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Abstract

The prognosis for tracheobronchial
tumours remains poor. Most patients
can be offered only palliation. When the
main symptom is breathlessness or
refractory haemoptysis from a large air-
way tumour endoscopic treatment may
be very effective. Over the last decade
most attention has focused on the
neodymium YAG laser. This often
produces dramatic effects but has some
important limitations. In the last few
years better techniques for stenting and
intrabronchial radiotherapy (brachy-
therapy) have also been developed.

This article discusses the range of
techniques now available and aims to
help clinicians decide which patients
may benefit from referral to centres
providing these techniques.

Selection of cases

To benefit from endoscopic palliation, patients
must have a tumour in a major airway that is
accessible to bronchoscopy and is causing
dyspnoea or haemoptysis. This should be
inoperable by conventional surgery. Meta-
static disease is not a contraindication
provided that the central airway tumour is
causing the patient’s major symptoms. The
ideal tumours for resection techniques are
confined to the airway lumen and localised.
Many tumours cause extrinsic airway com-
pression in addition, but resection is still
beneficial if there is a substantial intraluminal
component. Otherwise extrinsic airway com-
pression requires palliation with a stent.
Indications for brachytherapy are the same as
for resection techniques. Brachytherapy may
offer more prolonged but delayed benefit,
whereas resection techniques give more
immediate relief.

Resection techniques

Resection techniques consist of simple blunt
removal of tumour with biopsy forceps alone,
diathermy, cryotherapy, and laser photoresec-
tion.

BLUNT DISSECTION
Simple removal of tumour with forceps, to
judge by anecdotal evidence, saves lives

occasionally but carries a high risk of sub-
sequent asphyxia from haemorrhage. It
should be attempted only when no other
facilities are available and the patient is judged
unlikely to survive the journey to a specialist
centre. Cases of successful resection at fibre-
optic bronchoscopy have been described in
relatively avascular tumours,' but we believe
that it is practicable only with the rigid
bronchoscope, with the use of large biopsy
forceps. The rigid bronchoscope can often be
pushed past the tumour to establish an airway
and it can also be used to tamponade any
bleeding from the raw tumour surface.

DIATHERMY

Diathermy has been available for some time,
but has received little attention. It is difficult
to compare its effectiveness with that of newer
techniques. Most workers use a diathermy
snare, which can be looped round polypoid
tumours. This technique, frequently used in
gastroenterology, is unfortunately rarely
applicable in the bronchial tree, where truly
polypoid tumours are uncommon. The snare
is closed with gentle pressure while cutting is
performed with the cautery current. Excessive
pressure without adequate current may lead to
bleeding. More commonly, the snare is closed
and used as a diathermy probe, which will
vapourise tumour, though smoke production
is considerable. Hooper et al? described a total
of eight cases from their own experience and
that of others.>® All treatments were success-
ful, but there was one tracheal fire.

Gerasin et al® treated eight benign and six
malignant tumours with the diathermy snare.
Complete removal of all endobronchial
tumour was achieved in 10 cases. Longstand-
ing remission was seen in all cases of benign
tumour. In two patients, however, diathermy
resection was incomplete and laser resection
was used to remove residual tumour. Con-
siderable bleeding occurred in one case, but
was satisfactorily controlled. The Storz dia-
thermy resection loop has also been used to
debulk tracheal tumours before brachy-
therapy.’

