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Diminished airflow is the abnormali ty most fre-
quently noted on spirometry. This finding is not 
always caused by intrinsic airways obstruction, but 
can be caused by a variety of other pathogenetic 
mechanisms. Apart from diffuse bronchial obstruc-
tion, these include small airways disease, upper 
airway obstruction, suboptimal effort of the patient, 
muscular weakness, and restrictive lung diseases. 
Such problems may not be readily distinguishable 
by spirometry, but a special physiologic test, the 
flow-volume loop can be helpful in their differen-
tiation. 

Standard spirogram versus flow-volume loop 

T h e flow-volume loop is merely one kind of 
graphic display of breathing mechanics during the 
forced vital capacity maneuver. T h e vital capacity 
(VC) is the maximum volume of air that an indi-
vidual can expel after maximum inspiration (Fig. 
/). Residual volume (RV) is that volume of air that 
remains after maximal exhalation. Tota l lung ca-
pacity (TLC) is the sum of those two volumes. 
When the vital capacity maneuver is performed at 
a maximal rate, it is called a forced vital capacity 
(FVC). The s tandard spirogram (V-t) is the most 
commonly used graphic display of the forced vital 
capacity maneuver. T h e measured parameters are 
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Fig. 1. L u n g c o m p a r l m e n t s a n d the s t a n d a r d spi-
rog ram. 

vo lume (V) on the vertical axis a n d t ime 
(t) on the hor izonta l axis. F r o m this 
curve, one can der ive the forced expir-
a tory vo lume in one second (FEVi) , the 
peak expi ra tory flow (PEF), the forced 
expi ra tory flow at 200 to 1200 ml 
(FEF200-1200 ml), a n d the m a x i m u m mid-
expi ra tory flow ra te (FEF25%-75%). To-
gether , these flows can p rov ide infor-
m a t i o n abou t the pa t ien t ' s effor t , neu-
romuscu la r s t rength , large a i rway pat -
ency, a n d the s ta tus of the small a irways. 

T h e f low-volume loop is also a 
g r aph i c display of the forced vital ca-
pac i ty m a n e u v e r (Figs. 2 and 3A). As 
opposed to the s imple sp i rogram, how-
ever, the measured pa rame te r s a re vol-
u m e (V) on the hor izonta l axis a n d flow 
(V) on the vertical axis. Since var ia t ion 
in flow is a more d y n a m i c a n d sensitive 
measu remen t t h a n e i ther v o l u m e or 
t ime, m u c h more in format ion is avai la-
ble regard ing b r e a t h i n g mechanics . In 
add i t ion , the inspira tory phase is also 
recorded. T h e pa t ien t begins at R V a n d 
makes a m a x i m a l inspira tory effor t as 
deeply a n d as rap id ly as possible. T h e 
negat ive in t rap leura l pressure dilates 
the in t ra thorac ic a i rways a n d overcomes 
the elastic recoil of the lung a n d chest 
wall . Flow gradua l ly increases in a 

dome-shaped fashion, w h e n it aga in 
g radua l ly d iminishes as the lungs fill 
wi th air a n d the in t rap leura l pressure 
becomes less negat ive. At T L C all flow 
stops. T h e vo lume be tween R V a n d 
T L C is the V C . T h e pa t ien t then per-
forms a forced vital capac i ty maneuve r . 
T h e combina t i on of m a x i m a l elastic re-
coil, m a x i m u m muscu la r effort , a n d 
fully di la ted a i rways results in a sudden 
spike to a P E F . T h e flow ra te then 
linearly decreases as recoil, muscu la r ef-
fort , a i rway cal iber , volume, a n d p leura l 
pressure d imin ish . At R V , all flow 
ceases.1 

M a n y p u l m o n a r y func t ion labora to-
ries ob ta in the loop by first hav ing the 
pat ient forcibly exhale a n d follow this 
by forced inspira t ion. In ou r labora tory , 
this is done in reverse. Forced inspira-
tion is the initial m a n e u v e r followed by 
exhala t ion. A l though this sequence was 
originally used for technical reasons, it 
does provide add i t iona l i n fo rma t ion for 
the in terpre ter . W i t h this m e t h o d , a dif-
ference in the inspira tory a n d expi ra tory 
V C when present can be apprec ia t ed . 
Th i s difference in sequenc ing of the 
forced inspira tory and expira tory m a -
neuvers accounts for the inversion of the 
loop in some laborator ies . 

