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ABSTRACT

Background and aims of the study: Traumatic brain injury (TBI) and subarachnoid
hemorrhage (SAH) can cause death and long-term morbidity. Studies indicate that
both TBI and SAH may affect pituitary function in both the acute and the chronic
phase. The aims of this study were firstly to evaluate the nature of neuroendocrine
changes in the acute phase of moderate and severe TBI and all SAH, to evaluate
association between neuroendocrine disturbance and indicators of severity of insult
as well as hypotension, desaturation and anemia and to evaluated the incidence of
neuroendocrine changes after moderate and severe TBl and SAH in the acute phase.
Purpose: To explore neuroendocrine disturbances in moderate traumatic brain injury
(mTBI), severe TBI (sTBI) and subarachnoid hemorrhage (SAH) in the acute phase.
Methods: The study was a prospective single-center study. Anterior hypothalamic-
pitvitary (HP) hormone axis were assessed on admission (day 0) with baseline
hormone levels and on day 6 post insult with baseline hormone levels and a
Synacthen test. From patient charts we recorded for all patients GCS, APACHEII
score, length of ICU stay, pupil dilatation, documented hypotension, desaturation
and hemoglobin value <80 g/dL. Hunt and Hess grade for SAH group and Injury
severity score for TBI group. S100b was measured in all patients on admission. We
included 21 TBI patient, 6 moderate TBl and 15 severe TBIl, and 19 SAH patients.
Anterior hypothalamic-pituitary (HP) hormone axis were assessed on day O and 6
post insult in Twenty-one TBI patient and 19 SAH patients.

Results: HP-adrenal axis: The TBI group had significantly lower mean cortisol than
the SAH group on day 0, 23.8% of TBI patients had low cortisol and 0% of SAH
patients. On day 6, one patient in each group had low cortisol, 6.7% of TBI and
9.1% of SAH. HP-gonadal axis: In males on day 0, 52.9% of TBI patients and
57.1% of SAH patients had suppressed HP-gonadal axis and on day 6, 84.6% of
TBI patients and 90% of SAH patients. There was a greater suppression of LH/FSH
in the TBI group. HP-thyroid axis: Only one TBI patient (5.9%) had secondary
hypothyroidism on day 6. HP-somatotroph axis: On day 0, 52.4% of TBI patients
and 35.7% of SAH patients had low IGF-1. On day 6 all but one TBI patient (5.9%)
had normalized their IGF-1 but 25% of SAH patients still had low IGF-1. In general,
when evaluating association there seemed to more suppression of the hypothalamic-
pituitary (HP) gonadal and thyroid axis with more severe insult and adequately
more activation of the hypothalamic-pituitary adrenal axis.

Conclusion: Neuroendocrine disturbances in the acute phase of TBI and SAH are
common and seem to differ between the two groups. The clinical significance of
these disturbances is uncertain.

Keywords: Traumatic brain injury, Subarachnoid hemorrhage, Neuroendocrine
disturbances, hormonal change.
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Introduction:

Traumatic brain injury (TBI) is a leading cause for
permanent disability and death among young
people 1. Subarachnoid hemorrhage (SAH) accounts
for 5% of all strokes and causes permanent
disability 2.

During the last decades studies have yielded
conflicting results regarding the neuroendocrine
response in the acute phase of TBl. Reported
prevalence of ACTH/cortisol deficiency in TBI
patients (TBIp) varies between 4-78% 34 and O-
42% in SAH patients (SAHp) 34. The prevalence of
thyroid hormone deficiency has been reported as
2-52% for TBlp 78 and 0-23% for SAHp 910 and
the prevalence of somatotropic insufficiency has
been reported as 18-41% in TBIp 711 and 12-23%
in SAHp 1213, Disturbances in the gonadotroph axis
in the acute phase of TBlI and SAH is common with
reported incidence as high as 100% in male
patients with SAH 13. Different results in previous
studies can possibly be explained by differences in
patient  selection, methodology, timing of
assessment  and effect of ICU treatment.
Appropriate basal levels of hormones are not yet
defined in the critically ill. Commonly used
endocrine tests should be used with caution and
dynamic tests are often unsuitable due to slow
turnaround or issues with safety 14,

