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ARTICLE INFO ABSTRACT

Purpose: The purpose of this study was to investigate the clinical use of copeptin to evaluate migraine attacks in
the Emergency Department. An additional aim was to detect changes in serum copeptin levels in migraine pa-
tients during attack and attack-free periods.

Methods: This prospective case-control study included 52 migraine patients and 51 healthy individuals with sim-
ilar demographic characteristics. Blood samples were collected from migraine patients both in attack and attack-
free periods.
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Ié?l;‘gs;ds' Results: The mean copeptin levels in the patients group in the attack and attack-free periods were 689.28 and
Emergency 576.68 pg/ml, respectively, whereas they were 608.68 pg/ml in the control group. There was a significant differ-
Headache ence in the mean copeptin level in the attack period and attack-free periods (p = 0.026). The sensitivity and
Migraine specificity of copeptin in detecting headache episodes in migraine patients were 58.8% and 60.7%, respectively,

at a cut-off value of 388.67 pg/ml.
Conclusion: This is the first study to investigate the diagnostic efficacy of serum copeptin levels in migraine pa-
tients. Although the diagnostic efficacy of serum copeptin levels for migraines was unsatisfactory, it could be

helpful at management of migraine patients in ED.

© 2020 Elsevier Inc. All rights reserved.

1. Introduction

Headaches are a very common presenting symptom in the emer-
gency department (ED). The differential diagnoses of headaches range
from benign pathologies, such as a migraine and other primary head-
ache syndrome, to life-threatening pathologies, such as a subarachnoid
hemorrhage. Migraines, which are a common primary headache syn-
drome, are an important cause of patients presenting to the ED with
headaches. As the diagnosis of a migraine is based on clinical symptoms
rather than on laboratory and imaging methods, migraines pose a clin-
ical challenge for emergency physicians. This clinical challenge
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sometimes leads to unnecessary examinations in patients. Furthermore,
it may lead to misdiagnoses of more critical pathologies in some cases.

Classical vascular theory was the first scientific hypothesis put for-
ward to explain the pathophysiology of a migraine. According to this
theory, long-term vasodilatation following vasoconstriction of intracra-
nial arteries during a migraine attack may cause headaches and other
symptoms [1]. Based on this theory, the effectiveness of various bio-
markers in the diagnosis of a migraine has been investigated. In their
study in 1991, Hamptom et al. reported that arginine vasopressin
(AVP), an important stress hormone with hemodynamic, endocrinolog-
ical, and neurological effects may be useful in the diagnosis of a migraine
[2]. However, various features of AVP, such as its instability, short half-
life, and binding to platelets in plasma, preclude its use daily medical
practice [3]. Recently, copeptin, a peptide that is co-released with AVP
in equal amounts, has emerged as a marker of serum AVP and related
pathologies [4-7]. The diagnostic and prognostic value of copeptin
have been demonstrated in many pathologies associated with head-
aches, such as nontraumatic headaches, strokes, subarachnoid hemor-
rhages, and traumatic brain injuries [7,8].
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The purpose of this study was to investigate the clinical use of
copeptin to evaluate migraine attacks in the Emergency Department.
An additional aim was to detect changes in serum copeptin levels in mi-
graine patients during attack and attack-free periods.

2. Methods
2.1. Study population

This was a prospective case-control study conducted in the ED of a
tertiary university hospital. Patients aged between 18 y and 60 y who
had a previous diagnosis of migraine and admitted to the ED with
usual headache episode and were evaluated as migraine attack between
July 2018 and April 2019 were included. After obtaining written con-
sent, blood samples were taken from the participants. Each participant
was asked to revisit the ED in the attack-free period (a minimum of 1
wk. and a maximum of 4 wk. after the migraine attack), at which time
another blood sample was taken. A migraine was diagnosed according
to the classification of the most recent diagnostic criteria of Interna-
tional Headache Disorders accepted by the World Health Organization
and World Neurology Federation [9]. Patients were excluded if they
had any other acute or chronic illnesses, a history of trauma within
the last week, a history of alcohol or corticosteroid use within the last
week, or any underlying morbidity that could cause headaches. Patients
who were pregnant were also excluded.

