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Background: Copeptin is a new blood biomarker for acute ischemic stroke which emerged to assist clinicians with
decision-making. Serum copeptin can accurately reflect vasopressin concentration, which plays a role in aggravation
of inflammatory responses, ions and neurotransmitters dysfunctions. The objective of this work was to investigate
the relation between copeptin level as a blood biomarker and the short-term prognosis of acute ischemic stroke
after 3 months. The current study included 45 patients with first ever acute ischemic stroke and 45 healthy volunteers
as a control. Clinical evaluation, CT and MRI of the brain, NIHSS on admission, and mRS after 3 months were done

for the patients, and all the patients and control were subjected to assessment of serum level of copeptin by ELISA

Results: Copeptin level was significantly higher in patients with acute ischemic stroke compared to healthy control
subjects (p-value =0.001). Also, copeptin level was significantly higher in patients with severe stroke (NIHSS > 16) than
in those with mild-to-moderate stroke (NIHSS 0-15) at presentation and in patients with unfavorable outcome (MRS
3-6) when compared to patients with favorable outcome (mRS 0-2) (p-value =0.003 and 0.001, respectively).
Copeptin level was significantly lower in patients who received thrombolytic therapy with rTPA (p-value =0.049).

Conclusion: Copeptin has an interesting potential as a new prognostic biomarker for patients with acute ischemic
stroke as its level was significantly higher in patients with severe stroke and in patients with unfavorable outcome.
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Background
Stroke is one of the main causes of severe morbidity
worldwide. Early assessment of disease severity, risk
for complications and prognosis is essential for opti-
mized care and proper utilization of available healthcare
resources [1].

A variety of novel blood biomarkers are under inves-
tigations to assist clinicians with accurate decision-
making. Arginine—vasopressin (AVP) (also known as
antidiuretic hormone), is one of the key hormones of the
hypothalamic—pituitary—adrenal axis. Copeptin is the
C-terminal part of pro-AVP and composed of 39 amino
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acids, it is secreted together with AVP during processing
of the precursor peptide [2].

Currently, there is increasing interest in vasopressin
as a potential prognostic biomarker in acute ischemic
stroke as it plays a role in aggravation of inflammatory
responses, ions and neurotransmitters dysfunctions, cer-
ebral edema and as sequelae, increased intracranial pres-
sure [3].

Compared to cortisol and AVP, copeptin is stable in
plasma and serum at room temperature and can be easily
measured ex vivo in automated or even manual chemilu-
minescence assays as a ‘shadow’ fragment of AVP. Also,
copeptin is a useful biomarker in the emergency depart-
ment setting as the results of the assay can be available
within 60 min only [4].

Copeptin can mirror subtle changes in levels of stress
better than cortisol. The close connection between
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copeptin levels and the degree of activation of the stress
axis is the rationale behind its usefulness as a prognos-
tic biomarker in acute ischemic stroke. Also, copeptin is
released directly into the systemic circulation, not into
CSE, thus bypassing the blood—brain barrier [1].

The objective of this work was to investigate the rela-
tion between copeptin level as a blood biomarker and
the short-term prognosis of acute ischemic stroke after
3 months.

Methods

The current study is a case—control study which included
90 subjects; 45 patients with first ever acute ischemic
stroke with symptom onset within 24 h and below the age
of 85 years, and 45 healthy volunteers as a control.

Patients with past history of malignancy or degen-
erative disease of the nervous system, and patients with
hemorrhagic stroke were excluded from the study. Also,
patients who have autoimmune diseases with or without
immunosuppressive therapy and patients with renal fail-
ure were excluded.

This study was approved by the authorized ethical com-
mittee, and each participant in the study or one of his
first degree family members signed a written informed
consent.

The patients included in this study were subjected to
the following: clinical assessment—careful history tak-
ing, general medical examination including vital signs
and cardiac assessment, thorough neurovascular exami-
nations. The patients were classified by The TOAST clas-
sification (Trial of Org 10,172 in Acute Stroke Treatment)
according to clinical presentation and the results of diag-
nostic studies and distinguish five subtypes of ischemic
stroke; large-artery atherosclerosis, cardio embolism,
small-vessel occlusion, stroke of other determined etiol-
ogy, and stroke of undetermined etiology [5].

