
ANAESTHETIC MANAGEMENT OF SEVERE INJURIES 

lq. G. B. GILBERT, M.D., F.tt .C.P.(C), F.F.A.t/.C.S. 

.~IANu CENTgrdS now have trauma or accident services tO whigh ther~e is usually 
appointed an anaesthetist as a member of the resuscitation team. This position 
is one of great interest, which needs both experience and initiative if the mortality 
of our high accident rate is going to be reduced. This area ig one where team- 
work among the various members of the surgical specialties and the resuscitation 
personnel is of great importance. 

Although traffic accidents are responsible for many serious injuriea figures 
trom the Dominion Bureau of Statistics demonstrate that ol~her fields are also 
productive. Table I gives the number of accidents with fatal 9utcome during the 

TABLE ] 

COM PARATIVI,, SUMMARS. 
(&ore Dominion Bureau of Statistics, J u ne 30,_ .1960) 

Canada 
I 

1957 1958 ] 959 

_'N LI t n b e r  o f  ,it c tdents : 
Fatal (re~tlltzng m the dedth of'one or more persons) 2,801 2,67:3 2,763 
N on-fatal (resulting ill the injury of one or more persons) 54,036 54,576 57,202 
Resulting in propert3 damage only ($11)0 (Jr o~erl 163,835 170,2202 182,464 
Total number of accidentb 220,672 227,451 242,429 

I'er~ons killed 3,260 3,118 3,2;31 
Persons in3ured 78,426 89,061 84,751 
['otal propertx damage* (thousand~ of dollar~) 73,123 72,825 78,706 

\ ,  

*E~: hide- Qtlebe~ 

xears 1957, 1958, and 1959; Figure 1 shows tile dominant role of,motor vehicle 
and hon~e accidents; Figure 2 tabulates all non-transport accidents; and Figure 3 
e-<amines the causes of home accidents. 

MANAGE_XIENT 

This may be discussed under tile following headings: 
1. Careful assessment: (a) injuries: single, multiple, and complicated; (b) 

"'shock"; (c) pre-existing disease; (d) drug therapy 
12. Relief of pain and replacement of blood and fluid. 
3. Handling of patients. 
4. Anaesthetic management. 
5. Postanaesthetie management: (a) respiratory; (b) cardiovascular; (c) acid 

base; (d) kidneys. 

~Deparhnent of Anaesthesia, MeGill University, Montreal. 
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TOTAL 
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FIGURE 1. Motor vehie]es and the home dominate accident mortality. 
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FIGUIRE 2. Leading causes of home accidents, 1956. Number and percentage of accidental 
home fatalities. 
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FARM ~ 199 

MINE AND OUARRY ;~ 155 

INDUSTRY 

PLACE FOR 22 
RECREATION 

STREET ~ 79 

FmunE 3. Home locations~predominate in specified non-transpoJrt accidents. 

1. Assessmen t  

The initial assessment is of the greatest importance and urgency. To start with, 
it is based upon the clinical examination. Time lost may mean a life lost; the 
X-ray examination of a patient with a fractured femur who also has ~ tension 
pneumothqrax may be disastrous. 

During the First World War, the cardiovascular state of casualties, the degree 
of "shock," was evaluated clinically, which resulted in their division into three 
categories: compensated, partially compensated, and uncompensated. Little 
attention was paid to this concept up to the Second World \Var, when similar 
groups ~r classified according to blood pressure, pulse, and clinical evaluation. 
However, during the Second War, other groups presenting different cardio- 
vascular responses were noted, such as hypertensive cases, those who were cold, 
those who were warm, those who were pale, and those who were eyanosed in 
spite of a good airway. In a Field Surgical Unit in northwestern Europe there 
was opportunity to differentiate clinically between some of th(~se entities and to 
observe the response to multiple transfusions, though there was relative darkness 
as to why there were differences. 

Grant 1 in 1951 suggested different patterns of circulatory response to trauma: 
normal, cold tachycardia, warm tachycardia, hypertensive, vasovagal, cold 
hypotensive, and warm hypotensive, the criteri~t being blood pressure, pulse rate, 
temperature of the limbs, and colour. 

Simeone 2 has described the close correlation between this clinical type of 
evaluation of wound shock and that deduced from physiological and biochemical 
data. 

Beecher 3 differentiated the pain response to injury between soldiers and 
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civilians. The severely wounded soldier fedls assured of a "'Blighty One" and 
i 

can expect relief from front-line action whereas a severely injured civilian may 
face disturbing domestic problems. The soldier is physically fit, whereas the 
civilian is not necessarily so. 

