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Role of the neodymium YAG laser in the management
of tracheal tumours
P J M GEORGE, C PO GARRETT, M R HETZEL

From the National Medical Laser Centre, University College Hospital, London

ABSTRACT Twenty one patients with tracheal tumours (10 primary and 11 secondary) have been
treated with the neodymium YAG laser under general anaesthesia. Fourteen of these patients
presented with impending asphyxia and in 11 cases this was dramatically relieved with emergency

laser treatment. The improvements in peak expiratory flow (PEF) ranged from 26% to 512%. The
three patients who did not respond were immediately given other treatments but died in hospital.
The remaining seven patients were not in severe respiratory distress and were treated electively; all
were thought to have benefited from their treatment, the mean increase in PEF being 36%. The
improvement obtained in the 11 patients who responded to emergency laser treatment provided
time in which to assess the disease carefully and plan the most appropriate longer term management
with surgery, radiotherapy, tracheal stenting, or repeat laser treatment. The patients who were

treated electively have either not required further treatment or have been managed with repeat laser
treatments alone. Laser treatment provides an excellent method of resuscitating patients with life
threatening tracheal obstruction and enables subsequent management to be carefully planned. In
some cases this longer term management should be with further laser treatment alone.

Tumours of the trachea are notoriously difficult to
manage. Often the correct diagnosis is not made until
a relatively late stage in the disease, when there is
advanced obstruction of the airway.' 2 Conventional
treatment with emergency surgery or radiotherapy
may be effective but may carry an appreciable risk in
patients who are close to asphyxiation. Patients who
have already undergone conventional treatment may
relapse with locally recurrent disease.34 Most will be
unsuitable for further radiotherapy, yet they are liable
to suffer considerable distress from breathlessness
and they may die by gradual asphyxiation.

It has recently become possible to treat these two
groups of patients by endoscopic laser resection and
encouraging results have been reported.-̀ We
present the results of treating a series of patients with
the neodymium YAG laser and consider the place
of this treatment in relation to more conventional
methods.

Address for correspondence: Dr PJM George, University College
Hospital, London WC1E6AU (no reprints available).

Accepted I December 1986

Patients and methods

PATIENTS
From February 1984 to February 1986, 21 patients
with tracheal tumours were referred to us for laser
treatment. Tissue for histological examination was
obtained from all patients and the tumour types are
shown in table 1. For the 10 patients (seven of them
men) with primary tumours the average age was 63
years. Details of the patient with a primary malignant
mixed tumour have already been reported.7
For the 11 patients (five of them men) with second-

ary tumours the average age was 65 years. The site of
the primary tumour was the lung in eight patients, the

Table I Nwnbers ofpatients with different histological
types oftracheal tumours (numbers requiring emergency
treatment in parentheses)

Histology Primary Secondary

Squamous cell 6 (3) 6 (6)
Adenocarcinoma I I
Small cell - I (1)
Adenoid cystic 2
Malignant mixed I (1)
Thyroid - 2 (2)
Clear cell - I (1)
Total 10 (4) 11 (10)
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Role of the neodymium YAG laser in the management of tracheal tumours

thyroid (carcinoma) in two patients, and the kidney
(clear cell adenocarcinoma) in one patient.

Indications for laser treatment
On referral, 14 patients were in severe respiratory dis-
tress and were treated urgently with the laser; three of
these patients had suffered episodes of apnoea before
referral. The remaining seven were not severely
breathless and were treated electively on the next rou-
tine list.

Previous management
Fourteen patients requiring emergency laser
treatment Eight patients had not received any pre-
vious treatment; misdiagnosis (six patients) and
delayed presentation (two patients) were thought to
have contributed to the advanced state of their tra-
cheal obstruction. The remaining six had all under-
gone treatment with radiotherapy; four had
radioresistant tumours and their breathlessness was
caused by gradual tumour progression, while two had
suffered apnoeic episodes soon after starting radio-
therapy as a result of presumed radiation induced
oedema.
Seven patients treated electively Two patients with
primary tumours had not received any previous treat-
ment; they had been diagnosed before developing
severe breathlessness and were referred for laser treat-
ment when staging had shown that the tumours were
inoperable. The remaining five patients had relapsed
after previous treatment with either surgery and
radiotherapy (one patient) or radiotherapy alone
(four patients); all were considered unsuitable for fur-
ther radiotherapy.