The National Institutes of Health Stroke Scale (NIHSS)
was used to assess the severity of stroke at presentation
[6]. NIHSS score was categorized as mild (score: 1-6),
moderate (score: 7—15), or severe (score: 16 and above)
[7]. Modified Rankin Scale (mRS) was used to assess the
functional outcome on day 90 and the score was catego-
rized as good (mRS 0 to 2; independent) or poor (mRS 3
to 6; dependent or dead) [8].

Laboratory assessment: patients and control groups
were subjected to assessment of the following routine
investigations; fasting and post-prandial blood sugar,
complete blood count, lipid profile, kidney and liver
function tests, serum electrolytes, serum uric acid and
ESR). Also, serum level of copeptin was evaluated in
both cases and control. In patients, copeptin level was
evaluated within the first 24 h of the symptom onset.
Serum copeptin levels were measured by enzyme-linked
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immunosorbent assays (ELISA) using Stat Fax 2100
Microplate Reader, USA. Blood samples for determina-
tion of copeptin were collected at presentation into tubes
containing potassium EDT. Then kept 10 min for clotting
then centrifuged. Serum was separated and kept under
—-80°C.

Radiological assessment included brain computed
tomography (CT) to exclude intracerebral hemorrhage
using Toshiba multislice 16 computed tomography, Japan
and MRI stroke protocol (T1- and T2-weighted image
axial, sagittal and coronal views, fluid-attenuated inver-
sion recovery (FIAIR), diffusion-weighted image (DWI)
to assess site, and volume of infarction using the 1.5 Tesla
Siemens Scanner Magnetom Aera MRI, Germany.

Infarction volume in DWI was measured using the
A xBxC/2 formula, where A is the largest diameter
and B is the perpendicular diameter of the infarction,
as measured, and C is the sum of the thicknesses of the
slices where the infarction was seen [9].

ECG using standard 12 leads electrocardiogram, echo-
cardiography using vivid S5 machine, China, and carotid
duplex using Toshiba machine carotid duplex, Japan,
using B mode and Doppler flow were done for all the
included patients.

Statistical analysis

Statistical analysis was done using IBM SPSS version
24 (IBM Corporation, USA, Armonk, New York, 2016).
Comparison between groups was done using Chi-square
test, independent sample t test and one-way ANOVA
test. Pearson correlation was used to test for possible
correlations between quantitative variables. P value less
than or equal to 0.05 was considered significant. Receiver
operating characteristic (ROC) curve analysis was used
to assess the prognostic role of copeptin level after acute
ischemic stroke.

Results

The current study is a case—control study conducted on
45 patients diagnosed as acute ischemic stroke within the
1st 24 h and 45 normal healthy controls. Stroke patients
and the controls were matched regarding age and gender
(Table 1).

The results of clinical scales for stroke are presented
in Table 2. The score of NIHSS at admission ranged
from 2 to 28 with a mean of 11.18+5.1. The score for
mRS after 3 months ranged from 0-5 with a mean of
3+1.245. Stroke outcome assessed by mRS revealed;
21(46.7%) patients with favorable outcome (mRS 0-2)
and 24(53.3%) patients with unfavorable outcome (mRS
3-6).

In this study, the volume of infarction ranged from 5
to 25 ml in 30 (66.7%) patients, from 26 to 50 ml in 13
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Table 1 Demographic data of the studied population
Patients with acute ischemic stroke  Healthy control p-value
(n=45) (n=45)
Age [mean £SD] 5520+£138 51.13£134 0.163
Sex Females [n(%)] 26 (57.8%) 30 (66.7%) 0.257
Males [n (%)] 19 (42.2%) 15 (33.3%)

Table 2 Results of NIHSS and mRS in 45 acute ischemic stroke

patients
Scale Score Number (45) Percent (%)
NIHSS on admission  Mild (0-6) 9 20
Moderate (7-15) 27 60
Severe (> 16) 9 20
mRS after 3 months Favorable outcome 21 46.7
(0-2)
Unfavorable out- 24 533
come (3-6)

NIHSS National Institutes of Health Stroke Scale, mRS Modified Rankin Scale

(28.9%) patients and the volume of infarction was more
than 50 ml in 2 (4.4%) patients. Regarding TOAST clas-
sification; 21(46.75) patients had cardio embolic stroke,
13 (28.9%) patients had large-artery atherosclerosis and
11(24.4%) patients had small artery disease.

