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Effects of lobectomy on lung function
N BEREND, ANN J WOOLCOCK, AND G E MARLIN

From the Respiratory Unit, Repatriation General Hospital, Concord, and the
Department of Medicine, University of Sydney, NSW, Australia

ABSTRACT The effect of lobectomy on lung function was investigated in 16 patients in whom
comprehensive lung function tests were performed before and between six weeks and six months
after lobectomy. The operation was well tolerated even by patients with quite severe airways
obstruction. The effect of lobectomy on forced flow rates was in keeping with the change in
lung volumes. There was no alteration in the distribution of ventilation and the diffusion
capacity remained unchanged. The changes in the pressure volume curves were difficult to
explain. All patients, even those with nearly "complete" hyperinflation of the remaining lung,
had appreciable increases in maximal intrapleural pressure at full inspiration.

The effects of pneumonectomy and segmental
lung resection on lung function have been exten-
sively investigated. However, reports of the lung
function effects of lobectomy in adults are rela-
tively few and there are no reports of detailed
mechanical lung function before and after lobec-
tomy. We performed comprehensive lung function
tests before and after lobectomy in 16 patients
with varying degrees of airflow obstruction in
order to document the changes in lung function.

Patients and methods

Sixteen patients presenting with small, peripheral
lung lesions were selected for this study. The
patients had screening tests consisting of a
questionnaire, physical examination, chest radio-
graph, electrocardiograph, biochemical screen,
and full blood count in order to exclude the pres-
ence of any disease other than chronic bronchitis
or emphysema which may have resulted in lung
function differences between the initial and re-
peat study-for example, asthma, renal failure,
cardiac failure, collagen diseases, and so on. All
patients were current or ex-smokers so that the
presence of chronic bronchitis and emphysema in
some or all was expected. All patients underwent
fibreoptic bronchoscopy and in no case was an
endobronchial lesion seen more proximally than
the segmental level. All lesions were primary or

Address for reprint requests: Dr Ann J Woolcock, Department of
Medicine, University of Sydney, NSW 2006, Australia.

secondary lung tumours. Patients with chronic
bronchitis received physiotherapy so that at the
time of the studies, their lung function was
optimal.
Informed consent was obtained. The patients

were studied one week before and between six
weeks and six months after lobectomy. The age,
sex, smoking history, grades of dyspnoea, time
interval between lung function tests, lobe resected,
and grade of emphysema are shown in table 1.
The lung function tests were performed by

identical methods and equipment before and after
lobectomy.
Lung function studies were performed in a

sitting position. The forced expiratory volume in
one second (FEV1), vital capacity (VC), FEV1/VC
ratio, and maximal mid-expiratory flow rate
(MMEFR) were performed with a nine litre
Godart respirometer and corrected to body tem-
perature and pressure, saturated with water
vapour (BTPS). The lung volume subdivisions of
residual volume (RV), functional residual capacity
(FRC) and total lung capacity (TLC) were deter-
mined by the helium dilution method.'
The maximal expiratory flow volume (MEFV)

curves with air and an 80% helium-20% oxygen
mixture (He-02) were performed with subjects
seated in an Emerson volume displacement ple-
thysmograph. Volume was measured with an
attached water-filled wedge spirometer and flow
was measured with a Fleisch pneumotachograph
coupled to a Hewlett-Packard (HP) Model 270
pressure transducer. The curves were displayed
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Table 1 Age, sex, smoking history, grade of dyspnoea, time interval between lung function tests, lobe
resected, and emphysema grade of 16 patients studied before and after lobectomy

Patient Sex Age Smoking Stopped Chronic Dyspnoea grade* Time after Lobe Degree of
(yr) (packs per smoking bronchitis lobectomy resected emphysema

yr) (years ago) Before After (wk)

1 M 60 100 0 Yes 1 1 6 RUL 15
2 M 63 32 0 Yes 1 1 14 RUL 20
3 M 61 42 0 No 1 1 20 LUL 30
4 M 58 36 0 Yes 2 2 10 RUL 50
5 M 56 120 0 Yes 2 2 8 RLL 50
6 M 63 26 0 No 0 0 22 RUL 50
7 M 60 21 3 No 1 1 16 LLL 10
8 M 58 87 10 No 1 1 12 LUL 5
9 M 69 120 0 Yes 0 0 24 RLL 0
10 M 62 45 0 Yes 0 1 6 RU and ML 5
11 M 57 86 0 Yes 1 1 26 RLL 0
12 M 68 72 0 No 1 1 20 LUL 10
13 M 58 36 6 No 0 0 14 RML 0
14 F 67 47 0 Yes 0 0 10 LUL 10
15 M 51 41 0 Yes 1 1 18 RML 0
16 M 68 71 5 No 1 2 20 LUL 0

