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Abstract
Objective-To assess stress hormone
response in traumatised patients studied
at the site of injury and on their way to
hospital.
Methods-The study was prospective.
Blood samples were taken from 77
patients immediately after the arrival of
the emergency physician at the site of the
accident (tl) and shortly before patients'
admission to hospital (t2). Plasma con-
centrations of 3 endorphin, cortisol,
adrenocorticotrophic hormone (ACTH),
prolactin, and growth hormone were
measured.
Results-Trauma in out-of-hospital
patients resulted in remarkably increased
concentration of growth hormone within
minutes. ACTH, cortisol, and prolactin
were only moderately increased.
No significant correlations were found

between hormone levels and blood
pressure or heart rate. The plasma ACTH
concentration was significantly lower
before admission to hospital than
immediately after the accident. Plasma
cortisol, prolactin, and growth hormone
concentrations were not significantly
different between the two points of
observation. In samples taken im-
mediately after the accident (tl), there was
a positive correlation between both ,
endorphin and prolactin and the injury
severity score, whereas cortisol levels
were negatively correlated with injury
severity score, suggesting impaired
cortisol release from the adrenal cortex
after severe injury. At t1 ACTH was
correlated with cortisol and (8 endorphin.
Patients with head injuries had hormone
concentrations similar to those without
head injuries but with a similar injury
severity score from injuries in other parts
ofthe body.
Conclusions-Lower cortisol concen-
trations in the very severely injured might
be due to failure of the adrenal cortex to
respond normally to ACTH stimulation.
Growth hormone seems to play a major
role in the response to trauma, reflecting
an immediate stress response.
(JAccid EmergMed 1996;13:243-247)
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The plasma concentrations of adrenocortico-
trophic hormone (ACTH), cortisol, 3 endor-
phin, prolactin, and growth hormone have not
been studied in injured humans immediately
after an accident but before admission to
hospital. Activation of the hypothalamic-
pituitary-adrenal axis is elicited by major
trauma, such as long bone fracture, multiple
injury, bums, and head injury.'`6 There are,
however, as yet no reports concerning the
magnitude and time course of stress hormone
secretion during the immediate post-traumatic
phase, and in-hospital drug treatment and
haemodilution by volume infusions may alter
the concentrations of hormones.
To avoid this problem, we took blood

samples for determination of these hormones
before emergency treatment at the accident
site. Another objective was to determine
whether there was a correlation between
hormone concentrations and the severity of
injury. Finally, we investigated the effect of
head injury on the anterior pituitary hormone
response to trauma by comparing this response
in traumatised patients with or without head
injury.

Methods
The study was prospective and was conducted
in trauma patients treated on-scene by the
helicopter rescue team, SAR Nuremberg 74.
The study group consisted of 77 con-

secutively treated adults (59 male, 18 female)
who had suffered injuries, including head
injuries, caused by accidents. Accident site data
acquisition was performed by an emergency
physician of the department of anaesthesiology
of Erlangen University Hospital. Emergency
treatment was started immediately after the
team arrived at the site of accident. This
included establishment of an intravenous line
which was used to take the first blood sample
before administration of fluids or drugs. Further
treatment was performed at the site of accident
according to common trauma management
rules. If necessary, patients received opiates.
Patient demographics, site and severity of the
injury, heart rate, and blood pressure were
documented. All patients were taken to hospital
by the rescue helicopter. Shortly before
admission to hospital a second blood sample
was taken. Samples were taken between 7 am
and 10 pm. All samples were taken in summer.
The interval between the first and second
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Table 1 Demographic data ofpatients and time intervals.
Values are medians (range)

Characteristic Data

Age (years) 34 (14-68)
Injury severity score 17 (4-75)
Interval from accident to first blood sample (min) 23 (5-81)
Interval from first to second blood sample (min) 35 (15-91)

samples was determined by the duration of
flight. During flight no samples could be taken.
The median interval between accident and
obtaining the first blood sample was 23 minutes
(table 1). An injury severity score (ISS) was

allocated by scoring injuries to the various body
regions, as described by Baker et al.7

