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clinical decision making and in improving the overall medical management of patients with acute illnesses.

Summary

Stress is an aspect of our daily lives and yet there is considerable ambiguity in the meaning of this word.
There are numerous different definitions of “stress”.
According to Robert Sapolsky, “stress is anything that
throws the body out of homeostatic balance” – for example,
an injury, an illness, or subjection to extreme heat or cold.
Stress thus occurs when the body is exposed to a
“stressor” which threatens homeostasis, and the “stress response” is the attempt of the body to counteract the stressor
and re-establish homeostasis (table 1). A hallmark of the
stress response is the activation of the autonomic nervous
system and, most importantly, the hypothalamo-pituitaryadrenal (HPA) axis [1]. The hormonal cascade, initiated
by a stressor through brain stem and limbic pathways, involves the release of corticotropin-releasing hormone
(CRH) from pravocellular neurons in the paraventricular
nucleus of the hypothalamus. CRH stimulates the release
of adrenocorticotropic hormone (ACTH) from the anterior
pituitary gland. Another hypothalamic hormone which is
stimulated by different stressors is vasopressin (AVP). AVP
seems to exert a potentiating action on CRH and these two
agents together are considered the main secretagogues of
ACTH [2–6]. ACTH, in turn, stimulates the adrenal cortex
to produce cortisol (fig. 1). Many factors influence the pattern and magnitude of the response to a stressor, including
the duration of the stressor exposure (acute versus chronic), the type of stressor (physical versus psychological),
the stress context, age and gender. The variety of unique
stress situations is not well served by a single mediator.
Rather, the combination of multiple mediators (e.g., AVP,
CRH, cortisol, noradrenalin, orexin, urocortins, dopamine
or serotonin) address the specific aspects of a stressor [7].

Stress is defined as anything that throws the body out of
homeostatic balance; for example an acute illness. Any
stressor which activates the hypothalamo-pituitary-adrenal
(HPA) axis leads to an increase in concentrations of the
adrenal stress hormone, cortisol. One of the major hypothalamic stress hormones, which is stimulated by different
stressors, is vasopressin (AVP). However, measurement of
circulating AVP levels is challenging because it is released
in a pulsatile pattern, it is unstable and is rapidly cleared
from plasma. AVP derives from a larger precursor peptide
(pre-provasopressin) along with copeptin which is released
in an equimolar ratio to AVP and is more stable in the circulation and easy to determine. Copeptin levels were found
to closely mirror the production of AVP. We have shown
that copeptin more subtly mirrors the individual stress level
compared to cortisol. Due to the positive association of
copeptin with the severity of illness and outcome, copeptin
has been proposed as a prognostic marker in acute illness.
The prognostic accuracy of copeptin has been analysed
in sepsis, pneumonia, lower respiratory tract infections,
stroke and other acute illnesses. Thereby, copeptin was
found to accurately mirror disease severity and to discriminate patients with unfavourable outcomes from patients
with favourable outcomes. Copeptin improves the prognostic information provided by commonly used clinical
scoring instruments. Importantly, interpretation of copeptin
levels must always consider the clinical setting. An accurate prognostic assessment has the potential to guide interventions and effectively plan and monitor rehabilitation
and, thus optimise the management of individual patients
and the allocation of limited health care resources. Future
intervention studies must prove the value of copeptin in
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How to measure the activation of the
HPA axis
Cortisol is the classical stress hormone at a peripheral level
and is easy to measure. However, the assessment and interpretation of cortisol levels to assess the integrity of the
HPA-axis is dependent on an intact anterior pituitary and
adrenal gland, respectively. For a direct assessment of
stress at the perception level (i.e., the brain) the measurement of CRH or AVP would be important. Unfortunately however, the measurement of circulating CRH or
AVP levels is challenging. Both, CRH and AVP are released in a pulsatile pattern, are unstable especially at room
temperature, and are rapidly cleared from plasma within
minutes [8–11]. AVP derives from a larger precursor peptide (pre-provasopressin) along with two other peptides,
neurophysin II and copeptin (fig. 2). Copeptin is released in
an equimolar ratio to AVP, is more stable in the circulation
and easy to determine. Copeptin levels have been found to
closely mirror the production of AVP [12]. The incubation
time for copeptin measurement is 20 minutes and therefore
results for the clinician are readily accessible. The measurements can be done on the “Kryptor”; a machine which
is already available in many Swiss hospitals.
To evaluate the discriminatory value of copeptin compared to cortisol to assess different stress levels, an observational study was perfomed including patients with presumed increasing levels of stress. It was hypothesised that
copeptin, as a brain-derived stress hormone, provides a

