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ABSTRACT

Endogenous Calcitonin Gene-Related Peptide (CGRP) stored in perivascular nerve fibers around the
cerebral arteries mediates vasodilation and regulates cerebral blood flow under physiological conditions.
Increased levels of CGRP have been continually reported in patients with migraine, but the role of CGRP in
the pathophysiology of Subarachnoid Hemorrhage (SAH) has not yet been sufficiently evaluated. Over 10
days, serum was prospectively collected from 33 consecutive patients (17 women, 16 men; mean age 52.8
years) with spontaneous non-traumatic SAH. All patients were graded Il or IV according to the Fisher
Score. CGRP levels were determined by means of an Enzyme-Immunosorbent Assay (EIA). CGRP
concentrations were correlated to (1) the anatomical localization of the aneurysm (anterior circulation or
posterior circulation), (2) the treatment modality (clipped group, coiled group, or untreated group) and (3)
the rate of ischemia determined by computed tomography (ischemia group, non-ischemia group, or
iatrogenic ischemia group). (1) Anatomical localization: CGRP levels were significantly higher in patients
with a ruptured aneurysm of the anterior circulation (p<0.001). (2) Treatment modality: CGRP levels
differed significantly between the groups (coil group, clip group, or untreated group; p<0.001). The highest
levels of CGRP were detected in the coil group and the lowest levels in the untreated group. About (3)
Ischemia: CGRP levels differed significantly between the three groups (ischemia group, non-ischemia
group, or iatrogenic ischemia group; p = 0.038). The highest levels of CGRP were found in the ischemia
group. The maximum levels of CGRP in serum were found for patients with a ruptured aneurysm of the
anterior circulation and subsequent ischemia treated by endovascular coiling. These findings support the
theory that CGRP is produced and excessively released to counteract cerebral vasospasm and subsequent
ischemia. Presumably, the serum levels of CGRP are affected by the anatomical localization of the
aneurysm and can be stimulated by any endoluminal manipulation of the parent artery.
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1. INTRODUCTION

Ischemia (CI)

Although the peptidergic regulation of the cerebral
vasculature under normal conditions is well
established (Edvinsson et al., 1994; McCulloch et al.,
1986; Hokfelt et al., 1992), its role in pathophysiology
after spontaneous Subarachnoid Hemorrhage (SAH),

remains unclear (Kokkoris et al., 2012). Recently,
Jung et al. (2013) have emphasized the importance of
endogenous molecular and peptidergic biomarkers
that potentially predict cerebral vasospasm,
subsequent CI and functional outcome after SAH and
traumatic brain injury.
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Besides biomarkers for inflammation, biomarkers for
oxidative stress and vascular biomarkers, neuropeptides
have been a subject of intensive research over the past
few decades. Of particular interest was the potent
vasoconstrictor Neuropeptide Y (NPY) and its possible
role in the pathophysiology of vasospasm-induced CI
due to SAH (Heilig et al., 1990; Pluta et al., 1992;
Schebesch et al., 2013a). One of the most important
functional antagonists of NPY is CGRP. Described the
functional antagonism of NPY and the vasodilator
Calcitonin Gene-Related Peptide (CGRP) in mesenteric
resistance arteries (De Mey et al, 2008). This
antagonism had also been proposed to be present in the
central nervous system and some research groups have
evaluated the possible role of CGRP in SAH
(Kokkoris et al., 2012; Juul et al., 1990; 1995;
Schebesch et al., 2013b).

CGRP is a 37-amino-acid neuropeptide. The signal
transduction is obtained by G-protein-coupled
receptors, thereby activating adenylate cyclase
(Rosenfeld et al., 1983). CGRP is expressed and
stored in nervous tissue, such as the sensory and the
trigeminal ganglia, the cortex and the pituitary gland.
Cerebral perivascular fibers containing CGRP in
presynaptic vesicles almost exclusively derive from
the Gasserian ganglion (McCulloch et al., 1986;
Hokfelt et al., 1992; Saria et al.,, 1992). CGRP
physiologically restores the wvascular tone after
vasoconstriction and represents the most important
mediator of the ’trigeminovascular reflex. The
vascular tone is increased by the intrinsic release of
vasoconstrictive  neuropeptides, such as NPY,
Vasointestinal Peptide (VIP) and Substance P (SP).
Thus, Cerebral Blood Flow (CBF) is restrained,
whereas CGRP release relaxes the smooth muscle
layer, dilates the artery and increases the CBF volume
(Johnston et al., 1990).

