
ANAESTHETIC TECHNIQUE8 IN ITHORACIC SURGERY* 
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THOKaC~C SUtlGICAL ANAESTHESIA excels in its many opportunities for the clear and 
dramatic demonstration of applied physiolog)q and pharmacology and the versa- 
tility of the anaesthetist. In this field, the anaesthetist can best fulfil his obliga- 
tions to the patient and the surgeon only if h6 knows the physiopathology of his 
patient and the applied pharmacology of the gnaesthctic agents used. There is no 
one technique of anaesthesia, or one anaesthletic agent suitable for all thoracic 
procedures. In this paper, the choice of the anaesthetic agents and techniques for 
thoracic surgery will be discussed, and pmblems of thoracic anaesthesia and 
technical solutions will be reviewed. Finally, practical personal considerations on 
anaesthesia for thoracic surgery will be presented at the conclusion of the paper. 

I. CHOICE OF THE ANAESTHETIC AGENTS AND ~IIECHNIQUES FOR THORACIC SURGERY 

Let me point out immediately that for thorgcie surgery, except for minor cases 
such as drainage of the pleura] cavity, our p~eference is for general anaesthesia 
with endotracheal or endobronchial intubatiOn (tiffs intubation might be done 
under transtrachea] block on poor-risk patiepts, e.g., those with bronchopleural 
fistula). The tracheal or bronchial catheter allows a free airway and rapid inflation 
of the lungs, which might be very important in the occurrence of cardiac arrest; 
and general anaesthesia, in contrast to the high spinal or epidural, maintains the 
patient's compensative mechanisms) After an l extensive clinical experience with a 
variety of anaesthetic agents and techniques ~(ether anaesthesia, balanced anaes- 
thesia, poteniated anaesthesia, pharmacologic hibernation, a controlled hypoten- 
sion, and steroid anaesthesia), light halothane-ether anaesthesia has proved to be 
our agent and technique of choice for thoracic surgery. In adults, induction of 
anaesthesia is generally carried out with a little barbiturate; but in children and 
in poor-risk patients halothane-ether only is given by inhalatfon. If required, suc- 
cinylcholine is administered for relaxation. We have already indicated in previous 
papers our great satisfaction wi th  the halothane-ether azeotrope for anaesthesia 
both for pulmonary "~ and cardiac 3 surgery, for the following reasons: 

1. Safety of the mixture from the cardiorespiratory aspect. 
2. Practicability of this technique of anaesthesia. 
3. Successful clinical experience with it in thoracic surgery. 

1. Safety of the Mixture 
(a) From the respiratory vie,cpoint a 1.5 per cent inhaled vapour concentra- 

tion suffices to maintain anaesthesia. Consequently, in thoracic surgery, where 
one nearly always encounters some difficulty with oxygenation, the azeotropie 
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mixture permits a more than satisfactory oxygen saturatiop. Mo 
chodilatator effect improves our patients' ventilation, whiqh is s 
with respiratory disease. In our series of cases, no patient sho' 
anoxia or even hypoxia during surgery. In summarizing, I let i: 
halothane-ether no respiratory difficulty occurs, whereas halot~m 
the respiratory minute rate. Postoperatively, atelectasis is reduce, 

( b )" From, the cardiovascular viewpoint. After sufficient exp 
and clinical experience on hhmans with the azeotrope, we belier 
authors do, that circulatory dynamics and cardiac arrhytlm~ias d( 
stone problems as with halothane anaesthesia 'alone. As Dob] 
"'Halothane has a characteristic action on the heart and circulati 
lies closer to chloroform than to cyclopropane ~ used in t 
required for'surgical anaesthesia (0.5 to 1.0 per cent)." Blood pr( 
is proportional to the rate and concentration administered. In 
cent concentration, severe hypotension can usually be avoided. 
nance of anaesthesia, blood pressure rises somewhat above the in( 
remains below the normal control level. Hypotension is more lik 
muscle relaxants such as d-tubocurarine. Pulse rate is usually low 
force is reduced as the depth of anaesthesia is increased. The sl 
peripheral resistance and marked reduction in myocardial pow~ 
in cardiac output, myocardial irritability, and predominant va. 
heart. Arrhvthmias may occur during rapid induction and durin 
sia. In experiments on dogs, ventricular fibrillation is easily prod~ 
halothane anaesthesia if epinephrine is injected. 
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The effect of halothane on the heart is reduced significantly, when the halo- 
thane-ether azeotrope is used. Blood pressure is less affected, ~here is less ten- 
dency to slowing of the pulse rate, and the hypdtensive response to d-tubocu- 
rarine is not seen as frequently. Cardiac output does not fall as rapidly with 
increases of the depth of anaesthesia. Myocardial ~ is Also less .with the 
mixture than with halothane alone. Little myocardial depression is seen when less 
than 1.5 per cent of the mixture is used. Fatal ventricular fibrillation was induced 
by epinephrine vel T readily with 0.5 per cent halothane but not with the 1 per 
cent halothane-ether azeotrope. 