The aims of this study were to explore
neuroendocrine disturbances and identify possible
prognostic factors during the acute phase in
moderate TBI (mTBI), severe TBI (sTBI) and SAH in
an lcelandic cohort. The study is prospective and
nationwide, as all SAH and severe TBl and most
moderate TBl are transferred and treated at the
Landspitali University Hospital which houses the only
Neurosurgery department in the country. Patients
included were even prospectively followed and
underwent endocrinological assessment 3 and 12
months post insult, published earlier 5.

Materials and methods
Subjects
During 12 months, patients admitted to The National
University Hospital of Iceland with moderate and
severe TBl or SAH were prospectively included.
Inclusion criteria for TBlp was age 18-70 years and
moderate (mTBIp) or severe TBI (sTBlp), judged by
post resuscitation Glasgow coma score, <9 or 9-12
respectively. All patients with SAH were included
with no age or GCS criteria. LUH houses the only
neurosurgery department in Iceland covering a
region of approximately 318.000 inhabitants at
the time of the study.

Twenty-one TBlp and 19 SAHp were included.
TBlI was caused by traffic accidents (car, bicycle
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and pedestrian) in 7 patients, fall in 6 patients,
assault in 4 patients and construction working
accident in 4 patients. One, sTBlp, died before day
6 and one mTBlp and 2 sTBIp were discharged from
the hospital before day 6 and did not attend to the
offered follow-up. One sTBlp missed testing at day
6 but was tested on day 9 post trauma. Those results
were analyzed with the day 6 result. Nine TBlp
were intoxicated by alcohol at the time of trauma.
SAH diagnosis was confirmed on a CT scan in all of
the patients. Five patients were included at later
stages as these patients did not seek medical help
until days after the beginning of symptoms. Day 0
was defined when the symptoms began. Three
SAHp died before day 6. Three SAHp were tested
on day 8, 10 and 14 respectively as they missed
being tested on day 6. Those results are presented
with the results for day 6.

Anterior pituitary assessment:

Anterior pituitary function was assessed on or within
hours of admission, as soon as informed consent had
been acquired, by analyzing serum levels of cortisol
(s-cortisol), insulin like growth factor 1 (s-IGF-1),
thyroid stimulating hormone (s-TSH), free thyroxine
4 (s-fT4), prolactin (s-PRL), luteinizing hormone (s-
LH), follicle stimulating hormone (s-FSH), total
testosterone (in men) and oestradiol and
progesterone (in women) as well as plasma levels
of adrenocorticotropic hormone (p-ACTH). On the
6th day after the insult anterior pituitary function
was assessed again by repeating the above
mentioned hormone level measurements. Blood
samples were drawn in the morning as close to 8
am as possible and additionally a Synacthen test
(SynTest) was performed. SynTest was performed
by measuring s-cortisol and p-ACTH at baseline
followed by injection of tetracosactrin (Synachten)
250 mcg iv. S-cortisol was measured 30 and 60 min
after the injection.

In accordance with recommendations for the
diagnosis and management of corticosteroid
insufficiency in critically ill (CIRCI) adult patients:
consensus statements from an international task
force by the American College of Critical Care,
cortisol deficiency was defined as a s-cortisol value
of <276 nmol/L or an increase of <248 nmol/L
after SynTest 16, Suggested somatotropin deficiency
was defined as subnormal age- and gender related
IGF-1 value. Thyrotropin deficiency was defined as
subnormal s-fT4 with inappropriately low serum
levels of TSH. Gonadotropin deficiency was
defined as subnormal s-testosterone (in men) and
inappropriately low s-LH and s-FSH.

