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Importance of airflow obstruction after thoracoplasty
M S PHILLIPS, M R MILLER, W J M KINNEAR, S E GOUGH, J M SHNEERSON

From Papworth Hospital, Papworth Everard, Cambridge

ABSTRACT Thirty six patients previously treated for pulmonary tuberculosis by thoracoplasty were

studied to determine the prevalence and effect of airflow obstruction. The mean (SD) FEV, was 1-3
(0 65) 1 and the mean forced expiratory ratio (FER) 64% (12%). FEV, was less than predicted in
every patient whereas FER was less than predicted in 30, being below the lower 98th percentile in
15 (42%). In the 18 patients who complained of breathlessness the means of the standardised
residuals (SR) for FEVy, peak expiratory flow (PEF), and FER were significantly lower and that for
residual volume/total lung capacity (RV/TLC) significantly higher than those for the 18 patients
who were not breathless (all p < 0-0001). There was no difference in the smoking history of the two
groups. Only three of the 23 patients in whom reversibility of airflow obstruction was assessed
showed a greater than 25% increase in PEF. None showed an increase in FEV, of greater than
15%. The 18 who were breathless had significantly lower values of arterial oxygen tension (Pao2)
and higher values of arterial carbon dioxide tension (PaCo2) (p < 0-0001). Thirteen of these patients
were in chronic respiratory failure (Pao2 < 8-0 kPa or PaCO2 > 5-9 kPa, or both) compared with
only one of the 18 who were not breathless. The indices correlating best with Pao2 and Paco2 were

SR FEV, and SR PEF respectively. SR FEV, accounted for 34% of the variance in Pao2 and SR
PEF for 29% of the variance in PaCO2. Airflow obstruction has been found to be common in
patients with a thoracoplasty and to be associated with hypoxia and hypercapnia.

Many patients who were treated for pulmonary
tuberculosis by thoracoplasty in the prechemotherapy
era are now breathless.' Some of them develop respi-
ratory failure2 or cor pulmonale.3 These compli-
cations may even occur in patients with a thoraco-
plasty who were not previously breathless and who
were leading apparently normal lives.4 The reasons
why some patients are affected while others remain
well have not been elucidated. A restrictive venti-
latory defect is inevitable after thoracoplasty5 6 and
there is some evidence that hypercapnia is related to
decreased inspiratory muscle strength.7 Because
several studies from the prechemotherapy era sug-
gested that airflow obstruction was common in
patients with pulmonary tuberculosis,8'-1 we studied
a group of patients treated for tuberculosis by
thoracoplasty to determine the prevalence of airflow
obstruction, its possible mechanisms, and its clinical
importance in determining breathlessness and respi-
ratory failure in these patients.
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Subjects and methods

We studied 36 patients who had previously been
treated for pulmonary tuberculosis by thoracoplasty.
They were divided into two groups. The first group of
18 (10 men, 8 women) had sought medical attention
in recent years because of breathlessness. Seven were
known to have suffered episodes of hypercapnic respi-
ratory failure. The other group of 18 (13 men, 5
women) attended a chest clinic for follow up of their
pulmonary tuberculosis. On direct questioning none
of these admitted to breathlessness. Two of the'
breathless patients and one of the others were shown
to be atopic by skinprick testing with common aller-
gens.

Forced expiratory volume in one second (FEVy)
and forced vital capacity (FVC) were measured with a
Vitalograph spirometer and peak expiratory flow
(PEF) using a Wright mini peak flow meter. In 12 of
the breathless patients and 11 of the others all three
measurements were repeated 10 minutes after the
inhalation of 800 ig isoprenaline. Total lung capacity
(TLC) and residual volume (RV) were measured with
a PK Morgan whole body plethysmograph; a Mor-
gan transfer test model C was used to measure trans-
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fer factor for carbon monoxide (TLco) and transfer
coefficient (Kco). One patient could not undergo
plethysmography and eight could not satisfactorily
complete the measurement of transfer factor, owing
either to difficulty with breath holding or to a low
FVC. Arterial oxygen (Pao2) and carbon dioxide ten-
sions (Paco2) were measured with the patient at rest
and breathing room air. Respiratory failure was
defined as a Pao2 of less than 8-0 kPa or a Paco2 of
greater than 5 9 kPa, or both.

