Supplementary Table 1 – Baseline characteristics by WFNS grade of subarachnoid haemorrhage patients. a Fisher’s exact. b Kruskal Wallis. World Federation of Neurosurgical Societies = WFNS; external ventricular drain = EVD.
	
	WFNS grade
I-III (N = 66)
	WFNS grade 
IV-V (N = 30)
	P-value

	Age 
[median, IQR]
	55 
(49 – 62)
	55.5
(50 – 65)
	
0.610 b

	Sex (n, %)
	Female
	46 (69.7)
	26 (86.7)
	0.083 a

	
	Male
	20 (30.3)
	4 (13.3)
	

	Race (n, %)
	White
	64 (97.0)
	29 (96.7)
	0.379 a

	
	Black
	0 (0.0)
	1 (3.3)
	

	
	Asian
	2 (3.0)
	0 (0.0)
	

	Premorbid hypertension
	Yes
	21 (31.8)
	7 (23.3)
	0.473 a

	
	No
	45 (68.2)
	23 (76.7)
	

	WFNS Grade (n, %)
	I
	43 (65.2)
	NA
	NA


	
	II
	16 (24.2)
	NA
	

	
	III
	7 (10.6)
	NA
	

	
	IV
	NA
	25 (83.3)
	

	
	V
	NA
	5 (16.7)
	

	Blood volume (cm3) [median, IQR]
	15.9
(7.1 – 32.4)
	30.9
(16.9 – 47.5)
	< 0.001 b

	Intracerebral haemorrhage present (n, %)
	Yes
	8 (12.1)
	7 (23.3)
	0.227 a

	
	No
	57 (86.4)
	23 (76.7)
	

	
	Missing
	1 (1.5)
	0 (0.0)
	NA

	Intraventricular haemorrhage present (n, %)
	Yes
	43 (65.2)
	28 (93.3)
	0.005 a

	
	No
	22 (33.3)
	2 (6.7)
	

	
	Missing
	1 (1.5)
	0 (0.0)
	NA

	EVD inserted (n, %)
	Yes
	11 (16.7)
	21 (70.0)
	< 0.001 a

	
	No
	55 (83.3)
	9 (30.0)
	

	Given SFX-01 (n, %)
	Yes
	33 (50.0)
	12 (40.0)
	0.387 a

	
	No
	33 (50.0)
	18 (60.0)
	

	Aneurysm location (n, %)
	Anterior Cerebral 
	30 (45.4)
	9 (30.0)
	0.057 a

	
	Internal Carotid 
	13 (19.7)
	4 (13.3)
	

	
	Middle Cerebral 
	17 (25.8)
	9 (30.0)
	

	
	Vertebrobasilar
	4 (6.1)
	8 (26.7)
	

	
	Non-aneurysmal
	2 (3.0)
	0 (0.0)
	

	Securing of the aneurysm (n, %)
	Clipping
	16 (24.2)
	7 (23.3)
	1.000 a

	
	Coiling
	48 (72.7)
	23 (76.7)
	

	
	Not applicable
	2 (3.0)
	0 (0.0)
	



Supplementary Table 2 – Baseline characteristics by method of CSF collection for subarachnoid haemorrhage patients. a Fisher’s exact. b Kruskal Wallis. World Federation of Neurosurgical Societies = WFNS; lumbar puncture = LP; external ventricular drain = EVD.
	
	LP (N = 51)
	EVD (N = 32)
	P-value

	Age 
[median, IQR]
	55
(50 – 62)
	56
(49.5 – 66.5)
	
0.694 b

	Sex (n, %)
	Female
	38 (74.5)
	26 (81.3)
	0.333 a

	
	Male
	13 (25.5)
	6 (18.8)
	

	Race (n, %)
	White
	49 (96.1)
	32 (100.0)
	0.520 a

	
	Black
	0 (0.0)
	0 (0.0)
	

	
	Asian
	2 (3.2)
	0 (0.0)
	

	Premorbid hypertension
	Yes
	16 (31.4)
	7 (21.9)
	0.452 a

	
	No
	35 (68.6)
	25 (78.1)
	

	WFNS Grade (n, %)
	I
	32 (62.8)
	3 (9.4)
	< 0.001 a

	
	II
	9 (17.7)
	5 (15.6)
	

	
	III
	4 (7.8)
	3 (9.4)
	

	
	IV
	6 (11.8)
	17 (53.1)
	

	
	V
	0 (0.0)
	4 (12.5)
	

	Blood volume (cm3) [median, IQR]
	17.3
(7.6 – 31.2)
	28.5
(11.9 – 44.9)
	0.022 b

	Intracerebral haemorrhage present (n, %)
	Yes
	7 (13.7)
	5 (15.6)
	1.000 a

	
	No
	44 (86.3)
	27 (84.4)
	

	Intraventricular haemorrhage present (n, %)
	Yes
	32 (62.8)
	31 (96.9)
	< 0.001 a

	
	No
	19 (37.3)
	1 (3.1)
	

	Given SFX-01 (n, %)
	Yes
	27 (52.9)
	11 (34.4)
	0.117 a

	
	No
	24 (47.1)
	21 (65.6)
	

	Aneurysm location (n, %)
	Anterior Cerebral 
	22 (43.1)
	10 (31.3)
	0.050 a

	
	Internal Carotid 
	11 (21.6)
	4 (12.5)
	

