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ABSTRACT 

Aneurysmal subarachnoid hemorrhage (aSAH) is a common cause of death or 
permanent disability in previously healthy individuals.  Its incidence in the developed 
countries is approximately 10/100 000 person-years. Secondary injuries increase 
both mortality and morbidity in patients who survive the primary hemorrhage.  
Estimating an accurate prognosis in the early phase of the disease is a complex task 
since there are so many ambiguities. The availability of reliable biomarkers reflecting 
the severity of the prevailing brain injury could be beneficial in patients who survive 
the primary ictus as therapy could be optimized. These biomarkers might also act as 
surrogates for developing secondary brain injuries. Several peripheral blood 
biomarkers have been evaluated with contradictory findings; thus far, there is no 
clinically reliable biomarker, which could guide the treatment and prognosis. The 
primary goal of this thesis was to examine multiple peripheral blood biomarkers for 
their prognostic potential and association with selected clinical variables after aSAH. 
To accomplish this goal we conducted a prospective, observational, single-center 
clinical study at Tampere University Hospital. The study cohort consisted of 61 
consecutive aSAH patients of whom 47 fulfilled the inclusion criteria.  

The selection of the biomarkers was based on the concept of 
compartmentalization of the brain injury for different cell types of intracranial space 
and systemic inflammatory response to critical illness. Neuron-specific enolase 
(NSE) and ubiquitin carboxy-terminal hydrolase L1 (UCH-L1) were selected for 
their putative ability to act as a surrogate for neural injury, S100 calcium-binding 
protein B (S100B) as a glial injury biomarker and matrix metalloproteinase-9 (MMP-
9) as reflecting damage to the blood-brain-barrier (BBB). Similarly, interleukin-6 (IL-
6), high mobility group box 1 (HMGB1) and soluble urokinase-type plasminogen 
activator receptor (suPAR) were hypothesized to act as surrogates for the intensity 
of the systemic inflammatory system activation and thus reflect the severity of the 
disease. 



 

We found that only UCH-L1 showed any association with neurological outcomes 
in our patient cohort. Increase in the UCH-L1 levels compared to the baseline values 
was associated with an unfavorable neurological outcome. At the end of the five-day 
ICU follow-up, patients with an unfavorable neurological outcome also had 
significantly higher UCH-L1 levels compared to patients presenting a favorable 
neurological outcome. It is plausible that increasing UCH-L1 levels during the 
follow-up reflect ongoing neuronal injury.  

IL-6 levels were found to be high in patients with severe initial clinical 
presentations but were not associated with neurological outcome. Thus IL-6 
secretion seems to reflect the overall activation of systemic inflammatory response 
to critical illness rather than brain injury per se. HMGB1 was not associated with the 
neurological outcome or any of the selected clinical variables. SuPAR has shown 
promising potential as a prognostic biomarker in various critical illnesses but based 
on our results, it cannot be used to predict the prognosis after aSAH. There might 
be confounding factors, such as the routine administration of nimodipine, which 
might complicate the interpretation of suPAR levels after aSAH.   

Furthermore, S100B, NSE or MMP-9 levels have demonstrated some potential 
as prognostic biomarkers in aSAH. In the recent literature, S100B has even been 
proposed to be useful as a guide to clinical decision-making in aSAH. Our findings 
do not support the use of any of these biomarkers in the clinical context. High initial 
S100B levels were associated with the non-severe initial clinical presentation but did 
not associate with the neurological outcome. It is possible that the initially increasing 
S100B levels have an adaptive role in the brain injury after aSAH. NSE and MMP-9 
were not associated with neurological outcome or any of the selected clinical 
variables.  

It seems plausible that multiple biomarkers measured at the same time-points will 
be needed in order to gain a better understanding of the pathophysiological 
processes after aSAH. Clinically valid biomarkers can help to determine the accurate 
timing of interventions which will improve the recovery of the patients. Additionally, 
they might be used to estimate more precise prognosis thus helping to guide clinical 
decision-making and improving communication with the patients and their relatives. 
Endeavors to find reliable biomarkers to guide clinical decision-making need to be 
continued to achieve a better outcome for the patients suffering aSAH.



 

TIIVISTELMÄ 

Aneurysmaattinen lukinkalvonalainen verenvuoto (SAV) on yleinen kuolinsyy ja 
elinikäisen vammautumisen aiheuttaja aiemmin terveillä yksilöillä. Sen ilmaantuvuus 
kehittyneissä maissa on keskimäärin 10/100 000 henkilövuotta. Primaarivuodosta 
selvinneillä potilailla myöhemmin kehittyvät jälkivauriot lisäävät potilaiden 
sairastavuutta ja kuolleisuutta. Potilaan ennusteen arviointi on hyvin haastavaa taudin 
alkuvaiheessa sisältäen monia epävarmuustekijöitä. Primaarivuodosta selvinneiden 
potilaiden hoitoa voitaisiin optimoida alusta alkaen mikäli kliinisesti luotettavat 
biomerkkiaineet pystyisivät ilmentämään jo kehittynyttä aivovauriota sekä 
ennakoimaan kehittyviä jälkivaurioita. Lukuisia perifeerisen veren biomerkkiaineita 
on tutkittu tässä tarkoituksessa, mutta tulokset ovat olleet ristiriitaisia ja toistaiseksi 
kliinisesti luotettavaa biomerkkiainetta hoidon ja ennusteen arvioinnin tueksi ei ole 
löydetty. Tämän väitöstutkimuksen päätarkoitus oli selvittää useiden erityyppisten 
perifeerisen veren biomerkkiaineiden ennustearvoa neurologisessa toipumisessa 
SAV:n jälkeen sekä biomerkkiaineiden assosiaatioita muihin valittuihin kliinisiin 
muuttujiin. Tätä tarkoitusta varten toteutimme Tampereen yliopistollisessa 
sairaalassa ajassa etenevän havaintotutkimuksen SAV-potilasryhmässä. 
Tutkimukseen rekrytoitiin 61 potilasta, joista 47 täytti sisäänottokriteerit.   

Tutkimuksissa käytetyt biomerkkiaineet valittiin siten, että ne edustaisivat 
kallonsisäisen tilan eri solutyyppejä ja kriittisen sairauden systeemivaikutuksia. 
Neuron spefisic enolase (NSE) ja ubiquitin carboxy-terminal hydrolase L1 (UCH-
L1) valittiin kuvaamaan neuraalista vauriota, S100 calcium-binding protein B (S100B) 
gliasolukon merkkiaineeksi ja matrix metalloproteinase-9 (MMP-9) kuvastamaan 
veriaivoesteen vauriota. Interleukin-6 (IL-6), high mobility group box 1 (HMGB1) 
sekä soluble urokinase-type plasminogen activator receptor (suPAR) –
biomerkkiaineet valittiin kuvastamaan kriittisen sairauden aiheuttamaa systeemistä 
tulehdusvastetta ja täten sairauden yleistä vaikeusastetta.  



 

Tutkimuksissamme mitatuista merkkiaineista ainoastaan UCH-L1 yhdistyi 
tilastollisesti merkitsevästi neurologiseen toipumiseen. Alkutasosta nouseva UCH-
L1 oli yhteydessä huonoon neurologiseen toipumiseen. Viiden vuorokauden 
tehohoitoseurannan lopussa neurologisesti huonosti toipuneilla potilailla oli 
merkittävästi korkeammat UCH-L1 pitoisuudet kuin neurologisesti hyvin 
toipuneilla. On todennäköistä, että seurannan aikana nouseva UCH-L1 pitoisuus 
kuvastaa aktiivisesti käynnissä olevaa hermostollista vauriota.  

IL-6 pitoisuudet olivat korkeat potilailla, joiden tulovaiheen kliininen taudinkuva 
oli vaikea-asteinen. IL-6 pitoisuus tulovaiheessa ei kuitenkaan ollut tilastollisesti 
merkitsevässä yhteydessä potilaan neurologiseen toipumiseen, joten se 
todennäköisesti kuvastaa ainoastaan systeemisen tulehdusvasteen voimakkuutta, eikä 
suoranaista aivovauriota. HMGB1 –pitoisuus ei myöskään ennustanut neurologista 
toipumista eikä ollut yhteydessä mihinkään valituista kliinisistä muuttujista. SuPAR 
on osoittautunut lupaavaksi prognostiseksi biomerkkiaineeksi useissa kriittisissä 
sairauksissa, mutta tulostemme perusteella se ei ole käyttökelpoinen SAV:n 
jälkeisessä ennustearviossa. On mahdollista, että SAV:n rutiinihoitoon liittyvät 
lääkitykset, kuten nimodipiini, aiheuttavat muutoksia systeemisiiin suPAR 
pitoisuuksiin. 

S100B, NSE ja MMP-9 ovat aiemmissa tutkimuksissa osoittautuneet soveltuviksi  
muuttujiksi tukemaan ennusteen arviointia SAV:n jälkeen. Tuoreessa kirjallisuudessa 
on jopa esitetty, että S100B pitoisuudet voisivat ohjata kliinistä päätöksentekoa 
SAV:n yhteydessä. Tuloksemme eivät tue näiden biomerkkiaineiden kliinistä käyttöä. 
Alkuvaiheen korkeat S100B pitoisuudet yhdistyivät lievempiasteiseen kliiniseen 
sairauskuvaan, mutta eivät ennakoineet neurologista toipumista. On mahdollista, että 
alkuvaiheessa nousevalla S100B pitoisuudella on adaptiivinen rooli SAV:n 
aiheuttamassa aivovauriossa. NSE ja MMP-9 eivät olleet yhteydessä neurologiseeen 
toipumiseen eivätkä mihinkään valituista kliinisistä muuttujista.  

On todennäköistä, että SAV:n yhteydessä on määritettävä useita eri 
biomerkkiaineita samoissa aikapisteissä, jotta ymmärrystä tautitilaan liittyvästä 
monimutkaisesta patofysiologiasta voidaan syventää. Potilaiden hoito on vaativaa ja 
tarvitsee tuekseen luotettavia biomerkkiaineita.  Kliinisesti käyttökelpoiset 
biomerkkiaineet voivat parhaimmillaan ohjata hoitojen oikea-aikaisuutta edistäen 
potilaan toipumista SAV:sta. Lisäksi biomerkkiaineet voivat mahdollisesti lisätä 
toipumisennusteen tarkkuutta taudin alkuvaiheessa helpottaen hoitopäätöksiä ja 



 

parantaen viestintää potilaan sekä omaisten kanssa. Tutkimuksia kliinisesti 
luotettavien biomerkkiaineiden löytämiseksi SAV:n hoidon tueksi on jatkettava. 
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1 INTRODUCTION 

 

Aneurysmal subarachnoid hemorrhage (aSAH) is a devastating disease with a one-
year mortality up to 50% (Korja et al. 2013). Advances in neurosurgical, neurocritical 
and neuroradiological care have improved patient outcomes, but still the majority of 
aSAH patients will die or - when surviving the primary insult - suffer a substantial 
impairment in their functional ability after the aSAH (Korja et al. 2013; Connolly et 
al. 2012; Zacharia et al. 2010). aSAH affects a relatively young and otherwise healthy 
population when compared to other types of strokes with an incidence peak around 
50 years (Connolly et al. 2012; de Rooij et al. 2007; Zacharia et al. 2010).  Meretoja 
et al (Meretoja et al. 2011) calculated that the mean 1-year healthcare expenditure for 
aSAH patient in Finland is $42 570. This number does not evaluate non-healthcare 
costs. Many of the patients are working age, and a significant number of them never 
return to work so the production losses and costs of early retirement are likely to be 
significant (Meretoja et al. 2011). Thus, aSAH often represents a tremendous 
individual tragedy as well as poses a significant socioeconomic burden.  

 
The pathophysiological cascade in cerebral tissue occurring after aSAH is 

complex and not limited to the intracranial compartment. After the primary ictus, 
patients often suffer from serious additional symptoms e.g., rebleeding, elevated 
intracranial pressure (ICP), cerebral vasospasm and delayed cerebral ischemia (DCI), 
blood-brain barrier (BBB) dysfunction, cardiac dysfunction, neurogenic pulmonary 
edema, and electrolyte abnormalities (Connolly et al. 2012; Macdonald 2013; 
Macdonald et al. 2014). It is well justified to claim that aSAH is a systemic disease. 
Although many putative pathophysiological mechanisms for the early brain injury 
(EBI) and DCI after aSAH have been proposed, many of them are still at the level 
of speculation and more research on human subjects is sorely needed (Macdonald et 
al. 2014; Macdonald 2013).  
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It is a far from straightforward task to estimate an accurate prognosis in the early 
phases of aSAH (Connolly et al. 2012). This feature is highlighted since rebleeding 
and DCI complicate the recovery in many cases where initially a headache might 
have been the sole clinical manifestation of the disease. Despite extensive research, 
there are no reliable prognostic biomarkers in aSAH (Hong et al. 2014). This thesis 
has focused on the pathophysiological mechanisms occurring after aSAH and it 
explores the prognostic potential of various peripheral blood biomarkers as well as 
their association with selected clinical parameters and their mutual 
interdependencies. 
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2 REVIEW OF THE LITERATURE  

 

2.1 Incidence of aneurysmal subarachnoid hemorrhage  

 

Spontaneous SAH is most often caused by a ruptured intracranial aneurysm, aSAH 
accounts for approximately 75 – 80% of SAH (Zacharia et al. 2010). The etiology of 
SAH remains cryptogenic in approximately 15% of patients who also present with a 
much better prognosis, especially those patients with perimesencephalic SAH, in 
comparison to patients with aSAH (Andaluz & Zuccarello 2008). In 5% of cases 
SAH is caused by a variety of rare conditions such as arteriovenous malformations 
(van Gijn & Rinkel 2001). The majority of the previous studies report a higher 
incidence in women than in men (Connolly et al. 2012).  The incidence of SAH also 
appears to increase with age, especially the predominance of women increases with 
age (Connolly et al. 2012; de Rooij et al. 2007).  

 

 
The standardized prevalence of intracranial aneurysms in the Finnish population 

has been claimed to be 2-3% (Ronkainen et al. 1998), these prevalence estimates 
have not changed significantly according to the more recent literature  (Korja & 
Kaprio 2016). The risk of aneurysm rupture is estimated to be around 1% annually; 
most aneurysms never rupture (Wermer et al. 2007). Uncertainty exists relating to 
the exact incidence of aSAH worldwide since reported estimates between countries 
have differed considerably. A World Health Organisation publication in 2000 
reported 10-fold differences among the 11 subpopulations studied, with China being 
reported to have the lowest incidence of 2.0 (95% CI 1.6 to 2.4) per 
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100 000 population whereas Finland had the highest incidence of 22.5 (95% CI 
20.9 to 24.1) per 100 000 population (Ingall et al. 2000). Incidences even as high as 
33.0 per 100 000 population have been reported for Finnish men (Sarti et al. 1991). 
A more recent review documented incidences worldwide ranging from 2.0 to 16.0 
per 100 000 population (Feigin et al. 2009). The true incidence of aSAH is probably 
higher since aSAH often leads to “sudden death” before arrival to hospital 
(Schievink et al. 1995) and few countries have high enough autopsy rates to confirm 
the diagnosis. The latest nationwide study (Korja et al. 2016) does not support the 
exceptionally high SAH incidence rates in Finland. In that study, the crude 
nationwide incidence varied between 6.2 and 10.0 per 100 000 population in 1998 – 
2012 which was similar to other countries (de Rooij et al. 2007). These authors also 
observed that the incidence of SAH was declining which they considered might be 
coupled with decreasing smoking rates in Finland (Korja et al. 2016).   

 

2.2 Risk factors of aneurysmal subarachnoid hemorrhage  

 

Hypertension, smoking, alcohol abuse and use of sympathomimetic drugs such as 
amphetamines and cocaine are the best known modifiable risk factors for aSAH 
(Connolly et al. 2012). Both antithrombotic and anticoagulant medication has been 
associated with increased risk of aSAH but they have not been shown as an indepent 
risk factor for early mortality or poor functional outcome (Garbe et al. 2013; Schuss 
et al. 2017). A previous history of aSAH and a family history of aSAH, especially if 
≥2 first-degree relatives have suffered an aSAH then the estimated lifetime risk of 
aSAH is as large as 26% (Bor et al. 2010).   
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2.3 Clinical presentation and diagnosis  

 

The first manifestation of the disease, an onset headache is very typical in aSAH. It 
is described as severe, bilateral and focal “thunderclap-headache” and it accompanies 
aSAH in nearly all (74-94%) cases (Gorelick et al. 1986; Fontanarosa 1989). 
Nonetheless, a thunderclap headache is a rather unspecific symptom since only 8-
12% of all neurological patients with a thunderclap headache experience a aSAH, 
instead most have a headache of benign etiology (Edlow et al. 2008). Nausea (77%), 
loss of consciousness (53%) and nuchal rigidity (35%) have also been reported as 
common onset symptoms in a retrospective cohort study (Fontanarosa 1989). Up to 
20% of patients may suffer seizures within the first 24 hours; the seizures are 
associated with a poor prognosis (Connolly et al. 2012; Butzkueven et al. 2000). 

