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The flow-volume curve is a convenient test of
lung functicn, When initiated after a full inspi-
ration the maximal flow-volume curve Iis
obtained while the partial one s recorded at
lower lung velumes. The physioclegical basis
of the curves is discussed along with the
melhods used for recording them The tast has
been found to be uvseful in the early detection
of obstructive airways disease, in the assess-
ment of therapeutic response to bronchodilator
drugs and in detecting effect of physiological
interventions on airway calibre. Some limita-
tions of the investigation are discussed and the
need to establish standard reference values
using standard equipment and method In
normal Indian population is stressed.

Epirnmﬂtr]c lung tunction tests constituting
\he forced vital capacity (FVC), forced explratory
volume 1 sec (FEV), forced expiratory flow between
the first 200 to 1200 ml of the FVC (FEF 200-1200)
and the FEF 25%—758%, of thea FVC (MMEF-|yatt
and Black 1973) are commaonly usad for assassing
ajrway calibre (Dikshit et al 1884). Howaver thase
tests are not sensitive enough ta delect alternations
in the calibre of small airways (= 2mm ; Stratton
1978) As this part of the tracheo-bronchegal trea
contributes to only about 20—30% of the total ajr-
way resistance (the sllent zone), obstruction [n the
small alrways may occcur without clinical or spiro- "
mettic manifestations (Stretton 1978) but if detected
In the early stages as In smohkers, could ba ravarsi-
hia (MeCarthy et al 1872), This aspect can he of
cansiderable significance to the health of the Armead
Forces personnel. Various investigations which
include whole-body  plethysmography, c¢losing
volume and frequency dependence of dynamic com-
pliance are available but a comparatively simple and
relizhle asseszment of airway calibre can be made
by using the flaw-voluma curves,

The forced explratory affort made in to the
standard splromater is usually recorded as a
volume-time expiragraph  (Fig. 1a) from which
various lung function indices can be calculatad;, By
using a differentiator to obtain flow from volume,



a flow-time graph or the flow-volume curve may be
recorded (Fig. 1b, 1c). The shape of the curve iz
determined by the elastic recoil of the |ungs, bron-
chomotor tone and the property of the respired
pases lhe denser gases reduce alr flow whila the
lighter ones increase il. The curve consisls of an
efiort dependent part at high lung velumes and an
#Morl independent partfor most of the vital capacity
{Siretton 1978), The expiralery alrflow In the effort
Independent parl is generated in the airways bet-
ween the alveoli and the equal pressure poinls
{which are thae points at which the intra-alnway
pressure during exhalation equals pleural pressure),
As the exhalation proceeds to residval volume the
oqual pressute points move peripherally (fowards
the smaller bronchl) and hence the airflow emerging
from this part of the flow-velume curve should
come from the small airways (Mead et al 1967). A
reduction In these flows would then indicate small
alrways obstruction. The velume range on the
x-axis represants the forced vital capacity (100-0%).
The Mow rales can be read off at any percentage cf
the FVC above residual volume. The commonly
used variables for assessing small sirways function
are taken when 507,, 40% and 25" of the vilal
capacily remains |n the chesl and are termed the
forced expiratory flow (FEF) 507, 407, and 25%,
(Fig. 2). The maximum mid expiratory flow normally
caiculated from the volume-time trace approzimates
FEF 50%, which is generally used as a screening
index (Cotes 1979), and the peak expiratory flow
rate (PEFR) measured by the usual methods is
close to the highest expiratory flow on the flow-
volume curve (Hyatt and Black 1973). When the
inspiratary &ffort 15 recorded on the same graph,
the flow-volume loop is obtasined (Hyait and Black
1973) and maximum and mid inspiratory flow rates
can be read off fram the trace.