	
	Middle Cerebral 
	13 (25.5)
	9 (28.1)
	

	
	Vertebrobasilar
	3 (5.9)
	9 (28.1)
	

	
	Non-aneurysmal
	2 (3.9)
	0 (0.0)
	

	Securing of the aneurysm (n, %)
	Clipping
	10 (19.6)
	10 (31.3)
	0.351 a

	
	Coiling
	39 (76.5)
	22 (68.8)
	

	
	Not applicable
	2 (3.9)
	0 (0.0)
	



Supplementary Table 3 – Cytokine levels in the cerebrospinal fluid (CSF) and plasma of controls and of patients 7 days after subarachnoid haemorrhage (SAH). The Wilcoxon-Signed Rank test was used to compare median cytokine levels in paired plasma and CSF samples from the same patients. The Wilcoxon Rank-Sum test was used to compare median cytokine levels in plasma and CSF samples from patients who had lumbar punctures (LPs) against those who had an external ventricular drain (EVD) in situ.
	Cytokines 
	Plasma levels in all SAH patients (pg/mL)
	CSF levels in all SAH patients (pg/mL)
	P-value
	Fold Difference (CSF vs Plasma)
	Plasma levels in SAH patients who had a LP (pg/mL)
	Plasma levels in SAH patients with an EVD (pg/mL)
	P-value
	CSF levels in in SAH patients who had a LP (pg/mL)
	CSF levels in SAH patients with an EVD (pg/mL)
	P-value

	IL-1beta
(median, IQR)
	0.09 (0.01 – 0.22)
	2.74 (1.06 – 4.26)
	<0.001
	30.44
	0.15 (0.01 – 0.24)
	0.04 (0.01 -0.18)
	0.104
	2.18 (0.85 – 3.76)
	3.62 (1.4 – 5.03)
	0.046

	IL-2
(median, IQR)
	0.48 (0.36 – 0.60)
	1.43 (0.71 – 3.02)
	<0.001
	2.98
	0.48 (0.37 – 0.64)
	0.5 (037 – 0.55)
	0.557
	1.43 (0.77 – 2.73)
	1.32 (0.57 – 3.03)
	0.757

	IL-4
(median, IQR)
	0.11 (0.09 – 0.13)
	2.46 (0.68 – 10.51)
	<0.001
	22.36
	0.12 (0.10 – 0.13)
	0.10 (0.09 – 0.11)
	0.091
	1.44 (0.60 – 7.73)
	6.21 (1.17 – 13.19)
	0.031

	IL-6
(median, IQR)
	3.45 (2.04 – 5.81)
	802.74
(256.25 – 3936.11)
	<0.001
	232.68
	2.79 (2.00 – 4.62)
	4.67 (2.37 – 7.28)
	0.046
	545.03 (201.69 – 2554.26)
	1751.00 (460.66 – 4693.41)
	0.073

	IL-8
(median, IQR)
	21.76 (14.86 – 26.71)
	1013.09 
(540.63 – 2531.08)
	<0.001
	46.56
	18.87 (13.29 – 25.33)
	24.82 (17.23 – 42.39)
	0.024
	918.49 (511.45 – 2207.90)
	1320.55 (611.74 – 2867.63)
	0.154

	IL-10
(median, IQR)
	0.67 (0.43 – 0.90)
	2.45 (1.22 – 4.09)
	<0.001
	3.66
	0.56 (0.43 – 0.79)
	0.75 (0.50 – 1.18)
	0.067
	2.45 (1.22 – 4.21)
	2.43 (1.25 – 4.03)
	0.743

	IL-12
(median, IQR)
	0.23 (0.17 – 0.32)
	3.04 (0.92 – 15.57)
	<0.001
	13.22
	0.23 (0.16 – 0.30)
	0.20 (0.17 – 0.32)
	0.827
	2.23 (0.85 – 12.93)
	12.35 (1.92 – 17.37)
	0.026

	IL-13
(median, IQR)
	1.89 (0.01 – 3.54)
	21.66 (11.75 – 41.67)
	<0.001
	11.46
	1.70 (0.01 – 3.25)
	1.88 (0.01 – 3.81)
	0.325
	17.69 (9.85 – 35.57)
	27.16 (15.02 – 51.85)
	0.070

	IFN-gamma 
(median, IQR)
	4.13 (2.13 – 6.61)
	7.98 (1.85 – 20.78)
	<0.001
	1.93
	4.30 (2.33 – 6.53)
	3.18 (1.31 – 7.29)
	0.244
	11.02 (2.8 – 26.72)
	6.97 (0.01 – 15.03)
	0.357

	TNF-alpha
(median, IQR)
	1.23 (1.04 – 1.50)
	4.20
(2.50 – 7.92)
	<0.001
	3.41
	1.23 (1.07 – 1.44)
	1.14 (0.98 – 1.41)
	0.249
	3.75 (2.18 – 7.22)
	4.75 (3.20 – 10.58)
	0.213

	[bookmark: _Hlk149895771]Cytokines (pg/mL)
	Plasma levels in controls
	CSF levels in controls
	P-value
	Fold Difference (CSF vs Plasma)
	NA
	NA
	NA
	NA
	NA
	NA

