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Summary 

Based on 200 nonselected consecutive cases of primary traumatic coma 
a preliminary mathematical model--computed,  multiple linear regression 
analysis--has been developed, which seems to be suitable for calculating 
the prognosis from some initial anamnestic and clinical data. 

I t  is to be expected that  the analysis of greater material will help to 
establish an even better model, e.g. by a more detailed age subdivision and 
choice of more or other factors. I t  is the aim of this report to encourage 
further work in this field. 

I n  pat ients  with p r imary  t r aumat ic  coma, admi t t ed  to hospital ,  a 
number  of anamnest ie ,  clinical, and other da ta  are recorded on admission. 

The question was whether or not, on the basis of these ini t ia l  data,  
one could predict the outcome of the coma, i.e. whether it  is possible 
to f ind a mathemat ica l  model which would reflect the chance of survival .  

I t  was obvious tha t  computer  help would be necessary for init ial  
sorting as well as for obta in ing a mathemat ica l  model and  its verification. 

Material and Method 

Our mater ial  consists of data  from 200 unselected consecutive cases 
of p r imary  t r aumat ic  coma, t rea ted  in our Service dur ing the last three 
and a half years (1972-1975). Only pat ients  with loss of consciousness 
and of response to verbal  orders for more t h a n  24 hours are included. 
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All these patients received almost uniform treatment for respiratory 
reanimation, fluid and electrolyte balance, antibiotic protection, oedema, 
and general care. The data of this series were obtained from clinical 
records made on admission to the Service. 

The data were gathered under 35 headings, each considered as a 
single factor, covering sex, age, traumatic agent and mechanism of 
trauma, presence or absence of scalp wounds or brain prolapse, skull 
fractures, multiple injuries, depth of coma, state of the pupils, cranial 
nerve and other motor deficits, pulse rate, blood pressure, respiration 
rate and type, results of echo eneephalography and angiography, 
prehospital management, and need for immediate intubation or imme- 
diate artificial respiration. The remaining headings covered the outcome, 
the time of regaining consciousness or of death, and the autopsy findings. 

The grouped data were processed by computer in order to get an 
initial tabulation. This showed that sex distribution was 147 men and 
53 women, and the age distribution was as follows : 

0-6 years 7-14 15 20 21-40 41-50 51-60 over 60 years 

21 39 21 71 19 13 16 

In 121 cases the traumatic agent was a Vraffic accident, in 47 cases a 

fall from a height, and in the remaining 32 eases it was any of a variety 
of causes. 

More than half of the patients (106) had multiple injuries. On admis- 
sion a more or less pronounced traumatic shock was present in 85 patients. 

Regarding the state of consciousness, the patients were placed in 
four groups : 

1. Coma with purposeful defence reaction to painful stimuli (77). 
2. Coma with purposeless reaction to painful stimuli (63). 
3. Coma with deeerebrate rigidity (41). 
4. Coma with total areflexia, and respiratory paralysis (Coma 

depass6) (19). 

Cases in the fonrth group were discarded from further analysis 
because of the absence of any definite possibility of survival. 

The survival time of those who died is shown by a curve estimated 
according the method of least squares. An exponential curve was ob- 
tained, showing that 50% of deaths oeeured within 80-90 hours (Fig. 1). 

The curve of the percentage of the survivors remaining unconscious 
at various times was also exponential, and showed that 50% of these 
patients regained consciousness within ten days (Fig. 2). 
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Fig. 1. 1 all cases (arreflex comas excluded). A : 96.059, b : 0.00773, 
2 alltogether. A ~ 93.182, b ~ 0.00879, 3 cases with arreflex coma only. 

