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Abstract: Diagnosis in stroke patients is based mainly on clinical and radiological findings;
therefore, there is a need for serological markers that can orient the clinician. Copeptin
is a new blood marker for diagnosis and prognosis in several neurological conditions,
such as ischemic stroke, hemorrhagic stroke, aneurysmal subarachnoid hemorrhage, and
multiple sclerosis. The aim of our study was to highlight the diagnostic value of copeptin
in differentiating between stroke subtypes and stroke mimics. We performed a literature
review by searching the PubMed and Scopus databases for papers with the following
keywords: “stroke AND copeptin AND differential”. The PRISMA criteria were used.
We identified 29 papers that met the criteria. We analyzed only original research articles,
excluding reviews and only including those in English. Some studies did not find any
significant differences between cerebral infarction, intracerebral hemorrhage, and subarach-
noid hemorrhage, but one study demonstrated significant correlations. All studies agreed
that copeptin levels can help in differentiating stroke patients from stroke-free patients.
Copeptin levels were correlated with prognostic scales For stroke mimics, copeptin levels
were extremely broad and for vestibular disorders; it was shown that a normal level of
copeptin excludes stroke. Copeptin is a new blood marker that can help clinicians in the
acute neurological field. It may help in diagnosing stroke, in differentiating between stroke
subtypes and stroke mimics, and in evaluating the prognosis of these patients, but further
studies are needed.

Keywords: copeptin; stroke; ischemic stroke; hemorrhagic stroke; blood-based marker;
differential; stroke prognosis

1. Introduction
Despite significant advances in the management of stroke patients, there is still a lack

of serological markers that can direct the diagnosis of these patients.
The clinical diagnosis of stroke in the emergency room can be difficult and often ne-

cessitates brain imaging. CT and MR imaging are the only paraclinical evaluations capable
of excluding hemorrhagic stroke or other conditions that resemble a stroke. However,
there are certain situations, like the unavailability of the radiology department, where time-
sensitive decisions to initiate revascularization treatment (thrombolysis and mechanical
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thrombectomy) rely solely on the clinical presentation [1]. In addition, there are multiple
centers in rural areas in developing countries where radiology departments do not perform
routine CT examinations or have no CT machine at all. Moreover, there are situations in
emergency hospitals where there is a need to diagnose a stroke versus a non-neurological
disease for triage situations, admission reasons, or therapeutic management (for example,
a comatose patient where the cause of the coma may be a metabolic disorder or a vertebro-
basillary stroke). In these situations, blood-based markers that may orient the diagnosis
and differentiate stroke could be helpful.

Research indicates that higher copeptin levels are associated with prognosis and
can help in the differential diagnosis before imaging in several cardiovascular conditions,
including acute myocardial infarction, congestive heart failure, ischemic stroke, aneurysmal
subarachnoidal hemorrhage, and head trauma [2–6]. Moreover, copeptin has recently
gained significant attention in the neurological field [1,7–11]. It was previously shown that
copeptin is a good diagnostic marker for several neurological conditions, such as ischemic
stroke, nontraumatic intracerebral hemorrhage, aneurysmal subarachnoid hemorrhage,
and multiple sclerosis [12].

Copeptin is one of the three neuropeptides that form pro-arginine vasopressin (pro-
AVP), alongside argininevasopressin and neurophysin II [13] (Figure 1).

Figure 1. Pro-arginine vasopressin and its components.

Arginine vasopressin (AVP), or antidiuretic hormone (ADH), is released by the neu-
rohypophysis in response to stress, elevated plasma osmolality, or a reduced blood vol-
ume [14]. However, the physiological role of AVP is to maintain fluid balance, regulate
vascular tone, and modulate the endocrine response to stress, while the specific physiologi-
cal function of copeptin is yet to be determined [10]. Previous studies have suggested that
AVP plays an important role in regulating the brain volume, electrolyte homeostasis, and
microvascular resistance in ischemic stroke [15]. This finding suggests that dysfunction in
AVP secretion may explain the severity and prognosis of ischemic stroke patients.