	IL-1beta
(median, IQR)
	0.07 (0.05 – 0.13)
	0.07 (0.03 – 0.09)
	0.253
	1.00
	NA
	NA
	NA
	NA
	NA
	NA

	IL-2
(median, IQR)
	0.37 (0.33 – 0.55)
	0.19 (0.11 – 0.27)
	0.109
	0.51
	NA
	NA
	NA
	NA
	NA
	NA

	IL-4
(median, IQR)
	0.06 (0.04 – 0.10)
	0.01 (0.01 – 0.04)
	0.002
	0.17
	NA
	NA
	NA
	NA
	NA
	NA

	IL-6
(median, IQR)
	1.30 (1.13 – 2.48)
	2.49 (1.55 – 2.91)
	0.225
	1.92
	NA
	NA
	NA
	NA
	NA
	NA

	IL-8
(median, IQR)
	13.51 (10.40 – 15.82)
	48.37 (41.47 - 60.87)
	< 0.001
	3.58
	NA
	NA
	NA
	NA
	NA
	NA

	IL-10
(median, IQR)
	0.40 (0.37 – 0.65)
	0.12 (0.09 – 0.17)
	< 0.001
	0.30
	NA
	NA
	NA
	NA
	NA
	NA

	IL-12
(median, IQR)
	0.25 (0.21 – 0.27)
	0.01 (0.01 – 0.01)
	0.002
	0.04
	NA
	NA
	NA
	NA
	NA
	NA

	IL-13
(median, IQR)
	0.01 (0.01 – 3.03)
	3.94 (0.73 - 6.18)
	0.126
	394
	NA
	NA
	NA
	NA
	NA
	NA

	IFN-gamma
(median, IQR)
	5.26 (4.09 – 6.45)
	0.01 (0.01 – 0.01)
	< 0.001
	0.02
	NA
	NA
	NA
	NA
	NA
	NA

	TNF-alpha
(median, IQR)
	2.00 (1.57 – 2.56)
	0.16 (0.01 – 0.22)
	< 0.001
	0.08
	NA
	NA
	NA
	NA
	NA
	NA




Supplementary Table 4 – Within-subjects ANOVA and Tukey’s pairwise comparisons of significant differences in cytokine levels over time
	Cytokine
	P-value
	Days that were significantly different
	Tukey corrected p-value

	CSF IL-1beta
	0.326
	NA
	NA

	CSF IL-2
	0.004
	Day 9 vs 0
	0.029

	CSF IL-4
	0.100
	NA
	NA

	CSF IL-6
	< 0.001
	Day 5 vs 0
	0.003

	
	
	Day 7 vs 0
	0.004

	
	
	Day 9 vs 0
	0.002

	
	
	Day 11 vs 0
	0.024

	CSF IL-8
	< 0.001
	Day 9 vs 1
	0.002

	
	
	Day 11 vs 1
	0.048

	
	
	Day 9 vs 3
	0.015

	CSF IL-10
	0.169
	NA
	NA

	CSF IL-12
	0.227
	NA
	NA

	CSF IL-13
	< 0.001
	Day 9 vs 1
	0.04

	
	
	Day 13 vs 9
	0.033

	
	
	Day 13 vs 11
	0.038

	CSF IFN-gamma 
	0.335
	NA
	NA

	CSF TNF-alpha
	0.034
	Nil
	NA

	Plasma IL-1beta
	0.083
	NA
	NA

	Plasma IL-2
	0.120
	NA
	NA

	Plasma IL-4
	0.600
	NA
	NA

	Plasma IL-6
	< 0.001
	Day 9 vs 1
	0.039

	
	
	Day 9 vs 3
	0.003

	
	
	Day 11 vs 3
	0.016

	
	
	Day 13 vs 3
	0.037

	Plasma IL-8
	0.005
	Day 11 vs 1
	0.025

	Plasma IL-10
	< 0.001
	Day 1 vs 0
	< 0.001

	
	
	Day 3 vs 0
	0.001

	
	
	Day 5 vs 0
	< 0.001

	
	
	Day 9 vs 0
	< 0.001

	
	
	Day 11 vs 0
	0.011

	
	
	Day 13 vs 0
	0.014

	Plasma IL-12
	0.911
	NA
	NA

	Plasma IL-13
	0.521
	NA
	NA

	Plasma IFN-gamma 
	0.329
	NA
	NA

	Plasma TNF-alpha
	0.560
	NA
	NA




Supplementary Table 5 – Relationship between plasma and CSF cytokines among all patients in a multivariable linear regression testing whether a specific CSF cytokine and qAlb  predicted the corresponding plasma cytokine, while also considering a possible interaction between qAlb and the CSF cytokine. 
	Plasma cytokine
	CSF cytokine and qAlb
	Without Interaction
	With Interaction

	IL-1beta
	Cytokine, coefficient
	0.006
(-0.006 – 0.019)
	0.007
(-0.010 – 0.024)

	
	Cytokine, p-value
	0.318
	0.439

	
	qAlb, coefficient
	0.416
(-0.554 – 1.386)
	0.636
(-6.248 – 7.520)

	
	qAlb, p-value
	0.396
	0.855

	
	Interaction, coefficient
	NA
	-0.043
(-1.364 – 1.279)

	
	Interaction, p-value
	NA
	0.949

	
	R2
	0.0275
	0.0275

	IL-2
	Cytokine, coefficient
	0.163
(0.074 – 0.251)
	0.148
(0.046 – 0.250)