With this background in mind, it should be possible to make a sound clinical 
assessment of the general condition of a severely injured patient and to controi 
his pain and psychic trauma. The degree of circulatory insufficiencv must be 
estimated and the presence of an unobstructed airway assured, with adequate 
ventilation. It might be worthy of note concerning this latter that Schmidt ~ has 
pointed out that in a German hospital centre where road accident victims are 
taken, of those dead on admission the pathologist reported that 60 per cent 
had died from asphyxia. This in itself most forcibly suggests the correction ,of 
one of the major problems. 

While the immediate assessment and prelimina~y, sometimes life-saving, treat- 
ment is being carried out, surgical members of the team investigate the local 
injuries. All should be aware of possible evidence of pre-existing disease and 
recent drug therapy, both or either of which may suggest mqdifieation in the 
measures subsequently to be adopted. Almost in the same category c'ome exces- 
sive indulgence in alcohol and the eating of a recent meall 

Although the local problems are the province of various surgical specialties, 
the anaesthetist should be familiar with all those which might /~ffect the general 
condition of the patient or influence his specific sphere. 

2. Relief of Fain and Blood or Fluid Beplacement 

The effects of pain and fear on the seriously i~jured, were two of the earliest 
aspects of this problem to receive thought and consi~teration from both physicians 
and philosophers. The anaesthetist, b y  virtue of his training, is able to use a 
variety of drugs which act at different levels of tl,e pain pathways or which may 
alter the perception of pain, be they narcotics, ataraeties, or, less commonly, 
hypnoties. He may need to use an anaesthetic agent or utilize a nerve-block 
procedure to control pain or facilitate manipulatio:~. 

By considering the effects of drugs and anaesthetic procedures ~pon meta- 
bolism and tissue homoeostasis, the anaesthetist ~s in a good position t~) contaoI 
this part of the problem. 

The necessity for blood replacement in those with severe injuries i~ accepted 
by all, but the complications of this treatment are being realized more and more. 
For instance, the metabolic acidosis that occurs in some of these cases may be 
magnified by the rapid infusion of citrated blood. This suggests the possible 
use of buffers. Such acidosis may cause cardiac arrest, which may also be 
precipitated by the cold temperature of th~ blood used in rapid multiple trans- 
fusions, or from the hyperkaIaemia resulting fro,m liver anoxia a and transfused 
blood. The possibility of citrate intoxicati0n has in the past received much 
publicity. Though not as important as was originally 'believed, it may still pla}' 
a role in the production of myocardial depression, and so should be corrected. 

Millar, 6,;-'~ working in our laboratory, .has estilhated the rising levels of circu- 
lating cateeholamines and the arterial pCO2 with iowering of blood pH followil~g 
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haemorrhage both in the intact and adrenalectomized dog and ir~ those preffeated 
with either phenoxybenzamine or chlorpromazine. In spite of the fae~ that 
norepinephrine may increase the cardiac output, this does not appear to follow; 
neither is its use clinically always promising. It may be that the correct pH is 
necessary for its optimum action. This fact should prompt us to consider the pH 
in shocked eases, especially those resistant to vasopressor therapy, if such has 
been used. 

Niekerson '9 and others advocate that adrenergic blockade be induced in severely 
injured patients in shock, believing thereby that the blood pressure, once 
normovolaemia is attained, is gradually restored and urinary output improved. 
This~ consideration may also be of vah~e in forms of septic shoc k, presumably 
by limiting portal venoconstriction. 

In view of the importance of the use of balanced salt solutions in shock, the 
usefulness of particular electrolyte solutions to be given was emphasized by 
Rhoads ~~ in a summation of the Conference on Shock in DeceTnber 1960. Acido- 
sis must be corrected and fluid and electrolytes replaced; whether this is most 
ideally done with tlinger lactate, sodium bicarbonate, or buffer solutions 
investigators will tell us. This i~ especially important in severely burned patients, 
and following surgery of the severely injured. 

S. Handling of Patients 

By this, reference is made.to the physical effects of the examination, manipu- 
lations, and transfer of patients to different areas of the hospital. Patients who 
are severely injured may lack the efficiency of their own vascular reflexes. Care- 
less moving and posturing may then result in further depression of the circula- 
tion. Though some gravely injured patients, curiously, have little pain, others 
suffer greatly, and this may be accentuated by rough handling, thereby increasing 
stress and psychic trauma. Too vigorous examination may complicate a fracture, 
producing for example a pneumothorax, or even haemopericarclium. Moving 
patientd\with unsplintered fractured limbs may give rise to fat embolus. This is 
more likely to occur in a patient who is unconscious, for he may not resist 
examination, or his spasms may promote it. 