T h e f low-volume loop is not only de-
scribed by its g raph ic a p p e a r a n c e bu t 
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Fig. 2. N o r m a l f low-volume loop. 
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also by a series of flow rates derived 
from each portion of the curve (Fig. 2). 
Instantaneous flow rates (FIF, FEF) are 
measured at one fourth, one half, and 
three fourths of the VC during inspira-
tion and expiration. Peak inspiratory 
and expiratory flows (FIFP, FEFP) are 
also measured. O n the normal curve the 
peak inspiratory flow tends to occur at 
about 50% of VC and the FIF25% and 
FIF75% are about equal. T h e FEFp oc-
curs at a somewhat higher point in the 
VC than the FEF7s%. The FEFp tends 
to be about one and a half times that of 
the peak inspiratory flow (FEF P /FIF P 

ratio). The ratio between the FIFso% and 
FEF5o% is approximately one on a nor-
mal loop (mid-VC ratio). These rela-
tionships are disrupted by abnormal 
breathing mechanics. 

These flow rates have a counterpart 
in the flow rates of the s tandard spiro-
gram (Table I). T h e flow rates of the 
standard spirogram, however, include a 
mixture of volume and time indices; 
therefore, their relationship to each 
other and to the flow rates of the flow 

Table 1. Spirometrie flow rates and 
their counterpart in the flow-volume 

loop 
V-t s p i r o g r a m V - V loop 

F V C F V C 
P E F FEFp 
FEF200-1200 ml FEF75S, (50%, 25%) 
FEF25%-75% FEF50ÍI 

volume curve is variable, depending on 
absolute lung volume. In addition, the 
loop is inscribed during a combined in-
spiratory and expiratory maneuver, as 
opposed to the spirogram, which con-
sists of exhalation alone. This difference 
in technique may also alter the relation-
ship between respective volumes and 
flows. 

In clarification of the pathogenetic 
mechanism of diminished airflow, the 
flow-volume loop may be superior to the 
volume-time spirogram. The flow-chan-
nel and its graphic display are much 
more sensitive indicators of subtle 
changes in airway dynamics. A greater 
sampling of expiratory flow rates is ob-
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tained and disproportionality between 
those flow rates can be more readily 
identified for aid in differential diagno-
sis. Unlike the s tandard spirogram, the 
flow rates themselves mainta in a con-
sistent relationship with one another , 
independent of lung volume. Inspira-
tory flow is also measured with this 
study, and relationships between inspi-
ratory and expiratory flow can be nu-
merically described. T h e mid vital ca-
pacity ratio (FEF5o%/FIF5o%) is one such 
value that can be useful in identifying 
upper airway obstruction. 

A frequently made error in interpre-
tation of the flow-volume loop is over-
emphasis on flow rates derived from the 
curve rather than from the configura-
tion of the curve itself. T h e flow rate is 
merely a single point on a given graphic 
display. It reflects statistical severity of 
impairment by comparing the patient 
to a population. Proportionality be-
tween flow rates may be of some diag-
nostic help but rarely provides the defin-
itive answer. T h e configuration of the 
curve, however, provides an infinite 
number of flow rates and their relation-
ships to each other. Proportionality is 
"buil t- in" when a curve is analyzed. 
Such a curve will often be diagnostic in 
identifying the mechanism of dimin-
ished airflow. Analysis of curve config-
uration is most helpful in examining the 
flow-volume loop, al though the config-
uration of the flow-time curve and vol-
ume-time curve (spirogram) may also 
provide useful information. 

Applications of the flow-volume loop 

Reduction in flow is often thought to 
indicate the presence of obstruction. 
This is not necessarily so, however, since 
many other factors can limit flow.2 Flow 
is proportional to the change in pressure 
across an airway divided by the intrinsic 

resistance of that airway, as depicted in 
the equation V oc A P / R a w (Table 2). 
Diffuse bronchial obstruction is not the 
only cause of increased airways resis-
tance (|Raw). Upper airway obstruction 
can produce an elevated airways resis-
tance, as can the small airway caliber of 
restrictive disease and the diminished 
elastic support seen in emphysema. A 
reduction in the pressure gradient ( |AP) 
across an airway is demonstrated in pa-
tients with inadequate effort, neuromus-
cular weakness, and in restrictive venti-
latory defects. Therefore, a variety of 
disorders can produce diminished flow 
without necessarily incriminating dif-
fuse bronchial obstruction. T h e role of 
the flow-volume loop is to identify the 
pathogenetic mechanism of decreased 
flow when one of these other disorders 
is suspected. 