	
	Cytokine, p-value
	< 0.001
	0.005

	
	qAlb, coefficient
	-4.430
(-10.625 – 1.765)
	-13.569
(-45.955 – 18.816)

	
	qAlb, p-value
	0.158
	0.406

	
	Interaction, coefficient
	NA
	1.573
(-3.897 – 7.042)

	
	Interaction, p-value
	NA
	0.568

	
	R2
	0.1526
	0.1563

	IL-4
	Cytokine, coefficient
	-0.000 
(-0.001 – 0.001)
	-0.000 
(-0.002 – 0.002)

	
	Cytokine, p-value
	0.512
	0.871

	
	qAlb, coefficient
	-0.040
(-0.313 – 0.233)
	-0.018
(-0.408 – 0.371)

	
	qAlb, p-value
	0.771
	0.926

	
	Interaction, coefficient
	NA
	-0.008
(-0.109 – 0.093)

	
	Interaction, p-value
	NA
	0.876

	
	R2
	0.0070
	0.0074

	IL-6
	Cytokine, coefficient
	0.001
(0.000 – 0.001)
	0.000
(-0.000 – 0.001)

	
	Cytokine, p-value
	0.014
	0.333

	
	qAlb, coefficient
	0.762
(-49.450 – 50.973)
	-8.067
(-89.296 – 73.163)

	
	qAlb, p-value
	0.976
	0.844

	
	Interaction, coefficient
	NA
	0.006
(-0.039 – 0.051)

	
	Interaction, p-value
	NA
	0.783

	
	R2
	0.0785
	0.0795

	IL-8
	Cytokine, coefficient
	0.002
(0.000 – 0.004)
	0.002
(0.000 – 0.005)

	
	Cytokine, p-value
	0.030
	0.040

	
	qAlb, coefficient
	17.274
(-107.071 – 141.619)
	78.625
(-477.870 – 635.121)

	
	qAlb, p-value
	0.783
	0.779

	
	Interaction, coefficient
	NA
	-0.010 
(-0.099 – 0.079)

	
	Interaction, p-value
	NA
	0.822

	
	R2
	0.0740
	0.0746

	IL-10
	Cytokine, coefficient
	-0.002
(-0.056 – 0.052)
	0.052
(-0.326 – 0.431)

	
	Cytokine, p-value
	0.944
	0.785

	
	qAlb, coefficient
	-1.334
(-17.599 – 14.931)
	13.719
(-92.185 – 119.623)

	
	qAlb, p-value
	0.871
	0.797

	
	Interaction, coefficient
	NA
	-3.929
(-31.239 – 23.381)

	
	Interaction, p-value
	NA
	0.775

	
	R2
	0.0004
	0.0015


	IL-12
	Cytokine, coefficient
	0.001
(-0.002 – 0.004)
	0.004
(-0.003 – 0.010)

	
	Cytokine, p-value
	0.487
	0.274

	
	qAlb, coefficient
	-0.486
(-1.816 – 0.844)
	0.029
(-1.752 – 1.809)

	
	qAlb, p-value
	0.469
	0.975

	
	Interaction, coefficient
	NA
	-0.150
(-0.495 – 0.194)

	
	Interaction, p-value
	NA
	0.388

	
	R2
	0.0129
	0.0229

	IL-13
	Cytokine, coefficient
	0.017
(-0.004 – 0.038)
	-0.008
(-0.047 – 0.031)

	
	Cytokine, p-value
	0.114
	0.684

	
	qAlb, coefficient
	-9.755
(-25.813 – 6.303)
	-101.029
(-222.954 – 20.897)

	
	qAlb, p-value
	0.230
	0.103

	
	Interaction, coefficient
	NA
	2.372
(-0.769 – 5.512)

	
	Interaction, p-value
	NA
	0.137

	
	R2
	0.0460
	0.0743

	IFN-gamma 
	Cytokine, coefficient
	-0.021 
(-0.089 – 0.047)
	0.019
(-0.149 – 0.186)

	
	Cytokine, p-value
	0.543
	0.824

	
	qAlb, coefficient
	-22.854
(-68.835 – 23.127)
	2.552
(-105.815 – 110.919)

	
	qAlb, p-value
	0.325
	0.963

	
	Interaction, coefficient
	NA
	-3.270
(-15.885 – 9.345)

	
	Interaction, p-value
	NA
	0.607

	
	R2
	0.0177
	0.0213

	TNF-alpha
	Cytokine, coefficient
	0.009
(-0.011 – 0.030)
	0.005
(-0.031 – 0.041)

	
	Cytokine, p-value
	0.356
	0.795

	
	qAlb, coefficient
	-0.959
(-4.511 – 2.593)
	-4.475
(-27.093 – 18.142)

	
	qAlb, p-value
	0.592
	0.695

	
	Interaction, coefficient
	NA
	0.404
(-2.160 – 2.968)

	
	Interaction, p-value
	NA
	0.755

	
	R2
	0.0137
	0.0150




[bookmark: OLE_LINK13]Supplementary Table 6 – Association of cytokine levels in cerebrospinal fluid (CSF) and plasma with outcome variables. Univariable logistic regression results shown for death. Ordinal logistic regression results shown for modified Rankin Scale (MRS) and SAH Outcome Tool (SAHOT) without Bonferroni correction. 0.10 > p > 0.05 in orange. p<0.05 in red. 
	Univariable regression
	Death (OR)
	MRS (OR)
	SAHOT (OR)

