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Capnography, i.e. a continuous analysis of the C03contents of expired
air, is recommended for the examination of asthmatic children by means of
inhalative provocation. A mathematical method for the evaluation of capno-
grams has been elaborated. The method is compared with volumetric and
integrated spirometry. Fifty-five children suffering from bronchial asthma
have been examined and the results were compared with those obtained in 14
hospitalized symptom-free children with normal respiratory organs. Com-
parison between spirography and capnography revealed the following advan-
tages of the latter method.

(i) Capnography approaches pathologic phenomena from the angle
of gas exchange.

(ii) The method admits of collecting data during quiet breathing and
eliminates artefacts.

(iiif) Capnography requires a minimal collaboration from the patient,
one to which he can be accustomed.

(iv) The method is highly sensitive; by reducing the number of false
negative reactions provocation tests become more reliable.

(v) Capnography is a routine clinical procedure suitable also for cli-
nico-pharmacological investigations.

(vi) Decrease of the initial ratio T, : T, by more than 40% is regarded
as the criterion of a positive reaction.

Early detection of chronic res-
piratory disorders is a primary task
in paediatrics. Progress of therapeutic-
al methods has made bronchial

nosis, while nonspecific (mediator)
provocation is a differential diagnostic
procedure [23, 24, 26, 27, 34, 53]. If
the reaction is positive, inspiration of

asthma a particularly significant dis-
ease, and inhalative provocation is the
most realiable method for its correct
diagnosis. Specific provocation with
allergens facilitates aetiological diag-

these substances in a pulverized form
elicits respiratory phenomena that
may be regarded as representing the
model of asthmatic attacks [7.
17, 43].

* Supported by the National Committee for Technical and Quality Control.
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The classical and still most frequent
method for the registration of induced
asthmatic attacks is spirometry. Data
regarding the rate of air flow are more
valuable in obstructive airway dis-
eases ofasthmatic nature. Respiratory
changes can be followed by the beha-
viour of pulmonary flow resistance as
registered by means of oesophageal
manometry [43]. The nitrogen wash-
out (clearance) method has been em-
ployed for determining air distribu-
tion [7]. The method of body plethys-
mography for the isolated measure-
ment of airway resistance is steadily
gaining ground. Recently, the exami-
nation of gas exchange, occurring
during a paroxysm, has come into the
foreground [37]. The various methods
used for the examination of respiratory
changes occurring during asthmatic
attacks are surveyed in Petit’s mono-
graph [41]. Colldahl et al. [6, 7]
emphasize the importance of tests
which interfere with the patients’
spontaneous respiration to the least
possible extent.

Most of the aforesaid methods have
been adapted to paediatric conditions.
The detailed and fundamental data of
Kraepelien, Engstrom, Karlberg,
Getjbelle and Senterre collected
during both spontaneous and induced
attacks, are prominent among the
numerous reports published on this
subject [13 to 17, 19, 20, 21, 30, 31,
44, 45]. Engstrom et al. [13] were
the first to apply mechanical methods
of breathing in provocation tests in
children. They were followed by
Getjbelle and Senterre [19] as also
by other workers [1]. Especial interest
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attaches to the works of Kures [32]
and Veymolova [51]. Several authors
[25, 52] collected valuable data by the
nitrogen clearance method during
acetylcholine provocation. Others [19,
41] provided information gained on a
large juvenile material by means of
the airway interruption method. The
same authors and also Engstrom et
al. [13 to 17] have thoroughly tested
the method of measuring airway resis-
tance by means of body pletysmo-
graphy. The disturbances of gas
exchange have also been discussed
[47].

All this shows that many attempts
have been made at adopting sensitive
methods of examination inpaediatrics.
The efforts are, however, limited by
the lack of the children’s collabora-
tion. The aim of the present study
was to elaborate a method of adequate
sensitivity that would reproducibly
register changes in quietly breathing
children without their active col-
laboration.

It was thought that capnography
will be suitable for a quantitative
estimation of the response to acetyl-
choline  provocation; the results
were compared to those yielded by
spirometry.