The study was approved by the local ethics
committee of the University of Erlangen.
Each of the 10 ml blood samples was

collected in a prechilled plastic syringe, then
immediately put into a chilled test tube
containing liquid ethylenediaminetetra-acetic
(EDTA) (Monovette) and placed on ice until
centrifugation at 3000 rpm for 10 min. The
plasma was then separated and stored at -70°C
until analysis. All these steps were performed
within 1 h on board the helicopter by a medical
student brought as an additional crew

member.
Plasma ,B endorphin concentrations were

estimated by radioimmunoassay (RIA) kit
(Incstar), with a sensitivity of 3 9 pmol/litre.
According to usual RIA data processing
procedures, sensitivity was defined by a

difference from B (0) of three times its
standard deviation. Lipotrophin was not
specifically extracted, since cross reactivity
between endorphin and lipotrophin was

less than 5%, on a molar basis.
ACTH was measured by RIA (Incstar) with

a sensitivity of 3-8 pmol/litre. The normal
range in our laboratory is less than 17 pmoll
litre. Plasma cortisol and growth hormone
measurement was by RIA (Diagnostic
Products Corp) with a sensitivity of 0 01 [xmol/
litre and 0-9 ng/ml, respectively. The normal
cortisol range in our laboratory is 0-28-0-56
plmol/litre. The normal growth hormone range
lies below 1 ng/ml.
Plasma prolactin was determined using an

IRMA (immune-radiometric assay; Serono
Diagnostics) with a sensitivity of 0 3 ng/ml.
The normal range is less than 20 ng/ml.
The control ranges referred to morning

blood samples.

STATISTICAL ANALYSIS

Because the assumption of approximately
normal distribution was not satisfied, the
Wilcoxon signed rank test was used to evaluate
differences in the plasma measurements
between two times of measurement.
For investigation of correlation between

pairs of variables, the distribution-free rank
correlation coefficient of Spearman (p) was

used. Statistical significance was considered to
be at the P < 0 05 level.

Results
The mean injury severity score of the patients
was 17. Twenty eight of them had head injuries.

The plasma ACTH concentration was
higher immediately after the accident than
before admission to hospital. The difference
was highly significant (P < 0 001) (table 2).
Median plasma cortisol, prolactin, and

growth hormone concentrations were not
significantly different between the two points
of observation (table 2). Compared with
normal values, the growth hormone and
prolactin concentrations were markedly
increased.
A significant difference was found between

the median [ endorphin concentrations on
arrival and at t2 (table 2).
No significant correlation could be detected

between concentrations of any ofthe hormones
and arterial blood pressure or heart rate at t1
or t2.
A positive correlation was found between

arrival [ endorphin and injury severity score
(p = 0360, P < 001) (fig 1). The correlation
was still significant before admission to
hospital (p = 0354, P < 005).
There was also a correlation between

prolactin concentrations and injury severity
score on arrival (tl) (p=0331, P<0 01)
(fig 2), whereas at t2 the correlation was not
significant.
A weak but significant negative correlation

was seen between plasma cortisol concentra-
tions and severity of trauma on arrival
(p =-0-254, P < 0 05) (fig 3). At the second
observation point before admission to hospital
the correlation failed to reach statistical sig-
nificance.
At neither measurement point was a

significant correlation found between ACTH
or growth hormone concentrations and injury
severity score.
When blood samples were taken im-

mediately after the accident, there was a
correlation between plasmaACTH and plasma
cortisol concentrations (=0 343, P < 0 01). At
t2 the correlation was not significant.
Significant positive correlations were found at
t1 between [ endorphin and both ACTH and
prolactin (table 3).
Hormone concentrations were studied

separately in patients whose injuries were
predominantly of the head (n = 19). These
patients were compared with patients whose
injuries were entirely outside the head region
(49 patients). There was no significant dif-
ference in the injury severity score values of the
two groups. There was no difference in plasma
hormone concentrations between patients with
predominant head injuries and those without
head injuries.

Discussion
This is the first study to investigate plasma
concentrations of [ endorphin, ACTH,
cortisol, prolactin, and growth hormone in
injured humans immediately after an accident
and before admission to hospital. The
accidents occurred at various times of day.
According to a study by Barton et al,8 the time
of day at which samples were taken has no
effect on initial plasma cortisol concentrations.
Barton concluded that in injured patients
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Table 2 Plasma hormone concentrati
level ofstatistical significance for the c
(range)

Hormones

Endorphin (pmol/litre)
Cortisol (,umol/litre) (0-28-0-56
Adrenocorticotrophin (pmol/litre) (< 17
Prolactin (ng/ml) (<20
Male
Female

Growth hormone (ng/ml) (<1

The normal range of values is given after
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fons offirst (t,) and second (t2) blood sample and standardisation of the time of sampling is not
omparison between t, and t2. Values are medians necessary at an early stage.

