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Background: The pronociceptive neuromediator calcitonin gene-related

peptide (CGRP) is associated with pain transmission and modulation. After

spontaneous subarachnoid hemorrhage (sSAH), the vasodilatory CGRP is

excessively released into cerebrospinal fluid (CSF) and serum and modulates

psycho-behavioral function. In CSF, the hypersecretion of CGRP subacutely

after good-grade sSAH was significantly correlated with an impaired

health-related quality of life (hrQoL). Now, we prospectively analyzed the

treatment-specific di�erences in the secretion of endogenous CGRP into

serum after good-grade sSAH and its impact on hrQoL.

Methods: Twenty-six consecutive patients (f:m = 13:8; mean age 50.6

years) with good-grade sSAH were enrolled (drop out n = 5): n = 9

underwent endovascular aneurysm occlusion, n = 6 microsurgery, and n

= 6 patients with perimesencephalic SAH received standardized intensive

medical care. Plasma was drawn daily from day 1 to 10, at 3 weeks, and at

the 6-month follow-up (FU). CGRP levels were determined with competitive

enzyme immunoassay in duplicate serum samples. All patients underwent

neuropsychological self-report assessment after the onset of sSAH (t1: day

11–35) and at the FU (t2).

Results: During the first 10 days, the mean CGRP levels in serum (0.470 ±

0.10ng/ml) were significantly lower than the previously analyzed mean CGRP

values in CSF (0.662± 0.173; p = 0.0001). The mean serum CGRP levels within

the first 10 days did not di�er significantly from the values at 3 weeks (p =

0.304). At 6 months, the mean serum CGRP value (0.429 ± 0.121ng/ml) was
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significantly lower compared to 3 weeks (p = 0.010) and compared to the first

10 days (p = 0.026). Higher mean serum CGRP levels at 3 weeks (p = 0.001)

and at 6 months (p= 0.005) correlated with a significantly poorer performance

in the item pain, and, at 3 weeks, with a higher symptom burden regarding

somatoform syndrome (p = 0.001) at t2.

Conclusion: Our study reveals the first insight into the serum levels of

endogenous CGRP in good-grade sSAH patients with regard to hrQoL. In

serum, upregulated CGRP levels at 3 weeks and 6 months seem to be

associated with a poorer mid-term hrQoL in terms of pain. In migraineurs,

CGRP receptor antagonists have proven clinical e�cacy. Our findings

corroborate the potential capacity of CGRP in pain processing.

KEYWORDS

biomarker, calcitonin gene-related peptide (CGRP), cognitive impairment, health-

related quality of life (hrQoL), neuropeptide, pain, somatoform syndrome,

spontaneous subarachnoid hemorrhage

Highlights

- Impairment in health-related quality of life (hrQoL)

after treatment of spontaneous subarachnoid hemorrhage

(sSAH) is common but underreported.

Abbreviations: ANOVA, analysis of variance; aSAH, aneurysmal

subarachnoid hemorrhage; AUC, area under the curve; CBF, cerebral

blood flow; CGRP, calcitonin gene-related peptide; CSF, cerebrospinal

fluid; CT (scan), computed tomography (scan); CV, cerebral vasospasm;

DIND, delayed ischemic neurological deficit; DSA, digital subtraction

angiography; EIA, enzyme immunoassay; EV, endovascular aneurysm

occlusion; EVD, external ventricular drain; FU, 6-month follow-up;

GCS, Glasgow Coma Scale; Ghp, general health perceptions; GOS,

Glasgow Outcome Scale; h, hour/s; HH, Hunt and Hess; hrQoL,

health-related quality of life; ICU, intensive care unit; ISR, ICD-10-

Symptom-Rating questionnaire; MCS, mental component summary;

Mhi, general mental health; min, minute/s; min-max, minimum –

maximum; ml, milliliter; mRS, modified Ranking Scale; MS, microsurgical

clipping, microsurgical aneurysm occlusion; ng, nanograms; no.,

[n], number; NPY, Neuropeptide Y; p, p-value; Pain, bodily pain;

PCS, physical component summary; Pfi, physical functioning; pSAH,

perimesencephalic subarachnoid hemorrhage; PTSD, posttraumatic

stress disorder; Rawhtran, health transition item; Rolem, role limitations

because of emotional problems; Rolph, role limitations due to physical

health problems; SAH, subarachnoid hemorrhage; SD, standard deviation;

SF-36, 36-Item Short Form Health Survey; Social, social functioning;

sSAH, spontaneous subarachnoid hemorrhage; TCD, transcranial

Doppler ultrasound; (test) t1, test in the subacute phase after the onset of

bleeding (between day 11 to 35 after subarachnoid hemorrhage); (test)

t2, test in the short-term (chronic phase) after treatment at 6-month

follow-up; test t1 - t2, intergroup development from t1 to t2; Vital, vitality;

vs., versus; WFNS, World Federation of Neurological Surgeons.

- Calcitonin gene-related peptide (CGRP), a potent

vasoactive and pronociceptive neuromediator, is

involved in pain transmission and modulation of

psycho-behavioral function.

- This study is the first to correlate endogenous plasmaCGRP

with mid-term hrQoL outcome in good-grade sSAH.

- During the first 10 days after sSAH, the mean CGRP levels

in serum range significantly lower than in CSF and serum

CGRP levels decrease significantly over 6 months.

- Upregulated plasma CGRP levels at 3 weeks and 6 months

after sSAH seem to be significantly associated with pain and

somatoform syndrome.

- As is the case with migraine, after sSAH, upregulated

plasma CGRP is suggested to be involved in the

pathogenesis of pain and pain processing.

Introduction

Aneurysmal subarachnoid hemorrhage (aSAH) is a serious

and highly complex neurovascular insult demanding specialized

multidisciplinary therapy concepts during the acute phase,

rehabilitation, socio-professional reintegration, and follow-up

(FU) care. Over the past few decades, advanced neurovascular

treatment strategies, early aneurysm repair, and individualized

neuro-intensive care management have not only accounted for

declining trends in case-fatality but also for an improvement

in functional outcome (1). However, the regained functional

independence contrasts with an appallingly low rate of

return to work ranging from 70.8% (2) to <50% (3)

to merely 3% (4) of the patients surviving spontaneous

subarachnoid hemorrhage (sSAH). In up to 50 % of the sSAH

patients, the bleeding is accompanied by subtle, yet substantial

neuropsychological impairment, fatigue, emotional dysbalance,

and somatic problems like bodily pain, which in turn seriously
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affect the patients’ health-related quality of life (hrQoL) (3,

5). Profound literature on the longitudinal course of sSAH-

associated bodily pain, especially headache, and its management

is sparse (2). Persistent severe to worst headache, refractory to

analgesics (6), is reported bymore than 90% of the sSAHpatients

and represents the second-leading cause for 30-day hospital

readmission after sSAH (7). Long-term FU data indicates

that–in case of inadequate treatment (6, 8)–sSAH-associated

headache may persist for 2–9 years after the hemorrhage (8–10).

The pathogenesis of headache after aneurysm rupture is deemed

to be multifactorially mediated, but the exact mechanisms

remain elusive (11).

In light of the risen clinical awareness of the long-

term disabilitiy in cognition and day-to-day functioning,

researchers and clinicians strive for the establishment of reliable,

clinically relevant biomarkers with a predictive capacity for

neurocognitive outcome and hrQoL. Recently, the endogenous

37-amino acid neuropeptide Calcitonin gene-related peptide

(CGRP) (12) has gained paramount interest as a potential

vasoactive and psychoactive biomarker in cerebrospinal fluid

(CSF) and serum after sSAH. CGRP is stored in sensory

perivascular nerve fibers which arise from the trigeminal

ganglia of Gasseri and acts as a major, highly potent

microvascular vasodilator (13). In aSAH, the proven secretion

of CGRP into CSF (14, 15) was suggested to be associated

with a potential neuroprotective effect by preventing cerebral

vasospasm (CV) and cerebral ischemia (15) but with a

deleterious effect on the hrQoL in the acute phase (16). Beyond,

the neuromodulator CGRP (17) attested a crucial involvement in

various neurobehavioral processes (18) like in inflammatory and

neuropathic pain (19), and, by unalterable, massive relaxation

of cerebral arteries, in migraine (20). In 2018, specifically

designed drugs acting antagonistically on CGRP or on the CGRP

receptor have ushered in a new era in migraine therapy for

acute relief of migraine and effective prevention of migraine

attacks (21).

