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ANAEROBIC METABOLISM AND CARDIAC OUTPUT IN PATIENTS WITH SYMPTOMATIC

HEART DISEASE

INTRODUCTION:

Since Hill in 1922 (1) introduced the concept of oxygen debt, and related
this to lactic acid accumulation during exercise, these paramneters have been con-
sidered indices of anaerobic metabolism. Numerous studies have been conducted
measuring the oxygen debt (2-6) and blood lactate levels (6~16) in patients with
heart disease., Several studies (4,7,8,9,) attempted to correlate cardiac output
with oxygen debt or blood lactate levels. In general, although wide individual
variability was present, the oxygen debt was somewhat higher and lactate levels
inereased more during exercise in patients with circulatory insufficiency than in
normal subjects. The increased lactate accunulation and increased levels of oxygen
aebt were therefore thought to be due to an inadequate cardiac output, although
none of the studies measured both parameters and correlated them with measured
dérdiac outputs.

This study was conducted to determine the oxygen debt, blood lactate and
cardiac output response to exercise of sufficient severity to produce symptoms, in
patients with heart disease. These changes were compared to those observed in
normal subjects, in response to simiiar exercise.,

METHODS AND MATERIALSS

Five female and five male patients were chosen from the wards and out-patient
services of the Winnipeg General Hospital. The criteria for selection demanded that
(1) they have a significant cardiac lesion; (2) they have symptoms attributable to
this lesion, limiting their activity on mild to moderate exertion; and (3) they be
fully ambulant at the time of the study. The physical characteristics and diagnosis
of the patients are listed in Table I, Patients A-C had complete heart block,
attributed to arteriosclerotic heart disease. Patients D-H had rheumatic valvular
disease, Patient I had luetic aortic insufficiency and J had muscular subaortic
stenosis. In patients D-H and J, the diagnosis was confirmed by cardiacvcatheter~

ization. Only patient H had clinical evidence of congestive heart failure at the
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time of the study. All patients suffered from dyspnea or excessive fatigueability
on mild to moderate exertion and patients G and H had episodes of paroxysmal
nocturnal dyspnea,

Four female and six male healthy active normal subjects, nine of whom
were hospital personnel, were the control group for these studies. The physical
characteristics of the subjects are listed in Table II. None of the subjects
was familiar with the procedure from previous studies and none was considered
physically trained. All the subjects had a normal chest x-ray within one year
preceding the study, and the two who were more than L5 years old had normal
electrocardiograms.

A preliminary run was carried out on the day prior to the test, to
acquaint the subject or patient with the apparatus. On the day of the study, the
subject came to the laboratory in the fasting state, and was allowed to rest com-
fortably in the supine position. A polyethylene catheter was introduced percut-
aneously into a median basilic or cephalic vein and advanced to the central venous
system (generally mid subclavian vein). A teflon catheter was passed percutaneously
into the brachial artery. Front-back E.K.G. electrodes were attached to monitor
heart rate. The subject was then seated in a comfortable upholstered chair with
a head rest, placed on the treadmill and again allowed to rest for 45 minubes.
Tmnediately preceding the exercise, the subject was assisted from the sitting to
the standing position, the chair was removed from the treadmill. and the treadmill
set in motion. When the treadmill was stopped at the end of the exercise period,
the upholstered chair was immediately replaced onto the treadmill and the subject
again comfortably seated., The oxygen consumption was determined for at least ten
minutes while at rest before the exercise, throughout the exercise period and for
thirty minutes after the cessation of exercise. Cardiac output determinations were
made in duplicate at rest during the 15 minute period immediately preceding the
onset of exercise, and at five minutes and nine minutes after the exercise was

starbed. The latter two values did not differ significantly, suggesting that a
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steady state had been achieved and they were considered as duplicate deter-
minations. Arterial blood was sampled for the determination of piy pCOz,

pOZ, lactate and pyruvate at rest, seven and nine minutes after the exercise
started, and at two, five and forty five minutes after the exercise was stopped.

The treadmill was set at an incline of A.ho for all studies, 1In the
patients, the treadmill rate was adjusted during the preliminary run, so that
symptoms limited the duration of exercise to 10 minutes. The normal subjects
were studied at approximately the same rate as the patients. The total ex—
ercise dufation raﬂged from 10-12 minutes in all studies.

