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Errors in the measurement of total lung capacity in
chronic obstructive lung disease
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ABSTRAcr The standard plethysmographic method of measuring total lung capacity (TLC) has
been reported to result in spuriously high estimates in patients with severe airway obstruction.
The helium-dilution method is known to underestimate TLC in the same patients. To determine
the magnitude of these possible errors we measured TLC by four methods in 20 patients with
varying degrees of chronic obstructive lung disease and in 11 normal subjects. TLC was measured
by (1) helium dilution (TLCHe); (2) a volume-displacement body plethysmograph, box volume
being plotted against mouth pressure (TLCm); (3) the same body plethysmograph with volume
plotted against pressure measured with an oesophageal balloon (TLCes); and (4) a radiological
technique (TCLXr). In normal subjects there was no difference between TCLm (6-57 ± 1-20) and
TLCes (6-51 + 1-24). In the patients with chronic obstructive lung disease TLCm gave results
significantly higher than those of any other method. If TLCeS is taken as the closest estimate of
true TLC, TLCm, consistently overestimates and TLCHe underestimates TLC. There was no
relationship between the degree of airway obstruction and (TLCm - TLCes) but there was bet-
ween (TLCes- TLCHe) and severity of airway obstruction. We conclude that using mouth pres-
sure in the plethysmographic measurement of TLC in patients with chronic obstructive lung
disease results in consistent but slight overestimation of TLC.

It is recognised that the use of the helium-dilution
technique may result in an underestimation of true
total thoracic gas volume (TGV) in patients with
severe obstructive lung disease.' It has been shown
only recently that erroneous measurements of total
lung capacity (TLC) can occur with the plethysmo-
graphic method. Habib and Engel2 and Brown et a13
showed that errors in the determination of TGV
may occur as a result of abdominal gas compression,
especially if patients pant below or above functional
residual capacity (FRC). Effors may also occur
when the intercostal and diaphragmatic respiratory
muscles are used separately during panting.2 More
recent studies4-7 have shown that mouth-pressure
measurement may underestimate alveolar pressure
swings and thus produce an overestimation of true
TGV in the presence of severe airways obstruction.
Stanescu et al showed that using oesophageal pres-
sure (Pes) instead of mouth pressure (Pm) gave
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smaller estimates of TLC in asthmatic patients. They
found that oesophageal pressure was more closely in
phase with volume than was mouth pressure and
suggested that much of the plethysmographically
measured hyperinflation observed in severe asthma
may be artefact. To evaluate the magnitude of this
possible error in chronic obstructive lung disease we
measured TLC by four methods in 20 patients with
varying degrees of disease. In addition, we measured
TLC plethysmographically using mouth (TLC.) and
oesophageal pressure (TLCe,) in 11 normal subjects.

Methods

The 11 normal subjects were laboratory personnel
aged 22-40 (mean 30*9 + 6.1) years. All were non-
smokers or light smokers and none had evidence of
airways obstruction. After an oesophageal balloon
catheter containing 0*6 ml air had been put in posi-
tion 10 cm above the gastro-oesophageal junction,
they sat in a volume-displacement pressure-
compensated body plethysmograph. Repeated
measurements of TGV and inspiratory capacity
were made with mouth and oesophageal pressure.
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Errors in the measurement of total lung capacity in chronic obstructive lung disease

At least five measurements of TGV and inspiratory
capacity were obtained in each subject with each
pressure and TLC was calculated by adding the
mean TGV to the mean inspiratory capacity.
The 20 patients with chronic obstructive lung dis-

ease were being followed by respiratory physicians
at St Paul's Hospital. The patients had measure-
ments of TLC by the helium-dilution technique
(TLCHe) and by a radiological technique8 (TLC,:,) in
addition to the plethysmographically determined
measurements of TLCm and TLC.. TLCHC was

measured in the routine pulmonary function
laboratory with a Collins Survey apparatus. The
equilibration time with helium was from five to
seven minutes. The measurements of TLC, and
TLC.S were accomplished in an identical fashion to
that described for the normal subjects. Measure-
ments of maximum expiratory flow were made on all
patients and static deflation lung pressure-volume
curves were produced for 17 of the 20 patients.
To test for group differences in the measurements

of TLC by the different methods we performed a

one-way analysis of variance and Duncan's multiple
contrasts.9 Accuracy and precision of agreement
between pairs of methods are presented as the mean
of individual differences and the standard deviation
of that mean. The correlation between methods was

assessed by regression analysis and a test to assess

whether the intercept and slope between measure-
ments were significantly different from 0 and 1.9

