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Summary: The ventilatory capacity, including flow-
volume curves of 313 men, all 50 years old, was
examined in 1963 and 1967. The group as a whole,
which included persons with chronic bronchitis, with
“other respiratory symptoms,” and without respiratory
symptoms, showed the same absolute decrease in ventila-
tory capacity.

Vital capacity, forced expiratory volume, and maximum
expiratory flow all dropped more for the smokers than for
either the non-smokers or the ex-smokers. In those who
had stopped smoking for four years or less, however,
ventilatory capacity did not decline significantly less than
in these who continued to smoke.

Introduction

The effect of age, smoking, chronic bronchitis, and other
circumstances on pulmonary ventilation has been studied
repeatedly during the past 10 years. Nearly all the studies
have been carried out on persons of different ages examined
on one occasion only. Several studies of subjects of different
ages with healthy lungs have shown by means of regression
analysis - that an approximately linear drop occurs in the
ventilatory capacity with increasing age once the age of 20
has been passed (see Tables V and VI for references). Factors
such as the nature of the ambient air and smoking habits also
affect the ventilatory capacity. A better way of studying the
influence of different factors is to follow pulmonary function
from year to year in the same people (Higgins and Oldham,
1962 ; Fletcher, 1968 ; Higgins et al., 1968).

The present investigation had three aims: (1) to record the
changes in the ventilatory capacity during a four-year period
in a randomly selected sample of men born in the same year ;
(2) to determine whether there was any difference in the ventila-
tory capacity between groups which differed as regards respira-
tory symptoms and smoking habits ; and (3) to analyse the
drop with age in comparison with a prediction from regression
equations.

The results of a cross-sectional study in 1963, using the
same sample of men, on the connexion between smoking and
ventilatory capacity have been published, as have the results
from a control group without any respiratory symptoms
(Wilhelmsen and Tibblin, 1966 ; Wilhelmsen, 1968).

Material and Methods

The population studied and the methods used have already

been described (Wilhelmsen and Tibblin, 1966). All the
subjects lived in Goteborg, a seaport in south-west Sweden.
It is Sweden’s second largest city, having 414,466 inhabitants
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in 1963, and is the centre of an industrial region containing
shipyards and factories making machines, motor-cars, and ball-
bearings. The air in the centre of Goteborg is more polluted
than that in the outskirts, but no subgroup of our population
differed from the others as regards exposure to polluted air.

The names of all the men living in Goteborg born in 1913
on days of the month equally divisible by three were assembled.
These totalled 973, and in 1963 extensive data on 88, of
these were collected. We had intended to examine the ventila-
tory capacity of every second one of them, but could do so
in only 339 subjects. So far as we knew this did not introduce
any bias (Wilhelmsen and Tibblin, 1966). Four years later,
in 1967, the same lung function tests on the 313 survivors
of the 339 were performed. The results of this re-examination
are given below.

Each of the 313 subjects underwent a thorough clinical study.
We used the same definition for chronic bronchitis as the
Medical Research Council’s Committee on the Aetiology of
Chronic Bronchitis (1965)—namely, cough and sputum in the
morning and day or night for at least three months a year.
Under “other respiratory symptoms’ we included subjects
having cough or sputum for less than three months a year,
dyspnoea on climbing stairs or slight hills or walking quickly
on flat ground, and wheezing. In the present paper we deal
only with the observations on respiratory symptoms and ven-
tilatory capacity.

The ventilatory capacity was tested by the same examiner
and with the same spirometer in 1963 and 1967. On both
occasions the men were asked not to smoke for two hours
before they were tested. In 1963 the tests were done between
9 and 10 a.m. and in 1967 between 3 and 4.30 p.m. On both
occasions the subjects had fasted at least four hours before
they were examined.

The respiratory volume and flow were measured with a
Servo-Spirometer, model 150A (Med.-Science Electronics,
Ohio, Mo., U.S.A.). This spirometer, electrically driven, pre-
sents little resistance to breathing. The frequency response
amounted to 10 Hz. The various apparatuses used in the
examination procedure have been described in detail (Wilhelm-
sen, 1968).