CRYOTHERAPY

Cryotherapy was used as long ago as 1907 in
dermatology,® and first applied to the bron-
chial tree in the mid 1970s.° In Britain the
technique has been pioneered by Maiwand.!®
Cryotherapy is performed through a rigid
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bronchoscope with a liquid nitrogen probe to
cool the tumour to —70°C; it is allowed to
thaw and then refrozen. Two treatments are
given in the first one to two weeks and a
further treatment at one month. In a retro-
spective study of 75 patients (24 tumours of
the trachea, 21 of the main bronchus, and 30
of the lobar bronchi), who underwent 202
treatments, 56 were considered to have
improved. Eight with a collapsed lung showed
persistent re-expansion and a further six
showed temporary re-expansion. Twelve did
not improve, six deteriorated and one died
from other causes. No pulmonary function
test data were given. The same group sub-
sequently performed a prospective study in 33
patients with 48 tumour sites (trachea 2, main
bronchi 23, lobar bronchi 23)." Only 19
underwent the intended protocol of three
treatments. The other 14 died or were with-
drawn, two for further treatment with radio-
therapy. Twenty three (70%) reported
improvement in symptoms and 19 (58%)
showed improvement in at least one pulmon-
ary function test. It was helpful in patients
with haemoptysis, causing resolution in four
of nine patients with haemoptysis and
improvement in two. Seven of the 29 patients
with a collapsed lobe improved. There were
no appreciable complications and no deaths.
The principal disadvantage of this technique
appears to be the need for repeated treat-
ments, because the authors considered that
attempts to clear the airway in a single treat-
ment would carry a risk of perforation. A
probe with an angled tip was used for access
to the upper lobes. Flexible probes for easier
access to the upper lobes have been des-
cribed.”

LASER PHOTORESECTION

The carbon dioxide laser was used in laryn-
geal surgery in the early 1970s and was the
first laser adapted to tumours in the bronchial
tree.”*’> The first treatment of a tracheal
tumour is usually attributed to La Foret ez al

Figure 1 Neodymium Y AG laser resection of tumour totally obstructing right main
bronchus. Left: laser resection is in progress, with the tip of the laser catheter visible in
the 3 o’clock position. Right : the patent right main bronchus can now be seen after
clearance of all the tumour by vaporisation and removal of debris with forceps.
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in 1976."* The carbon dioxide laser (wave-
length 10 600 nanometres, invisible near
infrared) penetrates to about 1 mm from the
tumour surface and its energy is absorbed into
cell water. It cuts cleanly, but its coagulating
effect is inferior to that of the neodymium
YAG laser.”” It can be transmitted only
through rigid optical systems and has to be
aligned accurately down the barrel of a rigid
bronchoscope.'” It is now largely confined to
ear, nose, and throat surgery.”” Gilmartin et
al, however, found a mean improvement in
FEV, from 52% to 63% predicted and in peak
expiratory flow (PEF) from 45% to 53%
predicted in 20 patients with central
tumours.'®

The argon laser (wavelength 514 nm, visi-
ble blue-green) can be transmitted through
optical fibres and has been used effectively in
the bronchial tree.!” Because of its blue colour,
however, much of its energy is absorbed by
haemoglobin, so any blood on the tumour
surface greatly reduces its efficiency. The
neodymium YAG laser (wavelength 1060 nm,
invisible near infrared) is currently the most
suitable laser for endobronchial resection. It
can be transmitted through optical fibres and
penetrates to about 6 mm. It will coagulate
vessels of up to 2 mm diameter. It has a
destructive effect. Tumour at the centre of the
beam is vaporised, but more peripherally car-
bonisation occurs and vessels shrink and
blanch. Debris must be removed rapidly so
that anatomical landmarks are not obscured
(fig 1). Recently machines with a wavelength
of 1320 nm have been introduced. These have
theoretical advantages because of higher
absorption in water; less absorption in blood,
less scattering in tissues,? greater penetration
in vascular tissue, and a better demarcated
thermal effect.”’ No studies comparing it with
the 1060 um laser have been reported.

Many studies have been published on
neodymium YAG laser bronchoscopy.
Regrettably few obtained objective data. These
studies have been concerned with advanced
malignant disease, where it is ethically difficult
to use control groups, and we are unaware of
any studies with untreated control subjects.
Many patients have been selected for laser
resection because of failure of radiotherapy and
chemotherapy, so little objective or ran-
domised comparison with other treatments has
been possible. Many studies have combined
their results for palliation of malignant disease
and for treatment of benign conditions, such as
granulation tissue at anastomosis sites after
surgical resection. This may make interpreta-
tion of the data difficult. All workers have
recruited patients with histologically varied
lesions. Most authors use symptoms or endo-
scopic appearance at the end of treatment, or
both, as their criterion for success. This is
obviously open to considerable bias in uncon-
trolled studies. Many studies contain small
numbers of patients and describe the learning
curve of new groups who have established the
technique in their own hospital.