 
Noncontrast-CT is a first-line diagnostic test for aSAH. If CT is undertaken 

within 6 hours from the onset of symptoms, its sensitivity approaches 100% when 
evaluated by an experienced neuroradiologist (Edlow & J. Fisher 2012). The 
sensitivity of CT decreases by time and is reported to be 85%, 50% and 30% after 
five days, one week and two weeks, respectively, from the onset of symptoms (van 
Gijn & van Dongen 1982). Lumbar puncture is recommended in the guidelines when 
the clinical presentation fits aSAH, but the initial CT is negative (Connolly et al. 
2012). 

 
Once the diagnosis of SAH has been established, the further diagnostic workup 

includes digital subtraction angiography (DSA) or computed tomography 
angiography (CTA).  If the initial angiography (DSA/CTA) is negative, then delayed 
DSA is usually conducted within 5 to 7 days since around 10-15% patients with initial 
negative findings are diagnosed with an aneurysm when assessed with delayed DSA 
(Agid et al. 2010).   
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2.4 Preoperative and operative management  

 

2.4.1 Medical management before operative treatment 

The primary goal of medical management is to reduce the risk of rebleeding before 
an aneurysm can be secured surgically or using endovascular technique.  

 
Systolic arterial blood pressure over 160 mmHg is a possible risk factor for 

rebleeding (Ohkuma et al. 2001), and the American Heart Association/American 
Stroke Association guideline recommends the control of acute hypertension with a 
titratable agent while retaining as good cerebral perfusion pressure as possible 
(Connolly et al. 2012).  

 
Tranexamic acid has been shown to decrease the incidence of rebleeding 

(Hillman et al. 2002; Starke et al. 2008), still there is an ongoing debate whether it 
exerts any outcome benefits e.g., due to increased risk of DCI, and deep vein 
thrombosis (Baharoglu et al. 2013; Connolly et al. 2012). The American Heart 
Association/American Stroke Association guideline recommends short-term 
(maximum of three days) tranexamic acid therapy in patients without obvious 
contraindications when there is an unavoidable delay in the operative treatment 
(Connolly et al. 2012). 

2.4.2 Surgical and endovascular treatment  

Until the 1990s, microsurgical clipping was the sole operative treatment modality for 
aSAH. The rapid evolution of endovascular techniques and expertise in recent 
decades have made them reasonable alternatives. There is still an on-going debate 
about which treatment modality is optimal though there is a consensus that 
aneurysm occlusion should be achieved as soon as possible to prevent rebleeding 
(Connolly et al. 2012). One trial compared microsurgical clipping and endovascular 
coiling in cases where a multidisciplinary board of experts had evaluated that the 
aneurysm was suitable for treatment by either technique (Molyneux et al. 2005). It 
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was observed that independent survival was more likely in the endovascular group 
of this trial. Thus, the American Heart Association/American Stroke Association 
guideline recommends endovascular coiling when both methods are technically 
feasible (Connolly et al. 2012). Nevertheless, the same guideline recommends that 
determination of the operative treatment modality should be done by a 
multidisciplinary team of experienced cerebrovascular surgeons and endovascular 
interventionists based on the individual characteristics of the patient and the 
aneurysm. 

 

2.5 Neurocritical care (and complications) 

 

After aneurysm occlusion, patients are still prone to the development of multiple 
complications such as secondary brain injury due to DCI, seizures, hydrocephalus, 
electrolyte disturbances, cardiovascular instability, pulmonary and renal 
complications, and thus these patients are routinely admitted to multidisciplinary 
ICU for postoperative management (Diringer et al. 2011).  

 
Fundamentals of general neurocritical care apply to aSAH patients. Increased 

intracranial pressure must be treated, and adequate cerebral perfusion pressure must 
be maintained.  Mass effects, especially ones causing brain shift, might need surgical 
intervention. Patients must be monitored meticulously for systemic complications 
(such as fever, hypotension, hypoxemia, electrolyte disturbances and 
hypo/hyperglycemia) and these should be treated aggressively. Hypo-osmolar fluids 
and excessive sedation should be avoided.  Patients with an impaired level of 
consciousness should be intubated if they cannot protect their airway. Repeated 
neurologic examinations must be performed during ICU stay to recognize 
neurological deterioration of the patient and neuroradiological imaging (such as CT, 
magnetic resonance imaging, and cerebral angiography) must be performed based 
on clinical evaluation (Wijdicks et al. 2014; Connolly et al. 2012). 
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Basic cardiopulmonary monitoring with electrocardiogram (ECG), pulse 
oximetry and invasive monitoring of arterial blood pressure is necessary for all 
patients during ICU stay. More advanced invasive hemodynamic monitoring might 
be necessary for selected patients. The requirement for invasive monitoring of ICP 
and brain oxygenation must be evaluated individually. Continuous 
electroencephalogram monitoring is recommended to detect non-convulsive 
seizures in poor-grade patients (Le Roux et al. 2014).  

 

2.5.1 Rebleeding  

 

Rebleeding is associated with poor outcome, and its risk is highest in the first 12 
hours after the primary hemorrhage; reported incidences vary between 4.1 and 
13.6% in the first 24 hours (Connolly et al. 2012; Hillman et al. 2002; Naidech et al. 
2005; Ohkuma et al. 2001; Kassell & Torner 1983). Rebleeding rates even higher 
than 20% have been observed when the surgery has been delayed, or a conservative 
treatment approach has been chosen (Kassell & Torner 1983). 

 

2.5.2 Acute hydrocephalus 

 

The reported incidences for acute hydrocephalus after aSAH vary extensively, 
ranging between 15% and 87%. Traditionally hydrocephalus is categorized as 
communicating or obstructive. In the acute phase of aSAH hydrocephalus is often 
thought to be obstructive type largely caused by the mass effect or blood clots within 
the ventricles and cerebral aqueduct, preventing cerebrospinal fluid (CSF) flow out 
of the cranial vault. Biomolecular mechanisms causing communicating type of 
hydrocephalus are still partly uncertain but it seems evident that inflammation and 
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eventual fibrosis of arachnoid granulations is a major contributor to the process 
(Chen et al. 2017). 

  
 Management of acute hydrocephalus is usually achieved by external ventricular 

drainage (EVD) or in some instances with lumbar drainage (Connolly et al. 2012). 
Patients with a severe clinical presentation who also have acute hydrocephalus have 
been documented to improve after EVD placement, and it is plausible that it also 
improves their outcome (Ransom et al. 2007). The American Heart 
Association/American Stroke Association guideline recommends treating acute 
symptomatic hydrocephalus with EVD or lumbar drainage, depending on the clinical 
scenario (Connolly et al. 2012). 

2.5.3 Seizures 

 

Simply by examining the patient history, it is often difficult to make a judgement 
about whether the patient has had a seizure, since seizure-like abnormal movements 
are common at primary ictus. Most seizures happen before the medical admission, 
and in-hospital seizures are relatively rare (Rhoney et al. 2000). Prophylactic 
treatment with anticonvulsant drugs for seizures used to be ubiquitous, but at least 
phenytoin use has been associated with poorer outcomes (Naidech, Kreiter, et al. 
2005; Rosengart et al. 2007). Furthermore, it seems that transient anticonvulsant 
prophylaxis with phenytoin is therapeutically as adequate in preventing seizures as 
more extended regimens while reducing adverse drug effects (Chumnanvej et al. 
2007). A guideline based on a multidisciplinary consensus of neurocritical care 
experts recommended against routine anticonvulsant prophylaxis with phenytoin. 
Other anticonvulsants may be considered for a duration of 3 to 7 days (Diringer et 
al. 2011). 
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2.5.4 Cardiopulmonary complications 

 

Cardiopulmonary complications after aSAH are common. Myocardial stress is 
thought to be caused by an uncontrollable sympathetic nervous system activation 
leading to a catecholamine surge rather than by coronary artery disease (Diringer et 
al. 2011; Okabe et al. 2012). The observed cardiac abnormalities range from rather 
uncomplicated electrocardiogram changes and troponin elevations to apparent heart 
failure associated with left ventricular failure and malign arrhythmias (Okabe et al. 
2012). In prospective studies, some type of ECG abnormality is seen in almost every 
patient subjected to ECG monitoring (Lee et al. 2006), and some form of pulmonary 
edema is seen in approximately 10% of patients (Friedman et al. 2003). Some type 
of pulmonary complication (pneumonia, congestive heart failure, aspiration 
pneumonia, neurogenic pulmonary edema, pulmonary embolus) is seen in 
approximately 20% of patients (Friedman et al. 2003).  

 
Treatment recommendations for both pulmonary and cardiac complications 

follow general guidelines, with the exception that cerebral perfusion pressure (CPP) 
and mean arterial pressure (MAP) should be maintained as appropriate for the 
neurological condition. Supportive care for cardiac and respiratory failure includes 
avoiding excessive fluid load and the judicious use of diuretics to attain euvolemia 
(Diringer et al. 2011). 

 

2.5.5 Delayed cerebral ischemia 

 

The definition of DCI in literature is inconsistent. There is an expert panel consensus 
which considered the criteria to be used for DCI  in future studies (Vergouwen et al. 
2010). They recommended using the occurrence of focal (hemiparesis, aphasia, 
apraxia, hemianopia, or neglect) or global (2 points decrease on GCS) neurological 
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impairment which should last over an hour and cannot be attributed to other causes 
by means of clinical assessment, CT or magnetic resonance imaging, and appropriate 
laboratory studies.  Nonetheless, the diagnosis of DCI is somewhat subjective, and 
the clinician’s ability to detect a deterioration is limited in poorly responsive and 
sedated patients. In addition, other conditions (fever, infection, electrolyte 
disturbances, hypoxia) might mimic DCI (Macdonald et al. 2014). 

 
Among the patients who survive primary hemorrhage, DCI is undisputedly one 

of the leading causes of subsequent mortality and morbidity (Helbok et al. 2015; 
Francoeur & Mayer 2016; Rowland et al. 2012);(Macdonald 2013). 

 
It is also obvious that the "classical" understanding of DCI being caused only by 

cerebral vasospasm is not correct and instead, symptomatic cerebral vasospasm is 
simply one manifestation of DCI (Rowland et al. 2012; Macdonald 2013). The 
pathophysiology of DCI is known to be multifactorial but despite extensive research, 
it remains largely elusive. There are several putative causes of DCI e.g. 
microthrombosis, cortical spreading depression, inflammation, blood-brain-barrier 
disruption, and microvascular constriction (Macdonald et al. 2007; Macdonald 2013).  

 
Nimodipine is the only proven pharmacological treatment to reduce DCI and 

improve patient outcome (Pickard et al. 1989);(Macdonald et al. 2014). In addition 
to nimodipine prophylaxis, the first-line therapy of DCI consists of induced 
hypertension and volume optimization targeting euvolemia. Endovascular therapy 
(balloon angioplasty and/or intra-arterial vasodilators) and cardiac output 
augmentation may act as rescue therapies if there is no response to first-line therapies 
(Francoeur & Mayer 2016). 
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2.6 Predictors of prognosis  

 

Approximately 12% to 15% of aSAH patients die before reaching hospital 
(Schievink et al. 1995; Truelsen et al. 1998) and despite advances in neurosurgical, 
neurocritical and neuroradiological management, aSAH still remains a devastating 
disease with 1-year mortality approaching 50% (Korja et al. 2013). There is also 
excess long-term mortality even in 1-year survivors (T. Huttunen et al. 2011; 
Ronkainen et al. 2001).  

 
Only every third patient achieves functional independence and only one in four 

of them report that they have made a complete recovery without psychosocial or 
neurological problems (Wermer et al. 2007). Scales commonly used to measure 
outcomes after aSAH are quite insensitive to the reduction in quality of life caused 
by mood disorders such as depression, anxiety, and impairment in executive 
functions which are common after aSAH (Connolly et al. 2012; Buchanan et al. 
2000). 

 
The initial severity of the neurological condition is known to be the best predictor 

of outcome, but several attempts have been made to devise grading scales which 
would estimate the prognostic potential; these tend to place the greatest weight on 
the initial neurological symptoms (Connolly et al. 2012; van Donkelaar et al. 2016). 
The loss of consciousness at the onset of aSAH has been associated with a worse 
functional outcome even in good-grade patients (J. Wang et al. 2016). 
Understandably, aneurysm rebleeding is also major predictor of poor outcome 
(Connolly et al. 2012; Hillman et al. 2002; Naidech, Janjua, et al. 2005; Ohkuma et 
al. 2001; Kassell & Torner 1983). Other factors known to be associated with a poorer 
prognosis include older age, pre-existing severe morbidity, global cerebral edema on 
CT, intraventricular or intracerebral hemorrhage, symptomatic vasospasm, delayed 
cerebral infarction, hyperglycemia, fever, anemia, and severe infection such as 
pneumonia or sepsis (Connolly et al. 2012). 

 
Estimating an accurate prognosis after aSAH is a difficult process including many 

uncertainties. Thus, there have been strenuous efforts to create clinical grading scales 
which could aid in the evaluation of the initial neurological injury, guide in treatment 
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decisions and provide predictive value for prognosis. Since 1933, over 40 grading 
scales have been documented (Rosen & Macdonald 2005a). In our studies, we used 
the Hunt and Hess Scale (H&H), the Fisher Scale (Fisher), and World Federation of 
Neurological Surgeons (WFNS) Scale which are three of the most commonly used 
scales. 

 

2.6.1 Hunt & Hess scale 

 

Hunt & Hess (H&H) was first described in 1968 (Hunt & Hess 1968). Its authors 
concluded that the most important clinical signs of SAH were the degree of 
meningeal irritation, the severity of neurological deficit, the level of consciousness 
and the previous history of a systemic disease (Rosen & Macdonald 2005a; Hunt & 
Hess 1968). The authors recognized that their classification was somewhat arbitrary 
since sometimes the margins between categories could be ill-defined (Hunt & Hess 
1968). Significant inter-rater differences, apparently due to ambiguities in 
classification categories, have been reported in the H&H scale and thus might reduce 
its prognostic potential (Rosen & Macdonald 2005). Several studies have found an 
association with worse neurological outcome and increasing H&H grade, especially 
when the H&H value is over 2 (Rosen & Macdonald 2005a).  
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2.6.2 World Federation of Neurological Surgeons (WFNS) scale 

 

Drake et al. published the WFNS scale in 1988 as a consensus statement of The 
World Federation of Neurological Surgeons Committee on a Universal 
Subarachnoid Hemorrhage Grading Scale (Drake 1988). The consensus was formed 
on the basis of the previously proposed scales, and the Committees' firm opinion 
was that the scale should 1) consist of only five grades for classification 2) Glasgow 
Coma Scale (GCS) should be used for evaluating the level of consciousness 3) major 
focal deficit (aphasia and/or hemiparesis or hemiplegia) should be used to 
differentiate between grades II and III (Drake 1988).  

 
The association between high WFNS score and poor outcome is well established, 

and the latest American Heart Association/American Stroke Association guideline 

Hunt	&	Hess	grading	scale	
	 	 	 	 	
	 Grade	 	 Description	 	
	 1	 	 Asymptomatic,	 mild	 headache,	 slight	

nuchal	rigidity	
	

	 	 	 	 	
	 2	 	 Moderate	 to	 severe	 headache,	 nuchal	

rigidity,	no	neurologic	deficit	other	than	
cranial	nerve	palsy	

	

	 	 	 	 	
	 3	 	 Drowsiness,	 confusion,	 mild	 focal	

neurologic	deficit	
	

	 	 	 	 	
	 4	 	 Stupor,	moderate-severe	hemiparesis	 	
	 	 	 	 	
	 5	 	 Coma,	decerebrate	posturing	 	
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suggests that admission status should be evaluated with WFNS or H&H (Connolly 
et al. 2012). It has also been shown that the prognostic value of WFNS increases if 
it is assessed after neurological resuscitation, e.g., cerebrospinal fluid diversion, 
instead of being conducted during medical admission (Giraldo et al. 2012). 
Nevertheless, its specificity for poor outcome in high-grade patients has been 
questioned (Taylor et al. 2010). 

 

 

 

2.6.3 Fisher scale 

 

The Fisher scale evaluates the amount of blood observed in the initial brain-CT. It 
was first introduced in 1980 (C. M. Fisher et al. 1980) and its main aim was to predict 
the occurrence of cerebral vasospasm. When the scale was developed, CT scans were 
actually printed out on paper, and the amount of blood was calculated from the 
print-outs. The CT-scanners at that time had about 1/10 of the resolution of modern 
equipment (Rosen & Macdonald 2005), thus for example, a “no blood" finding was 

	
World	Federation	of	Neurological	Surgeons	grading	scale	(WFNS)	
	 	 	 	 	
	 	

WFNS-grade	 	 Motor	deficit	/	Glasgow	Coma	Score	

	 	 1	 	 absent	/	15	
	

	 	 2	 	 absent	/	13-14	
	

	 	 3	 	 present	/	13-14	
	

	 	 4	 	 present	or	absent	/	7-12	
	

	 	 5	 	 present	or	absent	/	3-6	
	

	



 

30 

more common in the initial brain-CT. The association between poor outcome and 
ascending Fisher grade has been well-documented (Teo et al. 2017; Ogilvy et al. 2006; 
Lindvall et al. 2009) though there have been some issues concerning its specificity 
and whether it adds prognostic potential to other clinical parameters such as 
neurological status at admission (Rosen & Macdonald 2005; Lindvall et al. 2009).   