Methods

Spirometry. In some of the experiments
Vargha’s spirometer was used [50] which
allowed to determine the vital capacity
(VC) as well as the vital capacity per 1 sec
(FEVd from which the relative Tiffeneau
number could be computed. These values
were determined by means of a Godart
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GM 0577 type pneumotachograph in an-
other series of experiments, and the inte-
grated volumeserved for the computation of
Tiffeneau’s number. A two-channel Godart
type recorder was used for registration, at
a paper speed of 26 mm/sec. DeMuth’s
data [10] were accepted for normal and
were used for reference.

Capnography. Godart’s URAS-type cap-
nograph was employed for the continuous
recording of C02in exhaled air. Bypass-
flow sampling was done at an aspiration
rate of 0.5 1/min through a soft rubber
tube inserted to a depth of 3 to 4 cm in

qualitative changes of the curve in a
numerical form. Practical evaluation, as
employed in the present study, will only
be described in this paper; details regard-
ing mathematical, geometrical and com-
puter analysis will be dealt with later.
All capnograms show an exponential
segment which passes into and terminates
with a linear province (plateau). The first
indicates the interproportion between the
air of the dead space and the alveolar air,
the second reveals the concentration of
COo in alveolar air. The constant rise of
the plateau is caused by the continuous

Fig. 1. Simplified method of capnogram evaluation

the mucus-free nasal cavity. All tubes
used in the experiments measured 30 cm
in length and 2 mm in diameter. A few
minutes were left for the patient to
accustom himself to the tube and for the
restoration of quiet breathing, then the
capnogram was recorded at a paper speed
of 750 mm/min, by a one-channel instru-
ment (Omniascriptor, Godart). If the result
showed variable breathing, the values of
several expirations were averaged. Cali-
bration of the instrument was done by an
air mixture of known C02 contents.
Evaluation of the capnogram* As the
method was based on the analysis of capno-
grams, we had to find means to express

influx of COaarriving with the circulating
blood.

The physical process can be expressed
by the following formula:

where 2 means
N

plateau and e — the exponential part of

the alveolar (linear)

the capnogram.
Tu T2and A, the constants of the func-
tion, characterize gas exchange, and the

*VC = vital capacity; FEVt = vital capacity per second; FEV1yQ~ = relative

Tiffeneau number; MBC = maximum breathing capacity;

FRC = functional residual

capacity; VD = dead space volume; VT = tidal volume.
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object to be achieved is the determination
of these constants from the capnogram.

Fig. 1 shows the simplified diagramma-
tic approximation of the accurate mathe-
matical solution.

If T,T,andif t = 3TL then ya?A

Provided the above postulates were
satisfied, the practical evaluation was car-
ried out as follows. We constructed tan-
gents to both the exponential portion and
the linear segment (plateau) which formed,
each, an angle with the axis t. After mark-
ing the height A on axis y, we constructed
the projections of the legs of the angles on
the axis t (Fig. 1).

A

tga
tga = T, 9

, . A
and tg A= qwhence-"-=

T . .
li irrespective of the value of A.
i

As seen, the capnograms were charac-
terized by the quotient of the two values
resulting from the said projections. The
value of T2 was mostly computed by
extrapolation. Graphic illustration of the
results was (in accordance with the nature
of the evaluation) effected on a logarithmic
scale.

Provocation. The patient was sitting
during the provocation and the measure-
ments. We determined first the initial
value. Spirometry was started only after
the capnogram had been registered, so as
to prevent its distortion by forced breath-
ing and hyperventilation.

After a fewl minutes of rest, a 0.5%
solution of acetylcholine was nebulized by
means of a constant-performance compres-
sor through a spray apparatus of the Gluck
or Hutas—Nyiredi type. The nebulized
mediator was conducted through a thick
rubber tube to the mask fitted snugly to
the patient’s face who inhaled with the
mouth open. Each inhalation lasted 30
sec during which the capnogram was
recorded; in cases of changes (and some-
times even without observed changes)
a spirogram was made after 3 or 4 inhala-
tions. Provocation was continued until

Capn otjraphy, |

marked respiratory changes had ap-
peared and in negative cases until the
ninth or tenth inhalation. The quantity of
acetylcholine varied from 800 to 1200 pg
per 30 sec according to the type of
spray apparatus. Evaluation was based
on this value although, owing to
discontinuous breathing, only part of it
was effective pharmacologically.

