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Obstruction to air flow in the airways can be iliie to local or
generalized mecbanisnis: i ) muscLilar constriction—"broncho-
spasm"; 2) niucosal oedema, inflammation or scar tissue; j )
secretions in the lumina; 4) collapse of airways due to local
lack of strength of the bronchial wall, or lack of elastic support
around airways; 5) tumours. Combinations of tbe various
factors often occur.

The current simple clinical metboil for evaluation of air-
ways obstruction is dynamic spirometry. Tbe usual obstructive
pattern is a decrease below tbe predicted FEV,.o and FEV^o ^
VC is often diminished, too (7). Sometimes local obstruction
gives a picture of purely "restrictive impairment"—i.e. there
is an "amputation" of tbe last part of tbe VC.

In the present paper the forced expiratory onc-secontl vo-
lume (KEV,.,,), forced expiratory vital capacity (P'VC) and
the ratio KEVi.n/FVC, called FEV*^, were compared to cor-
responding forced inspiratory volumes—FIV,.,,, FIVC, and
FIV%—in normal subjects and in patients witb generalized
airways obstruction or pulmonary sarcoidosis and/or fibrosis.
Tbe tumour group is exckuled. Furtber, tbe effect of drug-

Nomencla ture iiccordiiig t(j GanJi'via-Uughfs-Jiiucs (39) .

For references see page 407.
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induced bronchoconstriction and broncbodilation on expiratory
antl inspiratory volumes is compared to that on the maximal
midexpiratory flow (MMF) (56) and peak expiratory flow
(PEF) obtained with Wright's Peak Flow Meter (91).

MATERIAL

Normal subjects. Seventeen subjects witb normal spiro-
metry (7), II males {ages 23-34), and 6 females (ages 24-
32) were studied. Most of them were laboratory assistants,
doctors or students. Table i.

Patients zvith generalized airzvays ob.Urnction (GAO). In
all these patients the FEV% was lower than or equal to the
predicted—2 SD (7) . Two groups w^re encountered: group
A witb normal F1V% { >^S % ) - group B with an FIV7o
below 80 %.

(iroup A comprised 15 males (ages 42-67 years) and 4
females (ages 42-69 years). Table 2A.—In group B the
FIV7o was low (< 80 % ) . This group included 13 males
(ages 41-73 years) and 4 females (ages 36-64 years).
Table 2B.

Patients with pulmonary sarcoidosis and/or fihrosis. Thir-
teen patients with pulmonary sarcoidosis or fibrosis were stu-
died. There were 5 males (ages 28-64 years) and 8 females
(ages 17-57 years). Table 3.

Subjects used for drug-induced bronchoeonstriction. Tbe
group consisted of 15 subjects, 5 males (ages 52-65 years)
and 10 females (ages 26-58 years). Average basic spirometrie
values are seen in Table 5. Two female subjects were without
symptoms but had a tendency to react with bronchospasm (BJ,
KG), another reacted against cold air (EB). The rest in-
eluded 3 females and i male witb broncbitis but normal
FEV7c, and 4 males and 4 females witb broncbitis and air-
ways obstruction. Subjects witb obvious bad technique or co-
operation were not included.
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METHOD A N' I) PROCEDURE

The splromctry was performed on low resistance spiro-
meters (9, 7). After maximal expiration, the patients inspired
niaxiiiially as fast and as forcefully as possible. (See Intro-
duction, pajre 329). Three to five spirograms were made. The
volumes were calculated in accordance with ¥\g. i in General
Introduction (page 331).

In 15 subjects, all known reactors to acctylcholine aerosol,
a series of 3-5 spirograms was made before ami after in-
halation of acetylcholine (Ach) in increasing concentrations
and further alter isoprenaline. Maximal midexpiratory flow
(MMF) according to I.ciiallcn and Fozvlcr (56) was also
calculated from 12 of these spirograms. Furthermore, peak
expiratory flow was measured between the spirograms with a
Wright Peak Vhnx Meter (9) .

R E S i: L T S

I. Normal subjects (Tables i and 5). The average FEV,.o
was ^^.6 litres (96 % of predicted) as compared to 4.1 litres
for FlVi.n. The FEVi.o/FIV,.o ratio was 0.88. There was a
significant difference between pairs of FEV..,, and FIV,.,, (P
< o.uoi), the FIV being larger.—The mean FVC was 4.4
litres (97 % of predicted), the FiVC was 4.3. the FVC/
F i v e ratio thus heing 1.03. The difference between pairs of
FVC-FIVC was not significant.—The average FF.V% was
82, while F1V% was 97; the difference was significant (P <
O.OOI ) .

