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Abstract

Background: Some studies showed that copeptin, a hypothalamic
hormone derived from the precursor of vasopressin, may be useful
in the prediction of outcome of ischemic cerebral stroke. The aim
of this work was to search if there is any correlation between serum
copeptin, in the first day of ischemic stroke, and its clinical severity,
radiological findings and also its predictive value of functional out-
come in these patients.

Methods: This study was conducted on 55 patients of both sexes with
ischemic cerebral stroke admitted to Neurology Department, Menofy-
ia University within 24 hours of the onset of ischemic stroke. Patients
were subjected to general and neurological examination, laboratory
assessment (routine and serum level of copeptin), and brain comput-
erized tomography (CT), or magnetic resonance imaging (MRI). The
anatomical site of stroke was evaluated by using the Oxford Com-
munity Stroke Project (OCSP) classification. The etiological subtypes
of stroke were classified according to Trial of Organization 10172 in
Acute Stroke Treatment (TOAST) classification. Stroke severity was
evaluated by Scandinavian stroke scale (NIHSS) and disability by
modified Rankin scale (MRS) at admission and at 30 days.

Results: The results showed high statistically significant correlation
between the mean value of copeptin level and severity of stroke on
admission (P < 0.001), and also with the size of the infarction (P <
0.001). There was statistically significant difference (P = 0.011) of
copeptin level among the studied groups regarding the site of stroke.
Additionally, there was high statistically significant difference (P <
0.001) between copeptin level and the etiological subtypes of stroke.
The favorable outcome of the stroke was with cutoff point of copeptin
below 21.5 ng/mL.

Conclusion: Serum copeptin may help in the prediction of severity
of ischemic stroke, its size, site, etiological subtypes and functional
outcome.
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Introduction

Worldwide, stroke is the second most common cause of mor-
tality and the third most common cause of disability [1]. In
this context, rapidly measurable and reliable blood biomarkers
may refine clinical decision-making. Several blood biomark-
ers have shown the potential to predict outcome after ischemic
stroke. However, to be useful in clinical routine, blood bio-
markers are expected to improve the prognostic accuracy of
established clinical variables such as stroke severity and age
[2].

Some studies showed that copeptin, a hypothalamic hor-
mone derived from the precursor of vasopressin, predicted
outcome and mortality of ischemic stroke [3, 4]. Arginine-
vasopressin (AVP) is one of the main hormones of the hypo-
thalamic-pituitary-adrenal axis. Its main stimulus for secretion
is hyperosmolarity, but AVP system is also stimulated by ex-
posure of the body to endogenous stress. Reliable measure-
ment of AVP concentration is difficult because it is subject to
pre-analytical and analytical errors. It is therefore not used in
clinical practice. Activation of AVP system stimulates copeptin
secretion into the circulation from the posterior pituitary gland
in equimolar amounts with AVP. Therefore, copeptin directly
reflects AVP concentration and can be used as a surrogate bio-
marker of AVP secretion [5].

The aim of this work was to search if there is any cor-
relation between serum copeptin, in the first day of ischemic
stroke, and its clinical severity, radiological findings and also
its predictive value of functional outcome and mortality in
these patients.

Patients and Methods

This study was conducted on 55 patients of both sexes with is-
chemic cerebral stroke admitted to the Neurology Department
of Menoufiya University Hospitals. Their ages were ranging
from 20 to 85 years, and their mean age was 52.41 + 15.30
years. They were 17 females (30.9%) and 38 males (69.1%).
Before starting the study, the ethics committee approved it and
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Table 1. Correlation Between Copeptin Level and Severity of Stroke According to NIHSS

NIHSS Copeptin (mean = SD)  Test Post hoc value

Mild (I) 7.58 +£1.76 F=207.46 <0.001 (Tvs. IL Tvs. III, T vs. IV, I vs. 111, 1T vs. TV, III vs. IV)
Moderate (IT) 18.12 + 3.03 P value < 0.001

Severe (I11) 26.50 £2.39

Very severe (IV) 36.0+2.23

the informed consents were obtained from the patients.