The role of laser photocoagulation
specifically for haemoptysis is also difficult
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Laser palliation of tracheobronchial malignancies

Tumours Response Complications
and Previous and
Ref*  nt indication} treatment§ Technig Dyspi Physiological| Haemoptysis deaths Survival
19 34 34 P 19 16 LA 14/19 10/19 C 4/34 148 wk
49)] C 9 6 3/9 0/9 M  0/34 3-60 wk
H 6 5 (PEF >25%) 4/6 3-40 wk
22 15 7 A 6 5 LA 2/6 — M 2/7 —
(¢)) H 1 — 1/1
23 22 16 A 13 — LA 12/19** ABG 1/1 — —
()] H 3 2/3
24 200 116 RGA 105/116 — — — 10/22 at
(€] LA Lytt
26 14 14 P 8 7 LA 5/8 3/8 C 0/14 1-48 wk
(%)) C 5 3/5 0/5 M 0/14 3-20 wk
H 1 (PEF >25%) 0/1 32 wk
27 100 100 P 59 74 LA 45/59 37/59 C 1/100 Median
) c 17 RGA 717 5/17 M  2/100 12 wk
H 24 (PEF >25%) 14/24
28 22 21 — LA 20/22 — — C 6/22 —
(A) M 2/22
29 20 20 A 17 15 ETLA 15/20 ABG 2/4** C 6/20 —
(A) H 3 ETGA FEV, 2/3** 3/3 M 2/20
30 55 45 32 ETGA 34/45 FEV, 10/15** — C  2/55** Mean
(A) FVC8/15** M 2/55** 210d
31 22 21 — ETGA 29/321+ — — C  7/22** —
(A) M 2/22**
32 111 63 — RGA 59/63 — — C 0/111 —
(F) LA M 0/111
33 164 82 “Nearly RGA 74/82 — — C  2/164** 9/48
F all” M 2/164** atl
yt*
35 1310 700** — RGA — — — C 27/700 25% at
(F) M 16/700 1 y**
36 839 — — RGA — — — M 7/1503t% —
(FIA) LA — — — C 25/1503tt
37 1000 713** — RGA 612/713* — — C 22/1000 26%/333
09) LA M 5/1000 atly
40 40 38 34 LA 32/40 — — C 4/38 —
(A) RGA M 0/38
41 116 107 P 1061t 77% ETGA 70/106 — C 23176+ 36% 1y
(A) C 52t LA 30/ 52 M 3/176tt Median
H 301t 19/30 216d
42 46 46 P 27 60% LA 23/27 FEV, 52-74% — M 5/46 Mean
(A) CcC 19 RGA 6/19 FEV, 44-48% 5 mo
(mean %
predicted)
46 27 23 P 7 — LA 5/7 13/17 C 3/27 Mean
(G) C 11 RGA 7/11 (FVC and/or 6/10 M 1/27 6 mo
H 10 Pao,)

*Reference number with country of origin: A—United States; F—France; G—Germany; I—Italy; J—Japan; U—United Kingdom.

+Total number of patients treated, including non-malignant indications.

{Number of malignancies treated and, when specified, indication for palliation: A—airway obstruction, site unspecified; P—partial airway obstruction; C—complete
airway obstruction; H—haemoptysis (some studies include patients under more than one indication).

§Number of patients with previous treatment—one or more of surgery, chemotherapy, radiotherapy.

{|Patients improved/patients treated or mean results with test used: ABG—arterial blood gas; PEF—peak expiratory flow rate; FEV,—forced expiratory volume in
one second; FVC—forced vital capacity. Pao,—arterial oxygen tension.

**Data incomplete, not obtained in all patients, or including non-malignant cases.

ttData refer to total number of treatments.

RGA—rigid bronchoscope and general anaesthesia; LA—fibreoptic bronchoscope and local anaesthesia; ETGA/ETLA—endotracheal tube, fibrescope, and general/
local anaesthesia.

to assess. This is rarely an indication for
treatment on its own as most patients also have
airway obstruction. This is an important
question, however, as some clinicians and
radiotherapists would be reluctant to consider
external beam radiotherapy for haemoptysis

alone. We suspect that laser photocoagulation
may be the most logical initial treatment in the
uncommon case of a patient with inoperable
disease who has haemoptysis as the dominant
symptom.