*Grade 1 =breathless on hurrying or walking uphill; grade 2=breathless on walking on level ground at own pace; grade 3=breathless on
washing or dressing; grade 4=breathless at rest.

on a storage oscilloscope and photographed. The
patients performed MEFV manoeuvres while
breathing air until reproducible results were ob-
tained. The patients then took at least three VC
inspirations of the He-02 mixture and produced
further MEFV curves (the pneumotachograph
calibration was corrected for the different gas
mixture) until reproducible results were obtained.
The values for VC while breathing air and He-02
were required to be within 5% of one another.
The curves were then superimposed by tracing
and matched at RV. The maximal flow at 50%
VC (V50) and the percentage increase in flow at
50% VC breathing the He-02 mixture (AV50) were
then measured.

Total lung resistance (RL) was determined by
the method of Mead and Whittenberger,2 differ-
ence between mouth and oesophageal pressure
being measured with an HP 267B differential
pressure transducer. Balloon technique was as
described by Milic-Emili et al.3

Expiratory pressure-volume curves were pro-
duced by the method of volume interruption.4
Points obtained from four or five passive deflations
from TLC to FRC were pooled and the curves of
best fit drawn by eye. From the pressure-volume
curve, lung compliance (CL) was measured as the
mean slope of the curve from FRC plus 700 mls
and the maximal intrapleural pressure at full in-
spiration (Pmax) documented.
The single breath nitrogen test (SBNT) was

performed by a standard method.5 The diffusing
capacity for carbon monoxide (TLcoaB) was
measured by the single breath method.6 The KCO

(TLcoSB/alveolar volume) was calculated using
the alveolar volume obtained during the single
breath test. Steady state gas exchange was per-
formed by the method of Filley et a17 and the
steady state diffusing capacity (TLcoss) calculated.
Blood gas analysis was carried out using a radio-
meter PMS 3 Mark II system. Carbon monoxide
concentration was measured using a Beckman
infrared CO analyser and carbon dioxide with a
Beckman LB-1 analyser.
Not all the patients had all the tests. In a few

instances, informed consent for oesophageal intu-
bation could not be obtained. Some patients pre-
sented before the introduction in this laboratory of
MEFV curves using the He-02 mixture. Because
of technical difficulties, diffusion studies could not
be performed in some cases.

After resection, the lobes were inflated with
10% formalin at a constant pressure of 25 cmH2O
for a period of 48 hours. The lobes were then cut
into parasaggittal slices of 1-0 cm thickness. These
were numbered in order from the lateral pleural
surface. Slide 3 in each case was impregnated with
barium sulphate and used for assessment of em-
physema by comparison with standard emphysema
reference pictures8 which graded the degree of
emphysema arbitrarily from zero to 100.

Results

The results of the lung function studies are shown
in tables 2-4. The operation was well tolerated by
all the patients and the dyspnoea grade changed
in only two patients (table 1).

D
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Table 2 Results of lung function tests before and after lobectomy-spirometry, lung volumes,
pressure-volume curve.

Patient FEV,(t) VC(l) FRC(l) R V(l) TLC(I) CL(IlcmH,O)

Before After Before After Before After Before After Before After Before After

Pmax(cmH,O)