Copeptin can be identified in circulation in equimolar amounts with AVP [16–18].
Copeptin is a new biomarker formed by a 39-amino-acid-long glucosylated peptide with
a leucine-rich core region [10]. Because both copeptin and AVP are processed from the
same precursor peptide, the release of both is regulated by the same stimuli: an increase in
systemic osmolality and a decrease in the blood volume and pressure [19].

Copeptin measurement is easier compared to measuring AVP because copeptin has
the advantage of being a more stable molecule and is bound to platelets [10,20–22]. The
half-life of AVP is reported to be between 10 and 44 min, while the half-life of copeptin is
two times longer; the difference is based on their distinct metabolic clearance rates [10].
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Copeptin measurement requires only a small sample blood volume and no extraction
step, and the sample is more stable even up to 7 days after sampling if stored at room
temperature and up to 14 days if stored at 4 degrees [10,23].

Copeptin can be measured with two commercially available assays that are widely
available and validated: a manual sandwich immunoluminometric assay and an automated
immunofluorescent assay [10]. In addition, a serum copeptin assay can yield results within
less than 2 h, which makes it a useful tool for emergency room dosing [10,24]

The normal range of copeptin has been assessed in several studies: the first study
included more than 300 subjects with levels that varied between 1.0 and 13.8 pmol/L (with
a mean of 4.2 pmol/L), while the second study included more than 700 subjects with levels
that varied similarly between 1.0 and 13.0 pmol/L [10,17,19].

When evaluating ischemic stroke patients, increased copeptin levels are correlated
with the functional outcome and all-cause mortality within 3 months, 6 months, and 1 year
after acute ischemic stroke [25]. Higher copeptin levels are significantly elevated in stroke
patients compared to healthy controls. Moreover, higher levels of copeptin are associated
with increased stroke severity, as calculated by NIHSS scores, and are correlated with higher
mortality rates, higher disability rates, and poorer clinical outcomes, as calculated by the
mRS score and Barthel index in previous studies [10,26]. Moreover, the prognostic accuracy
of copeptin in stroke patients was found to be greater than that of other frequently assessed
laboratory parameters, including blood glucose, C-reactive protein, and white blood cell
counts, in addition to clinical indicators such as blood pressure and temperature [27].

However, most of the studies that have assessed copeptin in stroke patients have
focused on ischemic stroke and the prognostic value of this marker for stroke severity,
treatment efficacy, stroke complications, functionality, mortality, and recurrence [25].

Only a few studies have focused on how copeptin levels can guide the differential
diagnosis of stroke. To this aim, the present study presents a review of recent studies that
have assessed the diagnostic value of the plasma copeptin concentration in differentiating
between subtypes of stroke and stroke mimics.

2. Materials and Methods
We performed a review of the literature, analyzing the PubMed and Scopus databases.

The search was limited to articles in the English language. We applied a search filter to
obtain papers published between the years 2010 and 2024. The PRISMA criteria were
used [28].

The first search used the keywords ”stroke”, ”copeptin”, and ”differential”. The
PubMed database yielded 16 results. The Scopus database yielded 13 results.

After excluding duplicate articles between the two databases (n = 8), 21 articles were
obtained for analysis. We focused on original research papers, excluding reviews (n = 4).
We also focused on neurological diseases, excluding papers written on other pathologies
(hyponatremia, heart failure, type 2 myocardial infarction, acute diseases, hyponatremia;
n = 6) or other types of patients (pregnant patients, recreational marathon runners; n = 2).
We also analyzed only articles written in English (excluding one paper in German). We
also excluded articles that presented only protocols, without a statistical analysis (n = 2). In
the end, the two databases resulted in 6 articles that answered our research question. The
PRISMA diagram can be consulted in Figure 2.
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Figure 2. PRISMA diagram.

3. Results
3.1. Copeptin May Differentiate Between Stroke Subtypes

Ischemic stroke, intracerebral hemorrhage, and subarachnoid hemorrhage are cere-
brovascular conditions that are observed in the emergency department with varied clinical
presentations [7]. Radiological imaging (CT or MRI) is used for definitive diagnosis. In this
situation, finding a biochemical parameter that differentiates between severe cerebrovas-
cular pathologies may help with treatment prioritization, intensive care unit admission
requirements, and survival rate estimates, especially in medical units that have limited
access to radiology departments.