Repeét gtudies were carriéd out for all parameters in subjects 8 and
9 and for lactate, pyruvate.and oxygen debt only in subjects 3 and 5. Studies
were carried oubt at 2 treadmill rates in subjects 1 and 9. In patient D, a
treadmill rate which did not produce symptoms was studied first, followed by
a study in which the exercise was sufficient to produce symptoms., Only values
for the second work load were used for comparison with the normal subjects,

A1l studies in any given subject were carried out on the same day, with a one
hour rest period between each exercise period.

In patients A~E cardiac output determinations were made on a bicycle
ergometer rather than on the treadmill and consequently were not simultaneous
with the oxygen debt determinations. The work load during the bicycle exercise
was similar to the treadmill exercise, as demonstrated by the oxygen consumption,
Cardiac output determinations were not carried out in patients G and 1, because
of severe regurgitant valvular lesions. In subject L, the cardiac output was
determined at rest only, since an urticarial rash appeared following the initial
dye injection.

The oxygen consumption was determined by the open circuit techniqﬁe.
Expired gases were collected in a multiple bag system and ahalysed on a Beckman

paramagnetic oxygen analyser and a Beckman infra red carbon dioxide analyser.
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The total excess oxygenvconsumption due to exercise was calculated as the oxygen
consumption throughout the exercise, and the recovery period following the exercise,
minusbthé resting oxygen consumption for that period of time, (The resting oxygen
consumption preceding the exercise was used in this calculation). The oxygen debt
was calculated as defined by Hill (1); the resting oxygen consumption was sub-
tracted from the oxygen consumption during the recovery period immediately following
the exercise.

The Hamilton-Stewart indicator dilution technique was utilized in the
determination of cardiac 6utput, Five mgm. of indocyanine green were injected
into the venous catheter from a calibrated syringe. The tubing was then rapidly
flushed with five cec. of normal saline. Arterial blood was withdrawn at a con-
stant rate of 23.1 cc/min. by a Harvard Apparatus Co. withdrawal pump, through
the cuvette of a Gilford Densitometer., The dye curve was inscribed by a Honeywell
recorder. At least five minutes transpired between injections at rest, and about
four minutes between injections during exercise. Arterial blood was drawn for
calibration about one ﬁour after the exercise period; known quantities of the dye
added to 10 cc. aliquots of the blood were then drawn through the cuvette of the
densitometer in the same mamner as during the determination of the cardiac output.

Arterial blood pH and pCO, were determined by the Astrup micro techinique

2

o was determined on a Severinghaus electrode. Arterial blood lactate and

pyruvate were measured by modifications of the enzymatic techniques previously

and pO

described by Horn and Bruns (17) and Segal, Blair and Wyngaarden respectively (18).
RESULTS:

Cardiac Output, Heart Rate, Stroke Volume (Tables IIT & V)

The wmean cardiac output at rest was 3.32 1/min. for the patient group
as compared with 4.85 1/min. in the normal subjects. This difference is highly
significant (p< .0l t test analysis). As illustrated in Figure 1, there was little
overlap in resting cardiac outputs between the two groups. The mean increase in
cardiac output in response to exercise was .58 1./100 cec. increase in oxygen con-

sumption in the normal subjects, and .52 1./100 cc. in the patients. The mean
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cardiac output during exercise was 8,10 l./min. in the normal subjects and 6.10
1./min.in the patients. This difference is also highly significant (p<¢ .01),
Although patients A, D and J. demonstrated low cardiac outputs at rest, they were
within the normal range during exercise as illustrated in Figure 1. All other
patiénts in whom the cardiac output was measured showed a distinct difference
from the normal subjects, both at rest and in response to exercise,

Patients A and B with heart bloék, increased their cardiac output during
exercise, entirely by an increase in stroke volume, Patient C, who also had
heart block, increased his rate by numerous extrasystoles, and elevated hls cardiac
output despite a small decrease in mean stroke volume. All the normal subjects
and all the patients except A and B increased thelr cardiac output during exercise
predominately by an increase in heart rate, with small changes in stroke volume,
With the exception of the patients with heart block and patient D, the patients
all had lower stroke volumes at rest and during exercise, than did the normal
subjects.