    

 

 

 

 

 

	 	
																															Fisher	Grade	
	

Grade	 	 CT	findings	

1	 	 No	blood	detected	
	

2	 	 Subarachnoid	hemorrhage	less	than	1mm	thick.	
	

3	 	 Subarachnoid	hemorrhage	more	than	1mm	thick.	

4	 	 Subarachnoid	hemorrhage	of	any	thickness	with	intra-ventricular	
hemorrhage	(IVH)	or	parenchymal	extension.	
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2.7 Determining the functional outcome 

2.7.1 Modified Rankin Scale (mRS)  

The Rankin scale was originally described in 1957 (RANKIN 1957) to assess the 
functional outcome of stroke patients and it was further refined into its currently 
accepted form, the modified Rankin scale (mRS), in the late 1980s (van Swieten et 
al. 1988) and early 90s (Farrell et al. 1991).  It is currently the most extensively used 
outcome evaluation scale in stroke research (Quinn et al. 2009). It is also widely used 
to evaluate outcome in aSAH (de Oliveira Manoel et al. 2016; Al-Khindi et al. 2010; 
Jaja et al. 2012). Usually, the outcome is further dichotomized into "good" vs. 
"poor", and depending on the source, a good outcome is mostly defined as mRS 0-
2 or mRS 0-3 (de Oliveira Manoel et al. 2016; Al-Khindi et al. 2010). Criticism has 
been raised against these dichotomous divisions as well as the sensitivity of mRS to 
detect more subtle aspects decreasing the quality of life, such as executive deficits, 
anxiety, and depression (Naidech et al. 2015; Connolly et al. 2012).  
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2.8 Biomarkers with possible prognostic potential after aSAH 

 

Estimating a precise prognosis after aSAH is extremely challenging. The clinical 
status of the patient can worsen abruptly, and subsequent complications can affect 
multiple organ systems. Following the patients’ status with serial clinical 
examinations is not possible in poor grade or otherwise sedated patients. Thus, there 
is a clear need for a peripherally measured biomarker which would reliably reflect 
the severity of the brain injury. Ideally, such a biomarker could act as a "warning 
sign" for developing complications in a comatose as well as in an alert patient. 
Therefore, there has been an intensive search for easily attainable biomarkers which 
could be used to guide the management after an aSAH. (Hong et al. 2014; Lucke-
Wold et al. 2016; Przybycien-Szymanska & Ashley 2015; Burrell et al. 2016). 

 
Since the causes of secondary brain injury after aSAH are multifactorial, it seems 

unlikely that there would be one "silver-bullet" biomarker which could act as a 
surrogate for these developing complications affecting multiple organ systems. The 
concept of compartmentalization of the intracranial space is a rational approach to 
evaluate different potential biomarkers of intracranial injuries. The complexity of the 
pathophysiology after aSAH has also triggered a search for reliable biomarkers which 
could act as surrogates for other systemic complications such as unfavorable 
activation of the inflammatory response or non-convulsive epileptic seizures in an 
unresponsive patient (Lucke-Wold et al. 2016; Przybycien-Szymanska & Ashley 
2015) 
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2.8.1 Ubiquitin carboxy-terminal hydrolase L1 (UCH-L1) 

 

One potential future biomarker for aSAH is UCH-L1.  Its biological function is to 
add and remove ubiquitin to proteins intended for degradation (Strathmann et al. 
2014). Previously UCH-L1 was also known as neuronal-specific protein gene 
product 9.5 (PGP9.5), which has found application as a histologic marker for 
neurons because of its high abundance and specific expression in neurons (Papa et 
al. 2010). The highly specific expression of UCH-L1 in neurons and 
neuroendocrinological cells makes it a promising surrogate marker for monitoring 
the extent and severity of the neuronal injury (Mondello et al. 2011; Day & 
Thompson 2010; Bishop et al. 2014). 

 
It has previously been documented that the UCH-L1 concentration is increased 

acutely after a traumatic brain injury (TBI) (Mondello et al. 2011; Mondello, Linnet, 
et al. 2012), hypoxic-ischemic encephalopathy (Douglas-Escobar et al. 2010) and an 
epileptic seizure (Mondello, Palmio, et al. 2012). A poor neurological outcome after 
aSAH has been associated with elevated UCH-L1 levels in cerebrospinal fluid (Lewis 
et al. 2010).  

 

2.8.2 Interleukin-6 (IL-6) 

 

IL-6 is a truly pleiotropic cytokine which has context-dependent pro- and anti-
inflammatory properties. After its identification IL-6 has known to be able to 
promote the population expansion and activation of T cells, the differentiation of B 
cells, and regulation of the acute-phase response. Various cell types can secrete IL-6 
(such as many stromal cells and many cells of the immune system). IL-6 deficiency 
leads to impaired innate and adaptive immunity to viral, parasitic and bacterial 
infection. While it is known that IL-6 has an essential protective role in many 
infections, the same processes it activates can be detrimental e.g., in chronic 
inflammatory diseases (Hunter & Jones 2015). 
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Role of IL-6 in the neuroinflammation and neuroprotection after aSAH remains 

unclear (Sarrafzadeh et al. 2010; Suzuki et al. 2008). The secretion of IL-6 as a part 
of the inflammatory response is a complex process. One well-known mechanism 
involves the release of this cytokine from monocytes and macrophages (Rincon 
2012). Höllig et al. described an association between early serum and cerebrospinal 
fluid IL-6 concentrations with a poor neurological outcome at discharge, but not at 
six months after aSAH. They considered this lack of correlation at six months to be 
caused partly by the high drop-out rate (27%) after discharge (Höllig et al. 2015).  
Kao et al. observed an association between the early IL-6 concentration measured 
from the aneurysmal orifice and peripheral veins with a poor neurological outcome 
at one month after aSAH. They included only patients who had undergone 
endovascular coiling while patients with surgically ligated aneurysm were excluded 
from the study (Kao et al. 2015). 

 

2.8.3 High-mobility group box 1 (HMGB1) 

 

HMGB1 is a component of eukaryotic chromatin. It is located in the nucleus where 
it binds to DNA and contributes to DNAs remodelling as well as to the interactions 
of DNA with other molecules (Bianchi & Agresti 2005; Celona et al. 2011; Bianchi 
& Manfredi 2014). HMGB1 is passively released from cells that have died by necrosis 
(Raucci et al. 2009) but it is also a marker of cell-stress not necessarily leading to cell 
death and has a well-established role in inflammation (Bianchi & Manfredi 2014). 
The secretion of HMGB1 in response to cell-stress and inflammation is a complex 
process, but it is known that one pathway is mediated through macrophage 
activation (H. Wang et al. 1999). After aSAH, elevated levels of HMGB1 have been 
associated with increased mortality, unfavorable neurological outcome and cerebral 
vasospasm (Zhu et al. 2012).  
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2.8.4 Soluble urokinase-type plasminogen activator receptor (suPAR) 

 

Urokinase Plasminogen Activator Receptor (uPAR) is present in various 
immunologically active cells, and its expression is elevated in inflammatory 
conditions and ischemic diseases (Fuhrman 2012; Smith & Marshall 2010). The 
soluble form (suPAR) in serum or plasma has emerged as an inflammatory 
biomarker for overall immune system activation (Thunø et al. 2009; Backes et al. 
2012).  

 
Previously, it has been shown that uPAR expression is induced in cerebral 

ischemia and traumatic brain injury (Beschorner et al. 2000). Moreover, it has been 
suggested that uPAR may further augment the cerebral injury (Nagai et al. 2008). 
The induction of uPAR expression on the cell surface is likely to increase the release 
of the soluble form of uPAR (Høyer-Hansen et al. 1997). SuPAR has been previously 
claimed to have predictive value in acutely, critically ill patients (Donadello et al. 
2012; Haupt et al. 2012; The FINNALI Study Group et al. 2012; Zimmermann et 
al. 2011; R. Huttunen et al. 2011), including patients with brain trauma (Yu et al. 
2014). 

 
Despite its promising potential in other acute diseases requiring critical care, 

suPAR has not been examined in an aSAH population previously. We reported the 
prognostic potential and biokinetics of suPAR for the first time in an aSAH 
population (Kiiski et al. 2017). 

2.8.5 Neuron-specific enolase (NSE) 

 

NSE is a neuron-specific form of the glycolytic enzyme, enolase. It is located in the 
cytoplasm of neurons, and it seems to contribute to the regulation of the chloride 
concentration during neural activity (Marangos & Schmechel 1987). It is released 
passively from neurons when they die. Although high plasma levels of NSE have 
been observed in TBI patients compared to controls, many studies have failed to 
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demonstrate that NSE could be used for the quantification of a brain injury or to 
differentiate between a primary and a secondary brain injury (Mrozek et al. 2014). 
There is also conflicting evidence of the prognostic potential of NSE after 
subarachnoid hemorrhage (Hong et al. 2014).  

 
An association has been reported between CSF levels of NSE and the 

neurological outcome (Moritz et al. 2010) but there are also negative findings 
(Kaneda et al. 2010). Similar conflicting positive (Mabe et al. 1991) and negative 
(Oertel et al. 2006) results have been published with respect to blood levels of NSE 
after SAH.  

 

2.8.6 S100 calcium-binding protein B (S100B) 

 

S100B is produced mainly by glial cells, and it exerts paracrine and autocrine effects 
on neural tissue, such as regulating the dynamics of cytoskeleton constituents, the 
extent of protein phosphorylation, and modulating cell cycle progression (Adami et 
al. 2001; Rothermundt et al. 2003). 

 
There are several studies associating elevated S100B levels with a poor outcome 

in TBI (Mrozek et al. 2014; Giacoppo et al. 2012). Nevertheless, there is still 
controversy regarding the prognostic potential of S100B after aSAH. A value of 
100% mortality was reported to be associated with high initial S100B (>0.7 ug/L) 
levels in one study (Kellermann et al. 2016). However, other workers applying similar 
cut-off values, observed only 20% mortality (Olivecrona et al. 2009). In experimental 
studies, S100B has been shown to have neuroprotective properties which suggest 
that its elevation in neurological disorders might be a compensatory response (Barger 
et al. 1995). Elevated serum S100B levels after electroconvulsive therapy have also 
been shown to be associated with a better response to treatment, thus supporting 
the potential neuroprotective/neurotrophic role of S100B in situations of neural 
stress (Palmio et al. 2010).  
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2.8.7 Matrix metalloproteinase-9 (MMP-9) 

 

MMP-9 is a member of the metzincin family of proteases which function mainly 
extracellularly. Other enzymes of the family have similar kinds of functions, but 
MMP-9 has been studied extensively in various disorders and seems to possess a 
unique role in brain physiology and pathology (Vafadari et al. 2016). In the central 
nervous system, MMP-9 can be released from multiple cells, e.g., neurons, glia, and 
leukocytes (Vafadari et al. 2016).  

 
In aSAH, MMP-9 has been associated with the breakdown of the BBB due to the 

degradation of the tight junction proteins which are responsible for BBB integrity 
(Lucke-Wold et al. 2016), increasing cerebral edema and activation of neuronal and 
vascular apoptosis (Hong et al. 2014). The inflammatory response is known to cause 
increased amounts of MMP-9 to be released from leukocytes (Cuzner & Opdenakker 
1999). Both blood and CSF MMP-9 levels have been associated with a poor outcome 
after SAH (Chou et al. 2011).  
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3 AIMS OF THE STUDY 

 

The main objectives of this thesis were: 

 

1. To evaluate the prognostic potential of various peripheral blood biomarkers 
for predicting the neurological outcome after aSAH.  

 

2. To examine the associations between selected clinical parameters (i.e., the 
severity of initial clinical presentation, acute hydrocephalus, infection during 
ICU follow-up, the severity of aSAH in the initial brain-CT) and biomarker 
levels. 

 

3. To assess whether changes in biomarker levels would be associated with 
abrupt worsening in the clinical status of the patients when this was 
considered to be caused by DCI.  

 

4. To evaluate mutual interdependencies of multiple biomarkers to gain further 
insights into the complex pathophysiology of aSAH.   
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4  MATERIALS AND METHODS 

 

Following the approval of the institutional ethics committee and registration, we 
conducted a prospective, observational, single-center clinical study in Tampere 
University Hospital (Tampere, Finland).  The study was also registered with Clinical 
Trials (NCT02026596, clinicaltrials.gov). The study cohort consisted of 61 
consecutive aSAH patients admitted to our center from March 2013 to December 
2013. Written informed consent was obtained from each patient or their next of kin. 

 
The time of the onset of symptoms (onset headache, loss of consciousness 

and/or abrupt neurological deficit) associated with aSAH was registered from the 
patient records. The diagnosis of aSAH was made with head CT and angiography in 
all patients. We excluded patients (n = 14) with an unknown time of onset of 
symptoms, as well as those patients in whom blood samples for biomarker 
measurements were not available in the first 24 h after the onset of symptoms. All 
patients were treated according to standard in-house guideline which was based on 
the American Heart Association/American Stroke Association guideline (Connolly 
et al. 2012). As a part of the in-house guideline, an arterial cannula was routinely 
inserted. Blood samples for research purposes were collected into EDTA-containing 
tubes from the arterial cannula, and the samples were immediately centrifuged for 
10 min at 2000g at room temperature. After centrifugation, the plasma was collected 
and frozen at -70°C. A total of 47 patients were considered eligible and were thus 
included in the study. 

 
The severity of initial clinical presentation and primary hemorrhage on the CT 

scan was evaluated according to the World Federation of Neurological Surgeons 
grading scale (WFNS) as well as the Fisher grade. WFNS was dichotomized as non-
severe (WFNS 1-3) or severe (WFNS 4-5). The Fisher grade was dichotomized as 
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non-severe (Fisher 1-2) or severe (Fisher 3-4). The neurological outcome was 
evaluated with the modified Rankin Scale (mRS) at six months after the aSAH based 
on a structured interview conducted over the telephone or during an outpatient clinic 
visit. mRS was dichotomized as a favorable outcome (mRS 0-2) or an unfavorable 
outcome (mRS 3-6). Additionally, we assessed the incidence of acute hydrocephalus, 
which was defined as a need for ventriculostomy on a clinical basis during the first 
24 h after aSAH. 

 
All biomarkers were measured at 0, 12 and 24 h after admission. Subsequently, 

their levels were measured every 24 h for up to five days or until the patient was 
transferred from the ICU. Before the statistical analysis, the biomarker 
measurements were divided into consecutive 24h intervals starting from the onset 
of symptoms. If a measurement was made more than once per interval, the mean 
concentration for that interval was used. In a subgroup of 22 patients who had up 
to five days' follow-up, we also checked if the patient had been treated for DCI. The 
treatment of DCI was initiated based on his/her clinical presentation. 

 

4.1 Enzyme-linked immunosorbent assay (ELISA) 
measurements  

 

4.1.1 Ubiquitin carboxy-terminal hydrolase L1 (UCH-L1) evaluation study  

 

UCH-L1 concentrations in the plasma samples were measured by ELISA with 
reagents from Cloud-Clone Corp, Houston, TX, USA. The detection limit and inter-
assay coefficient of variation were 0.078 ng/ml and 5.8%, respectively. 
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4.1.2 Interleukin-6 (IL-6) and high-mobility group box 1 (HMGB1) 
evaluation study 

 

IL-6 and HMGB1 concentrations in the plasma samples were measured by ELISA 
with reagents from eBioscience Inc. (San Diego, CA, USA) and IBL International 
(Hamburg, Germany), respectively. The assay protocols are described in the 
following datasheets:  

 
http://www.ebioscience.com/media/pdf/tds/88/88-7066.pdf (IL-6)  
 
http://www.ibl-international.com/media/catalog/product/S/T/ 

ST51011_IFU_EU_en_HMGB1_ELISA_V2011-01_sym4.pdf (HMGB1)  
 
The absorbance was measured in a Victor3 Multilabel Counter (Perkin Elmer, 

Finland) and the results were calculated against a standard curve using the smoothed 
spline method with MultiCalcTM (Perkin Elmer, Finland).  