Aksu et al. (2016) [7] assessed whether copeptin could help in the differential di-
agnosis of cerebral infarction, intracerebral hemorrhage, and subarachnoid hemorrhage
in the emergency room. They obtained blood samples to determine the copeptin level
before imaging for 176 patients. However, in their study, the serum level of copeptin was
calculated retrospectively: five-millimeter blood samples were obtained from the patients
and centrifugated, but the plasma was stored at −70 degrees and the lab result was ob-
tained later during hospitalization. Thus, they identified a copeptin level of 5.49 ng/dL for
cerebral infarction; 4.50 ng/dL for intracerebral hemorrhage; 5.90 ng/dL for subarachnoid
hemorrhage; and 2.0 ng/dL for healthy volunteers. There was no significant correlation
between the copeptin level and the intracerebral hemorrhage score (ICH). However, sig-
nificant correlations were identified with the NIHSS score and Hunt and Hess score. In
addition, the copeptin levels in patients who died were higher compared to those who were
discharged. A negative correlation between the copeptin level and Glasgow Coma Scale
(GCS) was also identified. Although healthy volunteers were statistically found to have
lower levels of copeptin compared to those with neurological pathologies, there appeared
to be no significant difference in the copeptin levels between cerebral infarction, intra-
parenchymal hemorrhage, and subarachnoid hemorrhage. In conclusion, the researchers
could not statistically highlight that copeptin levels help to differentiate between these
three neurological pathologies.
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CT and MRI are the most widely used to confirm the diagnosis of stroke and to
differentiate between ischemic and hemorrhagic stroke, but imaging is not available easily
across all hospitals, especially in rural areas. Han et al. (2023) [29] analyzed several markers
to help differentiate between ischemic stroke and hemorrhagic stroke. They evaluated
several markers in 73 patients with acute stroke-like symptoms, of which 51 had ischemic
stroke and 22 had hemorrhagic stroke. However, in their study, the serum level of copeptin
was calculated retrospectively: blood samples were obtained and centrifuged, but the
plasma samples were aliquoted into cryotubes and stored at -80 degrees, and the lab
result was obtained later. They demonstrated no significant intergroup differences in the
copeptin concentration (median of 41.1 pmol/L for ischemic stroke and 41.9 pmol/L for
hemorrhagic stroke). Their conclusion was that plasma glial fibrillary acidic protein (GFAP)
and NT-proBNP can help in the differential diagnosis between ischemic and hemorrhagic
stroke. Moreover, they explained that using a combination of GFAP and NT-proBNP is a
feasible strategy for differentiation between subtypes in the hyperacute phase. GFAP is an
intermediate filament found only in astrocytes [30]. The differential levels of GFAP between
ischemic and hemorrhagic stroke can be attributed to the different kinetics of astrocytic cell
death. Necrosis appears in the first few hours of symptom onset for hemorrhagic stroke,
while astrocytic cell death peaks at 48–98 h after symptom onset for ischemic stroke [31].

Sun et al. (2018) [32] evaluated 119 healthy versus 119 stroke patients (87 with ischemic
stroke and 32 with hemorrhagic stroke) from rural China. This was a 1:1 case–control study
that investigated whether copeptin could indicate the etiological factor of the stroke. How-
ever, in their study, the serum level of copeptin was calculated retrospectively: venous
blood was obtained from the patients and centrifuged immediately, but the plasma was
stored at -80 degrees and the lab result was obtained later. The mean level of copeptin
in the group of patients with ischemic stroke was 20.90 pmol/L; that in the group of
patients with hemorrhagic stroke was 6.53 pmol/L; and that in the group of healthy sub-
jects was 8.42 pmol/L. They demonstrated that the copeptin levels were higher in stroke
patients compared to healthy controls (20.9 pmol/L versus 8.42 pmol/L, with a statisti-
cally significant difference). The conclusion of this study was that the copeptin level was
positively associated with ischemic stroke and negatively associated with hemorrhagic
stroke [32]. The authors suggested that copeptin might be a meaningful marker for dif-
ferentiation between ischemic and hemorrhagic stroke and plays a potential role in the
arginine vasopressin system in the pathophysiology of both types of stroke [32]. Moreover,
copeptin could be used as one of the combined markers to improve the accuracy of the
early identification of stroke subtypes [32].