Up to now, no data is yet available on the impact of good-

grade sSAH on the intrinsic release of CGRP into serum, on

its temporal dynamics, and its pathophysiological interactions

with higher integrated behavior. Our study aims to determine

whether CGRP could prove to be a useful predictive surrogate

parameter in serum for the self-reported hrQoL up to 6 months

after sSAH.

Patients and methods

The study protocol, the prospective liquid biobanking,

and the clinical database of this prospective single-

center investigation were approved by the Local

Institutional Ethics Committee (reference number 06-

179). The study follows the principles of the Declaration

of Helsinki.

Patient population

The cohort has been reported previously (16, 22, 23).

A total of 26 consecutive patients, treated for acute non-

traumatic, angiographically confirmed aneurysmal or non-

aneurysmal perimesencephalic SAH (pSAH) at our University

Medical Center between February 2013 and May 2016,

fulfilled the beforehand specified eligibility criteria of being

native German speakers, aged 18–75 years, who had been

admitted to hospital within 48 h of ictus in prognostically

favorable, good to moderate neurological condition, defined

as a World Federation of Neurological Surgeons (WFNS)

score (24) and Hunt and Hess (HH) grading (25) of 1–

4, respectively, and an initial Glasgow Coma Scale (GCS)

of ≥9. Written informed consent was obtained from each

individual. In all patients, the diagnosis of sSAH was based

on cerebral computed tomography (CT) and a four-vessel

digital subtraction angiography (DSA) to visualize the location

and morphology of the underlying ruptured aneurysm and to

differentiate aneurysmal from perimesencephalic hemorrhages,

respectively. Within the first 72 h after the onset of sSAH,

all patients received an external ventricular drain (EVD) due

to a radiologically confirmed acute occlusive hydrocephalus.

Treatment consisted either of endovascular aneurysm occlusion

(EV group) or microsurgical clipping (MS group) for aSAH

patients, followed by standardized therapy in the intensive care

unit (ICU) (pSAH group). Our standardized microsurgical and

endovascular procedure protocols (26) and our ICU standard

operating protocol (27) have been described elsewhere.

The clinical database comprised all demographic,

radiological, and neurological variables, comorbidities,

non-/invasive procedures, complications, comprehensive

pharmacological screening (at discharge and at the 6-month

FU), and outcome grading [Glasgow Outcome Scale (GOS) (28)

and modified Ranking Scale (mRS) (29)].

Neuropsychological self-report
assessment

Subacutely (between day 11 and 35; t1) and 6 months

(t2) after the onset of sSAH, all patients completed two well-

established generic self-report measures of physical and mental

health each: The ICD-10-Symptom-Rating questionnaire (ISR)

(30) serves as a score for symptom burden and the German

version of the 36-Item Short Form Health Survey (SF-36) (31)

represents a performance score.

Laboratory procedures

Within the 10-day period after the onset of sSAH, plasma

was drawn directly from the arterial line once daily. At
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3 weeks and at the 6 month-FU, blood was collected by

venipuncture. Immediately subsequent to sampling, the samples

were centrifuged at 1,200 rounds per minute for 10min,

and the supernatants were aliquoted and stored at−80◦C

until further use. The samples were thawed, aliquoted (1ml)

with columns [STRATA C18-E (55µm, 70A) 200 mg/3 ml-

columns, Phoenix Pharmaceuticals Inc., Burlingame, USA],

purified, evaporated on a vacuum concentrator (Christ RVC

2-25CD plus; Osterode am Harz, Germany), and dissolved

in 250 µl assay-buffer resulting in a fourfold concentration.

CGRP levels were measured in duplicate purified serum samples

using a competitive enzyme immunoassay (EIA; Phoenix

Pharmaceuticals Inc., Burlingame, CA, USA). The cerebral

exposure to the endogenously released CGRP into serum over

time is expressed as ng/ml.

Statistical analysis

Continuous data and neuropsychological test results

are presented as mean ± standard deviation (SD) and

range (minimum to maximum) and categorical data as

frequency counts.

Neuropsychological assessment: Changes over time within

each group were analyzed with a paired t-test. Differences

between groups at postinterventional assessment were analyzed

with an analysis of variance (ANOVA) followed by Fisher’s LSD

post-hoc pairwise comparisons.

Correlation of CGRP with neuropsychological assessment:

Regression analyses were conducted for correlations of mean

CGRP levels with the hrQoL test scores. Changes over time

within each group were analyzed with a paired t-test. Intragroup

variances (correlations between hrQoL test scores and clinical

variables) were analyzed using an analysis of variance (Bartlett’s

test for equal variances). Statistical analysis was conducted

according to Stata procedures (Stata Version 14.2; Stata Corp.

College Station, TX, USA).

A p < 0.05 was considered statistically significant. A

biostatistician was involved in the design and realization of the

statistical evaluation.

Results

Demographics and descriptive statistics

A total of N = 160 patients with sSAH were treated

during the observation period. In accordance with our strict

selection criteria, depicted in the Flowchart (Figure 1), five

patients were excluded from analysis. Thus, a total of 21

patients (8 men, 13 women) of a mean age of 50.6 years

(range 27–72 years) with good-grade sSAH was assigned to

statistical evaluation. Four aSAH patients, initially presenting

FIGURE 1

Flowchart. Study design and reasons for exclusion of potentially eligible cases.
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with HH grade III (14%) or IV (5%), neurologically improved

immediately after insertion of an EVD following hospital

admission (i.e., HH I or HH II). Thus, the poorer HH score was

obviously related to acute occlusive hydrocephalus. With this

qualification, we consider the term “good-grade” sSAH patients

as appropriate for our cohort. An aneurysmal bleeding source

in the anterior (n = 12) or posterior circulation was detected

in 15 patients (EV n = 9: coil n = 5, stent-assisted coil n =

2; balloon-assisted coil n = 1; flow diverter n = 1). No patient

developed serious procedure-related complications like, for

example, periprocedural aneurysm rupture, procedure-related

blood transfusion, postprocedural onset of a new neurological

deficit, or clinically symptomatic CV-related stroke. Functional

outcome was stable or even improved over the 6-month FU.

None of these patients required decompressive craniectomy,

and, until FU, no late rebleedings or mortalities had occurred.

Each individual was able to complete both of our surveys, the

ISR and the SF-36, within 10–15min, and without any signs of

(mental or physical) fatigue during the testing, neither at t1 nor

at t2. Comprehensive information on the baseline data including

the aneurysm site, GCS, HH,WFNS and Fisher score, procedure

variables, medication, and outcome grading is provided by

Table 1.

The presented sSAH cohort exclusively encompassed

patients with severe radiological grades of sSAH (Fisher score

3 or 4) and, consecutively, is imbalanced in terms of the

overestimation of the true hydrocephalus rate after sSAH.

This is all the more remarkable given the inclusion of 6

patients with pSAH. Only four patients, however, required

permanent ventriculoperitoneal shunting. Statistical intergroup

comparisons yielded no significant differences except for a

higher number of middle cerebral artery aneurysms in the MS

group (p = 0.022), a higher intake of antiplatelets in the EV

group (p= 0.016) at t1, an unsurprisingly longer duration of MS

vs. EV (p= 0.004), and a longer mean time spent on mechanical

ventilatory support in the EV group than in the pSAH group

(EV vs. pSAH p = 0.0496; EV vs. MS p = 0.864, MS vs. pSAH p

= 0.065).

Correlation of neuropsychological
performance with CGRP exposure in
serum

The self-reported hrQoL perception has been reported

previously (22, 23) sum up, our cohort performed significantly

worse in several ISR- and SF-36-subscales than the particular

population norms, especially at t1. Within 6 months, sSAH

patients had significantly improved with regard to bodily pain

(Pain), physical functioning (Pfi), the physical component

summary (PCS), depression, anxiety, general health perceptions

(Ghp), and social functioning (Social). Poor self-reported

neuropsychological performance [physical SF-36 items: Pain,

role limitations because of physical health problems (Rolph),

Ghp; ISR scores: total, depression, compulsive-obsessive

syndrome] in the subacute phase correlated with a worse

outcome on the GOS at discharge. And the HH score correlated

positively with all psychological SF-36 item scores [vitality

(Vital), Social, role limitations because of emotional problems

(Rolem), general mental health (Mhi), mental component

summary (MCS)] at t1.