We have attempted to analyse reports on
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laser therapy (table), confining the analysis to
papers that appear to have made a useful
contribution to the technique and those based
on large series of cases.

In the early years treatment under local
anaesthesia with the fibreoptic bronchoscope
was popular because many workers believed
that general anaesthesia would be particularly
hazardous in these patients with severely com-
promised pulmonary function. This approach
was developed in France, Japan, and the
United Kingdom a decade ago.”*”* These
studies produced encouraging results, with 50—
60% of patients showing substantial
improvements, but they also showed the
serious limitations inherent in use of the fibre-
scope. Smoke induces cotlighing and limits the
duration of treatment that patients can tolerate,
so repeated treatments are usually required.
This detracts from its benefit as palliative
treatment. In addition, postoperative oedema
in a partially treated tumour may make airways
obstruction worse. The fibrescope is a very poor
defence against haemorrhage in an already
compromised airway. Haemorrhage is clearly
the most common cause of operative death in
published reports. Removal of debris is also
important and this is very slow with the small
biopsy forceps of the fibrescope.

Some workers tried to overcome these
problems by using the fibrescope through an
endotracheal tube under either local or general
anaesthesia.”?' Response rates do not appear
to be any better, however, and some small
studies had operative mortalities in the region
of 10%.

Modern intravenous anaesthetic techniques
have, in fact, proved remarkably safe in these

~ high risk patients. Most workers now prefer to

use the rigid bronchoscope under general
anaesthesia, a technique introduced by French
workers. Dumon ez al use spontaneous ventila-
tion with the laser fibre and a telescope held
loose in the bronchoscope tube.?* 2% Toty et al
use a modified Storz rigid bronchoscope with
positive pressure ventilation provided by a
Sanders injector, an additional suction channel
welded on to the outside of the bronchoscope
tube, and the laser fibre manipulated in a rigid
articulating device.”® In Britain Moghissi et al
developed a similar instrument based on the
Negus bronchoscope.* We prefer to use the
fibrescope to manipulate the laser fibre through
the rigid bronchoscope.?” This approach com-
bines the safety of the rigid bronchoscope with
the manoeuvrability of the fibrescope (fig 2).
As the table shows, rigid bronchoscopy is
generally associated with the best results, most
studies indicating response rates of over 75% in

‘patients with obstruction of the major airways.

We have retrospectively compared the results
in our unit for 51 patients treated under local
anaesthesia with those for 46 patients treated
with rigid bronchoscopy and general anaes-
thesia and found non-significant trends in
favour of rigid bronchoscopy for mean
improvement in PEF, interval before relapse,
and length of hospital stay.>® There was an
important and statistically significant difference
in the number of treatments required initially
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Figure 2 Laser resection by combined use of rigid and
fibreoptic bronchoscopes. The laser is aimed by passing it
through the biopsy channel of the fibreoptic bronchoscope,
which has been fitted with a laser safety filter in the
eyepiece. The large suction hood removes smoke exhausted
from the rigid bronchoscope.

to clear the airway. This was invariably one
with the rigid bronchoscopy, whereas a mean of
two treatments was required with the fibre-
scope. Two operative deaths from haemo-
rrhage occurred with the fibrescope.

Thus treatment with the rigid bronchoscope
is more efficient and safer. Some large studies
using predominantly rigid bronchoscopy sug-
gest very low operative mortality rates, in the
range of 0-3-2-7%.%* Authors have probably
varied, however, in their enthusiasm for repor-
ting complications and in their views on what
constitutes an important complication. We
recently attempted a more critical review of
complications and mortality in 200 consecutive
patients treated at University College Hospital;
the first 33 were treated under local anaesthesia
before we adopted general anaesthesia as our
preferred technique.” This study also favours
rigid bronchoscopy. Perioperative mortality
(dying during treatment or before leaving hos-
pital) was 6% for local and 1-5% for general
anaesthesia. Complications occurred in a third
of patients having local anaesthesia and in 9%
of those having general anaesthesia. The com-
plications resulted in a longer hospital stay but
did not detract from the eventual palliative
benefit. Deaths were mainly due to haemo-
rrhage and infection. The main complications
were haemorrhage (5%), infection (5%), fibrin-
ous exudate requiring repeat bronchoscopy
(2:5%), cardiac (3%) and neurological com-
plications (2:5%), and transient pulmonary
oedema (2%). Pneumothorax was surprisingly
rare (four cases). These figures all represent
results per patient. As most patients undergo at
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least one further treatment for relapse during
their survival period, the “per treatment’ risk
is reduced by about half. Arguably this may
give more sensible figures for patients to con-
sider when deciding whether they want to
accept an initial attempt at palliation with the
laser.