 

4.1.3 Soluble urokinase-type plasminogen activator receptor (suPAR) 
evaluation study 

 

After thawing, plasma suPAR levels were measured with a commercially available 
ELISA-kit according to the manufacturer’s instructions (suPARnostic®, ViroGates, 
Birkeroed, Denmark). The detection limit and inter-assay coefficient of variation 
were 0.45 ng/ml and 3.2%, respectively. 
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4.1.4 Neuron specific enolase (NSE), matrix metalloproteinase-9 (MMP-9) 
and S100 calcium-binding protein B (S100B) evaluation study 

 

S100B, NSE and MMP-9 concentrations in the plasma samples were measured by 
ELISA with reagents from Cloud-Clone Corp, Houston, TX, USA (S100B and 
NSE), and from R&D Systems Europe Ltd, Abingdon, UK (MMP-9). The detection 
limits and inter-assay coefficient of variations were 0.0156 µg/L and 10.2% for 
S100B, 0.313 µg/L and 8.4% for NSE, and 0.0078 µg/L and 7.0% for MMP-9, 
respectively. 

 

4.2 Statistics 

 

4.2.1 UCH-L1 evaluation study  

 

Statistical analyses were performed with R (version 3.2.0 for Mac Os X). Fisher's 
exact test was used for the categorical variables. The normality assumption of the 
distribution of continuous variables was tested with the Shapiro-Wilk test. A t-test 
was used if the normality assumption was supported; otherwise, the Mann-Whitney 
U-test was used.  Bonferroni correction of the p-value (pB) was performed for 
multiple hypothesis testing when significant differences were found. Linear 
regression was used for the time interval analysis. 
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4.2.2 IL-6 and HMGB1 evaluation study 

 

Statistical analyses were performed with R (version 3.3.0 for Mac OS X). Fisher's 
exact test was used for the categorical variables and Mann- Whitney U test for 
continuous variables. Linear regression was utilized for the time interval analysis. 
Spearman's correlation was applied to estimate whether there was a correlation 
between IL-6 and HMGB1 levels. 

4.2.3 suPAR evaluation study 

 

Statistical analyses were performed with R (version 3.3.2 for Mac Os X). Fisher's 
exact test was used for the categorical variables. Due to the non-normal distribution 
of measured biomarkers, Mann-Whitney U-test was used for the between-group 
comparisons. Correlations were evaluated with Spearman’s correlation test. Linear 
regression was undertaken for the time interval analyses. 

4.2.4 NSE, MMP-9 and S100B evaluation study 

 

Statistical analyses were performed with R (version 3.4.1 for Mac OS X). Mann-
Whitney U-test was used for continuous variables due to the non-normal distribution 
of the variables. Linear regression was applied for the time interval analysis. 
Spearman's correlation was used to estimate whether S100B, NSE, and MMP-9 
levels displayed bivariate correlations. In order to approximate for the total release 
of a biomarker over time, the area under the curve was determined by the trapezoidal 
method.    
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5 RESULTS 

 

The characteristics of the whole cohort are presented in Table 1.  The subset of the 
cohort with five-day ICU follow-up is described in Table 2.  

 

 
 
 
In the whole cohort, the aSAH prevalence was higher in women, but gender was 

not associated with the neurological outcome. Higher age and the severity of the 
primary hemorrhage in CT were associated with an unfavorable neurological 
outcome (p = 0.045, pB = .225 and p = 0.007, pB = .035, respectively). Within the 
first 24h after aSAH, 40% of patients developed an acute hydrocephalus requiring 
ventriculostomy. Acute hydrocephalus was not associated with the neurological 
outcome.  
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The initial severity of clinical presentation (evaluated by a dichotomized WFNS) 

was not significantly associated with the neurological outcome. However, in the 
whole study population (n= 47) there were 28 patients with a non-severe initial 
clinical representation. Eight (8/28) of those patients with a non-severe initial clinical 
representation were over 70 years old, and only one of these elderly patients had a 
favorable neurological outcome. In addition, only 4/19 patients exhibiting a severe 
initial clinical presentation had a favorable outcome. As in practically every other 
critical illness, higher age was associated with worse outcome. It is likely that the 
relatively high proportion of elderly patients with non-severe initial clinical 
presentation confounds the predictive value of WFNS. The neurological outcome 
did not differ between patients who were treated for DCI based on clinical 
judgement and those who were not diagnosed with DCI. 
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5.1.1 Ubiquitin carboxy-terminal hydrolase L1 (UCH-L1) evaluation study  

UCH-L1 levels in the whole cohort are depicted in FIGURE 1. There seemed to be 
an increase in the median concentration of UCH-L1 in patients with an unfavorable 
neurological outcome. This elevation was not seen in patients with a favorable 
neurological outcome. 

 

Figure 1.  UCH-L1 levels for all patients and all time-intervals. Values are grouped by a favorable 
and an unfavorable neurological outcome. Dots represent individual patient values. Line 
represents group median. Outliers are included in the medians but not shown in the graph.  
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During the first 24 hours, there was no significant difference in UCH-L1 levels 

between those patients with a favorable and those experiencing an unfavorable 
neurological outcome (FIGURE 2A). Furthermore, early UCH-L1 levels were not 
associated with any of the measured clinical parameters (TABLE 3) 

 

 

 

   
A linear regression for the subgroup of patients with a five-day follow-up (n=22) 

revealed a significant increase of UCH-L1 levels from baseline in patients with an 
unfavorable neurological outcome (p = 0.026) which was not seen in patients with a 
favorable neurological outcome (FIGURE3). On day five, UCH-L1 levels differed 
significantly between patients with a favorable and an unfavorable neurological 
outcome (p = 0.001, Figure 2B).  
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Figure 2.  UCH-L1 levels during the first 24h after aSAH between patients (n=47) with a favorable 
and an unfavorable neurological outcome (A). UCH-L1 levels at the end of five-day follow-
up between patients (n=22) with a favorable and an  unfavorable neurological outcome 
(B).  
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Figure 3.  UCH-L1 levels for patients with a follow-up for up to five days (n=22). Dots represent 
individual patient values. Values are grouped by favorable and non-favorable neurological 
outcome. Linear regression shows significant elevation of UCH-L1 concentration during 
follow-up in patients with non-favorable (p = 0.026, beta = 0.416) outcome but 
concentration remains at base level in patients with favorable outcome (p = 0.890, beta = -
0.034).  
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5.1.2 Interleukin-6 (IL-6) and high-mobility group box 1 (HMGB1) 
evaluation study 

 

The patients with a severe initial clinical presentation had higher IL-6 levels 
compared to patients with a non-severe clinical presentation (WFNS 1-3, p = 0.002) 
presentation (Table 4).  
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In addition, clinical infection during follow-up was associated with higher 
baseline IL-6 levels (TABLE 4, p=0.031). The plasma HGMB1 levels were not 
associated with any of the selected clinical parameters (TABLE 5).  

 

  
Plasma IL-6 and HMGB1 levels did not correlate with each other at any time 

point during the follow-up (TABLE 6). Furthermore, the levels of IL-6 or HMGB1 
did not predict the development of DCI in a subset of patients (n=22) with five-day 
ICU follow-up (TABLE 7). In addition, their levels at the end of five-day follow-up 
were not associated with the neurological outcome.  
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5.1.3 Soluble urokinase-type plasminogen activator receptor (suPAR) 
evaluation study 

 

Baseline plasma suPAR levels were not associated with the neurological outcome. 
Similarly, the initial clinical severity of aSAH was not associated with suPAR levels 
measured during the first 24 hours. Furthermore, suPAR levels during the first day 
after aSAH were not associated with the neuroradiological severity of aSAH, acute 
hydrocephalus or clinical infection during the five-day follow-up (TABLE 8) 
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In our cohort, there was no correlation between age and suPAR levels. suPAR 

levels did correlate with ubiquitously used inflammatory parameters (TABLE 9)  

 

  
In a subset of patients for whom we had details of the five-day ICU follow-up 

(n=22), there was no statistically significant change of suPAR levels from baseline 
values regardless of the neurological outcome of the patient. In addition, suPAR 
levels at end of the five-day ICU follow-up were not associated with the 
development of DCI (p = 0.854). 

 

 

 



 

55 

5.1.4 Neuron specific enolase (NSE), matrix metalloproteinase-9 (MMP-9) 
and S100 calcium-binding protein B (S100B) evaluation study 

 

There was a strong correlation between initial S100B levels and a non-severe initial 
clinical presentation (FIGURE 4); this was not observed with NSE or MMP-9 levels. 

 

Figure 4.  S100B levels measured within the first 24 hours after aSAH in relation to the severity of 
initial clinical presentation (WFNS). Patients with non-severe clinical presentations had 
significantly higher S100B levels (p = 0.007). 
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None of the measured biomarkers were associated with the neurological 

outcome, the severity of initial CT findings, acute hydrocephalus or clinical infection 
during follow-up (TABLE 10, TABLE 11, TABLE 12). 
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58 
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Glial (S100B) and neuronal (NSE) biomarkers were correlated during follow-up 

at multiple time points. Although baseline levels of S100B and NSE were not 
associated, their correlation was observed from DAY 2 after the aSAH (TABLE 13). 
The concentration of MMP-9 did not correlate with S100B or NSE levels.   

 
For the subgroup of patients for whom we had data from the five-day follow-up 

(n=22), linear regression did not reveal a significant change from baseline values for 
any of the measured biomarkers. Furthermore, there was no association with the 
total release of the biomarkers during five-day ICU follow-up and neurological 
outcome (TABLE 14) 
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6 DISCUSSION 

 

Multiple different modalities of diagnostic methodologies such as neuroradiological 
imaging, ultrasound, electroencephalogram monitoring, CSF sampling, and blood 
sampling have been evaluated as ways to unravel the complexity of aSAH related 
pathophysiology and to offer tools for clinical decision-making (Al-Mufti et al. 2017; 
Przybycien-Szymanska & Ashley 2015; Hong et al. 2014).  This thesis focused on 
the peripheral blood biomarkers owing to their straightforward and safe attainability. 
Peripheral blood can be accessed without additional harm to the patient, e.g., by 
obtaining blood samples through an arterial cannula which has been inserted for the 
routine invasive monitoring of blood pressure after aSAH. 

 
We measured seven (UCH-L1, IL-6, HMGB1, suPAR, NSE, S100B, MMP-9) 

different biomarkers from aSAH patients treated in our center during 2013. Some 
of the markers have a well-established role in aSAH research (IL-6, NSE, S100B), 
HMGB1 and MMP-9 are relatively new in this field while UCH-L1 and suPAR were 
evaluated in aSAH patients for the first time by our group. 

 
The selection UCH-L1, NSE, S100B, and MMP-9 was based on the concept of 

compartmentalization of the brain injury. NSE and UCH-L1 were selected for their 
hypothesized ability to reflect neural injury, S100B as a glial injury biomarker and 
MMP-9 indicating damage to the BBB. Furthermore, IL-6, HMGB1, and suPAR 
were hypothesized to act as surrogates for the intensity of the systemic inflammatory 
system activation and thus to reflect the severity of the disease. 
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6.1 Methodological considerations  

 

6.1.1 Sample size and demographics 

 

Our sample size was relatively small and therefore it is not possible to draw wide-
ranging or definitive conclusions about the prognostic value of the measured 
biomarkers. Furthermore, we had quite a high proportion of elderly patients with a 
non-severe initial clinical presentation who unsurprisingly experienced a worse 
neurological outcome.  We used mRS as a determinator for neurological outcome. 
Most scales used to determine outcome after aSAH, such as mRS and GOS, are 
known to be insensitive at detecting the more subtle cognitive impairments which 
are common after aSAH (Connolly et al. 2012). It is possible that some of the 
measured biomarkers reflect actual brain injury but our outcome determinator was 
not sensitive enough to detect the presence of these injuries. Also, the scales used to 
assess the initial severity of initial clinical presentation (WFNS / H&H) evaluate only 
the initial situation when the patient arrives at the hospital. The patient’s clinical 
status may well change rapidly after hospital admission, e.g., due to rebleeding, which 
reduces the value of these scales as outcome predictors. Nevertheless, 16/47 (34%) 
patients in our study population had a favorable neurological outcome while 31/47 
(66%) had an unfavorable neurological outcome. These observations reflect a typical 
distribution of outcome in aSAH patients (Korja et al. 2013; Al-Khindi et al. 2010). 
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6.1.2 The timing of blood samples and follow-up period 

 

Clinical presentations vary greatly in aSAH patients. Some have had an onset 
headache many days before seeking medical attention and others arrive within an 
hour due to e.g. an altered level of consciousness. By including only patients whose 
blood samples were studied within 24 hours from the onset of symptoms we made 
sure that the time-points of the blood sample measurements are comparable between 
the patients.  

 

In this thesis, the focus was on the first five days after the primary ictus. EBI is 
thought to occur within the first 72 hours after the primary ictus (Al-Mufti et al. 
2017; Rowland et al. 2012) and is thus well within our follow-up period. None of the 
measured biomarkers were associated with DCI during our follow-up. On the other 
hand, DCI is thought to occur after 3 to 14 days after aSAH and our follow-up 
covers only the beginning of this interval (Macdonald et al. 2014; Rowland et al. 
2012). In some cases, DCI can occur for up to 21 days after the primary hemorrhage 
(Connolly et al. 2012). For future studies it is advisable to use at least 14 days follow-
up in all patients.  

 

6.1.3 Enzyme-Linked Immunosorbent Assay 

 

The ELISA is a firmly established method used to detect and quantify a specific 
substance in a sample. The studied substance is immobilized in a microplate well 
either directly or by a specific antibody known as a capture antibody.  Afterwards, 
detection antibodies for the studied substance are added and they form antigen-
antibody complexes. These detection antibodies are then labeled with an enzyme. 
This labeling can be done either directly or indirectly by using a secondary detection 
antibody which is attached to the primary detection antibody. The substrate for the 
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enzyme is added producing a color signal that indicates the presence of the antigen 
in the sample. The measurement of the optical density is proportional to the quantity 
of antigen in the sample (Shah & Maghsoudlou 2016). The main advantage of ELISA 
is its precision, but it is also rather time and resource consuming. Our research 
laboratory has solid expertise in implementing ELISA assays. All of the plasma 
samples were handled according to the standardized protocol described in the 
methods section before performing the ELISA assays. The inter-assay variation in 
our specimens did not deviate from the general standards in laboratory research.  

 

 

6.2 Neuroglial (UCH-L1, NSE, S100B) and extracellular matrix 
(MMP-9) biomarkers  

 

As far as we are aware, this is the first time that the prognostic value and biokinetics 
of plasma UCH-L1 has been examined in an aSAH population (Kiiski et al. 2016). 
Elevated plasma UCH-L1 concentration five days after the aSAH was associated 
with an unfavorable neurological outcome at six months. UCH-L1 levels increased 
significantly from baseline values in the subset of patients with an unfavorable 
neurological outcome during the ICU follow-up. However, UCH-L1 levels during 
the first 24 hours after the aSAH did not display any prognostic value.   

 
Elevated UCH-L1 levels have been documented after epileptic seizures and the 

concentrations were higher in patients with recurrent seizures. In addition, UCH-L1 
levels started to decline within 48 hours after seizures (Mondello, Palmio, et al. 2012). 
Similar findings were observed after a focal mass lesion in patients experiencing a 
traumatic brain injury, whose UCH-L1 levels elevated immediately after the injury 
and began to decrease within hours. Patients suffering a diffuse brain injury had 
elevated UCH-L1 levels for more extended periods, but there was no significant 
increase over time (Mondello et al. 2011). Previous data from different types of brain 
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injuries have not revealed any increase in UCH-L1 levels over time, suggesting that 
after the initial injury, there is no significant amount of secondary brain injury 
(Mondello et al. 2011; Mondello, Linnet, et al. 2012; Mondello, Palmio, et al. 2012). 
On the contrary, our observation of a delayed elevation of UCH-L1 levels in patients 
with an unfavorable neurological outcome suggests that it might be a surrogate of 
ongoing secondary injury process. Nevertheless, UCH-L1 levels were not associated 
with clinically diagnosed DCI. 

 
We did not detect any association between NSE, S100B or MMP-9 and the 

neurological outcome. There has been controversy regarding the prognostic 
potential of NSE and S100B after aSAH, with some promising results published 
earlier (Hong et al. 2014). One study even reported 100% mortality in aSAH and 
TBI patients if their levels of S100B were higher than 0.7 ug/dl (Kellermann et al. 
2016). Conflicting results of the prognostic potential of S100B have been described 
in TBI patients (Olivecrona et al. 2009), and the same study also concluded that NSE 
had no prognostic value in the study population. Concerns regarding the use of 
S100B as a part of clinical decision-making were well highlighted in a recent 
commentary (Olivecrona & Koskinen 2016). There were no significant associations 
between MMP-9 levels and neurological outcome or any other selected clinical 
parameters in our patient cohort.   

 
In our study, early S100B levels were significantly increased in patients with the 

non-severe clinical presentation. This finding combined with the observation that 
elevated S100B levels were not prognostic for poor neurological outcome suggests 
that S100B secretion from glial cells might be an adaptive response to the injury. A 
similar plausible adaptive release of S100B has been observed in patients with a 
major depressive disorder who were treated with electroconvulsive therapy (Palmio 
et al. 2010), that study found elevated S100B levels to be associated with a better 
response to the treatment. Also, data from experimental studies support the 
neuroprotective/neurotrophic role of S100B during neural stress (Barger et al. 1995; 
Gonçalves et al. 2008; Donato et al. 2009). 