An analysis of the heart rate response to exerclse in the patients is
obviously not valid since patients A-C had idioventricular rhythms, patients F-H
had atrial fibrillation and several of the patients were fully digitalized.

Ventilation, Oxygen Consumption and Oxygen Debts.

As listed in Tables V and V1, the mean resting ventilation was 9.9 1./min.
in the patients as compared to 8.9 l./mir;° in the normal subjects. During the
exercise the ventilation increased similarly in the two groups, to a mean value of
24,5 1/min. in the patients and 22.9 1./min. in the normal subjects.

The mean resting oxygen consumption was similar in the two groups.
During exercise the mean oxygen consumption was 695 cc./min, in the patients as
compared with 810 cc./min. in the normal subjeéts. The mean total excess oxygen
consumption due to exercise was 5449 in the patients and 6644 in the normal subjects,
This difference probably reflects a difference in the external work done in the two

roups, as can be seen in Figure 2.
2 &
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The mean oxygen debt was 915 cc, in the patients and 855 cc. in
the normal subjects. These values are not directly comparable, since the
individual and group work loads were different. Therefore the oxygen debt
was expressed as a proportion of the total excess oxygen consumption and
this relationship is illustrated in Figure 3. 1In general, the patients had
a higher oxygen debt for comparable levels of total excess oxygen consumption.
This difference, however, is only significant statistically (p <.01) if
patients A, D, and J, who had a normal cardiac output during exercise, are
excluded from the group of patients,

Arterisl Blood Gases, Lactate and Pyruvete (Tables VII & VIII)

Although several subjects and patients hyperventilated at rest, the

mean arterial pH and pCO, were within normal range for both groups, and there

2
wWas no Significant difference between the groups. During exercise the pCO2
showed no consistent change in either group. Patients D, F and I, were mildly
hypoxic at rest.

The mean arterial lactate at rest was .84 mM/1l. of blood in the
normal subjects and .96 mM/1. of blood in the patlents, the pyruvates being
.069 mM/1. and .065 mM/1l. respectively. The maximum changes in lactate and
pyruvate and in L/P ratio were seen by 7 minutes of exercise in almost all.
subjects. In general the 9 minute samples during exercise and the 2 minute and
5 minute recovery bloods demonstrated changes toward the initial resting level.
For these reasons, the 7 minute exercise values only have been recorded here,
During exercise the mean lactate increased to .92 mM/1. and the pyruvate was
0.67 mM/1. in the normal subjects, whereas in the patients the mean lactate
increased to 1,51 mi/1l. and the pyruvate to .70 mM/l. Statistical analysis
failed to reveal a significant difference between the resting or the exercise
values between the two groups, or the exercise as compared to the resting values
within the groups. This of course is a result of the wide individual variability

and the fact that one patient and four subjects demonstrated decreased levels of
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lactate during exercise. The lactate levels during exercise are significantly
higher (p<.01) in the patient group than in the normal subjects, only if
patients A, D and J (whose cardiac outputs were normal during exercise) are
excluded from the patient group. The pyruvate levels were similar in the two
groups at rest and during exercise. The lactate:pyruvate ratios showed marked
individual variability, predominantly due to lOW‘pyrﬁvate levels in several
individuals. Although the mean lactate:pyruvate ratio was highér in the patients
than in the normal subjects, this difference was not statistically significant.
DISCUSSION: |

The mean cardiac butput at rest in the normal subjects was somewhatb
lower than the values of Astrand et al (19) who made their measurements sitting
on a bicycle ergometer; however, their resting oxygen consumptions were also
considerably higher than in our subjects. The cardiac outputs in our study com-
pare well with the data of Reeves et al (20) who made their measurements standing
on a treadmill. The increase in cardiac output in response to exercise in our
normal subjects was also similar to previous studies (20,21).