Inclusion criteria

Patients with first time ischemic stroke, in the first 24 h, con-
firmed by neuroimaging were included.

Exclusion criteria

Patients with hemorrhagic stroke, history of old cerebral stroke
by history or as seen on neuroimaging on admission, history of
cerebral transient ischemic attacks, syndrome of inappropriate
antidiuretic hormone secretion, diabetes insipidus, renal insuf-
ficiency (creatinine > 1.5 mg/dL), severe sepsis, co-existent
ischemic heart disease or heart failure, history of recent sur-
gery or trauma during the preceding 2 months, or autoimmune
diseases with or without immunosuppressive therapy were ex-
cluded.

Data collection
Clinical assessment

History and examination

The stroke condition was evaluated with detailed and careful
history taking, general (to assess the risk factors) and neuro-
logical examination using stroke sheet.

Clinical assessment of stroke severity and disability

Patient’s condition was assessed with clinical scales performed
by the same examiner using National Institutes of Health

Stroke Scale (NIHSS) within the first 24 h of admission, and
modified Rankin scale (MRS) after 3 months of admission.

Laboratory assessment

Blood samples were taken at admission before treatment.

Routine tests included complete blood picture, liver function
tests (prothrombin time, activated partial thromboplastin time
(aPTT), albumin, bilirubin and liver transaminases (SGOT and
SGPT), kidney function tests (blood urea nitrogen and creati-
nine), random blood sugar, and erythrocyte sedimentation rate.

Copeptin levels were assessed in plasma in a blinded batch
analysis by a new chemiluminescence sandwich immunoassay.
According to Morgenthaler et al (2009), the normal concentra-
tion of copeptin in the blood circulation was 1 - 12 pmol/L [6].

Radiological assessment

Brain computerized tomography (CT) was done at admission,
focusing on the early infarction signs (focal brain swelling,
early hypodensity, attenuation of basal ganglia, or hyperdense
artery sign) and excluding cerebral hemorrhage or any focal le-
sion. Follow-up brain CT was done to confirm the diagnosis of
cerebral infarction. Brain magnetic resonance imaging (MRI)
(when available) to determine the territory and the size of in-
farction, within 24 h of admission, was done.

The anatomical site of stroke was evaluated by using the
Oxford Community Stroke Project classification (OCSP). It
relies primarily on the initial symptoms, based on the extent of
the symptoms. The stroke episode is classified as: total ante-
rior circulation stroke (TAC), partial anterior circulation stroke
(PAC), lacunar stroke (LAC) and posterior circulation stroke
(POC).

The etiological subtypes of stroke were classified accord-
ing to Trial of Organization 10172 in Acute Stroke Treatment

Table 2. Correlation Between Copeptin Level and Site of Stroke According to OCSP Classification

OCSP Copeptin (mean = SD) Test Post hoc value
PACS (I) 17.70 + 8.58 Kruskal-Wallis = 11.11 [vs. 1I=0.193
Ivs. IV=0.015 (S)
LACS (I1I) 15.70 £ 6.98 I vs. TIT = 0.290
TACS (IV) 28.0+10.12 I vs. IV =0.004 (S)
III vs. IV = 0.004 (S)
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Table 3. Correlation Between the Copeptin Level and Etiological Subtypes of Stroke According to TOAST Clas-

sification
TOAST Copeptin (mean £ SD) Test Post hoc value
Cardio-embolic (I) 12.15+£6.24 Kruskal-Wallis = 21.19 1vs. 11<0.001 (HS)
Large vessel (H) 25.50 + 8.34 P value < 0.001 I vs. III =0.092
Ivs. IV=0.930
Small vessel (III) 15.83 £6.79 11 vs. 11T = 0.002 (S)
Cryptogenic (IV) 12.0+6.0 II'vs. IV =0.003 (S)

I vs. IV =0.141

Table 4. Correlation Between the Copeptin Level and Size of Stroke

Lesion size Copeptin (mean + SD) Kruskal-Wallis P value Post hoc test

< 1.5 (I) (small) 11.10+5.59 18.89 P <0.001 Ivs. IT=0.006

1.5 - 3 (II) (medium) 18.63 + 8.0 Ivs. [ <0.001
I vs. IIT = 0.047

> 3 (III) (large) 24.05 £ 8.36

(TOAST) classification. This system divides the ischemic
stroke into atherothrombotic, cardioembolic, lacunar, undeter-
mined etiology, and stroke of other etiology.