Intervals between the inhalations were
as short as possible, and patency of the
nasal ductswas carefully observed, together
with the physical signs and the general
condition of the patient.

Material

The material consisted of 55 patients
with bronchial asthma who were systemati-
cally treated and controlled. Table I shows
the relevant data and the initial values for
the patients. The patients had no attacks
and received no cortisone at the time of the
examination.

Fourteen symptom-free hospitalized
patients with intact respiratory organs,
subjected to provocation under the same
experimental conditions, served as con-
trols. Their results are listed in Table II.

Results

Data registered during the provo-
cation of asthmatic children are shown
in Table I11. Average values obtained
in respect of the asthmatic and the
control groups are diagram matically
illustrated in Fig. 2.

Apart from certain fluctuations, in
the controls the value for Ty'T, was
not essentially affected by the provo-
cation. Their spirometric data, too,
remained within physiological limits.

On the other hand, asthmatic
patients reacted markedly to the in-
halation of acetylcholine. Although
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the average initial values did not
essentially differ from those measured
in the control group, the values for
T2TLdropped steeply after the first
30 sec period of inhalation. The
decrease subsequently became less
pronounced, since provocation was

a negative case of provocation, re-
spectively.

The reason why spirometry was per-
formed simultaneously with capno-
graphy was to compare our method
with a standard procedure in order
to ascertain possible deviations and
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Fig. 2. Changes in average T2:T, ratio during acetylcholine provocation of asthmatic
and healthy children
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1'ic. 3. Curves of illustrative eases from asthmatic group. Positive provocation test.
Above: eapnograms; below : spirograms

discontinued in some patients after
reaching certain bottom values; when
computing averages we used these
terminal values, although continued
provocation would undoubtedly have
resulted in still lower values.

Figs 3 and 4 present the capno-
gram and spirogram of a positive and

to determine the sensitivity of the
suggested procedure. The units of
measurement being different, we com-
pared deviations with reference to
the initial value and expressed them
in its per cent. Results are presented
in Fig. 5. With this evaluation, it was
after the fourth inhalation that Tif-
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Date of
test

1965 VI. 16.
1965 XII. 8
1965 XII. 8
1965 XII. 17.
1965 XII. 21.
1966 1. 11
1966 1. 19
1966 11. 10.
1966 11. 10.
1966 11. 24.
1966 I11. 7.
1966 111. 11
1966 111. 16.
1966 111. 16.
1966 111. 16.
1966 111. 23.
1966 1V. 1
1966 1V. 3
1966 1V. 3
1966 1V. 6.
1966 1V. 6.
1966 1V. 18
1966 1V. 18
1966 1V. 18
1966 1V. 27.
1966 1V. 27.
1966 V. 27.
1966 1V. 29.
1966 1V. 29.
1966 V. 6.
1966 V. 25.
1966 VII. 10.
1966 VII. 13.
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the asthmatic children
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Ve

measured
1

2.41
1.31
1.02
2.40
1.89
2.04
1.59
1.29
1.92
1.21

2.90
1.40
1.22
2.52
1.95
3.02
2.60
1.88
1.22
2.42
1.62
2.02
2.22
1.93
1.35
2.98
1.82
1.50
1.41
1.18
1.95
2.28
2.76

In

per cents of
normal

94
100
53
80
94
7

46
106
80

98
87
76
89
100
115
93
110
73
93
77
92

99
104
91
101
94
93
92
93
118

FEVI
1

N
N
N

1.40

1.41
2.93
2.39

1.16

51

.90
04

. N R e

.74

90
82

ok N

38

[N

40

1.62
1.91

FEVi <100
vC
90

92
91
100
88
98

82
88
91
93

90
100
67
97
72
97
92
92
95
80
93
94
92
90
92
97
100
92
100
100
82
71
69

Capnogram T2T,

estimated

148
150
111

81

40
86
31
52
94

100
47
51
93
71
80
65
62
76
35
50
83

139
46
57
77
63
75
81
46
31
36
48

178
180
134
97
132
48
103
37
63
113

120
57
62

110
86
96
78
75
91
42
60

100

178
56
69
93
76
90
98
55
37
43
58
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Tasbe |
No. D?éestOf Initials Sex ;é%?‘ Lecnrg th, Wekié; ht, olf3 Lélrigz[eiaosre], Gravity
years