A few studies have attempted measurement
of pulmonary function for objective confirma-
tion of response. We used PEF and visual
analogue scores in an early study of 34 patients
and a later study of 100 patients.'”? In the
larger study an improvement in PEF of at least
25% was seen in 37 of 59 (63%) cases of
partial airways obstruction. Symptomatic
improvement as expressed by visual analogue
scores was greater at 76%. Of 17 patients with
collapse of a lung, re-expansion occurred in
only five (29%).

Gelb and Epstein studied FEV, and vital
capacity (VC) systematically in their patients.*
Symptoms improved in 23 of 27 cases of
incomplete airway obstruction, FEV, rising
from 52% to 74% of predicted values and VC
from 64% to 77%. Symptoms improved in six
of 19 patients with complete collapse of a lung
and FVC rose from 46% to 59% predicted.
Some workers could obtain lung function data
both before and after operation in only a few of
their patients. Nevertheless, in most patients
with an improvement in dyspnoea this is
apparently reflected in the results of simple lung
function tests.?* % ®

The table shows only a few patients treated
exclusively for haemoptysis, but it suggests a
response rate in the region of 60%. Many
methods have been used to describe survival
and few studies have used survival curves. The
very variable survival times also reflect the fact
that all studies have included tumours of vary-
ing histological type though squamous cell
carcinoma always predominates. Many
patients clearly survive for six months to a year
or more and the palliative benefit of laser
resection in improving their quality of life
during this time is a very compelling reason for
laser treatment.

Laser resection is particularly valuable in re-
establishing an airway in patients with a
tracheal tumour. In a study of 21 patients with
a tracheal tumour (10 primary tumours) 14
presented with life threatening stridor; in 11 of
these emergency laser resection achieved
improvements in PEF ranging from 26% to
512%.* The remaining patients, with mainly
extrinsic tumour, did not respond to other
treatments either and died within a few days. In
seven patients who presented less acutely elec-
tive laser resection produced an improvement
in PEF that ranged from 18% to 117%.
Subsequently, five patients underwent radio-
therapy with prolonged palliation. The
remainder were controlled with laser resection
alone. The estimated one year survival was
80% for patients with a primary tumour, 20%
for those with a secondary tumour, and 40%
for patients presenting as an emergency. In
addition to providing rapid palliation of
stridor, laser resection of tracheal or carinal
tumours occasionally facilitates subsequent

329

staging, which may then lead to curative sur-
gical resection.*

Re-expansion of a collapsed lung by laser
resection is difficult because anatomical land-
marks are lost and the quality of the underlying
lung is unknown. Results are much improved
by preoperative bronchography. The fibre-
scope is used to push an angiography catheter
through the tumour and contrast is injected
with the aim of identifying distal airways. In a
study of 17 cases this technique located a distal
airway in 16.** Treatment was attempted in
only 15 patients, in whom re-expansion was
seen at the first attempt in nine and in three of
the four patients in whom a second attempt was
made. Thus a positive bronchogram led to
successful treatment in 12 of 15 cases. This
response rate of 80% compares favourably with
those of studies of laser resection without
bronchography of—29%,> 47%,* and 64%.%
Most of these results would appear to be
superior to the response rates of 21-23% in
studies of re-expansion of collapsed lungs with
external beam radiotherapy,”* though one
study achieved a rate of 61%.*

Infection in re-expanded lungs may lead to
fatal pneumonia. This appears to be due to
organisms lying dormant in the collapsed lung.
Studies of aspirates taken at laser resection
show that these grow the same pathogen if
clinically significant infection subsequently
ensues. It is therefore important to take these
specimens so that appropriate antibiotics can
be given promptly.*