A = 74.2869, b ~ 0.01883 

t00 i 

3 80 

~ 40 
3O 
2O 
10 

~0 

f(t) =A .e -bt 

A = 112,0 b=~ Z1855 

i i ' i 

7(7 2.0 20 ~ 50 ~0 70 80 90 100 710 

drays o/'fegmininy consoxbus~ness 

Fig. 2 

The au topsy  f indings were p laced  in th ree  groups,  with two sub- 
groups  each :  

1. P r i m a r y  fa t a l  in jur ies :  a) a t  bra in  level;  b) ex t racerebra l .  
2. Avo idab le  cause of dea th  in p r i m a r y  nonfa ta l  in jur ies :  
a) a t  bra in  level (compressive hemorrhage)  ; 
b) ex t racran ia ]  ( internal  bleeding,  r up tu r e  of organs, etc. 
3. Secondary  compl ica t ions  as a cause of dea th  in p r i m a r y  nonfa ta l  

injur ies  : 
a) a t  bra in  level (meningiQs, oedema,  etc;  
b) ex t racr~nia l  (bronchopneumonia ,  renal  insufficiency, sepsis). 
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The survey of these autopsy findings tabulated by computer shouted 
that  the cause of death in those who died in the first 72 hours was a 
primary fatal injury at brain, level in 88o/0 . In 6.8% of these cases the 
cause was an overlooked intracranial haematoma, and in 3.4~o an 
overlooked extraeranial lesion. 

In  those who died after the third day the autopsy did not reveal any 
lesion that  could have been operated on. 

Those who died after the third day died from the initial injury to 
the brain in 66% of cases, and from secondary complications in 33~o 
(cerebral and extraeerebral equally). Bronchopneumonia as a single 
cause of death was the chief eomplieatio~l, and it was a factor contributing 
to death in 30% of those who died from other causes after the third day. 

Dealing with a large amount of information we tried to select, by 
sort-merge control and Chi-square test, the relevant elements or factors 
that could be correlated and used in prognosis. The selected factors 
were age, traumatic agent and mechanism of trauma, presence of scalp 
wound, skull fracture, multiple injuries, shock, pulse rate, blood pres- 
sure, frequency and type of respiration, neurological deficit, state of 
pupils, and degree of unconsciousness. 

With the aim of finding a mathematical relation between the factors 
that could influence the outcome of the coma and the outcome itself 
we performed a multiple linear regression analysis. 

First, we coded the values of each factor according to its increased 
contribution rate for survival. (For example, under the heading shock 
the two values presence of shock and absence of shock received codes 1 
and 2 respectively, because the percentage of patients with shock that 
survived was 42.86%, whereas the percentage of patients without 
shock that survived was 56.760/o) 

Then we proposed a linear relation of this kind : 
X = a 0 + a l X l + . . .  §  

where X denotes the estimated chance for survival and X1 is the eodod 
value of the i-th factor. The coefficiants ai (i ~ 0 . . . .  , n) were determined 
by the method of least squares. 

A value of X nearer to 0 would point to a lethal outcome, whereas 
nearer to 1 would indicate survival. 

Results 

The multiple linear regression analysis was first performed taking 
age as an independent variable. In  view of the importance of age it was 
evident that  a better mathematical model could be obtained by per- 
forming the same analysis separately for diferent age groups (e.g.  0-1 year, 
1-6 years etc.). Because of the lack of a sufficient number of eases, we 
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performed the analysis  in the following large age groups: 1. under  15 years 
2 .15  to 50 years, and  3. over 50 years. 

The formulae obta ined were : 

Model I (all eases) 

X ~-- - -  1.712 + O, 127 X 1 + 0.034 X2 ~- 0.183 X 3 - -  0.005 X 4 - -  
- -  0.053 X5 - -  0.045 X6 4- 0.069 X7 -? 0.119 Xs Jr 0.098 X9 + 
+ 0.019 X10 + 0.062 X l l  + 0.028 Xa2 ,-? 0.366 X13 

with a mult iple  correlation coefficient ~ 0.7747, with the variables as 
follows : 

Variable Corresponding factor Values with respective codes 

X1 age 0-14 years code 3 
15-50 years code 2 
over 50 years code 1. 