Excessive CGRP release has been identified as one of
the main causes of migraine because CGRP unalterably
dilates the cerebral vessels (Edvinsson et al., 1994). The
role of CGRP in the pathophysiology of vasospasm-
related CI due to SAH and its potential in preventing
SAH-related stroke have been advocated before
(Kokkoris et al., 2012; Johnston et al., 1992; 1990).
However, to the best of our knowledge, no data are
yet available on the influence of the anatomical
localization of the ruptured aneurysm and the effect of
endovascular or surgical occlusion on the intrinsic
release and dynamics of CGRP in serum.
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2. PATIENTS AND METHOD

This study included 33 consecutive patients (17
women, 16 men) with spontaneous non-traumatic
SAH. Their mean age was 52.8 years, ranging from 28
years to 81 years. All patients presented with sudden
onset of SAH symptoms and were admitted to our
neurosurgical Intensive Care Unit (ICU) within 12 h.
Each patient received an External Ventricular
Drainage (EVD) in combination with an
Intraventricular Intracranial Pressure (ICP) device
(RAUMEDIC, Rehau, Germany) within 24 h.
Continuous ICP monitoring was installed. Exclusion
criteria were presence of any immune-modulatory or
chronic inflammatory diseases, history of repeated
SAH, or SAH induced by trauma.

The volume of subarachnoid blood was screened
on the initial CT scan and classified according to the
score established by (Fisher et al., 1980) (Fisher
Score, Table 1). All patients were classified with a
Fisher score of Il or IV (n = 22 and n = 11
respectively, Table 2). Each patient underwent early
digital subtraction angiography (DSA, <24 h after
admission). About 29 ruptured aneurysms were
identified, Table 3. Aneurysmal occlusion was
achieved by endovascular Coiling (Coil) in 22 patients
and by surgical Clipping (Clip) in 6 patients within 48
h after the onset of SAH. Within 24 h after surgery or
intervention, another CT was conducted to rule out or
confirm procedure-related ischemia.

All patients were treated according to our ICU
standard operating protocol (Kagerbauer et al., 2010).
Basically, Transcranial Doppler sonography (TCD)
examinations were conducted daily. The occurrence of
vasospasm was suspected if the mean blood flow
velocity in the MCA or ACA was higher than 150 cm
sec” ! (Woitzik et al., 2012). Patients were examined
under sedation via a CT scan if the occurrence of
vasospasm was suspected by TCD and if the ICP level
was above 20 mm Hg and permanently refractory to the
administration of osmotic agents or to the application of
additional sedatives for at least 30 min.

Every morning between 8 and 12 am, 5 mL of arterial
blood were drawn directly from the arterial catheter
(radial artery). The observational period was 10 days
after the onset of SAH. Subgroups were formed
according to the localization of the ruptured aneurysm,
the treatment modality and the development of
vasospasm-related ClI during the first 10 days.
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Table 1. Fisher score

| No hemorrhage evident

1l Subarachnoid hemorrhage measuring less than 1 mm

11
v

Subarachnoid hemorrhage measuring more than 1 mm
Subarachnoid hemorrhage of any thickness with intra-ventricular hemorrhage or parenchymal extension

Table 2. Descriptive data (N = 33)

Ratio men (%)/women (%)

16 (48.5)/17 (51.5)

Age (yrs.)

Mean

Median

Range

Aneurysmal Localization
Anterior circulation (%)
Posterior circulation (%)
No aneurysm detected (%)
Treatment of Aneurysms
Clip (%)

Coil (%)

No treatment (%)

Cerebral Ischemia (Cl)
Unrelated to manipulation (%)
Related to manipulation (%)
No ClI

Fisher Grade

Grade 111 (%)

Grade IV (%)

52.8
52.0
2810 81

24 (72.5)
5 (15)
4 (12.5)

6 (18.5)
22 (66.5)
5 (15)

10 (30.5)
5 (15)
18 (54.5)

22 (66.5)
11 (33.5)

Table 3. Anatomical localization of the aneurysmAnterior

circulation
Anterior circulation n
Middle Cerebral Artery (MCA) 5
Internal Carotid Artery (ICA) 3
Anterior communicating artery (Acomm) 14
Pericallosal artery 1
Posterior Cerebral Artery (PCA) 1
Posterior circulation
Basilar Artery (BA) 2
Vertebral Artery (VA) 2
Posterior communicating artery (Pcomm) 1
No aneurysm 4

The study protocol was approved by the local ethics
committee (06/179).

