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Effects of laser treatment on respiratory function in
malignant narrowing of the central airways
JJ GILMARTIN, D VEALE, BG COOPER, PM KEAVEY, GJ GIBSON,
GN MORRITT

From the Departments ofRespiratory Medicine, Cardiothoracic Surgery, and Medical Physics, Freeman
Hospital, Newcastle upon Tyne

ABSTRACT Twenty patients with inoperable carcinoma in the trachea or a main bronchus were

investigated before and one and 10 days after treatment with a carbon dioxide laser. Patients were

assessed by spirometry, maximum flow-volume loops, and a visual analogue score of breathlessness
on a scale from 0 (not at all breathless) to 100 (very breathless). At day 10 mean FEV, had improved
from 51-9% to 62-6% of predicted (p < 0-02) and mean peak expiratory flow (PEF) from 45-3% to
53-1% of the predicted value (p < 0 05). Improvements in maximum inspiratory and expiratory
flows at 50% vital capacity were not significant but the breathlessness score decreased from a mean

of 49 1 to 35 3 (p < 0 01). Improvements in breathlessness were significantly correlated with
increases in FEV, and PEF. Thirteen of the 20 patients had unilateral tumours with partial or

complete occlusion of the main bronchus; in these perfusion and ventilation were assessed by
radioisotope scans before and 10 days after treatment. Seven of the 13 patients showed an increase
in perfusion of the affected lung after treatment but the improvement was small, with a mean
increase in unilateral perfusion in the 13 patients of 2-4% of the total counts. Four patients with no
perfusion of the affected side showed no significant improvement after laser treatment. Changes in
ventilation scans were similar to those in perfusion. It is concluded that laser treatment improves
airway function and dyspnoea in malignant narrowing of central airways and that in unilateral
obstruction such treatment results, at best, in a small increase in the contribution ofthe affected lung
to perfusion.

Phototherapy by laser has recently been applied in the
treatment of bronchial carcinoma via the broncho-
scope. 1 2Previous reports have concentrated on tech-
nique or on the effect on survival1 2 and little informa-
tion has been published on changes in respiratory
function after laser treatment.
The likely benefit from removal of tracheal lesions

by laser is self evident,' but its use in unilateral
lesions, where one or other main bronchus is
occluded, has the potential disadvantage of increasing
the ventilation of underperfused lung. It is well recog-
nised that defects of ventilation and perfusion on iso-
tope scans are often surprisingly large in patients with
centrally placed carcinomas.34 We have studied the
effects of laser treatment of malignant narrowing of
the trachea or of a main bronchus on ventilatory
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function and breathlessness. In addition, in patients
with tumour confined to one or other main bronchus,
we performed scans before and after treatment to
assess how much improvement in ipsilateral function
results from phototherapy.

Patients and methods

Twenty patients with malignant disease proved at
bronchoscopy were referred for laser treatment
because of distressing breathlessness (table 1). Eleven
of the patients had had prior radiotherapy but in 10
this had been given more than one year before laser
treatment; the other patient had had radiotherapy
one month before the study.
The severity of airflow obstruction was assessed by

measurements of FEV1 and by maximum inspiratory
and expiratory flow-volume curves. The peak
expiratory flow (PEF) and the maximum flows at mid
vital capacity (VEmaxso and VImaxso) were taken as the
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Table I Patients' details andpulmonaryfunction values (% predicted) before laser treatment

Patient Age Site of Previous
No Sex (y) lesion Cell type radiotherapy FEV1 PEF VEnax,O VImaX,o

I M 64 Subglottic Squamous + 70 24 43 36
2 M 74 Mid trachea Large cell + 89 48 48 23
3 F 63 Lower trachea Adenocarcinoma - 55 27 11 28
4 M 73 Lower trachea Squamous - 45 24 24 39
5 F 65 Lower trachea Squamous - 26 15 4 46
6 M 52 Lower trachea Squamous + 44 75 18 75
7 M 70 Lower trachea Squamous + 26 45 12 67
8 F 64 R main bronchus Squamous + 43 27 9 44
9 F 59 R main bronchus Adenocarcinoma + 43 20 16 25
10 F 60 R main bronchus Squamous - 63 43 17 65
11 F 52 R main bronchus Secondary + 71 65 31 87

adenocarcinoma
12 M 54 L main bronchus Squamous + 88 59 39 122
13 M 59 R main bronchus Squamous + 62 76 60 108
14 M 63 R main bronchus Squamous + 37 50 37 63
15 M 74 R main bronchus Squamous - 68 55 38 89
16 M 59 L main bronchus Not identified - 58 86 35 81
17 F 74 L main bronchus Not identified - 78 55 27 44
18 M 71 R main bronchus Squamous + 49 46 39 42
19 M 66 R main bronchus Squamous - 46 65 26 57
20 F 74 L main bronchus Squamous - 24 24 10 69

R-right; L-left; PEF-peak expiratory flow; VE,O, VI50-maximum expiratory and inspiratory flow at mid vital capacity.

highest values obtained from an "envelope" of three
technically satisfactory flow-volume loops.5 Each
measurement was expressed as a percentage of pre-
dicted normal on the basis of standard regression
equations.5 6 Breathlessness was assessed by using a
100mm visual analogue scale marked "not at all
breathless" (0) at one end and "very breathless" (100)
at the other.

