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Effects of an external resistance on maximum flow in

chronic obstructive lung disease: implications for
recognition of coincident upper airway obstruction
D R ROBERTSON, C R SWINBURN, T N STONE, G J GIBSON

From the Department ofRespiratory Medicine, Freeman Hospital, Newcastle upon Tyne

ABSTRACT To determine how the presence of generalised airflow limitation due to chronic
obstructive lung disease affects the recognition of simulated upper airway obstruction, a study was
carried out in 12 patients (mean (SD) age 57 (7) years) with chronic obstructive lung disease (FEV, %
predicted 53 (22), range 21-70) and 12 matched control subjects. Patients and control subjects
performed maximal inspiratory and expiratory flow-volume curves in a variable volume plethys-
mograph with and without upper airway obstruction simulated at the mouth with a series of
polythene washers of internal diameter 4, 6, 8, 10, and 12 mm. In patients, as in normal subjects, peak
expiratory flow (PEF) and maximum inspiratory flow at 50% of vital capacity (Vimax5O) were more
sensitive to upper airway obstruction than were FEV, or maximum expiratory flow at 50% VC
(VEmax5o); but the reductions in all indices caused by simulated upper airway obstruction were
smaller in the patients than in the controls. The fall in PEF (whether expressed in absolute units or as a
percentages) consequent on severe (4 mm) upper airway obstruction became smaller with increasing
severity ofchronic obstructive lung disease. The subjects also produced flow-volume curves with and
without 6 mm upper airway obstruction while breathing helium and oxygen (heliox). In both groups
the effects of heliox on PEF and Vimax_0 were increased when upper airway obstruction was

simulated. It was confirmed that the functional recognition of upper airway obstruction is more
difficult in patients with chronic obstructive lung disease than in normal subjects and this difficulty
increases with severity of disease; an unusually large increase in PEF or Vimax5o while the patient is
breathing heliox should raise the suspicion ofcoexisting upper airway obstruction, but such a pattern
is not specific.

Introduction

Upper airway obstruction is recognised functionally
by its effects on maximum expiratory and inspiratory
flow. Extrathoracic obstruction has its greatest effect
on the maximum flows that are most effort depen-
dent-for example, maximum expiratory flow at large
lung volumes and maximum inspiratory flow through-
out the vital capacity. Various indices based on flow-
volume and spirometric measurements have been
proposed to aid the recognition and assessment of
upper airway obstruction-for example, a peak
expiratory flow (PEF) that is unexpectedly low in
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relation to the forced expiratory volume in one second
(FEV,)' or an abnormally high ratio ofmaximum mid
expiratory to maximum mid inspiratory flow.23

Lesions in the larynx or trachea may sometimes lead
to upper airway obstruction in patients who also have
generalised airflow limitation, and clinical experience
suggests that in such patients upper airway obstruc-
tion may be more difficult to recognise. Theoretical
considerations imply that this would be the case,
because maximum expiratory flows are less dependent
on effort in patients with chronic airflow limitation
than in normal subjects. Indeed, a degree of upper
airway obstruction may even be beneficial in such
patients: the characteristic "pursed lips" breathing
seen in advanced emphysema represents self imposed
upper airway obstruction.

Airflow in the central airways is turbulent and very
dependent on the density of the gas breathed.4 Breath-
ing a low density gas, such as a 79% helium and 21%
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oxygen mixture (heliox), should result in increased
flow, particularly when this is determined by the
calibre of the more central airways. Comparison of
maximum flows during the breathing of air and of
heliox has been used in an attempt to identify the site
of airflow obstruction (for example, in asthma5) and it
has been suggested that the response to heliox may aid
recognition of upper airway obstruction in patients
with chronic obstructive lung disease.6 We have com-
pared the effects of artificially induced upper airway
obstruction on maximum airflow in patients with
chronic obstructive lung disease and normal subjects
to examine how chronic obstructive lung disease
affects the functional recognition of upper airway
obstruction and how the responses of maximum
expiratory and inspiratory flow to heliox might aid
recognition of upper airway obstruction in such
patients.