	
	
	Day 7
	Day 28
	Day 90
	Day 180
	Day 28
	Day 90
	Day 180

	CSF IL-1beta

	OR/ coefficient (95% CI)
	1.491
(1.027 – 2.166)
	1.379 (1.113 – 1.707)
	1.261 (1.037 – 1.534)
	1.170 (0.962 – 1.422)
	1.191 (0.984 – 1.440)
	1.188 (0.989 – 1.428)
	1.048 (0.863 – 1.274)
	1.059 (0.871 – 1.287)

	
	P-value
	0.036
	0.003
	0.020
	0.116
	0.073
	0.066
	0.634
	0.564

	CSF IL-2

	OR/ coefficient (95% CI)
	1.223
(0.846 – 1.767)
	1.396 (1.107 – 1.761)
	1.162 (0.960 – 1.408)
	1.071 (0.883 – 1.300)
	1.010 (0.835 – 1.223)
	1.115 (0.925 – 1.344)
	1.041 (0.862 – 1.258)
	1.056 (0.878 -1.270)

	
	P-value
	0.285
	0.005
	0.123
	0.485
	0.914
	0.255
	0.677
	0.566

	CSF IL-4

	OR/ coefficient (95% CI)
	1.051
(0.988 – 1.119)
	1.065 (1.014 – 1.119)
	1.058 (1.015 – 1.103)
	1.026 (0.980 – 1.073)
	1.040 (0.996 – 1.086)
	1.029 (0.992 – 1.067)
	1.021 (0.979 – 1.064)
	1.020 (0.975 – 1.066)

	
	P-value
	0.117
	0.012
	0.008
	0.276
	0.073
	0.130
	0.333
	0.388

	CSF IL-6

	OR/ coefficient (95% CI)
	1.000 (1.000 – 1.000)
	1.000 (1.000 – 1.000)
	1.000 (1.000 – 1.000)
	1.000 (1.000 – 1.000)
	1.000 (1.000 – 1.000)
	1.000 (1.000 – 1.000)
	1.000 (1.000 – 1.000)
	1.000 (1.000 – 1.000)

	
	P-value
	0.059
	0.010
	0.004
	0.272
	0.016
	0.146
	0.070
	0.191

	CSF IL-8

	OR/ coefficient (95% CI)
	1.000 (1.000 – 1.001)
	1.000 (1.000 – 1.001)
	1.000 (1.000 – 1.001)
	1.000 (1.000 – 1.000)
	1.000 (1.000 – 1.000)
	1.000 (1.000 – 1.000)
	1.000 (1.000 – 1.000)
	1.000 (1.000 – 1.000)

	
	P-value
	0.178
	0.001
	0.011
	0.040
	0.073
	0.024
	0.453
	0.350

	CSF IL-10

	OR/ coefficient (95% CI)
	1.012
(0.937 – 1.092)
	0.993 (0.954 – 1.034)
	0.990 (0.950 – 1.032)
	0.944 (0.890 – 1.002)
	0.990 (0.951 – 1.031)
	0.988 (0.951 – 1.026)
	0.948 (0.889 – 1.011)
	0.963 (0.907 – 1.023)

	
	P-value
	0.766
	0.731
	0.630
	0.057
	0.631
	0.516
	0.104
	0.221

	CSF IL-12

	OR/ coefficient (95% CI)
	1.046 
(0.990 – 1.011)
	1.051 (1.009 – 1.095)
	1.059 (1.022 – 1.097)
	1.027 (0.990 – 1.066)
	1.038 (1.001 – 1.076)
	1.033 (1.001 – 1.066)
	1.017 (0.982 – 1.053)
	1.015 (0.977 – 1.054)

	
	P-value
	0.110
	0.018
	0.002
	0.159
	0.046
	0.044
	0.343
	0.443

	CSF IL-13

	OR/ coefficient (95% CI)
	1.043
(1.004 – 1.084)
	1.032 (1.011 – 1.055)
	1.021 (1.001 – 1.042)
	1.016 (0.997 – 1.035)
	1.010 (0.992 – 1.029)
	1.009 (0.991 – 1.028)
	1.010 (0.991 – 1.031)
	1.009 (0.990 – 1.028)

	
	P-value
	0.032
	0.003
	0.042
	0.094
	0.262
	0.311
	0.300
	0.373

	CSF IFN-gamma 

	OR/ coefficient (95% CI)
	1.003
(0.959 – 1.050)
	1.000 (0.980 – 1.020)
	1.003 (0.984 – 1.022)
	1.004 (0.984 – 1.023)
	0.995 (0.976 – 1.015)
	1.005 (0.987 – 1.024)
	1.003 (0.983 – 1.024)
	0.999 (0.978 – 1.019)

	
	P-value
	0.885
	0.994
	0.771
	0.718
	0.624
	0.571
	0.759
	0.896

	CSF TNF-alpha

	OR/ coefficient (95% CI)
	1.188
(1.040 – 1.358)
	1.074 (0.986 – 1.171)
	1.092 (0.990 – 1.205)
	1.095 (1.003 – 1.195)
	1.052 (0.962 – 1.150)
	1.086 (0.995 – 1.185)
	1.049 (0.962 – 1.144)
	1.047 (0.959 – 1.143)

