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Summary 

Both metabolic rate and protein catabolism are known to in- 
crease following severe head trauma, but the etiology of this hy- 
permetabolism is unknown. To further investigate the problem, we 
studied the metabolism of 17 patients with indirect calorimetry who 
had severe craniocerebral trauma only and who required ICP mon- 
itoring for management. Patients were studied daily and immediately 
after ICP spikes greater than 20ram Hg, prior to treatment with 
hyperventilation, osmotic diuretics, or barbiturates. Oxygen con- 
sumption (VO2) was correlated with ICP. Two groups of patients 
were identified. Group I patients were treated with hyperventilation 
and osmotic diuretics while Group II patients additionally received 
cerebral metabolic depressants. Group I had a significant correlation 
coefflcent between VO2 and ICP. Significant hypercatabolism early 
in the post trauma period was demonstrated by increased urine urea 
nitrogen. Our observations suggest that in patients with craniocer- 
ebral trauma, elevated ICP is associated with increased oxygen con- 
sumption, protein catabolism and systemic hypermetabolism. Ce- 
rebral metabolic depressants blunted increases in VO2 which were 
seen with elevated ICP. 
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Introduction 

Severe  h e a d  in ju ry  resul ts  in sys t ema t i c  h y p c r m e -  

t a b o l i s m  s imi la r  to t ha t  seen in pa t i en t s  w i t h  la rge  b o d y  

sur face  bu rns  a n d  sepsis 6' 18. This  s ta te  is c h a r a c t e r i z e d  

by  i nc rea sed  o x y g e n  c o n s u m p t i o n  and  inc reased  p r o -  

te in  c a t a b o l i s m .  P r e v i o u s  m e t a b o l i c  s tudies  h a v e  in- 

c l u d e d  m u l t i p l e  t r a u m a  v ic t ims  1' 2, 13. H o w e v e r ,  few 

s tudies  h a v e  r e p o r t e d  m e t a b o l i c  changes  in pa t i en t s  

w i t h  h e a d  in ju ry  a lone  3' s, 6, 7, 8, 9, 18. T h e  cause  o f  this  

i nc rea sed  m e t a b o l i s m  is u n k n o w n  7. T o  fu r t he r  del in-  

ea te  this p r o b l e m ,  we  inves t i ga t ed  the  effects  o f  in- 

c reased  i n t r a c r a n i a l  p re s su re  o n  o x y g e n  c o n s u m p t i o n  

a n d  ove ra l l  m e t a b o l i s m  in pa t i en t s  w i th  severe  c r an io -  

ce rebra l  t r a u m a .  

Materials and Methods 

The metabolic rate of 17 patients with severe craniocerebral 
trauma only, who required ICP monitoring, were studied in a non- 
randomized prospective fashion. Initial Glasgow Coma Scale Score 
was 8 or less for all patients. Patients with multiple trauma or other 
systemic injuries were excluded from this study. The period of the 
study was from August, 1985 through September, 1986. All patients 
had either subarachnoid screws, or ventricular catheters placed to 
monitor intracranial pressure. There were 14 males and 3 females 
in this group. The age range was 18 to 67 years with an average of 
27. Temperature, blood pressure, respiratory rate and heart rate were 
monitored hourly in the Intensive Care Unit. Intracranial pressure 
recording was monitored continuously. 

Energy expenditure is determined by indirect calorimetry using 
the Waters MRM 6,000 calorimeter (Waters Instrument, Minne- 
apolis, Minnesota). The calorimeter uses the closed-circuit technique 
for determination of oxygen consumption (VOz). Therefore, VO2 is 
a direct volumetric analysis of oxygen removed from the system. 
Carbon dioxide production (VO2) is determined simultaneously by 
mixed expired gas analysis. The VO2 and VCO2 are utilized to de- 
termine energy expenditure by the Weir equation ~5. VO2, VCO2 and 
resting energy expenditure (REE) are normalized for the individual's 
body surface areas. 

