Biomarkers of Endothelial Activation in Delayed Cerebral Ischaemia after aneurysmal Subarachnoid Haemorrhage: A Prospective Cohort Study
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Methods – Definitions of included variables
Aneurysmal subarachnoid hemorrhage – the accumulation of blood in de subarachnoid space – the space between the pia mater and the arachnoid - as a result of brain aneurysm rupture. 
Anterior circulation – Cerebral arteries that receive blood from the internal carotid arteries and cater the majority of the hemispheres, as specified by Rosner et al.[1]
Posterior circulation – Cerebral arteries that receive blood from the vertebral arteries, and cater the brainstem, cerebellum, occipital lobes, medial temporal lobes and posterior part of the deep hemisphere, as specified by Rosner et al.[1]
Rebleeding -  A second (or third etc.) bleeding from the causative aneurysm after the initial bleeding, diagnosed by signs of an increased amount of subarachnoid blood on imaging compared to the initial scan, by a sudden neurological deterioration with change in vital parameters suggestive for recurrent bleeding or a sudden increase in production of CSF with fresh blood through ventricular drainage.
Per-procedural aneurysm rupture - Rupture of the aneurysm during surgery, extravasation of contrast dye during endovascular treatment, or perforation of the micro-catheter, micro-wire or coil through the aneurysm wall.
Per-procedural thrombo-embolic events - Reduced passage or stasis of contrast in an artery or slowed venous outflow without the aspect of vascular spasm, as evaluated by the treating neuro-radiologist.
Treatment-related ischemia - Clinical deterioration observed immediately after treatment with the presence of hypodensities within the vascular territory of the aneurysm in question on post-treatment CT-imaging.
Treatment-related dissection – Extravasation of contrast dye between the layers of the arterial wall due to trauma from the micro-catheter, micro-wire or the coil(s) used to fill the aneurysm.
Hydrocephalus - Gradual onset of deterioration of consciousness with either CT-evidence of enlarged ventricles, assessed by an experienced neuro-radiologist, or elevated intracranial pressure diagnosed by lumbar puncture or ventricular catheter placement.
Delayed Cerebral Ischaemia (DCI) - Clinical deterioration, defined as either a deterioration in consciousness (two or more points on the total Glasgow Coma Scale or one point drop in the M-score) or focal neurological impairment, or a new ischemic area on non-contrast head-CT or –MRI within six weeks after DCI, which was not present immediately after aneurysm treatment and could not be attributed to any other cause. As proposed by Vergouwen et al. [2]
Meningitis - Diagnosed upon positive liquor culture, performed after clinical suspicion (decreased consciousness, meningeal rigidity, fever or elevated inflammatory markers). 
Pneumonia - Clinical symptoms, including fever, dyspnea or cough, with either consolidations on chest x-ray or a positive sputum culture.
Urinary tract infection (UTI) - Clinical symptoms, including fever or painful diuresis, with either a positive urine culture or leukocytosis or bacteremia in urine sediment.  
Deep venous thrombosis (DVT) - Clinical symptoms, including a red, swollen and/or painful extremity, with signs of venous thrombosis on duplex-ultrasonography.
Epileptic seizures - Clinical suspicion of seizures based on rhythmic tonic or clonic movements or by electroencephalography, followed by administration of anti-epileptic drugs.
Delirium - Scored based on the administration of haloperidol or as evaluated by their treating physician.
Sepsis – One or more abnormal vital signs (temperature, blood pressure, heart rate, respiratory rate) in combination with a positive blood culture.
Good outcome –  Functional outcome according to the modified Ranking Scale (mRS) of 0-3 at six months post SAH, as suggested by Stienen et al.[3]
Poor outcome – Functional outcome according to the mRS of 4-6 at six months post SAH, as suggested by Stienen et al.[3]


Results
	Marker in ng/mL
	
	T0  
n=12 vs. n=57
	T1 
n=11 vs. n=46
	T2
n=9 vs. n=35
	Longitudinal

	vWF
	Median (IQR) DCI
	12.2 (7.7-15.5)
	6.1 (4.6-7.2)
	6.7 (4.5-9.1)
	

	
	Median (IQR) no DCI
	10.9 (6.9-13.8)
	6.5 (4.8-8.3)
	7.1 (4.5-9.7)
	