I 

2. Pract~,cability of This Technique o;{ Anaesthesia 
A good reason for our satisfaction with the halothane-ether azeotrope in anaes- 

thesia for thoracic surgery is its cardiorespiratory safety. Moreover, since halo- 
thane renders the mL,:ture non-flammable, the use of the electric cautery or 
bistoury is facilitated, a tremendous advantage in thoracic surgery. Consequently, 
this method is essentially practical. 

3. Successful Clinical Experience in Thoracic Surgenj 
This method of~anaesthesia for thoracic surgery has been used successfully in 

more than 800 cases in our hospital; however, as we said before, there is no one 
anaesthetic agent or one technique of anaesthesia suitable for all thoracic pro- 
cedures, and we still believe that different techniques and agents might success- 
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fully be used in thoracic anaesthesia. All we can ~ay now is that in our hands this 
lialothane-ether technique has given us our bes~ results so far. More details on 
the application of this technique will be givenlat the conclusion, of this paper 
where our personal practical considerations will b e presented as a daily practice 
in thoracic anaesthesia." 

II. GENERAL PROBLEMS OF THr ANAESTHESIA 4'5'6 
Generally speaking, the thoracic surgical patiept brings with him many cardio- 

pulmonary disturbances. During the preoperativ~ period, complete evaluation of 
pulmonary function, cardiac reserve, and bloo d volume is imperative. Recent 
advances in the surgical treatment of disease of the pulmonary and cardiovascu- 
lar systems demand a deeper understanding o~ the function of these systems. 
Surgical treatment is being currently advocated for patients in whom respiratory 
and cardiac function are borderline. These patieI 
evaluated. In our opinion, the anaesthetist mu~ 
major eardiopulmonary function tests before 
eardiopulmonary function might also be done 
examination of the patient. Aceording to the 
pulmonary funetion studies may be evaluated 
sider the lungs as bellows, and by alveolar resp: 

kts' reserves should be accurately 
t know the normal data of the 
mrgery. Clinical assessment of 
from the history and physical 

:lassification of "Baldwin," total 
~y meehanioal tests which con- 
�9 atory tests which are concerned 

with the quantity and quality of gas exchange at the inspiratory alveolar, capil- 
lary, and tissue levels. The mechanical tests ar~ either static in type (for vital 
capacity, inspiratory capacity, tidal volume, e@irator? reserve volume, residual 
volume, functional residual capacity, total lung capacity ~ RV/TLC X 100 = 
normal) or dynamic (for walking ventilation, I progressive work in treadmill, 
maximum breathing capacity, timed vital capacity). The alveolar respiratory 
tests include tests for intrapulmonary gas mixing (e.g., helium closed-circuit 
diffusion tests, diffusing capacity O~), and arterial blood studies (eg., Or_. ten- 
sion). Bronchospirometry gives us information on the function of the individual 
lungs. We consider these tests essential when 'i~ total resection of the lung is 
proposed. For the evaluation of cardiac reserves. The venous pressure and circu- 
lation time are two very helpful tests. Venous pressure is a criterion of the 
function of the right ventricle (N = 2 to 10 cm H.,O). The circulation time is 
the estimation of the degree of decompensation in any heart disease, especially 
in left ventricular failure (N --  8 to 12 seconds). The higher the fgure  the 
greater is the degree of deeompensation. Electrocardiogram tracings are taken 
before and after exercise. When doubt exists as to the evaluation of the impair- 
ment of cardiac function, this can be determined by the use of a treadmill or 
"stair steps" exereise. It is important to know the duration of time that exercise 
can be sustained, and the changes in arterial blood pressure and eleetroeardio'- 
gram tracings. If the patient shows depression of the ,;ensorium, this sign should 
be interpreted as evidence of cerebral hypoxia. If the patient develops hypoten- 
sion or paroxysmal ventrieular taehyeardia, these are signs of impaired cardiac 
function. Where it may be done, cardiacloutput determination at rest and after 
exercise certainly provides good information (N = 3-3.5 L . /min . /m3 of surface 
area). On the other hand, we must never forget the importance of clinical infor- 
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mat_ion contained in the history of the patient: degree of I dyspnoea, excessive 
fatigue, palpitations, anginal pain, etc. This clinical information is awdlable to 
every anaesthetist and there is no need for specialized laboratories and personnel. 
It has been reported that many thoracic surgical patients~ (e.g.,~tuberculous 
patients) show reduction of blood volume. Some clinical signs may help in this 
field, but we like to rely on laboratory tests (e.g., isotopes or the dye dilution 
method). The weighing of the patient on an accurate scale immediately before 
and after surgery may also be of some interest for determination of alteration in 
blood volume. 

