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Changes in regional ventilation and perfusion of
the lung after endoscopic laser treatment

P J M George, G Clarke, S Tolfree, C P 0 Garrett, M R Hetzel

Abstract
To determine whether endoscopic laser
treatment improves both ventilation and
perfusion in patients with advanced lung
cancer, krypton-81m ventilation and
technetium-99m labelled macro-
aggregate perfusion scanning was per-
formed immediately before and two or
four days after treatment in a con-
secutive series of 28 patients. Twelve
patients had not received any other
treatment before laser therapy and 16
had undergone previous treatments that
included radiotherapy. Ventilation and
perfusion were quantified by expressing
the number of counts in the affected lung
as a percentage of the total counts. Ven-
tilation and perfusion improved after
laser treatment in 23 patients (82%). The
mean ventilation score in the affected
lung rose by 50% (p < 0001) and the
mean perfusion score rose by 24% (p <
0@001). Incremental changes in ventila-
tion and perfusion scores were positively
correlated (r = 0@80). Mean spirometric
values, six minute walking distance, the
Karnofsky performance index, and
breathlessness and wellbeing scores also
improved significantly. Patients with
main bronchial obstruction who had had
no radiotherapy showed the most strik-
ing improvements. It is concluded that
the removal of intraluminal tumour
from the bronchial tree leads to matched
improvements in ventilation and per-
fusion in most patients and that this is
associated with valuable improvement in
symptoms.
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During the last eight years treatment with
the neodymium YAG laser has become estab-
lished as an important palliative treatment in
patients with advanced lung cancer.' The
thermal action of this laser provides a conven-
ient method of resecting intraluminal tumour
from the upper airways and there is general
agreement that it provides effective relief
from breathlessness. Treatment is often
dramatically effective in patients with
tumours obstructing the trachea45 and main
carina, but provides less striking clinical
improvement in patients with more peripheral
obstruction.3
The value of treating patients with tracheal

and carinal tumours, who are at risk of
asphyxiation, is not open to question but in

patients with more peripheral obstruction
evaluation of the physiological benefits of

treatment is important. It is well known that
perfusion to a lung affected by bronchogenic
carcinoma may be considerably impaired6 and
there is evidence in some patients to suggest
that this is caused by tumour compressing or
distorting the pulmonary vessels.7 Removal of
the intraluminal component of a tumour from
the airway might therefore improve ventila-
tion but have no effect on perfusion, with the
result that laser treatment might merely
increase the physiological dead space within
the lung.
We have examined changes in ventilation

and perfusion produced by laser treatment of
obstructing tumours by performing radionu-
clide lung scanning before and after treatment
in a series of 28 consecutive patients.

Methods
PATIENTS
Patients with inoperable tumours were asses-
sed initially by fibreoptic bronchoscopy. They
were judged to be suitable for laser treatment
if the airway was obstructed by predominantly
intraluminal tumour, and they were recruited
into the study if the tumour was causing
unilateral obstruction within the bronchial
tree.
We studied 28 patients (17 male and 11

female). The average age was 65 with a range
of 43-80 years. Tissue was obtained for his-
tological examination in all cases, with the
following results: squamous cell carcinoma
(22 patients), large cell carcinoma (2), adeno-
carcinoma (1), carcinoid tumour (2), and
metastatic clear cell adenocarcinoma (1). The
two patients with carcinoid tumours were
judged to have inoperable disease as both had
evidence of secondary disease affecting lymph
nodes.
The obstruction was at the level of a main

bronchus in 21 patients, the right inter-
mediate bronchus in six, and the right lower
lobe in one. Because of the small numbers,
results from patients with obstruction of
intermediate and lobar bronchi have been
grouped together for subsequent analyses.

Thirteen patients had been treated
previously with radiotherapy. Two patients
had received a combination of radiotherapy
and chemotherapy and one had received
radiotherapy after surgery. The remaining 12
patients had not received any previous treat-
ment. The patients could therefore be divided
into two groups: 16 whose previous treatment
included radiotherapy and 12 who had not
received any previous treatment. The mean
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(SD) interval between the time of diagnosis
and the first laser treatment was 20 (20)
months in the radiotherapy group and 4 (7)
months in the untreated group; this difference
was significant (p < 0 05, unpaired t test).