	
	P-value
	0.011
	0.103
	0.078
	0.043
	0.269
	0.064
	0.279
	0.305

	Plasma IL-1beta
	OR/ coefficient (95% CI)
	105.206 
(0.372 – 29787.88)
	1.754
(0.088 – 35.008)
	0.443
(0.024 – 8.362)
	1.576
(0.078 – 31.977)
	5.703 (0.314 – 103.516)
	0.344 (0.020 – 5.999)
	5.933 (0.310 – 113.696)
	6.926 (0.382 – 125.477)

	
	P-value
	0.106
	0.713
	0.587
	0.767
	0.239
	0.464
	0.237
	0.190

	Plasma IL-2
	OR/ coefficient (95% CI)
	0.928
(0.219 – 3.936)
	1.609 
(0.773 – 3.351)
	1.245 (0.831 – 1.866)
	1.216 (0.805 – 1.837)
	0.891 (0.579 – 1.372)
	1.122 (0.746 – 1.688)
	1.156 (0.765 – 1.749)
	1.113 (0.742 – 1.670)

	
	P-value
	0.920
	0.204
	0.289
	0.352
	0.601
	0.581
	0.491
	0.606

	Plasma IL-4
	OR/ coefficient (95% CI)
	760676.7 
(0.000 – 2 x 1015)
	0.351 
(0.000 – 3806.618)
	0.105 (0.000 – 1119.673)
	7.888 (0.001 – 96485.91)
	0.310 (0.000 – 2941.969)
	0.004 (0.000 – 54.550)
	305.497 (0.008 – 11700000)
	20.843 (0.000 – 870698)

	
	P-value
	0.221
	0.825
	0.634
	0.667
	0.802
	0.257
	0.288
	0.576

	Plasma IL-6

	OR/ coefficient (95% CI)
	1.415 (1.132 – 1.771)
	1.232
(1.097 – 1.383)
	1.168 (1.069 – 1.276)
	1.142 (1.042 – 1.251)
	1.206 (1.092 – 1.331)
	1.148 (1.058 – 1.244)
	1.095 (1.016 – 1.181)
	1.133 (1.027 – 1.249)

	
	P-value
	0.002
	< 0.001
	0.001
	0.004
	< 0.001
	0.001
	0.018
	0.012

	Plasma IL-8

	OR/ coefficient (95% CI)
	1.052
(1.006 – 1.100)
	1.042 (1.009 – 1.075)
	1.042 (1.011 – 1.073)
	1.023 (0.993 – 1.055)
	1.043 (1.012 – 1.075)
	1.025 (0.994 – 1.058)
	1.012 (0.980 – 1.046)
	1.017 (0.986 – 1.048)

	
	P-value
	0.025
	0.012
	0.008
	0.133
	0.007
	0.113
	0.462
	0.286

	Plasma IL-10

	OR/ coefficient (95% CI)
	1.102
(0.846 – 1.436)
	0.957 (0.796 – 1.150)
	1.029 (0.860 – 1.231)
	0.953 (0.796 – 1.141)
	0.954 (0.769 – 1.184)
	1.018 (0.866 – 1.198)
	1.037 (0.876 – 1.228)
	0.981 (0.829 – 1.161)

	
	P-value
	0.472
	0.636
	0.757
	0.597
	0.668
	0.828
	0.673
	0.826

	Plasma IL-12

	OR/ coefficient (95% CI)
	34.866
(1.021 – 1190.484)
	0.870 (0.086 – 8.753)
	2.195 (0.190 – 25.364)
	5.722 (0.624 – 52.464)
	11.306 (1.349 – 94.746)
	6.185 (0.711 – 53.787)
	19.809 (2.1.02 – 186.649)
	57.232 (5.005 – 654.382)

	
	P-value
	0.049
	0.906
	0.529
	0.123
	0.025
	0.099
	0.009
	0.001

	Plasma IL-13

	OR/ coefficient (95% CI)
	1.283
(0.967 – 1.703)
	0.981 (0.848 – 1.135)
	1.057 (0.908 – 1.231)
	1.034 (0.882 – 1.213)
	1.044 (0.895 – 1.218)
	1.052 (0.898 – 1.231)
	1.008 (0.845 – 1.203)
	1.076 (0.875 – 1.322)

	
	P-value
	0.084
	0.797
	0.474
	0.677
	0.585
	0.531
	0.925
	0.488

	Plasma IFN-gamma 
	OR/ coefficient (95% CI)
	0.987
(0.822 – 1.185)
	0.936
(0.878 – 0.999)
	0.988 (0.930 – 1.050)
	1.024
(0.957 – 1.096)
	0.989 (0.930 – 1.051)
	1.014 (0.954 – 1.078)
	1.043 (0.974 – 1.116)
	1.029 (0.962 – 1.099)

	
	P-value
	0.886
	0.046
	0.698
	0.488
	0.719
	0.650
	0.228
	0.406

	Plasma TNF-alpha
	OR/ coefficient (95% CI)
	1.911
(0.366 – 9.977)
	0.483 (0.218 – 1.071)
	0.653 (0.300 – 1.419)
	0.744 (0.328 – 1.690)
	1.046 (0.481 – 2.276)
	0.713 (0.324 – 1.571)
	0.836 (0.362 – 1.931)
	0.687 (0.301 – 1.569)

	
	P-value
	0.443
	0.073
	0.282
	0.480
	0.910
	0.402
	0.675
	0.373



Supplementary Figure 1 – Association of cytokines in the (A) cerebrospinal fluid (CSF) and (B) plasma of patients with subarachnoid haemorrhage with death, delayed cerebral ischaemia (DCI), modified Rankin Scale (mRS), and SAH Outcome Tool (SAHOT) variables after adjusting for the effects of cytokines within the same compartment with p<0.1 on univariable analysis. White > 0.1; 0.1 > Purple > 0.05; Black < 0.05.