III. SOLrJa~ONS oF THESE PBOBLEMS 

1. Preoperative Treatment of Cardioptdmonary Disturbances 7's 

In the light of all the studies mentioned above, we are able preoperatively to 
correct deficiencies and prevent complications as far as this is feasible, pu~nonary 
insufficiency is treated by respiratory exercise under the supervision of a trained 
physiotherapist. Patients are taught how to breathe and cough. Emphysematous 
patients are given intermittent positive pressure with the Bird apparatus and 
aminophyllin, which is mainly helpful when there is an elevation of the venous 
pressure. Bronchodilators such as Vaponefrin, antibiotics, or detergents given in 
aerosol may be indicated both in obstructive endobronchial lesions and in bron- 
chiectasis. If necessary, blood v~olume is restored to its normal value. Rest, low- 
salt diet, dureties, and digitalis are the most specific treatment for cardiac failure. 

In addition to these cardiopulmonary disturbances, the thoracic surgical patient 
carries with him on the operating table, in various degrees, numerous alterations 
and hazards of his cardiorespixatory physiopathology 9 associated with any thoracic 
injury1~ anoxia, hypercarbia, paradoxical breathing, mediastinal shift, tachycar- 
dia obstruction of vena cavae, hypotension, redubtion of cardiac output, vago- 
vagaI reflexes, heat loss, blood loss, secretion problems, spread of the disease in 
tuberculous patients, for example. 

2. Preoperative Treatment of Alterations and Hazards of Open Pneumothorax 

The following are recommended: 
(a) Light plane of anaesthesia with high oxygen tension. 
(b) Adequate ventilation with controlled respiration with a mechanical device 

(e.g., Bird mark 4 respirator is recommended). The Radford nomogram 11 for pre- 
dicting the optimal tidal volume from the breathing frequency, body weight, and 
sex of the patient is useful. 

(c) The use of face-down posture in the few wet cases where bronchial intu- 
bation is not feasible because of modified anatomy of the tracheobronchial tree. 

(d) Adequate ~ontrol of temperature by the use of a special mattress on the 
�9 61 

table in connection with the Thermorite apparatus. 
(e) Complete replacement of blood loss by accurate weighing of sponges and 

measurement of drainage bottles. 
(f) Ready removal of secretions when dealing with the tuberculosis patient 

where bronchogenic spread may occur. 
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IV. SPECIFIC PROBLEMS OF TrlORA~m AN_, AESTHESIA. 
General problems of thoracic anaesthesia are l~ow reviewed and solutions pro- 

posed. Specific problems are related to crushing injuries of the chest, cardiac 
surgery, mediastinal surgery, bronehopleural fisfl, la, and paedriatric cases. 

1. Crushing Injuries o[ the Chest le,r~,l~ 
The ainls of the treatment are as follows: 
(a) To ensure a free airway, evaluate brea[th sounds (atelectasis, retained 

secretions, pneumothorax), aspirate the trachea, if indicated by bronehoscopic 
aspiration; if prolonged unconsciousness, do traqheotorny immediately and venti- 
late the patient. 

