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Urinary Catecholamine Excretion and Thyroid Hormone Blood Level
in the Course of Severe Acute Brain Damage
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Abstract. Urinary catecholamine excretion and thyroid hormone blood level were studied in 16 patients following
severe cerebral trauma. Increased excretion rates of epinephrine and norepinephrine were found. There was no
significant difference in the catecholamine excretion when compared with generally traumatized patients. The
relationships between catecholamine excretion, increased metabolic rates, and negative nitrogen balance indicate
that in patients with a midbrain syndrome there exists an additional diencephalic metabolic factor, which leads

to a rise in fat oxidation and perpetuation of catabolism.

Early high caloric parenteral nutrition seems to inhibit the initial increase of catecholamine excretion and thus

protects the body from an unnecessary breakdown of its own reserves. If the course is classified according to neuro-
logical stages, it can be shown that patients with a traumatic apallic syndrome in poor condition have a high increase
of catecholamine excretion. Secretion of thyroid hormones is not influenced significantly by cerebral trauma.

Keywords: Severe cerebral trauma, Midbrain syndrome, Apallic syndrome, Catecholamines, Fat oxidation, Thyroid
hormones. High caloric total parenteral alimentation (TPA).

Introduction

In patients with severe brain injury a deviation of the
metabolic functions of a similar nature as in patients
with severe general trauma can be observed. In a previous
study we described the metabolic changes following
severe brain injury (Haider er al., 1974), and showed that
the metabolic rates were markedly clevated. This eleva-
tion was of a higher degree and of longer duration than
the rise seen in general trauma (Cuthbertson and Tilstone,
1969; Kinney, 1962). It was also shown that urinary nitro-
gen excretion was increased for at least three weeks after
trauma and that the degree of catabolism was related to
the extent of the cerebral damage.

Since increased metabolism can be an indicator of
increased fatty acid tum-over (Challoner and Steinberg,
1966) and catabolism (increased break-down of protein
for gluconeogenesis) is associated with increased fatty
acid mobilisation (Deligne er al., 1973), the increased fat

metabolism can be considered as a manifestation of
these two conditions.

In general trauma catecholamines (Carlson, 1964) and
endogenous stimuli generated by “‘relative hunger’ (Wad-
strom, 1959) determine the post-traumatic metabolism
which is characterized by an increase of fatty acids, whilst
in cerebral trauma apparently there is an additional auto-
nomic disturbance (Gerstenbrand, 1967).

This additional metabolic effect, which obviously is seen
only in patients with an acute midbrain syndrome (MBS)
can, via reticulo-thalamic action lead to an activation of hy-
pothalamic centers (Fossati ez al., 1973) with ACTH-pro-
duction which, like catecholamines (Sutherland and
Robison, 1966) activates cAMP (Westermann, 1966) and
thus leads to an increase of lipolysis.

The problems are still unsolved, as to how endogenous
hormone excretion changes after severe brain trauma,



Table 1. Patients studied and collected data

days after injury weeks manths Vedrs
1 2 3 + 5 6 2 3 4 2 4 5 2 3 and
longer
Class A: Patients studied immediately after brain injury
Group 1: Brain concussion
Fo.G. & 294 subdural haematoma (op) T XT | X
Group IT: Mid brain syndrome (MBS) = recovery and defect
Bo.H. 39a epidural haematoma (op) | A XTX
Ha.R. ¢  '25a subdural haematoma (op) X il
Sch. G. & 14 a cercbral concussion X T ®T: X L X
8d.s. ¢ 16 a subdural haematoma (op) | . X_ 1 i X X
AwE 9 40 a cerebral thrombosis ’MHW,‘LJ_V__MM XT [X
Schn. F. & 684 cerebral haematoma (op) Lo 4 | S o XT_{XT | f
Group [{{: Mid brain syndrome —> apallic syndrome (AS)
Ru.R. & 6a epidural haematoma (op) X XTF
Wo.P. & 27a cerebral concussion (severe) T XT | XT | X
Mu. E. d 35a cerebral concussion (severe) X T X X X X
Ti.K. & 49 a cerebral shot wound (op) T X XTT
Class B: Late observations in 5 patients
Group [ Brain concussion — none
Group I1: Defect stage after MBS
Group [1I: Apallic syndrome following MBS
Pr. S. g I1a cardiac arrest X
Fr. K. 3é 29a cerebral concussion XX
Zm. St. d 3a cerebral concussion XX
Ca.P. & 35a cerebral concussion X
Ba.E. % 29a cerebral concussion 5.4 X

X = metabolic rate, T = thyroid function, ~= urinary excretion of nitrogen and catecholamines respectively




W. Haider et al.- Urinary Catecholamine Excretion and Thyroid Hormone Blood Level

particularly the excretion of catecholamines and thyroid
homones, and whether there are any relationships be-
tween hormone levels, and metabolic rates or nitrogen bal-
ance (Haider et al, 1975). It is the aim of this study to
contribute to the solution of these questions.