Patients zvith generalized airways obstruction.
A) In Tables 2A and 5 are the results of spirometry in

patients with low FEV% but high FlV^c ( > 85 %). The
mean FEV7c was 44, while the FIV%. was as high as 95. The
average FEV,.o was i.i litres, which is 39 % of predicted; the
FIV,.,, was 2.4 litres, the FEV/FIV ratio being 0.46.

*i"he average FVC was 2.6 litres, 61 % of predicted normal.
The FVC7F1\'C ratio was i.oo.



Palienis
TABLE
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Subi- Sex. Age
Diagnoses

BN F 43
PRCJAO

AA F 69
Br+PRGAO

PS F 46
TBC4PRGAO

Sil F 62
RGAO

MA M 65
BR+PRGAO
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BR+PRGAO
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94 0.46 1.05
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TABl.K

Sub}. Sex. Age
Diagnoses

Roencgenology Bronchoscopy Ajlergy
history

Forced

AS M 48
TBC \ PRGAO

GL M 52
TBC+Br +
BS M 55
Br+PRGAO

FS M 64
Br + PRGAO

EF M 59
Br + PRGAO

Mean F; 55
values M; 58

N:

i +
+ V'ent. insuff.

+ +
PRGAO

+ +

+ +

+ +

16+ 13 +

19 19

t

+

—

+

+

6 +

19

—

5

7

- — — 0.70 20

— 1 2 0 34 35

— — '-79 49 19

— — 0.90 32 15

— — 0.63 22 17

6+ 2 + 1+ 1.12 39 18

7 "9 '9 '9 '9 17

HM F 64 i
TBC + PRGAO St.p.pnth.

SG F 54 +
Br+PRGAO

EG F 36 —
Br+PRGAO 1 st.p.pnth.

MM F so —
TBC + PRGAO

EA M 63 +
Br + IGAO+ Resp.insuff.

BJ M 41 +
TBC + IGAO+ St.p.pleurit

TABLE
Patients iviih expiratory

GROUP B: LOW

— + 0.53 25 4

+ — 0.82 32 21

+ — 0.71 27 18

— — 1.84 71 14

? — 0.56 21

? — 2.60 80
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JS M 73 -
Br + PRGAO St.p.pknuit

JL M 60 —
Br+PRGAO

FG M 56 +
Br+PRGAO

TJ M 63 + { f - ) -

As M 61 ( + )
Br+PR(JAO+ Hvpcrtdision

OB M 60 +
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( + ) —
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2 B (cunt.)
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Table 2A shows that 16/19 subjects had a low-standing
diaphragm on roentgenograms, and 13/19 also had dimi-
nished vascular markings in the lungs. Bullous ciianges, usually
on the bases, were encountered in 6/19 cases.—lironchoscopy
had been performed in 7 patients. In 5 of these there was
mucosal oedema in the central airways, with expiratory col-
lapse in 6/7 cases. Heredity for allergic diseases was recorded
in only 2/19 casts. In one subject there was a record of attacks
of wheezing and dyspnoea in the past.

B) In Tables 2B and 5 are listed the values in Group B.
These patients had a low KEV% (44 %) and a FlV^c <
80 %, the mean being 66 %. The average FEVi.o was 1.2
litres, which is 42 % of predicted normal ,and the FIVi.u was
1.7 litres. The FEVi.,,/FlVi.,, ratio was 0.68.

The FVC averaged 2.5 litres, i.e. 65 % of predicted. The
ratio FVC/FIVC was 0.99.

In Table 2B can be seen that 10/17 subjects in group B had
a low-standing diaphragm; in 4/17 vascular markings on the
chest roentgenoj^rams were diminished. Bullae were visible in
3/17 subjects. Bronchoscopy had been performed on 4 sub-
jects; all had marked mucosal oedema and in 3/4 there were
evidences of expiratory collapse. Heredity for allergic diseases
was present in s/17 and 3 had acute "asthmatic'' attacks ac-
cording to the records.