34 1960 VII. 2. K. L. 3 7 133 26 10 |
35. 1966 VII. 2. F. L 3 10 156 65 3 7
36. 1966 VU. 27.  zs. J. 7 17 20 2 in
37. 196 VIIIL 5 Sz zs. 9 8 124 25 7 hi
38. 1966 VIII. 10. B L 3 9 139 32 1 v
39. 1966 IX. 16 L E 9 8 137 37 7 v
40. 1966 IX. 20. Sz. K 3 10 139 b 4 1
41, 1966 XI. 1 B. Sz 3 12 133 26 2 v
42, 19%711l. 2 T. M 9 13 154 33 2 1l
43. 1967 VIII. 5. O E 9 12 137 3 n |
44, 1967 VIII. 24. V. S 3 10 126 23 9 v
45. 1967 VIII. 9. T. I 9 14 154 53 1 1
46. 1967 X. 24. B. F. 3 13 156 42 4 1
47. 1967 XIl. 2 K. A 8 123 vil 6 |
48. 1967 XIl. 2. M Gy. 3 12 147 36 2 11
49. 1968 II. 2 V. E 9 9 140 3 4 1"
50. 1968 II. 2 K M 9 9 125 28 4 1
51, 1968 I1I. 1 A A 3 12 147 2 2 1
52. 1968 III. 1 Ny. . 3 13 158 60 n 11
53. 1968 III. 1 1M 3 n 142 33 2 u
5. 1968 111. 9. Al 9 10 137 % 6 I
55. 1968 VII. 2 K E 9 9 128 2 4 11

Total: 33 boys Mean age: 10.0 years

22 girls
VC and FEV, = in BTPS 1—31: spirometrically determined volumes

32—55: tachographically integrated volumes

0 1600 3200 5800 6500 8000 112001

Fig. 4. Curves of illustrative cases from the control group. Negative provocation test
Above: capnograms; below: spirograms
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L. Muranyi et al.: Capnography, 1 141

oont.
Capnogram T2T,
Emphy- Chest Normal VvC In FEV, FEV, «100
sema deformity average measured per cents of 1 VO . in per cents
1 1 normal % estimated of normal
— — 2.00 2.18 109 1.86 85 114 151
_ — 3.20 3.30 103 2.51 76 47 57
— — 1.80 1.98 110 1.55 78 80 96
— — 1.65 1.35 82 0.99 74 163 196
— — 2.30 2.45 107 1.38 56 40 48
— — 1.95 1.98 97 1.43 72 49 60
— — 2.30 2.54 111 2.28 90 90 108
+ + 2.00 2.32 115 1.86 80 93 112
— — 2.75 3.20 116 2.56 80 52 63
hronchiec- — 2.00 1.80 90 1.49 83 92 111
tasia
+ + 1.75 1.80 103 1.19 66 39 47
— — 2.75 2.94 107 2.47 84 186 224
— + 3.15 3.36 107 2.22 66 103 124
— — 1.45 1.44 100 1.42 99 44 53
. — 2.65 3.06 115 2.03 66 65 78
— — 2.10 2.10 100 1.86 89 95 114
— . 1.55 2.10 135 1.81 86 94 113
+ + 2.70 3.12 115 2.40 77 88 106
— — 3.30 3.90 118 3.31 85 162 195
— — 2.40 2.82 117 2.37 84 75 90
— — 1.95 1.92 98 1.51 78 57 69
+ + 1.65 2.58 156 1.63 63 162 195
Fig. 5. Percentual changes
in initial Tiffeneau number,
vital capacity, vital capacity
persecond, and T, : T, ratio,
in the course of acetylcholine
provocation. Arrows point to 0-16 32-44 56-64  80-96 132-.100n.9
alterations regarded as pa- 1632 44-56 64-80 96-132
thologic acetylcholine

4 Acta Paediatrica Academiae Scientiarum l.ungaricae 10, 1000
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Table 11
Spirographic, capnographic and clinical data of normal

BTPS
Date of " Age, Length, Weight, . _ Normal YC 1 in per FEIV!
test Initials Sex years cm kg Diagnosis average Me€Aas-  cents of
ured  ormal BTPS

No.