LASER TREATMENT
All patients were treated with a neodymium YAG
laser (Fiberlase 100, Pilkington Medical Systems).
General anaesthesia was induced with etomidate and
then maintained with intravenous infusions of
etomidate and alfentanil. The patient was paralysed
with atracurium, intubated with a Storz ventilating
bronchoscope, and jet ventilated with a Sanders injec-
tor. The fibreoptic bronchoscope was then passed
inside the rigid bronchoscope and was used to aim the
laser beam. More complete details of this method
have already been published.8 One patient who had
previously undergone a tracheostomy and laryn-
gectomy for a laryngeal carcinoma could not be
intubated with the rigid bronchoscope. He was
anaesthetised with etomidate and alfentanil and was
allowed to breathe spontaneously. The fibreoptic
bronchoscope was then passed through the tracheo-
stomy site and was used to direct the laser beam at the
tumour.

Laser treatment was continued until all intra-

luminal tumour had been removed from the airway.
The final diameter of the trachea was therefore deter-
mined by the degree of extrinsic compression caused
by untreatable extraluminal tumour.

Results

BENEFITS OF LASER TREATMENT
Patients requiring emergency laser treatment
Eleven of the 14 patients derived immediate and dra-
matic clinical benefit. By three days after treatment
peak expiratory flow (PEF) was 26-512% higher than
immediately before treatment (fig 1). The patient with
a tracheostomy could not provide a PEF mea-
surement but felt considerably improved by treat-
ment. Three patients who were not improved
clinically did not show increases in PEF (fig 1).
Case history A 61 year old man was found to have a
primary squamous cell carcinoma of the lower tra-
chea. The tumour overlay the main carina, so that it
had almost completely obstructed the orifice of the
right main bronchus and partially obstructed that of
the left. As he had already experienced several epi-
sodes of near asphyxia, he was treated urgently with
the laser. This restored full patency to the orifice of
the left main bronchus and reasonable patency to that
of the right. His breathlessness was dramatically
relieved and flow-volume loops showed considerable
improvements in inspiratory and expiratory flow, in
addition to an increase in vital capacity (fig 2a). He
was subsequently treated with radiotherapy and has
since remained well for nine months.

Patients treated electively
All seven patients were thought to have benefited
from their treatment. In six patients PEF increased by
18-117% (fig 1). One patient showed no increase in
PEF; the trachea, however, was not critically nar-
PEF
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Fig I Peak expiratoryflow (PEF) measured immediately
before (0) and three days after (@) emergency or elective
laser treatment.
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Fig 2 Flow-volume loops (expiratory upper, in.,
lower) before (dotted line) and three days after
line) laser treatment in two patients with primar.
tumours. Details ofeach patient are given in the

sections;figure 2a applies to case 1 andfigure 2b

rowed. This patient had already rece

therapy without reduction in size of the i
tumour. Laser treatment was given to del
of more severe breathlessness and, as

remains in good health 20 months later, i
have been successful in this.

George, Garrett, Hetzel

Case history A 61 year old man gave a five year his-
tory of hoarseness of his voice, a feeling of fullness in
the throat, and increasing breathlessness on exertion.
Bronchoscopy showed an adenoid cystic carcinoma
extending from immediately below the vocal cords to
the lower third of the trachea. The lesion was consid-
ered to be inoperable and so he was referred for laser
treatment. In one treatment the patency of the tra-
cheal lumen was increased from about 40% to 80% of
normal. This produced an immediate symptomatic
improvement and flow-volume loops showed an
appeciable improvement in inspiratory and
expiratory flow rates (fig 2b). He has since required
two further treatments at intervals of three and four
months.

COMPLICATIONS OF LASER TREATMENT
One serious complication was seen in a patient with a
secondary tumour. This patient became acutely

4 breathless three hours after laser treatment as a result
of oedema and fibrinous exudate at the site of treat-
ment. This was successfully managed by emergency
bronchoscopic debridement and further laser
resection. Bleeding occurred in all patients during
treatment but was easily controlled and did not seri-
ously compromise the airway.

SUBSEQUENT MANAGEMENT
Patients requiring emergency laser treatment
The improvement that was gained in 11 patients pro-
vided time in which to assess the disease carefully and
plan the most appropriate longer term management.
One patient with a primary malignant mixed tumour
underwent staging and then had a successfully elec-
tive tracheal resection.7 The two patients who
suffered apnoeic episodes as a result of radiation
induced oedema were both able to continue their
courses of radiotherapy in safety, while three other
patients received radiotherapy without incident. Two
patients have been managed by radiotherapy and

4 repeat laser treatment and one has been managed by
a combination of repeat laser treatment, radio-
therapy, and tracheal stenting. Two patients who had
already received maximum permissible doses of

spiratory radiotherapy have been successfully managed by
(continuous repeat laser treatment alone. All 11 patients were well
y tracheal enough to be discharged from hospital and have lived
case history independently at home.
to case 2. The three patients who were not improved with the

laser were immediately given other treatment. One
rived radio- patient received a tracheal stent; although this
intraluminal relieved her breathlessness, she died three days later.
ay the onset It was assumed that she had died from a cardiac dys-
the patient rhythmia, no other cause having been established at

it is likely to postmortem examination. The remaining two were
given radiotherapy but did not improve appreciably
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Role of the neodymium YAG laser in the management of tracheal tumours

and died in hospital three and four weeks after the
initial laser treatment, one patient dying from
asphyxia and the other from pneumonia.