The control group consisted of healthy volunteers with a similar age
and sex distribution to those included in the patient group. After
obtaining written consent, all the participants underwent a detailed
neurological examination.

2.2. Ethics

The study was performed in accordance with the principles of the
Declaration of Helsinki. Ethical approval was obtained from the local
ethics committee (protocol code: 2018/163), and written informed con-
sent was obtained from all the participants.

2.3. Sample collection and preparation

Peripheral venous blood samples from the patient group and control
group were collected in gel-containing biochemistry tubes. The tubes
were centrifuged at 3000 rpm for 10 min, and the collected serum sam-
ples were stored at —80 °C until the analysis.

2.4. Measurement of serum copeptin levels

Quantitative measurement of serum copeptin levels was performed
using a commercial ELISA kit (Human Copeptin (CPP) ELISA Kit, E-EL-
HO0851, Elabscience, Wuhan, China) according to the manufacturer's in-
structions. A calibration curve was generated by measuring the stan-
dard concentrations, and the copeptin concentration in each sample
was determined by interpolation from the calibration curve. The detec-
tion limit of the assay was 18.75 pg/ml.

2.5. Statistical analyses

The statistical analyses were performed using SPSS 20.0 (IBM Inc.,
Chicago, IL, USA). Descriptive statistics are presented as the mean +
SD for numerical variables and frequency (percentage) for categorical
variables. The Kolmogorov-Smirnov method was used to test the nor-
mality of the copeptin data. Between-group comparisons were per-
formed using the Mann-Whitney U test. As the distribution of the
data was not normal, paired sample comparisons were performed
using Wilcoxon's signed-rank test. A chi-square test was used for sex
variables, and the relation between the age of the patients and the mea-
surements was determined by Spearman's Rho correlation analysis. A

power analysis was conducted using GPower 3.1.0 software
(Universiaet Kiel). The same software was used for determination of
the sample size. Based on the results, it was calculated that 50 patients
were sufficient to reach 80% power. A value of p < 0.05 was considered
statistically significant, with a type-I error of 5%.

3. Results

0f 917 patients admitted to the ED with a headache during the study
period, 164 patients were diagnosed with a migraine. Of these, 87 pa-
tients agreed to participate in the study. Among these 87 patients, 34
patients refused to give a blood sample again in the attack-free period,
and one patient was excluded due to a failure in the storage process of
the frozen blood sample. Finally, 52 migraine patients and 51 healthy in-
dividuals with similar demographic characteristics were enrolled in the
study. The flow chart of the study and demographic features of the par-
ticipants are given in Fig. 1 and Table 1, respectively.

As shown in Fig. 2, the mean copeptin level was higher in migraine-
attack periods and lower in attack-free periods in the patient group as
compared with that in the control group. Although the distribution of
copeptin values and standard deviations are wide, there was a statisti-
cally significant difference between the mean copeptin levels of mi-
graine patients in attack and attack-free periods (p = 0.026) (Table 2).

The diagnostic performance of copeptin in detecting headache epi-
sodes of migraine was evaluated by a receiver operating curve analysis.
Copeptin had sensitivity of 58.8% and specificity of 60.7% at a cut-off
value of 388.67 pg/ml. More detailed information is provided in Fig. 3.

4. Discussion

We hypothesized that serum copeptin levels may have diagnostic
value in migraine patients who were admitted to the ED with head-
aches. To our knowledge, this study is the first to evaluate the role of
copeptin in migraine patients. The majority of migraine patients in
this study were middle-aged women. The sex and age distribution of
the migraine patients in our study were similar to those in other studies
[10,11]. Therefore, our results can likely be extrapolated to the general
population.