	
	P-value
	P= 0.47
	P=0.43
	P=0.48
	0.23

	E-selectin 
	Median (IQR) DCI
	18.5 (8.7-26.3)
	12.9 (7.8-21.9)
	8.8 (6.9-29.6)
	

	
	Median (IQR) no DCI
	22.0 (15.8-29.1)
	20.4 (13.1-25.6)
	21.5 (15.2-27.9)
	

	
	P-value
	P=0.40
	P=0.16
	P=0.31
	0.58

	Thrombomodulin
	Median (IQR) DCI
	2.1 (1.2-3.3)
	2.7 (1.6-3.6)
	1.8 (1.2-5.1)
	

	
	Median (IQR) no DCI
	2.5 (2.0-3.0)
	2.3 (1.8-3.1)
	2.5 (1.7-3.1)
	

	
	P-value
	P=0.79
	P=0.43
	P=0.42
	0.35

	Syndecan-1
	Median (IQR) DCI
	2.0 (1.3-2.4)
	2.1 (1.2-3.2)
	2.1 (1.5-3.2)
	

	
	Median (IQR) no DCI
	2.3 (1.9-2.8)
	2.4 (1.8-2.9)
	2.9 (2.2-4.4)
	

	
	P-value
	P=0.92
	P=0.46
	P=0.22
	0.13

	MMP-9


	Median (IQR) DCI
	15.5 (8.2-42.9)
	6.7 (2.6-10.0)
	9.3 (3.7-13.5)
	

	
	Median (IQR) no DCI
	18.9 (8.0-46.5)
	10.6 (5.1-27.2)
	15.2 (7.8-36.3)
	

	
	P-value
	P=0.13
	P=0.15
	P=0.15
	0.31


Table S1 Median (IQR) levels of vWF, E-selectin, Thrombomodulin, Syndecan-1 and MMP-9 in patients with or without DCI, at admission (T0), on day 3-5 (T1) and day 9-11 (T2), with p-values comparing patients with DCI (n=15) to patients without DCI (n=81)
Underlined = T-test for normal distributed data
Italic = Man-Whitney-U test for non-normally distributed data
Longitudinal = Linear mixed effects model
N does not equal 75 patients due to missing data (death, hospital transfers, overdue processing of samples, withdrawn consent for further sampling)
aSAH, aneurysmal subarachnoid haemorrhage; IQR, interquartile range; MMP-9, matrix metalloproteinase 9; vWF, von-Willebrandfactor;



Table S2 Median (IQR) levels of vWF, E-selectin, Thrombomodulin, Syndecan-1 and MMP-9 in patients with or without radiological DCI, at admission (T0), on day 3-5 (T1) and day 9-11 (T2), with p-values comparing patients with radiological DCI (n=5) to patients without radiological DCI (n=70)
	Marker in ng/mL
	
	T0  
n=5 vs n=64
	T1 
n=4 vs n=53
	T2
n=3 vs n=41
	Longitudinal

	vWF          
                    
 
	Median (IQR) RDCI
	11.8 (7.9-16.5)
	7.2 (5.5-9.8)
	9.7 (4.9-11.1)
	

	
	Median (IQR) no RDCI
	10.9 (7.0-13.8)
	6.4 (4.7-8.2)
	7.1 (4.5-8.9)
	

	
	P-value
	P= 0.48
	P=0.38
	P=0.45
	0.16

	E-selectin  
	Median (IQR) RDCI
	21.0 (8.7-29.9)
	14.6 (7.1-23.5)
	8.7 (6.3-47.2)
	

	
	Median (IQR) no RDCI
	21.3 (14.6-28.9)
	19.8 (12.9-25.1)
	18.9 (14.7-26.7)
	

	
	P-value
	P=0.62
	P=0.35
	P=0.90
	0.81

	Thrombomodulin
	Median (IQR) RDCI
	3.2 (0.8-4.5)
	3.9 (1.6-5.8)
	7.3 (0.9-16.5)
	

	
	Median (IQR) no RDCI
	2.4 (1.9-3.1)
	2.3 (1.8-3.0)
	2.1 (1.7-3.0)
	

	
	P-value
	P=0.66
	P=0.05
	P=0.34
	0.68

	Syndecan-1
	Median (IQR) RDCI
	2.1 (1.4-2.5)
	3.1 (1.2-3.9)
	2.3 (0.9-32.5)
	