Patients receiving elective laser treatment
Four of seven patients have not required any further
treatment and three have been satisfactorily managed
with repeat laser treatments alone. All have been able
to live independently at home.

SURVIVAL
The period of survival has been measured from the
time of the first laser treatment. Eight patients with

% alive
100 1--

primary tumours remain alive six to 21 months after
initial laser treatment and two have died after two
and five months. Two patients with secondary
tumours remain alive seven and 15 months after ini-
tial treatment and nine have died after a mean sur-
vival of 52 days. As the period of follow up is
relatively short in some patients, the log rank test0 has
been used to prepare life tables of estimated survival
over a one year period for the primary and secondary
tumour groups and also for the patients who required
emergency laser treatment (fig 3). After nine weeks
the differences in survival between the primary and
secondary tumour groups were found to be highly
significant (p < 0 001).
The immediate causes of death are given in table 2.

Of the 11 patients who died, only two became asphyx-
iated; in one case this was after failing to respond to
both laser treatment and radiotherapy, and in the
other case after a short period of symptomatic relief
following laser treatment. The cause of death was not
known in one patient, who died unexpectedly while at
home.

Discussion

I beconiary tumours (N=1lI Tumours of the trachea are relatively rare and are

lx frequently mistaken for more common conditions
such as asthma.'0 -

12

In this series six patients were
originally misdiagnosed and the consequent delay
contributed to the severity of their respiratory dis-

0 8 16 24 32 40 48 tress. Endoscopic laser resection provides an excellent

Estimated survival In weeks method of relieving asphyxia in these patients. The

alive method of treatment appears to be safe and, in most
o- L cases, produces a response that is immediate and dra-

matic. The improvement that is gained provides time
in which to assess the disease carefully and then

decide on the most appropriate longer term manage-
ment.

Patients requirig emergency treatment (N.14) These newly diagnosed patients could have been

managed more conventionally by emergency surgery
or radiotherapy; the chances of a successful outcome,

M_x however, would probably have been much reduced.
x' x -In the patient who later underwent elective surgery

emergency laser treatment had the advantage of pro-

Table 2 Immediate causes ofdeath in 11 patients

0 8 1 6 24 32 40 48
(b)

Estimated survivai in weeks

Fig 3 Life tables ofestimated survival (at weekly intervals
from the time of initial laser treatment) (a) in 21 patients
with either primary or secondary tracheal tumours and (b) in
the subgroup of 14 patients who required emergency
treatment. x denotes periods offollow up ofless than one

year in individualpatients.

Number dying

Mode of death At home In hospital

Asphyxia - 2
Cachexia 2 2
Pneumonia - 2
Haemoptysis 1
Cardiac dysrhythmia - I
Unknown I
Total 4 7
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viding time in which to treat his chest infection, with-
draw steroid treatment, and then stage the disease.7
In the patients who were given radiotherapy laser
treatment helped to protect the airway from the
effects of radiation induced oedema. Thus the two
patients who developed apnoeic episodes after start-
ing radiotherapy were both able to complete their
courses without further discomfort from dyspnoea.

Although radiotherapy may produce a prolonged
remission, many patients will relapse with locally
recurrent disease.34 Most of these patients will be
unsuitable for further radiotherapy and so laser treat-
ment is an attractive option. In the present series
seven patients were successfully managed by laser
treatment alone after receiving maximum permissible
doses of radiotherapy. We conclude that the laser led
to a considerable improvement in the quality of life in
these patients and helped to avoid a distressing death
by asphyxiation.
The three patients who did not respond to laser

treatment all had extensive extraluminal tumour
causing appreciable extrinsic compression of the air-
way. One patient had already received maximum per-
missible doses of radiotherapy and was improved by a
tracheal stent.'3 The other two patients were given
radiotherapy but did not improve; possibly they
would also have benefited from a stent. This treat-
ment may also be valuable in patients with rapidly
growing tumours. One patient in our series responded
to repeated laser treatments and radiotherapy, but
relapsed after progressively shorter intervals as the
tumour began to grow more quickly. When the
benefits of laser treatment were outweighed by the
inconvenience of multiple hospital admissions, he
agreed to a tracheal stent and this has enabled him to
enjoy a reasonably active life at home.
Of the nine patients who have been managed exclu-

sively with the laser from the time of their referral,
four have undergone repeat treatments at intervals
ranging from 19 to 126 days, while five have not
required further treatment after periods of follow up
ranging from five to 20 months. In some patients
therefore laser treatment alone produces reasonably
durable palliation.