Appendix S1 – Sensitivity Analyses of Regression Models for Cytokines

[bookmark: _Hlk151481776]Multivariable regression was conducted for each outcome measure and each individual cytokine adjusting for blood volume. Among CSF cytokines, the significant associations were between CSF IL-8 and mRS score at day 7, CSF IL-12 and mRS score at day 28, CSF IL-13 and mRS score at day 7, and CSF TNF-α and death. Among plasma cytokines, only plasma IL-6 was significantly associated with all outcomes at all time points: death (OR 1.415 [95% CI: 1.104 – 1.812; p = 0.006]) mRS day 7 (OR 1.248 [95% CI: 1.102 – 1.412; p<0.001]), mRS day 28 (OR 1.147 [95% CI: 1.052 – 1.252; p = 0.002]), mRS day 90 (OR 1.127 [95% CI: 1.029 – 1.235; p = 0.010]), mRS day 180 (OR 1.195 [95% CI: 1.083 – 1.318; p<0.001]), SAHOT day 28 (OR 1.133 [95% CI: 1.044 – 1.230; p = 0.003]), SAHOT day 90 (OR 1.088 [95% CI: 1.007 – 1.176; p = 0.033]), and SAHOT day 180 (OR 1.118 [95% CI: 1.015 – 1.231; p = 0.023]). Among the other plasma cytokines, the only other significant associations were between plasma IL-12 and mRS score at day 180 and SAHOT scores at days 90 and 180. 

Multivariable regression was conducted for each outcome measure and each individual cytokine adjusting for WFNS grade. Among CSF cytokines, the significant associations were between CSF IL-2 and mRS score at day 7, CSF IL-8 and mRS score at day 7, CSF IL-12 and mRS score at day 28, CSF IL-13 and death, and CSF TNF-α and death. Among plasma cytokines, only plasma IL-6 was significantly associated with all outcomes at all time points: death (OR 1.415 [95% CI: 1.107 – 1.809; p = 0.006]), mRS day 7 (OR 1.156 [95% CI: 1.035 – 1.292; p = 0.010]), mRS day 28 (OR 1.128 [95% CI: 1.048 – 1.213; p = 0.001]), mRS day 90 (OR 1.119 [95% CI: 1.034 – 1.211; p = 0.005]), mRS day 180 (OR 1.171 [95% CI: 1.063 – 1.289; p = 0.001]), SAHOT day 28 (OR 1.118 [95% CI: 1.039 – 1.203; p = 0.003]), SAHOT day 90 (OR 1.086 [95% CI: 1.010 – 1.168; p = 0.027]), and SAHOT day 180 (OR 1.129 [95% CI: 1.024 – 1.245; p = 0.015]). Among the other plasma cytokines, the only other significant associations were between plasma IL-8 and mRS score at day 180 and death, plasma IL-12 and death, mRS score at day 180 and SAHOT scores at days 90 and 180, and plasma IL-13 and death.

Multivariable models were created that assessed the association between each outcome and cytokines that were p<0.1 on univariable analysis, CT blood volume and WFNS grade. For example, no cytokine was significantly associated with death. The AIC of this model was 26.217. The model was simplified sequentially until the best AIC was achieved: 21.022. The predictors of death in this model were CSF IL-1, CSF IL-13, plasma IL-6, plasma IL-8, and CT blood volume; no cytokine was significantly associated with death. The model was simplified sequentially further until all predictors were significantly associated with the outcome. The AIC of this model was 23.913. The predictor of death in this model was only plasma IL-6 (p = 0.002). To take another example, only plasma IL-6 (OR 1.156 [95% CI: 1.036 – 1.290; p = 0.009]) was significantly associated with mRS 180 score. The AIC of this model was 279.964. The model was simplified sequentially until the best AIC was achieved: 269.993. The predictors of mRS 180 score in this model were CSF IL-6, plasma IL-6, and CT blood volume; only plasma IL-6 was significantly associated with mRS 180 score (OR 1.174 [95% CI: 1.060 – 1.300; p = 0.002]). The model was simplified sequentially further until all predictors were significantly associated with the outcome. The AIC of this model was 303.844. The predictor of mRS 180 score in this model was plasma IL-6 (p<0.001) and CT blood volume (p = 0.007). 