Results

The results showed that 87.3% (N = 48) of the patients had the
known risk factors of cerebral stroke, while 12.7% (N = 7) of
them had no ones. Hypertension was the most frequent one and
it was present in 60.4% of patients (N = 29), diabetes mellitus
in 31.3% (N = 15), atrial fibrillation in 25% (N = 12), smok-
ing in 18.2% (N = 10), and dyslipidemia in 14.6% (N = 7) of
patients. The presence of multiple risk factors was in 68.8%
(N =33) of them.

The site of stroke (using OCSP) was in PACS in 36.4%
(N =20), in POCS in 18.2% (N = 10), in LACS in 30.9% (N =
17), and in TACS in 14.5% (N = 8) of the patients.

According to ischemic stroke etiological subtypes (using
TOAST classification), stroke of cardioembolic origin was
present in 23.6% (N = 13), of large vessel origin in 32.7% (N =
18), of small vessel origin in 32.7% (N = 18), and cryptogenic
one in 10.9% (N = 6) of the patients.

The size of infarction in neuroimaging study showed that
stroke of small size (< 1.5 cm) was present in 38.2% (N =21),
of medium size (1.5 - 3 cm) in 34.5% (N = 19), and of large
size (> 3 cm) in 37.3% (N = 15) of the patients.

As regards to the clinical severity of ischemic stroke on
admission (by NIHSS), mild stroke was present in 30.9% (N =
17), moderate stroke in 45% (N = 25), severe stroke in 14.5%
(N =38), and very severe stroke in 9.1% (N = 5) of the patients.

According to stroke outcome 3 months after ischemic
stroke (measured by MRS), no significant disability was in
5.45% (N = 3), slight disability in 25.45% (N = 14), moderate
disability in 45.5% (N = 25), moderate to severe disability in
7.27% (N = 4), severe disability in 7.27% (N = 4) of the pa-
tients, while 9.1% (N = 5) of the patients died.

There was high statistically significant correlation be-
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tween the mean value of copeptin level and severity of stroke
on admission (P <0.001) (Table 1).

There was statistically significant difference (P = 0.011)
of the mean value of copeptin level among the studied groups
regarding OCSP. It was lowest in patients with POCS (12.90 +
5.98) and highest in patients with TACS (28.0 + 10.12) (Table
2).

There was high statistically significant difference (P
< 0.001) between the mean value of copeptin level and the
etiological subtypes of stroke in the studied groups regarding
TOAST classification. It was highest in the patients with large
vessel stroke, and lowest in the patients with cryptogenic one
(Table 3).

There was high statistically significant difference (P <
0.001) between the mean value of copeptin level among stud-
ied groups according to the size of the lesion. It was lowest in
patients with small infarction, and highest in those with large
infarction (Table 4).

The favorable outcome of the stroke was with cutoff point
of copeptin below 21.5 ng/mL (Table 5).

Discussion

Many publications have reported an association of different
biomarkers with stroke severity or outcome. These included
CRP [7-9], IL-6 [2], matrix metalloproteinase-9 [10], fibrino-
gen [11], brain atriuretic peptide [12], and cortisol [13]. How-

Table 5. Relation Between the Outcome of Ischemic Stroke
by MRS and Cutoff Point of Copeptin

Outcome
Copeptin level Total
Unfavorable Favorable
>21.5 13 10 23
<215 0 32 32
Total 13 42 55
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ever, none of these publications has reported that the analyzed
biomarker increased the predictive power of validated clinical
prognostic scores such as the NIHSS score [2]. To be an ideal
marker for ischemia in the central nervous system, it should
peak and accumulate early in the ischemic cascade, diffuse
rapidly through ischemic tissue into the blood stream, have a
half-life of at least a few hours and be specific for ischemic
neural tissue [14].