The headache that occurs during a migraine is thought to be related
to activation of the trigeminovascular system and the release of various
neurotransmitters, leading to an inflammatory cascade involving the
meninges, meningeal arteries and veins, and cortical substances [12].
The diagnosis of a migraine is based on a detailed medical history, sub-
jective clinical criteria, and exclusion of conditions mimicking migraine
[9]. With advances in migraine research, various biomarkers, such as
glutamate, calcitonin gene-related peptide, B-endorphin, and
pentraxin-3, have been identified [13]. However, the optimal use of
these biomarkers in diagnosis, prognosis, and treatment remain to be
determined. Thus, in the present study, we aimed to determine the util-
ity of copeptin as a diagnostic parameter in migraine attacks. Our study
demonstrated that copeptin levels in migraine patients during both at-
tack and attack-free periods were not significantly different from those
of a control group. Hence, copeptin levels do not appear to have diag-
nostic value in migraines.

The most important finding of our study was the significant increase
in copeptin levels in migraine patients during the attack period. In the
ED management of headaches, a diagnosis of a migraine can be made
if patients report they are having a typical migraine attack or an exacer-
bation of a recurrent headache disorder that clearly meets established
migraine criteria. However, for patients with atypical presentations or
with a headache that in some way differs from their usual pattern or
does not respond to usual medications, it is often unclear whether fur-
ther diagnostic workup is indicated [14]. The numbers of neuroimaging
requests in the ED and cost of neuroimaging have increased in recent
decades [15]. Our study demonstrated that at a cut-off value of 388.67
pg/ml, copeptin had 58.8% sensitivity and 60.7% specificity in detecting
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917 patients with headaches

164 patients with migraines

Il

87 migraine patients agreed to
participate the study

34 patients refused to give blood
again

r

53 migraine patients in the study

1 patient excluded due to a problem
with storage of the frozen blood
sample

r

52 migraine patients completed
the study

Fig. 1. Flow chart of the study.

a headache attack in migraine patients. In terms of the clinical value of
this finding, it could be helpful for emergency physicians in the evaluat-
ing of migraine attacks in ED.

A number of previous studies have established the diagnostic effi-
cacy of AVP levels in migraine patients. For example, in a study on 14
migraine patients in 1991, Hamptom et al. showed that the serum
AVP level increased significantly during the attack period [2].
Hasselblatt et al. demonstrated that AVP levels increased in migraine

Table 1
Demographic features of the participants
Patients (n:52) Controls (n:51) p Value
Sex (male/female) 10/42 10/41 0.962

Age (y) 32.84 +£9.94 33.12 £ 9.65 0.879

patients within hours of an attack [16]. The results obtained in the pres-
ent study support those of these earlier studies. However, considering
various features of AVP, such as its instability, short half-life, and binding
to platelets, we think that copeptin may be more suitable than AVP is for
use in clinical practice.

This study has some limitations, such as its single-center design and
lack of assessment of migraine symptoms and auras. The small sample
size was an additional limitation. Another limitation was that the partic-
ipants were not questioned about the time between the onset of symp-
toms and the attack at the time of blood sampling. In an earlier study,
the AVP level increased in the first 3 h of an attack and remained high
as long as symptoms persisted [x]. Thus, we think that this limitation
would not have affected the results of the present study.

To conclude, this is the first study to investigate the diagnostic
efficacy of serum copeptin levels in migraine patients. Although the di-
agnostic efficacy of serum copeptin levels for migraines was
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Fig. 2. Mean copeptin levels of patients during migraine attack and attack-free periods and mean copeptin levels in the control group. *The data ranges in the figure reflect 95% CI values.

Table 2
Between-group comparison of copeptin le

vels

Copeptin level (pg/ml) p
Value
Attack period versus control 689.28 + 730.36 versus 608.68 + 950.70 0.069
Attack free period versus control 576.68 4 639.95 versus 608.68 4 950.70 0.984
Attack period versus attack-free period 689.28 + 730.36 versus 576.68 + 639.95 0.026
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Fig. 3. Receiver operating characteristic curve and performance of copeptin in detecting headache episodes in migraine patients. AUC: area under the curve, PPV: positive predictive value,

NPV: negative predictive value.
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unsatisfactory, measurements of serum copeptin levels may be effective
in reducing unnecessary imaging costs, especially in migraine patients
with an atypical clinical presentation. More comprehensive studies are
needed to support our findings.
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