During the first 10 days, the mean CGRP levels in serum

(0.470± 0.10 ng/ml) were significantly lower than the previously

(16) analyzed mean CGRP values in CSF (0.662 ± 0.173; p =

0.0001). The mean serum CGRP levels within the first 10 days

did not differ significantly from the values at 3 weeks (0.493 ±

0.163 ng/ml; p = 0.304). At 6 months, the mean serum CGRP

value (0.429± 0.121 ng/ml) was significantly lower compared to

3 weeks (p= 0.010) and compared to the first 10 days (p= 0.026)

(cf. Figure 2).

In female patients, CGRP levels at the 6-month FU

were significantly higher than in male patients (0.473 ±

0.121 ng/ml vs. 0.358 ±0.087 ng/ml; p = 0.016). Further

regression analyses did not reveal any significant correlation

between the neuropeptide levels and other patient variables like,

for example, the treatment modality.

Higher mean serum CGRP levels at 3 weeks (p = 0.001)

and at the 6-month FU (p = 0.005) correlated with a

significantly poorer performance in the SF-36 item pain, and,

at 3 weeks, with a higher ISR symptom burden regarding

somatoform syndrome (p = 0.001) at t2 (cf. Figure 3). The

analysis of cognitive test performances is summarized in

Table 2.

Discussion

Our study characterizes the association of elevated serum

CGRP on adverse mid-term hrQoL and burdensome pain

after sSAH.

Reduced hrQoL after sSAH with a focus
on pain processing

Compared to other life-threatening medical events, stroke

has been proven to be associated with the strongest reductions

in hrQoL and functioning status (32). In stroke patients, the

physical hrQoL increased after treatment (except for bodily

pain), whereas the psychological quality remained low (33).

This equals our results in sSAH which indicate a significant

improvement in multiple physical items (Pfi, Pain, Ghp, PCS)

within 6 months after sSAH, while most psychological
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TABLE 1 Demographic and clinical characteristics of patients.

Patient characteristics Study population

MS EV pSAH

Number of patients [n] 6 9 6

Male to female ratio 2: 4 3: 6 3: 3

Age [years], mean± SD 42.0± 13.2 50.1± 9.3 59.8± 7.4

(range) (27–61) (30–59) (53–72)

Calcitonin gene-related peptide in serum

Level within the first 10 days [ng/ml], mean± SD 0.535± 0.094 0.453± 0.135 0.435± 0.069

Level at 3 weeks [ng/ml], mean± SD 0.474± 0.134 0.465± 0.193 0.554± 0.151

Level at 6 months [ng/ml], mean± SD 0.429± 0.111 0.420± 0.114 0.442± 0.160

Calcitonin gene-related peptide in CSF

Level within the first 10 days [ng/ml], mean± SD 0.626± 0.155 0.698± 0.178 0.645± 0.201

Site of aneurysm

Anterior circulation (ruptured) [n] 8 (6) 7 (6) 1 (0)a

Posterior circulation (ruptured) [n] 0 (0) 3 (3) -

8 10 1a

Side of aneurysm [n]

Left 3 2 1a

Right 4 2 –

Side of pterional approach

Dominant-side 3 – –

Non-dominant side 3 – –

Initial neurological status

GCS [n]

15 1 5 4

14 4 2 1

13 1 0 1

11 0 1 0

9 0 1 0

Hunt and Hess score [n]

0 0 0 0

I 2 5 2

II 2 2 4

III 2 1 0

IV 0 1 0

V 0 0 0

WFNS score [n]

1 1 5 4

2 4 2 2

3 1 0 0

4 0 2 0

5 0 0 0

Fisher score [n]

1 0 0 0

2 0 0 0

3 2 2 2

4 4 7 4

(Continued)
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TABLE 1 Continued

Patient characteristics Study population

MS EV pSAH

External ventricular drainage

Implantation after the onset of SAH [d], mean± SD 0.5± 0.6 0.4± 0.7 0.5± 0.6

(range) (0–1) (0–2) (0–1)

In situ [d], mean± SD 15.8± 4.9 15.1± 7.7 12.0± 5.0

(range) (9–23) (9–30) (5–18)

Replacement [n] 0 2 1

CSF infection [n] 1 4 2

Permanent ventriculoperitoneal shunt placement [n] 0 2 2

Implantation after the onset of SAH [d], mean± SD - 23.5± 0.7 29.5± 6.4

(range) - (23–24) (25–34)

Vasospasm [n]

DIND 1 1 0

TCD 6 7 3

DSA 0 2 1

Multimodal neuromonitoring 1 1 0

Intraarterial cerebral spasmolysisa 0 2 0

Treatment-associated lesions on CT scan [n]

Circumscribed ischemiab 2 2 0

Brain edema 3 1 0

Bleeding along the EVD entry route 1 0 1

Hygroma 0 0 1c

Medication at discharge / at FU

Anticonvulsive drugs 1/1 0/1 0/0

Benzodiazepines 0/0 1/0 0/0

Antidepressants 0/0 3/1 1/1

Neuroleptics 0/0 0/0 0/0

Opioid 2/0 1/1 2/0

Nicotine patches 0/1 0/1 0/1

Antihypertensive drugs 4/3 4/6 3/3

Thyroid medication 3/3 2/2 0/0

Antiplatelet agents 0/0 5*/3 0/0

No medication 0/2 0/1 0/2

Neurological status at discharge / at FU

GOS [n]

5 4/5 7/7 5/6

4 0/0 1/2 1/0

3 2/1 1/0 0/0

mRS [n]

0 4/2 7/3 4/5

1 0/3 0/3 2/1

2 1/0 1/3 0/0

3 0/1 0/0 0/0

4 1/0 1/0 0 /0

Patients with new neurological deficit [n]

At discharge 0 1 0

(Continued)
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TABLE 1 Continued

Patient characteristics Study population

MS EV pSAH

At FU 1 3 0

Employment status at FU [n]

Returned to work 1 2 1

Attending vocational integration programs 0 2 0

On sick leave 1 3 0

Unemployed 1 1 0

Unemployed before and after the onset of SAH 0 1 0

Retired at the onset of SAH 0 0 1

No information provided 3 0 4

MS, microsurgical clipping group; EV, endovascular treatment group; pSAH, perimesencephalic subarachnoid hemorrhage group; SD, standard deviation; CSF, cerebrospinal fluid; AUC,

area under the curve; ng, nanograms; ml, milliliter; h, hours; GCS, Glasgow Coma Scale; WFNS, World Federation of Neurosurgical Societies; d, days; SAH, subarachnoid hemorrhage;

DIND, delayed ischemic neurological deficit; TCD, transcranial Doppler ultrasound; DSA, digital subtraction angiography; aTransient placement of transfemoral microcatheters for local

intraarterial cerebral spasmolysis (n= 1 continuous nimodipine infusion for 3 and 5 days; n= 1 single shot infusion of milrinone) to reverse severe cerebral vasospasm. bClinically silent

ischemia, either in the section of the caudate nucleus after unintended clipping of the recurrent artery of Heubner or diffusely in the periventricular white matter; cConservatively treated

bi-hemispheric hygroma due to CSF overdrainage via the EVD; CT scan, computerized axial tomography scan; EVD, external ventricular drainage; FU, 6-month follow-up; GOS, Glasgow

Outcome Scale; mRS, modified Rankin Scale. *p < 0.05.