Copeptin level was higher in acute ischemic stroke
patient when compared to healthy control subjects with a
statistically significant difference (p-value=0.001). Also,
copeptin level was significantly higher in patients with
severe stroke (NIHSS>16) than in those with mild-to-
moderate stroke (NIHSS 0-15) and in patients with unfa-
vorable outcome (mRS 3-6) when compared to patients
with favorable outcome (mRS 0-2) (p-value=0.003 and
0.001, respectively) (Table 3).

We studied the relation between some of the most
common modifiable and non-modifiable risk factors of
stroke and copeptin level (Table 5). Stroke patients who
had hypertension, patients with diabetes mellitus and
patients with dyslipidemia showed a statistically signifi-
cant higher levels of copeptin (p-value=0.05, 0.024 and
0.05, respectively).

Among the stroke patients, 11 patients received throm-
bolytic therapy with rTPA (24.4%) while 34 patients
were not eligible to receive rTPA (75.6%). Copeptin level
was significantly lower in patients who received rTPA
(p-value =0.049) (Table 6).

There were significant positive correlations between
each of the following parameters and copeptin level;
age of the patients, (r=0.212 and p-value=0.045), BMI
(r=0.272 and p-value=0.009), uric acid(r=0.256 and
p-value=0.015) and volume of infarction measured by
MRI (r=0.299 and p-value=0.004). Also, there were
significant positive correlations between stroke sever-
ity at presentation measured by NIHSS (r=0.328 and
p-value=0.002), clinical outcome after 3 months meas-
ured by mRS (r=0.378 and p-value=0.001) and serum
copeptin level (Table 7).

Table 4 Copeptin level in different stroke subtypes according to
TOAST classification

Stroke subtypes Copeptin level (pg/ml) p-value
On the other hand, No statistically significant differ- Mean +SD
ence was found between copeptin levels in different acute ‘ ,
. . . . Cardio-embolic (hno=21) 119614488 0.290
ischemic stroke subtypes according to TOAST classifica- ) e i (o= 13 127071408
. arge artery disease (no = i ;
tion (p-value =0.290) (Table 4). g Y )
Small artery disease (no=11) 107.99+41.5
Table 3 Copeptin level in different clinical situations
Number Copeptin level (pg/ml) P-value
Mean +SD
Control group 45 76.51£32.8 0.001
Stroke patients 45 120.52+45.7
Mild—moderate stroke at presentation 36 9547+£403 0.003
Severe stroke at presentation 9 139454387
Stroke patients with favorable outcome 21 93.47+40.3 0.001
Stroke patients with unfavorable outcome 24 142454387




Oraby et al. Egypt J Neurol Psychiatry Neurosurg (2021) 57:140 Page 4 of 8
Table 5 The relation between risk factors of stroke and copeptin level at presentation
Risk factor Copeptin level at presentation
Number Percent (%) Mean SD P value
Age <45 9 20 104.81 38.85 0.102
>45 36 88 109.93 36.30
Sex Males 19 422 106.96 39.97 0.169
Females 26 57.8 100.39 379
Hypertension Yes 13 289 118.89 404 0.05
No 32 71.1 93.84 37.25
Diabetes Mellitus Yes 16 356 11917 485 0.024
No 29 64.4 92.99 43.1
Dyslipidemia Yes 12 26.7 123.77 464 0.05
No 33 733 93.84 44.2
Cardiac diseases Yes 29 644 112.21 392 0.547
No 16 356 119.62 40.6
Carotid stenosis <50% 34 756 110.30 354 0.728
>50% 1 24.4 119.53 389
Taple6 Copeptm level m stroke patients who received rTPA and ROC Curve
patients who did not receive rTPA 10
Patient received Patient did not P-value
ITPA (n=11) receive rTPA 0.8
(n=34)
Copeptin (pmol/l)  99.55+37.6 127311464 0.049 2 o6
Mean=+£SD _E_,
2
D
w 0.4
Table 7 Correlation between demographic, clinical, laboratory, 0.2
radiological parameters and copeptin level
Copeptin level ) 02 04 06 o8 1.0
ra p-value 1 - Specificity
Fig. 1 ROC curve analysis to assess the prognostic role of copeptin
Age 0.212 0045 level after acute ischemic stroke
BMI 0272 0.009
Uric acid 0.256 0.015
Volume of infarction 0.299 0.004 .
Strok vt tation ( 0308 0002 (the area under the curve 0.769, 95% confidence inter-
roke severity at presentation (meas- 0. I
ol by NHSY) ' val 0.671 to 0.868, P-value =0.012).
Clinical outcome after 3 months 0378 0.001