Serum levels of ST00b was analyzed on arrival.
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Analytic methods

S-fT4, s-TSH, s-progesterone, s-estradiol, s-PRL, s-
cortisol and S100b were analyzed using
Electrochemiluminescence immunoassay (Modular
Analytics E170, Roche, GmbH). GH was analyzed
using a solid-phase, two-site chemiluminescent
immunometric assay (IMMULITE/IMMULITE 1000,
Siemens). S-IGF-1 was analyzed using a solid-
phase, enzyme labeled chemiluminescent
immunometri assay (IMMULITE/IMMULITE 1000,
Siemens) and p-ACTH using a solid-phase, two site
sequential chemiluminescent immunometric assay
(IMMULITE/IMMULITE 1000, Siemens).

The method for analyzing the s-GH was
changed during the study period. Thus s-GH levels
were measured with IMMULITE/IMMULITE 1000
Growth Hormone, Siemens and
IMMULITE/IMMULITE 1000 Growth  hormone
(Recombinant 98/574), Siemens.

From patients chart we recorded the first
post-resuscitation GCS for all patients, Hunt and
Hess grade for SAHp based on neurological
examination at arrival, Injury severity score for
TBlp, an established medical score to assess trauma
severity 7, APACHEIl score (Acute Physiology and
Chronic Health Evaluation ll) for all patients, a
severity-of-disease classification system 18, length
of ICU stay, the occurrence of pupil dilatation, the
occurrence of documented serum haemoglobin level
(Hb) below 80 g/dl and the occurrence of
hypotension defined as a recorded systolic blood
pressure (SBP) <90 mmHg and hypoxia defined as
a recorded SpO2<90% either during the first hour
post insult or during hours 1-24.

Statistics

All statistical analyses were performed by using
IBM SPSS statistics version 20. Continuous data is
presented as median (range) and mean (X SEM).

Neuroendocrine Changes are common during the acute Phase of Traumatic Brain Injury
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Normality was tested using Shapiro-Walk. Only
part of our data had a normal distribution thus non-
parametric tests were used for all. To compare
differences in hormone values within each group at
different time points Wilcoxon signed rank test was
used. To compare differences in continuous
variables between TBI and SAH groups Mann-
Whitney U test was used. To compare differences
in nominal variables between TBI and SAH groups
Fischer exact test was used. To compare difference
in TBIp and SAHp that is number of individuals with
low, normal and high hormones, categorical
variable with three categories, Kruskal-Wallis H
was used. Correlation analyses were done using
Spearmans rho for categorical and continuous
variables. Statistical significance was accepted at p
< 0.05.

Results

The TBI group was significantly younger with a
median age of 34 vyears (range 47 years)
compared to the SAH group with a median age of
56 years (range 55 years), p<0.001. GCS was
lower in the TBI group with the median of 7 (range
Q) compared to 14 (range 12) in the SAH group,
p=0.003. No significant difference was found in
APACHE I, length of ICU stay, dilatation of pupil,
hypotension, hypoxia or anemia between the
groups.