more direct and subtle measure of the individual stress
level. We analysed three groups: Group A (no stress) contained 20 healthy control subjects, without apparent stress.
Group B (moderate stress) consisted of 25 patients consecutively recruited from a wide and representative variety of
patients having been hospitalised on the medical ward for
at least 48 hours. In Group C, 29 stable surgical patients
were consecutively recruited undergoing elective coronary
bypass grafting under general anesthesia. Peak cortisol
levels are achieved in the immediate postoperative period,
around the time of extubation [13, 14]. Therefore, large
surgery can serve as a standardised physiological model for
studying major stress [15].
Indeed, copeptin showed a gradual increase with increasing levels of stress and, in contrast to cortisol levels,
differentiated between healthy control subjects without apparent stress and medical patients with a moderate degree
of stress [16]. In addition, copeptin showed a more pronounced increase upon major stress compared to cortisol
(the increase in cortisol was 265 ± 34% and in copeptin
1430 ± 157%, p <0.001) [16]. This small study was,
however, observational in nature, and future studies are
needed to support this observation.

Table 1
Terms

Explanations

Homeostasis

Stability

Stress

Disruption of homeostatic balance

Stressor

A specific threat to the body

Stress response

The bodies attempt to deal with the stressor

Stress hormones

Mediators which address the specific aspects of a stressor

Stress level

Degree of disruption of the homeostasis

Figure 1
The “Stress-Axis” and Argininvasopressin (AVP) The hormonal cascade, initiated by a
stressor through brain stem and limbic pathways, involves the release of corticotropinreleasing hormone (CRH). AVP seems to exert a potentiating action on CRH and these
two agents togetherare considered the main secretagogues of ACTH. ACTH, in turn,
stimulates the adrenal cortex to produce cortisol.

Figure 2
Preprovasopressin and Copeptin Together with AVP, copeptin is derived from a
164-amino acid precursor termed preprovasopressin, which consists of a signal peptide,
AVP, neurophysin II and copeptin. Copeptin is the C-terminal part of the pro-AVP.
Copeptin is measured by a sandwich immunoassay: One polyclonal antibody of human
preprovasopressin is bound on the solid phase; a second polyclonal antibody directed to
amino acids 149–164 of the preprovasopressin is labelled for chemi-luminance detection.
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Implications of copeptin for the
prognosis of acute illness
Based on these findings, we hypothesised that copeptin as
a stress hormone is a good prognostic measure to predict
outcome in acute illness. The rationale for a presumed prognostic value of stress-hormones such as copeptin is partly
due to the positive correlation of the individual stress level
with the magnitude of the stressor or, in other words, the
severity of the illness. However, copeptin levels are not
only influenced by the stressors per se, but also by genetic
and epigenetic factors (e.g., age, comorbidity). As a result,
if the so-called homeostasis is massively disturbed and the
individual threshold to ensure homeostasis is crossed, it is
most likely that the recovery is incomplete and results in
a less favourable outcome (fig. 3). In addition, prolonged
and extensive high levels of stress hormones not only reflect the actual damage but may also directly harm the recovery process. In animal studies, for example, manipulation of blood corticosteroid concentrations during or after
an ischaemic event altered infarct size [17–19]. It has been
suggested that exposure to elevated glucocorticoid concentrations increases stroke-induced neuronal death.