Improving the airway to a completely or
partially obstructed lung could have an adverse
effect if ventilation alone were improved
because the physiological shunt would then
increase. Ventilation-perfusion lung scans have
therefore been studied before and after laser
resection.” In a study of 28 patients 21 had a
main bronchial occlusion and seven a more
distal airway occlusion. Ventilation and per-
fusion improved in 23 patients (82%). Mean
ventilation score (mean counts in treated lung
as a percentage of the sum of counts in both
lungs) rose from 24 to 36 and perfusion score
from 25 to 31. The greatest improvement was
seen in cases of main bronchial obstruction
where no previous radiotherapy had been
given. The poorer response in perfusion sug-
gests that impaired perfusion may be due to the
combined effects of reflex vasoconstriction from
hypoxia and local invasion or compression of
vessels by tumour. Obviously laser resection
could improve only the former. Thus laser
resection confers a true physiological benefit
and these observations may explain why some
patients show improvements in symptoms
without improved spirometric values.””* In a
similar study using the carbon dioxide laser less
improvement was seen in ventilation-perfusion
scans, possibly as a result of less good access to
more distal airways with the carbon dioxide
laser.'®

PHOTODYNAMIC THERAPY

Photodynamic therapy has been studied in
similar patients with advanced airway obstruc-
tion. Haematoporphyrin derivative is given
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intravenously and is retained by tumour cells.
Fibreoptic bronchoscopy is performed 72
hours later and red light from an argon dye or
gold vapour laser (wavelength 630 and 628 nm)
is shone on to the tumour with an optical fibre.
Haematoporphyrin derivative has an absorp-
tion peak close to these wavelengths and on
being activated exerts a cytotoxic effect through
formation of singlet oxygen.”? Over the next
few days tumour sloughs off and has to be
removed during follow up bronchoscopy. This
technique is expensive and skin photosensitisa-
tion is a problem. Studies of the technique do
not suggest any superiority over the
neodymium YAG laser.”*** Moreover, fatal
postoperative haemorrhage may occur.”
Photodynamic therapy is more valuable for
small tumours, in which total ablation may be
possible.* Such small tumours can usually be
resected surgically, but some studies suggest
that for those not suitable for surgery cures or
remissions of at least five years are possible with
photodynamic therapy.”’

Which is best?

No comparative studies of laser treatment,
diathermy, and cryotherapy have been pub-
lished. The numerous reports on neodymium
YAG laser treatment indicate its popularity
despite its much greater capital cost. This
popularity is perhaps justified by the data
shown in the table, which if pooled suggest an
average symptomatic response rate of about
80% in a total of over 2000 patients with
malignant airway obstruction. We suspect that
the laser is also the easiest instrument to use.
For the referring clinician, however, the resec-
tion technique used is probably not important.

BRACHYTHERAPY
External beam radiotherapy can treat a
relatively large tumour mass, but its palliative
value is limited by the cumulative toxicity to
surrounding lung, mediastinal structures, and
spinal cord, so that a total dose of about 60 Gy
cannot normally be exceeded. In brachy-
therapy isotopes are placed bronchoscopically,
producing intense but very localised radiation
(the term originates from brachus, the Greek for
“short”—in this context referring to short
distance). Obstructing tumours can thus be
repeatedly treated with minimal toxicity to
other structures. Isotopes with a short half life
can be placed permanently in the airway to
decay naturally, but patients then represent a
biohazard. Afterloading techniques minimise
this by enabling the isotope to be removed afte
the required exposure time. ‘
Brachytherapy for bronchial tumours has
been available since the 1950s. Early work at
the Sloan-Kettering Memorial Cancer Center*®
started with radon-222 and subsequently used
iodine-125. In 91 patients treated during 1961—
84 with these isotopes the response rate was
about 60%, with an average survival of 10
months. The uneven radiation from this source
caused appreciable complications, however,
particularly haemorrhage and oedema.”
Radioactive gold (***Au) was also introduced
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in the 1950s.%° % It has a half life of 2-7 days and
emits gamma radiation at 411 KeV. Unwanted
beta rays are contained by shielding the gold
pellets in platinum. They are usually injected
through a long, rigid needle with the rigid
bronchoscope. About 14 grains are injected to
give a dose of about 60 Gy. After treatment
patients must be kept in a side room with lead
shields around the bed. Grains may become
dislodged, so sputum must be checked with a
Geiger counter. Itis difficult to space the grains
evenly. Nevertheless, Law ez al achieved good
results.®’ Ten of 11 patients with bronchial
tumours and distal collapse had substantial re-
expansion and palliation was maintained until
deathin nine cases. Little benefit was seen in five
patients with tracheal tumours, however. The
same workers subsequently achieved similar
results in a further study of 15 patients, but in
eight cases of tracheal tumour preliminary
debulking with the diathermy snare improved
the response. In 11 patients surviving at least
one month improveents in FEV, ranged from
30% to 120%.7