 
It is well known that typical outcome scales (mRS and GOS) are not very sensitive 

at assessing the more subtle deficits in executive functions which are common after 
aSAH (Connolly et al. 2012; Al-Khindi et al. 2010). Since we used mRS to determine 
the neurological outcome it is not possible to evaluate whether elevation in these 
biomarkers is associated with brain injury causing these more subtle deficits.   
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6.3 Inflammatory biomarkers (IL-6, HMGB1, suPAR)  

 

In our patient cohort, none of the measured inflammatory biomarkers (IL-6, 
HMGB1, suPAR) were associated with the neurological outcome of the patients. 
Thus, our findings fail to support some previously documented promising results of 
the prognostic potential of HGMB1 and IL-6 in aSAH (Zhu et al. 2012; Kao et al. 
2015). Baseline IL-6 levels were significantly higher in those patients who had a 
severe initial clinical presentation, which was not observed with HMGB1 or suPAR. 
Since these high levels of IL-6 were not associated with the neurological outcome, 
we suggest that IL-6 reflects the intensity of the "inflammatory reflex" (Steinberg et 
al. 2016) after an aSAH rather than brain injury per se. Even though IL-6 has a well-
established role in the inflammatory response after aSAH, very few studies have 
evaluated its prognostic potential after aSAH (Hong et al. 2014). As stated by Höllig 
et al. (Höllig et al. 2015), the release of IL-6 after aSAH is not a specific finding and 
it can reflect the inflammatory response to various pathologies; thus it not surprising 
to find contradictory data regarding its association with the neurological outcome. 
Since the release of HMGB1 is also regulated by numerous different processes which 
have separate triggers (Klune et al. 2008), the same assumption can be drawn for its 
prognostic potential after aSAH. 

 
Nevertheless, one well-documented mechanism to account for the secretion of 

both HMGB1 and IL-6 is through activation of monocytes and macrophages 
(Bianchi & Manfredi 2014; Rincon 2012). Levels of HGMB1 and IL-6 did not 
correlate at any time-point during the five-day follow-up; thus, it is tempting to 
speculate that the initial release of IL-6 is not mediated by monocytes and 
macrophages.  

 
SuPAR has shown promise as a prognostic biomarker in various pathologies 

demanding intensive care (Backes et al. 2012; Koch et al. 2011). As far as is known, 
this is the first time that the prognostic potential of suPAR after aSAH has been 
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evaluated. In contrast to our working hypothesis, the levels of suPAR were not 
associated with neurological outcome, acute hydrocephalus, clinical infection or 
DCI. Overall, the increase of suPAR in our study population was low when 
compared to previously reported levels in critically ill patients (Backes et al. 2012). 
One possible confounding factor explaining low suPAR levels could be nimodipine 
treatment, which according to the American Heart Association/American Stroke 
Association guidelines (Connolly et al. 2012), is administered to all aSAH patients in 
our institution. Sedatives, anesthetics and opiates were given based on the individual 
need and it is possible that these drugs also modulate concentrations of these 
inflammatory biomarkers (Anderson et al. 2014). 

 
 
 

6.4 Future implications  

 
The pathophysiology after aSAH is extremely complex and still poorly 

understood. The devastating nature of aSAH acts as a stimulus to achieve a better 
understanding of the disease. Biomarkers are needed for multiple functions in the 
clinical therapy of aSAH.  Useful properties of biomarker would be: 1) to predict a 
developing complication in an otherwise asymptomatic patient 2) inform about the 
ongoing injury in a comatose or sedated patient whose neurological examination is 
non-informative 3) offer knowledge about the extent of brain injury and prognosis. 

 
In particular, UCH-L1 seems to be a promising new biomarker for future studies. 

The inflammatory response after aSAH appears to be a distinct contributor to the 
secondary brain injury after aSAH (Lucke-Wold et al. 2016; Macdonald 2013). Our 
study concerning two inflammatory biomarkers, IL-6 and HMGB1, emphasizes the 
demand for measurement of multiple biomarkers at the same time-points if one 
wishes to clarify the mechanisms underlying the inflammatory response after aSAH. 
Our study of suPAR did not support our working hypothesis that elevated suPAR 
levels would be associated with the neurological outcome but this association can be 
confounded by the effects of routine medications, such as nimodipine, since this 
drug may modify the biokinetics of suPAR after aSAH. Also, as shown here with 
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respect to S100B, NSE and MMP-9, there might be a biased interpretation of these 
biomarkers after aSAH and caution would be needed should they be used in a clinical 
context.  

 
Some promising findings have been reported regarding to the prognostic 

potential of plasma toll-like receptor 4 (Ma et al. 2015) in aSAH patients. Peripheral 
blood neutrophil to lymphocyte ratio and platelet to lymphocyte ratio were also 
shown as independent predictors of DCI development and functional outcome after 
aSAH (Tao et al. 2016). Recent proof-of-concept study, in turn, showed that 
extracellular mitochondria in CSF might offer a novel class of a prognostic 
biomarker in aSAH (Chou et al. 2017). Biomarkers of glycocalyx injury might be 
useful in the evaluation of microvascular endothelium integrity which might 
contribute to DCI by regulating cerebral microthrombosis and delayed 
neuroinflammation (Bell et al. 2016). More studies will be required to clarify the 
prognostic potential and mechanisms related to the release of these biomarkers.  

 
There has been criticism against the dichotomous categorizations of mRS, and 

the overall ability of mRS to detect more subtle neurological impairments (Naidech 
et al. 2015) (Connolly et al. 2012).  More specific information about the cognitive 
functions and the quality of life of the patient is likely to be achieved by evaluation 
with e.g., Montreal Cognitive Assessment (Wallmark et al. 2015), and EuroQoL-5D 
(Ronne-Engström et al. 2013). Extensive neuropsychological testing would be 
optimal for outcome evaluation, but it demands a lot of resources. One promising 
alternative for extensive neuropsychological testing is Telephone Interview of 
Cognitive Status (Mayer et al. 2002). It is recommendable to use some of these more 
extensive tests in addition to mRS for outcome evaluation in future studies. Recently 
published SAHIT prediction models (Jaja et al. 2018) seem promising in their 
accuracy to estimate prognosis after aSAH. They need to be combined with 
biomarker studies in the future to further enhance their accuracy to estimate the 
neurological outcome in aSAH patients. 
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7  SUMMARY AND CONCLUSIONS 

 

We evaluated seven (UCH-L1, IL-6, HMGB1, suPAR, NSE, S100B, MMP-9) 
potentially prognostic peripheral blood biomarkers in aSAH patients. In our studies, 
only UCH-L1 revealed any association with the neurological outcome. Increasing 
UCH-L1 levels from baseline values were associated with an unfavorable 
neurological outcome. In addition, patients with an unfavorable neurological 
outcome had significantly higher UCH-L1 levels at the end of five-day ICU follow-
up. This finding suggests that increasing UCH-L1 levels during the follow-up are a 
reflection of an ongoing neuronal injury. 

  
Baseline IL-6 levels were significantly higher in those patients who had a severe 

initial clinical presentation. On the other hand, S100B levels were significantly higher 
in patients with a non-severe initial clinical presentation. High levels of IL-6 were 
not associated with the neurological outcome, so we suggest that elevated IL-6 
mainly reflects the intensity of the inflammatory response after aSAH rather than 
brain injury per se. Elevated baseline S100B levels in patients with non-severe initial 
clinical presentation were also not associated with neurological outcome. Taken 
together, these findings suggest that it is even possible that S100B secretion might 
be an adaptive and attenuating response to the injury. High levels of IL-6 in the early 
phase were also associated with clinical infection during follow-up without an 
association to the neurological outcome. Contrary to our hypothesis there were no 
associations between the measured biomarkers and the severity of aSAH in the initial 
brain-CT. This observation makes the potential of these biomarkers to reflect acute 
neural injury unlikely, at least during the first 24 hours. 

 
Associations with biomarker levels and DCI was analyzed only in a subgroup of 

patients who had up to five days ICU follow-up. The total release of NSE during 
follow-up was higher in patients who did not suffer DCI but only with a marginal 
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statistical significance. Otherwise there were no significant associations with 
biomarker levels and DCI. Our follow-up period was relatively short considering the 
typical time interval for DCI occurrence and in future studies at least 14 days follow-
up is recommended. 

 
One well-documented mechanism to account for the secretion of both HMGB1 

and IL-6 is through activation of monocytes and macrophages. There was a lack of 
correlation between IL-6 and HMGB1 levels during the five-day follow-up 
suggesting that the initial secretion of IL-6 in patients with severe initial clinical 
presentation does not occur after the activation of monocytes/macrophages. NSE 
and S100B were correlated in many time-points during the five-day ICU follow-up 
but not within the first 24 hours. Since NSE is mainly neuronal and S100B mainly 
glial biomarker it would be tempting to speculate that correlations in their 
concentration reflect brain injury. Nevertheless, they were not associated with the 
neurological outcome or severity of aSAH in the initial head CT. Our findings with 
S100B even suggest that its secretion might be a sign of an adaptive response.  

  
Estimating a prognosis and timing appropriate interventions after aSAH is a far 

from straightforward task. There are significant ambiguities about how best to 
interpret the findings of peripheral blood biomarkers in the clinical context. UCH- 
L1 needs to be studied in a larger aSAH patient group, and over a longer follow-up 
time, preferably combined with serial neuroradiological imaging and adherence to 
the consensus criteria of DCI. Based on our study, repetitive measurements of UCH-
L1 concentrations with an emphasis on change relative to the individual baseline 
could be the optimal approach for future clinical studies. Our findings do not 
support the use of other measured biomarkers to guide clinical decision-making after 
aSAH. 

 
It seems plausible that multiple biomarkers measured at the same time-point will 

be needed to gain a better understanding of the pathophysiological processes 
triggered by an aSAH. Endeavors to find reliable biomarkers to guide clinical 
decision-making need to be continued since the goal is to improve the outcome of 
patients suffering an aSAH. 
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Objective: Aneurysmal subarachnoid hemorrhage (aSAH) is a common cause of long-term disability and death.
After primary hemorrhage, secondary brain injury is the main cause of mortality and morbidity. Despite exten-
sive research, reliable prognostic biomarkers are lacking. We measured ubiquitin carboxy-terminal hydrolase
L1 (UCH-L1) levels in aSAH patients to evaluate its prognostic potential. This is the first time that plasma UCH-
L1 has been studied as a potential prognostic biomarker in patients with aSAH.
Methods: In this prospective population-based study, UCH-L1 levelsweremeasured in aSAHpatients (n=47) for
up to five days. UCH-L1 was measured at 0, 12 and 24 h after the admission to the intensive care unit (ICU) and
daily thereafter until the patientwas transferred from the ICU. Only patients whose UCH-L1 wasmeasuredwith-
in 24 h from aSAH were included in the study. The patients' neurological outcome was evaluated with the mod-
ified Rankin Scale (mRS) at six months after aSAH.
Results: UCH-L1 levels during the first 24 h after aSAH were not significantly different between the groups with
favorable (mRS 0–2) and unfavorable (mRS 3–6) neurological outcome. In 22 patients, UCH-L1 levels were ob-
tained for up to five days. In this subgroup, UCH-L1measured at day five showed significant elevation frombase-
line levels in patients with unfavorable outcome (p= 0.026). Elevated UCH-L1 levels at day five were higher in
patients with unfavorable outcome than in patients with favorable outcome (p = 0.001).
Conclusions:ElevatedUCH-L1 levels during the five-day follow-upwere associatedwith unfavorable neurological
outcome. Repetitive measurements of UCH-L1 concentrations with an emphasis on change relative to the indi-
vidual baseline could be the optimal approach for future clinical studies.

© 2015 Elsevier B.V. All rights reserved.
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1. Introduction

Aneurysmal subarachnoid hemorrhage (aSAH) is a common cause
of long-term disability and death. Although early neurosurgical or
endovascular treatment of the aneurysm combined with advanced
neurocritical care has improved overall outcomes, aSAH remains a dev-
astating disease, with mortality approaching 50% and less than 60% of
survivors recovering to functional independence [1].

Patients who suffer aSAH form a heterogeneous group, with a high
proportion of young and previously healthy individuals compared to
other types of strokes [2]. The eventual outcome and the extent of neu-
rological injury is difficult to predict at the early phase of the disease.

Secondary injury process after aSAH is multifactorial and thus far inad-
equately understood [3,4]. The main causes for poor prognosis are early
brain injury and delayed cerebral ischemia (DCI) [4,5]. These are serious
complications usually leading to permanent neurological deficits [5,6].

More reliable biomarkers are needed to guide the clinical manage-
ment of aSAH [2]. Despite of extensive studies [7], relevantmarkers suit-
able for neurocritical care are lacking for the evaluation of the severity of
the primary injury and the prediction of the development of secondary
brain injury in aSAH [2,7].

One potential future biomarker for aSAH is Ubiquitin carboxy-
terminal hydrolase L1 (UCH-L1). Its biological function is to add
and remove ubiquitin to proteins intended for degradation. [8] Previ-
ously UCH-L1 was also known as neuronal-specific protein gene
product 9.5 (PGP9.5), which has been used as a histologic marker for
neurons because of its high abundance and specific expression in
neurons [9]. Highly specific expression of UCH-L1 in neurons and
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neuroendocrinological cells makes it a promising surrogate marker for
neuronal injury [10–12].

It has previously been documented that UCH-L1 concentration ele-
vates acutely after traumatic brain injury (TBI) [10,13], hypoxic-
ischemic encephalopathy [14] and epileptic seizure [15]. Poor neurolog-
ical outcome after aSAH has been associated with elevated UCH-L1
levels in cerebrospinal fluid [16].

In the present study, we examined the relationship between UCH-L1
concentrations and neurological outcome both at the acute (within
24 h) and the early follow-up (up to five days) stage in aSAH patients
during their stay in the ICU. The association between UCH-L1 levels
and various clinical determinants is also addressed. To our knowledge,
this is the first time plasma UCH-L1 has been studied as a prognostic
biomarker in the aSAH population.

2. Methods

Following the approval of the institutional ethics committee and
registration with Clinical Trials (NCT02026596, clinicaltrials.gov), we
conducted a prospective, observational, single-center clinical study at
Tampere University Hospital (Tampere, Finland). The hospital is one
of five tertiary referral centers in Finland serving a population of ap-
proximately 1million inhabitants and thus admitting all patients suffer-
ing from subarachnoid hemorrhage in the area. The study cohort
consisted of 61 consecutive aSAH patients admitted to our center from
March 2013 toDecember 2013.Written informed consentwas obtained
from each patient or from the next of kin.

The time of the onset of symptoms associated with aSAH was regis-
tered from the patient records.We excluded patients with an unknown
time of onset of symptoms aswell as patientswhose UCH-L1 concentra-
tion was not measured in the first 24 h after the onset of symptoms. All
patients were treated according to standard in-house guidelines. Alto-
gether, 47 patients were considered eligible and were thus included in
the study.

The severity of initial clinical presentation and primary hemorrhage
on the CT scan was evaluated according to World Federation of Neuro-
logical Surgeons grading scale (WFNS) and the Fisher grade, respective-
ly. WFNS was dichotomized as non-severe (WFNS 1–3) or severe
(WFNS 4–5). The Fisher grade was dichotomized as non-severe (Fisher
1–2) or severe (Fisher 3–4). The neurological outcome was evaluated
with the modified Rankin Scale (mRS) six months after aSAH based on
a structured interview performed on the telephone or during an outpa-
tient clinic visit.mRSwas dichotomized as a favorable outcome (mRS0–
2) or an unfavorable outcome (mRS 3–6). Detailed categorization of
WFNS, Fisher and mRS are supplied in Supplementary Table. Addition-
ally, we assessed the incidence of acute hydrocephalus, which was de-
fined as a need for ventriculostomy on a clinical basis during the first
24 h after aSAH.

UCH-L1 was measured at 0, 12 and 24 h after the admission. Subse-
quently, UCH-L1wasmeasured every 24h for up tofive days or until the
patient was transferred from the ICU. Before the statistical analysis, the
UCH-L1 measurements were divided into consecutive 24 h intervals
starting from the onset of symptoms. If UCH-L1 was measured more
than once per interval, the mean concentration was used. In a subgroup
of 22 patients who had up to five days' follow-up,we also checked if the
patient was treated for DCI. Treatment of DCI was initiated based on
clinical evaluation.

Blood samples were collected into EDTA-containing tubes from an
arterial cannula that was routinely inserted for the clinical monitoring
of invasive bloodpressure. After collection, the samplewas immediately
delivered to the laboratory where it was centrifuged for 10 min at
2000 g (room temperature). After centrifugation, the plasma was col-
lected and kept at −70 °C. UCH-L1 concentrations in the plasma sam-
ples were measured by ELISA with reagents from Cloud-Clone Corp,
Houston, TX, USA. The detection limit and inter-assay coefficient of var-
iation were 0.078 ng/ml and 5.8%, respectively.