Details of smoking habits were taken from each
patient. The number of ribs resected was assessed
from a chest radiograph. The degree of scoliosis was
measured from a radiograph of the thoracic spine by
the method described by Cobb."1

All statistical procedures were carried out on a
microcomputer with validated algorithms. Predicted
values for all the indices of lung function were calcu-
lated for each subject from standard regression
equations12 and the degree of deviation from nor-
mality was expressed in terms of standardised
residuals (SR), each SR being given by

SR = (recorded - predicted)/RSD,
where RSD is the residual standard deviation for the
regression equation.
The results were expressed in this way to eliminate

differences caused by the variation in age, sex, and
height among the patients. An SR less than -2
means that the index value is below the lower esti-
mated 98th percentile for that index."3 The means of
the standardised residuals for each index of lung func-
tion from the two groups were compared by the use of
an unpaired t test. The relationship between stan-
dardised residuals for each index of lung function and
both Pao2 and Paco2 was determined by a Spear-
man's rank correlation procedure. A multiple linear
regression procedure using standardised residuals to

349
predict Pao2 and Paco2 was performed to determine
which of all the independent variables were the best
predictors of Pao2 and Paco2. A 5% level of
significance was set for acceptance of a regression
coefficient based on t ratio determinations. The per-
centage change in FEV, and PEF after inhalation of
bronchodilator was assessed by a comparison of
means of the two groups in an unpaired t test.

Results

The mean (SD) FEV, for the 36 patients was 1-30
(0 65) litres while the mean FVC was 2-00 (0-83) 1. The
FEV, was below predicted in all the patients and
more than 2 standard deviations below the predicted
value in 27 (75%). FVC was below predicted in all but
one. Because these patients have reduced lung vol-
umes as a consequence of their thoracoplasty a
reduced FEV, does not necessarily reflect airflow
obstruction, and forced expiratory ratio (FER) may
be a better measure. The mean (SD) FER was 64%
(12%). FER was below predicted in 30 (83%) of the
patients and more than 2 standard deviations below
predicted in 15 (42%).

There was no difference in age, number of ribs
resected, or degree of scoliosis between the 18 patients
who were breathless and the 18 who were not. The
two groups are compared in tables I and 2.
The means of the SRs for FEV,, FVC, FER, and

PEF were all significantly more negative and those for
RV and RV/TLC both significantly more positive in
the patients who were breathless.
There was little reversibility of airflow obstruction

after inhalation of bronchodilator. No patient
showed an increase in FEV, of more than 15%,
though three showed an increase in PEF ofmore than
25%. The percentage changes in FEV, and PEF

Table I Comparison ofthe breathless and non-breathless patients (values are means with standard deviations in parentheses,
exceptfor "never smoked")

Breathless Non-breathless Significance

Age (years) 65 0 (6-5) 62-9 (5-9) NS
Height (metres) 169 (013) 167 (0-07) NS
No of ribs resected 7-2 (1-7) 70 (1 5) NS
Scoliosis (degrees, Cobb angle) 27 (15) 23 (13) NS
Lifetime cigarette consumption

(pack years) 19 (19) 19 (20) NS
Duration of cigarette smoking

(years) 22 (19) 25 (19) NS
Never smoked (%) 33 22
% change with bronchodilator
FEVI 4-2 (4-5) 4-1 (4-8) NS
PEF 120 (11-4) 93 (11-6) NS

Pao2(kPa) 8-4 (1.8) 106 (1-2) *
Paco2 (kPa) 66 (1 0) 54 (0-4) *

*p < 0-0001; NS-no significant difference at the 5% level.
PEF-peak expiratory flow
Conversion: SI to traditional units-blood gas tensions: I kPa = 75 mm Hg.
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Table 2 Comparison ofabsolute values and standardised residuals (SRs) for each index oflungfunction between the
breathless and non-breathless patients (means with standard deviations in parentheses)