( b ) To treat shock. It has been estimated that ~vhen more than 30 per cent of the 
volume of blood is lost rapidly and is not repla~ed immediately by transfusions, 
death usually occurs. If necessary, blood pressure is maintained with Levophed| 
or Aramine| solutions. Adequate fluid and el@trolyte replacement is done by 
careful charting of fluid intake and output and t~requent serum electrolyte assess- 
ment. The use of a gastric suction may decomp1ess tt~e gastrointestinal tract and 
avoid gastric dilatation�9 

(c) To drain the chest and reduce pneumoth6rax, large rubber or plastic tubes 
and electrical suction to water trap bottle must ~e employed. L 

(d) To immobilize fractured ribs, the chest i~ strapped with adhesive plaster. 
(e) To control respiratory embarrassmen{, bronchospasm, and pain. (1) By 

continuous epidural analgesia in repeated doses (20 to 30 e.e. Pontocain 0.i5 per 
cent solution) up to the thfi'd dorsal segment. (2) By mechanical assistance of 
the respiration (the "Bird" apparatus will deliver a mixture of 45 per cent ogygen 

�9 I and 55 per cent air with adequate humidification). N.B.: repeated estimations of 
poe -- pCO2, pH, and serum bicarbonate are indicated for assessment of ade- 
quate ventilation. (3) By frequent bronchial toilet, doing tracheal and bronchial 
suction frequently and changing the tracheostomy tube. 

2. Cardiac Surgery 15 
We consider that two steps are necessary before anaesthegia in a cardiac surgi- 

cal patient, when the surgery involves treatment of the cardiac lesion itself. These 
are evaluation and preoperative care of the patient. 

A. Evaluation of the Patient for Cardiac Surgery 
This evaluation must include diagnosis of the pathologic changes in the heart, 

and an evaluation of the impairment of cardiac function. 
After this estimation, preoperative care of the cardiac surgery patient can be 

started. The optimal state of cardiac balance must be obtained before anaesthesia 
and operation. 

B. Premedication for Cardiac Surgery 
The rule for premeditation is that it should be generous but not depressive. 

Psychological preparation is very useful. IThe cardiac surgical patient more than 
anyone else needs sedation and relaxation~lbecause of his nelwousness and an~ety. 
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C. Anaesthesia for Cardiac Surgery under Normothermia 
The establishment of surgical anaesthesia for cardiac surgery can be con- 

sidered from many points of reference: as Dillon and Kavan~GJ of Los Angeles 
mentioned in their paper, two factors are important: 

(a) Is hypothennia to be used? 
(b) Is cauterization considered surgically necessary? 
The first and most important principle of anaesthesia for czkrdiac surgery is 

adequate ventilation and oxygenation of the patient. Particularly smooth induc- 
tion is recommended. 

The second principle of anaesthesia for cardiac surgery is th,3t it should be as 
light as possible and yet give the patient amnesia.~ 

The third principle of cardiac anaesthesia is the placement of large-bore 
needles or cannulae in veins for the rapid replacement of blood. 

D. Value of Monitors in Cardiac Surgery 17 
Instruments used as monitors during cardiac surgery are b~lie~ed-b~ many 

/ 

workers in this field to be of considerable value. We are among those who believe 
in monitoring, but we do not rely entirely on monitors. First of/all we pay atten- 
tion to clinical signs. Among these instruments are the electrocardiogram, electro- 
encephalogram, pH meter, pressure transducer for arterial and venous pressures, 
and continuously registering thermometer. 

E. Anaesthesia for Cardiac Surgery under Hypothermia Is 
Moderate surface hypothermia is used less and less for eardilac stugery and is 

now replaced by deep hypothermia by means of a pump oxygenator and heat 
exchanger which is more widely used for two good reasons: 

1. The tendency for cardiac'surgery to be done with open-hdart technique. 
2. The safety of this method of hypothermia by complete protection of vital 

centres during the time surgery is done. In some cardiac oper0~tions, pure valvu- 
lay pulmonary stenosis on children, for example, moderate surface hypothermia is 
still used and the therlnorite blanket is employed and supported initially with 
crushed ice in plastic bags. This moderate hypothermia by surface cooling is 
reserved for short procedures. The anaesthetic problems incident to hypothermia 
are those of induction, during which period the prevention of shivering is most 
important and controlled by the use 0f curare. 