Previous studies have disagreed over the
t, t2 p magnitude of the rise in ACTH concentration
26-17 (0-140) 238 (0-104-4) <001 and its relation to injury severity in patients
0-65 (0-02-1-38) 0-60 (0-08-1-59) NS studied in hospital. During cardiopulmonary
21 5 (4-3-90-6) 152 (4 9-61-3) <0°001 resuscitation ACTH concentrations were1)24.5(1-9-105-4) 28.4(6-8-121-0) NS
23-5 (1-9-65-5) 25 9 (6-8-52-3) NS found to be markedly raised.9 Several studies
61.1 (162105-4) 591 (1796-121-0) NS on ACTH immunoreactivity have been done

after bums.'0 l l Combining the data taken over
the name of the hormone in the left column. the first five days, Brizio-Molteni et all' found

a generally negative relation with the area of
bum. In all patients taken together, ACTH on

o0 "day 1 am" was similar to control values; it
0o _ k thereafter tended to rise and then fall below

- k* control levels. Vaughan et all' described high
o - cortisol levels with ACTH levels not

0o ~ | correspondingly elevated after severe bums.Barton et al,' in contrast, found plasma ACTH
0 * * concentrations after accidental injury to be
0o ~ markedly increased compared to the normal* range. In patients with minor and moderate
0 :S @**@@% - * * injuries (ISS 1-12) ACTH was correlated with

!o_ *ee * injury severity score when samples were taken
: I*K*t * withintwo hours ofinjury but notwhen taken

00 110 later; in more severely injured patients there
0 10 20 30 40 50 60 70 80 was no correlation with injury severity score.8

Our findings show only a moderate increase in
1 Correlation between initial plasma /8 endorphin plasma ACTH and no relation with injury
trations (t,) and injury seventy score. (Spearman
orrelation coefficient= 0-36; P< 0 01.) seveaty score spit ured patents before

admission to hospital.
In our study plasma cortisol concentrations

were only moderately increased (fig 3).
,5 -Unexpectedly low plasma cortisol concen-

~ * trations have also been observed by others in
patients with major trauma.'2 13

_1 We found a weak, but significant negative
- * relation between cortisol and injury severity

9 0...score over the whole ISS. The results contrast
* a * * * with those from a previous study which showed
* e a .@ @ * a biphasic relation between plasma cortisol

5 _ .i* concentration and injury severity score,8
* B B B B B moderately injured patients having plasma

3 - cortisol concentrations in proportion to the
- 0 I 2 7 80 severity of their trauma, while those with more

0 2 0 4 0 6 0 8 severe injuries (ISS 25-50) had lower
Injury severity score concentrations. However, patients in thatInjurseeiy.cr study were not as severely injured as in our!2 Correlation between initial plasma prolactin investi ationo

,tions (t,) and injury severity score. (Spearman rank g
rtion coefficient = 0-331; P< 001.) We could show a weak but significant

correlation between ACTH and cortisol
concentrations when blood samples were taken
immediately after the accident. Significance

o - was absent at later times. Barton et al9 found

o D plasma cortisol to be positively correlated with
plasma ACTH, but the relation was

o - statistically significant only in patients with
injury severity scores of 13-24. A poor

0 - correlation between ACTH and cortisol may
°0~ D *S * be due to the pulsatile release of ACTH in

D irregular bursts.""'7 Although in normal
o _ > * > @ * subjects the peaks of ACTH are generally

0 0 accompanied by increases in plasma cortisol
o -- 4 " * 0 * and within subjects the two hormones are

az~~~~~~~~~~~~~~~~~~~~~~~~~~~51

. I
0 10 20 30 40 50 60 70 80 relation does not always extend to single

Injury severity score samples taken from different individuals."83njCrlnetee iti scort Sequential measurements of plasma cortisol3 Correlation between initial plasma cortisol atrmjrsreysgetdta nsriations (t,) and injury severity score. (Spearman rank after maor surgery suggested that i surgical
tion coefficient = -0-254; P < 0 05.) trauma stimulation of the adrenal cortex was
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Table 3 Correlations between plasma hormone concentrationis offirst (t,) and second (t2)
blood samples

Hormones t, t2

p P p P

ACTH-cortisol 0 343 0 007 0-294 NS
ACTH-,B endorphin 0-388 0-002 0-313 NS
13 endorphin-prolactin 0-332 0 009 0-251 NS

p = Spearman rank correlation coefficient.