Data were obtained daily at baseline ICP levels and immediately 
after ICP spikes greater than 20 mm Hg. Patients were studied prior 
to treatment with hyperventilation, osmotic diuretics or barbiturates. 
The study time throughout the period of the ICP spike was usually 
20 minutes or greater. Urine was collected for 24 hour urea nitrogen 
determination. None of the patients received corticosteroids. Data 
were omitted from patients with elevated body temperature greater 
than 38 ~ 

Patients were studied throughout the duration of ICP monitoring 
on an average of 7 days, with a range of 4 to 30 days. Patients 
received IV fluids only in the first 48 hours. After 48 hours, all 
patients received enteral feeding consisting of 16% protein, 21% fat 
and 63 % carbohydrate. Approximately 35 kcal/kg body weight were 
administered each day. 

Of the 17 patients, 5 underwent craniotomy for gunshot wound 
(1), subdural hematoma (3), and extradural hematoma (1). The re- 
maining 12 had severe closed head injuries. ICP ranged between 1 
and 41 mmHg. VO2 was expressed as ml/min/M 2. 

Linear regression analysis was used to determine the relationship 
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between ICP and VO2, and the two-tailed Student's t-test was used 
to compare VO2 and REE between groups of patients. 

Results 

One hundred and nineteen combined measurements 
of ICP and VO2 were analyzed. Seventy-four mea- 
surements were made in 13 of 17 patients in group I. 
VO2 correlated directly with ICP with a correlation 
coefficient of 0.74 which was nearly linear (Fig. 1). 
Forty-five measurements were made in the remaining 
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Fig. 1. Graph depicting the relationship between ICP (mm Hg) versus 
VO2 (ml/min/m 2) in 13 of 17 patients, with a correlation coefficient 
of 0.74. Each data point represents a single measurement among 

thirteen patients 
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Fig. 2. Graph of ICP v e r s u s  N O  2 in 4 of 17 patients who received 
cerebral depressants, showing a correlation coefficient of 0.20 
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Fig. 3. Graph depicting UUN excretion expressed in grams, showing 
a rise within the first 10 days following injury 

4 of 17 patients in group II. In this group, 2 patients 
were treated with pent�9 coma, and 2 received 
large doses of morphine sulphate. ICP did not correlate 
in this subgroup, evidenced by a correlation coefficient 
of 0.20 (Fig. 2). The difference between these two 
groups was significant (p 0.05). Carbon dioxide pro- 
duction was compared among the 17 patients, but no 
specific pattern could be determined due to the use of 
hyperventilation in the majority of these patients. 

Resting energy expenditure (REE) was determined 
for each measurement. In group II the mean REE was 
991.18 kcal/m 2, while in group I, the mean REE was 
1383.40 kcal/m 2 with a range of 874.66 to 3962.00 kcal/ 
m 2. The difference between group I and group I! was 
significant (p < 0.05). 

The cumulative caloric balance was analyzed. By 
day 7 after injury, all patients were in negative caloric 
balance with a range between negative 6,000 and neg- 
ative 18,000 calories. There were no differences in ox- 
ygen consumption among the various injury types, or 
among the operated versus nonoperated patients. A 
urine urea mitrogen (UUN) rise was noted within the 
first 8 to 10 days irrespective of injury type, surgery, 
or nutritional support (Fig. 3). 

Glasgow Coma Scale Score (GCS) did not correlate 
with VO2 in either group. In general, lower GCS cor- 
related with lower REE for both groups, however, this 
was not significant. 

Discussion 

Reports of metabolism in head injury date back to 
1947 when Drew etal. first reported on metabolism 
and nitrogen balance studies in 12 post craniotomy 
patients 1~ They suggested that the prognosis in these 
patients might be favourably affected by positive ni- 
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trogen balance. In 1983 the first prospective random- 
ized control trial of metabolism and head injury was 
carried out by Rapp and Young 14. They had 38 patients 
with severe head trauma who were randomized to re- 
ceive either total parenteral nutrition or enteral feed- 
ings. They measured outcome in terms of survival. The 
group which had initial total parenteral nutrition had 
a statistically significant increase in survival compared 
to the control feeding group. Overall, the total par- 
enteral nutrition group had significantly more caloric 
intake than the enteral group. Both groups, however, 
had persistently negative nitrogen balance. They ex- 
cluded severe extracranial injuries, but included other 
non-life threatening injuries in this group of patients. 