Methods

SUBJECTS
We studied 12 patients (11 male) with stable chronic
obstructive lung disease and 12 normal subjects of
similar age and sex distribution. Patients were
recruited if the ratio of FEV, to vital capacity was less
than 60%, and they were selected to represent a wide
range of severity of generalised airways obstruction.
Details of the personal characteristics and results of
baseline pulmonary function tests for the two groups
are shown in table 1.

DESIGN OF STUDY

Maximum expiratory (MEFV) and inspiratory
(MIFV) flow-volume curves were obtained with the
subject seated in a variable volume plethysmograph.'
A nose clip was worn. Flow was measured at the
mouth by electrical differentiation of expired volume
by means of a rolling seal spirometer with a flat
frequency response to 15 Hz (Ohio 842); the volume
recorded was change in thoracic gas volume. FEV, was
measured by the rolling seal spirometer. The flow-
volume curves were plotted directly on a rapidly
responding X-Y recorder (Hewlett Packard 7054A).
An X-Y recorder was chosen in preference to a
cathode ray oscilloscope to aid resolution of low
values of flow. To check that the response rate of the
recorder was sufficiently rapid for faithful recording of
high flows, a preliminary study was performed in one
healthy subject, in whom MEFV curves were recorded
simultaneously on the X-Y recorder and a cathode ray
oscilloscope; this showed no significant difference in
the values ofPEF recorded by the two methods (mean
(SD) difference of 20 consecutive readings 0-06
(0 17) 1 s-').

All the subjects initially practised the breathing
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Table 1 Personal characteristics and baseline pulmonary
function (mean (SD) and range)

Patients (n = 12) Controls (n = 12)

Sex(M:F) 11:1 11:1
Age (y) 56-8 (6 7) (48-66) 58 2 (9 7) (45-74)
Height (m) 1-74 (0-07) (1-591-88) 1-72 (0.05) (1-63-1-78)
FEV, (1) 1-71 (077) (0-7-3-1) 3-22 (0 30) (2-8-3-8)
FEV, (%p) 53 (22) (21-90) 103 (11.5) (91-131)
VC (1) 3-81 (099) (2 7-5-0) 4-90 (0.77) (3-6-5-9)
VC (%p) 91 (19) (60-118) 119 (17) (99-155)
PEF (I s-') 4 70 (1-84) (1-98-1) 8-47 (1-34) (6-5-11-3)
PEF (%p) 57(22) (25-95) 106 (17) (80-134)
VEmax5, (I ') 1-85 (1-13) (0-45-3-75) 4-47 (0-85) (33-6-0)
VEmax5, (%p) 42 (24) (9-83) 103 (19) (77-134)
Vimax,, (I s-') 4-5 (1-8) (1-2-7-7) 6-0 (1-3) (4-4-8-1)

FEV,-forced expiratory volume in one second; %p-percentage of
predicted value'0; VC-vital capacity; PEF-peak expiratory flow;
Vamax50, Vimax56-maximum expiratory and inspiratory flow at
50% of VC.

manoeuvres necessary for obtaining reproducible
maximum flow-volume curves. Each then performed a
series ofmaximum expiratory and inspiratory efforts,
breathing air with and without simulated upper airway
obstruction ofvarying severity. Upper airway obstruc-
tion was imposed by the method of Miller and Hyatt,8
by inserting (one at a time and in random order)
polythene washers with internal diameters of 4, 6, 8,
10, and 12 mm between the mouthpiece and the
spirometer. Each subject then breathed tidally from a
bag containing heliox until the concentration of
nitrogen in mixed expired air measured by a mass
spectrometer was under 5%. With the subject still
breathing heliox flow-volume curves were again recor-
ded, first with no additional obstruction and then
through a 6 mm orifice. Only one orifice was used for
the heliox recordings.
For each recording at least three expiratory and

inspiratory curves were obtained from each subject
and these were used to construct a composite maxi-
mum flow-volume loop by the envelope method,9 with
the largest vital capacity as a reference and the other
two curves superimposed. Efforts were regarded as
satisfactory only if vital capacity was within 5% of the
largest value. PEF, peak inspiratory flow (PIF), and
maximum expiratory and inspiratory flows at 50% of
vital capacity (VEmax50, Vimax5o) were read directly
for the composite curves. Values of FEV, PEF and
VEmax5o were compared with reference values'0;
because of the paucity of appropriate reference values
Vimax_0 is reported only in absolute units.