The expiralory flow-volume curve obtained aftar
a full lung inflation is termed the maximal expiratory
flow-volume curve (MEFV). However, a maximum
Inflation preceeding the forced exhalation may
induce a brenchodiiatation which may raise the FEF
(Wellman et al 1976, Zamel 1984 . This effect has
been attributed to a reflex reduction in the broncho-
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motor tone which is resorted aftar about a2 minute

(Green and Mead 1974), and to a mechanizal
stretching of the airways (Madel and Tierney 1961).
Bouhuys at al (1569) demonstrated that this bron-
chodilatation can be aveided by recording flow-
volume curves which are initinted at aboul 60%, of
the FVC the partinl expiratory fHlow-voluma curves
(PEFV). The airflow variables calculated from the
PEFV curves then become sensitive indices of
altarations in bronchomotor tone during physiolo-
gleal and pharmaceoleglical inlerventions (Zamel
1984} avolding the effect of a preceeding deaep
inspiration

Methods of recording the flow-volume eurve

The flow-volume curves are best recorded with
a volume-displacement plethysmograph but as this
equipment is difficult to obtain, & dry rolling-sesl
apirametar with a built-in flow differentiator js mare
commonly used. The output can then be displayed
on an XY storage osciiloscope and photographs
taken for permanent records or recorded directly
on to an X-Y plotter with a high frequency response,
A pneumoiachograph may be used to record the
flaw while the volume is simultansously measured
on asphiometer {Castile gtal 1982, The X-¥ co-
ordinales may also be fad into a computer/micro-
processor and later recunstructed for calculating
the variables desired (Cotes 1979, Hyatt and Black
1973). The equipment selected is one of the factors
which detarmines the extent of variability in the
indices obtained and accounts for the |arge diffe-
rences in reference values hetween |gboratories
(Cotes 1978). The recording is usually done with
the subject sitting, and the values are reported at
BTFS.

The maximal flow-volume curve

In ane of the methods used, the subject, sitting
and wearing a nese clip, breathes autto residual
volume before being connected to the spirometer.
He then breathes In to total lung capacity, and then
exhales maximally to residual volume. Curves with
iorced vital capacities within 3% of the one with the
maximum FVC are considered suitable (Castile al al
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Figure 2 : The maximal and partial flow-volume (MEFV and PEFVO curves of a narmal
subject. The PEFV curve is initiated when 70% of the forced vital capacity (FVC}
remains in the lungs. The small Ioop denotes the quiet breath at funclional

residual capacity.
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1482, Schrader el al 1983). At least three such
curves are recorded at one minute intervals.

The partial low-volume curve

The PEFV curve may be Initieted between 509,
and 707, of the forced vilal capacity above resldual
volume (Bouhuys etal 1869, Douglas et al 1979,
Zamel 1984, Mukhtar and Patrick 1984), For valid
comparisons, each curve must be initiated at sbout
the same partial lung volume. Various methods for
performing the PEFV curve are available (Bouhuys
et al 1969, Douglas et al 1679, Zemel 1984) Itis
important that the method selacled is adhered to.
The following methed is used In this laboratory
{(Mukhtar and Patrick 1984, Dikshit and Patrick 1885
a, b). The subjecl, sitting and wearing & nose
clip, breathes ocut to resldual volume and then con-
nects himself lo the spirometer tube. After a quisl
breath or two at functional residual capacity, he
breathes in slowly to the pre-determined partial
volume (70%, FVC) under the guidance of the
observer. On reaching this volume he exhales
maximally to residual volume to record the partial
curve. He then performs the MEFV curve by inhal-
ing to total lung capacity and exhaling forcibly to
residual volume. In this manner both the partial and
the maximal curves are obtsined with a single
manoeuvre and the partial curve is not procesded
by a full Inspiration (Fig. 2). Subssguent pairs of
forced exhalatlons are made at 1 minute intervals.

The following precautions are taken to achieve
satisfaclory resulls ;

1. The procedure must be explained clearly to
the subject. Many naive subjects/patienis may find
the sequence of events difficult to follow, and a
number of trials may by required before salisiactory
results are cblained.

9. The FYC and 70% of the FVC have lo be
detarmined on an earlier occasion, and the observer
must control the subjects partial manoeuvre care-
fully so as to initiate the PEFV at about the same

lung volume.

3. The subject/patient must be encouraged lo
breath out maximally te residual velume.
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4. At least 3 technically satisfactory curves
must he recorded. An average of the variables
obtained from them is {aken as Ihe representative
valus. Salection of variables fram the "“best" out
of a number of expiratory efforts gives a poor
reproductibility (Schrader el al 1983).