(measured by mRS)

BMI body mass index

As demonstrated in Fig. 1, receiver operating char-
acteristic (ROC) curve analysis was used to assess the
prognostic role of copeptin level after acute ischemic
stroke. With sensitivity of 62.2% and specificity of
84.4%, the optimal cutoff value of copeptin that pre-
dicted unfavorable stroke outcome was > 125.30 pg/ml

Discussion

Copeptin is a new blood biomarker which has emerged
to assist clinicians with decision-making. Copeptin can
accurately reflect vasopressin concentration in both
serum and plasma, in a similar fashion to C-peptide for
insulin [10]. Copeptin can detect the extent of threat to
each patient and the individual stress response to that
threat. Therefore, the elevation of serum copeptin may
be an indication that the patient required more attention
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and further evaluation, especially since copeptin level is
elevated in life-threatening conditions [11, 12].

We investigated the role of copeptin as a blood bio-
marker to predict short-term outcome in patients pre-
senting with acute ischemic stroke to the emergency
room and outpatient clinic. An early risk assessment with
evaluation of disease severity and prognosis is essential
for optimum care and allocation of healthcare resources.

Our study was conducted on 45 patients with first ever
acute ischemic stroke with symptom onset within 24 h
and 45 control subjects. Serum level of copeptin was
measured for both the control and the patients groups at
admission.

In this study, serum copeptin levels were much higher
in patients with acute ischemic stroke compared to
healthy controls. This was in agreement with Zeng and
colleagues [11], Dong and colleagues [12], and Maestrini
and colleagues [13].

Our findings could be explained by the fact that the
elevation of copeptin level reflects the activation of the
endogenous stress system; vasopressin is an efficient
synergistic factor of corticotrophin-releasing hormone,
which stimulates both the synthesis and secretion of
adrenocorticotrophic hormone (ACTH) by the anterior
pituitary gland [14].

Also, copeptin plays a role in ischemic neuronal injury;
as it contributes to K channel dysfunction after brain
injury through a mechanism independent of protein
kinase C activation [15].

AVP stimulates V1a and V2 receptors which trigger
platelet aggregation, vasoconstriction, and water reten-
tion and as a result, hypovolemic or normovolemic
hyponatremia and low plasma osmolality may occur [16].

On the other hand, Wendt and colleagues [17] found no
statistically significant difference between stroke patients
and control group regarding copeptin level which was
measured at different time onset from symptoms. These
results may be due to the fact that the early assessment of
copeptin level after onset of symptoms provides a better
more significant differentiation between acute ischemic
stroke patients and the healthy control subjects.

Age is the most powerful non-modifiable risk factor of
stroke as the incidence of stroke doubles with every dec-
ade over the age of 55 years [18].

In this study, the serum copeptin level has a statistically
significant positive correlation with age of the patients.
This finding is in agreement with Molnar and colleagues
[19] whose data suggested that age could modulate the
results of copeptin.

Elderly people had limited physiologic responses to
serious illness as acute stroke, at the same time, they had
a higher incidence to neuronal ischemia and more prone
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to life-threatening complications and bad prognosis
which was associated with higher copeptin level [20].

On the contrary, Wang and colleagues [21] found that
copeptin levels showed no differences between different
ages of patients.