4. Anaesthetic Management 

Whatever type of anaesthetic is administered to these patients, there must be 
full assurance that ventilation is optimal. The patient's organs and tissues are 
potentially, if not actually, hypoxie and acidotic, neglect of this principle will 
further impair th~ir condition. 

Agents such as cyclopropane, ether, and thiopentone exhibiL a marked 
sympatho-adrenal response; in contradistinction, Millar ~1 has shown that: "During 
unec~mplieated halothane anaesthesia no significant increase or ,decrease in 
adrenalin or noradrenalin could be measured." However: "Elevation of arterial 
pC02 was accompanied by significant rises in plasma eateeholamine levels; mean 
arterial blood pressure was reduced during hypercarbia. Haemorrhage induced 
variable increases in adrenalin, with less effect on nofadrena]in." The same, 
he showed, is true of methoxyflurane. 
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The advantages of using light cyelopropane or ether are the high oxygen 
content of the inhaled mixture and the maintenance of blood pressure at a high 
or even exaggerated level. However, fostering the already existing vasoconstric- 
tion may not be desirable. More recent impressions suggest that halothane is to 
be preferred, in that the blood flow to and perfusi,m of vital organs is increased, 
despite a fall in blood pressure, provided the patient is normovolaemic. The 
advantages of halothane find sponsorship in the ~vork of Nickerson, which has 
already been mentioned. 

Experience has shown that thiopentone, except in minimal doses, is not a wise 
choice on account of its myocardial depressant action and that ff a spinal or epi- 
dural blockade is used there must also be support to both ventilation and 
circulation. 

Whatever agents are used, they should be given in minimal quantities for any 
particular purpose. The haemodynamies of shocked patients are altered in suoh 
a manner that a high circulating concentration )f inhalation agents rapidly 
occurs.12 

in our hands no harm has appeared to come from curarizing many of these 
patients, thereby enabling efficient ventilation to be carried out i~nder very light 
anaesthesia. If a patient is already unconscious, from a head injury, ventilation 
with 40 per cent oxygen under eurarization is eminently satisfactorly. 

There may be indications for nerve-block analgesia. These will be dictated 
by the particular site of the injury and the degree o~ manipulation necessary, 
to perform the procedure. 

The anaesthetic management includes further blood and fluid replacement, if 
necessary, and intelligent monitoring. Much can be determined by constant obser- 
vation of pulse, blood pressure, minute volume, capillary return, the colour of 
the patient, and the temperature. It is a useful asset if blood pH determinations, 
arterial gas studies, and bicarbonate level deterimnations can also be made 
from time to time. These figures not only are of significance during the opera- 
tion, but also serve as base-line values for the period of postoperative care, as 
also, of course, may initial reports of biochemical and haematologieal nature. 

Although the myth of chlorpromazine has been to a great extent exposed, 
there is no doubt that occasionally a good response may be obtained by the 
inclusion of this type of drug either alone or in combination with other drugs, 

As well as anaesthetic drugs, the anaesthetist should be familiar with the 
possible indieations for and mode of action of vasopressor drugs. 

5. Postanaesthetic Management 

During the phase immediately following operation, the patient may still be 
regarded as under the influence of anaesthesia. The metabolic effects of the 
agents used are still present, and respiration and circulation may still be 
depressed, as the result not only of the injury but also of the subsequent anaes- 
thesia and surcery. Controlled intravenous therapy and analgesia may be neces- 

C~ , , l . 
sary. In some eases assistanee to resplratiQn, wa either an endotraeheal tube 
or a traeheotomy, may be needed. 

In later stages, treatment is given aeeording~ to the patient's reactions to 
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stress, the tissue trauma, pain, infection, blood and fluid loss, and his responses 
to altered metabolism and fluid and electrolyte balance. From a practical stand- 
point such a regime may conveniently be aimed at the respixatory system, the 
heart, the acid/base balance, and the kidney; imbalance in each one may affect 
the others. For details of care and regulation of the latter two, reference is made 
to the monumental work of Francis D. Moore, 1~ Metabolic Care of the Surgical 
Patien, t. 