ANALYSIS OF RESULTS
The FEV, (% predicted) measured conventionally and
with no added obstruction was taken as the index of
severity ofchronic obstructive lung disease. The effects
of simulated upper airway obstruction in the two
groups of subjects breathing air were analysed initially
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F-! I ,

FEV, and flow indices (AFEV,%, JPEF %, etc) from
the values obtained during air breathing. These per-
centage changes were calculated with no added ob-
struction and in the presence of the 6 mm orifice for
both groups of subjects.

Statistical analyses within and between groups of
subjects were performed with Student's t tests for
paired and unpaired data respectively. Linear correla-
tions between variables were examined using the
method of least squares. A p value of <0 05 was
considered significant.

Results
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EFFECT OF UPPER AIRWAY OBSTRUCTION OF
INCREASING SEVERITY ON FEV, AND INDICES OF
AIRFLOW
The effects of the various orifices on the absolute
values of FEV,, PEF, and VImax_, in patients and
control subjects breathing room air are shown in figure

KP; 1 and the reductions in each index (in absolute and

proportional terms) with each orifice from the values
with unobstructed breathing in figures 2-4. Both
VImax5, and PEF were significantly reduced with mild
simulated upper airway obstruction (I 2mm orifice for
each index in control subjects, 12 mm for VImax5, and
10 mm for PEF in patients). These indices were more
sensitive to the presence of upper airway obstruction
than the FEV, or VEmax_, (not illustrated) in both
patients and controls. The percentage reductions in
PEF and VImax,0 with all degrees of upper airway
obstruction in both patients and controls were also
greater than the corresponding proportional reduc-
tions in FEV, and VEmax5,. This relative insensitivity
of the FEV, to the presence of upper airway ob-
struction is well illustrated in fig 1. Overall, VEmax5o

2 was the least sensitive index of upper airway obstruc-
6 4 tion, with no significant fall seen until the level of
nm) upper airway obstruction was severe (controls 6 mm,patients 4 mm). The reductions in FEV,, PEF, and to a
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RELATION BETWEEN SEVERITY OF CHRONIC
OBSTRUCTIVE LUNG DISEASE AND THE EFFECT OF
SEVERE UPPER AIRWAY OBSTRUCTION
The effect of severity of chronic obstructive lung
disease on the identification of additional upper
airway obstruction was examined by plotting, for the
patient group only, the fall in PEF produced by adding
a 4 mm orifice against FEV, (% predicted) (fig 3a, b).
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Fig 2 Mean (SEM) reduction in lungfunction expressed (a) in absolute units and (b) as percentages of the "unobstructed"
values seen with simulated upper airways obstruction ofincreasing severity. A-forced expiratory volume in one second;
B-peak expiratoryflow; C (facingpage)-maximum mid inspiratoryflow (Vftnax_,). 0 patients; 0 controls. t denotes the
least level ofsimulated upper airway obstruction at which the absolute reduction compared with the unobstructed state became
significant. Significance ofdifferences between patients and controls: *p < 0 05; **p < 0 01.
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With milder degrees of simulated upper airway

obstruction-for example, 8 mm-the correlations
between PEF and the severity of chronic obstructive
lung disease were less striking.
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Fig 4 Values observed in the patients ofAPEFand
A Vimax,, in the absence (U) and in the presence ofa 6 mm
simulated upper airway obstruction. Signifiycance of
differences seen in the absence and in the presence of
simulated upper airway obstruction: tp < 005; tt p < 0-0.

There was a close relation between FEV, % predicted
and absolute fall in PEF, and even when the fall in PEF
was expressed in percentage terms a significant
correlation remained, smaller reductions in PEF being
produced by the addition of the orifice in patients with
more severe chronic obstructive lung disease.