Laser resection was performed under general ana-
esthesia by one operator (GNM) with a carbon diox-
ide laser and forceps through a modified rigid bron-
choscope. As much tumour as could safely be
removed was resected in a single session. Seven
patients were taking prednisolone at the time of laser
treatment and all patients were given dexamethasone
during induction of anaesthesia.

Functional assessment was performed before, the
day after, and 10 days after laser treatment.

Thirteen of the 20 patients had unilateral disease
and in these patients relative perfusion and venti-
lation of each lung was assessed by radioisotope scan-
ning, with 99mTc and 133Xe respectively, before and
10 days after treatment. The seven patients (Nos 1-7)
with disease limited to the trachea did not have lung
scans.
The contribution of the affected lung to total per-

fusion was calculated by computer from the average
counts obtained in both posteroanterior and antero-
posterior views and expressed as

perfusion counts from affected lung x 100
perfusion counts from both lungs

In patients 8-12 the contribution of the diseased
lung to total ventilation was assessed qualitatively
from the initial full inhalation scan. In patients 13-20

the contribution to ventilation from the affected side
was assessed quantitatively from the inhalation scan
and expressed as

ventilation counts from affected lung
x 100

ventilation counts from both lungs
Differences before and after treatment were exam-

ined by means of paired t-tests. Differences between
patients with lesions in the trachea (Nos 1-7) and
those with tumour in either main bronchus were
examined by means of unpaired t-tests.

Results

All the patients had some degree of airflow limitation
before treatment, with a mean FEV1 of 5911% of the
predicted value (table 1). The changes in the chest
radiograph and lung scan (in patients 8-20) after
treatment are shown in table 2. The changes in func-
tional data at day 1 are shown in figure 1 and at
day 10 in figure 2.

DAY 1
Changes in function were variable and only the
change in FEV1 was significant (p < 0 05; fig 1). Only
eight patients recorded a symptomatic improvement
on day 1 by the visual analogue scale scores and the
remaining 12 showed a deterioration.

DAY 10
Two of the patients did not complete the investiga-
tions on day 10 (fig 2), one (No 4) because of an inter-
current infection. The other (No 8) did not attend for
functional assessment but did have lung scans
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Table 2 Effect oflaser treatment on chest radiographs and unilateral lungfunction

Contribution ofaffected lung Contribution ofaffected lung
Radiographic appearances to perfusion (%) to ventilation (%)

Patient
No Before treatment After treatment Before After Before After

I Paratracheal shadow No change
2 Pleural effusion No change
3 Collapse right lower lobe Clear
4 Collapse left lower lobe Clear > Not performed Not performed
5 Clear No change
6 Collapse right lung Partial re-expansion
7 Collapse right lung No change J
8 Collapse right lung Partial re-expansion 2-5 17 5
9 Collapse right lung No change 0 0 Qualitatively
10 Collapse right upper lobe Re-expansion 4 11 matching
II Collapse right lower lobe No change 245 28 perfusion scans
12 Mass left upper zone No change 23 27 5
13 Mass right hilum No change 0 4 0 0
14 Collapse right lung Re-expansion 0 0 0 0
15 Mass right hilum No change 17 21-5 21-5 32 5
16 Collapse left upper lobe No change 3 14-5 2 24-5
17 Collapse left lower lobe No change 0 0 0 0
18 Mass right hilum No change 27-5 23 26 24-5
19 Collapse right lower lobe No change 3 5 3 5 0 0
20 Lingular collapse No change 27 14 11-5 18

performed. All the other patients showed some
improvement in at least one of the indices of airway
function. Significant changes were seen in both FEV1
(p < 0.02) and PEF (p < 005); but the absolute
changes were small (AFEVI: mean (SD) 0-36 (0-37) 1),
range -0 3 to + 1 0 1; APEF 39 (66 4) 1 min - 1, range

60 r
AFEV1 APEF AVa maX50 AVi max5s
% predicted % predicted % predicted % predicted

-85 to +210 1 min-1). The changes in VEmax5o and
VImaxso were more variable and not significant. The
change in PEF, FEV 1, and VEmax5o were all
significantly greater (p < 0 05) in those patients with
tracheal lesions than in those with main bronchus
lesions.