2.1. Laboratory Procedures

Immediately after sampling, serum samples were
centrifuged at 1200 rounds per minute (rpm) for 10
min. The supernatants were aliquoted and stored at-
80° until further use. The samples were thawed,
aliquoted (1.5 mL) with columns (STRATA C18-E
(55 pm, 70A) 200 mg/3 ml-columns, Phoenix
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Pharmaceuticals Inc., Burlingame, USA), purified,
evaporated on a vacuum concentrator and dissolved in
250 pL assay-buffer, which resulted in a six times
higher concentration. CGRP levels were measured in
duplicate in purified serum using competitive Enzyme
Immunoassay (EIA).

2.2. Statistical Analysis

All data are expressed as the mean value plus the
Standard Error of the Mean (SEM). Different groups
were compared with the One Way Analysis of Variance
(ANOVA) with all pairwise multiple comparison
procedure (Holm-Sidak Method; Sigma Stat Version 3.0,
SPSS Inc., Chicago, IL, USA). The level of significance
was set at p<0.05.

3. RESULTS

About 24 patients had a ruptured anterior
circulation aneurysm and 5 patients had a ruptured
posterior circulation aneurysm. In 4 patients, no
aneurysm was detected angiographically. For details
Table 3.
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Aneurysmal occlusion was neither possible in the 4
patients with non-aneurysmal SAH nor in 1 female
patient with a right ICA aneurysm, who did not wish
any further treatment.

About 22 patients were treated with endovascular
occlusion and 6 patients with surgical clipping. No re-
bleeding or intra-procedural re-ruptures occurred.

About 10 patients developed 17 vasospasm-related
ischemic lesions in the anterior circulation territories: n =
2 in the right Middle Cerebral Artery (MCA), n =5 in
the left MCA, n = 4 in the right Anterior Cerebral Artery
(ACA) and n = 6 in the left ACA. 18 patients had no
ischemia, but 5 patients developed cerebral ischemia due
to endovascular treatment (n = 1) or surgical clipping (n
= 4). These 5 patients were outlined as an iatrogenic
ischemia group:

e CGRP levels according to the anatomical
localization of the aneurysm, Fig. 3

o CGRP levels were significantly higher in patients
with a ruptured aneurysm of the anterior circulation
(p<0.001) The highest levels of CGRP were
detected on day 4, 5and 7

e In the beginning, the CGRP levels in the anterior
circulation increased, reaching the maximum on
day 4 and then steadily decreased. The CGRP
levels of the posterior circulation group and the

1.87

no-aneurysm group steadily increased over the
observational period

3.1. CGRP Levels According to the Treatment
Modality, Fig. 1:

e CGRP levels differed significantly between the
groups (coil group, clip group and untreated group;
p<0.001). The highest levels of CGRP were detected
in the coil group and the lowest levels in the
untreated group

e In the coil group, CGRP levels were significantly
increased on day 3, 4 and 5 after the onset of SAH.
CGREP levels in the clip group and in the untreated
group did not vary significantly over the
observational period

3.2. CGRP Levels According to Vasospasm-
Related Ischemia, Fig. 2:

o CGRP levels differed significantly between the three
groups (ischemia, no ischemia, iatrogenic ischemia;
p = 0.038). The highest levels of CGRP were found
in the ischemia group

e In the ischemia group, CGRP levels increased
steadily from day 1 to day 4 and then decreased
again. CGRP levels in the no ischemia group and in
the iatrogenic ischemia group showed no significant
changes over the observational period

] 1 2 3 4

- CCGRPcoilm

= CGRP chipping

. \"Ilp

BN CGRP no treatment group

h

6 7 3 9 10 11

Fig. 1. CGRP levels according to the treatment modality
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Fig. 3. CGRP levels according to the anatomical localization of the aneurysm
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4. DISCUSSION

CGRP is one of the most potent endogenous
vasodilators  in humans (Hokfelt et al., 1992;
Kokkoris et al., 2012). Intrinsic production in the
trigeminal ganglion of Gasseri, neuronal transport,
presynaptic release and consecutive re-uptake have been
evaluated in detail and the major role of CGRP in
migraine has been repeatedly confirmed (Guldiken et al.,
2013). However, consistent data on CGRP in the
context of aneurysmal SAH-related vasospasm and
subsequent CI are still missing.