T h e mechanisms of diminished flow 
due to obstruction can be subdivided 
into diffuse bronchial obstruction and 
upper airway obstruction (Table 3). 
Characteristically, bronchial obstruc-

Table 2. Mechanisms of diminished 
airflow 

t Raw 
Intr insic a i rways disease 

Bronchi t is , a s t h m a 
U p p e r a i rway obs t ruc t ion 

Loss of elastic suppor t 
E m p h y s e m a 

Dimin i shed l u n g v o l u m e 
Restr ic t ive disease 

J.AP 
I n a d e q u a t e effort 

V o l u n t a r y 
N e u r o m u s c u l a r disease 

Loss of elastic recoil 
E m p h y s e m a 

Dimin i shed l u n g v o l u m e 
Restr ic t ive disease 
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Table 3. Causes of diminished airflow 

Dimin i shed (low d u e to obs t ruc t ion 
Bronchia l obs t ruc t ion 

Di f fuse 
Bronchia l a s t h m a 
P u l m o n a r y e m p h y s e m a 

Smal l a i rways disease 
Un i l a t e ra l m a i n s t e m stenosis 

U p p e r a i r w a y obs t ruc t ion 
Fixed 

V a r i a b l e in t r a tho rac ic 
V a r i a b l e ex t ra thorac ic 

D imin i shed flow w i t h o u t obs t ruc t ion 
I n a d e q u a t e effort 

V o l u n t a r y 
I n v o l u n t a r y 

N e u r o m u s c u l a r weakness 
Genera l i zed 
D i a p h r a g m a t i c only 

Restr ic t ive disease 
P u l m o n a r y p a r e n c h y m a l 
E x t r a p u l m o n i c 

tion produces an abnormali ty in the 
mid and late expiratory portion of the 
flow-volume loop. In diffuse bronchial 
obstruction, that abnormali ty consists of 
a bowing configuration at the mid and 
late part of the expiratory phase (Fig. 
3B). T h e inspiratory V C may be greater 
than the expiratory VC, and the dis-
crepancy is apparent on the loop as a 
"gap" between the starting point and 
end-point of the loop. This air t r app ing 
is more prominent in emphysema than 
asthma, and unusual in chronic bron-
chitis, because of the fairly normal com-
pliance in the last two disorders. As 
opposed to asthma, inspiratory flow is 
well preserved in emphysema (Fig. 3C), 
and the mid-expiratory bowing persists 
after the use of bronchodilators. 

When bronchial obstruction is lim-
ited to the small airways, the bowing 
configuration of the loop is confined to 
the very latest portion of the expiratory 
curve (Fig. 3D). Superimposing a flow-
volume loop performed with helium can 
provide another parameter of small air-

ways disease. T h e point of intersection 
of these two loops occurs when flow is 
no longer turbulent and density-de-
pendent , but rather laminar and inde-
pendent of different gas densities (he-
lium versus air). This point is called the 
volume of isoflow and is elevated in the 
presence of small airways obstruction. 
In unilateral bronchial obstruction, for 
example, due to a unilateral mainstem 
bronchogenic carcinoma, a plateau may 
occur late in the expiratory phase of the 
loop4 (Fig. 3E). 

When airflow is diminished due to 
upper airway obstruction, the loop is 
abnormal in the early inspiratory a n d / 
or expiratory portions. In fixed upper 
airway obstruction, a plateau is seen 
early in the inspiratory and expiratory 
phases. This results in a boxlike config-
uration to the loop (Fig. 3F). In the 
variable intrathoracic upper airway ob-
struction, that plateau only occurs early 
in expiration (Fig. 3G). In contradistinc-
tion, the variable extrathoracic upper 
airway obstruction produces a plateau 
early in inspiration only (Fig. 3H). 

T h e flow-volume loop is also helpful 
in elucidating mechanisms of decreased 
airflow not due to obstruction (Table 3). 
These include inadequate effort, neuro-
muscular weakness, and restrictive dis-
ease. Inadequate effort can mimic al-
most any pat tern on the flow-volume 
loop. T h e only characteristic f inding is 
that the loop is not reproducible on 
successive efforts. Frequently the V C is 
low and variable on successive efforts. 
T h e normally smooth dome of inspira-
tion and the sharp spike and linear de-
crease in exhalation tend to be quite 
bizarre and nonreproducible. T h e most 
effort-dependent flow rates, that is, the 
FEFp and the FEF75% are greatly re-
duced. T h e less effort-dependent flow 
rates such as the FEF5o% and FEF259& are 
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less affected. T h e comment of the tech-
nician regarding effort is often quite 
helpful in identifying the uncooperative 
patient. 

Figure 31 is an example of the com-
plete but slow inspiratory and expira-
tory effort. Figure 3J is an example of 
efforts neither complete nor performed 
in a forced fashion. Figure 3K demon-
strates not only incomplete inspiration 
and expiration and a submaximal effort, 
but also demonstrates a ra ther erratic 
maneuver. These "poor-effort" pat terns 
may be generated for a variety of rea-
sons. They can occur volitionally, as in 
the disinterested patient or the malin-
gerer applying for pulmonary disability. 
Involuntary causes of suboptimal effort 
include uncontrollable cough, chest or 
abdominal pain, communicat ion diffi-
culties, or general debility. 