Mean and median hormone values on admission
and on day 6 for the TBI and SAH groups are
presented in Table 1 as well as comparison
between the groups. Proportion of patients with
low, normal or high hormone values on admission
and day 6 are presented in Figure 1a and 1b.
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Reference range Day O N Day O N Day 6 N Day 6 N p-value p-value p-value p-value
TBI patients SAH patients TBI patients SAH patients TBI dO vs d6 | SAH dO vs d6 | TBI dO vs SAH | TBI d6 vs SAH
do dé
TSH 0.3-4.2 miU/L 1.77£0.34 21 1.51 £0.38 14 2.20 £0.32 17 2.12140.44 16 ns ns ns ns
1.11 (5.85) 1.07 (5.57) 2.30 (4.77) 1.63 (5.61)
fT4 12-22 pmol/L 15.36%£0.70 21 17.96%0.59 14 14.4910.60 17 15.31£0.58 16 ns p=0.041% ns ns
15.75 (13.00) 17.45 (8.00) 14.7 (11.50) 15.65(7.80)
LH male 1,7-9 U/L 5.2811.41 16 4.88 £0.91 9 2.9610.65 13 4.1910.85 10 ns ns ns ns
(male) 4.05 (23.70) 5.10 (8.90) 2.1 (7.00) 3.95 (8.70)
FSH male 1,5-12 U/L 4.6610.82 17 6.52 +1.38 9 2.0410.61 13 4.67 £1.24 10 p=0.003 * p=0.034* ns ns
(male) 3.50 (11.30) 6.2 (13.40) 1.70 (8.60) 3.50 (12.30)
Testosterone | 9.9-27.8 nmol /L 10.85+2.09 16 9.64 +2.70 9 6.01+£2.35 13 3.70 £1.20 10 p=0.055 ns ns ns
(male) 7.95(26.19) 6.80 (25.90) 2.20 (30.30) 2.30 (12.06)
ACTH < 46 ng/L 72.85%£22.06 20 173.5£86.5 14 43.50%10.88 16 29.67+5.88 14 ns ns ns ns
23.0(369.0) 48.0(1039.0) 29.0 (148.0) 27.0(55.0)
Cortisol 170-700 nmol 633.76175.74 | 21 1428.8+357.0 14 650.80+71.9 17 623.5166.09 16 ns ns p =0.016 ns
CIRCI<27énmol 723.0(1086.0) 1056.0(5104.0) 585.0 (1086.0) 661.0(690.0)
Prolactin male 4.5-21 ug/L ; | 24.7814.19 21 20.00 £3.00 14 15.98+1.58 17 11.58 £2.18 16 ns ns ns p = 0.025.
female 5-30 ug/L 18.80 (78.0) 23.05 (31.30) 16.40 (23.60) 9.00 (36.5)
IGF-1 * age related 117.62113.45 | 21 91.00+6.76 14 192.35+20.23 17 119.63112.32 16 p=0.000* ns ns ns
98.0 (258.0) 98.0 (99.0) 168.0 (302.0) 96.5(162.0)

Table 1. Mean and median hormone values on admission and day 6, TBI group

Comparison done with Wilcoxon signed rank test thus values are paired and

excluded if missing value. Data is presented as meantSEM and median (range.
TSH = thyroid stimulating hormone, fT4 = free thyroxine, LH = luteinizing
hormone, FSH = follicle stimulating hormone, ACTH = adrenocorticotroph
hormone, IGF-1 = Insulin growth factor 1, ns = non significant
* |GF-1 age-dependent reference range (ug/l); 18 years(y) : 163-584, 19y:
141-483, 20y: 127-424,21-25y: 116- 358, 26-30y: 117-329, 31-35y: 115-
307, 36-40y: 109-284, 41-45y: 101-267, 46-50y: 94-252, 51-55y: 87-238,
56- 60y: 81-225, 61-65y: 75-212, 66-70y: 69-2
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Figure 1a Proportion of both TBI and SAH patients on admission with low, normal or high hormone values
TSH =thyroid stimulating hormone, fT4 = free thyroxine 4, LH = luteinizing hormone, FSH = follicle stimulating
hormone, ACTH = adrenocorticotroph hormone, IGF-1 = Insulin like growth factor 1
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Figure 1b Proportion of both TBI and SAH patients on day é with low, normal or high hormone values TSH
=thyroid stimulating hormone, fT4 = free thyroxine 4, LH = luteinizing hormone, FSH = follicle stimulating
hormone, ACTH = adrenocorticotroph hormone, IGF-1 = Insulin like growth factor 1

Hypothalamic-pituitary-adrenal axis
One SAHp had received corticosteroids before These patients are excluded in calculations although
blood samples were drawn on admission. Two TBlp mentioned below.

and 7 SAHp received treatment with corticosteroids

the first 6 days, decided by the treated physician.
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On admission 5 of 21 (23.8%) TBlp had cortisol
deficiency, s-cortisol <276 nmol/L and concomitant
low p-ACTH levels, one patient had plasma ACTH
11 ng/L and the other four levels below detectable
value (<10 ng/L). On day 6, 1 of 15 (6,67%) TBIp
had s-cortisol 155 nmol/L and p-ACTH <10 ng/L.
That patient had a normal response on the SynTest.
Two patients had received treatment with
corticosteroids. One of them had received treatment
with dexamethasone and had s-cortisol of 10
nmol /L and ACTH <10 ng/L and failed the SynTest,
with a maximal response of 356 nmol/L. He was
treated with corticosteroids and retested on day 19
and then had a normal SynTest. The other patient
was treated with cortisone, had normal s-cortisol
and a normal response on the SynTes. Two TBIp with
high s-cortisol were not tested with a SynTest on day
6. All other TBlp underwent a SynTest and showed
a normal response.