The Sloan-Kettering group in 1984
introduced afterloading with iridium-192
(placing a catheter in a tumour and then loading
it temporarily with high activity isotope). They
used a Gamma Med II afterloading machine,
which drives a high energy iridium source out
of a safe and down an afterloading tube.” This
was positioned through an endotracheal tube
with the use of a fibreoptic bronchoscope into
the tumour. A stepping device was used to treat
the tumour progressively to a uniform dose
(20 Gy at 1 cm delivered in four or five frac-
tions). The response rate was 80%. Macha et
al, using similar equipment in 56 patients
(75 Gy 1 cm from the source in four treat-
ments),* obtained a response in 44 patients
(79%) and radiological improvement in 22 of
25 with collapse or atelectasis. In 20 patients
who underwent spirometry mean FEV,
improved from 1-6 to 21 litres and VC from 2-6
to3-31.

Both these groups use preliminary laser
resection in most of their patients to achieve
immediate improvement and facilitate
placement of the isotope. Mehta et al achieved
radiological improvement in 73% of 52
patients,®® and improved spirometric values in
14 patients in whom it was measured (increase
in FEV, from 1-5 to 2-1 litres). The 12 patients
who underwent preliminary laser resection
apparently had higher complications rates. The
authors conclude that brachytherapy alone may
be more successful; the laser, however, was
probably used in patients with more severe
airway obstruction, who might have been
expected to do less well.

Burt et al used brachytherapy alone,
positioning the afterloading catheter with a
fibreoptic bronchoscope under local anaes-
thesia.** An iridium-192 (10 Ci) source was
used in a micro-Selection high dose rate
afterloading machine with a single exposure of
15-20 Gy 1 cm from the source. Forty six of 50
patients were alive six weeks after treatment. At
this time effective palliation had been achieved
for haemoptysis (24 of 28 patients—86%);
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Figure 3 Manual
afterloading technique
with low energy iridium-
192 wire. A catheter
containing iridium wire is
passed through a mini
tracheostomy. A
compression joint is used to
secure the catheter in the
mini tracheostomy and
prevent movement during
exposure.

dyspnoea (21 of 33 patients—64%) and cough
(nine of 18). Improvement was usually main-
tained for at least four months; only four
patients had needed further radiotherapy at the
time of follow up. Radiological collapse
resolved in 11 of 24 patients (46%), a result
suggesting that preliminary laser resection with
bronchography might have improved response
rates.”

Brachytherapy with afterloading machines is
ideal because the brief exposure of 15-20
minutes means that patients can be treated as
day cases. The equipment, however, is very

Figure 4 (a) Gianturco stent during release from the catheter. (b) Fully released stent
expands to support the airway.
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expensive (about £120 000). There are much
cheaper alternatives, but the exposure times are
longer. Caesium-137 has been used with the
Curietron machine (normally used for gynae-
cological tumours)® with the afterloading cath-
eter placed through a minitracheostomys;
exposures of 5-7-5 hours were required. Six of
seven patients had immediate benefit and three
survived 14-30 weeks. Several workers have
used lower energy isotopes, which can be safely
handled manually for the brief time needed to
insert and remove them. Boedker ez al used a
caesium-137 source in a modified endotracheal
tube, with three hour exposures.* Schray et al
found, remarkably, that most patients could
tolerate a catheter passed transnasally by
fibreoptic bronchoscope to position low activity
iridium-192, which required exposures of 30—
60 hours.” Minor haemoptysis caused some
problems and one catheter became displaced.
Thirteen patients had 18 treatments. Seven of
nine patients who had bronchoscopy three
months later still had good palliation. Allen ez
al preferred transcricoid placement of the
afterloading catheter, using a Seldinger tech-
nique.® Apart from two cases of spontaneously
resolving surgical emphysema, this was well
tolerated with good results in 15 patients. We
have recently developed a similar technique
(unpublished data), inserting a catheter
through a minitracheostomy with an iridium-
192 wire (activity 10 mCi/cm) (fig 3). Doses of
3040 Gy at 1 cm are given and exposure time
does not exceed 48 hours. This has been very
well tolerated and early results are encourag-
ing. The technique is within the scope of any
hospital with an enthusiastic radiation physics
department.