Generalized neuromuscular weakness 
will produce diminished flow as meas-
ured by the flow-volume loop. Charac-
teristically, however, the patient 's co-
operation and understanding are rated 
good by the pulmonary function tech-
nician and the graphic configuration is 
quite reproducible. T h e V C tends to be 
diminished and the most effort-depen-
dent early expiratory flows are reduced. 
T h e expiratory portion of the curve 
tends to present a very late and rounded 
peak6 (Fig. 3L). T h e FEF75% and the 
FEFp are most diminished, whereas the 
late expiratory flows and all of the in-
spiratory flows are reduced only propor-
tionally to the low VC. A variety of 
neurological diseases can produce this 
pattern, including amyotrophic lateral 
sclerosis, myasthenia gravis, and poly-
myositis. 

Neuromuscular weakness isolated to 
the d iaphragm results in a flow-volume 
loop with a normal configuration. T h e 
loop, however, is restricted in V C and 
when the patient assumes a supine po-

sition, severe reduction in the VC will 
result and may be associated with res-
piratory distress7 (Fig. 3M and N). Such 
bilateral phrenic nerve palsies may be 
isolated and idiopathic, or occur as par t 
of a more generalized peripheral neu-
ropathy. 

Restrictive disease can cause reduc-
tion in airflow due to decreased VC, but 
like bilateral diaphragmatic weakness, 
the loop has a normal configuration8 

(Fig. 30). In contradistinction, however, 
there is no significant fur ther reduction 
in the V C on assuming the supine po-
sition. T h e restriction may be due to an 
extrapulmonic cause such as kyphosco-
liosis, bilateral pleural effusions, or mas-
sive ascites. Intrapulmonic restriction is 
often the result of pulmonary parenchy-
mal disease such as sarcoidosis. A com-
bined restrictive/obstructive defect such 
as bronchiectasis (Fig. 3P) will result in 
a small loop with an expiratory concav-
ity-

A clear understanding of breathing 
mechanics as illustrated by the flow-vol-
ume loop can improve our insight into 
the s tandard pulmonary function cests. 
Many of the abnormalities discussed 
above could indeed be suspected or di-
agnosed on the basis of spirometry. In 
addition, many spirometers used for 
pulmonary function testing have the ca-
pability of generating a flow-time curve. 
This curve is quite analogous to the 
expiratory portion of the flow-volume 
loop and can frequently identify the 
mechanism of diminished airflow. 

Summary 

T h e flow-volume loop accurately and 
inexpensively clarifies disrupted breath-
ing mechanics. Diminished airflow is a 
frequent finding on pulmonary function 
testing and is not necessarily due to 
airflow obstruction. Some other patho-
genetic mechanism may be active in a 
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given patient and cause diminished air-
flow. T h e flow-volume loop can distin-
guish diffuse bronchial obstruction from 
small airways disease, upper airway ob-
struction, suboptimal patient effort, 
neuromuscular weakness, and restrictive 
disease. This physiologic test should be 
used whenever such an abnormali ty is 
suspected. 

References 
1. H y a t t R E , Black LF: T h e f low-volume curve; 

a cur ren t perspective. A m Rev Respi r Dis 
107: 191-199, 1973. 

2. J o r d a n o g l o u J , Pr ide NB: Factors de te rmin-
ing m a x i m u m inspiratory flow a n d m a x i m u m 
expira tory flow of t he lung. T h o r a x 23: 3 3 -
37, 1968. 

3. Bass H : T h e f low-volume loop; no rma l s t and-

ards a n d abnormal i t i es in ch ron ic obst ruct ive 
p u l m o n a r y disease. Chest 63: 171-176, 1973. 

4. Lord G P , Gazioglu K , Kal t re ider N: T h e 
m a x i m u m expira tory f low-volume in the eval-
ua t ion of pa t ien ts wi th l ung disease; a com-
para t ive s tudy wi th s t a n d a r d p u l m o n a r y 
func t ion tests. A m J M e d 46: 72-79, 1969. 

5. Kryger M , Bode F, Ant ic R , et al: Diagnosis 
of obst ruct ion of the u p p e r a n d centra l air-
ways. A m J M e d 61: 85 -93 , 1976. 

6. Krei tzer S M , Saunder s NA, T y l e r H R , et al: 
Respi ra tory muscle func t ion in amyo t roph ic 
lateral sclerosis. A m R e v Respi r Dis 117:437-
447, 1978. 

7. Krei tzer S M , F e l d m a n N T , S a u n d e r s NA, et 
al: Bilateral d i a p h r a g m a t i c paralysis wi th hy-
percapnic respiratory fai lure; a physiologic 
assessment. A m J M e d 65: 89 -95 , 1978. 

8. Caril l i AD, Denson LJ , Rock F, et al: T h e 
f low-volume loop in n o r m a l subjects and in 
diffuse lung disease. Chest 66: 472-477 , 1974. 

require permission.
 on April 17, 2024. For personal use only. All other useswww.ccjm.orgDownloaded from 

http://www.ccjm.org/