Results

There was no significant difference between the
measurements of TLC made with mouth and with
oesophageal pressure in the 11 nonnal subjects
studied (table 1). The largest difference in any one
individual was 0-16 1 and the correlation coefficient
(r) was 0-98. Considerable variation was observed in
the TLC measurements obtained by the four techni-
ques in patients with chronic obstructive lung dis-
ease. Table 2 gives the details of individual

Table 1 Normal subjects: age, sex, and measurements of
total lung capacity

Subject Age Sex TLCes TLCm
No

1 37 M 6-85 6-79
2 35 F 5-72 5-72
3 33 F 5-15 5-09
4 25 M 7-37 7-68
5 24 F 5-25 5-33
6 35 M 6-85 6-86
7 22 M 8-39 8-43
8 40 F 5-02 5-63
9 26 F 5-39 5-34
10 35 M 8-01 7-79
11 28 M 7-62 7-65

Mean 30-9 6-51 6-57
SD ±6-07 ±1-25 ±1-20

T_LCe-total lung capacity measured with oesophageal pressure;
TLCm-total lung capacity measured with mouth pressure.

Table 2 Characteristics ofpatients, flow rates, and measurements of total lung capacity

Patent Age Sex FEV,IFVC MMFR TLCHe TLCxr TLCes TLCm
No (to) (%pred)

1 61 M 52 27 5-95 5-84 6-26 6-26
2 53 M 73 78 5-76 7-03 6-98 6-83
3 61 F 38 10 4-68 5-93 6-43 6-30
4 78 M 57 23 5-29 6-68 6-33 6-44
5 34 M 72 91 7-07 5-86 6-64 6-75
6 61 M 52 30 9-08 8-78 9-27 9-13
7 52 F 77 49 5-17 4-20 4-96 5-31
8 76 F 62 35 3-91 4-53 4-62 4-59
9 66 M 68 16 6-17 7-29 7-34 7-50
10 54 M 71 44 5-78 7-01 6-26 6-60
11 70 M 82 93 6-67 5-83 6-00 6-48
12 61 M 53 14 4-55 5-32 6-08 6-90
13 56 M 74 76 6-49 6-59 6-31 6-51
14 75 M 63 71 6-51 6-35 6-46 7-11
15 54 M 73 47 6-88 6-46 6-64 7-16
16 62 F 62 33 6-04 6-19 6-03 6-50
17 64 F 72 49 6-78 5-49 6-51 7-13
18 67 F 70 37 3-42 3-73 4-11 4-82
19 75 M 67 56 5-57 5-59 5-87 5-84
20 59 M 71 39 8-70 7-53 8-16 8-92

Mean 62 65-5 45-9 6-02 6-11 6-36 6-65*
SD ±10-3 ±10-61 ±24-8 ±1-37 ±1-18 ±1-12 ±1-11

*Significantly different from mean values obtained by all other methods of measuring TLC (p < 0-01).
MMFR-maximum mid-expiratory flow rate (25-75%) expressed as percentage of the predicted normal value'"; TLC-total lung
capacity. Subscripts: He-helium-dilution method; xr-radiological method; es-plethysmographic method using oesophageal pressure;
m-plethysmographic method using mouth pressure.
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patients' age, sex, FEV,/FVC, maximum mid-
expiratory flow rate (MMFR), and TLC obtained by
the four methods. With one-way analysis of variance
and blocking on patients TLCm was significantly
greater than all other measurements by Duncan's
multiple contrast.9 Figures 1 and 2 show the line of
identity and the regression of TLCes versus TLCHe
and TLCm respectively. While the mean difference
between TLCes and TLCHe (TLCes - TLCHe = 0-34
1, SD + 0-69 1) was similar to the mean difference
between TLCeS and TLCm ((TLCm - TLCes) = 0-29
+ 0-32 1) there was more variability in the difference

Fig 1 Total lung capacity (TLC) measured
by the plethysmographic method using
oesophageal pressure (TLCE,) plotted
against TLC measured by the
helium-dilution method. The line ofidentity
is indicated by the dotted line and the
regression line by the solid line (r = 0.82).
The intercept and the slope ofthe fitted
relationship were significantly different
from 0 and I respectively (y = 0-69 x +
2.18).