After inhalation of 2—3 breaths of isoprenaUne, the FEV,.o
and FIVi.o in group A increased with in average 18 % (17
subjects) and 11 % {10 subjects) respectively. The FVC in-
creased wnth a mean of 18 % as compared to 12 % for FIVC.
—For group B the average increase of FEVi.o in 15 subjects
was 24 % as compared to 28 % for FIVi.,, in 14 subjects
tested. The increase of FlV,.o ( + 28 %) in the group with
low FIV^^ was almost significantly larger than corresponding
bronchodilation in the group with high VW% ( + 11 %)

( P < 0 . 2 ) .
The FVC was increased with 21 %, the FIVC with 22 %.

There was no significant difference between the percentage

36 Acta Allcrgologiea, XVIII, 5



398

increase of FEVi.o after isoprenaline inhalation between Group
A and Group B.

Patients with pulmonary sarcoidosis or fibrosis. The FEV%
averaged 8i % (predicted value 79 % ) , the FIV% was 93.
The mean FEVi.o was 73 % and the FVC 72 % of predicted
normal. The FEVi.o/FlV,.o ratio was 0.83, the FVC/FIVC
being 0.98. Tables 3 and 5.

II. Drug-induced bronchoconslriction and bronchodilation.
(Table 4) .

1) The mean basic FEVi.o and FVC were 72 % and 84 %
of predicted, respectively. The average FEV% was 64, mean
FIV% was 88, the ratio FEVi.o/FlVi.o was 0.76 and the
FVC/FIVC was 1.04.

Inhalation of acetylcholine brought about a significant re-
duction in both maximal FEV,.<, and FIVi.o, comprising an
average oi 20 % (P < o.ooi) . FVC and FIVC likewise de-
creased significantly (P < o.ooi) . The ratio FEV/FIV was
0.75, while FVC/FIVC was 1.05. The FEV% and FIV%
decreased in 9 and Increased in 6 patients after broncho-
constriction.

Inhalation of isoprenaline reversed the constriction and
brought the volumes back up approximately to the control
values.

2) Comparison of FEF,.o and FIf'j.o with MMF and
PEF (Fig. i ) . In 12 patients the spirograms could be used
for calculating the MMF. (In the three remaining studies
the kymograph speed was decreased after the first second of
forced expiration, which prevented calculation of the M M F ) .
After inhaling the lowest concentration (o.oi-o. i %) of ace-
tylcholine, there was a significant decrease of mean PEF'
(P < O.OOI), while no significant effect was ascertained for
FEVi.u, M M F and FIV,.,,. The decrease was more pro-
nounced when inhaling a higher concentration of acetylcholine
(0.5 % ) , the FEVi.n and M M F were then significantly re-
duced compared with the pre-drug values (P < o.ooi and
P < 0.025 respectively). Due to one subject, who probably
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L/MIN

MEAN VALUES
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4 0 0

O.OTi 0 5 % 1-/.

CONTROL ACETYLCMOLINE ISOPRENALINE
INHALATION INHALATION

r FIRST SIOWFCANT DECREASE IP<O.Dtl

Fig. I.
Effect f)ii different veiitUatdry parameters by inhalation of increasing doses of

Acetvlcholine.

had erroneously low basal FIV values, the effect on FIV,.o
was first significant alter inhalation of i % acetylcholine
(P < 0.005). f'''̂ - 1-

D I S C L' S S I 0 N

The aim of this study was to find out if forced inspirograms
could help in the discriminating ot" the mechanics of airways
obstruction in various patients groups.

In the present study the FlVj.n in normals was significantly
larger than FKVi.u, while the FIVC and FVC were not signi-
ficantly different. In spite of the possibly weaker muscular
power available for inspiration, the FlVj.o thus gets larger
than FEVi.o. This is due to airway dilation during inspiration
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as compared to a compression and increased bronchoniotor
tone during expiration (64, 65, 93). When the diaphragm
rapitlly moves down during maximum inspiration, the intra-
peritoneal pressure rises (17). Limited expansion of the ab-
dominal wall may diminish the FIV,.o and F!V%.

Campbell, Martin and Riley made a study of mechanisms
of airways obstruction emphasizing differences in the cause
of obstruction in emphysema and "asthma" (18). Their stu-
dies indicated a "maximum effective intrathoracic pressure",
at which maximum expiratory flow rate was obtained. Above
this optimal pressure a gradual decrease of expiratory flow
occurred together WMth a large increase in flow resistance. The
effective pressure was found to be greatly reduced in patients
with emphysema, and moderately reduced in asthma patients;
in both, the maximum expiratory flow rate w'as reduced. In-
spiratory flow resistance at quiet breathing showed a higher
value in asthmatic than in eniphysematous patients ( iB). The
difference is conceivably due to increased bronchoniotor tone
in "asthmatics" opposed to what is mainly airways-collapse
in emphysema.