Sarfo et al. (2018) [33] evaluated three markers (GFAP, copeptin, and matrix
metalloproteinase-9 (MMP-9)) in 156 stroke patients and 74 stroke-free patients. Here,
99 of the patients had ischemic strokes and 57 had hemorrhagic strokes. However, in their
study, the serum level of copeptin was calculated retrospectively: five-millimeter blood
samples were obtained from the patients and centrifuged, but the plasma was stored at
−80 degrees until analysis. The copeptin levels were higher among stroke patients com-
pared to healthy controls (mean of 21.2 pmol/L compared to 10.7 pmol/L). The authors did
not find any differences between ischemic stroke patients and hemorrhagic stroke patients
in the concentrations of any of the three markers. They suggested that this result was
due to the late presentation of patients to the hospital (a mean of 6 days for hemorrhagic
stroke and 7 days for ischemic stroke). However, when they restricted the analysis only to
patients who presented within 3 days of symptom onset, copeptin was marginally higher
among ischemic stroke subjects compared to hemorrhagic stroke patients (26.3 pmol/L
compared to 20.7 pmol/L). They also observed that the GFAP levels declined among the
three etiologies of strokes, being the highest for large-vessel atherothrombotic stroke, fol-
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lowed by cardioembolic strokes and then lacunar strokes. This difference was not observed
for copeptin or MMP-9. The authors did not find any significant correlations between
the lesion volume and the three evaluated markers. However, copeptin was negatively
correlated with stroke severity. The three markers did not differ between patients who died
and patients who survived. None of the markers were associated with stroke severity or
mortality. None of the markers distinguished between ischemic and hemorrhagic stroke
within 3 days of stroke onset. However, GFAP and copeptin were excellent markers in
differentiating between stroke patients and stroke-free patients [33].

On the other hand, an increased plasma copeptin level was demonstrated as an
independent prognostic marker of 1-year mortality and 1-year unfavorable outcomes for
intracerebral hemorrhage [34]. The prognostic value of copeptin to predict 30-day mortality
and functional outcomes after 90 days for intracerebral hemorrhage was also confirmed [35].