In this study, we searched if there was a correlation be-
tween serum copeptin and stroke severity (using NIHSS), site
(using OCSP), size (using CT and/or MRI brain), etiological
subtypes (using TOST), and outcome (using MRS).

In our study, there was highly significant statistical cor-
relation (P < 0.001) between the mean value of copeptin level
(36.0 + 2.23) and very severe NIHSS.

This is in agreement with Khan et al [15], and Katan et al
[16] who found that copeptin is a reliable prognostic marker in
stroke patients. Also, Kyu-Sun et al [17] postulated that early
measurement of plasma copeptin could provide better prog-
nostic information for patients with acute stroke and help in
decision making for therapeutic interventions.

Also, Urwyler et al [4] showed that copeptin may help in
the prediction of outcome and mortality 3 months and 1 year
after ischemic stroke [4].

Additionally, De Marchis et al [18] stated that copeptin
represents a novel, reliable, and promising blood marker to
predict stroke after transient ischemic attack (TIA), adding
prognostic information.

In contrast to our results, Von Recum et al [19] found that
there was no significant correlation between copeptin values
and NIHSS in ischemic stroke patients. He compared values
of copeptin and NIHSS in three groups of patients (ischemic
stroke group, TIA group, and stroke mimics group).

Our study showed that serum copeptin had a significantly
statistical correlation with the size of cerebral infarction. This
coincides with Katan et al [3] who stated that in the 197 pa-
tients with cerebral infarction in whom MRI was available,
copeptin levels paralleled lesion size. Median copeptin levels
in patients with a small lesion were about half the levels in
patients with medium lesions (8.4 (IQR: 4.4 - 13.7) vs. 14.9
(IQR: 6.6 - 26.0) pmol/L), whereas levels were greatest in pa-
tients with a large lesion (18.3 (IQR: 5.3 - 51.9) pmol/L).

Although the exact mechanism relating copeptin with un-
favorable outcome and mortality in acute stroke is not fully
understood, brain edema plays a critical role in the pathophysi-
ology and morbidity [20]. In addition, data from experimental
studies imply that vasopressin plays a role in brain edema for-
mation and ischemic neuronal injury, as blocking of vasopres-
sin receptors attenuates brain edema in ischemic and traumatic
mice models [21]. In addition AVP/copeptin might be asso-
ciated with adrenocorticotropic hormone-induced hypercorti-
solism, which is thought to potentiate ischemic neuronal injury
[22]. Finally, copeptin is significantly increased in bacterial in-
fection and febrile conditions. Early inflammation is very com-
mon and has been suggested as an important factor contribut-
ing to unfavorable prognosis after acute ischemic stroke [5].

AVP binds to three different receptors, V1a, V1b and V2
receptor. They are classified into three subtypes based on their
intracellular transduction mechanisms. The Vla and V1b re-
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ceptors are associated with phosphoinositol turnover, while the
V2 receptor activates adenylate cyclase [23]. The V1a receptor
is widely expressed and mediates AVPs prothrombotic and va-
soconstrictor effects [24]. The V1b receptor is expressed in the
pituitary gland and pancreas [25]. Through this receptor AVP
stimulates the release of adrenocorticotropic hormone. Adren-
ocorticotropic hormone activates the hypothalamic-pituitary-
adrenal axis and thus mediates a response to stress.

Furthermore, Kyu-Sun et al [17] found that the elevation
of plasma copeptin level may indicate that the patient required
further evaluation, especially since copeptin is elevated in life-
threatening diseases such as shock, renal insufficiency, heart
failure, acute myocardial infarction, hospital-acquired pneu-
monia, and pulmonary thromboembolism. Further studies may
be needed to assess change in predictive value of serum copep-
tin with different treatment approaches as fibrinolytic therapy
and mechanical thrombectomy. Also other studies could be
done on large number of patients assessing serum copeptin in
different types of cerebral strokes.

Conclusion

Copeptin appears to have an interesting potential as a new
prognostic biomarker for patients with acute ischemic cerebral
stroke. Early measurement of serum copeptin could help in
the prediction of severity of ischemic stroke at admission and
functional outcome 3 months later after ischemic stroke.
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