FIGURE 2

Temporal dynamics of CGRP levels in serum and cerebrospinal fluid after good-grade spontaneous subarachnoid hemorrhage. The time interval

(1–10 days, 3 weeks, and 6 months) after good-grade spontaneous subarachnoid hemorrhage, plotted vs. the mean endogenous calcitonin

gene-related peptide (CGRP) concentrations in serum. During the first 10 days, the mean CGRP levels were significantly lower in serum than in

the cerebrospinal fluid (16). At 6 months, the mean serum CGRP value was significantly lower compared to the first 10 days and compared to 3

weeks.

items (Compulsive-obsessive syndrome, somatoform

syndrome, nutrition disorder, the ISR supplementary

items, the ISR total score, Vital, Rolem, Mhi, and MCS)

remained stable.

hrQoL restrictions after sSAH

A considerable proportion of sSAH survivors with “good

recovery” experiences impaired hrQoL for several months up

to 24.5 years after ictus or even longer (5, 34). In a current
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FIGURE 3

Correlation of serum concentrations of CGRP with “somatoform syndrome” and “pain” after spontaneous subarachnoid hemorrhage.

Endogenous calcitonin gene-related peptide (CGRP) levels in serum, measured 6 months (t2) after the onset of spontaneous subarachnoid

hemorrhage, plotted versus (A) somatoform syndrome 3 weeks after the hemorrhage and versus (B) pain 3 weeks and (C) pain 6 months after

ictus. The ICD-10-Symptom-Rating questionnaire (ISR) (30) with 29 items and 6 syndrome scales aims at comprehensively evaluating the

severity of psychological disorders. Each syndrome scale ranges from a minimum of 0 (best performance) to a maximum of 4 points with higher

scores indicating a more severe symptom burden. The 36-Item Short Form Health Survey (SF-36) (31) is a 36-item generic general health

questionnaire yielding scores on 8 health subscales relating to physical and psychological health. These 8 subscales can be summarized in a

corresponding physical component summary and a mental component summary. Each item is scored in the range 0 to 100, and a high score

defines a more favorable state of health. Items in the same scale are averaged together to create the 8 scale scores. Each dot represents the

mean level of serum CGRP in [ng/ml] for each patient, indicating a significant linear correlation (compare regression line) with higher symptom

burden (ISR) and with poorer neurobehavioral performance (SF-36). Statistical significance: p < 0.05.

empirical survey (4), one third of the aSAH patients was

afflicted with a “post-aSAH syndrome” comprising a self-

reported cluster of symptoms like fatigue, cognitive dysfunction

(memory, concentration, slowed thought process), emotional

problems (anxiety, depression, irritability, and impatience),

and somatic problems (headache, sensitivity to sound, and

sleep disturbances). The presence of this syndrome–implicating

more pain, more pronounced cognitive impairment, and,

consecutively, poorer hrQoL–almost invariably kept the patients

from returning to work 1 year after the bleeding event (4). This is

consistent with our 6-month results (cf. Table 1). Occupational

reintegration difficulties and long-term disability after sSAH

have a significance extending far beyond socioeconomic terms

(8, 34).

Our study emphasizes hrQoL restrictions due to pain

conditions. SAH represents a subtype of stroke with a

particularly high predisposition to headache in the acute (6)

and chronic stage (8, 10). The paucity of analyses available

state a higher headache burden in 77% of good-grade SAH

patients (35), in 62% of pSAH survivors (10) and 16% of SAH

long-term survivors (8) several years after ictus. Most recently,

Huckhagel et al. (2) published the first comprehensive data

on a significant number of SAH patients with peak rates even

reaching up to 40.9% who continued to experience burdensome
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TABLE 2 Cognitive performance of the cohort (n = 21) in the subacute interval after the onset of spontaneous subarachnoid hemorrhage (t1) and at

6-month follow-up (t2).

Neuropsychological

assessment

Test scores [mean± SD] Difference t1vs. t2

[mean± SD]

Paired t-Test t1vs. t2

[p-value]
t1 t2

ISR scores

Depression 1.5 ± 1.2 1.1 ± 0.9 0.4 ± 1.1 0.046*

Anxiety 1.3 ± 1.1 0.7 ± 0.9 0.7 ± 0.3 0.019*

Compulsive-obsessive 0.8 ± 1.0 0.8 ± 1.0 0.0 ± 1.4 0.480

Somatoform 0.6 ± 0.7 0.4 ± 0.6 0.1 ± 1.0 0.252

Nutrition disorder 0.6 ± 1.0 0.6 ± 0.7 −0.0 ± 1.2 0.523

Supplementary items 0.7 ± 0.5 0.5 ± 0.6 0.2 ± 0.6 0.064

Total 0.9 ± 0.7 0.7 ± 0.6 0.2 ± 0.8 0.098

SF-36 scores

Physical items

Rawhtran 4.5 ± 0.6 2.9 ± 1.4 1.6 ± 1.4 1.000

Pfi 19.5 ± 28.9 72.4 ± 26.3 −52.8 ± 35.5 0.001*

Rolph 39.3 ± 43.7 47.6 ± 45.3 −8.3 ± 64.4 0.280

Pain 48.5 ± 34.6 67.2 ± 29.9 −18.7 ± 37.9 0.018*

Ghp 56.3 ± 16.8 74.1 ± 18.2 −17.8 ± 19.0 0.001*

Psychological items

Vital 51.0 ± 19.7 51.2 ± 20.3 −0.2 ± 24.4 0.482

Social 66.1 ± 26.0 80.4 ± 25.2 −14.3 ± 28.6 0.017*

Rolem 61.7 ± 46.2 61.7 ± 45.0 −0.0 ± 58.8 0.500

Mhi 61.1 ± 20.6 68.2 ± 21.7 −7.0 ± 28.6 0.137

PCS 31.0 ± 11.0 46.0 ± 10.0 −13.3 ± 12.7 0.001*

MCS 49.1 ± 12.5 47.5 ± 10.7 1.4 ± 12.9 0.677

SD, standard deviation; test t1 , test in the subacute phase after the onset of bleeding (between day 11 and 35 after subarachnoid hemorrhage); test t2 , test in the short-term (chronic phase)

after treatment at 6-month follow-up; AUC, area under the curve; CGRP, calcitonin gene-related peptide; ISR, ICD-10-Symptom-Rating questionnaire; SF-36, German version of the

36-Item Short Form Health Survey; Rawhtran, health transition item; Pfi, physical functioning; Rolph, role limitations because of physical health problems; Pain, bodily pain; Ghp, general

health perceptions; Vital, vitality; Social, social functioning; Rolem, Role limitations because of emotional problems; Mhi, general mental health; PCS, physical component summary; MCS,

Mental component summary. *Statistical significance: p < 0.05.

headaches with a profound negative impact on the hrQoL

on average 32.6 months after aSAH. Our study corroborates

pain conditions 6 months after ictus. Concordantly, post-

stroke headache has been proposed to persist for weeks to

months, or even years after the hemorrhage (2, 8, 10). Reduced

physical activity not only during the ictal but also during

the pain-free interictal phases of migraineurs underlines the

intensity-independent disabling effect of headache conditions

(36). The SAH headache has been described to be highly

refractory and to respond poorly to treatment with standard

analgesics (11, 37).

Potential determinants for pain conditions and
hrQoL restrictions after sSAH

Potential predictor variables, significantly related to

chronic headaches after SAH, were nighttime sleep difficulties

with daytime sleepiness (8) and correspondingly, fatigue,

an acknowledged risk factor for persistent cephalgia after

ischemic stroke (38) and a common feature in systemic

autoimmune diseases (39). In our study design, patients

with autoimmune or systemic diseases were excluded

to minimize confounders. Beyond, comorbidities like

depression and mood issues may interfere and exacerbate

or perpetuate post-stroke headache (38). Patients with a

younger mean age at the onset of SAH and patients with

a favorable neurological condition as to the WFNS were

more prone to suffer from headache at FU (2). All of our

sSAH groups developed a significant deterioration in the

health transition item (Rawhtran) implicating recurrent

headache. It could be argued that good-grade sSAH

patients, being aware of a sudden, life-threatening medical

event, might experience a psychological traumatization

by the onset of sSAH and the intensive care treatment

(40), whereas burdened patients without trauma-related

memories or with cognitive deficits are at risk of an
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under-reporting of symptoms and minimizing of hrQoL

complaints (41).