The following properties were measured with the patient
sitting: (1) vital capacity (V.C.), (2) forced expiratory volume
in one second (F.E.V.)), (3) maximum expiratory flow when
50% of V.C. plus residual volume (R.V.) was left in the lungs
(M.EF. 50%), and (4) maximum expiratory flow when 23,
of V.C. plus R.V. was left in the lungs (M.E.F. 259)).
Numbers 3 and 4 were measured from flow-volume curves.
The peak expiratory flow rate (P.E.F.) with the Wright peak-
flow meter according to the method recommended by Wright
and McKerrow (1959), was determined with the subjects
standing.

For the subsequent calculations we used the highest value
obtained from three technically satisfactory measurements for
the first four properties, and the average of the last three of
five measurements for P.E.F. For statistical analysis of the
changes occurring between 1963 and 1967 the differences
between the two values were tested against the null hypothesis.
We tested the difference in the changes in ventilatory capacity
with Student’s ¢ test. If the variances differed statistically we
reduced the number of degrees of freedom (Welch, 1949).
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Both the differences between the absolute changes in ventilatory
capacity and between the relative changes (in percentage of
the initial value for the variable in question) were tested.

Results

The findings are shown in Tables I-IV. All the groups
showed about the same absolute decrease in values for the
variables of ventilatory capacity on the second occasion (V.C.,
F.EV., MEF. 50%, and M.EF. 25%). The subjects with
respiratory symptoms, who had lower values in 1963, showed
a relatively larger reduction during the four years. No differ-
ence between the various groups in the lowering of ventilatory
capacity was statistically significant (Table I).

During the four years the P.E.F. dropped relatively the same
amount as the two other variables of flow (M.E.F. 509 and
M.E.F. 259%). The P.E.F. was measured by another examiner

and with different apparatus from that used for the other two
variables.

TABLE I.—Ventilatory Capacity (in litres) of Whole Series, Subjects
with Chronic Bronchitis, Subjects with Other Respiratory Symptoms

Ventilatory Capacity—Wilhelmsen et al.

(Cough, Sputum, Dyspnoea, or W heezing), and Subjects without
Respiratory Symptoms. Means and Standard Deviations

.
. 3. With other . 4. Without
l'sgzi};:le 2B rggégaig %espirtatory i lgespiratory
= - ymptoms ymptoms
(n=313) n=19) (n=114) | (n=180)
v.e (1963 | 479:076 4714069 4-59 +0-83 493071
e 1967 | 447+0-76 4-36 +0-77 4-30%0-82 450 + 0-69
a Diff. | 0323035 0-35+0-23 0-29+0-33 0:33+0-35
FEV. (1963 | 362060 3-35 +0-57 3-43+0-60 3-77£0-58
Iyt 11967 | 339059 3-13+063 322%0'59 3-53+056
(. |Diff. | 023033 0-22+0-40 0-21+0-30 023+032
pEF. (1963 520+ 74 490 + 81 494 +76 539 + 66
(i.jmin., - 1967 461+ 97 429+ 126 439+ 99 480+ 93
TR { Diff. 59+ 69 61+ 80 54+72 58 + 70
MEF. (1963 | 435+124 3.92+122 4-07+1-28 4-54+1-20
50%  -1967 | 3-82%137 3331135 3-51%1-32 404+135
(l./sec.) (Diff. = 0-53+1-04 0-59 + 1-40 056 +0-95 050 + 1-09
M.EF. (1963 , 1-56+0-56 1-23+0-24 144 +0-56 1:66 + 056
250, - 1967 118 £0-51 093041 1-11 +0-52 1:26 +0-50
(l./sec.) (Diff. 0-38%0-44 I 030 + 027 0-33%0-48 0-40 + 046
‘

There were no si;g}\iﬁgant differences between decreases from 1963 to 1967.

In Table II the results in groups with different smoking
habits are compared. Twenty per cent. of the smokers smoked
a pipe or cigars. The values for V.C,, F.E.V.,, and M.E.F.

- 509, dropped more for the smokers than for both the non-
smokers and the ex-smokers. The non-smokers did not differ
significantly from the ex-smokers in this respect, nor did the
two groups of smokers differ from each other. More significant

TABLE 11.—Ventilatory Capacity in Series Divided by Smoking Habits in 1963.
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differences emerged between the various groups when the calcu-
lations were made by means of the percentage drop rather than
the absolute change. Thus the V.C. dropped by 0-25 1. between
1963 and 1967 in the non-smokers and by 0-38 1. in the subjects
smoking more than 15 g./day. While these absolutc values
do not differ significantly, the relative drop was significantly
higher for the smokers, who had a lower V.C. (4:56 1.) in
1963 than the non-smokers (4:83 1.). The same was true of
F.EV. for the men who smoked more than 15 g./day
compared with the non-smokers and ex-smokers. As regards
the M.E.F. 50%, the two groups of smokers showed a signifi-
cantly larger drop than the others when relative values were
compared.