Aneurysmal subarachnoid hemorrhage (aSAH) is a cerebrovascular event with long-
term morbidity and mortality [36]. Delayed cerebral ischemia, which can happen between
4 and 14 days after the onset of aSAH, is the most important determinant of a poor out-
come [37]. Zuo and Ji (2019) [38] analyzed 243 patients with aSAH and evaluated mortality
and poor functional outcomes (measured on the Glasgow Outcome Scale) after 3 months.
The median copeptin level was 21.0 pmol/L. Copeptin levels were higher when the sever-
ity of aSAH was higher (defined by the WFNS score). The mean copeptin level was
17.2 pmol/L for patients with a WFNS score below 3, whereas it was 29.6 pmol/L for pa-
tients with a WFNS score above 3. Patients who experienced a poor outcome at the 3-month
follow-up had a level of copeptin that was nearly two times higher than in patients who
experienced a good outcome (mean of 30.7 pmol/L compared to 19.0 pmol/L). Patients
with poor outcomes and patients who died had significantly higher levels of copeptin at ad-
mission. The researchers demonstrated that the factors that predicted the 3-month outcome
were age, WFNF at admission, the modified Fischer score at admission, intraventricular
hemorrhage, delayed cerebral ischemia, the level of IL-6, and the level of copeptin. Based
on the ROC curve, they demonstrated that a cutoff of 24.0 pmol/L for copeptin serves an
indicator for the prediction of poor outcomes, which demonstrated sensitivity of 70.5% and
specificity of 69.6%. In addition, when analyzing the discriminatory ability to predict poor
outcomes, the model containing copeptin as a factor plus the known risk factors showed
a greater discriminatory ability compared to the model without copeptin [38]. Patients
who died had a level of copeptin that was more than two times higher than in patients
who survived (mean of 47.8 pmol/L compared to 19.9 pmol/L). Based on the ROC curve,
copeptin combined with the WFNS score had greater discriminatory accuracy compared to
the WFNS score alone [38]. For the patients with good outcomes (who truly returned to nor-
mal daily function), the plasma copeptin levels were lower compared to patients with poor
outcomes (20.5 pmol/L compared to 30.1 pmol/L) [38]. Zuo and Ji (2019) [38] concluded
that the copeptin level can predict the short-term prognosis (mortality and functionality)
from the moment of onset in aSAH patients. Another important conclusion of their study
was that copeptin can improve the prognostic accuracy of the WFNS score. Fung et al.
(2013) [39] reported that copeptin can indicate the clinical severity of the initial bleeding
in aSAH and, therefore, may guide treatment decisions. They evaluated 18 patients with
aSAH and observed correlations between the levels of copeptin and the severity of aSAH
as measured by the WFNS score after resuscitation, the amount of subarachnoid blood,
and the occurrence of intracerebral hemorrhage. In their study, the median copeptin level
at admission was 17.0 pmol/L. Dividing them according to the WFNS score, the median
copeptin levels were 6.8 pmol/L for WFNS 1, 2.8 pmol/L for WFNS 2, 7.1 pmol/L for
WFNS 3, 17.4 pmol/L for WFNS 4, and 79.9 pmol/L for WFNS 5. The authors also found
an association between higher levels of copeptin and poor-grade aSAH (based on WFNS
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4–5 points), but also the existence of intracerebral hemorrhage. Moreover, the copeptin
levels of patients who had a good outcome were lower than in those with poor outcomes,
suggesting that copeptin levels may predict outcomes for patients with aSAH. Moreover,
patients who died had median copeptin levels that were three times higher than in patients
who survived at the 6-month follow-up, explaining that the copeptin levels may predict
mortality for patients with aSAH. However, there were no significant correlations among
copeptin and the aneurysm location, intraventricular hemorrhage, hydrocephalus, va-
sospasm, or delayed cerebral ischemia. This result indicates that copeptin levels should not
be used as a predictor for vasospasm because clinical grades have higher accuracy [39,40].

3.2. Copeptin May Differentiate Between Stroke Mimics

Deboevere et al. (2019) [41] evaluated whether copeptin and PS100 levels can help
in the differential diagnosis between stroke and other causes of vertigo in the emergency
room. It is always a challenge for the attending physician to exclude the diagnosis of stroke
(which would require emergency neurovascular treatment) from other peripheral causes
of vertigo (where treatment is usually only symptomatic). Protein S-100b (PS100) is a
marker of vascular or traumatic brain injury [42]. It is a protein secreted by central nervous
system astrocytes and has negative predictive value to rule out brain injury in mild brain
trauma [43]. Both copeptin and PS100 have been shown to correlate positively with the
stroke severity [10,44]. The utility of these two markers comes from the idea that copeptin
levels rise in the first few hours after endogenous stress and then rapidly fall below normal
values [45]. On the other hand, the increase in PS100 is delayed after stroke until tissue
necrosis occurs, but the increase is long-lasting [46]. Deboevere et al. (2019) demonstrated
that PS100 and copeptin levels were higher in patients who had a stroke compared to
those who had other causes of vertigo. Deboevere et al. (2019) [41] concluded that normal
levels of copeptin and PS100 exclude the diagnosis of stroke in patients presenting to the
emergency room for vertigo. This result is helpful in the diagnosis of stroke, especially in
situations of uncertainty or in situations where there is no access to radiology services.