Copeptin as prognostic marker in
sepsis
The early phase of septic shock and experimental endotoxemia is characterised by a marked increase in plasma vasopressin levels [20, 21].
We therefore investigated copeptin and its prognostic
accuracy in 101 consecutive critically ill patients admitted
to the medical intensive care unit (ICU) of the University
Hospital of Basel, Switzerland. In critically ill patients on
admission, there was a stepwise increase of copeptin levels
from patients without infection (i.e., SIRS) to patients with
sepsis, severe sepsis and septic shock. The median copeptin
value on admission in the group of non-survivors was significantly higher compared to the group of survivors. The
optimal cut-off, which is about 20 times the median of the
normal population, had a sensitivity of 61.5% and a specificity of 83.8%. In comparison, the standard clinical score
in critically ill patients, i.e., the APACHE II score, gave
similar values compared to copeptin. In this setting of patients with sepsis and septic shock, elevated copeptin levels
are due to an insufficient haemodynamic response and due
to activation of the HPA axis [20] .

Copeptin as a prognostic marker in
lower respiratory tract infections
including pneumonia
The development of a septic infection is a continuum and,
in the majority of cases, a sequela of lower respiratory tract
infections (LRTI). Tissue damage induced by mostly viral acute bronchitis increases susceptibility for a bacterial
super-infection of the pulmonary parenchyma, which can
finally lead to community acquired pneumonia (CAP). As
expected, copeptin levels were significantly higher in patients with LRTI compared to healthy controls, with highest
levels in patients with CAP [22]. Copeptin levels increased
with increasing severity of CAP, as defined by the gold
standard clinical score, which is the pneumonia severity index (PSI). In patients who died, copeptin levels on admission were significantly higher compared to levels in survivors [22]. A multivariate analysis model including the
PSI, procalcitonin, C-reactive protein and copeptin to predict survival showed that the PSI (p <0.01) and copeptin (p
<0.02), but not procalcitonin (p = 0.5) and C-reactive protein (p = 0.7), were independent predictors of outcome. In
this study, the combination of copeptin and the PSI score
did not increase the prognostic accuracy of the PSI score
alone. The PSI score, however, is only validated for CAP
and not for all LRTIs, and only for mortality and not other serious adverse events requiring hospitalisation. Furthermore, it is heavily age-dependent and its complexity jeopardises its dissemination and implementation in everyday
practice. In this context, a new measurable biomarker, like
copeptin, mirroring distinct pathogenetic mechanisms to
predict severity and outcome may improve prognostication
of patients.
Interestingly, patients with positive blood cultures had
significantly higher copeptin levels compared to patients
with negative blood cultures. Thus, copeptin levels seemed
to mirror the inflammatory cytokine response and thus the
severity of LRTI, the presence of haemodynamic disturbances and therefore the individual stress level.
In patients with acute exacerbations of chronic obstructive pulmonary disease (COPD), copeptin concentrations were also shown to be predictive for long-term clinical failure independent of age, co-morbidity, hypoxemia and
lung functional impairment in multivariate analysis [23].
The combination of copeptin and previous hospitalisation
for COPD increased the risk of poor outcome.