Although the period of survival in some of these
patients was relatively brief (fig 3), we believe that
treatment was worthwhile. Most of the patients who
were admitted to hospital in severe respiratory dis-
tress were dramatically improved and some were able
to remain at home until the time of their death (table
2); in most cases death from asphyxia was avoided.
Failure to have attempted palliation in these appar-
ently desperate cases would have denied many
patients a good quality life for a considerable period
of time, while one patient would have been denied the
chance of a cure.7

George, Garrett, Hetzel

As this series lacks a control group, we cannot
determine precisely the contribution of laser treat-
ment to survival. In the light of such dramatic
responses, however, in patients with critical tracheal
narrowing (see, for example, fig 2a), it has been sug-
gested that it would be unethical to perform a trial
with a control group in which laser treatment was
withheld. 4

This work was generously supported by Pilkington
Medical Systems and the North East Thames
Regional Health Authority. We are also indebted to
Dr TN Mills and Sister A Ramu for their continuing
technical support and to Dr MR Lewin for statistical
advice.
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Corrections
Predictive value of sputum cytology

The paper by Dr J Benbassat and others (March
1987;42:165-72) contained miscalculations in two areas. The
first relates to the calculated age and sex specific annual
incidence rates (per 100 000 population) ofcancer of the lung
and bronchi by smoking habit in table 3. This should read as
in the table below.
The second error relates to the calculation of the preva-

lence of presymptomatic squamous cell lung cancer in the
population. In calculating it the authors did not consider the
fact that almost all occult cancers are squamouwell cancer,
which comprises only 40-60% of all histological, types of

lung cancers. Thus the correct calculation of the pretest
probability of squamous cell lung cancer in a 60 year old
non-smoking woman would be 10-2 (incidence oflung cancer
in general per 100 000 non-smoking women aged 60-64) di-
vided by 2 (to obtain the incidence of squamous cell cancer)
and multiplied by 4-48 years (the estimated duration of de-
tectable preclinical disease from exfoliation of cells with
marked atypia to detection of lung cancer), which equals
22 8/100000. The corrected likelihood that a non-smoking
60 year old woman with positive sputum cytology actually
has lung cancer is therefore 24-9% and not 20 1% as er-
roneously calculated in the paper.
The authors point out that these corrections do not

invalidate their conclusion that exfoliative sputum cytology
is not a definitive diagnostic test for lung cancer.

Age and sex specific annual incidence rates (per 100000 population) of cancer of the lung and bronchi by smoking habit*

Annual incidence per 100 000 population

Men Women
Age
(y) All Non-smokers Smokers All Non-smokers Smokers

50-54 48-1 10-6 105-6 16-6 5 3 53 0
55-59 84-9 18 6 186-4 33-3 10-6 106-3
60-64 110-2 24-2 241-9 31-8 10-2 101 5
65-69 1769 38-8 388-4 50-2 16-0 160-2
70-74 247-6 54-4 543 6 60 9 19-4 194-4
75+ 283-1 62-2 621 5 805 25-7 256-9

*These figures apply to Israel and they are based on the assumptions that (a) the relative risk for lung cancer in all smokers is 10 0, and (b)
the incidence of smoking in all age groups is 39-5% for men and 23-7% for women.

Rapid diagosis of sputmn negative miliary tuberculosis uing
the flexible libreoptic bronchoscope
In the letter by DrWS Kwee (May 1987;42:399-400) the first
sentence on page 400 should read "Twenty one cases were
diagnosed by this combination ofZN (12 positive cases) and
AR (19 positive cases) staining techniques...."

Notices
Epidemiology and medical statistics course

An intensive course in epidemiology and medical statistics
will be held at the Cardiothoracic Institute, Brompton Hos-
pital, from 26 to 30 October 1987 (course fee £20). Inquiries
to postgraduate course secretary, Cardiothoracic Institute,
Fulham Road, London SW3 6HP (01 352 8121 ext 8003).

Role of the neodymium YAG laser in the management of
tracheal tumours

Reprints of the paper by Dr PJM George and others (June
1987;42:440-4) are available; we regret it is stated that they
are not.

Symposium on cardiorespiratory emergencies

The Fourth International Symposium on Cardiorespiratory
Emergencies will be held from 16 to 20 November 1987 at the
Doelen Concert Hall, Rotterdam, The Netherlands. Tu-
torials, exhibits, and posters as well as scientific papers will
be included. Further information from Dr Omar Prakash,
Erasmus University, PO Box 1738, 3000 DR Rotterdam,
The Netherlands (tel 010-4635212; telex 25267).
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