	
	Median (IQR) no RDCI
	2.2 (1.8-2.7)
	2.2 (1.7-2.9)
	2.8 (2.0-3.8)
	

	
	P-value
	P=0.56
	P=0.76
	P=0.87
	0.28

	MMP-9


	Median (IQR) RDCI
	29.2 (14.0-42.3)
	4.3 (2.9-6.3)
	8.4 (3.1-10.5)
	

	
	Median (IQR) no RDCI
	18.0 (7.6-47.0)
	10.0 (5.1-25.8)
	13.1 (7.5-35.7)
	

	
	P-value
	P=0.52
	P=0.10
	P=0.18
	0.49


Underlined = T-test for normal distributed data
Italic = Man-Whitney-U test for non-normally distributed data
Longitudinal = Linear mixed effects model
N does not equal 75 patients due to missing data (death, hospital transfers, overdue processing of samples, withdrawn consent for further sampling)
aSAH, aneurysmal subarachnoid haemorrhage; IQR, interquartile range; MMP-9, matrix metalloproteinase 9; vWF, von-Willebrandfactor;





	Marker in ng/mL
	
	T0  
n=27 vs. n=39
	T1 
n=17 vs. n=37
	T2
n=12 vs. n=30
	Longitudinal

	vWF
	Median (IQR)  poor outcome
	13.0 (8.4-15.5)
	7.2 (5.6-9.0)
	6.9 (4.9-11.0)
	

	
	Median (IQR)  good outcome
	10.3 (6.4-13.4)
	6.1 (4.7-8.0)
	7.2 (4.7-8.8)
	

	
	P-value
	P=0.03*
	P=0.16
	P=0.48
	P=0.60

	E-selectin 
	Median (IQR) poor outcome
	19.6 (13.7-29.2)
	20.3 (13.6-23.9)
	16.4 (14.8-29.6)
	

	
	Median (IQR) good outcome
	21.6 (12.8-28.1)
	19.5 (11.7-26.3)
	21.0 (10.2-28.8)
	

	
	P-value
	P=0.47
	P=0.99
	P=0.73
	P=0.46

	Thrombomodulin
	Median (IQR)  poor outcome
	2.5 (2.0-3.2)
	2.4 (1.8-3.3)
	2.1 (1.6-2.9)
	

	
	Median (IQR)  good outcome
	2.3 (1.8-3.1)
	2.3 (1.7-3.2)
	2.3 (1.6-3.1)
	

	
	P-value
	P=0.56
	P=0.78
	P=0.77
	P=0.93

	Syndecan-1
	Median (IQR)  poor outcome
	2.4 (1.7-2.8)
	2.3 (1.7-2.8)
	3.9 (2.0-4.8)
	

	
	Median (IQR)  good outcome
	2.2 (1.8-2.6)
	2.2 (1.7-3.2)
	2.4 (1.7-3.4)
	

	
	P-value
	P=0.63
	P=0.43
	P<0.05*
	P=0.06

	MMP-9


	Median (IQR)  poor outcome
	20.2 (7.4-43.4)
	7.1 (3.5-12.4)
	11.9 (6.9-30.4)
	

	
	Median (IQR)  good outcome
	18.4 (8.0-45.7)
	10.0 (4.5-28.2)
	10.1 (6.4-36.8)
	

	
	P-value
	P=0.66
	P=0.10
	P=0.84
	P=0.66


Table S3 Median (IQR) levels of vWF, E-selectin, Thrombomodulin, Syndecan-1 and MMP-9 in patients with good or poor outcome at six months post SAH, at admission (T0), on day 3-5 (T1) and day 9-11 (T2), with p-values comparing patients with poor outcome (n=39) to good outcome (n=54)
Underlined = T-test for normal distributed data
Italic = Man-Whitney-U test for non-normally distributed data
Longitudinal = Linear mixed effects model
N does not equal 75 patients due to missing data (death, hospital transfers, overdue processing of samples, withdrawn consent for further sampling)
aSAH, aneurysmal subarachnoid haemorrhage; IQR, interquartile range; MMP-9, matrix metalloproteinase 9; vWF, von-Willebrandfactor;
*= statistically significant difference by p<0.05
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