Figure 3
>Hypothesis: why copeptin might be a prognostic marker in acute illness Our hypothesis
is that copeptin as a stress marker mirrors the individual stress level. There is an
individual “stress burden”, which is defined by genetic and epigenetic factors (such as comorbidities). This stress burden changes during life. An identical stressor (for example a
stroke) can provoke different copeptin concentrations depending on the magnitude of the
stressor but also on the baseline stress burden. Possibly, there is a threshold which
indicates how high the stress level can rise before the point of no return is reached. If a
stressor leads to an increase which crosses the threshold, the homeostasis can not be
accomplished by the stress response resulting in unfavourable outcome.
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Copeptin as a prognostic marker in
heart disease
As neurohormonal activation plays a crucial role in the
pathophysiology of heart disease [24], new prognostic candidate peptides, such as copeptin, were considered as potentially interesting prognostic biomarkers in patients with
heart disease. In two studies, 268 and 137 patients with
hearth failure and poor long-term prognosis had higher
copeptin levels compared to patients with a favourable outcome [25, 26]. The combination of copeptin with brainnatriuretic-peptide (BNP), the standard biomarker for the
diagnosis of heart failure, was able to further improve outcome prediction [25].
The prognostic accuracy of copeptin after acute
myocardial infarction (AMI) was examined in 980 consecutive patients [27]. Copeptin levels were higher in patients who died or were readmitted with heart failure compared with survivors. In a multivariate analysis, copeptin
was an independent predictor for death or heart failure.
In a recently published prospective study, the value of a
dual marker strategy using troponin T, a marker of cardiac
necrosis, and copeptin for rapid rule-out of AMI was reported. The combination of troponin T and copeptin resulted in a high diagnostic accuracy in the diagnosis of
AMI already at presentation to the emergency department.
An algorithm based on the combination of troponin T and
copeptin ruled out AMI with a sensitivity of 98.8% and a
negative predictive value of 99.7%. Based on these studies,
copeptin was recently listed amongst potential cardiac biomarkers by the National Academy of Clinical Biochemistry
[28].However, confirmation with larger studies is warranted before copeptin can be adopted into clinical practice.

Copeptin as prognostic marker in
ischaemic stroke
Many patients fear the disabling consequences of stroke
even more than those of coronary heartdisease (CHD),
since stroke is the primary cause of long term disability
[29]. However, stroke risk factors and outcome predictors
have generally received not as much attention. Despite fall-

Figure 4
Kaplan Meier survival curves for copeptin in ischaemic stroke The
time to death was analysed by Kaplan Meier survival curves based
on copeptin quartiles. Patients in the lower two quartiles (copeptin
<5.6 pmol/L and copeptin between 5.6 and 11.8 pmol/L,
respectively) had a minimal risk of death, in contrast to patients with
copeptin levels in the 3rd and 4th quartile (copeptin between 11.8
and 21.8 pmol/L and copeptin >21.8 pmol/L, respectively), (p
<0.0001) (fig. 4).
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ing rates of CHD mortality, stroke mortality has declined
little since 1990 [30]. Thus, there is a need to develop a
credible evidence base of prognostic information for outcomes that are meaningful to patients and clinicians, including level of independency. However, even validated
clinical prognostic models are not precise enough to perfectly predict outcome in individual patients with stroke
[31]. Adding blood markers as “biomarkers” might improve the prognostic accuracy of clinical prognostic models. Many publications have reported an association of different biomarkers (e.g., C reactive protein, matrix metalloproteinase 9, brain natriuretic peptide) with stroke severity
or outcome. However, none of these publications has reported that the analysed bio-marker provided additional information to established clinical variables (e.g., age, blood
pressure, nicotine, dyslipidemia, co-morbidities such as
heart failure and lesion size/infarct volume) or whether the
biomarker increased the predictive power of validated clinical prognostic scores [32] such as the National Institute of
Health Stroke Scale (NIHSS) Score.
Activation of the HPA axis is among the first measurable physiological response to cerebral ischaemia [33–36].
Pronounced activation of the HPA-axis and consecutive
disruption of the neuroendocrine loops are suggested to aggravate cerebral ischaemia [17, 37]. Based on the findings
of a small study, which reported increased AVP levels in
patients with ischaemic stroke [38], correlated with stroke
severity, we hypothesised that copeptin might be a new
prognostic marker in ischaemic stroke [39].
We therefore conducted a prospective cohort study at
the University Hospital Basel, Switzerland. From November 2006 to November 2007, 362 patients presenting with
an acute ischaemic cerebrovascular event confirmed by
CT and/or MRI were included. The primary end point of
this study was favourable functional outcome of stroke patients after 90 days from baseline, defined with a modified
Rankin Scale (mRS) score of 0 to 2 points. Secondary end
point in stroke patients was death from any cause within
the 90-day follow-up.
In this prospective, observational study, we found
copeptin to be a novel, strong and independent prognostic
marker for functional outcome and death in patients with
ischaemic stroke. The prognostic accuracy of copeptin in
stroke patients was superior to that of other commonly
measured laboratory parameters, such as blood glucose, Creactive protein (CRP) and white blood cell count (WBC),
as well as clinical measures (e.g., blood pressure, temperature). It was in the range of the commonly used clinical
NIHSS score. Importantly, copeptin was also able to improve the prognostic accuracy of the NIHSS score. The
combination of the clinical score with the biomarker revealed a significantly higher area under the curve (AUC) of
0.79 to predict functional outcome, if compared to the clinical score or the marker alone. The combined AUC of 0.89
predicting death was even higher [40]. Furthermore, time
to death was analysed by Kaplan Meier survival curves.
Patients in the lower two quartiles had a minimal risk of
death, in contrast to patients with copeptin levels in the 3rd
and 4th quartile (p <0.0001, see fig. 4).
To strengthen the assumption that copeptin is an accurate marker in the very acute phase, we analysed the sub-
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group of patients with their symptom onset between 0–3
hours (n = 78) and the prognostic accuracy for functional outcome and mortality was similar to the overall sample
[40].
We conclude that copeptin may allow improved risk
stratification and allocation of targeted therapies for stroke
patients and other acute illnesses (table 2) in the future, if
these results are externally confirmed in the different settings.