Several aspects of this study have been investigated previously. Harris
and Lipkin (4) measured cardiac output by the carbon dioxide method, and deter-
mined oxygen debt in a group of patients with clinical evidence of circulatory
insufficiency, and in nommal subjects. They found the oxygen consumption during
exercise and the oxygen debt were considerably higher in the patienﬁs, than in

the normal subjects. These did not correlate well with the cardiac oubput as

they measured it. However the cardiac outputs in their patients were frequently as @

high or higher than their normal subjects. Harrison and Pilcher (6) found a lower
oxygen consumption during exercise in their patients but most studies (2-5) have
demonstrated a higher oxygen consumption during exercise and increased oxygen debt
in patients with evidence of cifculatory failure,

Tt is of interest that in our study, the oxygen consunption for a come

parable work load was similar in the patients and in the normal subjects, but
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the oxygen debt for comparable work loads was increased in the patients with
low cardiac outputs. The discrepsncies in these studies may be accounted for
by differences in circulatory status of the patients, small numbers of patients
in several investigations (3,5,6) and different methods of determination of
cardiac output,
Blood lactate (5,8,10,12-16) and in some studies lactate and pyruvate

(7,9,11) have been investigated in patients with heart disease and compared with
normal subjects. Although a wide range of values for blood lactates were demon-
strated in both normal subjects and in pabients with heart disease, most studies
demonstrated similar resting values in ﬁhe two groups, with higher levels during
exercise in patients with circulatory failure. Iseri, Tyans and Evans (11) stated
that there was no significant difference in blood lactates during exercise between
their patients and normal subjects but they did not describe the circulatory status
of their patients., Huckabee and Judson (7) were unable to demonstrate a significant
difference in blood lactate levels in the patients with heart failure as compared
to normal subjects. A difference between the two groups was only demonstrated
when their lactates and pyruvates were converted to "Anaerobic lMetabolic Rate".
(The validity of the concept of "Excess Lactate" from which the "Anaerobic Metabolic
Rate" is calculated, has been questioned by several authors (9,23)). Both Huckabee
(24) and Harris, Bateman and Gloster (9) failed to demonstrate a correlation between
cardiac output and blood lactate levels during exercise, however, Donald et al (8)
found a good correlation of blood lactate levels with arterio-venous oxygen differ-
ences in patients and in normal subjects, thus perhaps relating the lactate levels
to cardiasc output. The high arterial lactate levels during mild exercise seen in
their normal subjects (8) suggest that they were different from our normal subjects
in some way. Further comparison of these reports is difficult becausei-

1. Several studies (10,12) involved predominantly patients with cyanotic heart
disease, and thus had arterial hypoxemia,

2, Venous, or ear lobe blood were used rather than arterial blood (5,13,15).

3. Stair climbing, treadmill walking, supine and sitting exercise on the
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bicycle ergometer were employed in various studies, thus using different wmuscle
groups,

L. The control subjects were Ffrom different populations, and as has
been pointed out by Holmgren and Strdm (16) considerable differences in blood
lactate levels during exercise may be seen in different populations of normal
subjects,

| In our study the patients as a group increased their arterial lactate

levels during exercise more than the normal subjects, however, no correlation
between cardiac output and lactate accumulation was demonstrable., Patient H, for
example, had a very low cardiac output at rest and during exercise, but had a
decrease in arterial lactate concentration (without a change in pyruvate concent-
ration) during the exercise period. _Similarly, although the oxygen debts were
higher in the patients as a group, no correlation between the oxygen debt and the
cardiac output was demonstrable. Perhaps the redistribution of blood flow seen
in patients with impaired cardiac output (22) accounts at least in part for this
poor correlation. If patients A, D and J who were found to have normal cardiac
outputs during exercise are excluded from the patient group, a highly significant
difference is found, between the patients and the normal subjects, with respect
to cardiac oulput, oxygen debt and arterial lactate accumulation., The differences
in oxygen debt and lactate accumulation, however, are not large.

