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with poor outcomes (persistent vegetative state and death) had significantly higher levels of each
of the three catecholamines. Similar significant correlations were present using norepinephrine
concentrations and a combination of pupillary responses and patient outcome. Analysis of the
interactions of the catecholamines and GCS on Glasgow Outcome Scores, the duration on ventilatory
assistance, and length of hospitalization revealed that the catecholamines either enhanced the

reliability of the GCS or were predictors independently of their association with GCS.

Using the Injury Severity Scale as an anatomically-based index incorporating systemic as
well as brain injury, we were able to demonstrate highly association between the ISS scores and
catecholamines in patients with multisystem injury providing that brain injury was also present.

/ Equally severe trauma in the absence of brain injury, yielding ISS scores that were comparable,
were not associated with increasing catecholamines.

In the evalution of the effects of brain injury on pituitary functio, two studies were 4
completed. In the first, we~demonstrated that the severity of hypogonadism is dependent upon the
degree of neurologic impairment, that there is a significant negative correlation between changes
in testosterone levels, and finally, that steroid precursors involved in the testosterone, but not in
the cortisol, pathways also becomes subnormal.

investigationof the thyroid dysfunction which occurs following traumatic brain injury
revealed that i is also-depende-ntupon the degree of neurologic impairment and that thyroid
function abnormalities reflect ultimate outcome. The significant association with catecholamines
suggest a role of sympathetic nervous system activation in causing the thyroid function, which is
independent of the generalized stress responses. -
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Summary

The final yearly report covers a period from July 1, 1985 through August 14,
1986. The time span of this report has been lengthened modestly to encompass the
conclusion of the project. During this period, 82 patients with head injury were studied.
In 25 of these, systemic trauma was also present while spinal cord injury was present in 2
other patients. Thirty-one patients with other acute neurologic problems were studied
during this interval including: 13 with intracerebral hemorrhage, 8 with spinal cord injury,
7 with CVA's, 2 with subarachnoid hemorrhage and one with anoxic brain injury. Poly-
trauma without brain injury was studied in 21 additional patients.

Thus, for the three years of the contract, we have studied 170 patients with traumatic
head injury, 70 patients with acute non-traumatic neurologic disease, predominately vascular
CNS disorders, and 71 patients with acute non-neurologic disorders including multiple
systemic trauma.

The following hormonal determinations were performed during the past year: catechola-
mines, both free and conjugated, 677; cortisol, 550; ACTH, 100; beta-endorphin, 124; LH,
6; FSH, 6; testosterone, 115; growth hormone, 8; TSH, 73; T4 , 154; T3, 154; free T4 , 79;
leucine enkephalin 106.

Forward

In the conduct of research where humans are the subjects, the investigator(s)
adhered to the policies regarding the protection of human subjects as prescribed
by 45 CFR 46 (Protection of Human Subjects).

B. Specific Projects

All but one of the studies started under our current contract have been completed;
namely, the evaluation of the utility of catecholamines in predicting patient morbidity
and mortality in the traumatically brain injured patient and the evaluation of the impact
of brain injury on the hypothalamic-pituitary-end organ axes. A major phase of the project,
which is currently under statistical review is the correlation of the site and size of CNS
lesions, determined by CT scanning, on GCS and catecholamine levels. It is anticipated
that this analysis will be completed shortly.

As our patient base increased in size, attention turned increasingly to our first
Specific Aim; namely, investigation of the sympathetic nervous system response to trauma-
tic brain injury, while our investigation of the pituitary and gonadal responses to head
trauma and acute illness was brought to a successful conclusion.

1. Catecholamines as markers of injury severity.

Norepinephrine, epinephrine and dopamine levels were measured in 61 traumatically
brain injured patients within 48 hours of injury. As previously demonstrated, each catechola-
mine correlated with the admission GCS. In 21 patients GCS 3/4 on admission with norepin-
ephrine levels below 900 pg/ml, all improved to > 11, while 12 out of 15 NE levels >900 pg/ml
remained GCS 3 to 6 or died. Moreover, in patients who survived the week, catecholamines
increased progressively and significantly as the Glasgow Outcome Scale worsened from good
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(PG/ML) recovery through death (Fig. 1).

S1, 00 loop 00M. Logistic regression analysis of

Ipoor outcome (persistent vege-
tative state and death) revealed

D ~significant differences in each
of the three catecholamines.

0 Analysis of the pupilary responses
and catecholamine levels revealed€UW .i. significant differences as the

PV patients went from good outcome
with reactive pupils, through
bad outcome with reactive

0 pupils and finally to bad outcome
SD with nonreactive pupils (nor-

SSD epinephrine levels of 561, 1252

0 and 2,046 pg/ml, respectively).
These concentrations were

3: •highly significantly different.
0 In 54 patients who survived at
U MD) least a week, significant correla-
W tions were present between

the length of hospitalization
U .and NE and E levels. There

GR were a similar correlations
between NE and E levels and
the duration of ventilatory

lo 100 1010 i(do assistance. Finally, analysis
N Eo of the interactions of the

NOREPIN~EP1IRINE catecholamines and GCS on
(PG/ML) GOS, the duration of ventilatory

Fig. 1. assistance and length of hospitali-

zation revealed that the catechol-
amines either enhanced reliability

of the GCS or they were predictors independently of their association of the GCS. The

demonstration of the interactions of norepinephrine and GCS on the GOS is provided in

Fig. 2 where the linear predictor is given by the equation: linear predictory 1.9 -0.056
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GCS - 0.000168 NE. The GOS scores are: 1, good recovery; 2, moderate disability; 3,
severe disability; 4, persistent vegetative state; and 5, death. Using this analysis, the
presence of a GCS of 3 and a high norepinephrine level predicts a poor outcome, while
another patient with the same GCS, but much lower norepinephrine levels (i.e. 800 pg/ml)
has a value Ior the linear predictor which would predict a better outcome. A similar linear
predictor would also be present with a GCS of 6 and a norepinephrine level of 2,000 pg/ml.
Thus, it is the interaction of these two parameters that better define ultimate patient
morbidity and moratality than either one alone.