When previously (23) analyzing our cohort (with similar

EV-MS quota) according to the treatment groups, at 6

month-FU, MS patients experienced less Pain (p = 0.040)

and yielded significantly better Pfi (p = 0.046) than the

EV group. Interpreting our results with caution due to the

small sample size, we argue that headache might be–at least

in part–related to the longer persistence of subarachnoid

blood in the basal cisterns causing meningeal irritation. MS

affords the opportunity to both obliterate the aneurysm and,

compared to EV, to reduce the burden of cisternal blood via

intraoperative irrigation. The majority of authors dismissed

the hypothesis of treatment-specific differences (MS vs. EV) in

neuropsychological outcome [cf. (23)] and headache (2) after

sSAH in most instances.

Pathophysiological considerations

The underlying pathomechanisms contributing to post-

sSAH behavioral and cognitive impairment, reduced hrQoL, and

associated chronic headache remain to be sufficiently elucidated

(1). A diversity of pathophysiological cascades, induced by the

hemorrhage and the sharp rise in intracranial pressure itself

causing dural stretch as well as the consecutive secondary

brain injury, is supposed to be involved (5). Cortical ischemic

strokes are more frequently associated with headache than

subcortical events (42). Accordingly, it might be argued that

SAH affects the subarachnoid space, anatomically a region

directly adjacent to the cortex and, thus, sSAH patients tend

to be prone to headache. The presence of erythrocytes and

blood breakdown products in the subarachnoid space is a potent

trigger of meningeal irritation which is further exacerbated by

the release of inflammatory cytokines inducing the infiltration

of microglia and other immune cells and subsequent pain

(11). Beyond, dysfunctions in autoregulatory mechanisms in

cerebral perfusion and CV (37), a central sensitization of

nociceptive pathways (38), a chronic hyperreactivity of the

cerebral vasculature (43), and a stimulation of vascular nerve

endings as blood vessels rupture (14, 44) are supposed to

aggravate headache.

Pursuing an innovative approach, for the past decade,

neuroscientists have increasingly focused on the early

identification of valid and easily accessible biomarkers

to reliably predict the outcome following sSAH and to

design individualized, target-based treatment strategies for

improvement of functional outcome and hrQoL (16, 45).

Among the molecular genetic, inflammatory, vascular, oxidative

stress, and protein biomarkers studied so far, the multifunctional

endogenous neuropeptide CGRP appears rather promising

(14–16, 44, 46).

Relevance of CGRP in pain processing
after sSAH

The trigeminovascular system is involved in the regulation

of the cranial vasculature and represents a key element in

the transmission of pain (47). Upon activation in primary

headaches, in stroke (48), and in SAH (15, 16, 44, 49), the

trigeminovascular system, a vasodilator pathway, antidromically

releases the peptide neurotransmitter CGRP (13), hereby

increasing the cerebral blood flow (CBF) via vasodilation (13)

and mediating pain by stimulation of the trigeminus nucleus

caudalis, respectively (47). The activation of this (putative

defense) system is noted clinically as a marked increase in

the cranial venous outflow of CGRP during headache attacks

or in SAH, where it was elevated in the CSF as well (14).

The psychoactive mediator (17) CGRP has been repeatedly

attested a crucial involvement in a variety of neurobehavioral

and psycho-affective conditions (18), like in depression, anxiety

and learning and memory [cf. (16)], as well as in inflammatory

and neuropathic pain (19, 50), and, by pronounced arterial

cerebral vasodilation, in migraine (20). Congruently, in our

series, elevated CGRP levels in serum at 3 weeks and at 6 months

significantly correlated with more pain and, at 3 weeks, with

a higher symptom burden regarding somatoform syndrome 6

months after sSAH. We qualify the statement with the note

that our utilized set of standardized and validated physical and

mental health questionnaires refers to bodily pain in general

and is therefore incapable to establish a headache-specific

diagnosis. However, in the semi-structured interview during

FU assessment recurrent headache was a commonly reported

symptom in our series. To what extent CGRP is involved in non-

headache conditions has not been clarified yet. A recent review

article (19) revealed an association between measured CGRP

levels and somatic visceral, inflammatory and neuropathic pain.

Upregulated CGRP levels were reported in serum, CSF, synovial

and tissue biopsies in patients with degenerative disc disease,

osteoarthritis, and temporomandibular joint pain. Furthermore,

CGRP was elevated in acute pain conditions and pain after

exercise. In somatic pain conditions in particular, CGRP levels

correlated with pain. This is in concert with our results

as to somatoform syndrome after sSAH. Growing evidence

indicates that CGRP facilitates nociceptive transmission and

contributes to the development and maintenance of a sensitized,

hyperresponsive state of the primary and second-order afferent

sensory neurons, thus contributing to peripheral and central

sensitization. The maintenance of such a sensitized neuronal

condition is believed to be a key player underlying migraine

pathophysiology (50). In sSAH, the (potentially adverse) effects

of CGRP on pain modulation and transmission have not been

explored before. Our data conflicts with the substantiated

beneficial cerebroprotective role of (endo- and exogenously

administered) CGRP in hemodynamics (14, 15, 46).
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Upon nerve stimulation, CGRP is released from its storage

vesicles in sympathetic perivascular fibers, which form a

particularly dense network around the major arteries of the

anterior part of the circle of Willis (14), and in free nerve

endings in the dura mater (51). Pathophysiologically, it is

supposed that, at themoment of aneurysm rupture, these CGRP-

containing nerve fibers are affected directly or indirectly–by the

stimulation of the vessel’s wall or surrounding nociceptors or

cortical neuronal depolarization secondary to the hemorrhage

or by the blood in the subarachnoid space–initiating activity

of the trigeminovascular system and inducing an excessive

release of CGRP from the perivascular nerve terminals into

CSF and serum (14, 15, 44). Post mortem analyses after SAH

and early observational studies on the cerebral circulation after

experimental SAH confirmed a marked decrease in CGRP

immunoreactivity in the perivascular nerve fibers, accordingly

[cf. (46)]. To date, our study is the first to provide an insight

into the temporal dynamic changes of CGRP in serum after

good-grade sSAH. Within the first 10 days and 3 weeks

after the onset of hemorrhage, CGRP levels did not differ

significantly. In contrast, 6 months thereafter, serum CGRP

values had significantly declined. Data on the time course of

CGRP in the serum is scarce. The most marked suppression

of CGRP immunoreactivity in cerebrovascular nerve fibers

was documented during the 7th to 14th day after artificial

SAH in dogs with a recovery to normal levels by the 42nd

day (52). Hypothetically, the CGRP release is followed by an

inhibition of the CGRP reuptake at the nerve-ending terminals.

CGRP-receptor complexes are formed, and, possibly after a

non-competitive saturation of the extra- and intraluminal

CGRP receptors, CGRP levels in CSF and serum finally

decrease due to the subsequent depletion of the releasing

terminal nerve endings. It has further been speculated that

different types of stroke like sSAH may alter the synthesis,

metabolism, molecule, or receptors of the neurotransmitter

CGRP. In the serum of sSAH patients, peak concentrations

of CGRP have been measured after rupture of aneuryms

of the middle cerebral artery (14, 44) (during days 4–7

after onset of sSAH), in patients with CV-related ischemia

(on day 4), and – as to cerebrovascular manipulation–after

endoluminal aneurysm treatment via coiling (44) (within

days 3–5 after sSAH). In our series, the serum CGRP

levels did neither differ regarding the anatomical localization

of the ruptured aneurysm, nor regarding the treatment-

induced mechanical intra- and extraluminal manipulation of

the parent vessel in the aneurysm-securing procedure groups

and the control group, respectively. Interestingly, in our

cohort without gender bias, the female patients expressed

significantly higher serum CGRP levels at the 6-month FU

than their male counterparts. Although headaches are prevalent

in both sexes and in all age groups, women aged 20 up

to 50 years are those who have the highest prevalences in

Europe (53).