Fifteen of the men had given up smoking between 1963 and
1967—seven in 1963, one in 1964, one in 1965, four in 1966,
and two in 1967. Nine smoked 1-14 g./day and six more
than 15 g./day. One had chronic bronchitis and six had other
respiratory symptoms. V.C., F.E\V., and P.EF. dropped
about the same amount in them as in the non-smokers and
ex-smokers. No significant differences in decrease of ventila-
tory capacity were, however, found between them and the men
who still smoked.

The distribution of respiratory symptoms among groups with
various smoking habits are shown in Table III. Of the non-

TABLE III.—Respiratory Symptoms in Relation to Smoking Habits

Chronic | With Other _ Without |
Bronchitis Respiratory ' Respiratory Total

Symptoms Symptoms ‘
n | % | nl % nl % | nlo
Non-smokers .. 1 1 23 | 26 | 64 | 73 | 8 | 100
Ex-smokers .. .. 2 3 .18 . 27 @ 47 70 | 67 | 100
Smokers 1-14 g./day 5 5 0 34 | 36 55 | 59 i 94 | 100
Smokers >15 g./day 11 17 39 | 6l 14 | 22 | 64 | 100
Total .. .. | 19 1 6 |114 | 36 |180 | 58 {313 | 100

! ! | .

smokers and ex-smokers 1 and 39, respectively, had chronic
bronchitis, against 5 and 179 among the two groups of
smokers. The prevalence of other respiratory symptoms was
26, 27, 36, and 619, respectively. The prevalence of chronic
bronchitis in this sample was 6-19% and in the total random
sample (855 persons) 7:6°,.

In groups with consistent smoking habits, those with respira-
tory symptoms generally had lower value for ventilatory capa-
city both in 1963 and in 1967 (Table IV). The decreases
between 1963 and 1967 were, however, not significantly different
between these groups. Moreover, in groups without respiratory
symptoms increasing tobacco consumption caused decreasing
ventilatory capacity. In groups with respiratory symptoms,

Those who Stopped Smoking Between 1963 and

1967 (9 from Group 3 and 6 from Group 4) are Collected in Group 5. Means and Standard Deviations.

| | - .
N 5. Stopped | Significant Differences between
{ 1. Non-smokers 2. Ex-smokers ?'_ limox;rs 4> 155m0}<(1ers Smoking between | Decreases from 1963 to 1967
1 (n=88) (=67  g/day 215 g./day 1963 and 1967 | - - —
(n=94) (n=64) (n=15) ! Absolute o,
v.C (1963 .. 4-83+0-83 4-77+0-76 4-83+0-60 4-56 + 0-64 471 +0-91 2-3P<0-02 1-4P <0-05
. 1') 1967 .. 458 + 0-85 4-46+0-79 4-46 + 0-66 418 +0-59 4-48+0-25 2-4P <0-02 2-3P <002
@ (Diff. .. 0-25+0-46 0-23+0-30 0-37 +0-40 0-38 +0-41 0-23+0-39 | 2-4P <0-02
i
: ( 1963 .. 3-77+0-67 369 +0-60 362 +0-47 3-39+0-53 360 +0-62 | 1-3P <0-05 1-3P<0-05
F.E.V, 1-4 P<0-05
(1) ©1967 .. 360 +0-62 3-55+0-63 3-34+043 3-11+048 3-44+0-63 2-3P<0-02 2-3P <005
‘Diﬂ. .. 0:17+0-36 013 £0-49 028 +0-31 0-28 +0-37 016 +0-26 2-4P<005
P.EF (1963 .. 525+ 67 539+ 78 521+71 492 +77 513+61
l./ L ) 1967 .. 474 +98 483 + 122 463 + 90 424 + 86 474 + 68 —_ —
U/mir) (pig. 5176 56+ 84 58+ 68 681+ 53 40£72
(1963 .. 461 +1-17 : 4:39+1-19 4:38+1-23 3-87+1-25 452+1-17 1-3 P <0-005 1-3 P <0-001
M.E.F. ! 1-4 P<0-02 1-4 P<0:001
50% - 1967 .. 4:39+1-33 4-05+1-44 3-62+1-27 3:21+1-23 3-78 +1-02 2-3P <002 2-3 P <0-001
(I./sec.y 2-4 P<0'005
(Diﬂ. .. 0:22+1'14 0-34+114 0:76 +1-07 0-66 +0-89 074+ 091 .
M.E.F. (1963 .. 1-75 + 0-60 1-66 + 0-55 1-50 +0-53 1-28 + 0-44 1-64+0-68 2-4P <005
259, -1967 .. 1-:39 +0-57 1-21 +0-47 1-10 £ 0-50 0-98 +0-43 1-19+0-40
(1./sec.) (Diﬂ'. .. 0:36 + 0-56 045 +0-41 0-40 + 0-46 0-30+0-35 0-45 1 0-57 l
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however, the influence of tobacco smoking was not so evident.
The absolute decrease of ventilatory capacity between 1963 and
1967 was not significant between any of the groups, partly
because of a small number of subjects without symptoms in
the group of smokers of more than 15 g./day. Statistically
significant differences between two groups, however, were found
when the percentage decreases were compared (Table IV).