Since paﬁients A, D, and J had normal cardiac outputs during exercise,
their symptoms can not be explained on the basis of a decreased cardiac output.
It is also difficult to explain the symptoms of the patients on the basis of the
oxygen debt and the lactate accumulation in their arterial blood, since several
did not have increased oxygen debt or lactate accumulation. In addition, the
highest values for oxygen debt and arterial blood lactate observed in these patients
were considerably lower than those observed in exercise sufficient to produce
symptoms in normal subjects. Nevertheless it is possible that oxygen debt, impaired
cardiac output, or some combination of these parameters produces symptoms in patients

with heart disease as a result of an altered sensitivity or threshold.
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SUMMARY:

1. The cardiac output, oxygen debt and arterial blood lactate and pyruvate
were messured at rest and during exercise in a group of patients with symptomatic
heart disease and in normal subjects.

2. The mean cardiac output at rest and during exercise was lower in the
patients than in the normal subjects; however, 3 of the patients had normal cardiac
outputs during exercise,

3., No direct correlation was demonstrated between cardiac output and arterial
blood lactate accumulation or oxygen debt, however, the mean oxygen debt and the
mean increase in arterial lactate was greater in the group of patients who had
abnormally low cardiac outputs than in the normal subjects.

Lo If oxygén debt and lactate.accumulation do indeed represent anaerobic
metabolism, then the increases in anaerobic metabolism are small in patients with
impaired cardiac output during mild exercise.

| 5, The sympbtoms of all the patients in this study are not readily explained
by any one of the parameters investigated. The possibility of an altered sensitivity
to lactate, oxygen debt, impaired cardiac output, or a combination of these factors
is not excluded,
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PATIENT
A
B
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o

MEAN

AGE
59
65
70

24
50

77

49.7

SEX

L5 T TR N < -G < 4

M

TABLE I

PHYSICAL CHARACTERISTICS OF PATIENTS

HT.(cms.)

176
173
180
175
160
160

160

163
161
157

165

WT.(Kgm,)

92.7
73’0

7102 ’

65;2
49.5
75.0

52.2

73.5
5044
42.5

6L.5

B.S.A,gmz)

2.07
1.89
1.90
1.80
1.51
1.82

1.53

1.79
1052

1037

1.73

DIAGNOSIS

Complete Heart Block
Complete Heart Block
Complete Heart Block
Aortic Stenosis
Mitral Stenosis
Mitral Stenosis

Mitral Stenosis and
Insufficiency

Mitral Stenosis
Aortic Insufficiency

Subaortic Stenosis



TABLE II

PHYSICAL CHARACTERISTICS OF NORMAL SUBJECTS

SUBJECT AGE SEX HT. (cms.) WT., (Kegm, ) B.S.A. (M)

1. 32 M 178 72.9 1.90
2. 29 F 160 48.9 1.49
3. 67 M 167 79.0 1.88
le 50 M 168 67.5 1.77
5. L5 M 170 69.3 1.80
6. 35 M 168 71.8 1.81
7 20 F 181 81.9 2.06
8. 11 F 163 77.0 1.82
9. 27 M 163 60.0 1.64

10. 2l F 163 54.8 1.56

MEAN 37.0 167.9 68.3 A 1.77



PATIENT

MEAN

C.0.

I

Lol

2.5

3.1

A’.Z
3.2

3.6

2.6

monn

HEMODYNAMIC DATA OF PATIENTS

TABLE III

C.I. H.R.

E, R. E. R. E.
9.6 2.0 47 L8 48
La5 1.3 2.4 27 27
L7 1.6 2:5 30 48
7.2 - 2.3 4.0 65 96
6.1 2.1 L.0O 82 126
5.6 2.1 3.2 6l 92

68 156
3.7 1.5 2.1 bl 8l
63 8L
7.5 2.5 5.5 66 156
6.10 1.93  3.55
Cardiac Output in 1./Min. c.I.
Heart Rate per minute. V0o
Stroke Volume in ml. R

B

| 1}

[ 67}

5

86
91
103
6l
39
56

40

52

Cardiac Index in 1./ifin. /i

L

I

200

167
99
75
48
61

48

R.
274
222
243
261
208

209

215

201

229

_E-_O

1196

2L

801"
557
803"

S

931"
615

534

L6

773

Oxygen Consumption in ml. per minute.

Rest

Fxercise

#(This differs from treadmill exercise ?02 in those patients whose cardiac outputs were
measured during bicycle exercise).