It  is natural that the major responsibility for this period should be that of 
the surgical group, but the addition of an anesthetist to this team may be most 
helpful. In some centres and under certain circumstances, such as when hypo- 
thermia-is  used, even more may be demanded of him; he, must then be 
familiar with the day-to-day reports of fluid intake and output, blood gas 
analysis, and biochemical data. 

TYPES OF SEVERE INJUe4ES 

These can be summarized,under  the following: head injuries; head injuries 
and associated injuries, e.g. crushed chest; spinal injuries; spinal injuries and 
associated injuries; chest injuries: tamponade, pneumothorax, haemothorax, 
collapse of lung, pneumonitis, mediastinal emphysema; abdominal injuries (not 
forgetting the uterus ); genito-urinary injuries; facial injuries; burns. 

Head Injuries 

Patients with severe head injuries frequently show few signs of circulatory 
depression. This may be because they are unconscious and thereby free from 
pain, fear, and possibly stress, or because they have not suffered severe haemor- 
rhage. 

It may be that the injury has in some way prevented the generalized vaso- 
constriction associated with the circulatory failure of the severely injured indi- 
vidual. Many pa, tients in this category have been reported to be hypervolaemic. 
A patient with a head injury, who is also in a state of severe collapse, may have 
an associated inju~.  

Case 1. To fllustTate a serious head injury, the case of a 29-year-old man can be 
given. While playing Russian Roulette, he shot himself through the mouth, the exit 
wound being in the parieto-occipital area, just off the mid-line. Prior to operation, his 
circulation appeared normal but his respiration presented marked hyperventilation. 
This might have been caused by the head injury or by the fact that he had a chest 
full of blood which he had aspirated. He was unconscious but not deeerebrate. While 
he was being prepared for operation, the blood pH and gases were estimated. The pH 
was 7.09, oxygen saturation 97.6 per cent, and PCO~ 56.5 .ram. Hg. These figures 
enabled alkalinization to be undertaken, after which his pH rose rapidly to 7.2. A_naes- 
thesia consisted of curare administration and ventilator care following endobronehial 
toilet. Following the operation, the respiration was markedly improved. The patiene 
was cooled to 28 ~ C. and kept hypothermie for several days before emergence and 
reasonable recovery. During this period observations were made of the vital signs, 
fluid intake and output, blood pI-I and gases, minute volume, biochemical and haemato- 
logical data, including serum osmolarity and the electrophoretic pattern. 
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Case 2. Head injury with associated injuries may be exemplified by the case of a 
28-year-old woman who was involved in an automobile accident in which she lost 
her husband and only child. Her iniuries amounted to: a basal skull fracture, 
fractures of the mandil~le, on both sides and the maxilla on one side, the odontoid pro- 
cess and C.2, ribs ], 2, 3, 4, and 5 on the le~ft and 1, 2, and 8 on the right, the left 
femur into the knee joint and the left os calcis, the right ankle, and a number of 
metatarsals. 

Her chest was the most immediate problem ,nd  handling for X-ray .purposes 
presented difficulties. On the left side of her chest she had a haemothorax, while on 
both sides there were areas of traumatic pneumonitis. A traeheotomy was performed 
so that controlled and later assisted respirations e:~sured ventilation. While she was 
still unconscious, skull tongs were used to fix her spine and temporary casts applied 
to control her legs. The nursing problem was extre,ne so she was placed on an alter- 
nating inflatable mattress. She never developed any sore,s. The haemothorax resolved 
following treatment by closed drainage, but a st'aphylocoecal inJfection was super- 
imposed on the ate]eetatic areas, producing widespread staphylococcal broncho- 
pneumonia. 

Ventilation, fluid, and electrolytes were handled m a manner similar to that used in 
the previous case until consciousness was regained and tube feeding initiated. Before 
her eventual t"gcovery she developed a tracheo-oesphageal fistula which later needed 
plastic reconstruction. 

Spinal Injuries 

These do not  nsually present  immedia te  ~lifficulties from the anaesthet ic  
standpoint ,  but  it is sometimes wise to anaesthet ize  these cases for, and always to 
handle  them carefully during,  X-ray examination.  Subsequent  b l adde r  care and 
nursing at tention is al l- important.  The  cases ,ahi6fa do extend the efforts of the  
anaesthetist  are those of high cervical injuries in stout individuals.  These  near ly  
always need  respiratory assistance and monitor ing,  whi le  the presence  of an 
ilens may  tax the surgeons. F rom a technical  viewpoint ,  such cases are be t te r  
in tubated  awake by the nasal route  under  local anaesthesia.  A t racheo tomy can 
later be performed.  

