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Abstract  The incidence of water and electrolyte distur-
bances following traumatic brain injury (TBI) is consid-
erable and has been attributed to a dysregulation of the 
hypothalamic peptide arginine-vasopressin (AVP). Copeptin, 
the C-terminal part of the AVP prohormone, reflects AVP 
activity.

In 71 TBI patients we measured copeptin in serum by a 
sandwich immunoassay. Injury severity was assessed by 
Glasgow Coma Score (GCS) and computed tomography, and 
recovery by Glasgow Outcome Score (GOS). Neuroendocrine 
and osmoregulation regulation were examined on day 0, 3 
and 7, and 24 months post-injury.

Copeptin was highest on admission (40.0 ± 72.3 pmol/l), 
stabilized on day 3 and 7 (21.2 ± 18.3 resp. 20.3 ± 17.1 
pmol/l), and normalized at follow-up (4.2 ± 1.7 pmol/l). On 
admission, there was a correlation between serum sodium 
and urine excretion (p = 0.003), but the correlation got lost 
on day 3 and 7. Copeptin did not reflect the individual 24 h 
urine excretion or serum sodium levels indicating an uncou-
pling of copeptin/AVP release and renal water excretion. 
High copeptin level on day 3 were correlated with a low 
GCS (p < 0.001), midline shift (p = 0.019), intracerebral 
hemorrhage (p = 0.026), SAPS score (p = 0.001), as well as 
with a low GOS (p = 0.031). Copeptin was significantly 
decreased following skullbase fracture (p = 0.016).

Our data reveal a loss of hypothalamic osmoregulation fol-
lowing TBI. The measurement of Copeptin/AVP release reveals 
a significant predictive function for the severity of TBI.
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Introduction

The existence of neuroendocrine dysfunction following 
traumatic brain injury (TBI) has increasingly attracted atten-
tion, and different studies reveal a broad spectrum of post-
traumatic neuroendocrine dysfunction (14). Especially in 
the immediate post-trauma period, the incidence of water and 
electrolyte disturbances is considerable and contributes to the 
early morbidity (6). The impaired osmoregulation has been 
attributed to a dysregulation of the hypothalamic peptide 
arginine-vasopressin (AVP) subsequently affecting the prog-
nosis of the individual patient. Agha et al. reported 26% of 
TBI patients to suffer from diabetes insipidus in the acute 
period (plasma sodium > 145 mmol/l, plasma osmolality 
> 300 mosmol/kg, ratio osmolality urine/plasma < 2, polyu-
ria > 3.5 l/24 h), and 14% demonstrated symptoms suggestive 
for an inappropriate antidiuretic hormone (syn. AVP) secre-
tion (SIADH, plasma sodium < 130 mmol/l, plasma osmolal-
ity < 270 mosmol/kg, urine osmolality > 100 mosmol/kg, 
urinesodium > 40 mM) (1). The diabetes insipidus persisted 
in 6% of patients while all patients recovered from SIADH.

Because of methodological problems, the hypothalamic-
posterior pituitary function has been poorly investigated, 
yet. In the study mentioned above, both diabetes insipidus 
and SIADH have been diagnosed on the basis of water and 
electrolyte dysbalances alone but were not confirmed by 
AVP measurements (1). Copeptin, the C-terminal part of 
the AVP prohormone, is concomitantly secreted together 
with mature AVP (5). Due to an ex vivo stability lasting 
several days, copeptin can be readily assayed in serum or 
plasma. In the present study, we investigated the copeptin 
release in the acute period following TBI, and after more 
than 24 months combined with a repetitive neurological 
examination. In parallel, we performed a comprehensive 
assessment of different osmoregulatory parameter.
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Methods

Seventy-one consecutive patients (57 male, 14 female, mean 
age 53 years, range 18–87years), who were admitted to our 
neurosurgical unit, were studied. According to the Glasgow 
Coma Score (GCS, 15), 24 patients suffered from mild (GCS 
13–15), 32 from moderate (GCS 9–12), and 15 from severe 
(GCS 3–8) TBI. All patients underwent routinely an initial 
computerized tomography (CT) scan. The CT demonstrated an 
open TBI in 19, a skull fracture in 36, a cranio-facial fracture in 
6, a skull base fracture in 17, a subdural hematoma in 14, an 
epidural hematoma in 8, an intracerebral hemorrhagic contu-
sion in 20, a subarachnoid hemorrhage in 17, a midline shift 
in 2, and findings suggestive of a diffuse axonal injury in 2 
patients. The study protocol was approved by the local Ethical 
Committee. Informed written consent was given by the patient 
or the next-of-kin, in each case. Exclusion criteria were an 
age below 18 years, pregnancy, an extremely poor prognosis, a 
pre-existing endocrine dysfunction, and whenever the patient’s 
or their relatives’ consent could not be obtained.