also episodic.'9 However, episodic secretion
cannot completely explain the poor correlation
between cortisol and ACTH concentrations.
Unexpectedly, though plasma cortisol fell in
relation to injury severity score, ACTH did
not. A possible explanation for lower cortisol
concentrations in the very severely injured
might be failure of the adrenal cortex to
respond normally to ACTH stimulation
because of decreased adrenal blood flow
secondary to shock. A general decrease in
stress response seems not to have occurred,
because other stress hormones such as growth
hormone were markedly increased. Woolf
et al,6 however, described a significant posi-
tive relation between circulating cortisol
concentrations and the magnitude of
neurological dysfunction in patients with brain
injury. They emphasise that it is unclear
whether the raised cortisol concentrations
contribute to the poor outcome or simply
reflect the severity of injury. This finding was

not due simply to non-specific stress, because
cortisol levels predicted patient outcome weeks
to months later.
There are very few studies describing

endorphin concentrations after trauma. The
only recent study that succeeded in relating
endorphin to injury severity score was that of
Lloyd et al,20 investigating serum endorphin
concentrations in injured children. These
patients, however, were only moderately
injured. In contrast to our results, Lloyd found
no consistent effect of time interval from injury
to blood sampling on the detected endorphin
values. Zimmerman et al2l and Lopez22 found
no relation between post-traumatic levels of
serum endorphin and the degree of
neurological injury after severe head trauma.
The observed positive correlation between

ACTH and endorphin seems to be
attributable to the fact that both hormones are

derived from the common precursor (pro-
opiomelanocortin - POMC). In the pituitary
gland, [3 endorphin is synthesised as part of
this much larger precursor hormone which
contains sequences for ACTH and lipo-
trophin, which is partially degraded to 3

endorphin.
As there is a relation between ACTH and ,3
endorphin and the 3endorphin concentrations
are nearly always higher, we can conclude that
after trauma 3 lipotrophin is mainly processed
to 3 endorphin. Co-release of 3 endorphin
and ACTH is well documented in normal
subjects.23-26

In our investigation growth hormone,
currently considered to be a long term stress
hormone,27 showed concentrations increased
sixfold over reported normal values shortly

after the accident. Nevertheless, growth
hormone concentrations did not show any
relation to severity of injury. Chiolero et at28
studied growth hormone and prolactin in
patients with severe trauma after hospital
admission. They could not show any relation
between severity of injury, as represented by
injury severity score, and any of the measured
hormone levels. Prolactin was increased in a
patient group suffering from multiple injury
combined with severe head injury, but was
normal in the other groups. However, patients
with raised prolactin had the highest injury
severity scores, which is consistent with our
finding of a positive correlation between
prolactin and injury severity score. In the study
of Chiolero et at28 growth hormone was
increased in all groups. By contrast, patients
suffering from severe craniocerebral trauma
who were studied within 24 hours of the
trauma showed no increase in plasma growth
hormone concentrations at all.29 From the
present work we can conclude that, in contrast
to a recent review of published reports,27
growth hormone release seems to play a major
role in the immediate response to trauma.
The finding of a positive correlation between

d endorphin and prolactin raises the question
of whether this is a causal interrelation or a
simultaneous reaction to a common regulatory
mechanism. The recent observation of raised
prolactin levels after administration of [3
endorphin to healthy females30 supports the
first possibility. Also, central opioids are known
to stimulate hypophyseal prolactin secretion by
blocking the tonic dopaminergic inhibition.3"
Our observation is therefore consistent with a
central action of pituitary derived [ endorphin,
the possibility of which is currently under
discussion.
There was no difference in plasma hormone

concentrations between patients whose injuries
were predominantly of the head injuries and
those with other types of injury. These findings
are in agreement with the results reported by
Barton et al9 and Lloyd et al.20 By contrast,
Chiolero et at28 found lower plasma con-
centrations of growth hormone and prolac-
tin in patients with head injury than in patients
without. Hackl et al32 found normal plasma
growth hormone concentrations in patients
during the acute phase after severe cranio-
cerebral trauma. King et al33 and Matsuura et
al,34 however, reported an increase in growth
hormone and prolactin soon after head injury
of variable severity.
These results show a wide range of patterns

of pituitary responses to head injury, but
several factors may explain the discrepancies:
(1) the severity of head injury, in particular the
duration of coma, was not always comparable;
(2) the time of measurement varied between
hours after admission to hospital and five
weeks after trauma; our study is the first to
evaluate hormone concentrations before
patients' hospital admission; (3) the pulsatile
release of the pituitary hormones complicates
interpretation of single plasma values,
especially in view of the fact that most of
patient groups in recent studies consisted of a
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few patients only, whereas in our study 77
patients were investigated.
We know that cortisol and catecholamines

act synergistically to augment vascular tone
and myocardial contractility. Adrenal insuffi-
ciency in patients who are acutely ill has been
defined as the inability to increase cortisol
secretion in response to ACTH stimulation.
The efficacy of physiological corticosteroid
supplementation in improving haemodynamic
stability and outcome during out-of-hospital
trauma management in severely injured
patients has yet to be studied.
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