TABLE IV
HEMODYNAMIC DATA OF NORMAL SUBJECTS

| R. AE- B. E. E. E. E. E.

1.. (a) 4.5 7.0 2.4 3.7 60 90 75 78

(b) 9.2 4.8 114 81

2. 5.0 8.0 3.4 5.3 80 104 63 77

3. 47 7.9 2.5 a2 60 80 79 98
L L6 2.6 72 92 63

5. 6.1 10.3 3.4 5.7 76 98 81 9

6. 5.0 8.1 2.8 4.5 78 112 6l 72

7 5.5 10.1 2.7 £e§ T 115 Th g8

8. (2) 49 7.6 2.7 he2 62 8l 79 80

(v) Le2 7.4 2.3 L2 62 88 68 8l

9. (a) L7 7.1 2.9 Lok 66 8l 71 85

(b) 5.1 7.0 : 3.1 4.3 66 78 77 50

(c) 5.2 7.8 3.2 L7 66 %4 79 83

10. 3.5 6.9 2.3 beb Sk 22 5} (b

“MEAN 4.85 8.1 2,77 4.60 6.2 95.1 714 83.0

The oxygen consumption at rest and during exercise for each cardiac output determination is listed in Table VI,
*Mean value imcludes only the first determination in each subject.

Abbreviations as listed in Table III.



TABLE V

VENTILATION, OXYGEN CONSUMPTION, OXYGEN DEBT AND TOTAL EXCESS OXYGEN CONSUMPTION OF PATIENTS

PATTENT RATE TIME SV Vo, 0,, DEBT EXCESS V0,
R. E. R. E.

A 23.2 10.00 12.0 3.7 27k 79 723 5657

B 26.0 10.00 9.6 26,9 222 786 1015 5876

C 18.0 10.67 11.5 23.2 243 623 1194 4853

D (1) 19.5 10,00 9.3 16.6 261 641 480 4326

(2) 47.6 10.00 9.6 249 262 994 838 8270

E 50.0 11.00 9.3 31.3 208 832 1560 7875

F 27.2 10.00 8.1 18.6 209 615 575 L375

G 38.1 10,00 9.8 29.7 203 643 1011 5044

H 16.1 10.50 7.9 l4.1 215 534 1122 4924

I 15.0 10.00 1.4 25.7 261 588 784 3920

J 38.6 10.50 9.3 18.8 201 545 329 3698
HMEAN 30.0 10.28 9.9 24.5 230 695 915 5449
Rate = Treadmill rate in Meters/Min, . Time = Duration of Exercise in Minutes.
VE = Minute Ventilat%on in 1/#in. B.T.P.S. VOZ = Oxygen Consumption in ml./min. )
02 Debt = Oxygen Debt in ml. ExCess VO2 = Total Excess Oxygen Consumption due to

Exercise in ml,
3#Mean includes only study (2) of patient D.



TABLE VI

VENTILATION, OXYGEN CONSUMPTION, OXYGEN DEBT AND TOTAL EXCESS OXYGEN CONSUMPTION OF NORMAL SUBJECTS

SUBJECT RATE TIME ﬁoz 0. DEBT EXCESS VO

i

—_— — 2 —t
i E R. E

1. (a) 26.6 10.00 9.1 20.3 227 665 840 5298
(b) 55.5 10.27 8.7 29.9 244 1009 853 9353
2. 29 .4 12.00 8.2  18.0 203 543 626 5026
3 27.2 10.00 10.7  29.0 270 796 1169 6030
L, 32.6 10.00 11.4  19.8 238 820 685 6570
5. (a) 32.6 10,15 7.7 22.2 220 854 1223 7131
(b) 32.6 11.33 9.2  21.8 28 691 510 5486
6. 35.4 10,55 9.1  23.2 306 991 564 7397
7. : 38.1 10.52 8.2  33.6 262 1113 1045 7Ly
8. (a) 32.1 11.67 8.5  23.9 238 883 802 7923
(b) 32.1 11.67 9.1  23.7 229 852 1088 7898
9. (a) 27.7 11.00 8.9  18.8 239 695 580 5315
(b) 27.7 11.02 9.4 18,6 251 674 522 - 4880
(e) 55.5 10.04 9.8 25.9 249 964 893 7908
10, 27.2 10.47 = 7.3  20.0 175 190 1014 - 6002
HKMEAN 30.9 10.64 8.9 22.9 238 810 855 6641,

Abbreviations as. listed in Table V,

*Mean includes first study only in each subject.