Table 2 Mean (SD) percentage change in FEV, andflows
with subjects breathing heliox in the presence and absence of
simulated upper airway obstruction (UAO) (6 mm orifice).
All values were significantly diferentfrom zero in both
subject groups exceptfor A Vimax-, unobstructed in the patient
group

Controls Patients

No UAO 6 mm UAO No UAO 6 mm UAO

AFEVI(%) 4-0 (7 3) 15-3 (11-5) 14 1(14-1) 16-0(9-0)
APEF (%) 18-3 (12-0) 53 9 (29 8)** 201 (21-1) 36-5 (20 4)*
AVEmaxa (%) 21-3 (17-1) 46-2 (28-5)** 221 (28.9) 180 (28.4)
AVimax,50 (%) 9-7 (25-1) 35-7 (22-8)** 11-8 (15 3) 43-2 (28-3)**

*Refers to differences within subjects in magnitude of heliox effect in
the presence and absence of the orifice (that is, column 2 v column I
and column 4 v column 3 respectively).
*p < 0-05; **p < 0-01.
For abbreviations see table 1.

EFFECT OF BREATHING HELIOX WITH AND
WITHOUT SIMULATED UPPER AIRWAY
OBSTRUCTION
The changes in FEV, and maximum flows in both
subject groups breathing heliox in the presence and in
the absence of a 6 mm orifice are summarised in table
2. With no additional obstruction heliox caused
significant increases above values obtained during the
breathing of air in FEV1, PEF, and VEmax5o, both in
the patients and in the normal controls. Increases in
VImax, in the patients were not significant. In the
presence of the orifice these increases were generally
larger (except for AVEmaxo in the patients). The
increases in Vimax,0 in the presence of the orifice were
significant in both groups. Figure 4 illustrates (for the
patient group only) the values ofAPEF and AVimax5o
both without obstruction and in the presence of a 6
mm orifice.

Discussion

Clinical experience suggests that the functional rec-

ognition of upper airway obstruction is difficult
in patients who have diffuse intrathoracic airway
narrowing. Gamsu et al" compared flow-volume
curves with bronchograms in 21 patients with upper
airway obstruction and airway stenoses, and noted
that all four patients with airway stenoses (identified
bronchographically) but with no characteristic
"plateau" of maximum expiratory flow on the flow-
volume curve had "severe" chronic obstructive lung
disease.
The present study has confirmed that the recogni-

tion of simulated upper airway obstruction is more
difficult in patients with chronic obstructive lung
disease than in the control subjects. The reductions in
FEV,, PEF, and VImax, produced by resistances
added at the mouth were always less in the patients
than in the control group.
The differences between the two groups could in

part be related to the higher absolute starting values of
the control group, but even when the reductions in
FEV, or maximum flow were expressed as percentages
of the initial values significant differences between the
two groups of subjects were still present (fig 2b). A
lesser sensitivity of indices of maximum expiratory
flow to upper airway obstruction in the patients would
be expected as VEmax, is in general less effort
dependent than it is in normal subjects, presumably
owing to the more peripheral location of equal
pressure points and flow limiting segments in the
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Table 3 Sensitivity and specificity (as percentages) of
various indicesfor the identification of6 mm simulated upper
airway obstruction in patients with chronic obstructive lung
disease and control subjects

Sensitivity Specificity

Patients Controls Patients Controls

FEV,/PEF > 10 58 100 100 100
VEmax,J/Vimax5o > 10 50 100 100 100
APEF He > 25%* 92 75 75 75
AVimaxo He > 25%* 83 67 83 83

*APEF He and AVimax5a He represent the percentage changes in
these indices after the breathing of heliox (79% helium, 21%
oxygen).
For abbreviations see table 1.

patients. We have shown in addition a relation
between the reduction in PEF with a 4mm orifice and
the FEV, with no obstruction (fig 3), showing that the
more severe the diffuse airways obstruction the greater
the difficulty likely to be encountered in recognising
additional upper airway obstruction.
The indices most sensitive to the presence of upper

airway obstruction in the patients and in the control
group, in terms both of the largest orifice at which a
significant reduction in flow was detectable and of the
magnitude ofreduction in flow, were PEF and Vimax.,
(fig 1). By contrast, VEmax_, and FEV, required more
severe upper airway obstruction before they became
significantly reduced. These results from normal
subjects are in agreement with those of Miller and
Hyatt.8 The trends were even more noteworthy in the
patients. The greater sensitivity to upper airway
obstruction of PEF and Vimaxs, than of FEV, and
VEmax, results from the greater dependence of the
former measurements on effort than on dynamic
compression of the intrathoracic airways.
As the smaller falls in FEV,, PEF, and Vimax5, in