A spinal injury in association with other injuries is charac ter ized  by the 
fol lowing case. 

Case ;3. A .35-year-old woman who was transferred from another hospital ten hours 
after a motor accident presented: (1) extensive rib fractures bilaterallv with a pneumo- 
thorax and a haemopneumothorax; (2) paralysis up to the lower thoracic area resulting 
from fractures of T.10 and 11 (there was evidence of an old fracture of T.5 with 
conseque,t  ],yphotic deformity); (8) at a subsequent date it became apparent that she 
had a drug ~ithdrawal reaction, as she was discovered to be a chronic alcoholic. 

Clinical examination proved the gravity of her chest condition, and in addition an 
X-ray demonstrated traumatic pneumonitis. 'The p]eural cavities were tapped and 
sealed under water before an extensive laminectomy was performed under fluothane, 
nitrous oxide, and curare, ventilation being carried out automatically. Following the 
operation, a traeheotomv was performed and she did well for the first dav.. She tt~en 
became restless and cvanosed. Blood gas studies revealed unsaturation to a level below 
70 per cent with only mild hypercarbia, indieating'a diffusiol~ defect. Heavy, sedation 
and ventilator care brought her blood gases to r/ormal, but she was unable to be 
transferred to assisted respiration owing to deliriu~ tremens. Nlore sedation, including 
promazine, alcohol, paraldehyde, and sparine eventually settled her, but for some time 
spontaneous unassisted respiration was not effective in saturating her. It was not 
until the third week that her ventilation approached normal. 
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Chest Iniuries 

Chest injuries are now commonly cared for, in major centres, by a thoracic team 
with the assistance of an anaesthetist to ensure adequate ventilation and relief of 
pain, and to monitor the pH and blood gases. 

Pneumothorax, tension pneumothorax, haemothorax, collapse of the lung, 
traumatic pneumonitis, oedema of the lungs, mediastinal emphysema, and 
cardiac tamponade are some of the injuries and sequelae that cant occur. 

Abdominal Injuries 
Abdominal injuries are frequently ;associated with blood losS. There are not 

infrequently injuries to the genito-urinary system as well. Careful assessment 
and replacement therapy is essential; in spite of this, immediate operation may 
have to be planned. 

Possible injuries to the pregnant uterus may add to the confusion of damaged 
spleen or liver. The following caw will illustrate this point. 

Cease 4. A patient about eight months pregnant was involved tn an automobile 
accident. She did not at first appear to be severely injured, but was taken to the 
accident service for observation. Because of her pregnancy and since she was not 
considered severely injured, she was taken to the obstetrical department but returned 
later, when it was thought that she had suffered injury to her hip and not to the 
uterus or the infant. A dislocated hip was reduced under general anaesthesia. 
Following this she became faint and a state at semiconsciousness supervened. Central 
nervous system examination revealed the possibility of inequality of the pupils, so she 
was referred for neurosurgical consultation. By the time of her arrival in the X-ray 
department it appeared obvious that she had blood lass, and she was rapidly transfused 
as soon as the blood was available. The skull films demonstrated a subdural haematoma. 
Craniotomy was performed while she was still anaesthetized. Duri:,ag this her condi- 
tion dete(riorated in spite of the transfusi3n of more blood. Both she and the infant 
died shortly after. Autopsy revealed a ruptmed spleen. 

Other Injuries 
Gross limb and bladder injuries need special surgical care; except for the 

circulator), condition of the patient, they do not present any specific anaesthetic 
problems. 

Facial injuries may be difficult in view of the obstructed airway, especially 
during transportation. Tractmotomy on admission is a priority. 

The treatment ~f severe burns is not within the bounds of this presentation 
but the anaesthetist may be confronted with a number of problems. Initially 
those due to shock, pain, stress, and fluid loss must be met. Burns involving the 
head and face are most grave while those, especially in children, inyolving the 
anterior surface of the chest are frequently associated with pulmonary complica- 
tions. Fluid and electrolyte balance is of immense importance if lower nephron 
nephrosis is to be avoided. 