1. 1965 Sz. Zs. 0 il 143 35  Tonsilli- 220 203 98 182
XIl1. 8. tis

2. 1965 T. M 9 12 145 38 Poison- 230 229 100 229

XIl. 12 ing
3. 1966 G J < 7 120 24 Tonsilli- 150 145 97 140
V. 6. tis
4, 19666 R. L Q 13 158 47  Enuresis 290 27S 97 278
V. 6.
5. 1966 N. I ? 10 134 29 Tonsilli- 180 18 103 156
V. 6. tis
6. 1966 B. M 9 13 155 41  Hyper- 280 278 100 255
V. 7 thyro-
idism
7. 1966 K. 1 e 12 144 37 Peri- 250 240 9B 238
V. 1L neph-
ritic
abscess
8 1966 F. P. 3 8 124 25  Hypo- 170 165 97 158
V. 11 glycae-
mia
9 1968 H. E 9 8 136 29 Head- 1.90 208 110 204
VII. 5 ache

Acta Pacdiatrica Academiae Scientiarum Huvgaricae 10, 1969
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control children subjected to provocation with 16—132 <100 fig of acetylcholine

:ESV

100

97

100

a

95

97

4*

A= VC 1 (BTPS); B = FEVI 1(BTPS); C =

Test

oOw>» TOwW>» OOW>» OOW>» UOWw» TUOwWw» UOwW>»> TOw>» TOw>

-16

49

2.85
2.85
100

182
165

128

86

16-32

[(o )
a1

[
F8pp B8
NN
wpH

32-44

212
185
87
65

2.30

2.30
100
116

44-56

2.05
183

57

SR
K&

B8
S&

175
165

78

53

52,
B

2.22
2.04
92
79

56-64

RS

2.20

2.20
100
76

58

up

y

yg

64-80

g %HI\)

15
90

. 1An

80-96

2.35
2.35

D=TJT1
96.132 132-/‘9.100
2.20
2.20
100
145
1.40
%
86
2.85 2.55
2.85 2.87
100 97
78 3
175
145
83
43
2.92
2.65
al
108
1.95
1.56
80
64
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Table Il
BTPS
i VCl FEYt
No. De;teestof Initials Sex C\egaer’s Leg,%th’ Wel'(%ht' Diagnosis glvzl;r;]gael rEreeas— C%r%e:}r B%PS
10. 1968 D. J ” n 138 34  Head- 225 264 117 246
VII. 8. ache
1. 1968 R M & 10 128 27 Pyelitis 180 204 113 186
VII. 8
12, 1968 B. E ? 13 147 B2 Rectal 240 332 137 315
VII. 10. polyp
13, 1968 R, J $ 10 150 34 Check- 250 246 9% 228
VII. 10 up
14. 1968 3= g ? n 151 3B Pyelitis 260 28 110 240
Vil 1L
1—8: spirometrically determined volumes

9—14: tachographically integrated volumes

feneau’s number showeda 10% reduc-
tion and this was regarded as the cri-
terion of apositive reaction. The lowest
value of YC was reached after the
second inhalation; this amounted to
26%. The percentage change of FEV X
was similar. The capnographic changes
were, however, far more pronounced;
the mean decrease amounted to 25%

after the first and to 57% after the
second inhalation.
Analysis of the individual -cases

revealed the occasional presence of
pathologic forms among the normal
capnograms; such phenomena were,
however, transient and occurred
mostly in the control group. In con-

trast, once the reaction was positive the
changes in the capnogram remained
constant and there were no normal
curves among the pathologic ones.
This condition persisted for some time
even after the inhalations. Apart from
the numerical change in the value of
the quotient T2/T, it is precisely the
regular appearance of pathological
forms which characterizes the positive
reaction.

The patients developed no attacks
in the course of provocation since the
capnogram indicated their approach
in due time. Wheezing and humming
sounds were heard in some previously
asymptomatic cases.