Only 1 of 14 (7,1%) SAHp had low s-cortisol on
the first blood sample and that patient had already
received corticosteroids complicating interpretation
thus no SAHp had definite cortisol deficiency. On
day 6, 1 of 11 SAHp (2,1%) had s-cortisol of 270
nmol/L and p-ACTH 48 ng/L and then showed a
normal response on SynTest.

Hypothalamic-pituitary gonadal axis

Testosterone was the most commonly affected
hormone in both TBlp and SAHp.

On admission, 9 of 17 (52.9%) male TBIp had low
s-testosterone. Of these patients two had
concomitant low s-LH and s-FSH and two had s-LH
and s-FSH in the lower normal range. On day 6, 11
of 13 (84.6%) male TBlp had low s-testosterone, 4
(30.8%) had concomitant low s- LH and s-FSH, 2
had low s-LH, and s-FSH in the lower normal range,
2 with low s-FSH, and s-LH in the lower normal
range.

On admission 4 of 7 (57.1%) male SAHp had
low s-testosterone but all had normal or high of s-
LH and s-FSH. On day 6, 92 of 10 (90.0%) male
SAHp had low s-testosterone of which two had
concomitant inappropriately low s-LH and s-FSH
(20%).

Gonadal hormone levels for females are not
presented due to uncertainty of where in the
menstrual cycle the women were or whether they
were pre- or postmenopausal making any
interpretation of the results unreliable.

Hypothalmic-pituitary lactotrophic axis
S-Prolactin showed similar trends in both TBl and
SAH group with high levels on admission and a
trend to decreasing levels on day 6.

Neuroendocrine Changes are common during the acute Phase of Traumatic Brain Injury
and Subarachnoid Hemorrhage

On admission, 7 of the 21 (33.3%) TBlp had
abnormally high s-prolactin. On day 6, 5 of 17
(29.4%) TBlp had abnormally high and 1 of 17
patients (5.9%) abnormally low s-prolactin.

On admission, 4 of 14 (28.6%) SAHp had
abnormally high s-prolactin and 1 of 4 patients
(7.1%) had abnormally low s-prolactin. On day 6,
2 of 19 (10.5%) SAHp had abnormally high s-
prolactin and 1 of 19 (5.3%) SAHp had abnormally
low s-prolactin.

Hypothalmic-pituitary thyrotrophic axis

In the TBI group, 3 of the 21 patients (14.3%) had
abnormal thyroid tests on admission and 2 of 17
(11.8%) on day 6. One TBlp had values compatible
with primary hypothyroidism on admission with high
s-TSH and low s-fT4, not having diagnosed
hypothyroidism earlier, and on day 6 s-fT4 was
within reference range but s-TSH still high. Another
patient had low s-fT4 with normal s-TSH on
admission but normal levels on day 6. The third
patient had high s-TSH with low s-fT4 on admission
and on day 6 low s-fT4 with low s- TSH compatible
with secondary hypothyroidism. That patient had
severe TBl and later died.

In the SAH group 2 of the 14 patients (14,3%)
had abnormal thyroid tests on admission and 2 of
16 (12,5%) on day 6. One patient had high s-TSH
with normal s-fT4 on admission but normal values on
day 6. One patient had low s-fT4 with normal s-TSH
on admission but on day 6 normal s-fT4 with high s-
TSH. The third patient had normal values on
admission but on day 6 low s-TSH with normal s-fT4.