Among patients with generalized airways obstruction the
FEV/FIV ratio in ^ro»/)/:/ (0.46) indicates a severe bronchial
collapse during expiration. Radiologically, tbis group had more
signs of emphysema, especially of tliminished vascularity tban
group B. There was a moderate effect from isoprenaline on
expiratory and inspiratory volumes.

In Group B the FIV,.,, was much smaller tiian in Group A
in spite of tbe same expiratory obstruction. The average
FIV%, 66 %, may indicate an increased inspiratory intra-
luminal flow resistance. Clinically this group was characterized
by a lower incidence of, especially, decreased vascularity.
Bronchoscopically there was marked oedema with concomitant
expiratory collapse in 3/4 subjects studied.

Tbe type of airways obstruction seems to be somewhat dif-
ferent in the two groups. I'here are less indications of eni-
physematous changes in Group B. The low FIV% and the
tendency to a better response to bronchodilation in Group B
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indicates a larger extent of inspiratory and intrabronchial ob-
struction, while the lower FEV/FIV ratio in (jroup A reflects
a more extensive expiratory collapse. In some patients there
may also be restricted movement of tbe diaphragm or the
thoracic cage (EA, JS, EB).

One patient, FB, (Table 2B), was a heavy smoker with intense oedema and
reddened bronchial miicosae. Air flow was impeded on both expiration and
inspiration and did not react to bronchoditators. Mis bronchial obstruction was
probably due to oedema rather than bronchospasm.

In emphysematous liing^, static compliance is high (r, 64, 50) due to loss of
elastic parenchyma, which nfirmally f-iipports the walls in the airways (26, 55),
and deficiencies in the surface-active sub^^tance in the aivefili (6^, 92). The ten-
sion thus increases very slowly during inspiration, and this allows for a rapid
inspiratory flow {25, 55). Accordingly, post mortem inflation of emphysematous
lungs is faster than that of normal lungs, uhile expiration is very prolonged due
to the airways collapse (93).

Expiratory and inspiratory flow mechanics in normals, pat-
ients with emphysema and subjects with intraluminal airways
obstruction are depicted in Fig. 2. The intrathoracic pressure
(P'f) p'^'s t '̂c elasticity of the lung (PPL) give rise to tbe alve-
olar pressure (PALV)- -^t expiration the pressure gradient be-
tween alveoli and mouth creates the airflow. The largest re-
sistance is normally offered in the small bronchioles. At inspi-
ration the negative pressure in the thorax (P j—PEL) ^^ts di-
lating on airways and alveoli, giving a flow towards the alveoli.

In emphysematous lungs tbe P^^E 'S reduced (50). The alve-
olar pressure during expiration therefore may be lower tban
in normals. Tbe resistance in the airways may be larger tban
normal, tlue to bronchiolitis in the smaller airways and lack
of elastic support in tbe larger airways (92). Due to tbe low
elasticity, PALV "i*iy become low as in normal lungs during
inspiration, even if P7 is less negative tban in normal lungs due
to a low-standing and less mobile diaphragm (64, 17). The
airways are opened easily due to tbe flaccid cartilage, thus
allow-ing a good inspiratory flow.

In subjects with increased bronchomotor tone and mucosal
oedema the alveolar pressure during expiration usually is in-



A. EXPIRATION B, INSPIRATION

1. NORMAL LUNO

Z. EMPHTSENA

3. INTRALUMINAL
OBSTRUCTION

Pyp Introlhoractc pratiur*
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Fig. 2.
Simplified lung mechnanics during expiration and inspiration in subjects with

airv-'ays collapse and intraluminal obstruction.

creased. The flow resistance is high, and the intraluminal
pressure (P^) might decrease at some levels to below the
extraluminal pressure, Px, which tends to narrow the airways.
The increased bronchomotor tone and the oedema act to
lower the inspiratory air flow in these cases; this is in contrast
to what occurs during inspiration in emphysematous lungs (3) .

The effects of airways collapse (A) and bronchomotor
tone (B) on expiratory and inspiratory volumes are in agree-
ment with the findings summarized in Table 5.

During acetylcholine-induced airways constriction, expira-
tory and inspiratory volumes decreased equally much (Table
4), which is in line with the lowest part of the diagram in
Fig. 2.