Before After

1 3-1 2-5 3 9 3-8 3 7 3 1 2-3 1-8 6-8 5 9 040 0 35 30 44
2 2-6 2-0 4-1 3-7 3 0 3-7 3-0 2-1 7 9 6-2 0 45 0-22 26 40
3 1-6 1-6 3 7 3 5 6-2 4-6 47 3-2 8-9 6-7 0 37 0-33 17 25
4 2-2 1-8 40 3-4 40 3-6 27 2 1 6-5 5 6 0-29 0-20 28 34
5 1-4 1-6 4-6 40 56 55 3-6 39 8-1 77 077 040 18 29
6 3-3 3-1 5 3 4-6 5 2 4-8 2-1 2-2 7 5 6-8 050 040 16 24
7 2-6 2-6 3-7 2-8 3-6 3-3 2-3 2-2 5 7 5 3 0-14 0-17 40 50
8 2-7 1.9 3-8 2-8 3-7 4-3 2-2 2-8 6-1 5 5 0-27 21
9 2-9 2-3 4-2 3 5 3 0 2-9 2-0 1.9 6-8 5 7 0 35 21
10 3 0 2-8 4-3 3-3 3-8 3-4 2-4 2-0 6-6 5 8 0 30 0-24 24 48
11 1-5 1-4 37 3-6 53 45 40 35 76 7.0 0-31 32
12 2-9 2-2 4-2 3-7 4-4 3.5 3-4 2-2 8-3 6-4 0 40 0 43 19 41
13 3.5 3-3 4.9 4-8 2-8 27 1.9 70 70 6-4 033 38
14 1-8 1.5 2-6 2-5 2-9 2-6 1-8 1-6 4-6 4-2
15 3-0 2-8 5-2 5 1 4-2 3-6 2-6 2-2 7 9 7-7 0 45 0 45 21 37
16 1.9 1*4 3*6 3 5 3-8 3-3 2-8 2-1 6-8 6-0 050 0-27 14 25

Mean 2 5 2 21 4-1 3-7t 4-2 3.7t 2-7 2-3t 7-1 6.2$ 0-42 0-31* 23 36
SD 0 7 0-6 0 7 0 7 1.0 0-8 0-8 0 7 1.1 0 9 0-16 0 10 8 9

FEV1=forced expiratory volume in one second TLC=total lung capacity
VC=vital capacity CL=lung compliance
FRC=functional residual capacity Pmax=maximum intrapleural pressure at full inflation
RV=residual volume
cmH20=0 1 kPa
*p < 0-05; tp < 0-01; tp < 0-001 compared to pr_-lobectomy values, paired t test.

Table 3 Results of lung function tests before and after lobectomy-lung resistance, maximal expiratory
flow-volume curve and single breath nitrogen test

Patient RJ(cmH20/l/s) 4o6('50(%) %V2/1 CV%VC

Before After Before After Before After Before After Before After

1 2-8 3-4 2-4 1-8 21 56 2-2 1-4 21 31
2 3-3 5 8 1-5 1-0 20 40 2-4 2-6 21 36
3 4 0 2-9 1-2 1.0 17 5 2-9 2-1 34 25
4 5.5 4-3 1-6 0-8 0 12 2-7 3.9 26 37
5 6-4 5-1 0-6 07 33 43 4.9 3-2 41 28
6 1-6 2 0 2-2 2-0 28 3-6 2-7 29 34
7 2-6 2-0 2-8 2 5 7 40 1-4 1.1 30 15
8 1.9 25 1-7 22 29 2-3 35
9 3-5 3-1 2-3 32 43 1-3 2 5 24 32
10 1.9 2-8 2-9 2-6 19 38 1-4 2 5 29 27
11 40 6-0 0-8 07 7 56 54 48 26
12 3 6 4-8 1.9 1-4 3 43 3-1 30
13 3-0 45 1-7 0-8 17 18
14 3-6 50 19 23
15 2-9 2-4 1*6 1 5 20 1*4 1*6 20 33
16 6-0 1-1 0-6 24 39 3-3 20 15

Mean 3 5 3-8NS 19 1-5t 17 35t 2-8 2-7NS 27 27NS
SD 1l4 1.5 0-8 0-7 11 15 1-4 1-4 9 7

RL=lung resistance
IV,.=maximal flow at 50% vital capacity (VC)
4 '60=percentage increase in flow at 50% VC breathing a helium-oxygen mixture
%Nz/l=slope of phase 3 of the single breath nitrogen test
CV%VC=closing volume as percentage ofVC
NS=not significant
For statistical notes see table 2.
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Table 4 Results of diffusion studies on the 16 patients before and after lobectomy

Patient Pao, FCO TLco,, TLcos B KCO

Before After Before After Before After Before After Before After

1 83 53 37 21 4-0
2 68 71 34 34 18 19 9 5 1-3 0-8
3 80 71 30 30 34 13 8 10 1.0 1-6
4 73 72 28 26 11 8 7 9 1*1 1.9
5 74 75 33 27 9 8 0 0 0-0 0.0
6 79 81 33 31 17 10 4 0-6
7 85 77 38 43 13 11 12 13 2-2 2-5
8 78 74 44 32 20 7 15 14 2-6 3-4
9 69 47 15 26 26 4-3 5-4
10 75 46 27 22 4-2
11 70 43 26 12 2-0
12 61 78 39 41 15 13 15 12 2-0 2-1
13 30 5-4
14 14 3-6
15 85 33 4-6
16 73 48 23 4-3