Hypothalmic-pituitary somatotrophic axis

Because of age related reference range and the
demographic differences in the TBI and SAH group
comparison of mean s-IGF-1 is not feasible. There
was however a difference in changes in s-IGF-1
between groups as demonstrated in figure 2a and
2b. There was a significant difference between the
groups in the proportion of patients with s-IGF-1 out
of normal range on day 6, with lower proportion of
low s-IGF-1 and higher proportion with high s-IGF-
1 in the TBI group as shown in figure 1b.

On admission 11 of 21 (52.4%) TBlp had
abnormally low s-IGF-1. On day 6 only 1 of 17
(5.9%) TBlp had low s-IGF-1, the same patient had
low levels on admission. Three patients with normal
levels on admission had abnormally high s-IGF-1 on
day 6.

On admission 5 of 14 (35,7%) SAHp had
abnormally low s-IGF-1. On day 6, 4 of 16
(25.0%) SAHp had low s-IGF-1, three of the
patients with low levels on admission still had low s-
IGF-1 on day 6 and one patient included after
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admission. Two patients with low levels on admission
had normalized their s-IGF-1 on day 6.

IGF-1 - TBl group
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Figure 2b Changes in Insulin like growth factor 1 (IGF-1) in the SAH group from admission to day 6, each
line represents one patient.
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Correlations between hormone values and indicators
of severity

Overview of significant correlation between
variables used as indicators of severity and
hormone values, on admission and day 6, is
provided in table 2.

Neuroendocrine Changes are common during the acute Phase of Traumatic Brain Injury
and Subarachnoid Hemorrhage

Overview of significant differences in hormone
values of TBlp or SAHp with documented occurrence
of pupil dilatation, Hb < 80 g/dl, hypotension or
hypoxia during the first hour post insult or hours 2-
24 post insult is presented in table 3.

Clinical variable Hormone Spearman’s rho p value
GCS TSH day 6 0.547 0.023
GCS fT4 day O -0.557 0.009
® GCS FSH day O -0.594 0.012
o GCS testosterone day O -0.57 0.021
‘g‘_ ISS fT4 day O -0.484 0.026
= ISS cortisol day 6 0.561 0.030
= S100b cortisol dayO 0.538 0.012
GCS fT4 dayé 0.522 0.038
@ Hunt and Hess fT4 day 6 -0.628 0.009
o APACHEI fT4 day 6 -0.540 0.038
g Length of ICU stay fT4 day O -0.546 0.044
g Length of ICU stay | testosterone day 6 -0.797 0.010

Table 2 Overview of significant correlation between variables, indicators of severity, and hormone values

in TBI patients

GCS = Glasgow coma scale, ISS = Injury severity score, TSH = thyroid stimulating hormone, fT4 = free
thyroxin 4, APACHEIl = Acute Physiology and Chronic Health Evaluation II.

Event Yes to event No to event p value
Dilatation of pupil TSH day 6, mUI/L TSH day 6, mUlI/L 0.012
0 0.50 + 0.31 2.56 £ 0.30
o 0.34 (1.05) 2.58 (4.58)
I Systolic BP < 90 mmHg, | ACTH day 0, ng/L ACTH day 0, ng/L 0.029
= 15t hour 149.75 + 46.22 53.63 £ 23.26
= 166.0 (221) 13 (369)
Dilatation of pupil Testosterone  day O, | Testosterone day O, | 0.024
nmol /L nmol /L
18.27 + 5.17 5.33 £ 1.00
15.8 (17.4) 5.45 (6.65)
Systolic BP < 90 mmHg, | Testosterone  day O, | Testosterone day 0O, | 0.048
hours 2-24 nmol /L nmol /L
17.65 + 5.63 5.63 £ 1.24
15.8 (19.25) 5.45 (8.50)
Systolic BP < 90 mmHg, | ACTH day O, ng/L ACTH day 0, ng/L 0.03
£ hours 2-24 235.8 £ 163.8 118.9 £ 87.2
E 89.0 (1040) 42.0 ( 630)
o Saturation < 90%, | PRL day 6, ug/L PRL day 6, ug/L 0.022
Z hours 2-24 21.13 +8.37 9.37 £ 1.57
v 14.2 (26.4) 8.0 (20.8)

Table 3: Significant differences in hormone values grouping TBI whether dilatation of pupil or ischemic event
occurred or not Hormone values and S100b presented as mean £ SEM and median (range). TSH = thyroid
stimulating hormone, ACTH = adrenocorticotrophic hormone, Hb = hemoglobin.
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Discussions

In this prospective study we found neuroendocrine
disturbances, to be common in the acute phase of
both TBI and SAH that also differed between the
groups. A good predictive factor for
neuroendocrine disturbance was not identified.