Anaesthesia may be requfi-ed on successive occasions and should be as simple 
as possible. Intubation following succinylcholine, and especially a second dose, 
in infants and children with extensive infected burns requiring skin grafting in 
the later stages may give rise to cardiac arrest. Therefore careful preoperative 
e,:amination is essentiaU * 
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FAT EMBOLISM 

Sproule 1~ recently summarized the clinical features of fat embolism from cases 
which he has studied, occurring in those with fractures, severe injuries, and 
burns. The common factors which he stressed were mental changes, petechiae, 
anaemia, pulmonary infiltration, elevation of serum lipase, fall in serum calcium, 
fat in sputum or urine, diminished oxygen saturation without cyanosis, diminished 
vital eapaeity, and increase in plasma haemoglobin. To this list might be added 
fever, headache, taehyeardia, and the detection of large fat droplets .,in the 
serum. Not all of these signs and symptoms need necessarily be present at the 
same time. The hypoxia may possibly be due to a diffusion defect, shunt, 0r 
alteration in the surface tension in the alveoli while the lack of cyanosis in these 
cases also causes speculation. There is anaemia, which is not necessarily gross; 
there is probably increased cardiac output while the dilatation of the peripheral 
vascular bed, sometimes seen, may produce a suNeient arteriali!zation of venous 
blood to prevent the alSpearanee of cyanosis. In definite cases of fat embolus, the 
total ventilation is increased while the alveolar ventilation iS decreased; the 
earbon dioxide tension is within normal limits. 

The fact that fat embolism may oeeur in association with conditions other 
than fractures and the fact that the simple classical explanation is not altogether 
satisfaetory has led to much research in recent years. The anaesthetist should be 
familiar with various theories, the diagnosis, and possible lines of treatment of 
this condition. 

SPECIAL TECHNIQUES 

Controlled ventilation has been alluded to a number of times. It is by far the 
most effective method of adequately ventilating a patient. It may require full 
eurarization or extreme sedation to stop partial, ineffective, spontaneous respira- 
tory efforts. It will require constant monitoring to ensure maintenance at the 
full value. 

Hypothermia has a place in the treatment of head and other serious injuries 
but what exactly this position is, no one as yet can define. It is certain that some 
cases have survived because of it; some of these would probably have survived 
without it, but some who did not receive this form of care might have survived 
had they received the benefit of it. It is unfortunately also true that of those 
who have been salvaged, many no longer have intellectuaI power, while many 
others have some physical deficit. A Hungarian worker 16 has reported 5,000 
paediatric eases treated by hypothermia and blocking agents, the latter in a 
very rational manner. 

The administration of a continuous epidural anaesthetic under certain condi- 
tions is a useful method for control of pain. It may play a role in the treatment of 
renal failure. It may also be a valuable technique to employ when the chest has 
been crushed, relieving pain and facilitating automatic ventilation. 
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SUMMARY 

The  anesthetist 's  knowledge  of venti lat ion and circulation, of fluid and electro- 
lyte requirements ,  and his association with the use of potent  depressant  and 
s t imulant  drugs, place him in a posit ion to use his abil i ty in a worth-whi le  
manner  in the care and t rea tment  of severe injuries. 

I~su~,~. 

Dans la conduite ~t tenir en pr6sence de grands bless6s, !'auteu~ insi, ste sur 
einq points prineipaux. D'abord,  l '6valuation s6rieuse de rdtat  du mglaae :  il faut  
se rendre  compte si la blessure est simple, mult iple  ou compliqu6e; s'i] y a 6tat 
de choe;, s i , le  bless6 souffrait de maladies avant  son accident  et s'il avait  regu 
r6eemment  des t rai tements mddicamenteux.  Deuxi6mement ,  il insiste sur l'im- 
portanee de soulager la douleur et de remplacer  les pertes de sang et de liquides. 
Troisi6mement,  il traite des pr6eautions ~t prendre dans la manipula t ion  de ees 
malades. Quatr i6mement ,  il donne son opinion sur l 'anesthdsk, telle qu'elle dolt  
~tre administr6e aux grands bless6s. Enfin, il insiste sur les soins post-anesthd- 
siques, surtout en regard de la respiration, de la circulation, de l '6quilibre 
aeide-base et des reins. 

En eompl6ment,  il s'arr~te ~ eertains types de blessures graves, soit les blessures 
* l  ' t de la tSte, simples ou assoclees, les blessures de la eolonne vertebrale,  simples 

, f  i t �9 i " ou assoemes, les blessures du thorax, de l 'abdomen, des organes gemto-ur  nanes,  
de la face, et enfin les brfilures. I1 cite quelques techniques sp@iales qui  peuvent ,  
?t roceasion, rendre  de grands services, soit la venti lat ion eont~616e, l 'hypothermie  
et l '6pidurale continu6. 
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