F. Anaesthetic Problems of the ExtracorporeaI Circulation 
The general management prior to the onset of extraeorporeal circulation is the 

same as for any other type of cardiae surgery. During perfusion, the patient is 
kept from moving by an appropriate dose of curare. Here, electronic monitoring 
is imperative and partieularly the electroencephalogram. Only amnesia is neces- 
sary for the patien~on the heart-lung machine. 

3. Mediastinal Surgery 
The mediastinum may be the site of infection, tumours, or cysts. This surgery, 

of itself, does not involve any specific problem, except the application of those 
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general principles of thoracic anaesthesia previously discussed in this paper. 
Oesophageal surgery, if we except congenital I atresia, is dealing usually with 
geriatric patients who present profound distqrbances in fluid and nutritional 
ba~tnce , and nutritionally depleted patients ar~ relatively poor anaesthetic risks. 
Pa "al resto "ation of body stores and satisfactoI'y resloration of the fltiid balance 
is imperative before ope{ation. Nutritional disttlrbances are the major problem of 
this type of thoracic surgery. 

4. Bronchopleural Fistula TM 

The incidence of large bronehopleural fistula after resection of the lung for 
tuberculosis or carcinoma is still present despi~e improvement of thoracic surgi- 
cal methods. In such patients, anaesthetic difficulties ,can arise as a result of spill- 
over of secretions and leakage of air from the bronchial tree. To solve this prob- 
lem, we recommend a preoperative aspiration bronchoscopy, clone under topical 
anaesthesia, in the sitting position, followed b)~ bronchial intubation with either 
a Carlens or a Gordon-Green tube. The latter~s used for right-sided fistula, the 
former for left-sided. In this situation careful~ubsequent testing of tubes must 
be done to ensure that the catheter is correctlylplaced. Only when the anaesthe- 
tist is satisfied that the unaffected lung is protec}ed may the position of he patient 
be altered, or general anaesthesia induced. 

5. Paediatric Cases 
A. Anaesthetic Equipment 
The management of the paediatric surgical patient has received considerable 

emphasis in recent years. Anaesthetic equipment designed for adults is not suit- 
able for children. For infants, we recommend Ayre's T-tube; for children the 
open circuit and the Forregger paedriatric set, if the respiration is controlled 
manually, and the Bird apparatus with non-rebreathing technique by use of 
Rubens' valve ff the respiration is controlled mechanically. For wet lungs, as in 
bronchiectasis, the face-down posture is imperative as bronchial intubation is not 
feasible. 

B. Temperature Control 2~ 

Temperature varies with age in paedriatric patients. There is a drop in tem- 
perature in the majority of infants under 6 months of age. Between 6 months and 
one year, 50 per cent experience a drop, and the other half experience a rise; 
between one year and puberty, fever is common. It is a good routine practice to 
place all paediatrie patients on a water mattress on the operating table and to 
check their rectal temperature throughout the operation. In thoracic anaesthesia, 
a moderate drop in temperature not exceeding 5 ~ C. seems beneficial in the 
young infant and tends to simplify the problem of adequate oxygenation. If the 
temperature of the infant drops precipitously, warm water is run into the mat- 
tress. Conversely any child who tends to develop fever is cooled by running cold 
water or ice into the mattress. Heat loss i by infants or children during thoracic 
surgery is more important than in adults,iso we must pay more attention here to 

I 

temperature control. 
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C. Fluid and Blood Replacement Therapy 
Fhfid therapy and blood replacement are far more important in paediatrie 

than in adult practice, since infants and children tolerate fluid, electrolyte, and 
b pay i lood imbalance poorly. We must more attention to lsupp~rtive therapy for 
paediatrie patients undergoing thoracic surgery. The use of paediatric/ se~s for 
fltfid and blood administration is recommended. 

D. Postoperative Care 
For the prevention of respiratory embarrassment due to the I prolonged period 

of intubation the maintenance of an atmosphere of high humidity with intermit- 
tent aerosol therapy is mandatory during the postoperative period in the oxygen 
tent. 

Conclusions 
Anaesthetic problems for thoracic surgery have been reviewed in geaeral and 

in detail, and our personal solutions to these problems is now rqstated. 

