- 

tance may not change significantly [36]. Monroe and 
co-workers [37] found no evidence of depressed 

ventricular function in dogs during hypocapnia. 

Cerebral blood flow is decreased during hypocap- 

nia. These changes in blood flow are accompanied 

by an elevation of lactate in the brain on1 the basis of 

increased anaerobic glycolysis. 

Although hypocapnia cannot be incriminated con- 

clusively for any increase in mortality or morbidity, it 

may be inferred that lactate production, impairment 

of tissue oxygenation due to a shift of the oxyhemo- 

globin dissociation curve and decreased cerebral 

perfusion all represent potential undesir,able side ef- 

fects of hypocapnia. 

Controlled ventilation is obviously indicated in pa- 

tients with hypercapnia or hypoxemia unresponsive 

to oxygen delivery by mask. Less obvious is the need 

to intubate and ventilate patients who have relatively 

normal oxygen tensions with respiratory alkalosis. 

Volume cycle respirators are more desirable in such 

situations with ventilation controlled by respiratory 

depressants such as morphine sulfate. An alternative 

approach is the addition of mechanical dead space 

during artificial ventilation [38]. Breivik et al. [39] 

demonstrated that the addition of carbon dioxide to 

inspired air is a more predictable method for normal- 
izing PaCO* than the use of mechanical dead space. 

We believe that controlled ventilation is an accept- 

able mode of therapy for respiratory alkalosis and 

extreme hypocapnia although our data do not docu- 

ment decreased mortality using this modality. That 

the majority of our patients were being ventilated 

with pressure-cycle ventilators suggests that this 

type of ventilator may potentiate hypocapnia and 

respiratory alkalosis. Correction of the metabolic de- 

fect with bicarbonate administration is recommended 

before control of ventilation to prevent precipitous 

decreases in pH. 

Cady et al. [40], evaluating a prognostic index of 

survival in 410 critically ill patients, found the plasma 

lactate level to be the most significant parameter re- 
lating to survival. PaCOz was not included in their 
discriminant function analysis. Wilson and co-work- 
ers [41], evaluating severe alkalosis in critically ill 

patients, found a strong correlation between the se- 
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verity of alkalosis and mortality. In their study, pH 
rather than PaC02 correlated with mortality. 

Mortality in critically ill patients is related to the se- 

tive measurements for determining the effectiveness 
with which intensive care is rendered. 

verity of the underlying disease. In our study, the 
presence of severe hypocapnia and respiratory alka- 
losis in such patients provided objective laboratory 
measurements to estimate survival since mortality 
correlated with the degree of hypocapnia. These re- 
suits point to the potential usefulness of such objec- 
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