Mean 75 75NS 35 33NS 17 1 INS 12 1 INS 1-8 2-2NS
SD 8 4 5 6 8 4 8 8 1-3 1-6

PaO2=arterial oxygen tension in mmHg
FCO =fractional uptake for carbon monoxide (CO) in percentage
TLcoss=diffusing capacity for CO, steady state method, in ml/min/mmHg
TLCosB=diffusing capacity for CO, single breath method, in ml/min/mmHg
KCO=TLcosB/alveolar volume as determined in the single breath method in ml/min/mmHg/l
kPa=7-5 mm Hg
NS=not significant.

The mean results include only values from
patients who had the particular test performed
before and after lobectomy. Total lung capacity
(TLC) decreased by a mean of 12% (range 3-25%)
compared to prelobectomy values. The decrease
in vital capacity (VC) was in proportion to the
decrease in TLC (mean decrease 10%, range
2-26%), the mean RV/TLC remaining at 30%
after surgery. When related to the diminution in
lung volumes, the forced flow rates showed a
minimal fall only. The mean maximal flow rate
measured at the same volume above RV fell from
2-0 to 1-8 1/s and the mean FEV1/VC% from
61% to 59%. Although the mean RL increased
slightly from 3 5 to 3-8 cmH2O/l/s (0-35 to 0-38
kPa/l/s) after lobectomy, there was considerable
variation among the individual patients and in
five patients there was a decrease. Correcting the
RL for lung volume (RLXFRC) did not alter this
pattern. The AV50 increased after lobectomy in
eight of the nine patients in whom it was measured
on two occasions.
The mean lung compliance (CL) obtained from

the expiratory pressure-volume curve decreased
significantly. Again, some individual variation
occurred with two patients showing a small in-
crease in compliance. However, specific com-
pliance (CL/FRC) showed no significant change
after lobectomy. The mean maximal intrapleural
pressure at full inflation (Pmax) increased from 22

to 36 cmH2O (2-2-3'6 kPa) and all patients had
an increase.
The slope of phase 3 of the SBNT did not

change after surgery for the group as a whole and
there was little individual departure from this
pattern. The CV%VC remained the same at 27%
be,fore and after surgery.

Pre- and post-lobectomy TLcoSB studies were
performed in eight patients. There was no signifi-
cant change in TLcoSB, KCO, or fractional up-
take for carbon monoxide (FCO). Although there
was a greater reduction in steady state TLco,
this was also not significant. The mean Pao2 re-
mained at 75 mmHg pre- and post-lobectomy.

Discussion

There are several potential factors which may
affect the results of the repeated lung function
studies apart from the loss of lung tissue itself. If
insufficient time has elapsed for loss of pain,
this interferes with forced manoeuvres. In this
study, the time interval after lobectomy was not
important in the findings since it has been shown
that the residual effects of thoracotomy are no
longer present six weeks after surgery.9 Many of
the patients either stopped or reduced their cigar-
ette smoking after surgery. It is possible that
some improvement in lung function, particularly
small airway function, resulted from this.1011
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Finally, as pointed out by Frank et al12 and Mc-
Ilroy and Bates,'3 the measurement of intra-
oesophageal pressure may not accurately reflect
pleural pressure changes in patients after pneu-
monectomy, though this is less likely to be a prob-
lem after lobectomy.

This study showed that lobectomy was very well
tolerated by patients even with moderately severe
lung disease. Only two patients admitted to
worsening respiratory symptoms after surgery.
These were patients 10 and 16 who changed their
dyspnoea grade from 0 to 1, and from 1 to 2,
respectively. Patient 5 (FEV1/VC%=30%) and
patient 11 (FEV1/VC%=41%) were the patients
with the most severe airways obstruction and were
considered borderline risks before operation. How-
ever, neither showed deterioration of lung func-
tion after operation.
The changes in lung volumes were of the same

order of magnitude as have previously been re-
ported for segmental resection'4 and lobectomy.15
The mean changes in flow rates can be explained
entirely by changes in lung volume. However, it
is of interest that five patients showed decreased
RL after surgery. This could not be related to the
degree of hyperinflation of the remaining lung,
upper or lower lobectomy, or the presence or ab-
sence of emphysema. It may be related to smoking
cessation or surgical removal of diseased airways.
The pressure-volume curve reflects the overall