patients with chronic obstructive lung disease than in
subjects with normal lungs may impair the recognition
of upper airway obstruction, we have examined the
sensitivity and specificity oftwo established indices for
the recognition of upper airway obstruction in the
control group and in the patients with chronic obstruc-
tive lung disease (table 3). In the presence of a 6 mm
orifice the ratio VEmax,:VImax,2 exceeded 1-0 (sug-
gesting upper airway obstruction) in all 12 control
subjects but in only six of the patients. Similarly, with
the same orifice the ratio FEV,:PEF' gave a value
greater than or equal to 10 ml 1' min (suggesting upper
airway obstruction) in all 12 control subjects but in
only seven patients. Thus, although these ratios are
sensitive to simulated upper airway obstruction in
subjects with otherwise normal lungs, their value in the
recognition of upper airway obstruction is clearly
reduced in subjects with generalised airflow limitation.

Comparisons of maximum expiratory flow during
the breathing of air and heliox have been used mainly
in studies aimed at the early detection of diffuse
intrathoracic airway narrowing. The early promise of
this technique as an epidemiological tool has not,
however, been fulfilled, probably because the effects of
breathing a low density gas on expiratory flow limita-
tion are more complex than was originally realised.'2
In the context of upper airway obstruction Barnett'3
showed clearly that heliox had a particularly large
effect on airflow when the central airway of dogs was
artificially narrowed. Lavelle et al,6 however, found
that the responses of maximum expiratory flow to
heliox in a group of patients with upper airway
obstruction were no greater than those of normal
subjects with no obstruction. They also examined the
effect of simulating upper airway obstruction in three
patients with chronic obstructive lung disease and
found that the responses to heliox were normal with
the simulated obstruction but greater than the
impaired responses seen when these patients were
studied without artificial simulation of upper airway
obstruction. They concluded that upper airway ob-
struction, if severe, may be identified in patients with
chronic obstructive lung disease by the finding of a
normal heliox response at high lung volumes. Our
investigation extends the results of these studies by
including a larger number of patients and
measurements made also during forceful inspiration.
The heliox studies were performed with a 6mm orifice
because this is about the level of obstruction at which
upper airway obstruction becomes functionally
important and also the level ofsimulated upper airway
obstruction at which the heliox effect is reported as be-
coming large in normal subjects.6 With no additional
obstruction, breathing heliox significantly increased
FEV,, PEF, and VEmax5M both in the patients and in
the normal subjects. Vimax_, was significantly
increased by heliox only in the normal subjects. The
proportional increases in both groups of subjects were
generally of similar magnitude. In the presence of a 6
mm orifice the values of APEF, AVEmax5o, and
AVimax, in the controls and APEF and AVImaxM, in
the patients were significantly larger than in the
unobstructed state (table 2). These results suggest that
in patients with generalised airflow limitation a large
increase in PEF or Vimax5, while they are breathing
heliox should raise the suspicion of upper airway
obstruction. If values of APEF and AVimax56 (with
heliox) above 25% had arbitrarily been taken as
indicators of underlying upper airway obstruction,
then 11 and nine of the patients respectively would
have been identified as having upper airway obstruc-
tion in the presence of a 6 mm orifice. This is a higher
detection rate than would have been achieved by the
traditional ratios FEV,:PEF or VEmax5,,:VImax5o
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(table 3). Because of the wide range of response seen
with APEF and AVimaxn, (fig 4), however, their
specificity is somewhat less.

In conclusion, we have confirmed the clinical
impression that upper airway obstruction is more
difficult to detect in the presence ofgeneralised airways
obstruction. The sensitivity and specificity of the
traditional indices for the detection of upper airway
obstruction in otherwise normal subjects have been
confirmed, but these measurements are much less
sensitive to upper airway obstruction in patients with
chronic obstructive lung disease. Large increases in
PEF or Vimax_, during the breathing of heliox may
aid the recognition of upper airway obstruction in
patients with chronic obstructive lung disease, but the
lack of specificity of such indices limits their clinical
usefulness.
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