Discussion

The results of various authors making horizontal studies and
using linear regression analysis of the reduction in ventilatory
capacity with increasing age are shown in Tables V and VI
These authors examined persons who had no respiratory symp-
toms, but most of their series included smokers and non-
smokers. Both smokers and non-smokers were studied in the
last series described by one of us (Wilhelmsen, 1968) (Tables
V and VI). This series was selected on the basis of the same
questionary as in the present study, the subjects thus corre-
sponding to group 2 in our Table IV. The different authors
found from their regression equations that V.C. decreased
between 0-09 and 0:04 1./year, as compared with 0-08 1. in the
present group who had no respiratory symptoms. Their figures
for the annual decrease in F.E.V., ranged from 0-02 to 0-04 1.,
as compared with nearly 006 1./year in the present group.
In the papers by Cotes et al. (1966) and Wilhelmsen (1968)
sufficient. data were given to allow a statistical comparison ;
the present values were highly significantly different from those
mentioned.

To discover the reason for these differences in decrease of
F.E.V.,, especially between the present results and those ob:ained
in the other study (Wilhelmsen, 1968), we first examined the
method we used. As already mentioned, the same apparatus
was used in both studies, the same persons undertook the
examinations, the same instructions were given, and, so far
as could be judged, the persons were studied under the same
conditions—including the same time of year. The Servo-
Spirometer was checked in the same way before and after the
series of measurements in 1963 and 1967. The volume and flow
data given by the apparatus were checked every day without
any variations being noted in the results. Nor did checking
the Wright peak-flow meter point to any fault in the apparatus.
The measurements were made at different times of day. The
subjects had been fasting on both occasions. Carey et al. (1967,
1968) found a decline of F.E.V., during the day of 0-043 1.
in non-smokers and 0-071 1. in smokers ; but even if those
high daily declines of F.E.V., were calculated in this series
the yearly decline is significantly greater than predicted accord-
ing to the above-mentioned equations.

In an earlier study (Wilhelmsen, 1968) of the same men
without respiratory symptoms at the age of 50, the values for

TABLE IV.—Venzilatory Capacity in Series Divided by Smoking Habits and Respiratory Symptoms.
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V.C,FEV.,MEF.50%, and M.E.F. 259% corresponded well
with the means calculated from the regression equations. Thus
after this age the ventilatory capacity seems to drop at a faster
rate than that calculated from available regression equations.
In a study of men aged 25-34 and 55-64 from an industrial
town, some of them miners, Higgins et al. (1968, found that
F.E.V., ., dropped an average of 0-02 1./year in non-smokers
in the young age group against 0-03 1. in the older non-smokers.
In the young group F.E.V. ,, dropped each year by 06
of the mean F.E.V. .. during the nine years, as compared with
39 for the older men. The corresponding drop in F.EV.,
in the present series amounted to 19, which, when the dlﬁer-
ence in age is considered, corresponds well with the observa-
tions of Higgins et al. Fletcher (1968) found that F.E.V.,
fell an average of 0026 l./year in 904 men followed for four
to five years. This is significantly less than that noted here
and less than that found by Higgins et al.