Hypothalmic-pituitary adrenal axis

Diagnosing a clinically relevant cortisol deficiency
in the acute settings of any critical care patient is
challenging but the most important hormone
deficiency to diagnose. Relying solely on SynTest is
not recommended since the adrenals may, still
respond up to 6 weeks after pituitary failure and
even show a response to the high dose of Synacthen
despite being resistant to endogenous ACTH 4. In
this study all patients had a normal response on
SynTest independent of the s-cortisol level.
Furthermore the cut-off value for the diagnosis of
CIRCI and dosage of supplemental hydrocortisone
is still much debated 19.

The reported incidence of corticotroph
dysfunction in TBI and SAH is inconsistent that can
partly be explained by different methodology and
definitions. There are studies showing both higher
and lower incidence compared to our results for the
TBI group 3420-22, Qur results for the TBI group are
in line with the study of Kleindienst et al using similar
definitions to ours 1. Tanriverdi et al used even
more stringent baseline cortisol value and found
lower incidence 9. We found no SAHp with
corticotroph dysfunction on admission and only one
patient on day 6. This is comparable with results
from Poll et al 3 but less than others have reported
69,1323,

There is conflicting data on the association
between cortisol levels in the acute phase of TBl and
clinical outcome with both better and worse outcome
reported 422, Cortisol deficiency and abnormality in
diurnal cycle of cortisol in SAHp are associated with
worse outcome %6, The association between cortisol
and worse outcome may possibly be explained by
the fact that patients with lower levels of cortisol
have had a more severe insult.

The association we found between s-cortisol and
p-ACTH, S100b, injury severity score (ISS) and
hypotension (see table 3) seems like an adequate
response with higher cortisol levels in more severely
injured patients.

The difference in s-cortisol between TBlp and
SAHp on admission may be explained by TBlp
inadequately responding thus having a relative
hypothalamic-pitvitary adrenal insufficiency or SAH
producing a stronger sympathetic response. The
difference could even lie in different treatment. The

Neuroendocrine Changes are common during the acute Phase of Traumatic Brain Injury
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TBI group had significantly lower GCS and thus are
more likely fo be sedated and intubated. High dose
propofol and thiopentothal has been shown to be
associated with lower cortisol levels 20,

Treatment with corticoids in the acute phase of
brain injury should be differentiated into
replacement therapy for corticosteroid insufficiency
and pharmacological treatment as a part of
neuroprotective treatment. In the CRASH trial TBlp
received supra-physiological doses of
methylprednisolone 24, The trial constitutes 80% of
the patients used in a Cochrane review which
showed an increase in mortality with corticosteroid
treatment in the acute phase of TBI 25. A Cochrane
review on corticosteroid treatment in the acute
phase of SAH was inconclusive 2¢

It is clear from the discussions above that
previous studies show conflicting results and the
field is complicated by factors such as intensive care
treatment, different definitions and time of testing.
Furthermore, our results imply that there is greater
suppression of the hypothalmic-pituvitary (HP) axis in
TBI compared to SAH patients and relatively
common for TBl patients to have cortisol values
suggestive of CIRCI. Diagnosing and treating true
HP-adrenal deficiency is life saving and there is
much need for further studies in this field.

Hypothalmic-pitvitary gonadal and lactotroph
axis:

In line with previous studies the HP- gonadal axis
was the most commonly affected axis with majority
of male patients having low testosterone. This is
considered an adaptive response where the body
is reducing energy consumption and conserving
substrates for more vital functions 1427,

Stronger suppression at the pituitary level in the
TBl group compared to the SAH may indicate
difference in the mechanism of neuroendocrine
disturbances in these two groups. This might be
explained by differences in the primary injury in TBI
vs SAH.