Up until now, we have used the GCS as the principal index for determining patient
morbidity. We have also begun to use the Injury Severity Scale, based on the AIS 80 ratings,
to look at the interactions of an index based upon the anatomic site of injury with an associa-
ted injury weight and the sympathetic nervous system response. There are highly significant
associations between the ISS scale and patients with multisystem injury providing brain
injury is also present. Equally severe trauma, but in the absence of brain injury, yielding
ISS scores that are comparable, are not associated with increasing catecholamines. These
data provide further support for the hypothesis that brain injury per se activates the
sympathetic nervous system response in a graded manner.

One of the ways which we are trying to assess the cause of CNS activation in brain
injured patients is through a detailed radiologic analysis of the extent and site of brain
lesions as determined by CT scanning. All patients that have had CT scans and admission
catecholamines have been read blindly by our neuroradiologist and coded onto extensive
forms. These are currently being analyzed by our statistician, and we hope to have the
results of this analysis shortly.

2. Studies of pituitary function.

A. Gonadal studies.

Our investigation of the transient hypogonadotropic hypogonadism occurring in the
post-injury setting is complete. In our previous study we demonstrated that patients have
rapid falls in gonadotropin levels which are detectable within 12 hours and maximal by
three or four days after injury. During the past year, we have completed the study on
interactions of traumatic brain injury with gonadal steroidogenesis and with sympathetic
nervous system activation. We found that the severity of the hypogonadism is dependent
on the magnitude of the neurologic impairment since patients who remain comatose through
day four have significant lower levels of testosterone than those who awakened.

Our data also demonstrated the heterogeneity of the alterations in the various steroid

responses. Cortisol remained elevated while testosterone and its precursors, 17-hydroxypro-
gesterone became suppressed. Androstenedione which is secreted by both the adrenal and
testis is similarly affected. Finally, we were able to show highly significant correlations
between testosterone levels on Day 4 and admission norepinephrine levels. Thus, we were
able to demonstrate that severe traumatic brain injury leads to hypogonadotropic hypogona-
dism which effects testosterone and its precursors. The magnitude of the hormonal dysfunc-
tion is dependent upon the severity of the neurologic insult and the correlation between
the changes in testosterone and admission catecholamines suggest that the sympathetic
nervous system may play a role in mediating these changes.
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B. Pituitary thyroid disease.

Acute illness is well known to affect thyroid function. However, there are fe, stud.ies

correlating the severity of the underlying medical problem with the degree of test abnor-
mality and little is known about its etiology. For these reasons we investigated the impact
of traumatic brain injury in 54 patients and studied the relationships between changes in
thyroid function tests measured on admission and again 4 days post accident (T 4 , free T4,
T3, reverse T3 [rT3 ] and TSH levels) and neurologic function as assessed by the Glasgow
Coma Score (GCS), the catecholamines NE and E and cortisol concentrations. In all patients
T3 fell 28.4 + 7.3 (SE) ng/dl (p < 0.004), but other mean thyroid parameters did not change.
Significant correlations were present between the day 4 GCS and concomitant T4 (r=0.46,
p <0.001), free T4 (=0.52, p < 0.02) and T3 (r=0.45, p <0.001) levels, i.e.; those with the
greatest neurologic dysfunction had the lowest hormone levels. RT 3 and TSH remained
unchanged throughout the study even in the most severely affected patients and TSH
responded normally in the two who received TRH (500 ug). Significant correlations were
also present between day 4 T4 (r=-0.49, p < 0.002) and T3 (r=-0.44, p < 0.01) levels and
ultimate patient outcome, ranging from good recovery through death. The thyroid data
were comparable in patients with (N=22) or without N=32) Dilantin treatment. Highly
significant correlations were present between day 4 T4 levels and admission NE (r=-0.39,
p <0.004) and E (r= -0.40, p <0.003) and between day 4 T3 and NE (r=-0.33, p < 0.02) and
E (r: -0.28, p < 0.04), but not between free T4 , rT3 and TSH concentrations. There was no
association between admission or concomitant cortisol levels and thyroid function on day
4 (N=41) and patients treated with high dose dexamethasone (N=13) had values comparable
to those who were not.

Thus, a gradient of thyroid dysfunction is present in patients suffering from traumatic
brain injury, which is dependent upon the degree of neurologic impairment and which reflects
ultimate outcome. The significant association with catecholamine levels suggests a role
for sympathetic nervous sytem activation in its causation, independent of a generalized
stress response, since there is no correlation of thyroid test abnormality with the degree
of adrenocortical secretion.
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