Statistical analyses were performedwith R (version 3.2.0 for Mac Os
X). Fisher's exact test was used with the categorical variables. The nor-
mality assumption of thedistribution of continuous variableswas tested
with the Shapiro–Wilk test. A t-test was used if the normality assump-
tion was supported, otherwise the Mann–Whitney U-test was used.
Bonferroni correction of the p-value (pB) was performed for multiple
hypothesis testing when significant differences were found. Linear re-
gression was used for the time interval analysis.

3. Results

The characteristics of the study patients and the subset of patients
with five-day follow-up are shown in Tables 1 and 2, respectively. In
our cohort, women had a higher prevalence than men, with a close to
4:1 ratio. Gender was not associated with the neurological outcome.
Higher age and the severity of the primary hemorrhage in CTwere asso-
ciated with an unfavorable neurological outcome (p= 0.045, pB= .225
and p = 0.007, pB = .035, respectively). The initial severity of clinical
presentation (evaluated with dichotomizedWFNS)was not significant-
ly associated with neurological outcome. However, only 4/19 patients
with a severe initial presentation had a favorable neurological outcome.
Within the first 24 h after aSAH, 40% of patients developed an acute hy-
drocephalus requiring ventriculostomy. Acute hydrocephalus was not
associated with neurological outcome.

Fig. 1 depicts the time course of the plasma UCH-L1 concentrations
in the two groups according to outcome. Interestingly, a clear increase
inmedianUCH-L1 levels during the five-day follow-upwas found in pa-
tients with an unfavorable neurological outcome, whereas UCH-L1
levels were stable in patients with a favorable neurological outcome.

UCH-L1 levels during the first 24 h after aSAHwere not significantly
different between the groups with a favorable and an unfavorable out-
come (Fig. 2a). Similarly, no differences were detected in the UCH-L1
levels between the patients presenting severe vs non-severe findings
in clinical status on admission. Furthermore, UCH-L1 concentration
was not associated with the findings in the primary brain CT. Acute hy-
drocephalus was not associated with UCH-L1 concentration within the
first 24 h. The descriptive statistics of UCH-L1 concentrations within
24 h from aSAH and the association with selected clinical conditions
are presented in Table 3.

In a subgroup of 22 patients in our cohort, daily UCH-L1 measure-
mentswere obtained for up to five days. The shorter follow-up in the re-
maining patients was due to death or transfer away from the ICU. In this
subgroup, four patients reached a favorable neurological outcome (mRS
0–2). A linear regression showed a significant elevation of UCH-L1 levels
during the five-day follow-up in patients with an unfavorable neurolog-
ical outcome (Fig. 3, p = 0.026). On the other hand, UCH-L1 levels

Table 1
The characteristics of the study population (n = 47).

mRS 0–2
(n = 16)

% mRS 3–6
(n = 31)

% p-Value

Gender 1
Male 4 25.0 9 29.0
Female 12 75.0 22 71.0

Age (mean, range) 53.3 (36–77) 61 (34–86) .045⁎
.225⁎⁎

Fisher .007⁎

1–2 9 56.3 5 16.1 .035⁎⁎

3–4 7 43.8 26 83.9
WFNS .209

1–3 12 75.0 16 51.6
4–5 4 25.0 15 48.4

Acute hydrocephalus 1
Yes 10 62.5 18 58.1
No 6 37.5 13 41.9

Fisher's exact test and t-test* was used.
⁎⁎ Bonferroni correction of p-value.
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remained at baseline levels in patients with a favorable outcome (Fig. 3,
p = 0.890). At day five, the measured UCH-L1 levels were significantly
higher in patients with an unfavorable neurological outcome (Fig. 2b/
Table 4, p = 0.001, pB = 0.003).

DCI treatment was initiated for 16/22 patients during the five-day
ICU follow-up. DCI treatment was not associated with the neurological
outcomeor changes in UCH-L1 concentrations. In addition, acute hydro-
cephalus had no impact on the neurological outcome or UCH-L1 levels
in this subgroup. Descriptive statistics for UCH-L1 levels at day five
from aSAHand associationwith selected clinical conditions are present-
ed in Table 4.

4. Discussion

In this population-based, prospective, observational study, an ele-
vated plasma UCH-L1 concentration five days after the aSAH was asso-
ciatedwith an unfavorable neurological outcome at sixmonths. UCH-L1
levels within the first 24 h after aSAH did not differ between patients
with a favorable (mRS 0–2) and an unfavorable (mRS 3–6) neurological
outcome. However, UCH-L1 levels increased significantly from baseline
values in a subset of patients with unfavorable neurological outcome
who had a five-day follow-up at the ICU.

It has previously been shown that UCH-L1 levels elevate after epilep-
tic seizures and that UCH-L1 levels are higher in patients with recurrent
seizures. It has also been shown that UCH-L1 decreases towards normal
levels within 48 h after seizures [15]. Similarly, UCH-L1 levels elevate
immediately after a focal mass lesion in patients with traumatic brain
injury, but they begin to decrease within hours. On the other hand,
UCH-L1 levels remain elevated longer in patients with diffuse cerebral

Table 2
The characteristics of a subgroup with five-day follow-up (n = 22).

mRS 0–2
(n = 4)

% mRS 3–6
(n = 18)

% p-Value

Gender .565
Male 2 50.0 5 27.8
Female 2 50.0 13 72.2

Age (mean, range) 51 (40–65) 59 (34–83) .253⁎

Fisher .470
1–2 1 25.0 2 11,1
3–4 3 75.0 16 88.9

WFNS .264
1–3 3 75.0 6 33.3
4–5 1 25.0 12 66.7

DCI 1
Yes 3 75.0 13 72.2
No 1 25.0 5 27.8

Acute hydrocephalus .587
Yes 1 25.0 8 44.4
No 3 75.0 10 55.6

Fisher's exact test and t-test* was used.

Fig. 1. UCH-L1 levels for all patients and all time-intervals. Values are grouped by a favorable and an unfavorable neurological outcome. Dots represent individual patient values. Line
represents group median. Outliers are included in the medians but not shown in the graph.
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injury, with no increase over time [10]. In these previous studies with
different types of brain injuries, there is no evidence of a significant in-
crease in UCH-L1 over time, suggesting a pattern of single injury [10,13,
15]. In the present study, a delayed increase in UCH-L1 was observed in
patients with an unfavorable neurological outcome, suggesting an on-
going neuronal injury in this patient group.

DCI is known to occurwithin 3 to 14 days after aSAH [4,5]. Therefore,
we chose to further analyze a sub-group of patients – excluding those
without a follow-up until day 5 – for the potential effect of DCI treat-
ment. In our study, there is a marked increase in UCH-L1 concentration
three days after aSAH in the patients with an unfavorable neurological
outcome. This is in accordance with previous data, demonstrating that
the incidence of DCI increases significantly after this same time point

[4,5,17]. Although a consensus criteria definition exists, DCI is a chal-
lenging phenomenon with occasionally arbitrary diagnostic criteria
[18]. In this study, initiation of DCI treatment was based on clinical sus-
picion. This obfuscates the reliability of the results when considering
DCI prevalence and its role in secondary injury. Nevertheless, initiation
of DCI treatment was not associated with neurological outcome nor
UCH-L1 levels at the end of the five-day follow-up.

Acute hydrocephalus after aSAH has been reported to be associated
with poor neurological outcome. On the other hand, there is evidence
suggesting that early treatment of hydrocephalus attenuates the injuri-
ous sequelae [19]. In our patient cohort, acute hydrocephalus was not
associated with neurological outcome, which highlights the efficacy of
prompt neurosurgical treatment. UCH-L1 levels within the first 24 h
after aSAH or at day five had no association as to whether patients de-
veloped acute hydrocephalus or not. Therefore, we assume that acute
hydrocephalus does not affect UCH-L1 levels— at least if hydrocephalus
is treated promptly.

This study has some limitations. Most importantly, the sample size is
relatively small to draw definitive conclusions about the biokinetics of
UCH-L1 in relation to aSAH and its progression. The potential problem
of the small sample size is highlighted with a subset of patients that
were followed-up for up to five days. On the other hand, the robustness
of the difference in UCH-L1 concentrations with its high statistical sig-
nificance supports the putative clinical significance of the finding.

5. Conclusion

Our results suggest that increasing plasma UCH-L1 concentration
over several days after the initial presentation of aSAH reflects the de-
velopment of a secondary injury, which is linked to an unfavorable neu-
rological outcome. There is an obvious need for clinically reliable
biomarkers that could act as surrogates for neuronal injury and DCI.

Fig. 2.UCH-L1 levels during the first 24 h after aSAH between patients (n= 47) with a favorable and an unfavorable neurological outcome. Outliers are included to statistical analysis but
not shown in the graph (a). UCH-L1 levels at the end of five-day follow-up between patients (n = 22) with a favorable and an unfavorable neurological outcome (b).

Table 3
The descriptive statistics of UCH-L1 concentrations within 24 h from aSAH and the associ-
ation with selected clinical conditions (n = 47).

Mean
UCH-L1
(ng/ml)

SD Median
UCH-L1
(ng/ml)

IQR p-Value

mRS .241
0–2 9.08 2.04 8.95 7.79–10.42
3–6 11.52 7.61 9.87 7.71–12.05

WFNS .286
1–3 11.69 7.99 9.91 7.89–12.34
4–5 9.21 1.99 9.07 7.62–10.42

Fisher .234
1–2 9.00 2.78 8.38 6.72–11.28
3–4 11.40 7.30 9.42 8.10–11.74

Acute
hydrocephalus
Yes 10.27 4.08 9.15 7.88–11.78 .957
No 10.97 7.60 9.52 7.65–11.29

Mann–Whitney U test was used.
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To define its actual contribution to neurocritical care in the future, UCH-
L1 needs to be studied in a larger aSAH patient group, and over a longer
follow-up time, preferably combined with serial neuroradiological im-
aging and adherence to the consensus criteria of DCI. Based on our
study, repetitive measurements of UCH-L1 concentrations with an

emphasis on change relative to the individual baseline could be the op-
timal approach for future clinical studies.
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Fig. 3. UCH-L1 levels for patients with a follow-up for up to five days (n= 22). Dots represent individual patient values. Values are grouped by favorable and non-favorable neurological
outcome. Linear regression shows significant elevation of UCH-L1 concentration during follow-up in patients with non-favorable (p = 0.026, beta = 0.416) outcome but concentration
remains at base level in patients with favorable outcome (p = 0.890, beta = −0.034).

Table 4
Descriptive statistics for UCH-L1 levels at day five from aSAHand associationwith selected
clinical conditions (n = 22).

Mean
UCH-L1
(ng/ml)

SD Median
UCH-L1
(ng/ml)

IQR p-Value

mRS .001⁎

0–2 9.90 0.85 9.70 9.34–10.26 .003⁎⁎

3–6 12.75 2.36 13.47 10.87–14.32
DCI treatment .390

Yes 12.50 2.49 12.78 9.96–14.63
No 11.49 2.29 12.16 9.76–13.36

Acute
hydrocephalus

.652

Yes 12.04 2.38 13.36 9.71–13.68
No 12.42 2.57 11.60 10.31–14.76

Mann–Whitney U test and t-test* was used.
⁎⁎ Bonferroni correction of p-value.
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Objective: Patients with aneurysmal subarachnoid hemorrhage (aSAH) experience highmortality andmorbidity.
Neuroinflammation causes brain damage expansion after aSAH. Due to the complexity of the inflammatory re-
sponse multiple biomarkers are needed to evaluate its' progression. We studied inflammatory process after
aSAH by measuring two inflammatory biomarkers, interleukin-6 (IL-6) and high-mobility group box 1
(HMGB1) at simultaneous time-points after aSAH.
Methods: In this prospective population-based study, IL-6 and HMGB1weremeasured in aSAH patients (n= 47)
for up to five days. Plasma concentrations of IL-6 and HMGB1 were measured at 0, 12 and 24 h after hospital ad-
mission, and thereafter daily for up to five days or until the patient was transferred from the intensive care unit
(ICU). The patients' neurological outcomes were evaluated with the modified Rankin Scale at six months after
aSAH.
Results: A high IL-6 level during the first day after aSAH was associated with a severe initial clinical presentation
(p = 0.002) and infection during follow-up (p = 0.031). The HMGB1 level did not associate with these param-
eters. There was no correlation between IL-6 and HMGB1 levels at any time point during the follow-up. The
concentrations of IL-6 and HMGB1 were not associated with neurological outcome.
Conclusions: High initial IL-6 values seem to reflect the intensity of the inflammatory response but not the brain
damage per se. An early inflammatory responsemight even be beneficial since although elevated IL-6 levelswere
observed in patients with a more severe initial clinical presentation, they were not associated with neurological
outcome. The lack of correlation between IL-6 and HMGB1 questions the role of macrophages in the process of
the secretion of these inflammatory markers after aSAH, instead pointing to the activation of alternative pro-
inflammatory pathways.

© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Despite recent advances in the management of aneurysmal sub-
arachnoid hemorrhage (aSAH), it remains a devastating disease with a
mortality approaching 50% and fewer than 60% of the survivors achiev-
ing functional independence [1]. The brain injury developing after aSAH
occurs in multiple phases. There is evidence suggesting that after the
primary insult, an additional brain injury is evoked by early brain injury

(EBI) and delayed cerebral ischemia (DCI). There are reports that the
development of DCI doubles the risk of poor outcome in aSAH [2,3].

Early brain injury refers to the acute effects of blood in the subarach-
noid space and the transient global ischemia caused by acute elevation
in the intracranial pressure. Delayed cerebral ischemia is amultifactorial
phenomenon involving angiographic vasospasm, microcirculatory
vasoconstriction, microvascular thrombosis, cortical spreading depolar-
ization and blood-brain barrier dysfunction. It is also thought that
processes activated during EBI contribute to the development of DCI
[2,4,5].

Various biomarkers have been examined in aSAH patients but thus
far, there are no clinically reliable biomarkers for predicting DCI or
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prognosis [6]. Recent findings from our group support the hypothesis
that UCH-L1 could be useful in predicting patient outcome after aSAH
although no association between UCH-L1 and DCIwas found [7]. Never-
theless, there is accumulating evidence that inflammation contributes
to thedevelopment of DCI [2,8–10]. Knowledge about the neural control
mechanisms of inflammation is accumulating rapidly [11]. A number of
cytokines and proinflammatory markers have been associated with a
poor outcome in aSAH [6]. Interleukin-6 (IL-6) and high-mobility
group box 1 (HMGB1) are two important inflammatory biomarkers;
their peripheral blood concentrations have been associated with a
poor outcome in aSAH [12–14].

It has been postulated that the inflammatory response displays bi-
phasic features in EBI and DCI [2,15]. The biphasic response refers to
the double-edged effects of the inflammatory response which can be
detrimental at some phase of the disease but alleviating at another.
The biphasic properties of multiple molecular pathways have been pro-
posed to contribute to the secondary brain injury also in other types of
acute strokes [16,17]. The putative biphasic effects of the inflammatory
response highlight the need for a better understanding of the mecha-
nisms and timescale of the response in aSAH. The development of reli-
able biomarkers acting as surrogates for the response could help to
achieve this goal.

The aim of the present study was to analyze the role of two bio-
markers in a group of patients with recent aSAH.We evaluatedwhether
there was any correlation between IL-6 and HMGB1 levels. By compar-
ing the concentrations of these two inflammatory biomarkers at the
same time points, we wanted to determine whether the changes in
their concentrations could offer more specific information about the in-
flammatory pathways and possible mechanisms leading to the neural
injury developing after aSAH. In addition, we assessed their association
with neurological outcome and selected clinical conditions.

2. Methods

Following the approval of the institutional ethics committee, we
conducted a prospective, observational, single-center clinical study in
Tampere University Hospital (Tampere, Finland). The hospital is one
of five tertiary referral centers in Finland serving a population of ap-
proximately 1 million inhabitants and thus providing care for all pa-
tients suffering from subarachnoid hemorrhage in the area.

The study cohort consisted of 61 consecutive aSAH patients admit-
ted to our center fromMarch2013 toDecember 2013.Written informed
consent was obtained from each patient or from their next of kin. The
time of the onset of symptoms associated with aSAH was registered
from the patient records. We excluded patients with an unknown
time of onset of symptoms as well as patients whose samples for the
IL-6 and HMGB1 assays were not collected within the first 24 h after
the onset of symptoms. All patients were treated according to standard-
ized in-house guidelines. In total, 47 patients were considered eligible
and were thus included in the study.