Fig 2 Total lung capacity (TLC) measured
by the plethysmographic method using
oesophageal pressure (TLCes) plotted
against TLC measured by the
mouth-pressure plethysmographic method
(TLC.). The line of identty is indicated by
the dotted line and the regression line by the
solid line (r = 0.96). Neither the intercept
nor the slope ofthe fitted relationship was
significantly different from 0 and 1
respectively (y = 0-97 x - 0.10).

between the former and larger individual differences
were seen. There was a close relationship between
TLCes and TLC. (r = 0-96) and neither the inter-
cept nor the slope was significantly different from 0
and 1. The relationship between TLCeS and TLCHe
was more scattered (r = 0-86) and both the intercept
and the slope were significantly different from 0 and
1 respectively.
The relationship of TLCXr and TLCeS was close (r

= 0-93; mean difference = 0-27 + 0-47 1) but that
between TLCxr and TLCHe was more scattered (r =
0*77; mean difference = 0-11 ± 0-89 1). There was a

na
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significant correlation between TLC,S - TLCHC and
the degree of airway obstruction (FEV,/FVC, r =
0-64, MMFR, r = 0.66), whereas the difference
TLC,,- TLCe, was unrelated to the severity of air-
way obstruction (r = 0-35). There was no relation-
ship between measurements of elastic recoil of the
lung and differences between estimates of TLC by
the four methods. The coefficient of variation9 for
repeated measurements in patients with chronic obs-
tructive lung disease was 3-1% for TLCm and 2-9%
for TLCeS. In the normal subjects the values were
3-1% and 3.2%.

Discussion

Gas-dilution techniques underestimate true total
lung capacity' since intrathoracic air that is not in
communication with the tracheobronchial tree is not
measured by these methods. More recently it has
been shown that mouth pressure (Pm) may not
accurately reflect alveolar pressure in patients with
asthma.7 Using pleural pressure (Pes) as a closer
estimate of true alveolar pressure swings, Shore and
Martin6 as well as Stanescu et al7 have shown phase
shifts between change in lung volume and change in
mouth pressure resulting in overestimates of TLC as
high as 1-9 litres (39% TLC) when Pm is used. Since
the proposed mechanism of the phase shift between
volume and mouth pressure swings is based on
peripheral airway narrowing and a compliant
extrathoracic airway,7 large overestimates of TLC
might be expected in chronic obstructive lung dis-
ease. Our study shows that although the use of Pm
consistently results in an overestimation of TLC this
overestimation is relatively small in most patients. It
is similar in magnitude to the underestimation of
TLC observed with the helium-dilution technique,
although the discrepancies noted between TLCHC
and TLCCS were larger than those between TLCeS
and TLCm in individual patients. Interestingly, there
was no apparent relationship between the degree of
airway obstruction measured by expiratory flows
and the magnitude of TLC overestimation (TLCm-
TLC,S). If we assume that the TLC,S represents true
TLC, this study shows that the use of Pm results in
relatively minor overestimation of TLC in patients
with moderate chronic obstructive lung disease.
There was closer agreement between the radio-
graphic and plethysmographic (TLCeS) methods than
between the helium dilution and plethysmographic
methods (r = 0-91).

We conclude that the routine use of Pm in the
plethysmograph measurement of TLC in moderate
chronic obstructive lung disease is satisfactory.

Addendum

Since completion of this study a paper with similar
results has been published by Rodenstein and
Stanescu." In their study they found larger dis-
crepancies between TLCHC, TLC,., and TLCes in a
group of patients with more severe airway obstruc-
tion.

This work was supported by grant No MA7253 of
the Canadian Medical Research Council and by the
British Columbia Lung Association. We wish to
thank Sandra Eaton and Diane Ford for typing the
manuscript.
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