TABLE V.—Regression Equations for Height (cm.) and Age (Years) on
V.C. (l.) or F.V.C. (l.) in Men According to Various Authors

i V.C. ' F.V.C. ‘ Height = Age | R.S.D
Berglund ez al. ( 1963) 0-053 0-022 3-09 0-55
Ferris et al. (196! 0-051 0-025 355 0-59
Goldman and Becklake (1959) 0-064 0-031 534 0-49
Kory et al. (1961) 0-052 0-022 3-60 0-58
Needham ez al. (1954) 0-048 0-039 2:12 | 044
Pemberton and Flanagan (1956) 0-046 0-029 2:42
Wilhelmsen (1968) 0-067 0-017 5-78 1 059

R.S.D. = Residual standard deviation.

TABLE VI.—Regression Equations for Height (cm.) and Age (Years) on
E.V.q () in Men According to Various Authors

| F.E.V. | Height { Age R.S.D
Berglund ez al. (1963) 0-038 0-036 1-10 i 055
Cotes et al. (1966) 0-035 0-033 1-12 0-45
Ferris et al. (1965) 0-036 0-027 1-65 0-49
Kory et al. (1961) 0-037 0-028 1-59 0-52
Ringquist (1966) . . 0-035 0-038 0-37 0-48
First four series combined accord

ing to Cotes et al. (1966) 0-036 0-031 141 !

Wllhelmsen (1968) 0-038 0-022 1-81 0-46

The present results indicate that the ventilatory capacity
may not decrease linearly after the age of 20, as is generally
assumed in calculating with regression equations. The increas-
ing air pollution during recent years may have accelerated the
reduction in ventilatory capacity with age compared with that
found earlier. Another explanation may be that the older
subjects without respiratory symptoms, used for regression
analysis, constitute a group of more positively selected people.
The respiratory symptoms—for instance, dyspnoea—are com-
moner at higher ages, and therefore a smaller part of the
population will be accepted as “ normals.”

In the present study the number of respiratory symptoms
did not affect the rate of the drop in ventilatory capacity with

Means and Standard Deviations

1 fl
Non smokers Smokers 1-14 g./day I Smokers >15 g./day
— . Significant Differences between
1. Wlthout 2. With 3. Without 4. With 5. Without 6. With Decreases from 1963 to 1967
Respiratory Respiratory Respiratory Respiratory Respiratory Respiratory
Symptoms Symptoms Symptoms Symptoms Symptoms Symptoms
(n=64) n=24) (n=55) (n=39) (n=14) (n=178) Absolute 1 %5
v.C 1963 .. 5:03+0-70 4-53+0-98 4-91 +0-64 4-65 +0-89 4-76 +0-70 459 +0-71 )
'(] ‘) 1967 .. 4-71 +0-69 4-19£0-94 4:53+0-69 4:37+0-84 4:30+0-63 4:29 +0-72 — —
. Diff. . 0:32+0-32 0-34+0-35 0-37+£0-42 0-27+£0-23 046 +0-39 0:31+0-35
F.EV. 1963 3:94+0'56 3:45+0-74 3-70 +£0-51 3:45+0'59 3-57+0'71 3:37+0-50
.(I‘) o 1967 3:70+ 051 3-31+0-75 3:43+045 3:21+0-61 3:-13+0-68 3:15+0'53 -_ 1-5P <005
. | Diff. 0-23+0-31 0-14 +0-41 0-28 +0-34 0-25+0-25 0-45 +0-40 0-:22+0-32 !
P.EF. 1963 .. 539 +58 499 + 80 540 + 62 489 +75 507 + 68 490 + 79 |
(1. /min.) 1967 . 478 + 89 470 + 124 476 +72 442 + 109 435+103 427 + 85 — —
Diff. .. 61+70 28 +£90 64 +62 47+78 72+68 63 +57
M.E.F. (1963 .. 4-83+1-06 4:38 +1-11 4:45+1-22 424+1-24 3:93+1-42 3-84+133
50% 1967 .. 4:50 +1-26 4:08 +1-42 3-78 +1-28 3-29+1-10 3:28 +1-40 3-31+1-23 - 1-3P <0-05
(1.jse¢) |Diff. .. 0:33+1-14 0-30+0-85 0-66 + 0-96 0:95+1-11 0-65+0-91 0:54 +0-96
MElf 1963 .. 1-85+0-53 1:61 +0-67 1-59 +0-57 1-39+0-44 1:23+0-43 1-29 +0-48
259, 1967 .. 1-45 +0-53 1-25+0-63 1-17 £ 0-49 1:06 +0-49 1-:04 + 051 1-01 +0-44 - -
(1./sec.) |\Diff. . 0-40 +0-44 0-37+0-69 0-42+0-45 0-33£0:46 0-20 +0-41 0-28+0-31
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age. The initial values were, however, lower in those people
with symptoms. Our f{indings agree on the whole with
Fletcher’s chzervations that an upper respiratory infection never
caused a particularly rapid fall in F.E'V. A few of our patients
with respiratory symptoms, however, showed a much greater
drop in ventilatory capacity than the average subject, and a
greater drop than any subject without any respiratory symptoms.