4eta Paediatrica Academiae Scientiarum Hungaricae 10, 1969
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cont.

0
@% Test 16 16-32  32-44  44-56
¥ A 270 2.
B 237 2
C 83 84
D 68 40 69 78
a A 2.10
B 186
© 89
D 73 7 78 62
% A 330
B 3.09
c 83
D 70 67 78 3
B¥ A 246
B 2.28
c 2]
D 78 137 19% ”
&8 A 2.70
B 2.38
C 88
D 70 86 68 45

Discussion

Examination of respiration at rest.
The problem of how to prevent the
production of artefacts is now dis-
cussed in an increasing number of
works dealing with the different
methods of respiratory tests. The
effect of forced expiration on vol-
ume and air flow is well docu-
mented [4, 5, 8, 9, 36, 38, 39]. Respi-
ration at rest can be examined when
measuring pulmonary flow resistance,
but the necessity of oesophageal intu-
bation prevents a routine execution of
the examination and sometimes even
a restoration of the rest period. Again,
body plethysmography requires the
patient’s collaboration, and his quiet
breathing especially during provoca-

SN

56-64 64-80 80-96 96132 32 /<é100
264 276
2.19 237
83 86

87 83 73 63 73

192 207
168 174

88 84

3 66 ® 51 80
334 3.36
3.00 3.06
92 a

7 83 80 70 %
2.34 236
2.22 513
95 Q

112 79 120 75 84
2.76 3.05
258 252
93 83

54 74 % 44 a4

tion is doubtful even if collaboration
isensured. Dealing with children, inser-
tion of the mouthpiece may interfere
with quiet breathing, a fundamental
requirement of the plotting of the high-
ly sensitive nitrogen clearance curve.

The method of bypass flow sam-
pling means a minimum stress for the
patient and is thus the most suitable
procedure for creating the best con-
ditions of quiet breathing [29].

Active collaboration — not a conditio
sine qua non. This is a special problem
in paediatrics which has caused a
large age group to be neglected in
routine examinations. Capnography
requires but passive collaboration,
something to which even quite young
children can be habituated.

Acta Paediatrica Academiae Scientiarum Hungaricae 10, 1909
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Table Il

Spirographic and capnographic data of asthmatic children subjected to provocation
with 16—132-100 yg of acetylcholine

A=VC1 B=FEVj1C=1E” 10- D= TyTjVCandFEVt= in BTPS

No.  Test 0 .16  16-32 32-44  44-56 56-64 64-80 80-96 96-132 132- <100
. A 240 225 178
B 2.23 180 125
C R 80 70
D 148 42 19
2. A 132 094 0.89
B 121 060 0.70
C R 66 78
D 150 3H 28
A 0.70
B 0.45
C 64
D 19
3 A 106 0.70 0.98 135 130 130 110  1.02
B 104 070 0.96 1.02 090 o0.90 084 0.90
C 100 100 98 74 69 69 76 88
D 11 A 43 41 55 41 21 33
A 1.10 105
B 0.82 0.95
C 74 0
D 37
4 A 2.38 0.85
B 2.10 0.60
C 88 71
D 8L 79 12
5 A 190 082
B 18 071
C 97 86
D 109 37
6. A 2.00 205 190 175
B 198 190 1.63 1.40
C 9 a3 87 80
D 40 56 31 26
7. A 130
B 1.02
C 78
D 15
7. A 1.60 139 132
B 131 100 0.90
C 8 72 68
D 86 40 33
8. A 128 100 097
B 113 085 061
C 88 85 63
D 3 13 8
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10.

11.

14.

16.

17.

a

oOwW>» TOmW> gOW> UOwW> UNOwWX UOw> UNW> UOOW» TOW> UCwW> U w» U Wl

192
175

52

124
115
3

291
2.62

-16

185
150

28

124
115

69

0.90
0.64

59
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16-32

172
148
86
23

107
1.05

2.58
2.40

62

i
0.95
86

0.98

8

[e2EN

B8 RBp
oN

Tabte Il oont.