Limitations of copeptin used as a
single biomarker
Importantly, biomarkers such as copeptin levels must always be evaluated in the context of a careful clinical assessment. Furthermore, as for all biomarkers, there are limitations of copeptin. Firstly, drugs may suppress the upregulation of copeptin. For example, in a study in healthy
volunteers, copeptin was inhibited in a dose-dependent way
upon prednisone treatment [41], suggesting that corticosteroids influence copeptin levels. Secondly, it has been reported that copeptin levels are higher in patients with renal
insufficiency [42]. Other false-positive and false-negative
results may occur [43]. Knowledge of assay characteristics,
particularly the functional assay sensitivity, strengths, pitfalls and optimal cut-off ranges in a predefined clinical setting, are prerequisites for its optimal use in clinical routine.
Importantly, the complexity of every disease is high
and the use of a single biochemical marker may always
oversimplify prognostic assessment. It is therefore customary to base a prognostic assessment and treatment decisions
on several parameters that each mirror different pathophysiological aspects. In this context, copeptin appears to
have an interesting potential as a new prognostic biomarker
and also makes it a promising candidate for a multimarker
panel.
However, the utility of biomarkers is defined by the degree they improve clinical decision-making and add timely
information beyond that of readily available information
from clinical examination [44].

Outlook
From a public health point of view, accurate prognosis
helps to ensure availability of adequate resources to meet
the needs of numerous patients.
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Several larger series systematically examining copeptin
as a prognostic marker in different diseases are needed. The
multicentre CoRisk study (Copeptin for risk stratification
in stroke) is currently validating the concept of copeptin as
a prognostic marker in stroke in a larger group of patients.
An initial analysis showed promising results [45]. Future
intervention trials are needed to prove the value of copeptin
in improving the overall medical management of patients.
There are numerous other regions of interest. Among
others, copeptin might prove to be a helpful prognostic
marker in patients with an acute ischaemic attack, implementing cut-off levels to identify patients at low versus
high risk for cerebrovascular re-events. In general, the
emergency setting seems to be the ideal environment where
the measurement of copeptin might provide information for
risk stratification in all different kinds of acute illnesses.
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