Breathless Non-breathless

Absolute value SR Absolute value SR

FEV1 (1) 0-88 (0-39) -3-98 (0.98) 1 75 (0.57) -2 21 (0-78)t
FVC (1) 1 59 (0-70) -3-35 (1-07) 2-47 (0 78) -1 95 (0 86)t
FER (%) 56 (12) -2-92 (1-77) 72 (6) -062 (093)t
PEF (I min 1) 190 (78) -3-57 (1-09) 333 (105) -1-64 (l09)t
TLC (1) 4-00 (1-56) -2 93 (1-68) 4 32 (0-97) -2 53 (0 93) NS
RV (1) 2 40 (0 97) 0-44 (1 90) 1-92 (0.56) -0-83 (1-45)*
RV/TLC(%) 60 (8) 3-63 (141) 45 (I1) 1-07 (1-93)t
TLCO (mmol min 'kPa ) 52 (08) -260 (0.86) 6-3 (1.9) -155 (1-07)*
Kco(mmolmin - kPa 1-1 ) 18 (04) 0-31 (125) 1-8 (04) -0-21 (1-02)NS

*p < 0-01; tp < 000001; NS-no significant difference at the 5% level (comparison of means of SRs in unpaired t test). FVC-forced vital
capacity; FER-forced expiratory ratio; PEF-peak expiratory flow; TLC-total lung capacity; RV-residual volume; TLco-transfer
factor for carbon monoxide; Kco-transfer coefficient.
Conversion: SI to traditional units-TLCO: I mmol minm ' kPa = 2 99 ml minm ' mm Hg '; Kco: I mmol minm ' kPa 1' 1- 299 ml
min-' mm Hg-' I-'.

among the breathless patients were not significantly
different from those observed in the patients who
were not breathless.
The breathless patients showed significantly lower

values of Pao2 and higher values of Paco2. Thirteen
(72%) of them were in respiratory failure compared
with one of those who were not breathless.
Comparison of the smoking habits of the groups

did not reveal any differences in lifetime cigarette con-
sumption in pack years or duration of cigarette smok-
ing, or in the numbers who had never smoked. The
mean (SD) SR FER for the 10 who had never smoked
was - 186 (1[81), which was not significantly
different from that of the 26 smokers, - 174 (1 85).
The rank correlations between the SRs for each

index of lung function and Pao2 and Paco2 are shown
in table 3. On the basis of multiple linear regression
and a stepwise inclusion procedure, the only predic-
tors for Pao2 and Paco2 were SR FEV1 and SR PEF
respectively. There was a positive correlation between
Pao2 and SR FEV1 and a negative correlation
between Paco2 and SR PEF. None of the other vari-
ables had a significant regression coefficient after

Table 3 Coefficients for rank correlations between the
standardised residualsfor the indices oflungfunction and
arterial oxygen (Pao2) and carbon dioxide tensions (Paco2)

n Pao2 Paco2

FEV, 36 0-57T -0-60t
FVC 36 0 54$ -0-52t
FER 36 0 43t -0 53$
PEF 36 0.39* -0-60t
TLC 35 0 20 NS -0-07 NS
RV 35 -0I15 NS 0l18 NS
RV/TLC% 35 -0-57t 0 41*
TLCO 28 0-20 NS -0-35 NS
Kco 28 -0 21 NS -0 20 NS

*P < 0-05; tp < 0-01; $0 001; NS-no significant difference at the
5% level. Abbreviations as in table 2.

these indices had been included in the regression
equation. This indicates the multicollinearity of these
lung function indices. The SR for FEV, explained
34% of the variance in Pao2 and that for PEF 29% of
the variance in Paco2. Figure 1 plots FEV1 (absolute
values) against Pao2 for all 36 patients and figure 2
PEF against Paco2, to give an indication of the
spread of the data.

Discussion

We have found that 42% of these patients previously
treated for tuberculosis by thoracoplasty have airflow
obstruction as shown by an FER below the lower
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Fig 1 Arterial oxygen tension (Pao2) plotted against FEVy
in breathless (A) and non-breathless ( *) patients.

* * ,

350 Phillips, Miller, Kinnear, Gough, Shneerson

1

 on A
pril 20, 2024 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.42.5.348 on 1 M

ay 1987. D
ow

nloaded from
 

http://thorax.bmj.com/


Importance of airflow obstruction after thoracoplasty

PaC02
(kPa)

10

4

A

A

A

A

A

A

A
"

0
A

A AL 0.

0

A

.01

.

0
PEF(I min-')

Fig 2 Arterial carbon dioxide tension (Paco2), plotted
against peak expiratoryflow (PEF) in breathless (A) and
non-breathless (0) patients.