The severity of the initial clinical presentationwas evaluated accord-
ing to theWorld Federation of Neurological Surgeons (WFNS) and Hunt
& Hess grading scales. The extent of the primary hemorrhage on the CT
scan was graded with Fisher scale. WFNS and Hunt & Hess were dichot-
omized into non-severe (WFNS 1–3/Hunt & Hess 1–3) or severe (WFNS
4–5 / Hunt & Hess 4–5). The Fisher grade was dichotomized into non-
severe (Fisher 1–2) or severe (Fisher 3–4). The neurological outcome
was evaluated with the modified Rankin Scale (mRS) six months after
aSAH based on a structured interview performed by telephone or dur-
ing an outpatient clinic visit. mRS was dichotomized into a favorable
outcome (mRS 0–2) or an unfavorable outcome (mRS 3–6). Detailed
categorizations of WFNS, Hunt & Hess, Fisher and mRS are presented
in a Supplementary table. Additionally, we assessed the incidence of in-
fection, which was defined as the need for antimicrobial medication
during the follow-up period.

Plasma concentrations of IL-6 and HMGB1 were measured in the
samples collected at 0, 12 and 24 h after the admission, and thereafter
at every 24 h for up to five days or until the patient was transferred
from the ICU. Before the statistical analysis, the IL-6 and HMGB1 mea-
surements were divided into consecutive 24 h intervals starting from
the onset of symptoms. If IL-6 and HMGB1 were measured more than
once per interval, the mean concentration was used. In a subgroup of
22 patients who had up to five days' follow-up, we also checked if the
patient had been treated for DCI. Treatment of DCI was initiated based
on the clinical evaluation.

Blood samples were collected into EDTA-containing tubes from an
arterial cannula that had been routinely inserted for invasive blood
pressure monitoring as well as for blood sampling. After collection, the
sample was immediately delivered to the laboratory where it was cen-
trifuged for 10 min at 2000g (room temperature). After centrifugation,
the plasma was collected and kept at - 70 °C. IL-6 and HMBG1

Fig. 1. IL6 levelsmeasuredwithin the first 24 h after aSAH in relation to the initial clinical presentation. Patients withmore severe clinical presentations had significantly higher IL-6 levels
(p = 0.002). Black circles represent outliers.
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concentrations in the plasma samples weremeasured by ELISAwith re-
agents from eBioscience Inc. (San Diego, CA, USA) and IBL International
(Hamburg, Germany), respectively. Assay protocols are described in the
following datasheets:

http://www.ebioscience.com/media/pdf/tds/88/88-7066.pdf (IL-6)
http://www.ibl-international.com/media/catalog/product/S/T/

ST51011_IFU_EU_en_HMGB1_ELISA_V2011-01_sym4.pdf (HMGB1)
The absorbance was measured with Victor3 Multilabel Counter

(Perkin Elmer, Finland) and the results were calculated against a
standard curve using the smoothed spline method with MultiCalcTM
(Perkin Elmer, Finland).

Statistical analyses were performedwith R (version 3.3.0 for Mac OS
X). Fisher's exact test was used for the categorical variables and Mann-
Whitney U test for continuous variables. Linear regression was used for
the time interval analysis. Spearman's correlation was used to estimate
whether IL-6 and HMGB1 levels correlated

3. Results

The patients with a severe initial clinical presentation of aSAH
(WFNS 4–5/Hunt & Hess 4–5) had a higher plasma IL-6 concentration
during the first 24 h following aSAH than the patients with a non-

severe (WFNS 1–3, p = 0.002/Hunt & Hess 1–3, p = 0.019) presenta-
tion (Fig. 1, Table 1). In addition, the administration of antimicrobial
medication was associated with elevated plasma IL-6 levels (Fig. 2,
Table 1, p = 0.031). Finally, plasma IL-6 concentrations tended to be
higher in patients with severe aSAH according to Fisher scale (Fig. 3,
p = 0.051). The plasma HMGB1 concentration during the first 24 h
after aSAH was not associated with the severity of aSAH (Table 2).

IL-6 andHMGB1 concentrationsmeasured during the first 24 hwere
not associated with neurological outcome. The descriptive statistics for
IL-6 and HMGB1 concentrations measured during the first 24 h after
aSAH are presented in Tables 1 and 2. The linear regression analysis re-
vealed no association between neurological outcome and IL-6 or
HMGB1 concentrations during the five-day follow-up (Fig. 4).

Plasma IL-6 and HMGB1 concentrations did not correlate with each
other at any of the time points during the five-day follow-up (Fig. 5,
Table 3). In the subgroup of those patients followed for up to five
days, IL-6 or HMGB1 concentrations during the first 24 h did not predict
the development of DCI. In addition, the presentation of DCI did not as-
sociate with IL-6 or HMGB1 concentrations measured on day five
(Table 4).

4. Discussion

In the present study, we examined the prognostic potential and in-
terdependence of two inflammatory biomarkers IL-6 and HMGB1 after
aSAH.

Our study suggests that a high plasma IL-6 concentration during the
first 24 h after aSAH is strongly associated with a severe clinical presen-
tation as well as with the development of infection during the five-day
follow-up period. However, neither IL-6 nor HMGB1 levels were associ-
ated with neurological outcome in patients suffering from aSAH. Thus,
our study failed to support the findings of some previous studies i.e.
that there would be an association between increased concentrations
of these biomarkers and poor neurological outcome. Zhu et al. claimed
that the early plasma HMGB1 concentration was associated with one-
year mortality and poor neurological outcome as determined by the
Glasgow Outcome Scale. These investigators applied stricter exclusion
criteria, for example, patients with systemic diseases such as hyperten-
sion, diabetes and chronic heart or lung disease were excluded from the
study [13]. Höllig et al. described an association between early serum
and cerebrospinal fluid IL-6 concentration with poor neurological

Table 1
IL-6 concentration during the first 24 h after aSAH (n = 47).

IL-6 (pg/ml) Mean SD Median IQR p-Value

mRS 0.334
0–2 (n = 16) 9.92 6.51 8.93 4.84–13.28
3–6 (n = 31) 13.96 12.20 8.85 6.30–18.35

WFNS 0.002
1–3 (n = 28) 8.19 4.77 7.45 4.93–9.93
4–5 (n = 19) 19.07 13.58 16.30 8.88–24.05

Hunt & Hess 0.019
1–3 (n = 35) 11.21 11.04 7.70 5.13–10.63
4–5 (n = 12) 16.93 9.33 16.18 9.90–21.10

Fisher 0.051
1–2 (n = 14) 11.27 14.03 6.53 4.44–9.30
3–4 (n = 33) 13.15 9.14 10.00 7.15–17.70

Infection 0.031
Yes (n = 14) 14.84 8.63 11.40 9.34–19.38
No (n = 33) 11.63 11.46 7.50 5.00–12.35

Mann-Whitney U test was used.

Fig. 2. IL6 levels measured within the first 24 h after aSAH in relation to clinically suspected infection during ICU follow-up. Early IL-6 levels are significantly higher in patients with
infection during follow-up (p = 0.031). Black circles represent outliers.
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outcomeat discharge, but not at sixmonths after aSAH. They considered
this lack of correlation at six months to be caused partly by the high
drop-out rate (27%) after discharge [14]. Kao et al. observed an associa-
tion between early IL-6 concentration measured from the aneurysmal
orifice and peripheral veins with a poor neurological outcome at one
month after aSAH. They included only patients who had undergone
endovascular coiling while patients with surgically ligated aneurysm
were excluded from the study [12]. The discrepant findings between
these previous studies and the present study may be partly explained
by the differences in the study protocols, the patient selection and the
different time-points used to measure neurological outcome. As stated
by Höllig et al. [14], it is also essential to appreciate that an elevated
IL-6 concentration is a non-specific findingwhich can reflect the inflam-
matory response to various pathologies occurring after aSAH. For exam-
ple, pneumonia is common after aSAH since patients with depressed
level of consciousness are susceptible to aspiration of gastric contents
until the airway is secured. Invasive mechanical ventilation predisposes
patients to ventilator-associated pneumonia and need for
ventriculostomy creates a possibility for ventriculitis. All of these infec-
tions may lead to increased levels of inflammatory biomarkers.

The secretion of IL-6 and HMGB1 as a part of the inflammatory re-
sponse is a complex process. One well known mechanism involves the
release of these biomarkers or rather, mediators, from monocytes and
macrophages [18–20]. In this study, an elevated IL-6 concentration
was associated with the clinical severity after aSAH. Furthermore, a
nearly statistically significant trend for elevations in IL-6 was observed
in patients with more severe aSAH on the primary CT. On the other
hand, the HMGB1 level was not associated with either clinical severity
or the CT findings. Furthermore, the IL-6 and HMGB1 concentrations
did not correlate with each other at any time point during the five-day
follow-up. Based on these findings, it would be tempting to speculate
that the secretion of IL-6 after aSAH is mediated through a pathway un-
related to their secretion by monocytes and macrophages.

Inflammation has been associated with DCI [2,9] and poor outcome
after aSAH [12,14]. In our study, high concentrations of IL-6 immediately
after aSAH were associated with severe initial clinical presentation and
head CT findings. On the other hand, linear regression did not reveal any
mass increase in plasma IL-6 concentrations during follow-up and there
was no difference between IL-6 concentrations in patients with favor-
able and non-favorable neurological outcomes. Moreover, IL-6 levels

were not associated with the development of DCI. Thus, our findings
raise questions about the biphasic properties of IL-6 in inflammatory re-
sponse after aSAH, suggesting that the early inflammatory response
might not be detrimental to the patient's outcome. Plasma HMGB1, as
a late phase cytokine, was not associated with the initial severity of
aSAH or with the neurological outcome. In addition to secretion from
macrophages during inflammatory response, HGMB1 is also released
from cells if they die by necrosis but not when they undergo apoptosis
[21]. Apoptosis has been associatedwith EBI andDCI [2,4]. The relatively
low concentrations of HMGB1 suggest that there had not been extensive
tissue necrosis in our patients and support the hypothesis that cell death
during EBI and DCI occurs by apoptosis.

This study has some limitations. The sample size is relatively small to
make it possible to draw definite conclusions about the prognostic po-
tential of the studied biomarkers. However, the study is well powered
to rule out the possibility that there would be a significant correlation
between IL-6 and HMGB1 levels during the five-day follow-up. We
measured IL-6 and HMGB1 in peripheral blood so the specific mecha-
nisms involved in their secretion remain elusive. Still, the lack of corre-
lation between the studied biomarkers raises interesting questions for

Fig. 3. IL6 levels measured within the first 24 h after aSAH in relation to the severity of aSAH in primary CT. There is a trend towards higher IL-6 levels in patients with more severe CT
findings but statistical significance is not reached by a narrowmargin (p = 0.051). Black circles represent outliers.

Table 2
HMGB1 concentration during the first 24 h after aSAH (n = 47).

HMGB1 (ng/ml) Mean SD Median IQR p-Value

mRS 0.486
0–2 (n = 16) 7.87 4.13 6.85 5.59–8.67
3–6 (n = 31) 6.85 2.94 6.27 4.55–8.61

WFNS 0.502
1–3 (n = 28) 6.83 2.78 6.04 5.39–7.72
4–5 (n = 19) 7.73 4.13 6.95 5.04–8.73

Hunt & Hess 0.097
1–3 (n = 35) 6.61 2.70 5.83 4.55–7.87
4–5 (n = 12) 8.87 4.62 8.04 6.34–10.10

Fisher 0.771
1–2 (n = 14) 6.95 2.34 6.85 5.52–8.78
3–4 (n = 33) 7.30 3.76 6.27 4.61–8.59

Infection 0.693
Yes (n = 14) 6.84 3.11 6.33 4.38–8.32
No (n = 33) 7.35 3.53 6.62 5.44–8.62

Mann-Whitney U test was used.
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Fig. 4. IL-6 and HMGB1 levels for patients (n=22)with the ICU follow-up lasting for five days (n=22). Circles represent individual patient values. Values are grouped into favorable and
non-favorable neurological outcome. Linear regression shows no significant change between baseline values for IL-6 (mRS 0–2: p-value 0.084, beta−1.048/mRS 3–6: p-value 0.515, beta
−0.879) or HMGB1 (mRS 0–2: p-value 0.454, beta 0.183/mRS 3–6: p-value 0.776, beta 0.106) during the follow-up. Outliers are not shown.
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future studies investigating more specific cellular and molecular mech-
anisms of inflammatory response during aSAH. Here, we defined infec-
tion as the use of antimicrobial medication during follow-up. Although,

extreme caution is adopted in our unit with respect to the use of antimi-
crobial medication in order to avoid unnecessary treatment, it is still
possible that in a small number of patients, antibiotic therapy had

Fig. 5. Scatter plots displaying the correlation of individual patient values of IL-6 against those of HGMB1 at different time points during the ICU follow-up. Outliers are not shown.
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been initiated for prophylaxis or simply based on strong clinical suspi-
cion for infection.

High initial IL-6 concentrations in patients with a severe clinical pre-
sentation after aSAH seem to reflect the intensity of the “inflammatory
reflex” [11] rather than the neuronal injury itself. Thus, the expression
of IL-6 differs from that of UCH-L1, which in our previous study was
shown to correlatewith the neuronal injury causedby aSAH [7]. Accord-
ing to recent evidence, inflammation seems to be a significant contrib-
uting factor to DCI. It is plausible that inflammation can exert both
detrimental or beneficial effects depending on the phase of the second-
ary injury process in aSAH [2]. The putative biphasic effects of the
inflammatory response highlight the need for clarifying the specific in-
flammatory pathways and timescales in which they are activated after
aSAH. This knowledge would be of paramount importance for targeting
anti-inflammatory therapies to appropriate patients at valid time
points. As stated byHöllig et al. [14], a “silver-bullet” or “brain troponin”
might not exist due to the extreme complexity of physiological process-
es involved in aSAH. Our findings highlight the complexity of inflamma-
tory response and pathophysiology of DCI in aSAH . Therefore, future
studies should test multiple biomarkers or preferably panels of diverse
biomarkers measured at the same time-points in order to gain a better
understanding of pathophysiology underpinning the inflammatory re-
sponse in aSAH.

5. Conclusion

High initial IL-6 values seem to reflect the intensity of the inflamma-
tory response associated with initial clinical presentation but not the
eventual brain damage per se. An early inflammatory response might
even be beneficial since although elevated IL-6 levels were observed
in patients with a more severe initial clinical presentation, they were
not associated with neurological outcome. The lack of correlation
between IL-6 and HMGB1 raises questions about the role of macro-
phages in the process of the secretion of these inflammatory markers
after aSAH, instead pointing to the activation of alternative pro-
inflammatory pathways.
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Object: Aneurysmal subarachnoid hemorrhage (aSAH) is a common cause of death or 
long-term disability. Despite advances in neurocritical care, there is still only a very limited 
ability to monitor the development of secondary brain injury or to predict neurological 
outcome after aSAH. Soluble urokinase-type plasminogen activator receptor (suPAR) 
has shown potential as a prognostic and as an inflammatory biomarker in a wide range 
of critical illnesses since it displays an association with overall immune system activation. 
This is the first time that suPAR has been evaluated as a prognostic biomarker in aSAH.

Methods: In this prospective population-based study, plasma suPAR levels were mea-
sured in aSAH patients (n = 47) for up to 5 days. suPAR was measured at 0, 12, and 
24 h after patient admission to the intensive care unit (ICU) and daily thereafter until he/
she was transferred from the ICU. The patients’ neurological outcome was evaluated 
with the modified Rankin Scale (mRS) at 6 months after aSAH.

Results: suPAR levels (n = 47) during the first 24 h after aSAH were comparable in groups 
with a favorable (mRS 0–2) or an unfavorable (mRS 3–6) outcome. suPAR levels during 
the first 24 h were not associated with the findings in the primary brain CT, with acute 
hydrocephalus, or with antimicrobial medication use during 5-days’ follow-up. suPAR 
levels were associated with generally accepted inflammatory biomarkers (C-reactive 
protein, leukocyte count).

Conclusion: Plasma suPAR level was not associated with either neurological outcome 
or selected clinical conditions. While suPAR is a promising biomarker for prognostication 
in several conditions requiring intensive care, it did not reveal any value as a prognostic 
biomarker after aSAH.

Keywords: aneurysmal subarachnoid hemorrhage, biomarkers, neurological outcome, secondary brain injury, 
soluble urokinase-type plasminogen activator receptor, neuroinflammation
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INTRODUCTION

Urokinase plasminogen activator receptor (uPAR) (CD87) is 
present on various immunologically active cells, and its expres-
sion becomes elevated by inflammatory conditions and ischemic 
diseases (1, 2). The soluble form [soluble urokinase-type plas-
minogen activator receptor (suPAR)] in serum or plasma has 
emerged as an inflammatory biomarker capable of reflecting 
overall immune system activation (3, 4).

Previously, it has been shown that uPAR expression is induced 
in cerebral ischemia (5) and traumatic brain injury (6). Moreover, 
it has been claimed that uPAR may further augment cerebral 
injury (7). The induction of uPAR expression on the cell surface 
is believed to increase the levels of the soluble form of uPAR (8). 
Previously, suPAR has been shown to have predictive value in 
acutely, critically ill patients (9–13), including those who have 
suffered brain trauma (14). However, as far as we are aware, 
suPAR concentrations have not been evaluated as a prognostic 
biomarker in patients with subarachnoid hemorrhage.