A remarkable and presumably cerebroprotective

hypersecretion of CGRP into serum counterbalancing

vasoconstriction was previously detected in sSAH patients with

vasospasm-related ischemia (44). In our cohort, exclusively

comprising good-grade sSAH patients without any CV-related

ischemic complications, the excessive release of CGRP into

CSF (15, 16) during the first 10 days after ictus contrasts with

the significantly lower CGRP levels in serum. This is all the

more noteworthy given that even these smaller amounts of

CGRP in serum suffice to induce considerable impairment

in pain processing and psychosomatic disorders. The sparse

neuropeptide findings in serum presumably result from

the diluting effect of the nanomolar concentrations of the

ventricular CSF CGRP during its absorption into plasma and

its clearance over time. On the other hand, our results in a

good-grade sSAH collective contradict previous findings in

aSAH patients with CV (14, 44), in whom serum CGRP levels

have been measured higher than CGRP levels in CSF. To date,

it is unclear which source is the best to (non-invasively) access

predictive CGRP values, like, recently, in tear fluid (53) of

migraine patients.

After three decades of intense research, drugs targeting the

trigeminal sensory neuropeptide CGRP or its receptor and, thus,

acting on the trigeminal pain system have been specifically

designed (21). It is remarkable that, in migraineurs, all CGRP-

targeted therapies (CGRP receptor antagonists/gepants and

monoclonal antibodies against CGRP or the CGRP receptor)

have proven clinical efficacy, whether in preventing attack onset,

targeting acute attacks, or reducing attacks in chronic migraine

or frequent episodic migraine (21, 54). To date, it is unknown

whether CGRP antagonismmay provide a beneficial therapeutic

approach for the treatment of chronic pain conditions and CV

in sSAH as well.

Scrutinizing the frequency and type of self-reported met and

unmet needs of SAH survivors 1–2 years and 3–5 years following

hemorrhage, headache, fatigue, concentration, memory, and

anxiety were the most commonly described, and a large

proportion of needs (> 80%) were detected as unmet (55). The

pain conditions, real-world deficits, and the neurobehavioral

sequelae of an sSAH are not appropriately addressed by

current rehabilitation programs, which still mainly focus on

physical rehabilitation. Neuroscientists and clinicians should

strive for a standardized screening and early identification of

patients at-risk and for non-pharmacologic coping strategies

that may be effective in pain management and hrQoL

improvement to increase patient resiliency (56). Comprehensive

rehabilitation programs imply a multidisciplinary approach

(57) with physiotherapy, cognitive behavioral therapy, and

biofeedback using relaxation techniques in order to reduce pain

conditions; in addition, it is recommended to screen for and

treat analgesics overuse (38).

In methodological terms, the main strength of our

investigation is the prospective, controlled data collection
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comprising a throughly selected cohort of a representative

neurovascular medium volume center. The study population

underwent a meticulous liquid biobanking in combination

with a standardized comprehensive hrQoL assessment over

a considerable FU period of 6 months. Attributed to the

abrupt nature of sSAH, biomarkers are not amenable to

baseline data acquisition. Furthermore, the utilized hrQoL

questionnaires are not designed to precisely establish pain

and headache diagnoses and to specify the psychosomatic

symptom burden. A major limitation of our experimental

clinical study is the circumscribed sample size demanding

a cautious interpretation of our findings. We are aware of

the potential bias due to the exclusion of five patients. The

results are not applicable for sSAH patients in general since

our cohort exclusively encompasses prognostically favorable

good-grade individuals with the per-protocol exclusion of non-

HC patients.

Conclusion

Our study reveals the first insight into the potential capacity

of endogenous CGRP as a predictive psychoactive biomarker

in serum after good-grade sSAH. The present data suggests

that patients with elevated CGRP levels in serum suffer from

sustained pain conditions and psychosomatic symptoms

which in turn seriously affect their hrQoL 6 months after

sSAH. This investigation serves as a hypotheses-generating

clinical-experimental trial. Given that the neurotransmitter

CGRP is a certified core element in migraine, nociceptive

processing, and in various neurobehavioral disorders, its

pathophysiological relevance in post-sSAH pain seems all

the more feasible. Considering our interesting results, we

advocate and anticipate further basic and clinical research

on this issue to characterize the pain syndromes following

sSAH and to elucidate the underlying pathopsychological

interactions and pathophysiological mechanisms. In

the future, the proven efficacy and safety of the CGRP

antagonists and antibodies in migraine therapy might

pave the way to establish potential, targeted, preventive,

and pharmacotherapeutic treatment options for chronic

pain conditions.

Data availability statement

The raw data supporting the conclusions of this article will

be made available by the authors, without undue reservation.

Ethics statement

The study protocol was approved by the Local Institutional

Ethics Committee of the University Medical Center Regensburg

(protocol number 06-179). The patients/participants provided

their written informed consent to participate in this study.

Written informed consent was obtained from the individual(s)

for the publication of any potentially identifiable images or data

included in this article.

Author contributions

EB, PS, SB, MP, and E-MS: acquisition of data. EB,

K-MS, MP, and FZ: analysis, interpretation of data, and

statistical analysis. EB: drafting the article. K-MS and EB: study

supervision. K-MS: conception and design and approvement of

the final version of the manuscript on behalf of all authors. All

authors critically revising the article and review of the submitted

version of the manuscript.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.

References

1. La Pira B, Singh TD, Rabinstein AA, Lanzino G. Time trends in
outcomes after aneurysmal subarachnoid hemorrhage over the past 30 years.
Mayo Clinic Proceedings. (2018) 93:1786–93. doi: 10.1016/j.mayocp.2018.
06.027

2. Huckhagel T, Klinger R, Schmidt NO, Regelsberger J, Westphal M, Czorlich
P. The burden of headache following aneurysmal subarachnoid hemorrhage: a
prospective single-center cross-sectional analysis. Acta Neurochir. (2020) 162:893–
903. doi: 10.1007/s00701-020-04235-7

3. Powell J, Kitchen N, Heslin J, Greenwood R. Psychosocial outcomes
at 18 months after good neurological recovery from aneurysmal
subarachoid haemorrhage. J Neurol Neurosurg Psychiatry. (2004)
75:1119–24. doi: 10.1136/jnnp.2002.000414

4. Haug Nordenmark T, Karic T, Røe C, Sorteberg W, Sorteberg A.
The post-Asah syndrome: a self-reported cluster of symptoms in patients
with aneurysmal subarachnoid hemorrhage. J Neurosurg. (2019) 132:1556–
65. doi: 10.3171/2019.1.JNS183168

Frontiers inNeurology 13 frontiersin.org

https://doi.org/10.3389/fneur.2022.889213
https://doi.org/10.1016/j.mayocp.2018.06.027
https://doi.org/10.1007/s00701-020-04235-7
https://doi.org/10.1136/jnnp.2002.000414
https://doi.org/10.3171/2019.1.JNS183168
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Bründl et al. 10.3389/fneur.2022.889213

5. Al-Khindi T, MacDonald RL, Schweizer TA. Cognitive and functional
outcome after aneurysmal subarachnoid hemorrhage. Stroke. (2010) 41:e519–
36. doi: 10.1161/STROKEAHA.110.581975

6. Glisic EK, Gardiner L, Josti L, Dermanelian E, Ridel S, Dziodzio J, et al.
Inadequacy of headache management after subarachnoid hemorrhage. Am J Crit
Care. (2016) 25:136–43. doi: 10.4037/ajcc2016486

7. Singh M, Guth JC, Liotta E, Kosteva AR, Bauer RM, Prabhakaran S, et al.
Predictors of 30-day readmission after subarachnoid hemorrhage. Neurocrit Care.
(2013) 19:306–10. doi: 10.1007/s12028-013-9908-0

8. Ogden JA, Utley T, Mee EW. Neurological and psychosocial outcome
4 to 7 years after subarachnoid hemorrhage. Neurosurgery. (1997) 41:25–
34. doi: 10.1097/00006123-199707000-00008

9. Greebe P, Rinkel GJE. Life expectancy after perimesencephalic subarachnoid
hemorrhage. Stroke. (2007) 38:1222–4. doi: 10.1161/01.STR.0000260093.49693.7a

10. Marquardt G, Niebauer T, Schick U, Lorenz R. Long term follow up after
perimesencephalic subarachnoid haemorrhage. J Neurol Neurosurg Psychiatry.
(2000) 127–30. doi: 10.1136/jnnp.69.1.127

11. Rasouli J, Watson C, Yaeger K, Ladner T, Kellner C, Dangayach NS. Pain
control after aneurysmal subarachnoid hemorrhage: a contemporary literature
review. J Clin Neurosci. (2019) 68:9–12. doi: 10.1016/j.jocn.2019.07.057