AVAS

Fig 1 Changes in lung
function and breathlessness
score in all patients on day I
after laser treatment. The
change in each functional
index-FEVI, peak expiratory
flow (PEF), maximum flow at
mid vital capacity

* (Vmax50)-represents the
diference between the
pretreatment value and the

* measurement on day I (each
expressed as % predicted
value). The change in
breathlessness score is the
difference between visual
analogue scale (VAS) scores
(mm) before and after
treatment. Bars represent mean
values. Only the change in
FEV1 was statistically
significant (p < 0 05).
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Fig 2 Changes in lung
function and breathlessness
score in 18 patients on day 10
after laser treatment.
Conventions as in figure 1.
There were significant
improvements in FEV1, PEF,
and breathlessness score.
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distribution of ven,

MFORE AFTER Four patients indicated increased breathlessness at
this stage. In the group as a whole the changes in

L R L R visual analogue scale scores correlated with the
changes in FEV1 (r = -0-52; p < 005) and PEF
(r =-063: p < 001).

In six patients (Nos 3, 4, 6, 8, 10, 14) the chest
radiograph showed partial or complete re-expansion
of a collapsed lung or lobe. In the other 14 the radio-

graph was unchanged (table 2). Of the 13 perfusion
scans obtained before treatment, four (Nos 9, 13,
14, 17) showed no apparent perfusion of the affected
lung; in three of these cases the pretreatment radio-
graph showed complete or partial collapse of the
ipsilateral lung and the fourth patient (No 13) has a

hilar mass. Ten days after treatment only one of these

four patients (No 13) showed any evidence of per-
fusion to the affected side, and in this subject the
post-treatment contribution of the diseased side was

only 4% of the total perfusion. Two patients (Nos 18
(i upper) and perfusion (Q, lower) and 20) showed reductions in perfusion to the affected

scans before (left) and after (right) laser side in the postoperative scan. Overall, in patients

nt 8. Ventilation scans represent counts 8-20 there was a small mean improvement in relative
ingle full inspiration ofgas containing
treatment there was very little V' or Q of perfusion-from 10-2% to 12-65% of the total, a

er treatment the contribution of the right change that was not statistically significant.
was 17 5% of the total and the In patients 8-12 qualitative assessment of the venti-
tilation was similar. lation scans showed defects closely matching those of
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perfusion; in the patient (No 8) showing the greatest
improvement in perfusion the changes in ventilation
at day 10 were similar (fig 3). Of the eight patients
(Nos 13-20) in whom a quantitative comparison was
made, five (Nos 13, 14, 16, 17, 19) showed virtually no
ventilation of the diseased lung before treatment and
in only one of these (No 16) was there an obvious
increase after treatment.

Discussion

Our results confirm that carbon dioxide laser
resection improves airway function and lessens
breathlessness in patients with tumours in the trachea
or in a main bronchus. Although some individual
patients showed a dramatic improvement in airflow
limitation, the overall increase was modest, FEV1
increasing by an average of 0-36 1 and PEF by 39 1
min -. Other studies27 have also shown improve-
ment in airway function after laser treatment but
differences in selection of patients, the techniques
used, and timing of the measurements make com-
parisons difficult. Eight of the 20 patients felt more
breathless on the day after treatment, and at this stage
only FEV1 had improved significantly. Failure to
improve or deterioration shortly after laser treatment
in some patients might result from prolonged an-
aesthesia or from oedema of the airway.

In only six of the 13 patients with tumours distal to
the main carina did the treatment produce an
improvement in perfusion of the affected lung. Where
the affected lung was not perfused before treatment,
no significant function was restored to the diseased
side. There are several possible explanations for the
small changes in blood flow in our patients. Firstly,
seven of the 13 patients had previously had radio-
therapy and they may have developed radiation
fibrosis or vascular damage in the diseased lung. There
was, however, no systematic difference with regard to
change in perfusion between those patients who had
prior radiotherapy and those who did not. More
probably the persisting reduction in function is due to
residual tumour, as centrally placed tumours may
result in much larger defects in perfusion than would
be expected from the radiographic or bronchoscopic
appearances.4
Although we did not set out to compare the func-

tional effects of laser treatment and radiotherapy, our
finding of improved airway function differs from the

Gilmartin, Veale, Cooper, Keavey, Gibson, Morritt
results of Saunders et al,8 who showed no improve-
ment in tests of airway function in nine patients with
tumours in main or lobar bronchi six weeks after
radiotherapy. By contrast, Fazio et al9 reported sub-
stantial improvement in ventilation and perfusion
scans after radiotherapy for central carcinomas. The
improvements in perfusion were larger than we found
but nearly half of their patients had small cell lung
cancer, which is more responsive to radiotherapy than
are other histological types. A direct comparison of
laser resection and radiotherapy in a previously
untreated group of patients with central tumours
would therefore be worthwhile.

In conclusion, we have found that laser treatment
improves airway function and lessens breathlessness
in patients with tumours in the trachea or either main
bronchus. In unilateral disease changes in perfusion of
the affected lung were variable and usually small. We
did not, however, find any evidence to suggest that
improvements in ventilation after laser treatment
would lead to a disadvantageous increase in dead-
space.
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