LASER TREATMENT
All patients were treated with a neodymium
YAG laser (Fiberlase 100, Pilkington Medical
Systems) under general anaesthesia, a com-
bination of flexible and rigid bronchoscopes
being used. Full details of this method have
been described.8 All treatments were perfor-
med by the same bronchoscopist (PJMG).

RADIONUCLIDE LUNG SCANS
Ventilation was assessed by the use of kryp-
ton-81m gas and perfusion with human al-
bumin macroaggregates labelled with tech-
netium-99m.9 Scanning was performed
immediately before and either two or four
days after laser treatment, depending on the
availability of the parent isotope, rubidium-
81. Anterior and posterior views were
obtained and the number of counts in each
lung was averaged by taking the geometric
mean from these two views. The geometric
mean was used in preference to the arithmetic
mean as it provides a correction for depth and
therefore gives a more accurate estimate of
whole lung counts.

Ventilation and perfusion were quantified
by expressing the mean number of counts in
the treated lung as a percentage of the sum of
the counts from both lungs to produce a
fractional score as follows:

Fractional score =
mean counts from treated lung x 100.
mean counts from both lungs
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Data were acquired by the use of a dedicated
computer during imaging and were analysed
to produce subtraction images derived from
scans before and after treatment. The purpose
of the computer subtraction was to show the
areas of change in the treated lung; an
example is shown in figure 1.

ASSESSMENTS OF THE CLINICAL RESPONSE TO
TREATMENT
All patients were assessed immediately before
and either two or four days after laser treat-
ment (on the same day as the radionuclide
lung scanning).
Mechanical lung function Peak expiratory
flow (PEF) and spirometric indices were
measured with a flow volume recorder (Floop
System OD 2001). Measurements were
corrected to BTPS.
Performance and effort tolerance Functional
performance was assessed by using the Kar-
nofsky performance index.'0 Effort tolerance
was assessed by measuring the distance
walked in six minutes." All walks were per-
formed in an enclosed hospital corridor of 50
metres under the supervision of the same
doctor (PJMG), who provided regular time
checks and encouragement as necessary. Two
practice walks were performed before the dis-
tance was recorded to minimise the effects of
training and learning.
Arterial blood gases Before and after treat-
ment samples of arterial blood were obtained
for blood gas analysis in 15 patients. All
samples were obtained from the radial artery
with the patient at rest and breathing room
air.
Symptom scores Breathlessness and well-
being were quantified by means of 10 cm
linear analogue scales.'2 The ends of the scales
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Figure I Radionuclide ventilation and perfusion scans immediately before andfour days after laser treatment in a
patient with a tumour (squamous cell carcinoma) obstructing the right intermediate bronchus. Regional changes in the
treated lung have been identified by computer subtraction, in which the pretreatment image has been subtractedfrom the
post-treatment image. A matched improvement in ventilation and perfusion is seen at the site that was treated.
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Figure 2 Fractional scores of ventilation and perfusion, obtained before and after laser
treatment, shown separately according to the site of endobronchial obstruction. Mean
pretreatment and post-treatment values (with levels of significance) are shown by solid
squares. Patients with obstruction of main bronchi tended to have the lowest ventilation
and perfusion scores before treatment, but showed the greatest improvements after
treatment. Int-intermediate.
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Figure 3 Fractional scores of ventilation and perfusion, obtained before and after lase
treatment, in patients with obstruction ofmain bronchi, shown separately for 12 patient
who had previously received radiotherapy andfor nine patients who had not received
radiotherapy. Mean pretreatment and post-treatment values (with levels of
significance) are shown by solid squares. The mean incremental increases in ventilation
and perfusion scores were significantly greater in patients who had not received
radiotherapy.
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n were marked "very, very breathless" and "not
at all breathless" for breathlessness, and
"very, very ill" and "very, very well" for
wellbeing. The patients indicated with a mark
where their present state fell between these
two extremes, the worst possible score being
0 mm and the best possible score being
100 mm. In addition, breathlessness was
quantified by using the MRC questionnaire.'3

STATISTICAL METHODS
Changes in indices of lung function, six
minute walking distance, and fractional scores
of ventilation and perfusion observed after
laser treatment were evaluated by paired
Student's t tests. All other pretreatment and
post-treatment data were compared by the
Wilcoxon matched pairs signed rank test.
Correlations between incremental changes in
ventilation and perfusion scores were assessed
by the method of least squares. Data from
different groups of patients were compared by
unpaired Student's t tests.