TARLE VII

ARTERIAL
i@_s_z 7 MIN. EXERCISE
PATIENT NO. pH pCO, PO, L P /P pH pCo, | PO, L P L/P
A 7.4k 35 86 .30 .063 5.0 79 065 12.2
B 7.4 38 8,  1.12  .0Ml  27.3 7.3 38 1.70  .039  43.6
G Tobhy 43 89 76 0 072 10.6 1;55;' .087 17.8
D (1) 7.42 42 7L 1.04  .063  16.5 .88 041 21.5
(2) .85 064  13.3 .90  .051 17.6
E 745 35 87  1.80  .06L  28.1 Y72 32 89  3.20 .08  37.2
F 7 iy 38 73 1.11  .107  10.k4 7.41 41 90 1.32 . .103 12.8
G N 4O 96 1.22 .120 10.2 7.48 34 94 3.11 .160 19.4
H 7.43 38 97 1.06  .063  16.8 7.41 42 92 .95 065 146
I , 7.46 46 67 .99 .022  45.0 .11 .029 38.3
J 7ohs2 34 96 .35 .030  11.7 741 34 95 b 023 19.1
HEAN 744 38.9 84.9 .96 .065 14,7 7.43 36.8 92 1.51  .070 21.56

¥Mean includes second run only of subject D.
+Blood samples drawn at 5 minutes rather than 7 minutes of Exercise.

L
P
L/P

Lactic acid in mM/L of blood.
Pyruvic acid in mM/L of blood.
Ratio of lactic to pyruvic acid,

non



SUBJECT NO.

l.

10.

*MEAN

(2)
(b)

. (a)

(b)

. (a)

(b)

. (a)

(b)

. (a)

(b)
(c)

TABLE ViilL

ARTERTAT, BLOOD GASES, LACTATE AND PYRUVATE IN NORMAL SUBJECTS

Abbreviations as listed in Table VII.
*Mean of first run only each subject.

REST

pH pCO,, PO, L P L/P
.60 061 9.8

78,080 9.8

7. 33 93 .63 064 9.8
7.41 34 8l 1.47 117 12.6

| 133 .092  14.5

7.53 23 9L 81 .07 1.4
T4l 42 84 .62 027 22,9
7.41 11 86 61 .02 25.4
7.37 L6 a8 91 079  11.5
T41. 41 94 8L 064 13.1
7.40 33 88 49 022 22.3
7.42 33 L 72,038 18.9
ST 43 97 77 .070 11.0
7.1 k2 101 5L .063 8.6
7.39 Al 96 70 LOLT 149
7.38 42 92 1.25 110 1l.4
T.41 374 290.4 0.84 069 12,2

7 MIN. EXERCISE

pH pCO2 pO2 L P L/P
.63 .065 9.8

.95  .076  12.5
7.40 34 93 1.07  .080  13.4
2 35 8, 1.1  .068  16.3
.63 .057  11.1
7.37 46 75 1.4 .09  15.7
7.4 42 98 .98  .052 18.8
7.40 40 88 1.03  .038  27.1
7.38 47 90 68,050  13.6
742 43 90 .98 .078  12.6
742 33 95 69 .09 141
T.43 36 92 .59 L0455 13.1
7.39 .. 42 97 49 041 11,9
7.39 43 93 36 w042 8.6
7.38 46 88 .50 L041 122
7.39 4l 90 1.13 .092  12.3
7.40 k0.3  90.2 .92 067  13.7

“++3ample taken at 5! Exercise.
+ Sample taken at 10' Exercise.
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Fig. The work done in walking up the slope of the treadmill was
calculated for each subject and patient. ('The horizontal
component was not included). As demonstrated in the graph,
there was considerable overlap between the groups, but in
general the patients did less work and had a proportionately

lower total excess oxygen consumption than the normal subjects,
&
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