1. Best Choice of Anaesthetic Agents and Techniques 
Halothane-ether azeotrope is recommended with or without~arbiturate indue- 

tion and with succinylcholine relaxation ff reqtfired. Vaporizers, such as the 
Vernitro], Fluotec, or Azeotec, are highly recommended. For s~fe administration 
of azeotrope and more precise yaporization, it is important ta attach the vaporizer 
to the anaesthetic machine between the control valve and the ~.ircle inlet and not 
inside the circle itself. In doing this, the fluothane-ether and the nitrous oxide- 
oxwgen vaponr always remain the same and do not vary with ~he patient's venti- 
lation. 

2. Numerous Advantages of Specialized Equipment 
A. Carlens /or left side and Green-Gordon for right sid'e give t]he following 

advantages in pulmonary surgery21: (a) Once the chest is opened, the diseased 
lung may be deflated to provide greater operating space when the tung is sepa- 
rated from the chest wall. (b) The lung can be inflated when lobar or inter- 
segmental planes are developed. (c) The bronchus can be divided whenever this 
is suita})le during the resection, anti left opened until it is convenient to close it. 
During the time the bronchus is opened, a small plastic catheter is left in place 
for continuous suction, with suction close to the opening of the bronchus to col- 
lect blood and secretions. (d)  It is unnecessary to apply a clamp on the proximal 
part of the bronchus; thus injury to the bronchial wall is avoided. (e)  The bron- 
chial tree may be inspected and aspirated by a small rubber catheter through 
the open bronchus. (f) Bronchotomies and resection of the carina and of the 
tracheal wall are facilitated by the endobronchial anaesthesia. (g)  In wet cases, 
during repeated ~spirations, one lung is always ventilated, and the same plane of 
anaesthesia can be maintained more easily. 

B. Ocerholt table and pulmonary surgery?" In wet cases, when for one reason 
or another the bronchial intubation is not feasible, the faee-dowaa posture is 
recommended for operation and the use of the "Overholt" table is emphasized 
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(e.g., in paediaff'ic patients). But in order to Iprovi~te adequate ventilation, 
patients in the prone position should be maintained on Controlled respiration. 

C. New vaporizers such as Fluotec, Azeotec, Vernitrol. 
D. Bird respirator and thoracic anaesthesia. The Birdl respirator is well ~recom- 

mended in thoracic anaesthesia because it meets all the criteria for the funda- 
mental physiological requirements for safe intermitte] 
positive-negative pressure respiration. These requireme 
noianal alveolar ventilation (accurate independent con 
rate); (b) to achieve a precisiQn minute volume (use ( 
delivery system); (c) to supply the optimum volu] 
needed for adequate ventilation without disturbing cardi 
lion of methods to reduce the mean airway pressure); (d) to provide sas the 
normal ventilatory volume with pressure variations (incorporation of pressure- 
limiting valves and warning device). 

E. Monitoring and thoracic anaesthesia. The use ~f monitoring devices in 
thoracic anaesthesia, specifically in cardiac surgery, is b~lieved to b e  of consider- 
able value, and the use of temperature control is imperative for paediatric work. 

Finally, in thoracic anaesthesia, more important than the best choice of anaes- 
thetic agents and techniques, and more important than ~he numerous advantages 
of specialized equipment, is the presence of an experienced at~d competeJ,t anaes- 
thetist. 

at positive pressure and 
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Ce travail comprend d'abord une discussion sur le choix des agents anaesth6- 
siques et des techniques d'anesth6sie pour chirurgie thoracique, avec raise en 
6vidence de l'halothane-6ther comme choix personnel. Par la suite, les probl~mes 
g6n6raux et particuliers de l'anesth6sie thoracique sont expos,~s et quelques solu- 
tions de ces probl~mes sont propos6es, entre autres celles quJ regardent les trau- 
matismes du thorax, la chirurgie cardiaque avec o~a sans hypothermie, avee ou 
sans C.E.C., la chirurgie m6diastinale, la chirurgie pulmonaire en presence de 
fistule bronchopleurale, et la chirurgie thoracique chez l'enfant. Enfin, en conclu- 
sion, quelques considerations personnelles sur l'anesthbsie thoraciqne sont pr~- 
sent6es et ]'importance d'un anesth6siste competent et exp6riment6 est soulign6e. 
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