We found a strong negative correlation
between s-testosterone on day 6, in the SAH group
and length of ICU stay which is in line with previous
studies showing more suppression with increased
severity 91228,

As expected after trauma, prolactin levels were
generally high on day 0 37-11,13,22,29,30,

Hypothalmic-pituitary thyroid axis

Our results are in line with previous studies with only
a small portion of patients in both the TBI and SAH
groups with s-fT4 and s-TSH below reference
ranges 7222830, Other studies reporting higher
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prevalence of HP-thyroid disturbances have mainly
reported low T3 syndrome which was not evaluated
in our study 91329,

We did find a significant decrease in s-fT4 in the
SAH group between admission and day 6 which is
in line with previous studies which have shown a
reduction in both s-fT4 and s-TSH with time in TBI
and acute illness 2231,

The association we found between s-TSH and
GCS, s-fT4 and ISS in the TBI group and s-fT4 and
GCS, Hunt and Hess score, APACHEIl and length of
ICU stay in the SAH group is in line with previous
studies suggesting an association between the
suppression of the HP-thyroid axis in more severe
illness and possibly an adaptive response 11.2231.32,
Surprisingly, we found a negative correlation
between s-fT4 on day O and GCS which is
conflicting with the above and difficult to explain.

Hypothalmic-pituvitary somatotroph axis
Our results on suggested somatotropin deficiency in
the TBl group are in accordance with previous
studies 2229, However, Kleindienst et al did not show
as much restoration of s-IGF-1 on day 7 in a group
of TBI patients. Regarding the SAH group previous
studies have shown similar prevalence of low s-IGF-
1 928, Bendel et al measured s-IGF-1 on days 1-7
post SAH, 77% had low s-IGF-1 on day 1 and 76%
had low s-IGF-1 on day 7. They even reported
association between lower s-IGF-1 and poorer
quality of life, assessed by HRQol 33. Difference in
the insult per se in TBI and SAH or different
treatments can possibly explain the difference seen
in changes in s-IGF-1 over time in our study. Causes
for low s-IGF-1 include growth hormone
insufficiency, decreased liver production and stress
following critical illness 33.

Further studies on both the behavior and role of
IGF-1 in both TBl and SAH are needed.

Strengths and limitations of the study:
The strength of our study is that there is only one
neurosurgical department in Iceland serving all
severe TBl and SAH patients and most moderate TBI
patients. Our study, a single-center prospective
study, is thus a complete study on a national level
that by our knowledge is novel.

An important limitation of the study is the small
number of subjects. Also, the timing of the first blood
samples did vary, depending what time of the day

Neuroendocrine Changes are common during the acute Phase of Traumatic Brain Injury
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patients presented making the interpretation
difficult. The study design was not intended for a
comparison between the TBl and SAH group as in a
case-control study. Further, the study design did not
include interference of the treatment post insult as
interfering with that treatment could not only be
wrong but even hazardous. This might affect the
results, as patients received different treatment post
insult as symptomatic treatment both on the ICU and
follow up ward was given as usual.

Conclusion:
We conclude that neuroendocrine disturbances are
common in the acute phase of TBI and SAH but to a
different extent. There is greater suppression of the
HP-adrenal axis in TBl compared to SAH patients,
greater suppression of the HP-gonadal axis at the
pituitary level in the TBl group compared to the SAH
group and lower IGF-1 levels on day 6 in the SAH
group compared to the TBI group. This may indicate
a different causative mechanism for hormonal
disturbance in the two groups

We believe clinicians should evaluate the HP-
adrenal axis on indication such as circulatory
instability in the acute phase of TBI and SAH as
treatment with hydrocortisone may be life-saving.
The clinical significance of the disturbances in other
than the HP-adrenal axis, whether adaptive or
maladaptive, is uncertain Routine evaluation of
other hormonal axis during the acute phase of TBI
or SAH might indicate a need for further follow up
in the chronic phase of TBI or SAH insult.
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