X2 traumatic agent non traffic traumas code 2 
traffic accident code I 

X3 scalp wound and brain without code 2 
prolapse with code 1 

X4 skull fracture without code 2 
with code 1 

X5 multiple injuries absence code 2 
presence code 1 

X6 traumatic shock absence code 2 
presence code 1 

X7 conscious as in text code 3 
code 2 
code 1 

Xs pupil size and state normal code 3 
small or medium with code 2 

reaction 
large without reaction code 1 

~X9 nerve deficit (cranial with code 2 
nerves or pyramidal) without code I 

X10 pulse rate over 141 code 1 
61-140 code 2 
under 60 code 3 

Xzl Systolic blood pressure 81-120 code 4 
121-160 code 3 
under 80 code 2 
over 160 code 1 
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Variable Corresponding factor Values with respective codes 

X12 respiration rate 

Xla type of respiration 

under 20 per rain. code 3 
21-30 code 2 
over 31 code 1 

that does not need 
artifieiM respiration code 3 

that needs assisted 
respiration code 2 

that  needs controlled 
respiration code i 

Model 2 (children under 15 years) 

X = - -  1.334 - -  0.093 X1 -7 0.269 X~ T 0.115 Xa - -  0.105 X4 --- 
- -  0.028 X5 @ 0.095 X6 -7 0.148 X7 -7 0.091 Xs -7 0.025 X9 -7 
" 0.078 X10 -7 0.036 X l l  -7 0.282 X12 

with a mult iple  correlation coefficient = 0.8846. 

Model 3 (15-50 years) 

X = - -  1.118 -7 0.068 X1 -7 0.138 X2 - -  0.013 Xa - -  0.132 X4 --  
-7 0.102 X5 -)  0.093 X6 -b 0.134 X7 - -  0.130 Xs - -  0.015 X9 -7 
T 0.106 X10 - -  0.033 X l l  - -  0.301 X12 

with a mult iple  correlation coefficient, = 0.7312. 

Model 4 (over 50 years) 

X = - -  2.213 q- 0.180 X1 -7 0.204 X2 - -  0.050 Xa - -  0.082 X4 " 
-7 0.201 X5 -7 0.110 X6 -7 0.211 X7 q- 0.082 Xs -7 0.073 X9 - -  

- -  0.098 X10 @ 0.117 X l l  -> 0.432 X12 

with a multiple correlation coefficient = 0.8445. 

The mult iple correlation coefficients (m.o.c.) in  all four models were 
greater t han  0.7, which indicates a significant correlation. 

We tested these formulae by  replacing the values for Xi for each 
of the 181 cases, compared the obta ined values of X with the actual  
outcomes, and  obta ined the following results (value of X under  0.45 
was t aken  to mean  lethal outcome, greater t h a n  0.55 survival,  and 
between 0.45-0.55 doubtful) :  
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Model Prognosis Number  of eases Percent 

1 correct 153 84.5 
(all eases) incorrect 15 8.3 

doubtful 13 7.2 

2 correct 57 98.7 
(children under incorrect 0 0 

fifteen) doubtful 1 1.3 

3 correct 80 83.3 
(15-50 years) incorrect 9 9.4 

doubtful 7 7.3 

4 correct 26 97.0 
(over 50 years) incorrect 0 0 

doubtful 1 3.0 

Conclusion 

The mul t ip le  l inear  regression analysis  app l ied  to our series t u rned  
out  to be sa t is fac tory ,  which is obvious f rom the  magn i tude  of the  
mul t ip le  correla t ion coefficients and  the  resul ts  of tes t ing.  

B y  a careful choice of o ther  factors  and  a more  de ta i led  age par t i t ion ,  
based  on a larger  number  of eases, we beIieve an  even be t te r  model  
could be ob ta ined  using the same procedure.  
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