32-44  44-66 56-64 64-80 80-96 96-132 132-

179 171
145 140
8l 82
26 14

187
144

F8pp
a1

8
©Bp
}S]

2.65 275

a 87 83
a1 100

INENA
~
=

ou

ao

ING
~
=
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N
&
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R&8Bror &l
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215 1.90
54 63 5l
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No.

18.

19.

20.

21.

22.

23.

24.

25.

Test 0

A

B

Cc

D

A 187
B 172
C 7]

D 6

A

B

C

D

A 122
B 116
C %

) 76

A 2.46
B 189
C 80

D

A 167
B 155
C o¢]

D %

A

B

C

D

A 2.02
B 2.90
C 9

D 8

A 2.20
B

C o)

D 139

A 194
B 175
C 90

D 4

A 133
B 12
C o)

D 5

A 301
B 2.92
C 97

-16

BE-
AN

132
126

149
125

67

47

51

16-32

(o] N
B BRoN
(2]
g1

RRop
O
whk

KB

B

A NS,
orR

58 p
NN
ool

67

Table Il cont.
32-44  44-56  56-64
1.69 178 174
1.62 165 155
% 93 89
80 63 71
169 18 177
125 139 085
74 1) 48
K7 3l 23
152 163 161
1.50 155 122
100 9%5 76
73 55 50
17
217
2.00
92
48 48 45
121 1.80
1.05 155
87 86
39 29
125 0.79
118 0.63
A 80
45 24 16
301
2.92
97
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64-80

158
145
92

R
82
B3l

310
2.82
a

80-96 96—132

1
95

1
86
34

L
1

Q0
33

BB

30

47
32

83

88

142
125
88
37

135
115
85
A

2.24
195

132-

2.05
191

2.75
190

« 100
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Tabite Il eont.

0 -16 16-32  32-44  44-56 56-64 64-80 80-96 96-132 132-HZ-100
182 170 142 169 154

1.68 15 142 135 128

92 a 100 80 83

63 78 64 pat 21 24 2

150 130 149 120 104

138 119 130 090 0.80

92 92 87 16 7

16 27 25 23 26 12

141 0.78

140 0.43
100 5

8L ! 52 14

1.18 110 0.90 0.86
115 110 0.85 0.83
9% 100 A 97
46 47 38 29 41 53 48 33 2
195 189 131

160 1.40 0.85

82 74 65

3 41 23 22 8

2.28 211 084

162 114 042

71 54 50

K] 35 17

2.79 174

1.86 120

69 69

48 50 43 25

2.18 240 1.56

1.86 144 1.02

85 60 65
114 60 47 48 48 31

3.30 3.09

251 2.48

76 I

47 20

198 176

155 114

78 65

80 28 15

134 131

0.99 0.84

74 64
163 55 32 29
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Table Il cont.
No. Test 0 16 16—32 32-44  44-66 56-64 64-80 80-96 96-132 132'/4; 100
38. A 2.46 2.29
B 138 156
C 56 68
D 40 21
39. A 198 0.84
B 143 0.54
C 72 64
D 49 25 18
40. A 2.53 251 2.19
B 2.28 2.22 1.80
C 90 88 82
D 90 7 88 73 24
41. A 2.33 2.36 221
B 1.86 1.56 144
C 80 66 65
D 93 40 36 33
42. A 3.20 320 3.36 3.36
B 2.56 256 2.39 2.39
C 80 80 7 71
D 52 36 44 29
43. A 181 1.53
B 150 119
C 83 78
D 92 69 45 20 27 41 17
44, A 182 0.84
B 1.20 0.43
C 66 51
D 39 29 17
45. A 2.93 2.24
B 2.46 1.56
C 84 73
D 186 9% 29
46. A 3.36 1.20
B 2.22 0.66
C 66 55
D 103 17
47. A 143 1.20
B 141 0.84
C 99 70
D 44 32 10
48. A 3.09 3.12
B 204 1.56
C 66 50
D 65 29 14
49. A 2.09 174
B 1.86 1.23
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Table Il cont.
No.  Test 0 -16 16-32  32-44  44-56  56-64 64-80 80-96 96-132 132- +100
c 89 71
D 95 79 42 40 32
50. A 2.10 1.88
B 181 1.48
C 86 79
D A 92 9% 112 105 72 58
5L A 3.12 2.64
B 2.40 1.79
C I 68
D 88 106 197 80 76 69
52. A 3.90 3.96 3.79
B 331 3.12 3.15
C 85 79 83
D 162 74 0 39 48
5. A 2.83 271 2.34
B 2.38 2.22 1.83
C 84 82 78
D 1) 33 35 26
54. A 1.92 1.62 1.44
B 1.50 115 1.02
C 78 71 71
D 57 52 63 36 49 23
55 A 2.58 114
B 1.62 0.72
C 63 63
D 162 190 44 27