98th percentile. FEVI was below this limit in 75% of
the patients but in the presence of a reduced FVC due
to the thoracoplasty this does not necessarily reflect
airflow obstruction. In patients such as these a low
FER is a better guide to airflow obstruction than
FEV1 alone.

Lancaster and Tomashefski found that airflow
obstruction was common in patients with chronic
pulmonary tuberculosis during the thoracoplasty
era.' They measured FEV1, maximum mid expiratory
flow rate, maximum breathing capacity, and RV/TLC
ratio and found airflow obstruction in 51% of their
patients. Gaensler and Lundgren9 and Hallet and
Martin'0 recorded prevalence rates for airflow
obstruction of 43% and 34% among their patients.
The mechanism of this airflow obstruction is

uncertain. Diffuse bronchial wall fibrosis due to
tuberculous endobronchitis,'4 paracicatricial
emphysema,15 and occasionally stenosis of a single
large bronchus have been suggested as causes. Smok-
ing related emphysema and chronic obstructive bron-
chitis may have become important in some patients in
recent years. We found no difference in cigarette con-

sumption, however, between our breathless patients
who had severe airflow obstruction and those who
were not breathless, in whom it was not as severe. Nor
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was there any difference in airflow obstruction
between smokers and those who had never smoked.
Coexisting asthma will also worsen airflow obstruc-
tion but there are no studies of the prevalence of
asthma among patients treated by thoracoplasty. In
our study appreciable reversible airflow obstruction
was uncommon, although in 13% of those in whom it
was assessed PEF increased by more than 25% after
inhalation of bronchodilator.

In our patients SR FEV, was the best predictor of
Pao2 and SR PEF was the best predictor of Paco2. In
the only previous study of patients treated by
thoracoplasty'6 Huang and Lyons found that respi-
ratory failure best related to a low FVC and that
FEV, and PEF were not important. Their patients,
however, had all been treated by thoracoplasty as a
procedure supplementary to pneumonectomy, so they
are not strictly comparable with our patients, none of
whom had had a pneumonectomy.
The pathophysiology of respiratory failure in

patients with a thoracoplasty should provide an
explanation for the observation that these patients
frequently deteriorate suddenly, sometimes without
apparent reason, having previously led seemingly
normal lives.4 All patients with a thoracoplasty have
a restrictive ventilatory defect,5 6 to which many fac-
tors contribute. Lung volumes are reduced by col-
lapse of functioning lung tissue at the time of
operation and lung compliance is reduced by residual
pulmonary fibrosis. Scoliosis, which is inevitable after
unilateral thoracoplasty,' 7 reduces chest wall compli-
ance. In some patients the skeletal deformity results in
paradoxical chest wall movement, which interferes
with the expansion of both lungs.'8 In others pleural
thickening limits expansion of the underlying lung,
and we have found that its extent is related to
Paco2.'9 Inspiratory muscle function is impaired by
the effect of resection of individual muscles and by the
mechanical disadvantage at which those remaining
must work because of the skeletal deformity.

Chronic airflow obstruction leads to hyper-
inflation, which may produce a beneficial fall in
airflow resistance.20 This is offset, however, by the
increase in work associated with breathing at high
lung volumes. When airflow obstruction is super-
imposed on the restrictive ventilatory defect of
patients with a thoracoplasty, this increase in work
will be greater than usual because of the decreased
respiratory compliance and impaired inspiratory
muscle function. Respiratory compliance2 ' and respi-
ratory muscle power22 decline with age, so that as
these patients grow older their respiratory reserve will
decrease and some will develop chronic asymptomatic
respiratory failure. In all these patients a critical level
may be reached at which a minor insult or small
increase in airflow obstruction could precipitate life
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threatening ventilatory failure.
We conclude that airflow obstruction is a common

finding in patients treated for pulmonary tuberculosis
by thoracoplasty and in only a minority is there a
reversible element. The severity of airflow obstruction
relates to the development of respiratory failure; if
this supervenes supportive treatment, such as assisted
ventilation,23 may be required. We suggest that the
presence and severity of airflow obstruction in
patients with a thoracoplasty may help to identify
those at greatest risk of developing respiratory fail-
ure.

We thank Drs JE Stark and TW Higenbottam for
allowing us to study their patients and Miss Sally
Smyth and Miss Jane Whiting for typing the manu-
script.
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