On the other hand, copeptin might be used as a marker in discriminating between
stroke and stroke mimics in the pre-hospital setting; this result could be very useful,
particularly given that it is a non-invasive test [1,47]. The frequency of stroke mimics can
be as high as 30% of stroke code activations at the pre-hospital level [48]. Von Recum
et al. (2015) [1] evaluated 36 patients and analyzed the utility of copeptin in the differential
diagnosis of ischemic stroke, transient ischemic attack, and stroke mimics (such as complex
migraine, delirium, epilepsy, or vestibular neuronitis). Copeptin levels tended to be higher
in patients with stroke compared to those with a transient ischemic attack, but, for the
patients with stroke mimics, the range of copeptin values was extremely broad [1]. The
copeptin level at 4.5 h after the onset of symptoms was two times higher in patients with
stroke compared to those with transient ischemic attacks.

Table 1 presents a summary of the findings about copeptin as a marker that helps in
the differential diagnosis of stroke, highlighting the number and types of patients included,
the assessed markers, the differential diagnoses, and the findings.
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Table 1. Studies that evaluated copeptin as a marker for the differential diagnosis of stroke.

Study Participants Assessed Markers Differential Diagnosis Findings

Aksu et al.
(2016) [7]

176 patients before
imaging diagnosis Copeptin

Cerebral infarction,
intracerebral

hemorrhage, and
subarachnoid
hemorrhage

- no significant difference
between cerebral infarction,
intracerebral hemorrhage,
and subarachnoid
hemorrhage in terms of
copeptin level

- a difference in copeptin
levels between healthy
controls and stroke patients

Han et al.
(2023) [29]

73 patients (51 with
cerebral infarction and
22 with intracerebral

hemorrhage)

Copeptin
GFAP

NT-proBNP

Cerebral infarction and
intracerebral
hemorrhage

- no significant differences
between cerebral infarction
and intracerebral
hemorrhage in terms of
copeptin level

Sun et al.
(2018) [32]

119 patients (87 with
cerebral infarction and
32 with intracerebral

hemorrhage) and
119 healthy controls

Copeptin
Cerebral infarction and

intracerebral
hemorrhage

- copeptin level was
positively associated with
cerebral infarction and
negatively associated with
intracerebral hemorrhage

Sarfo et al.
(2018) [33]

156 patients (99 with
cerebral infarction and
57 with intracerebral

hemorrhage) and
74 healthy controls

Copeptin
GFAP

MMP-9

Cerebral infarction and
intracerebral
hemorrhage

- no significant differences
between cerebral infarction
and intracerebral
hemorrhage in any of the
markers (for all patients
who presented at the
emergency room after a
mean of 7 days since onset)

- when restricting the
analysis to the patients
who presented to the
emergency room in the
first 3 days since onset,
copeptin was marginally
higher among cerebral
infarction subjects
compared to intracerebral
hemorrhage patients

- copeptin and GFAP were
excellent markers in
differentiating between
stroke patients and
stroke-free patients

Deboevere et al.
(2019) [41]

135 patients who
presented at the
emergency room

for vertigo

Copeptin
PS100

Central vestibular
disorder and peripheral

vestibular disorder

- PS100 and copeptin levels
were higher in patients
who had a stroke
compared to those who
had other causes of vertigo

- normal levels of copeptin
and PS100 exclude the
diagnosis of stroke in
patients presenting to the
emergency room for vertigo
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Table 1. Cont.

Study Participants Assessed Markers Differential Diagnosis Findings

Von Recum et al.
(2015) [1]

36 patients who
presented at the

emergency room for
stroke-like symptoms

Copeptin

Cerebral infarction,
transient ischemic
attack, and stroke
mimics (such as

complex migraine,
delirium, epilepsy, or
vestibular neuronitis)

- copeptin levels were
higher for stroke patients
compared to transient
ischemic attack patients

- patients with stroke
mimics had an extremely
broad range of
copeptin values

4. Discussion
One of the first endocrine abnormalities that responds to cerebral ischemia is the

activation of the hypothalamic–pituitary–adrenal axis [22].
Our review assessed copeptin as a marker for differential diagnosis in stroke patients.

In terms of copeptin levels helping in differentiating between stroke subtypes, the results
are inconsistent: some studies did not find any significant differences between cerebral
infarction, intracerebral hemorrhage, and subarachnoid hemorrhage [7,29,33]. There was
only one study that suggested different correlations between ischemic stroke (positive) and
hemorrhagic stroke (negative) [32]. However, all assessed studies explained that copeptin
levels can help in differentiating stroke patients from stroke-free patients [7,33].