Results
RADIONUCLIDE LUNG SCANS
Ventilation and perfusion scores improved in
23 patients (82%). In all cases computer sub-
tractions confirmed that the greatest im-
provements in ventilation and perfusion were
in the treated areas. The mean ventilation score
rose from 23x8 to 35-8 (p < 0-001), and the
mean perfusion score rose from 24-6 to 30 6
(p < 0-001).

Patients with tumours causing obstruction in
main bronchi generally had the lowest ventila-
tion and perfusion scores before treatment, but
showed the greatest improvements after treat-
ment (fig 2): the mean fractional ventilation
score rose from 17-4 to 32-1 (p < 0-001) and the
mean fractional perfusion score rose from 19 1
to 27-0 (p < 0 001). Changes in ventilation and
perfusion scores were not significant in the
seven patients with obstruction ofintermediate
and lobar bronchi; individual patients within
this group, however, undoubtedly improved
(see example in fig 1).
The possible effect of previous radiotherapy

on the response to laser treatment was
examined by comparing the results obtained in
patients who had and had not received radio-
therapy. In patients with main bronchial obs-
truction the nine patients who had not under-
gone previous treatment tended to show
greater improvements in ventilation and per-
fusion scores than the 12 patients who had
received previous radiotherapy (fig 3). This
difference was significant when the mean
incremental changes in the two groups were
compared (p = 0-02 for ventilation and 0 04 for
perfusion, unpaired t test). In patients with
obstruction of intermediate and lobar bronchi
no differences were found between the radio-
therapy and untreated groups.

3S The relation between ventilation and per-
fusion was examined by plotting the incremen-
tal changes in fractional ventilation scores
against the incremental changes in fractiona
perfusion scores (fig 4). These were positively
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Figure 4 Incremental changes in ventilation scores (vertical axis) plotted against
incremental changes in perfusion scores (horizontal axis) for the whole group of 28
patients. These changes were positively correlated (r = 0 80; p < 0 001). Most of the
plots lie above the line of identity as ventilation scores tended to increase more than
perfusion scores.

correlated in the whole group of 28 patients (r
= 0-80;p < 0-001).

CLINICAL RESPONSES TO TREATMENT

Measurements of respiratory function
obtained before and after treatment are shown
in table 1, and changes in scores of breathless-
ness and wellbeing, Karnofsky performance
index, and six minute walking distances are

summarised in table 2. These data have been
analysed to examine the possible effects of

tumour site and previous radiotherapy on
the response to treatment. Significant
improvements in all indices were seen in the 21
patients with obstruction of main bronchi, but
not in the seven patients with more peripheral
obstruction. In patients with obstruction of
main bronchi, the most impressive responses
were again seen in patients who had not
received radiotherapy. The patterns of change
thus resembled those shown by radionuclide
scanning.

Samples of arterial blood were obtained
before and after laser treatment in 15 patients
with main bronchial obstruction. The results
were not examined for the possible effects of
radiotherapy because of the small numbers.
The mean (SD) arterial oxygen tension rose
from 10-1 (2 0) to 11 1 (1 8) kPa; this increase
did not, however, quite attain significance (p =
0 1). There was no change in the mean pretreat-
ment and post-treatment carbon dioxide
tensions (4 1 (I 1) and 4 2 (0 5) kPa).

Discussion
8lMKr ventilation and 99mT perfusion scans

provide an image of the relative distribution of
ventilation and perfusion in the lung during
physiological tidal breathing.9 Although the
technique cannot provide absolute measure-
ments of ventilation and perfusion, serial scans
are thought to provide a reliable index of
change."4 Our results thus provide evidence
that laser treatment leads to improved ventila-
tion and perfusion in the affected lung in
patients with obstruction of the main bron-
chus. The effect of treatment in patients with
more peripheral obstruction is more difficult to
assess in view of the small number of patients
studied; although significant improvements
were not seen in the whole group, individual
patients undoubtedly improved (fig 1).
Although ventilation scores tended to im-

Table 1 Mean (SD) peak expiratory flow and spirometric values before (B) and after (A) laser treatment

PEF (I/min) FEV, (1) FVC (1)

B A B A B A

All patients
All sites (n = 28) 259 280 1.35 1-57** 2-26 2-65****

(148) (105) (0 35) (0.45) (0 70) (0 70)
Main bronchus 240 271* 1-30 1-55* 2-16 2 60****