The patients were neurologically assessed daily, and the 
GCS was documented. On admission to the intensive care 
unit (ICU), the GCS was 12.09 ± 3.94, and improved to 
14.27 ± 2.04 on day 7. The daily fluid balance was recorded, 
an output above 3.5 l was considered suspicious of diabetes 
insipidus. The simplified acute physiology (SAPS) II score 
(estimation of hospital mortality ~21% at 32 [9]) was 
40.43 ± 20.64. Blood samples for serum sodium, osmolality 
and copeptin were obtained on day 0 (n = 66), on day 3 
(n = 69) and on day 7 (n = 52). Venous blood samples were 
drawn in the morning between 7:00 and 9:00 a.m. into pre-
cooled tubes. Clotted samples were promptly centrifuged at 
3,000Xg for 15 min at 4°C, and then the plasma was frozen 
at −80°C until analysis. Sodium (mmol/l) was measured by 
indirect potentiometry (predilution 1:20) with an ion-sensitive 
electrode on an AU2700 analyzer (sodium, potassium and 
chloride-unit with a reference-electrode) manufactured by 
Olympus Diagnostics Coop., Japan. Precision is less than 
1.3%. Osmolality (mosmol/kg) measurements (reproducibil-
ity < ± 1.0%) were done by freezing-point depression with an 
autosampler (Osmomat Auto, Gonotec Inc.). Copeptin 
(CT-proAVP) measurements were performed in a blinded 
fashion in a single batch with a commercial sandwich immu-
noluminometric assay (B.R.A.H.M.S LUMItest CT-proAVP, 
B.R.A.H.M.S AG, Hennigsdorf/Berlin, Germany), as 
described in detail elsewhere (11). The Glasgow Outcome 
Score (GOS) assessed outcome at 6  months (1 = death, 
2 = vegetative, 3 = severly disabled, 4 = moderately disabled, 
5 = good recovery, [4]). Twenty-three patients consented to 
undergo a follow-up examination 24 to 36 months after the 
injury. The results are expressed as the mean ± SD. The cor-
relation between variables was sought calculating the Pearson 
coefficient with the commercially available SPSS software.

Results

The incidence of polyuria (>3.5 l/day) was initially 21% 
and increased to 65% on day 7. Serum sodium was 135 ± 7.9 
mmol/l on admission, 135 ± 9.1 mmol/l on day 3, and 
133 ± 7.9 mmol/l on day 7. Copeptin was highest on admis-
sion (40.0 ± 72.3 pmol/l), stabilized on days 3 and 7 (21.2 ± 18.3 
and 20.3 ± 17.1 pmol/l, respectively) and was normalized at 
follow-up in all but one patient (4.2 ± 1.7 pmol/l, Fig. 1). 
On the day of admission, a high urine output was correlated 
with high serum sodium levels (r = 0.536, p = 0.003, Fig. 2a). 
However, while polyuria resulted in a lowered urine osmola-
lity (r = −0.556, p = 0.009), the positive correlation between 

Fig.  1  Serum copeptin and sodium concentrations are displayed at 
different time points following TBI

Fig.  2  Pearson correlation between the daily urine volume and the 
serum sodium concentration in the acute phase after TBI. The physio-
logical positive correlation still exists on the day of injury, and gets lost 
thereafter
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urine volume, serum sodium and serum osmolality was 
lost on day 7 (r = −0.041, r = 0.571 and r = −0.132, p = 0.512). 
The correlation of serum sodium and serum osmolality 
was re-established at the follow-up examination (r = 0.894, 
p < 0.001).

Interestingly, copeptin level did not correlate with urine 
volume, serum and urine sodium or osmolality within the 
acute period after TBI, and on follow-up. However, copep-
tin level correlated with a poorer neurological performance 
when they were persistently high on day 3 and 7 post-
injury, i.e. with a low GCS (r = −0.396, r = 0.020 and 
r = −0.520, p = 0.011, Fig. 3). Copeptin level reflected the 
morphological severity of injury as assessed by the CT, i.e. 
intracerebral hemorrhage (r = 0.334, p = 0.043) and midline 
shift (r = −0.350, p = 0.034), as well as an unfavorable inten-
sive care score SAPS II (r = 0.530, p = 0.002) and a low 
GOS score (r = −0.302, p = 0.031), when not declined by 
day 7. Notably, skull base fractures were associated with an 
increased serum osmolality on day 0 and 3 (r = 0.517, 
r < 0.001 and r = 0.320, p = 0.012) and with decreased 
copeptin levels on day 7 (r = −0.343, p = 0.038).

Discussion

With respect to the mechanism of brain injury, the primary 
trauma or direct damage to the pituitary or its stalk has to be 
differentiated from a secondary insult due to the TBI induced 
hypoxia, hypotension, brain edema or other intracranial 
pathology with subsequent effects on the hypothalamic-pitu-
itary complex. The bony encasement of the pituitary within 

the sella turcica and its blood supply from different sources 
are anatomic features protecting the delicate organ from 
injury. Fractures of the sella turcica and the petrous bone are 
a possible cause of direct damage to the pituitary and have 
been reported to occur with variable frequency (2,7,13). In 
those patients presenting with sellar fractures, the frequency 
of endocrine deficiencies increases dramatically (3,17). A case 
series from our group (12) described the endocrinological 
findings of 11 head injured patients with skull base fractures 
involving the sella turcica. Diabetes insipidus was present in 
8 patients in the acute phase, but was transient in 6 of them. 
In the present study, we found a skull base fracture to result 
significantly more often in a high serum osmolality and low 
copetin levels on day 7 post-injury, thereby suggesting a 
damage of the hypothalamo-posterior pituitary complex with 
a subsequent AVP deficiency.

Beside the direct trauma to the pituitary-hypothalamic 
system, both TBI in general and consecutive critical illness 
may induce an adaptive endocrine response (16). We dem-
onstrated that the hypothalamic osmoregulation is still pres-
ent immediately after injury, but gets lost during the further 
course of illness. Instead, our data reveal that the enhanced 
AVP activity in the early phase following TBI as assessed by 
the copeptin release reflects the seriousness of the condition. 
The homoestatic correction to cope with the catastrophic 
event of serious brain injury may engage a shift of AVP’s 
osmoregulatory responsibilities towards its vasopressor 
effects (10). This has been shown in life threatening condi-
tions such as cardiopulmonary resuscitation (8). Thus, 
copeptin may be used as a surrogate parameter for the sever-
ity of brain injury, and even more importantly for the out-
come of the patients.
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