Our study thus confirms the observations of Fletcher and
of Higgins et al. that cigarette smoking has a definite effect
in decreasing the ventilatory capacity. Thus in Higgins et al.’s
25-34 age group the non-smokers showed a drop in F.EV.
of 0-021 1./year, as opposed to a drop of 0-037 1. for the subjects
smoking 1-14 g./day, 0-038 1. for the subjects smoking more
than 15 g./day, and 0029 1. for the ex-smokers. The corre-
sponding figures for their 55-64 age group were 0-032, 0-044,
0054, and 0037 1. Fletcher found a correlation between
cigarette smoking and sputum cosinophilia, on the one hand,
and an accelerated drop in F.E.V. on the other ; this was inter-
preted as increased bronchial “ sensitivity ”in some cigareite
smokers. Thus smoking seems to worsen the pulmonary
function whether or not the subject has respiratory symptoms.
For example, Wilhelmsen and Tibblin (1966) found a signifi-
cantly lower ventilatory capacity in heavy smokers having no
respiratory symptoms than in non-smokers. The present study
also points to a more rapid drop in ventilatory capacity among
heavy smokers without chronic bronchitis than among non-
smokers and ex-smokers.

Hence these findings suggest that, in choosing control sub-
jects, not only the absence of respiratory symptoms but also
the smoking habits have to be considered. The cessation of
smoking could not be shown to diminish ventilatory capacity
significantly less than in those who still smoked, though there
was a tendency in this direction. An improved ventilatory

Ventilatory Capacity—Wilhelmsen et al.
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function after varying periods of non-smoking has been demon-
strated by Krumholz et al. (1965), Wilhelmsen (1967), and
Peterson et al. (1968).
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Exercise-induced Asthma
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Summary : Tests in three patients with asthma occurring
only on exertion showed tkat F.E.V. fell progres-
sively on exercise, to reach a minimum after 10 minutes.
All patients showed a striking metabelic acidosis, with an
accumulation of the products of anaerobic metabolism.

Introduction

It is well known that exercise may induce bronchoconstriction
in asthmatic subjects (Jones et al., 1962), and in some patients
wheezing on exertion is the sole manifestation of illness
(McNeill ¢t al., 1966 ; Crompton, 1968 ; Rebuck and Read,
1968). There is some uncertainty about the manner in which
exercise produces bronchoconstriction, and to investigate this
problem we have studied three patients with exercise-induced
asthma.

Techniques

The patients were all studied in the same manner. All gave
informed consent for these procedures. A Teflon cannula was
introduced percutaneously into the radial or brachial artery
and the patient was allowed to rest for a few minutes. The
vital capacity and forced expiratory volume in one second

(F.EV.,) was then estimated by a pulmometer (Godart) on
three occasions and a control arterial blood sample was taken.
This and all subsequent samples were analysed for pH, Pco,,
Po,, lactate, and pyruvate. pH was measured by a Radiometer
capillary electrode, Pco, with a Severinghaus electrode, and the
Sigaard-Anderssn nomogram was used for calculation of base
excess and standard bicarbonate, Po, was measured with an
EIL Bishop electrode. The arterial blood was analysed
enzymatically for lactate and pyruvate (Bochringer kits) and
excess lactate was calculated from Huckabee’s (1958a) equation as
(Ln—Lo)—(Pn —Po) (Lo/Po), where Le and Po are initial
and Ln and Pn subsequent concentrations of lactate and
pyruvate respectively in millimoles per litre. The patient was
then asked to hyperventilate until he felt tingling in his fingers.
A second arterial sample was obtained and three further csti-
mations of F.E.V., were made. When his F.E.V., and blood
gases had returned to normal the patient rebreathed 5% carbon
dioxide in oxygen for five minutes and a further arterial sample
and measurements of F.E.V., were obtained.
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