Material and Methods

16 subjects were studied. They were divided into two
classes (A and B). Class A consisted of 11 patients who
were examined immediately after the brain injury. The

5 patients of Class B were studied between two months
and three years after the trauma. Table 1 shows all
patients, the diagnoses and the schedule of examinations.

The patients of Class A were divided into three groups
according to their neurological course. Group 1 consisted
of patients with primary brain injury without acute brain
stem symptomatology. Group 2 included patients who
developed an acute midbrain syndrome in its different
phases or bulbar symptomatology. In these patients a
remission of the midbrain symptomatology occurred after
they had passed through the different phases up to the full
stage. Group 3 consisted of patients who at first showed
acute midbrain or bulbar symptomatology and then
changed to a characteristic transitory stage, which finally
led into the typical apallic syndrome.

The patients of Class B were all related to Group 3 as
far as the neurological course was concerned. A few of
them showed a varyin§ remission towards a defect stage.
Several of these patients died at an earlier stage of remis-
sion.

24-hour urinary excretion of catecholamines was
measured daily during the first three post-traumatic days
and then every third day. The blood level of the thyroid
hormones was measured weekly, The catecholamine
determination was performed on 24-hour urine samples,
to which 6-n-hydrochloric acid was added, using a modi-
fied technique of the fluorimetric method of Fuler and
Lishajko (1961). The extraction was performed by ad-
sorption on aluminium-hydroxide and the differentiation
between epinephrine and norepinephrine was made by
reading at two different wave lengths, The measurements
were performed with a Perkin-Elmer spectral fluorimeter:
the interference of dopamine was smaller than 2 p.c. The
normal values of the laboratory are < 20 ug per 24 hours
for epinephrine and < 50 ug per 24 hours for norepine-
phrine.

For the estimation of thyroid hormones the T; test
(in vitro test with radioactive L-trijodthyronine, modi-
fied by Hamolsky), the T, resin-uptake (Abbott) and
the effective thyroid ratio (ETR by Buck-Malinkrodt)
were made.' The normal values are, T: 90—110 pg/100

! The determinations were kindly performed by the Radio-
nuclear Laboratory of the Ist Internal Clinic.
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ml, Ty:5.5-12.5 pg/100 ml, and ETR: 0.87—1.13. Be-
cause of the high standard deviations the statistical si gni-
ficances have not been tested.

Nutrition

Attempts were made to start high caloric total parenteral
alimentation (TPA) as soon as possible after trauma (Stein-
bereithner, 1966; Gerstenbrand and Galanti 1972). Total
parenteral nutrition was initiated on the day of admission
and amounted to a minimum of 3000 calories per day.
The main caloric carrier was 33 p.c. dextrose solution
with insulin added regularly in order to compensate for
the posttraumatic disturbance of glucose utilisation (Hai-
der er al. 1974); in addition 5001000 ml 20 p.c. fat
emulsion was also given (Intralipid, containing 20 £ soy-
bean-oil per 100 ml) already during the first 24 hours.
This procedure has been considered valuable by some
workers (Carlson, 1964; Haider and Steinbereithner, 1972)
but has not found universal favour (Berg, 1973). With re-
gard to liver function no disturbances are to be expected
(Jeejeebhoy et al., 1973, Zumtobel, 1974). However, to
our knowledge, with the exception of McCarthy, fat
emulsions have not been used immediately following
trauma, at least not in patients with brain injury. For
replacement of protein a 3.3 p.c. aminoacid solution with
addition of alcohol (Aminosol — Laevulose-Ethanol) was
used. This way only about 30 g protein per day could be ad-
ministered, however, there were additional calories of
different origin available to prevent breakdown of muscle
proteins for gluco-neogenesis. During the further post-
traumatic course an increasing amount of nutrients was ad-
ministered through a naso-gastric tube. In addition, other
therapeutic measures for severely injured patients were
used, as necessary.