Most of the studies cited have used prelimin-
ary laser resection and we believe that the two
techniques are complementary: laser has the
advantage of immediate effect and will give a
safe airway, but brachytherapy will usually
maintain a longer response. This view is to
some extent supported by a study by Jain ez al,
who compared laser resection with external
beam radiotherapy.® The two techniques
together proved better than radiotherapy
alone, and laser was more effective when given
before radiotherapy in improving response
rates and survival. This study, however, was
retrospective with very small numbers (7-9 in
each group).

ENDOBRONCHIAL STENTS

The use of endobronchial stents is indicated for
severe compression of large airways by extrin-
sic tumour. Preliminary resection of associated
intraluminal tumour may sometimes facilitate
insertion. Until recently only silastic tube
stents were available; long stents required a
tracheostomy for insertion and patients had to
suck out secretions via a side arm because the
mucociliary escalator is compromised. Mont-
gomery developed the basic design for these
tubes, which were initially used for subglottic
stenoses.”” Clarke modified Souttar’s oeso-
phageal stent for airway lesions.” Cooper et al
reported 11 cases of malignant tracheobron-
chial obstruction with good palliation and a
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Figure 5 A series of Gianturco stents used to palliate extensive extrinsic tracheal
compression from an advanced tracheal carcinoma. This was also causing dysphagia,
which has been controlled with an oesophageal stent. This patient gained considerable
relief and was able to leave hospital.

mean survival of four months.” Three tubes,
however, had to be removed because of
tracheo-oesophageal fistula, thick secretions,
and interference with the vocal cords. In an
emergency even a fenestrated silicone chest
drain can be modified to make a satisfactory
stent.” Westaby and Jackson developed a Y
shaped tube for carinal and bronchial lesions.™

Stainless steel Z stents do not interfere with
the mucociliary escalator and a tracheostomy is
not required, so they can be inserted by
physicians and are more convenient for
patients. They are released from a delivery
catheter either under direct vision through the
rigid bronchoscope or under fluoroscopy with a
guide wire placed with the fibrescope. Initial
studies in dogs showed that they were well
tolerated, but tended to move and would
increase the diameter of the normal airway by
about one third.” The Gianturco stent has
additional hooks to prevent movement (fig 4).
Use of these stents in a case of malignant airway
obstruction relieved symptoms and improved
lung function for four months.” A series of
stents can be used to treat strictures of any
length (fig 5). If one is accidentally misplaced

Hetzel, Smith

across a lobar bronchus this will not be obstruc-
ted). Tumour can invade through the mesh of
the stent, but this could be controlled by
subsequent laser resection. An experimental
modified stent with a nylon and PVC cover has
been developed to prevent this problem.” Once
positioned, however, these stents cannot easily
be removed.

Conclusions

Much can now be done to palliate malignant
obstruction of central airways. More patients
would probably benefit from endobronchial
palliation than are currently offered it. These
techniques require short admissions to hospi-
tal, so patients spend most of their remaining
life at home with a good quality of life and
reduced cost. These techniques are often best
used in combination and we believe that it is
important, as in our own unit, to practise all
three techniques (resection, brachytherapy,
and stenting) so that patients can be rapidly
assessed and treatment tailored to the
individual case. Currently about a dozen units
around the country are using these techniques.
With the collaboration of the British Thoracic
Society, we hope to establish and regularly
update a directory of these units, so that
patients can be referred quickly and given the
best possible palliation.

Postscript

During the preparation of this review Mr
Simon Smith FRCS, research fellow, was
tragically killed in a road traffic accident.
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