In 1984, Clifton reported his study of 14 head injured 
patients treated with steroids who were given enteral 
feedings 6. Except for two patients who had long bone 
fractures and one patient with facial fractures, these 
patients had no major systemic injuries. Indirect ca- 
lorimetry was measured: head injured patients had met- 
abolic responsed similar to burn patients with an ap- 
proximate 20 to 40% body surface burn. 

Waters reported 11 patients with severe head injury 
who had cumulative caloric deficits ranging between 
2,500 and 25,000 calories 18. There was a suggestion of 
improved clinical outcome with smaller caloric deficits. 

In 1985, Clifton reported a second study of enteral 
hyperalimentation in 20 consecutive head injured 
patients 5. This was a pure head injury group. The pa- 
tients received approximately 3,500 kcal/day. Despite 
this, the patient's weight fell an average of approxi- 
mately 15% by the second week. Total albumin fell 
also and the urine urea nitrogen increased by the second 
week. They recommended approximately 50 kcal/kg/ 
day of nutritional support. 

Young et al. reported 16 patients with head injury, 
6 of whom had multiple trauma I9. The mean nitrogen 
balance was negative in all but two patients despite 
caloric balance by the second week. They found that 
albumin dropped by a factor of approximately 33% 
and that the weight loss average was approximately 15 
pounds by the end of the second week. 

Recently, Fruin studied metabolism using indirect 
calorimetry in 15 non-steroid treated head injured 
patients 1I. Various clinical markers were assessed which 
were used to predict caloric requirements. Excessive 
motor activity correlated significantly with increased 
caloric needs. This was not a pure injury group because 
other associated injuries and infections were docu- 
mented. 

Clifton et al. suggested a practical guide to estimate 

energy expenditure in head injured patients 4. The per- 
centage of resting metabolic energy expenditure was 
determined to be a function of the Glasgow Coma Scale 
Score, heart rate, and days since injury. In noncomatose 
patients, the predictive ability of their nomogram was 
less strong due to the inability to measure truly rested 
values. Levels of caloric expenditure varied from fac- 
tors such as temperature, Glasgow Coma Scale score, 
activity, muscle tone, and the time of measurement after 
injury. 

Deutschman reported that closed head injury pa- 
tients initially were hypermetabolic, however, the pro- 
cess appeared to resolve by one week 8' 9. These patients 
then assumed the profile of a starving patient. 

Elevated ICP correlated with oxygen consumption 
in our previous study and in this expanded one 3. In 
our patients who received large doses of metabolic de- 
pressants (Group II), this correlation did not hold. The 
cerebral metabolic depressants blunted increases in 
VO2 which were seen with elevated ICP. It is possible 
that a catecholamine surge occuring as a result of in- 
creased ICP is responsible for the overall hypermetab- 
olism 7. 

Oxygen consumption was measured continuously 
as a change in the level of the spirometer in our 
MRM 6,000 calorimeter. This mean oxygen consump- 
tion was a direct volumetric measurement and, there- 
fore, highly accurate. Caloric expenditure and overall 
energy balance were normalized from these direct mea- 
suremen(s. 

Urine urea nitrogen excretion rose within the first 
10 days, similar to data from Young's group 14. Our 
patients became significantly catabolic early in their 
course and urinary urea nitrogen increased with in- 
creasing protein in the diet as shown by Clifton 5. More 
data points are needed in the recovery stage to deter- 
mine the overall effect of negative nitrogen balance. 
Previous reports indicate that negative nitrogen bal- 
ance is not necessarily a detriment to the patient's over- 
all outcome 4' 12, and that it is extremely difficult to 
achieve a positive nitrogen balance in this group of 
patients 5, 16, 17, 19 

In summary, our study suggests that elevated ICP 
is associated with increased oxygen consumption, ca- 
loric expenditure, protein catabolism and overall hy- 
permetabolism in severely head injured patient. 
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