Hypertension is a major modifiable risk factor for cer-
ebrovascular disease. The risk of stroke increases propor-
tionately with the increase of blood pressure. Our study
demonstrated that copeptin level was significantly higher
in patients with hypertension as compared with patients
without hypertension. These results are in agreement
with Montaner and colleagues [22].

This relation may be explained because the periph-
eral effects of AVP are exerted by binding to tissue-spe-
cific G-protein-coupled receptors (GPCRs) one of them
is the V, receptor, which mediates arterial vasoconstric-
tion. Also, hypertension may occur due to catecholamine
surge as a part of stress response which occurs after acute
ischemic stroke and associated with higher copeptin level
[23].

DM is known to cause both microvascular and mac-
rovascular complications, including cerebrovascular dis-
ease. In this study, copeptin level was significantly higher
in acute stroke patients with DM as compared to patients
without DM. this finding was in agreement with Mor-
genthaler and colleagues [24].

Higher copeptin levels were significantly associated
with type 2 diabetes. Copeptin can be used as a novel
risk marker for diabetes susceptibility earlier in the pre-
diabetes state [24]. The arginine—vasopressin system is
postulated to play a role in glucose metabolism, as high
plasma vasopressin was associated with higher incidence
of insulin resistance [25].

Plasma copeptin level also showed a positive corre-
lation with dyslipidemia and BMI. This is in agreement
with Muller and colleagues [25] and Nickel and col-
leagues [1] who found that the best correlation with
copeptin was reported with high triglycerides and dis-
covered a concordant correlation between higher copep-
tin levels and metabolic syndrome or its components.

The relation between copeptin and high triglyceride
levels can be explained by increased hepatic synthesis of
triglycerides due to the effect of glucocorticoids, adren-
aline, and glucagon which are considered as stress hor-
mones and are upregulated by AVP. The relation between
copeptin and the increase in BMI can be due to the
increase in cortisol levels which increases appetite and
alters fat distribution in the body [26].

Our study showed no statistically significant difference
between stroke patients with cardiac disease and their
counterparts who did not have cardiac disease regarding
copeptin level.
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This result is in agreement with Wang and colleagues
[21]. AVP interacts with two opposing receptors in the
heart: activation of the cardiac P, purinoceptors leads to
coronary vasoconstriction and negative inotropy, while
stimulation of oxytocin receptors in the heart stimulates
the release of atrial natriuretic peptide. So, the net result
is a little effect of AVP on the heart [21].

In contrast, Giannopoulos and colleagues [27] found
that copeptin can be used as a diagnostic and prognos-
tic blood biomarker for myocardial infarction and acute
heart failure. Due to effect of AVP on V, receptors which
are also present on cardiac myocytes, but they concluded
that the vasoconstrictive effect of AVP on these cells is
dose-dependent and still under debate [27].

The current study demonstrated that no statistically
significant difference was found between patients with
normal carotid duplex and patient with carotid artery
stenosis with regard to copeptin level. Our finding is in
agreement with Wang and colleagues [21] who found no
significant difference in copeptin levels between subjects
with normal carotid artery duplex and those who had
higher carotid artery intima—media thickness. Unlike El
Dayem and colleagues [28], who concluded that copeptin
is an inflammatory marker and associated with increase
in carotid artery intima—media thickness and can be a
predictor for atherosclerosis. The difference between
our findings and that of El Dayem and colleagues can be
explained by the difference in patient groups, as all the
patients included in El Dayem and colleagues study were
diabetics, while only 35.6% of our patients were diabetic,
many studies elaborated higher copeptin levels in dia-
betic patients as discussed before.

Tissue plasminogen activator is the only proved effec-
tive medical therapy for acute ischemic stroke treatment
to date. Our study demonstrated that copeptin level was
significantly lower in patients received rTPA as com-
pared with patients who did not receive rTPA. The lower
levels of serum copeptin with intravenous thrombolysis
support its role in reducing ischemic lesion volume and
neurological after acute stroke [29].

In this study, the National Institutes of Health Stroke
Scale (NIHSS) was used to assess stroke severity on
admission. We found that serum copeptin level when
measured within 24 h of stroke onset was correlated sig-
nificantly with stroke severity on admission. This result
is in agreement with Zeng and colleagues [11] and Dong
and colleagues [12].