L}

Results
1. Catecholamines

In Table 2 the data of epinephrine and norepinephrine
excretion are summarized for all the patients. Fig, 1
demonstrates the course of the mean values and standard
deviations for epinephrine excretion. The curve shows an
initial increase of epinephrine excretion of 30 ug per 24
hours followed by a decline towards normal over the first
3 days (15 ug per 24 hours). Within the following two
weeks, however, daily epinephrine excretion rises again
up to double of the normal values. Within the fourth and
fifth week there is an increase of the means up to 70 ug
per 24 hours. Mean values of class B cases who were ob-
served later in their posttraumatic course, show that
epinephrine excretion has returned to normal within six
months after the trauma.
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Table 2. Urinary Excretion of Epinephrine (E) and Norepinephrine (N) (7 per 24 Hrs)
Class A 1st Day 2nd Day 3rd Day 6th Day 9th Day 12th Day 15th Day 18th Day 21st Day Later on
E N E N E N E N E N E N E N E N E N
I Fo.G. 246 874 68,9 4056 304 1858 84,6 3350 80,9 252,7 286 1114 36,8 152,1
II Bo. H. 23 H23 12,2 112,3 12,8 1223 110,0 34,2 322
Ha. R. 31,7 972 9,5 342 1,7 378
Schu. G. 49,1 81,8 124 61,3 32,7 96,7
Sd. S. 21,0 250,0 36,9 2162 83 495
Au. E. 15,1 98,8 21,2 1575
Schn. F. 26,0 56,2 64 .4 30,7 91,8
I R. R, 72,8 69,9 242 836 269 391 41 353 348 691 230 804
Wo. P. 56,3 81,8 83 67,9 25,7 1384 11,1 782 221 1234 150 2647 13,2 237,3 80,9 4022 64,5 3150
Mii. E. 8,1 4338 227 729 17,3 1052 292 1171 N 377,193,212, 189, 354
E 185, 46, 69, 36, 6
Ti. K. 63,5 4773 2,0 353 65.4 24,5
Class B E N
111 Pr. S. 15,3 54,1
Fr. K. 30 328
Zm. St. 2,7 292
Ba. E. 6,9 78,7

Ca. P, 2350
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Class

B

Days

Fig. 3. Course of mean excretion of epinephrine separated into
group Il'and II1. Group IT: Midbrain syndrome resulting in
recovery of defect stage respectively. Group IIT: Midbrain syn-
drome terminating in an apallic syndrome. Construction like

figure 1
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Fig. 4. Course of norepinephrine excretion separated into group
I1 and II1 (see figure 3)
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Fig. 5. Course of urinary epinephrine and nor-
epinephrine excretion in a time-independent
fashion according to neurological stages. 114
MBS resulting later in recovery or defect stage
(1l). [T MBS later leading to an apallic syn-
drome (1115)
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Table 3. Thyroid Hormone Blood Levels

European Journal of Intensive Care Medicine, Vol. 1, No. 3 (1975)

Class A
11 Patients 15t Week 2nd Week 3rd Week 4th Week
Ts Ty Ts Ty T3 Ta T3 Ta

Ru. R. 84 13,6 T -
Au. E. 97 10,3 9 7.0 — -
Ha. R. 93 4.8 ¥ - - : = =
Sd. 8. 106 9.4 - - — - - -
Schu, G. 87 i 90 7.1 1,05 (Etry 7,6 94 11,0
Wa. P, 98 74 1,1 (ETR} 5,5 93 14,6 — —
Fa. G. 91 8,2 0,95 (ETR) 5,0 90 13,3 -
Bo. H. 1.24 (ETR) 7.6 83 7,0 ~ - -
Schn. . 103 8,3 93 109 92 5.4
Mii. E. 107 10,8 — — —
Tip. K. 0,89 (ETR) - 0,88 (ETR) 6.6 T - -
Normal Range T3 (Triiodinethyronine) 90115

T4 (Thyroxine) 5,3-13,5

ETR (Effective Thyroid

Ratio) 0,87-1,13

Fig. 2 shows the course of norepinephrine excretion.
The initial values on the first and second day of 80—120
ug/24 hrs are markedly elevated above the normal values
given in the literature. In the further course there is a
slight decline towards the end of the first week but nor-
mal values were not reached. Towards the end of the
second week and until the fifth week the mean values for
the norepinephrine excretion rose to 260 ug per 24 hours.
The cases of class B observed later have mean values of
about 80 ug per 24 hours.

In Fig. 3 the posttraumatic course of mean values
and standard deviations of group 2 (patients who recov-
ered from midbrain syndrome) and group 3 (patients
who developed apallic syndrome) are shown separately.
The epinephrine excretion in group 2 is somewhat smaller
than in group 3, but there is no statistically significant
difference between the two groups either in the absolute
size of the values or in the tendency of the course. The
course after this first week is practically the same as
could be shown for all the three groups together (Fig. 1),
since no measurements were done in group 2 patients
after the first week.