5. If the subject is a smoker, he Is instrucled
to abstain from smoking on the day of the tesl,
Beverages containing caffeine are best avoided

6. Subjects recovering from viral infection of
the upper respiralory tract have low flow rales up
to slx weeks after recovery (Picken etal 1972) and
care must be exercised while Interpreling results of
such individuals.

7. The recording Instruments must ba cali-
brated freeguently.

Application of the flow-volume curves

The curves have been used in the detection of
airway calibre changes brought shout by physiolo-
gical Interventions such as the cold pressor test,
lower body negative pressure (Dikshit and Patrick
1685 a and b), cooling of the face (Mukhtar and
Patrick 1984) Castile et al (1982) demonstrated the
effect of & changs in posture on the MEFV curves
while Pyzcznski etal (1980) studied the curves
during positive accelarations. The influence of vagal
and beta-adrenocaptor activity in the maintenance
of normal bronchomaotar tone has been investigated
using this technique (Douglas et al 1979, Tatters-
field at &l 1973).

The normal ratic of the mid-expiratory flow to
the mid-inspiratory flow is about 0.9 (Fig.3). lts
alteration may be helpful in differentiating extra-
thoracic alrway obstruction from the intra-thoracic

yariaty (Stretton 1883)

The variables calculated from the flow-volume
curves fall with the onsst of small alrways obstruc-
tive disease and hence have boen found to be use-
$ul in the early diagnosis of the disease process
(Baka 1981, Cochrane et al 1874, Schrader at al
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Figure 3 : A method of using a flow-velume loop for differentiating between intra
and extra-thoracic airway obstruction.
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1083). The test can be made more sensitive by

breathing helium-oxygen mixture (Dosman el al
1975), Asg subclinical emphysema may also result
in reductlon of flow rates in lhe effort dependeant
part, the test can be of use In assessing such
patienls (Gelb and Zamel 1873).

Limitations in the use of the flow-volume curves

The forced expiratory air flows fall with advanc-
ing age (Cherniack and Raber 1972). 1t is Important
to consider this aspect whila Interprating results.
Normal standards for the western population have
been described by these authors but data for
normal Indian subjecis has yet to be reported. This
Is important because the normal western population
has highar lunp volumes as compared to Indians
fain and Ramjah 1969), Inlia-individusl varisbility
has becn found in the indices calculated from the
curves (MeCarthy et al 1972), For greater objectivily
in tha diagnosis af small airways obstruclien, ths
test is best combined with other tests llke the clos-
ing volume and fregquency dependent dynamic com-
pliance. Gelb and Zamel (1873) reported a close
correlation between abnormalities in closing volume
and a reduction in FEF 50%; while alterations in the
frequency dapendence of compliance has been
associated with pathological changes in the small
airways (Woolcock et &l 1869).

There |s no agreement as io the "best" meassurae-
mentwhich can be reported from the test (Hyatt and
Black 1873). Generally, alrflow variables calculated
at various lung volumes are used (Fig 2) .

Possible fulure applications of the flow valume
CUrves

In research : It is likely that aircrew who smoke
deyelopa reversible asympltomatic small airways
obstruction which may aggravate venfilation-periu-
gion disturbances which normally occur during
exposure lo positive accelaratjons (Glaister 19700
This aspect can be invesligated using the flow-
volume curves of such Individuals to assess their
lung function and later correlating the findings with
their tolerance lo posjlive accelerations, Ajrway

calibre changes which may occur during exposure
to severe heat siress because of alterations In
autonomic nervous system activity can also be
invesligated,

in ' clinical assessmenl: The test may be eflectively
used in the aerg-medical evalualion of aircrew
patients who have bean flrealed for obstructive
airways disease by using provocalive teats far in-
ducing bronchospasm to see thelr bronchial reactl-
vity. Patients undergoing hyperbaric oxygen therapy
are liable 1o develap pulmonary taxicity, Presently
the volume time explrograph Is used to assess
early toxicity induced changes in small alrways
calibra. The flow-volume curves may be found to he
mora suilable for this purpose,
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