Also, Katan and colleagues [2] who conducted a pro-
spective cohort study on 362 consecutive patients with
an acute ischemic stroke found that in all patients with
an acute ischemic cerebrovascular event, copeptin levels
increased with increasing severity of stroke measured by
the NIHSS score.
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Different mechanisms can explain the increase in
copeptin level in severe acute ischemic stroke; vasopres-
sin enhances vasogenic edema and cellular swelling after
ischemic insult. Cerebral edema occurs more with severe
stroke compared to mild or moderate stroke and may be a
major factor in early and remote complications of stroke.
Also, major stroke was associated with hyponatremia
in about 40% of the patients in addition to syndrome of
inappropriate secretion of antidiuretic hormone and cer-
ebral salt wasting syndrome. Both of hyponatremia and
volume overload stimulate the release of vasopressin [11].

In contrast to our results, Reganon and colleagues
[30] found that there was no significant correlation
between copeptin levels and NIHSS in patients with
acute ischemic stroke. This can be explained by their lim-
ited number of patients, as they included only 20 stroke
patients.

In the present study, serum copeptin has a statistically
positive correlation with the initial infarction volume
measured on CT brain or MRI brain. This is in agree-
ment with Katan and colleagues [2], Zeng and colleagues
[11], Dong and colleagues [12] and Reganon and col-
leagues [30].

These results could be explained by the close relation
between serum copeptin level and cerebral edema which
develops early after the onset of focal ischemia and cor-
relates well with the volume of infarction [31].

Vasopressin receptor Vla is involved in the pathogen-
esis of secondary brain damage following acute ischemia
via increasing cerebral edema. Cerebral edema leads to
an increase in brain volume and elevation of intracranial
pressure, which has negative impacts on cerebral blood
flow [11].

Our study used mRS score to assess functional out-
come after 3 months from the onset of stroke symp-
toms and found that the higher the copeptin levels, the
higher the mRS score. Also copeptin level was much
higher in stroke patients with unfavorable outcome
(mRS =3-6) than stroke patients with favorable outcome
(mRS=0-2).

In agreement with our findings, Katan and colleagues
[2], Zeng and colleagues [11], Dong and colleagues [12]
and Maestrini and colleagues [13] found that patients
with an unfavorable outcomes and non-survivors had
significantly increased copeptin levels on admission and
showed that copeptin was an independent predictor of
functional outcome and non-survivors.

Also, the results of a meta-analysis included a total
of 1976 acute ischemic stroke patients from 6 studies
showed that patients with poor outcomes and non-sur-
vivors had a higher copeptin level at admission so assess-
ment of copeptin level can help in decision-making for
different types of therapeutic interventions [32].
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The relation between serum copeptin level and bad
prognosis after stroke could be explained by the rela-
tionship between vasopressin levels and the develop-
ment of cerebral edema [32]. Blocking of vasopressin
receptors decreases brain edema in ischemic and trau-
matic mice models [33].

In addition, copeptin is significantly increased in bac-
terial infection and febrile conditions which occur as
post-stroke complications and worsen the prognosis of
stroke [34].

Furthermore, Deveci and colleagues [35] found that the
increase of plasma copeptin level may indicate that the
patient needs further evaluation, especially since copep-
tin level is elevated in life-threatening conditions, such as
acute myocardial infarction, shock, heart failure, pneu-
monia, pulmonary thromboembolism and renal failure.

The main limitation of this study is the relatively
small number of the studied groups as this work is self-
funded. Further studies which include larger number of
patients are needed to verify the results of this study.
Also, only a single measurement of serum copeptin was
collected, follow-up measurement of copeptin level in
different time intervals with correlation with the clini-
cal state of the patients would be more valuable.

Conclusions

Copeptin appears to have an interesting potential as
a new prognostic biomarker for patients with acute
ischemic stroke as copeptin level was significantly
higher in patients with severe stroke (NIHSS >16) and
in patients with unfavorable outcome (mRS 3-6). This
may allow better risk assessment and allocation of tar-
geted therapies for stroke patients in the future. How-
ever, before wide implementation, cumulative studies
are needed for validation. Future research is required
to characterize the utility of vasopressin antagonists in
treatment of stroke.
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