Aneurysmal subarachnoid hemorrhage (aSAH) is a devastat-
ing disease causing long-term disability and up to 50% mortality 
(15). A significant proportion of the patients are young and 
previously healthy in comparison to individuals suffering other 
types of strokes (16). The main causes for poor prognosis are 
early brain injury and delayed cerebral ischemia (DCI), which 
cause permanent neurological deficits (17–19). The prediction of 
outcome is difficult and unsatisfactory as the secondary injury 
process in aSAH is multifactorial and incompletely understood 
(17, 20).

It is well established that inflammation plays a major role in 
vasospasm and subsequent DCI after aSAH (21, 22). A plethora 
of biomarkers have been studied in aSAH and DCI, e.g., neuron 
and astrocyte-specific markers (e.g., NSE, s100b, and UCHL-1), 
inflammatory biomarkers (e.g., IL-6, HMGB-1), and molecular 
adhesion and extracellular matrix markers (e.g., MMP-9)  
(16, 23–25). However, none of these putative biomarkers has so 
far proved to be useful in clinical decision-making. As ischemic 
events and inflammation are one characteristic feature of aSAH, 
it seemed reasonable to speculate that circulating plasma suPAR 
concentrations would increase during the acute stage after aSAH. 
Therefore, we hypothesized that either the plasma suPAR concen-
tration or alternatively its changes over time could be useful in 
predicting the neurological outcome following aSAH.

MATERIALS AND METHODS

The clinical data and blood samples from this patient cohort have 
been used in a previously published study (25). Following reg-
istration in Clinical Trials (NCT02026596, https://clinicaltrials.
gov) and approval by the institutional ethics committee, we con-
ducted a prospective, observational, single-center clinical study 
in Tampere University Hospital (Tampere, Finland) intensive 
care unit (ICU). The study population consisted of 61 consecu-
tive adult aSAH patients admitted to our tertiary referral center 
during a 10-month period in 2013. Written informed consent 
was obtained from each of the patients or from their next of 
kin. All patients were treated according to standard in-house 

guidelines, which included intravenous nimodipine to prevent 
vasospasm and routine laboratory samples. In the final analyses, 
we chose to exclude those 14 patients with an unknown time of 
onset of symptoms or in whom the suPAR concentration was not 
measured during the first 24 h after the onset of symptoms. By 
including only those 47 patients with a known onset of clinical 
ictus and suPAR measurement during the first 24  h after the 
onset of symptoms, we eliminated the possibility that changes in 
suPAR concentrations would be attributable to different delays to 
hospital admission after aSAH.

The plasma suPAR concentration was measured at 0, 12, and 
24 h after the admission and every 24 h for up to 5 days or until 
the patient was transferred from the ICU. World Federation of 
Neurological Surgeons Grading Scale, Fisher grade, and 6-month 
modified Rankin Scale (mRS) were used to evaluate the sever-
ity of aSAH and neurological recovery as previously described 
(25). The incidence of acute hydrocephalus was defined as the 
need for ventriculostomy on a clinical basis during the first 24 h 
after aSAH. Infection was defined as the need for antimicrobial 
medication during intensive care follow-up period.

As a part of our in-house guideline, an arterial cannula was 
routinely inserted. Blood samples for suPAR were collected 
into EDTA-containing tubes from the arterial cannula and the 
samples were immediately centrifuged for 10 min at 2,000 g at 
room temperature. After centrifugation, the plasma was collected 
and frozen at −70°C. After thawing, plasma suPAR levels were 
measured with a commercially available enzyme-linked immu-
nosorbent assay kit according to the manufacturer’s instructions 
(suPARnostic®, ViroGates, Birkeroed, Denmark). The detection 
limit and inter-assay coefficient of variation were 0.45 ng/ml and 
3.2%, respectively.

Before the statistical analysis, the suPAR measurements were 
divided into consecutive 24 h intervals, starting from the onset of 
symptoms. If suPAR was measured more than once per interval, 
the mean concentration was used. In a subgroup of 22 patients 
who had up to 5-days’ follow-up, we also checked whether the 
patient had been treated for DCI. Initiation of this treatment was 
based on clinical evaluation. Statistical analyses were performed 
with R (version 3.3.2 for Mac Os X). Fisher’s exact test was used 
with the categorical variables. Due to the non-normal distribu-
tion of measured biomarkers, Mann–Whitney U-test was used 
for between-group comparisons. Correlations were evaluated 
with Spearman’s correlation test. Linear regression was used in 
the time interval analyses.

RESULTS

The basic characteristics of the study cohort and the subset of 
patients with 5-day follow-up have been previously reported 
(25). The time course of plasma suPAR concentrations in the 
two groups according to neurological outcome are depicted in 
Figure 1.

Plasma suPAR concentrations during the first 24 h after aSAH 
were comparable in the groups with a favorable (mRS 0–2) and an 
unfavorable (mRS 3–6) outcome (Figure 2A). Similarly, no dif-
ferences were detected in the suPAR levels between those patients 
presenting with severe (WFNS 4–5) vs. non-severe (WFNS 1–3) 



FIGURE 1 | Soluble urokinase-type plasminogen activator receptor (suPAR) levels in all patients and at all time intervals. Values are grouped according 
to whether the patients had a favorable or an unfavorable neurological outcome. Dots represent individual patient values. The line represents group median.

FIGURE 2 | Soluble urokinase-type plasminogen activator receptor (suPAR) levels during the first 24 h after aneurysmal subarachnoid hemorrhage 
between patients (n = 47) with a favorable or an unfavorable neurological outcome (A). suPAR levels at the end of 5-day follow-up between patients 
(n = 22) with a favorable or an unfavorable neurological outcome (B).
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findings in terms of their clinical status on admission (Table 1). 
Furthermore, the plasma suPAR concentration during the first 
24 h was not associated with the findings from the primary brain 
CT (Fisher grade) with acute hydrocephalus or with antimicro-
bial medication during the 5-days’ follow-up (Table 1). Age over 
70 years was a strong predictor of an unfavorable neurological 

outcome, i.e., only one patient over 70  years experienced a  
neurologically favorable outcome (p = 0.037, Table 2).

suPAR was measured daily up to 5 days after the admission 
unless the patient died or was transferred from the ICU. In the 22 
patients in whom we had suPAR concentrations measured up to 
5 days, four patients achieved a favorable neurological outcome 



TABLE 2 | The relationship between neurological outcome and age.

Age ≤ 70 Age > 70 p-Value

0.037
Modified Rankin Scale (mRS) 0–2 15 1
mRS 3–6 20 11

Fisher’s exact test was used.

TABLE 1 | Soluble urokinase-type plasminogen activator receptor 
(suPAR) concentrations (n = 47) within 24 h from aneurysmal 
subarachnoid hemorrhage and the association with selected clinical 
conditions.

suPAR (ng/ml) Mean SD Median IQR p-Value

Modified Rankin Scale 0.234
0–2 (n = 16) 2.30 0.75 2.21 1.73–2.77
3–6 (n = 31) 2.66 0.96 2.37 2.06–3.05

World Federation of 
Neurological Surgeons 
grading scale

0.803

1–3 (n = 28) 2.59 1.05 2.26 2.00–2.79
4–5 (n = 19) 2.47 0.66 2.41 2.00–2.86

Fisher 0.240
1–2 (n = 14) 2.36 0.93 2.05 1.67–2.78
3–4 (n = 33) 2.61 0.90 2.41 2.07–2.80

Infection 0.402
Yes (n = 14) 2.55 0.64 2.61 2.21–2.88
No (n = 33) 2.53 1.01 2.22 1.92–2.79

Acute hydrocephalus 0.845
Yes (n = 19) 2.54 0.83 2.27 2.09–2.80
No (n = 28) 2.53 0.97 2.34 1.92–2.83

Mann–Whitney U-test was used.
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(mRS 0–2). The linear regression did not detect any statistically 
significant elevation of suPAR levels during the 5-days’ follow-up 
in patients with either a favorable (mRS 0–2) or an unfavorable 
(mRS 3–6) neurological outcome (Figure 3). In addition, at day 
five, plasma suPAR concentrations were comparable in the two 
groups (Figure 2B).

Delayed cerebral ischemia treatment was initiated in 16/22 
patients during the hospital stay in the subgroup in which we 
had at least a 5-day ICU follow-up. Neither DCI treatment nor 
infection or acute hydrocephalus was associated with plasma 
suPAR concentrations (Table 3).

The peak plasma suPAR concentration during the 5 days of 
follow-up was positively correlated with peak levels of C-reactive 
protein (CRP) (p = 0.039) and leukocyte numbers (p = 0.006). 
The plasma suPAR concentration was positively correlated with 
the leukocyte count during the first 24 h (p = 0.049). In contrast, 
suPAR levels were not associated with age (Table 4).

DISCUSSION

The present study aimed to evaluate the potential prognostic value 
of plasma suPAR concentrations after an aSAH. In contrast to our 
working hypothesis, plasma suPAR did not show any association 
with neurological outcome, survival, acute hydrocephalus, clini-
cal infection, or DCI in our patient cohort.

The inflammatory reaction and increase of systemic inflam-
matory mediators in aSAH is well documented (22, 26). Even 

though substantial evidence is accumulating in the literature 
highlighting the significant role of neuroinflammation in the 
outcome of aSAH, it is still unclear which, if any, inflammatory 
biomarkers can be used to guide clinical decision-making. The 
apparent biphasic nature of the inflammatory response after aSAH 
makes this challenge even more demanding. Neuroinflammation 
seems to have properties, which can be considered in some cases 
as protective, but in others, as deleterious, e.g., depending on 
the magnitude of the response, time-point after the ictus when 
activation of the inflammatory response occurs, and the type of 
cells recruited in the response (27). Hence, it is not surprising 
that there is inconsistency regarding the prognostic value of many 
inflammatory biomarkers such as IL-6 and HMGB1 after aSAH 
(19, 25, 28, 29). Nevertheless, although no biomarker has been 
identified, these studies have increased our understanding of the 
inflammatory process in aSAH and, in fact, also novel inflamma-
tory biomarkers are claimed to have some prognostic potential, 
e.g., toll-like receptor 4 (30).

suPAR is considered as an inflammatory biomarker and 
mediator, a proposal that is well supported in the literature. 
Previously, increased serum or plasma suPAR levels have been 
postulated as a prognostic factor for poor outcome in critically 
ill patients with an inflammatory condition (31). The plasma 
suPAR concentrations in our aSAH cohort were low compared 
to septic and non-septic ICU patients with organ dysfunction 
(32). Nosocomial infections, organ dysfunction, and SIRS are 
frequent after aSAH (33, 34). Although the value of suPAR has 
been verified in infections and organ dysfunction (13, 32, 35), we 
did not detect high levels of suPAR, even later in the course of 
intensive care. One possible confounding factor distinguishing 
aSAH from other acute neurological conditions is that all of our 
patients received nimodipine to prevent DCI. Nimodipine has 
been shown to decrease plasminogen activator inhibitor 1 (PAI-1) 
activity (36). As PAI-1 is the major inhibitor of urokinase plasmi-
nogen activator (uPA), plasminogen activity and fibrinolysis may 
increase as a consequence of decreased PAI-1 activity. UPA can 
cleave the GPI-anchor on cell surface, but since a correct ratio of 
uPA is required for cleavage, it is possible that excess uPA due to 
nimodipine may inhibit the cleavage of suPAR from the cell sur-
face (4, 8). suPAR also displays uPA dose dependence for binding 
to vitronectin (37), which may alter suPAR levels. Furthermore, 
previous reports have described suPAR-fragment release from 
activated neutrophils (38) and inhibition of neutrophil activation 
by two calcium antagonists, felodipine, and nimodipine (39), 
thereby supporting the concept that nimodipine may indeed be 
the factor modifying the suPAR response in our patient cohort. 
This speculative hypothesis and thus the potential direct effect of 
nimodipine on plasma suPAR concentrations could not be further 
tested/evaluated in our patient cohort. Moreover, as nimodipine 
is considered as part of current best practice, it would be unethi-
cal to establish a control group not receiving nimodipine after 
aSAH. Any further experiments to test this hypothesis will need 
to be conducted as preclinical/animal studies.

Overall, the suPAR response, i.e., the increase in the plasma 
concentrations of suPAR observed in this study, was rather 
modest in comparison with that observed in other critically ill 
patients, even though there was biochemically logical correlation 



TABLE 4 | Soluble urokinase-type plasminogen activator receptor and its 
association with leukocyte count, C-reactive protein (CRP), and age.

Spearman rho p-Value

Day 1 (n = 47)
Leukocyte count 0.289 0.049
CRP 0.261 0.077
AGE 0.228 0.123

5-day intensive care unit follow-up (n = 22)
Maximum leukocyte count during follow-up 0.568 0.006
Maximum CRP during follow-up 0.443 0.039
Age 0.143 0.527

TABLE 3 | Soluble urokinase-type plasminogen activator receptor 
(suPAR) levels on day five from aneurysmal subarachnoid hemorrhage 
patients (n = 22) in whom there was 5-days’ intensive care unit follow-up 
data and their association with selected clinical conditions.

suPAR (ng/ml) Mean SD Median IQR p-Value

Modified Rankin Scale 0.187
0–2 (n = 4) 2.24 0.72 2.18 1.99–2.43
3–6 (n = 18) 2.95 0.81 2.90 2.49–3.70

Delayed cerebral ischemia 
treatment

0.854

Yes (n = 16) 2.80 0.79 2.64 2.18–3.32
No (n = 6) 2.89 1.00 3.12 2.25–3.48

Infection 0.511
Yes (n = 11) 2.97 0.81 3.09 2.60–3.67
No (n = 11) 2.68 0.86 2.46 2.01–3.17

Acute hydrocephalus 0.511
Yes (n = 11) 2.70 0.91 2.64 1.91–3.45
No (n = 11) 2.95 0.77 3.09 2.32–3.39

Mann–Whitney U-test was used.

FIGURE 3 | Soluble urokinase-type plasminogen activator receptor (suPAR) levels for patients with a follow-up of up to 5 days (n = 22). Dots represent 
individual patient values. Regression line is calculated with linear regression. Values are grouped according to favorable (p = 0.584) or non-favorable (p = 0.158) 
neurological outcome.
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between suPAR levels and generally accepted inflammatory 
biomarkers (CRP, leukocyte count). The correlation, however, 
was weak in comparison to previously reported results (35, 40) 
possibly indicating that there are numerous factors influencing 
inflammatory biomarkers and mediators in aSAH. In addition, 
although higher age was associated with poor outcome per  se, 
in our patient cohort, we observed no correlation between age 
and plasma suPAR levels. This finding contradicts the results of 

several previous studies (10, 13, 41, 42). Finally, the low incidence 
(29.8%) of nosocomial infections in our patient cohort may par-
tially explain the observed low plasma suPAR levels.

Even though serum suPAR levels have been shown to be 
elevated in ischemic stroke (43) and in cerebrospinal fluid (CSF) 
following disruption of the blood–brain barrier (44), no marked 
elevation of plasma suPAR was found in patients either diagnosed 
with DCI or acute hydrocephalus. Further analyses will be neces-
sary to clarify potential importance of suPAR release to CSF in 
patients with DCI and acute hydrocephalus. In order to reveal 
the actual role of suPAR as a biomarker or mediator in aSAH, 
it would be worthwhile evaluating the potential value of suPAR 
levels in CSF in diagnosing ventriculitis related to ventriculos-
tomy catheter.
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Our study has some limitations. First, we had some patients 
that were lost to follow-up. In other words, we were not able to 
obtain samples late in the course of the acute illness as patients 
had either died or been transferred to some other health-care 
facility. These patients represent two extremes, i.e., either the best 
or the worst outcome, and this may have altered the results of our 
analysis. Second, our sample size was limited. In particular, only 
four patients with a favorable neurological outcome remained 
in the final analyses on day 5. However, some of our patients 
experienced mild whereas others had very severe presentations 
of aSAH. We followed suPAR levels during the whole ICU stay 
and suPAR levels were constantly low with no high peaks being 
observed. This suggests that aSAH does not induce high suPAR 
levels in plasma or they are depressed by some aspect of the 
treatment, for example, administration of the calcium antagonist. 
Third, our study is a single-center study. Although our unit is a 
tertiary referral hospital with a high patient influx, single-center 
bias is possible. Despite their relatively low numbers, it is of 
interest that those patients with a good neurological outcome 
had remarkably low plasma suPAR levels with a very small SD 
(Figure 2B). Our previous studies have suggested that while high 
suPAR levels may be prognostic for poor outcome, in contrast, a 
low plasma suPAR concentration is predictive of a good outcome 
(11, 45). In the present study, the number of patients is limited, 
but the same phenomenon may apply to aSAH.

CONCLUSION

This study reports the first population-based prospective, 
observational results evaluating plasma suPAR concentrations 
in aSAH. Plasma suPAR levels were not associated with neuro-

logical outcome or selected clinical conditions. While suPAR is a  
promising biomarker in several conditions requiring intensive 
care, based on this study, it does not seem to be useful as a prog-
nostic biomarker in patients with aSAH.
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