In early SAH research, the trigemino-vascular
reflex-mainly modulated by the intrinsic neuropeptide
CGRP-had been investigated several times. Finally
Edvinsson et al. (1987) could confirm that, in cats, the
presence of lesions in the trigeminal ganglion
prolonged arterial vasoconstriction after SAH
(McCulloch et al., 1986). However, six years later,
Keller et al. (1993) studied the profile of
neuropeptides in the dura mater in a single-
hemorrhage rodent model. In this study, the profile of
CGRP remained unchanged in contrast to intensive,
SAH-related immunostaining for NPY. The authors
concluded that the endovascular immunoreactivity
corresponded variably to different stimuli and that CGRP
seemed to be unaffected by SAH (Keller et al., 1993).
When determining the level of arterial CGRP in SAH
patients in our clinical series, we could show that the
levels of CGRP in serum correlated to the anatomical
localization of the ruptured aneurysm. We interpret the
discrepancy between Keller’s results and our data as
another indication for the poor comparability between
artificial SAH in animal studies and real SAH after the
rupture of an aneurysm in a clinical setting. In other
words, we believe that the excessive release of
neuropeptides stored in perivascular nerve fibers could
be caused by the direct affection or disruption of the
nerve fibers at the site of the ruptured aneurysm.
Whether the development of an aneurysm and
subsequent  vascular remodeling induces higher
compaction of synaptic vesicles of perivascular nerves
should be evaluated in future studies.

Juul et al. (1995) considered CGRP as an important
marker for ischemic stroke after SAH. CGRP in serum
was significantly increased in a study population of 20
patients with SAH, severe vasospasm and marked
hemodynamic changes. Similarly, we found the highest
CGRP level in the vasospasm-related ischemia group
compared to the iatrogenic ischemia group and the group
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without ischemia. Furthermore, the course of the serum
levels of CGRP in our population was equal to the course
of CGRP described by Juul et al. (1995) who
documented the highest levels of CGRP in MCA
aneurysms. This finding was also supported by our data.

The therapeutic value of CGRP after SAH was in the
focus of interest in the early 1990s. Conducted a
randomized multicenter study that included 15 patients
with neurological deficits. The patients in the CGRP-
infusion group improved significantly (Johnston et al.,
1990). Consequently, the ’European CGRP in SAH
study* was started in 1992 including 117 patients of
whom 62 received CGRP-infusions (Johnston et al.,
1992). Because the patients showed severe arterial
hypotension, the study was prematurely terminated, so
that no statistical analysis was conducted. Nevertheless,
in the elaborated review of the literature concerning the
role of CGRP in SAH, Kokkoris et al. (2012)
emphasized the need for more research into the
contribution of CGRP in SAH.

In contrast to NPY-that was significantly increased in
both serum and CSF in almost equal proportion
(Schebesch et al., 2013a; Suzuki et al., 1989; Uemura et al.,
1987), the levels of CGRP in serum were inversely
proportional to the levels of CGRP in Cerebrospinal Fluid
(CSF). The levels of CGRP in CSF had been examined
before by Juul et al. (1995). This study showed that CGRP
levels in CSF were markedly increased whereas the
corresponding CGRP levels of a control group were not
measurable. Likewise, we could show that CGRP was
excessively released into CSF in 12 patients after
aneurismal SAH compared to a control group
(Schebesch et al., 2013b). During the first four days, the
CGRP levels in CSF of the vasospasm group ranged
significantly lower than the respective levels in the non-
vasospasm group. In contrast, the relationship between
CGRP and vasospasm-associated ischemia in serum
seems to be inversed. In serum, high levels of CGRP were
correlated to a higher rate of cerebral ischemia. This
finding corroborates the results of Juul et al. (1995) who
found high serum levels and low CSF levels of CGRP in
patients with vasospasm after SAH.

We have no valid explanation for the finding that
significantly higher levels of CGRP were detected in the
coil group than in the clip group and the untreated group.
Presumably, endoluminal mechanical manipulation of
the aneurysm-bearing artery resulted in the excessive
release of CGRP and thus in increased serum levels.
However, this result would support the hypothesis that
the development of an aneurysm induces higher
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compaction of perivascular nerves that leads to the
excessive release of neuropeptides in case of mechanical
stimulation of the parent vessel.

4.1. Limitations

This study has several limitations. First, as usual in
prospective observational studies involving the
inclusion of consecutive patients, the numbers of
patients in the subgroups are dissimilar. Second, our
study does not quantify CGRP and serum in the
context of, for example, stroke volume, aneurysm
diameter and shape, clinical course and profile of the
medical therapy and nutrition during the ICU stay.
These issues should be addressed in further
prospective research projects. Third, no control group
with normal values of CGRP in serum was included.

5. CONCLUSION

Despite certain limitations we conclude that the
serum levels of CGRP after SAH depend on the
anatomical localization of the ruptured aneurysm.
Mechanical manipulation of the parent vessel-
particularly in terms of endovascular coiling-may
additionally influence the intrinsic release of CGRP.
Further studies should be conducted to investigate
whether CGRP is a suitable biomarker for cerebral
ischemia due to aneurismal SAH.
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