(n = 21) (128) (103) (0-34) (0 50) (0.71) (0 76)
Intermediate or lobar 309 306 1-47 1 61 2 54 2 76
bronchi(n = 7) (194) (114) (035) (035) (066) (057)

Patients treated previously with radiotherapy
All sites (n = 16) 236 268 1-35 1-40 2-25 2-53*

(136) (105) (0 33) (0 43) (0-61) (0 60)
Main bronchus 254 272 1 36 1-36 2-22 2-45

(n = 12) (156) (119) (0-36) (0 48) (0 64) (0-61)
(0-1 >
p > 005)

Intermediate or lobar 193 261* 1 32 1 49 2-32 2-75
bronchi (n = 4) (64) (70) (0 29) (0 29) (0-61) (0 58)

Patients not treated previously
All sites (n = 12) 285 294 1-35 1-78** 2-23 2-79**

(162) (107) (0 38) (0-42) (0 84) (0-82)
Main bronchus 225 270 1 23 1-78*** 2-08 2 80***

(n = 9) (96) (87) (0 33) (044) (0 83) (0-91)
Intermediate or lobar 464 366 1-67 1-77 2-83 2-77
bronchi(n = 3) (209) (151) (037) (043) (0-71) (069)

*p < 0 05; **p < 0 01; ***p < 0-005; ****p < 0-001, in the comparison of pretreatrnent and post-treatment values (paired
Student's t test).
PEF-peak expiratory flow; FEV,-forced peak capacity in one second; FVC-forced vital capacity.
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Table 2 Mean (SD) scores of breathlessness, wellbeing, and performance and six minute walking distances before (B)
and after (A) laser treatment

Breathlessness Wellbeing Karnofsky
VAS: performance Six minute

(VAS: 0-100) (MRC: 1-5) (0-100) index (0-100) walk (m)

B A B A B A B A B A

All patients
All sites (n = 28) 48 67**** 3 5 2.7*** 57 71*** 67 78**** 443 512***

(23) (14) (1 2) (14) (21) (17) (19) (13) (188) (164)
Main bronchus 44 64**** 3 6 2.6**** 51 69*** 64 76*** 412 492**

(n = 21) (22) (15) (13) (15) (20) (18) (21) (13) (185) (160)
Intermediate or lobar 59 74 3 3 3-0 75 79 76 84* 571 598
bronchi(n = 7) (22) (10) (1.3) (1.2) (11) (11) (11) (11) (159) (176)

Patients treated previously with radiotherapy
All sites (n = 16) 46 67*** 3-9 3.2* 56 70* 66 74* 389 458

(22) (13) (1-3) (1 4) (24) (19) (16) (12) (216) (178)
(01 >
p > 005)

Main bronchus 44 65* 4 0 3 2 47 67* 64 73 375 455
(n= 12) (24) (14) (13) (1.5) (24) (14) (16) (13) (236) (195)

(01 > (01 >
p > 005) p > 005)

Intermediate or lobar 53 74 3 8 3-3 77 77 73 78 463 475
bronchi(n = 4) (18) (10) (1 5) (1.3) (10) (11) (13) (10) (18) (71)

Patients not treated previously
All sites (n = 12) 50 66** 3 1 2.2* 59 73* 68 83** 513 583**

(24) (16) (10) (1 1) (17) (15) (24) (14) (118) (117)
Main bronchus 44 63*** 3-2 2 0*** 54 70* 63 79* 465 545*

(n = 9) (21) (17) (1 1) (1 1) (16) (15) (26) (14) (46) (75)
Intermediate or lobar 67 74 2-7 2-7 72 82 82 93 680 720
bronchi(n = 3) (28) (12) (06) (1.2) (14) (14) (8) (6) (170) (170)

*p < 0 05; **p < 0 01; ***p < 0 005; ****p < 0 001, in the comparison of pretreatment and post-treatment values (Wilcoxon
matched pairs signed rank test for all data except the results of the six minute walk, which were assessed by the paired Student's
t test).
VAS-visual analogue scale; MRC-Medical Research Council.'3

prove more than perfusion scores, incremental
changes in individual patients were positively
correlated (fig 4). This suggests that laser
treatment should lead to an overall improve-
ment in gas exchange rather than merely
increase the physiological dead space within
the lung. The changes in arterial blood gases
observed after treatment in patients with main
bronchial obstruction, though not attaining
statistical significance, suggest a reduction in
the proportion of lung units with unfavourable
ventilation: perfusion ratios.
The results obtained with radionuclide lung

scans were consistent with independently
obtained assessments. The groups showing the
most striking improvements in lung function
(table 1) and performance and symptom scores
(table 2) also showed the most striking
improvements in ventilation and perfusion.
Symptomatic and clinical improvement thus
appears to reflect a genuine physiological gain
rather than a simple placebo effect of the laser.