Sensitivity. According to the results
moutlined in the foregoing, capnography
represents a procedure considerably
more sensitive than spirometry. This
means at the same time that the
number of positive reactions is higher
with capnographic registration and
that its reliability exceeds that of
spirography.

Pathophysiological background. The
following important alterations of
ventilation and respiratory mechan-
ics, characteristic of obstructive pro-
cesses, have been registered in con-
nection with asthmatic attacks: de-

crease of VC, MBC, FEVp and peak
expiratory flow; increased FRC; hyper-
inflation; increase in total pulmonary
flow resistance (R); decreased com-
pliance; increased resistance; uneven
distribution of air.

These phenomena affect gas ex-
change; both the physiological dead
space (VD) and the ratio VD :VT are
increased. By a simultaneous registra-
tion of the respiratory and neutral
gases it was possible to demonstrate
the difference between their alveolar
and arterial blood levels; on the basis
of such data and by means of tagged
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gases light was shed on the most fre-
quent concomitant of obstruction, the
inequality between pulmonary venti-
lation and perfusion [12, 18].

Changes in the CO02 contents of
exhaled air were attributed by Dorn-
horts et al. [10a] to the inequality of
ventilation and perfusion ;they recom-
mended it many years ago for diag-
nosing emphysema. Comroe [7a] re-
commended CO02registration to char-
acterize the pathologic process;
Hoffbrand [28] applied capnography
for the demonstration of changes
in the ventilation : perfusion ratio.
Ledbetter et al. [33] employed an-
other method for proving the perma-
nency of the change in cases of child-
hood asthma. DuBois et al. [11]
pointed to a correlation between the
rise of the plateau in the C02 curve
and the increase of physiological dead
space, while Varabnhji et al. [49]
found that this correlation was more
pronounced in respect of the ratio
VD :VT. Inclination of the last seg-
ment, i.e. the alveolar plateau, of the
capnogram is, however, due to the
change in the ventilation : perfusion
ratio.

It seems, therefore, that increased
pulmonary resistance goes hand in
hand with an increase in the propor-
tion of hypoventilating alveolar parts
including the increase of FRC. The
ratio ventilation :perfusion is changed
owing to decreased alveolar ventila-
tion and especially owing to the
presumable increase in pulmonary
circulation produced by acetylcholine;
this change is sensitively reflected by
the capnographic curve. Of course,

this hypothesis requires further sub-
stantiation.

Criterion of -positivity. Relying on
experience collected by comparison
of control cases and of our knowl-
edge of physiological fluctuations we
regard the result of the present
method as positive if, compared to the
initial value, the ratio T2 :rl\ shows a
drop of more than 40%. during or after
the first three inhalations of about
4400 pg of acetylcholine, or if the pre-
viously normal curve shows a perma-
nent drop below 40%. To express
positivity in per cents is preferable
because absolute figures may vary
with the method of evaluation.

Problems to be solvedfor the improve-
ment of the method. For all its advan-
tages our method has failed to elimi-
nate the following sources of error in
connection with respiratory provoca-
tion.

Quantity and dispersibility of the
nebulized substance vary with the
sprayhead employed [35].

The amount of drugs or allergens
depends, besides, on alveolar ventila-
tion, the relative value of FRC and
the distribution of air, thus not merely
on concentration and time which are
usually indicated.

The inertness and dead space of the
apparatus constitute a technical limit
in the examination of infants because
in such cases it does not follow prompt
changes small in volume.

Examinations in the intervals be-
tween inhalations mean interruptions,
and it is desirable to find means of eli-
minating such interruptions in cases
where spirometry can be dispensedwith.
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