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MEDICAL PRACTICE

Contemporary Themes

Cryotherapy for advanced carcinoma of the trachea and bronchi

M 0 MAIWAND

Abstract

Cryotherapy was used to relieve symptoms in 75 patients
suffering from advanced carcinoma of the trachea or bronchi. In
all patients surgical resection, radiotherapy, or chemotherapy
had been tried and been unsuccessful or had been thought to be
unsuitable because of the patients' poor general condition. In
cryotherapy the intraluminal tumour was frozen through a Stortz
bronchoscope. Localised necrosis increased the patency of the
lumen of the trachea or bronchi, resulting in relief of symptoms.
Cryotherapy is effective and easily performed and causes the

patient little discomfort.

Introduction

Freezing has been used to treat tumours for many years.' It is safe,
causes little trauma, and is easily controlled. Different cooling
agents have been used, including liquid nitrogen, nitrous oxide,
carbon dioxide, and fluorinated hydrocarbons such as Freon. Each
agent gives a different degree of freezing at the tip of the cryoprobe.
The freezing of tissue causes the formation of ice crystals both

inside and outside cells, cellular dehydration, intracellular electro-
lyte changes, and denaturation ofmembranous lipoprotein, leading
to cell death.44 The mass of tissue destroyed seems to depend on the
size of the ice ball formed, the rate and degree of fall in temperature,
the diameter of the probe, and the number and duration of freeze-
thaw cycles.47 Subjecting normal or malignant cells to a temperature
of -20°C or lower for one minute or longer causes cell necrosis.4" A
rapid freeze followed by a slow thaw seems to be an effective method
of destroying cells."'

In man bronchoscopic cryotherapy with liquid nitrogen has
shown promise in the local control of bronchial tumours.'0 Animal
experiments have shown that cryotherapy within the trachea or
bronchial tree is safe."-" Our aim in using cryotherapy was to relieve
some of the symptoms associated with advanced lesions of the
trachea or bronchi when conventional methods had failed or were
unsuitable.

Patients and methods

Seventy five patients (54 men, 21 women; mean age 63 (range 29-80))
presenting with haemoptysis or obstruction of the trachea or bronchi, or
both, by a tumour were treated by cryotherapy. In 18 the endobronchial
tumour had recurred after lung resection. In 16 tumour growth had
continued after radiotherapy, and in eight the tumour had recurred after
lung resection and radiotherapy. For 33 patients cryotherapy was chosen as
the first treatment because of their poor general condition.
The main presenting symptoms and the position of the tumour differed

between patients (see table I). The sites of the tumour were the trachea (24
patients), the right or left main bronchus (21), the right upper lobe bronchus
(nine), the left upper lobe bronchus (eight), the right lower lobe (six), and
the left lower lobe (four). Three patients had a multifocal tumour.

TABLE i-Effect ofcryotherapy on symptoms and obstructions. Figures are numbers of
patients

Patients Patients
affected before improved after

treatment treatment

Main presenting symptom
Stridor 33 20
Dyspnoea 31 23
Haemoptysis 11 11 *

Principal obstruction
Intraluminal 54 54t
Extraluminal 21 6

*Haemoptysis completely resolved in seven patients.
tIn seven no visible obstruction remained after treatment; in 22 the patency of the lumen
increased by about 20% after the first treatment session; in 25 the patency increased by about
35% after two or more treatment sessions.
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The decision to use- cryotherapy was made during bronchoscopy. The
procedure was explained to the patients, who gave informed consent. After
general anaesthesia a Stortz bronchoscope (No 9) was introduced. Oxygena-
tion was maintained by Venturi positive pressure ventilation. Tissue
samples for histological examination were taken from all patients before
treatment.
To obtain maximum contact between the probe and the tumour two new

probes were designed, their shape being determined by the anatomy of the
bronchial tree (figure). One, with an angled tip, was used for lesions of the
trachea, main bronchi, and basal segments ofthe lower lobes. The other with
a right angled tip, was used for lesions in the upper lobes and the apical
segments of the lower lobes.
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Bronchial cryoprobes, showing slightly angled tip and right angled tip.