Discrepancies between expiratory and inspiratory capacities
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including "peak flows" have been studied with spirometry hy
Darras, Miller and Cushing, F,hrner and recently hy Fletcher
et al. (23, 66, 31, 2>2^ 70). Inspiratory flow rates were re-
ported to he almost normal in emphysema patients, while the
flow was impeded in "asthmatics".—The PEK/PIF in nor-
mals varied hetween 1.1-1.4, while the ratio in patients with
emphysema was 0.4-0.6.

Patients with pulmonary sarcoidosis and/or fihrosis showed
restrictive impairment with normal or high KblV%, and with
one exception (GJ) , normal VW^. The values correspond
well to those reported by Svanborg (85). In spite of the re-
tluced lung volumes, the FEV/FIV ratio was high {0.83).
Thus there was no marked expiratory collapse even at low
lung volumes, which might be due to the increased stiffness
in librotic lungs (25).

When measuring inspiratory capacities the spirometers must
have a low inspiratory resistance because these volumes are
decreased hy added external resistance. A special type of such
resistance is tracheal or laryngeal ohstruction, which acts main-
ly on the inspiratory capacities. Expiratory capacities are less
sensitive; in case of expiratory collapse they may even increase
by added expiratory resistance (61, 41). Inspiratory flow may
also be impeded hy muscular weakness, impaired mobility of
the diaphragm, the thoracic cage and abdominal wall.

Comparison between FEV,.,, FIV^.o, PEF and MMF. The
results imply that mean PEF is the most sensitive measure of
induced airways constriction, followed by FEVi.o and MiVIP\
This confirms the results reported in paper II in this series.
The average FlVj.,, in this study showed less sensitivity due
to uneven hasal values in one suhject (FT) . When the max-
imal volumes were compared, the FEVi.o, M M F and FlV,.o
were equally discriminating (Tahles 4-5) . The results are con-
trary to reports in which M M F has heen claimed to be the
most discriminating of the parameters mentioned, and in ac-
cordance with comparisons between FEV,.n and M M F from
this laboratory (56, 5, 10).

Of special interest is the insignificant effect on FEV% and
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FIV% noted after bronchoconstriction, as the FEV% has
been used as the spironietric parameter in several comparisons
of methods for measuring airways obstruction (24, 27). In
intraindividual evaluations of changes in air flow resistance,
the FEV% has a very low discriminatory power, while the
FEVI.O, FIVi.n and the so-easily obtained PEF give a much
better evaluation.

C O N C L U S I O N S

The ratio FEVi.,yFlV].o is useful in differentiating between
airways obstruction due to expiratory collapse and that due
mainly to increased bronchomotor tone. The differentiation
is further facilitated hy the effect achieved hy broncbodilating
agents on expiratory and inspiratory capacities.

In drug-induced bronehoconstriction forced inspiratory ca-
pacities decrease simultaneously with expiratory capacities.
The ratio FKV/FVC (FKV%) and FIV/FIVC (FIV%)
are not sensitive discriminators of intraindividual changes in
airways ohstruction. Peak expiratory flow with Wright's Peak
Flow Meter may be a better discriminator than FEVi 0 and
MMF.

SUMMARY

P'orced expiratory capacities (FEVi.o, FVC, FEV%) were
compared to forced inspiratory capacities (FIVi.o, FIVC,
FIV%) in normal subjects and in patients with generalized
airways ohstruction or sarcoidosis.

The FIVi.o was larger than the FEV,.., the ratio FEV/
FIV in normals was 0.88 antI in patients with sarcoidosis 0.83.

7Vo groups of ohstructive patients were discernible, hoth
had low FEV..0 and FEV%. Group A had a high FIV, „ and
FIV%, while group B had low FIV,.o and FIV7r.

In group A there were more subjects with decreased vascu-
larity on roentgenograms of the lungs. In group B the patients
seemed to respond better to isoprenaline inhalation.

The FEV/FIV was 0.46 in group A compared to 0.68 in
group B, reflecting a more pronounced expiratory airways
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collapse in group A and iTiore intrahronchial obstruction in
group B.

After acetylcholine induced airways constriction in 15 sub-
jects, FEVi.o, FVC, FIVi.o and FIVC decreased about 20 %,
The FEV% and FIV% thus did not change significantly.

A comparison of the discriminatory power of FEVi.o,
FIVi.o, PEF and M M F to detect acetylcholin-induced hron-
choconstriction revealed average PEF to be the hest followed
hy FEVKO, M M F and FlV^.o.
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