Other important findings were that the copeptin levels correlate with prognostic scales
for several neurological pathologies (NIHSS score, Hunt and Hess score, CGS).

In terms of copeptin levels helping in differentiating between stroke and stroke mimics,
the copeptin levels were extremely broad, but the results should be replicated in a greater
number of participants. For the diagnosis of vestibular disorders, it was shown that a
normal level of copeptin excludes stroke [41].

The main findings of the reviewed articles about the differential diagnostic value of
copeptin in stroke patients can be seen in Table 2 and Figure 3.

Table 2. Main findings of studies that evaluated the differential diagnostic value of copeptin in stroke
patients.

Study Main Findings

Aksu et al. (2016) [7]

• No significant correlation between copeptin level and ICH score for hemorrhagic stroke.
• Significant correlation between copeptin level and NIHSS score for ischemic stroke.
• Significant correlation between copeptin level and Hunt and Hess score for

subarachnoid hemorrhage.
• Significant correlation between copeptin level and CGS.
• Copeptin levels oriented toward the patient who died and those who survived.
• Copeptin levels oriented toward healthy volunteers and those with neurological disease.
• The authors did not conclude that copeptin can differentiate between ischemic stroke,

hemorrhagic stroke, and subarachnoid hemorrhage.

Han et al. (2023) [29] • The authors did not conclude that copeptin can differentiate between ischemic stroke
and hemorrhagic stroke.

Sun et al. (2018) [32] • Copeptin levels oriented toward healthy volunteers and those with neurological disease.
• Copeptin levels can differentiate between ischemic stroke and hemorrhagic stroke.
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Table 2. Cont.

Study Main Findings

Sarfo et al. (2018) [33]

• Copeptin levels oriented toward healthy volunteers and those with neurological disease.
• The authors did not conclude that copeptin can differentiate between ischemic stroke

and hemorrhagic stroke (for patients with late onset).
• The authors concluded that copeptin may differentiate between ischemic stroke and

hemorrhagic stroke (for patients with early onset).
• Copeptin levels did not help in differentiating between stroke causes (atherothrombotic,

cardioembolic, and lacunar strokes).

Figure 3. Copeptin use in the differential diagnosis of stroke.

Despite accumulating evidence linking copeptin levels to the outcomes of stroke pa-
tients, copeptin measurement is still not routinely performed in the standard management
of post-stroke patients [8]. The reliability of these studies is diminished because of three fac-
tors: first, the target groups were relatively small; second, most studies were performed in
Eastern populations and rural areas; third, copeptin is a marker that can also rise in several
other conditions, such as myocardial infarction, polyuria–polydipsia syndrome, hypona-
tremia, polycystic kidney disease, and metabolic disorders (diabetes mellitus, metabolic
syndrome, insulin resistance, infections) [10,12]. However, copeptin levels are elevated
in the majority of hyponatremic patients [49]. Copeptin and its relation to hyponatremia
are important in stroke patients due to the increased risk of deterioration in the already
impaired cerebral circulation [49]. The therapeutic options for hyponatremia include the
correction of the underlying cause, fluid restriction, the administration of hypertonic solu-
tions, loop diuretics, and vaptans [49]. For stroke patients, there are no specific guidelines
for the treatment of hyponatremia [50,51]. Hyponatremia caused by intracranial diseases
should be treated with hypertonic saline [52]. Isotonic saline should be avoided in stroke
patients because it can aggravate hyponatremia due to SIADH. Vaptans are approved in the
United States because they diminish cerebral edema and the blood–brain barrier through
osmotic and anti-inflammatory mechanisms [53,54]. However, studies regarding the role of
vaptans in treating stroke patients are still lacking [49]. Moreover, the contradictory findings
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may be explained by the fact that increased AVP levels were found especially in ischemic
stroke patients, and they were related to delayed neuronal damage following ischemic and
reperfusion, meaning that AVP and copeptin levels may play a more significant role in the
longitudinal view of stroke patients, rather than the transverse view, in a single assay, when
the patient is at the emergency ward. Other explanations for the contradictory findings may
be the heterogeneous and large samples of patients, with wide ranges of NIHSS values,
broad age ranges, different stroke etiologies, and different comorbidities among patients.