Gilmartin et al'5 have recently reported
changes in perfusion in patients undergoing
treatment with a carbon dioxide laser.
Improvements in perfusion were noted in
seven out of 13 patients 10 days after treatment;
the changes were relatively modest, however,
and not significant. The patients in that study
and the method of assessing perfusion were
similar to ours; but the carbon dioxide laser
may represent an important difference. The
beam of this laser cannot be transmitted in a
conventional optical fibre and so a rigid
delivery system must be used. Access to peri-
pherally situated tumours may therefore not be
as good as with the neodymium YAG laser,

with the result that the airway may not be so
thoroughly cleared.

In the study by Gilmartin et al'5 indices of
lung function and breathlessness tended to
improve between the first and the tenth post-
operative day. Resolution of exudate and
oedema at the site of treatment and recovery
from the anaesthetic were thought to account
for this gradual improvement. In the present
cudy postoperative assessments were perfor-
med on either the second or the fourth day,
when these effects may still be operating.
Possibly therefore our results have under-
estimated the improvement that was obtained
with the neodymium YAG laser.

Significant improvements in ventilation and
perfusion have been observed in patients
undergoing radiotherapy.'4 The nature of the
response was similar to that reported here; the
action of radiotherapy on the lung, however, is
likely to differ from that of the laser. The
improvements in ventilation and perfusion
obtained with radiotherapy were thought to
result from shrinkage of the tumour, with
consequent relief of infiltration or compression
of airways and blood vessels, or both.'4 Laser
treatment, on the other hand, probably has
little effect on the mechanical compression of
blood vessels.
How then does laser treatment improve lung

perfusion? It is well known that alveolar
hypoxia leads to reflex regional pulmonary
vasoconstriction." Studies in dogs have shown
that obstruction of the bronchial tree with
balloon catheters leads to large perfusion
defects, and it has been suggested that
endobronchial tumours produce similar effects
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through regional hypoxia.'7 We may reason-
ably assume that laser treatment corrects
alveolar hypoxia and that the improvement in
perfusion is a physiological response to this
change.

In addition to regional hypoxia, mechanisms
such as tumour compression of blood vessels7
must account for some of the impairment in
lung perfusion. Indeed, these other mechan-
isms may explain why the improvements in
perfusion appeared to be smaller than those in
ventilation after laser treatment. Nevertheless,
this study shows that these various effects do
not negate the value of removing intraluminal
tumour from the bronchial tree in patients with
advanced disease.
Although external radiotherapy has been

shown to lead to improved ventilation and
perfusion in the short term in patients with
endobronchial tumours,"' it may have a
deleterious longer term action as a result of the
delayed effects of radiation induced lung
damage.'8 This may explain the relatively poor
result that was seen in the 12 patients with main
bronchial obstruction who had already under-
gone radiotherapy (fig 3). Possibly, however,
these patients also had more advanced tumours
than the untreated group and so the poor
response could be due, in part, to the compres-
sive effects of more extensive local tumour.
Nevertheless, the improvements in ventilation
and perfusion scores in the radiotherapy group
were significant and were associated with
improvements in lung function, performance,
and symptom scores.

Despite its damaging effects,'8 external
radiotherapy remains standard palliative treat-
ment for patients with non-small cell lung
cancer. Less conventional methods of treat-
ment, however, such as endoscopic laser resec-
tion and intraluminal radiotherapy,'920 have
important theoretical advantages. If they cause
less damage to adjacent normal tissues, their
use in preference to palliative external radio-
therapy should be associated with superior
lung function and quality of life. A trial
comparing external radiotherapy with these
local palliative techniques would now be of
great interest.
Although endoscopic laser resection is a

relatively safe treatment, it inevitably carries a
risk in debilitated patients with advanced lung
cancer.8 It is important therefore to define the
patients who may be expected to benefit from
treatment. We believe that the results present-
ed in this paper testify to the value of treatment

in patients with obstruction of main bronchi.
Firm conclusions on the value of treatment in
patients with more peripheral endobronchial
obstruction, however, cannot yet be drawn and
must await the study of a larger number of
patients.
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