12. Amara SG, Jonas V, Rosenfeld MG, Ong ES, Evans RM. Alternative Rna
processing in calcitonin gene expression generates Mrnas encoding different
polypeptide products. Nature. (1982) 298:240–4. doi: 10.1038/298240a0

13. McCulloch J, Uddman R, Kingman TA, Edvinsson L. Calcitonin gene-related
peptide: functional role in cerebrovascular regulation. Proc Natl Acad Sci U S A.
(1986) 83:5731–5. doi: 10.1073/pnas.83.15.5731

14. Juul R, Hara H, Gisvold SE, Brubakk AO, Fredriksen TA, Waldemar G, et al.
Alterations in perivascular dilatory neuropeptides (Cgrp, Sp, Vip) in the external
jugular vein and in the cerebrospinal fluid following subarachnoid haemorrhage in
man. Acta Neurochir. (1995) 132:32–41. doi: 10.1007/BF01404845

15. Schebesch KM, Herbst A, Bele S, Schödel P, Brawanski A, Stoerr EM, et al.
Calcitonin-gene related peptide and cerebral vasospasm. J Clin Neurosci. (2013)
20:584–6. doi: 10.1016/j.jocn.2012.07.006

16. Bründl E, Proescholdt M, Störr EM, Schödel P, Bele S, Höhne
J, et al. Endogenous calcitonin gene-related peptide in cerebrospinal fluid
and early quality of life and mental health after good-grade spontaneous
subarachnoid hemorrhage—a feasibility series. Neurosurg Rev. (2020) 44:1479–
92. doi: 10.1007/s10143-020-01333-z

17. Poyner DR. Calcitonin gene-related peptide: multiple actions, multiple
receptors. Pharmacol Ther. (1992) 56:23–51. doi: 10.1016/0163-7258(92)90036-Y

18. Van Rossum D, Hanisch UK, Quirion R. Neuroanatomical
localization, pharmacological characterization and functions of Cgrp,
related peptides and their receptors. Neurosci Biobehav Rev. (1997)
21:649–78. doi: 10.1016/S0149-7634(96)00023-1

19. Schou WS, Ashina S, Amin FM, Goadsby PJ, Ashina M. Calcitonin
gene-related peptide and pain: a systematic review. J Headache Pain. (2017)
18:34. doi: 10.1186/s10194-017-0741-2

20. Charles A, Pozo-Rosich P. Targeting calcitonin gene-related
peptide: a new era in migraine therapy. The Lancet. (2019) 394:1765–
74. doi: 10.1016/S0140-6736(19)32504-8

21. Edvinsson L, Haanes KA,Warfvinge K, Krause DN. Cgrp as the target of new
migraine therapies - successful translation from bench to clinic. Nat Rev Neurol.
(2018) 14:338–50. doi: 10.1038/s41582-018-0003-1

22. Bründl E, Proescholdt M, Schödel P, Bele S, Höhne J, Zeman F, et al. Excessive
release of endogenous neuropeptide y into cerebrospinal fluid after treatment of
spontaneous subarachnoid haemorrhage and its possible impact on self-reported
neuropsychological performance–results of a prospective clinical pilot study on
good-G. Neurol Res. (2018) 40:1001–13. doi: 10.1080/01616412.2018.1508547

23. Brundl E, Schodel P, Bele S, Proescholdt M, Scheitzach J, Zeman F,
et al. Treatment of spontaneous subarachnoid hemorrhage and self-reported
neuropsychological performance at 6 months - results of a prospective
clinical pilot study on good-grade patients. Turk Neurosurg. (2018) 28:369–88.
doi: 10.5137/1019-5149.JTN.21825-17.0

24. Teasdale GM, Drake CG, Hunt W, Kassell N, Sano K, Perat B, et al.
A universal subarachnoid haemorrhage scale: report of a committee of the
world federation of neurosurgical societies. J Neurol Neurosurg Psychiatry. (1988)
51:1457. doi: 10.1136/jnnp.51.11.1457

25. Hunt WE, Hess RM. Surgical risk as related to time of
intervention in the repair of intracranial aneurysms. J Neurosurg. (1968)
28:14–20. doi: 10.3171/jns.1968.28.1.0014

26. Brundl E, Bohm C, Lurding R, Schodel P, Bele S, Hochreiter A,
et al. Treatment of unruptured intracranial aneurysms and cognitive
performance: preliminary results of a prospective clinical trial. World Neurosurg.
(2016) 94:145–56. doi: 10.1016/j.wneu.2016.06.112

27. Kagerbauer SM, Kemptner DM, Schepp CP, Bele S, Rothörl RD, Brawanski
AT, et al. Elevated premorbid body mass index is not associated with poor
neurological outcome in the subacute state after aneurysmal subarachnoid
hemorrhage. Zentralbl Neurochir. (2010) 71:163–6. doi: 10.1055/s-0030-124
9043

28. Jennett B, Bond M. Assessment of outcome after severe brain damage. A
practical scale. The Lancet. (1975) 1:480–4. doi: 10.1016/S0140-6736(75)92830-5

29. Rankin J. Cerebral vascular accidents in patients over the age of 60: II.
Prognosis. Scott Med J. (1957) 2:200–15. doi: 10.1177/003693305700200504

30. Tritt K, Von Heymann F, Zacharias I, Loew T, Zaudig M, Söllner W.
Development of the “Icd-10-symptom-rating” (Isr) questionnaire. Z Psychosom
Med Psychother. (2008) 54:409–18. doi: 10.13109/zptm.2008.54.4.409

31. Bullinger M. German translation and psychometric testing of the Sf-36
health survey: preliminary results from the iqola project. Soc Sci Med. (1995)
41:1359–66. doi: 10.1016/0277-9536(95)00115-N

32. Bach JP, Riedel O, Pieper L, Klotsche J, Dodel R, Wittchen HU. Health-
related quality of life in patients with a history of myocardial infarction and stroke.
Cerebrovasc Dis. (2010) 31:68–76. doi: 10.1159/000319027

33. Chen Q, Cao C, Gong L, Zhang Y. Health related quality of life in stroke
patients and risk factors associated with patients for return to work. Medicine.
(2019) 98:e15130. doi: 10.1097/MD.0000000000015130

34. Sonesson B, Kronvall E, Säveland H, Brandt L, Nilsson OG. Long-term
reintegration and quality of life in patients with subarachnoid hemorrhage and a
good neurological outcome: findings after more than 20 years. J Neurosurg. (2018)
128:785–92. doi: 10.3171/2016.11.JNS16805

35. Hütter BO, Gilsbach JM, Kreitschmann I. Quality of life and cognitive
deficits after subarachnoid haemorrhage. Br J Neurosurg. (1995) 9:465–
75. doi: 10.1080/02688699550041106

36. Stronks DL, Tulen JHM, Bussmann JBJ, Mulder LJMM,
Passchier J. Interictal daily functioning in migraine. Cephalalgia. (2004)
24:271–9. doi: 10.1111/j.1468-2982.2004.00661.x

37. Swope R, Glover K, Gokun Y, Fraser JF, Cook AM. Evaluation of headache
severity after aneurysmal subarachnoid hemorrhage. Interdiscip Neurosurg. (2014)
119–22. doi: 10.1016/j.inat.2014.07.003

38. Lai J, Harrison RA, Plecash A, Field TS. A narrative review of persistent
post-stroke headache – a new entry in the international classification of headache
disorders, 3rd edition. Headache. (2018) 58:1442–53. doi: 10.1111/head.13382

39. Cavestro C, Ferrero M. Migraine in systemic autoimmune
diseases. Endocrin Metab Immune Disord Drug Targets. (2017)
18:124–34. doi: 10.2174/1871530317666171124124340

40. Hütter BO, Kreitschmann-Andermahr I. Subarachnoid hemorrhage
as a psychological trauma: clinical article. J Neurosurg. (2014) 120:923–
30. doi: 10.3171/2013.11.JNS121552

41. Bryant RA. Posttraumatic stress disorder and mild brain injury:
controversies, causes and consequences. J Clin Exp Neuropsychol. (2001) 23:718–
28. doi: 10.1076/jcen.23.6.718.1024