Continuous endobronchial suction through a long catheter with an
external diameter of 3 mm was maintained as required, removing blood and
secretions from the area under operation to allow good contact between -the
probe and the -tumour., A Spembly 140 Medical cryomachine ensured a
minimum temperature of about'-700C at the-tip of the cryoprobe, achieved
by the Joule-Tfhomson effect ofthe nitrous oxide through a restrictive nozzle
within the chambers 'of the tip. .,The probe wasplaced on or in tihe tu..iour
mass. After freezing of the tumour for 150 seconds a uniform ice bl.coluld
be seen around the tip of the probe. Thawing was allowed to take place until
the probe separated from the tissue. The tumour was then refrozen at the
same site for a further 150 seconds. There was no evidence of broxichial
oedema after the operation, and steroids were not given.
As much as possible of the intraluminal tumour was removed by forc'eps.,

Bleeding from -the site of biopsy was controlled, if necessary-, -by local
application of adrenalne solution 1/1000. Local necrosis of the int-a
tumour caused by cryotherapy made removal ofdead tissue by forceps easier
at the next treatment. The treatment was repeated at intervals ofabout two,
four, and eight weeks, depending on the patient's response and the cWiical
findings. rBiopsy samples weretaksen from the affected ti.before each
treatment In all, the 75 patients received 202 cryotreatments.e

Results

Table I shows the effects ofcrymotherapyon the main presentingsymptoms
and the principal obstruction. TableIoshows the relation' between the type
of tumour cell and survival of the patietnt. The condition of 12 patients did
not improve, six patients continuedt-o deteriorate, and one paient died from
a non-surgical cause. In eight patients who had had complete collapse ofone
lung before treatment subsequent chest x ray films showedsutie
reinflation of the lung. In a further six patients the lung re-expaided for five
to six weeks. In five patients in whom tumour had recurred in the bronchial
stump after pneumonectomy or lobectoiny cryotherapy eradicated macro-
scopic tumour and no m cells were identified in the repeat biopsy
samples at varying tme intervals later.
No more pain or discomfort occurred after treatment than would have

occurred after bronchoscopy. No cardiovascular compiscations occurred.
The entire procedure took about 10-15 minutes.

TABLE II-Histologicalfindings related to swmval. Figures are numbers ofpatients

Survival (months)
Started

Tumourcel type treatment <1 1-2 3-5 6-8 9-11 >12

Squamous cell carcinoma 45 8 12 7 2 2 14
Adeno cell carcinoma 7 3 3 - - - 1
Undifferentiated large cell

carcinoma 18 6 4 6 1 - 1
Undifferentiated small cell

carcinoma 5 1 2 1 1 - -

Total 75 18 21 14 4 2 16

Discussion

Experience has shown that tumour necrosis caused by cryo-
therapy results in increased patency of the airway. Delay in
regrowth of the lesion retards further obstruction of the bronchial
tree. The relief of breathlessness results in a better quiality of life.
Haemoptysis, adistressing symptom o non-resecftale brorchial
tumours, is not easily treated, and cryotherapy offers an effective
means ofcontrolling bleeding in such patients. It is cheap and easier
to use than laser therapy. As expected, the results were gratifying in
patients whose tumourwas within thelumen ofthe tracheobronchial
tree. In those with extrinsic compression a tracheobronchial stent is
a more effective method ofobtaining immediate relief oftracheal or
major brnchial obstruction.'7
The use of liquid nitrogen as a refrigerant was considered, but

this can give temperatures at the tip of the probe as low as - l6C
and can cause much unwanted destruction of tissue.'8 The greater
degree ofcontrol offered by using nitrous oxide asthe freezing agent
avoids damage to adjacent vital structures.
The initial results with this technique are encouraging and

suggest that cryotherapy has a place in the relief of symptoms of
advanced tracheobronchial lesions.

I thank all the staff at Colindale Hospital; Dr J McAlpine, con;sultant
.histopathologist; colleagues who have given their support; and Spembly
Limited ofAndover for technical cooperation.
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