Fig. 4 demonstrates the same comparison for nor-
epinephrine. The discrepancy of the two curves on the
first and second day can be attributed to a very high
single value in group 2. Until the end of the first week
mean values for the patients of group 2 again are some-
what lower that in group 3. They reach at 60 ug per 24
hours the lowest values of all patients studied. The fur-
ther course from the second week on is again identical
with the collective description shown in Fig. 2.

In Fig. 5 the mean values of patients studied imme-
diately after trauma are classified only according to
their neurological course and are not related to the time
after injury. In the beginning only one mean value was

calculated because at that time all patients had a mid-
brain syndrome. The final mean values for all patients
who developed the apallic syndrome were 60 p.c. higher
for epinephrine excretion and 30 p.c. fornorepinephrine
excretion, when compared to the mean values of the
patients who recovered from a midbrain syndrome.

2. Thyroid hormones

Table 3 shows the values of thyroid hormone measure-
ments (triiodinethyronine, tyroxine and effective thyroid
ratio = ETR) for 11 patients studied in the early post-
traumatic phase (class A). All the values were within
normal limits.

Discussion
1. Overall Catecholamine Excretion

First the course of catecholamine excretion in the imme-
diate post-traumatic phase will be discussed.

a) Acute Phase (1.—2. day). The epinephrine and nor-
epinephrine excretion of out patients was markedly ele-
vated on the first and second posttraumatic day. Normal
excretion by Goodall ef al. (1957) was stated to be 15.7
ug per 24 hours for epinephrine and 32.3 ug per 24 hours
for norepinephrine, which is in the same range as the
results of other authors (Starlinger et al., 1969). General-
ly norepinephrine excretion is about the two to threefold
of epinephrine excretion. While emotional stress can in-
crease catecholamine excretion only up to 50 p.c. (Star-
linger ef al., 1969), in our patients the increase was
about double for epinephrine and threefold for norepi-
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nephrine. This fact correlates well with similarly increased
values of metabolic rates measured in brain injury patients
after trauma that were described in an earlier study (Hai-
der et al., 1975). Grashchenkov et al. (1965) measured

in severe brain injury patients urinary excretion of 18 ug
per 24 hours for epinephrine and 50 ug per 24 hours for
norepinephrine. These excretions seem to be lower than
our values, however, they were related to much lower
normal values (4 and 23 ug per 24 hours respectively),

so they represent a fourfold increase for epinephrine

and a twofold for norepinephrine excretion.

It is attempted to compare our findings with regard
to those found in different kinds of general trauma (oper-
ations, myocardial infarction, burns). Patients after un-
complicated operations have practically normal cate-
cholamine blood levels (Franksson et al., 1954), only
occasionally slightly increased norepinephrine values
were found. Complications during and after the opera-
tion however (fever, bleeding, shock) were accompanied
by a significant increase of epinephrine and norepine-
phrine excretion. Similar results were shown by Prakash
et al. (1972) for myocardial infarction, where complica-
tions like cardiac failure, arrhythmias, and cardiogenic
shock showed a marked increase of catecholamine levels
up to threefold when compared to uncomplicated cases.

Burns cause a much greater increase of the epinephrine
and norepinephrine excretion during the first two days.
Birke measured threefold increases of epinephrine and
norepinephrine excretion, and Goodall found three-to
sixfold elevations of epinephrine and five-to tenfold
increases of norepinephrine excretion (Birke et al., 1958;
Goodall et al., 1954).

We found that in the first posttraumatic phase cate-
cholamine excretion in patients with brain injury was not
much different from that seen in generally traumatized
patients. Furthermore it appeared to correlate to the
severity of the trauma and the symptomatology.

Catecholamines probably have a dominating influence
on the disposition of calories (Havel et al., 1964) because
of their lipolytic and metabolic effects (Spitzer, 1971,
Challoner and Steinberg, 1969) so that the catecholamine
level can be taken as an indicator of the metabolic situa-
tion. It is perhaps surprising that catecholamine excre-
tion in brain trauma is not increased more than in general
trauma, that, however, metabolic rates and catabolism
(negative nitrogen balance) are markedly increased in
brain trauma compared to the figures given in the literar
ture for general trauma. This difference on one hand can
be interpreted as an expression of the fact that our pa-
tients immediately after trauma received sufficient paren-
teral nutrition which somehow suppressed the endogenous
catecholamine excretion.

This statement would have to be proven by measure-
ments of a group of patients without high caloric nutri-
tion, however, this would not be ethically justified.