elastic properties of the lung. There are several
mechanisms by which the pressure-volume curve
may be changed after lobectomy. Firstly, disease
may not be equally distributed throughout the
lung-for example, in centrilobular emphysema-
and removal of an upper or lower lobe may influ-
ence the resultant overall elastic properties.
Secondly, the pressure-volume curve may be
affected by the degree of hyperinflation of the
remaining lung. If no hyperinflation occurs, the
post-lobectomy values for TLC and CL are ex-
pected to decrease and Pmax will increase. The
CL measurement of the remaining lung depends
on the position of FRC, governed by the balance
of lung and chest wall elastic recoil, on the post-
lobectomy pressure-volume curve. Thirdly, a
variable amount of pleural and extrapleural fibro-
sis may result from the surgery.
The patients studied by McIlroy and Bates'3

after pneumonectomy generally did not increase
TLC to predicted normal levels and showed re-
duced CL and increased Pmax. However, one of
their patients did reach a normal TLC (although
preoperative data were not available). This patient
also showed reduced CL and a high Pmax. None

of the patients studied by Frank et al12 after seg-
mental resection reached their preoperative TLC,
and the reduction in CL observed was correlated
with the number of segments resected.
The patients in -the present study demonstrated

a significant decrease in CL although, when this
was corrected for change in FRC (specific com-
pliance), no difference was apparent. An increase
in Pmax was observed in all the patients and the
magnitude of the increase did not correlate with
the change in TLC. It is unlikely that all the
patients with small changes in TLC increased their
inspiratory effort on retesting. It appears that
even small reductions in lung volume can give rise
to quite large increases in Pmax, although a rela-
tionship between reduction in lung volume and
increase in Pmax would be expected. Therefore,
although the direction of change in Pmax was ex-
pected, the lack of relationship to changes in lung
volume may be related to the complex interaction
of the factors previously discussed.
The lack of changes of the slopes of phase 3

of the SBNT after surgery indicated little distur-
bance to the distribution of ventilation by the pro-
cedure and this is in line with the findings of
Miller et al'4 and Anthonisen et al'" after
pneumonectomy.

It is of interest that all but one of the patients
increased the AV50 and the only patient who failed
to do so was the patient with the largest decline
in lung volumes after lobectomy. Perhaps hyper-
inflation of the lungs produced some fall in per-
ipheral resistance. Klingele and Staub17 showed
in cats' lungs that bronchiolar diameter increased
with lung inflation, so that the relationship be-
tween central and peripheral resistance may be
altered. Reduction or cessation of smoking and
clearance of mucus may also have been factors in
the increase in AV50.
There was no change in the mean CV%VC

before and after surgery but there was consider-
able individual variation and the results do not
parallel those of the AV50. The changes in
CV%VC were not related to whether upper or
lower lobectomy had been carried out or to the
presence or absence of emphysema.

It had been shown previously by Dietiker et al18
that the TLco falls immediately after pneumon-
ectomy and lobectomy and that it rises again with
time up to about 20 weeks after the operation,
although still falling short of the preoperative
value. These authors found that, after pneumon-
ectomy, the loss of TLco was commensurate with
the reduction in lung volume whereas after lobec-
tomy, the loss of TLco was greater than ex-
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plained by the reduction in lung volume. An even

greater reduction in TLco was seen after seg-

mental resection. They explained this on the basis
of operative interference to the blood supply of
the remaining lung. Gimeno et al,19 on the other
hand, found that TLco 20 years after pneumon-

ectomy was relatively greater than expected for
the loss of lung volume. In the present series there
was no significant change in any of the diffusion
measurements. This probably means that when
the residual lungs hyperinflate the increase in their
alveolar capillary membrane area, in addition to
the increased blood flow, is able to compensate
for the loss of about 25% of the lung tissue. How-
ever, more even distribution of ventilation and
perfusion after the removal of a diseased area of
lung is another possible explanation.

This study has shown that lobectomy is very
viCll tolerated even by patients with severe degrees
of airway obstruction and that remarkably little
change in lung function results from this pro-
cedure. Most of the changes in lung function
after lobectomy can be explained simply on the
basis of changes in lung volume.

This work was supported by a grant from the De-
partment of Veterans' Affairs, Australia.
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