In line with the limitations of the previous studies, we can formulate some possible
future research directions. Copeptin assessment may be useful in acute emergency hospitals
with a neurology ward, for patients that present with acute-onset neurological deficits, and
may be useful in differentiating between ischemic stroke and hemorrhagic stroke in order to
determine the patient’s need for recanalization therapies (the so-called stroke thrombolysis
code). Another practical application may be in differentiating between patients who present
at the emergency ward for neurological deficits and have no radiological findings on the
cerebral CT, in order to triage patients who may suffer from a stroke mimic. The most
important consideration in the design of studies on copeptin levels in stroke mimics is
to blind the neurologist who interprets the final level of copeptin, as in a previous study
that was performed in this field [1]. In addition, future research should focus on the
longitudinal follow-up of patients, in order to assess patients who had no imaging findings
on cerebral CT but had stroke findings on follow-up MRI or for patient with silent strokes.
On the other hand, a copeptin assay may be useful in a multidisciplinary hospital and
may be used as an exclusion criterion for stroke in patients who exhibit a sudden altered
state of consciousness, thus orienting the clinician toward other metabolic causes of coma.
The main future direction is to determine whether copeptin may be used as a marker
that directs the diagnosis toward ischemic stroke, similarly to the use of procalcitonine to
direct the diagnosis toward sepsis and NT-proBNP to direct the diagnosis toward cardiac
insufficiency (although these markers may also be increased in other pathologies, they
have high sensitivity and specificity) [55,56]. Another future direction is standardizing
the assay of copeptin in terms of when it should be drawn from the patient and how it is
stored in order to have the best benefit: future studies should determine the exact time of
sampling (for example, for thrombolysis codes, copeptin should be sampled at the same
time as the blood samples in line with the inclusion criteria for thrombolysis), as well as
precise details of the storage of the blood or plasma sample. Finally, in order to highlight
the diagnostic value of copeptin in stroke patients, we suggest that future studies should
focus only on this biomarker, as compared to previous studies that analyzed the diagnostic
value of multiple biomarkers taken together. In the same context, we suggest that copeptin
should be studied in an integration approach with other risk factors or etiological factors
related to stroke, as in the CoRisk study [24,57]. Lastly, most of the previous studies focused
on determining the plasma level of copeptin, but in the recent years, it was suggested that
determining the copeptin level in patient’s cerebrospinal fluid may also help in patients
with acute neurological disease, such as subarachnoid hemorrhage [58].

5. Conclusions
The differential diagnosis of diseases that are presented in the emergency department

with acute stroke-like symptoms relies on clinical assessment and brain imaging. However,
the limited timeframe in which patients are eligible for recanalization therapies has spurred
interest in discovering blood-based markers [48].

The above review suggests that assessing copeptin levels may help in differentiating
between stroke subtypes and stroke mimics, but further studies are needed.
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Copeptin is a novel and promising marker for the evaluation of cerebrovascular
diseases, although multiple diseases can raise copeptin, which may be considered a non-
specific marker. Compared to other more specific markers, copeptin is recommended to be
used as an additional marker in a multimarker approach [59,60]. Copeptin measurement
has the advantage of a rapidly available lab result, in less than 2 h, which makes it useful
in emergency situations [10]. It may be used in neurological cases in order to differentiate
between stroke subtypes (ischemic versus hemorrhagic). In addition, it may may play an
important role in differentiating between stroke and stroke mimics (migraine, vestibular
neuronitis, epileptic seizure), but also in differentiating between neurological causes and
non-neurological causes of a patient’s symptoms (in comatose patients, for example, who
should be admitted to other medical departments). However, because of the small sam-
ple sizes of previous studies and the heterogeneous sample populations, further studies
are required.

An early diagnosis is critical in stroke patients because of the different and individ-
ualized treatments, the usage of acute revascularization therapies, triage decisions, and
optimized care [22].
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