On the other hand these findings underline the assump-
tion that cerebral dysfunction (Gerstenband, 1967, Deligne
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there is a decrease of catecholamine excre tion, which is
faster and more marked for epinephrine than for nore-
pinephrine, and apparently corresponds to recovery from
the acute shock phase. Comparison with generally trau-
matized and bumt patients shows that in these, the cate-
cholamine excretion returns to normal after the third
day (Goodall et al., 1957; Birke et al., 1958).

¢) Period after the First Week. In brain injury patients
catecholamine excretion in the urine shows a second in-
crease starting in the second week with a peak showing
markedly evaluated values in the third and fourth week.
The epinephrine and norepinephrine excretion increased
to five and eight times normal respectively, correspond-
ing with a similar course of metabolic rates. These values
from the second to the fourth week, however, represent
only the group of patients who became apallic, and
generally these were in a poor condition frequently suffer-
ing from chronic infections. Again comparison with severe
burns is instructive: Birke states that patients with com-
plications, such as infection and hypotension have a
second increase in epinephrine and norepinephrine ex-
cretion. Goodall reports that in extreme impairment of
general condition, particularly in the preterminal phase,
catecholamine excretion rises up to 26 fold of normal
(Birke et al., 1958; Goodall et al., 1957).

d) Late Phase. The decline of epinephrine and norepine-
phrine excretion in patients studied six months to one
year after the trauma corresponds with a stabilisation of
the situation. In this phase also the metabolic rates tend
to normal (Haider er al, 1975).

2. Grouped Catecholamine Excretion

From comparison of the different groups of patients
(Fig. 3 and 4) it can be seen that epinephrine excretion
in the acute phase in group 3 (patients who developed

an apallic syndrome following a midbrain syndrome) was
twice as high as in group 2 (patients who recovered from
midbrain syndrome or went into a defect stage). From
this one could conclude that patients who became apallic
suffered more severe injuries.

For norepinephrine excretion a discrepant behaviour
was found which was, however, caused by an extremely
high single value of a patient in the second group and is
therefore difficult to explain.

If the patients are classified according to their neuro-
logical stage, transition into an apallic syndrome seems
to correlate with an increase of epinephrine and norepi-
nephrine excretion. In apallic patients epinephrine
excretion was 60 p.c. higher, and norepinephrine excre-
tion 30 p.c. higher, as compared to patients who re-
covered. Obviously the poor condition of patients with
traumatic apallic syndrome is expressed by a prolonged
increase of catecholamine levels. It should be mentioned.,
that the two patients who could be examined over a long
period of time were in a poor condition.
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Differentiation of the metabolic rates (Haider et al.,
1975) according to the neurological stage shows, that
transition into an apallic syndrome is not accompanied
by an increase of metabolic rates. To explain this increase
of catecholamine excretion without a corresponding in-
crease in metabolic rate, one could speculate that in the
apallic patient metabolism does not react in a proper way
to an increase in the blood catecholamine level; Meta-
bolism of the apallic patient seems to be fixed and not
capable of responding with an increase.

3. Thyroid Hormones

Thyroid hormone levels (thyroxine T, and triiodinethy-
ronine T5) in our patients were within normal limits in
the first, second and third week after the trauma. In this
way it could be excluded that the metabolic changes

were due to a preexisting disturbance of thyroid function.
In the literature concerning post-traumatic metabolism a
similar minor role is attributed to the thyroid gland and
Caldwell showed that in rats with burns the metabolic

changes could not be prevented by a previous thyroidec-
tomy (Caldwell et al., 1959).

Conclusions

1. Catecholamine excretion is markedly increased in pa-
tients with severe cerebral trauma; this increase resembles,
in extent and course the increase of severe general trauma
and is exceeded in bumnt patients. There seems to be a
positive correlation between catecholamine excretion
and severity of the condition, The excretion of norepi-
nephrine is always nearly three times as high as that of
epinephrine.

2. Besides stimulation of metabolism by catecholamines
and endogenous stimulation by “relative hunger” in pa-
tients with a midbrain syndrome, there seems to be an
additional factor of dysregulation at reticulo-thalamic
and hypothalamic level, which is capable of furtherstim-
ulating metabolism, fat nxidation and maintaining catab-
olism.

3. Patients with a traumatic apallic syndrome in poor
general condition experience a second rise of catechol-
amine excretion, however, they seem to have a fixed
metabolism.

4. As the postulated central factor probably cannot be
influenced by any therapeutic measure, the early applica-
tion of high caloric parenteral alimentation should also
be capable of inhibiting initial rises of catecholamine
excretion since this satisfies the endogenously increased
needs of the body.

5. Neither the course nor the neurological symptomato-
logy show any influence upon the secretion of thyroid
hormones.
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