42. Harriott AM, Karakaya F, Ayata C. Headache after Ischemic
stroke: a systematic review and meta-analysis. Neurology. (2020)
94:e75–e86. doi: 10.1212/WNL.0000000000008591

43. Muehlschlegel S, Kursun O, Topcuoglu MA, Fok J, Singhal AB.
Differentiating reversible cerebral vasoconstriction syndrome with subarachnoid
hemorrhage from other causes of subarachnoid hemorrhage. JAMA Neurol. (2013)
70:1254–60. doi: 10.1001/jamaneurol.2013.3484

44. Schebesch K-M, Bruendl E, Hochreiter A, Scheitzach J, Bele S, Herbst A,
et al. Calcitonin gene-related peptide in serum after spontaneous subarachnoid
hemorrhage. Am J Neurosci. (2014) 5:10–17. doi: 10.3844/amjnsp.2014.10.17

45. Watson E, Ding D, Khattar NK, Everhart DE, James RF. Neurocognitive
outcomes after aneurysmal subarachnoid hemorrhage: identifying inflammatory
biomarkers. J Neurol Sci. (2018) 394:84–93. doi: 10.1016/j.jns.2018.06.021

46. Kokkoris S, Andrews P, Webb DJ. Role of calcitonin gene-related peptide in
cerebral vasospasm, and as a therapeutic approach to subarachnoid hemorrhage.
Front Endocrinol. (2012) 3:135. doi: 10.3389/fendo.2012.00135

47. Edvinsson L. The trigeminovascular pathway: role of Cgrp
and Cgrp receptors in migraine. Headache. (2017) 57(Suppl 2):47–
55. doi: 10.1111/head.13081

Frontiers inNeurology 14 frontiersin.org

https://doi.org/10.3389/fneur.2022.889213
https://doi.org/10.1161/STROKEAHA.110.581975
https://doi.org/10.4037/ajcc2016486
https://doi.org/10.1007/s12028-013-9908-0
https://doi.org/10.1097/00006123-199707000-00008
https://doi.org/10.1161/01.STR.0000260093.49693.7a
https://doi.org/10.1136/jnnp.69.1.127
https://doi.org/10.1016/j.jocn.2019.07.057
https://doi.org/10.1038/298240a0
https://doi.org/10.1073/pnas.83.15.5731
https://doi.org/10.1007/BF01404845
https://doi.org/10.1016/j.jocn.2012.07.006
https://doi.org/10.1007/s10143-020-01333-z
https://doi.org/10.1016/0163-7258(92)90036-Y
https://doi.org/10.1016/S0149-7634(96)00023-1
https://doi.org/10.1186/s10194-017-0741-2
https://doi.org/10.1016/S0140-6736(19)32504-8
https://doi.org/10.1038/s41582-018-0003-1
https://doi.org/10.1080/01616412.2018.1508547
https://doi.org/10.5137/1019-5149.JTN.21825-17.0
https://doi.org/10.1136/jnnp.51.11.1457
https://doi.org/10.3171/jns.1968.28.1.0014
https://doi.org/10.1016/j.wneu.2016.06.112
https://doi.org/10.1055/s-0030-1249043
https://doi.org/10.1016/S0140-6736(75)92830-5
https://doi.org/10.1177/003693305700200504
https://doi.org/10.13109/zptm.2008.54.4.409
https://doi.org/10.1016/0277-9536(95)00115-N
https://doi.org/10.1159/000319027
https://doi.org/10.1097/MD.0000000000015130
https://doi.org/10.3171/2016.11.JNS16805
https://doi.org/10.1080/02688699550041106
https://doi.org/10.1111/j.1468-2982.2004.00661.x
https://doi.org/10.1016/j.inat.2014.07.003
https://doi.org/10.1111/head.13382
https://doi.org/10.2174/1871530317666171124124340
https://doi.org/10.3171/2013.11.JNS121552
https://doi.org/10.1076/jcen.23.6.718.1024
https://doi.org/10.1212/WNL.0000000000008591
https://doi.org/10.1001/jamaneurol.2013.3484
https://doi.org/10.3844/amjnsp.2014.10.17
https://doi.org/10.1016/j.jns.2018.06.021
https://doi.org/10.3389/fendo.2012.00135
https://doi.org/10.1111/head.13081
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Bründl et al. 10.3389/fneur.2022.889213

48. Edvinsson L. Aspects on the pathophysiology of migraine
and cluster headache. Pharmacol Toxicol. (2001) 89:65–73.
doi: 10.1111/j.1600-0773.2001.890201.x

49. Juul R, Aakhus S, Björnstad K, Gisvold SE, Brubakk AO,
Edvinsson L. Calcitonin gene-related peptide (Human α-Cgrp) counteracts
vasoconstriction in human subarachnoid haemorrhage. Neurosci Lett. (1994)
170:67–70. doi: 10.1016/0304-3940(94)90240-2

50. Iyengar S, Ossipov MH, Johnson KW. The role of calcitonin gene-
related peptide in peripheral and central pain mechanisms including
migraine. Pain. (2017) 158:543–59. doi: 10.1097/j.pain.000000000000
0831

51. Keller JT, Marfurt CF. Peptidergic and serotoninergic innervation of the
rat dura mater. J Comp Neurol. (1991) 309:515–34. doi: 10.1002/cne.90309
0408

52. Nozaki K, Kikuchi H, Mizuno N. Changes of calcitonin gene-related
peptide-like immunoreactivity in cerebrovascular nerve fibers in the dog after

experimentally produced subarachnoid hemorrhage. Neurosci Lett. (1989) 102:27–
32. doi: 10.1016/0304-3940(89)90302-9

53. Kamm K, Straube A, Ruscheweyh R. Calcitonin gene-related peptide levels
in tear fluid are elevated in migraine patients compared to healthy controls.
Cephalalgia. (2019) 39:1535–1543. doi: 10.1177/0333102419856640

54. Edvinsson L. Calcitonin gene-related peptide (Cgrp) in cerebrovascular
disease. Sci World J. (2002). doi: 10.1100/tsw.2002.806

55. Dulhanty LH, Hulme S, Vail A, Patel HC, Tyson SF. The self-reported needs
of patients following subarachnoid hemorrhage (Sah). Disabil Rehabil. (2019)
42:3450–56. doi: 10.1080/09638288.2019.1595748

56. Stonnington CM, Kothari DJ, Davis MC. Understanding and promoting
resiliency in patients with chronic headache. Curr Neurol Neurosci Rep. (2016)
16:6. doi: 10.1007/s11910-015-0609-2

57. Gaul C, Liesering-Latta E, Schäfer B, Fritsche G, Holle D. Integrated
multidisciplinary care of headache disorders: a narrative review. Cephalalgia.
(2016) 36:1181–91. doi: 10.1177/0333102415617413

Frontiers inNeurology 15 frontiersin.org

https://doi.org/10.3389/fneur.2022.889213
https://doi.org/10.1111/j.1600-0773.2001.890201.x
https://doi.org/10.1016/0304-3940(94)90240-2
https://doi.org/10.1097/j.pain.0000000000000831
https://doi.org/10.1002/cne.903090408
https://doi.org/10.1016/0304-3940(89)90302-9
https://doi.org/10.1177/0333102419856640
https://doi.org/10.1100/tsw.2002.806
https://doi.org/10.1080/09638288.2019.1595748
https://doi.org/10.1007/s11910-015-0609-2
https://doi.org/10.1177/0333102415617413
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

	The endogenous neuropeptide calcitonin gene-related peptide after spontaneous subarachnoid hemorrhage–A potential psychoactive prognostic serum biomarker of pain-associated neuropsychological symptoms
	Highlights
	Introduction
	Patients and methods
	Patient population
	Neuropsychological self-report assessment
	Laboratory procedures
	Statistical analysis

	Results
	Demographics and descriptive statistics
	Correlation of neuropsychological performance with CGRP exposure in serum

	Discussion
	Reduced hrQoL after sSAH with a focus on pain processing
	hrQoL restrictions after sSAH
	Potential determinants for pain conditions and hrQoL restrictions after sSAH
	Pathophysiological considerations

	Relevance of CGRP in pain processing after sSAH

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher's note
	References