Supplementary Figure 2 – a) A scree plot of the principal components for cerebrospinal fluid (CSF) cytokines. b) Heat map of the eigenvectors that form each component of the CSF cytokine principal components. Green = magnitude > 0.3; Yellow = magnitude > 0.1; Red = magnitude < 0.1.
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	Variable
	Component 1
	Component 2
	Component 3

	CSF IL-1β
	0.3877
	0.1344
	0.3029

	CSF IL-2
	0.3449
	0.1771
	-0.1755

	CSF IL-4
	0.3471
	-0.4032
	-0.0391

	CSF IL-6
	0.3311
	-0.3872
	0.0021

	CSF IL-8
	0.2620
	0.4476
	-0.0288

	CSF IL-10
	0.1343
	0.0302
	0.8961

	CSF IL-12
	0.3430
	-0.3762
	-0.0671

	CSF IL-13
	0.3444
	0.2702
	-0.2134

	CSF IFN-γ 
	0.2971
	-0.1969
	-0.1288

	CSF TNF-α  
	0.2990
	0.4285
	-0.0739













Supplementary Figure 3 – a) A scree plot of the principal components for plasma cytokines. b) Heat map of the eigenvectors that form each component of the plasma cytokine principal components. Green = magnitude > 0.3; Yellow = magnitude > 0.1; Red = magnitude < 0.1.
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	Variable
	Component 1
	Component 2
	Component 3
	Component 4

	Plasma IL-1β
	0.2596
	0.5220
	-0.0888
	-0.0995

	Plasma IL-2
	0.0081
	0.4985
	0.1021
	-0.2888

	Plasma IL-4
	0.2003
	0.4219
	0.1355
	0.3758

	Plasma IL-6
	0.3984
	0.1051
	-0.2790
	-0.1741

	Plasma IL-8
	0.4007
	-0.2829
	-0.3974
	0.0146

	Plasma IL-10
	0.0490
	0.2079
	-0.5357
	0.6103

	Plasma IL-12
	0.4169
	0.1234
	0.1297
	-0.3777

	Plasma IL-13
	0.4681
	-0.2422
	0.0841
	0.0024

	Plasma IFN-γ 
	0.1614
	0.0827
	0.5886
	0.4291

	Plasma TNF-α 
	0.3895
	-0.2932
	0.2651
	0.1890


 

[bookmark: _Hlk151015934][bookmark: _Hlk151486528]Supplementary Table 7 – Association of principal components of cytokine levels in CSF and plasma with outcome variables. Univariable logistic regression results are shown for death and delayed cerebral ischaemia (DCI). Ordinal logistic regression results are shown for modified Rankin Scale (MRS) and SAH Outcome Tool (SAHOT). Multivariable regression adjusts for the effects of all principal components with p < 0.1 on univariable analysis, World Federation of Neurosurgical Societies (WFNS) and blood volume 0.10 > p > 0.05 in orange. p < 0.05 in red. 
	[bookmark: _Hlk130390294]Univariable regression
	Death (OR)
	MRS (OR)
	SAHOT (OR)

	
	
	Day 7
	Day 28
	Day 90
	Day 180
	Day 28
	Day 90
	Day 180

	CSF Principal Component 1
	OR/ coefficient (95% CI)
	1.584 (1.038 – 2.417)
	1.378 (1.129 – 1.680)
	1.303 (1.083 – 1.568)
	1.165 (0.969 – 1.400)
	1.165 (0.969 – 1.400)
	1.186 (1.000 – 1.406)
	1.099 (0.916 – 1.320)
	1.088 (0.905 – 1.308)

	
	P-value
	0.033
	0.002
	0.005
	0.104
	0.104
	0.051
	0.311
	0.367

	CSF Principal Component 2
	OR/ coefficient (95% CI)
	1.231 (0.648 – 2.338)
	1.111 (0.831 – 1.485)
	0.938 (0.711 – 1.239)
	1.146 (0.854 – 1.537)
	0.974 (0.721 – 1.316)
	1.038 (0.800 – 1.346)
	0.974 (0.733 – 1.295)
	1.020 (0.756 – 1.376)

	
	P-value
	0.525
	0.476
	0.654
	0.365
	0.862
	0.780
	0.857
	0.899

	CSF Principal Component 3
	OR/ coefficient (95% CI)
	0.885 (0.227 – 3.441)
	0.861 (0.619 – 1.196)
	0.859 (0.612 – 1.206)
	0.582 (0.334 – 1.013)
	0.937 (0.672 – 1.308)
	0.873 (0.641 – 1.189)
	0.595 (0.313 – 1.131)
	0.708 (0.416 – 1.205)

	
	P-value
	0.860
	0.371
	0.380
	0.055
	0.703
	0.389
	0.113
	0.203

	Plasma Principal Component 1

	OR/ coefficient (95% CI)
	2.087 
(1.156 – 3.765)
	1.103 (0.864 – 1.409)
	1.269 (0.960 – 1.677)
	1.295 (0.987 – 1.699)
	1.476 (1.129 – 1.930)
	1.257 (0.940 – 1.679)
	1.350 (1.020 – 1.786)
	1.469 (1.091 – 1.978)

	
	P-value
	0.015
	0.432
	0.094
	0.062
	0.004
	0.123
	0.036
	0.011

	Plasma Principal Component 2

	OR/ coefficient (95% CI)
	1.312 (0.685 – 2.513)
	1.130 (0.821 – 1.554)
	0.992 (0.736 – 1.336)
	1.151 (0.842 – 1.574)
	0.997 (0.734 – 1.354)
	0.965 (0.702 – 1.328)
	1.341 (0.966 – 1.861)
	1.255 (0.913 – 1.724)

	
	P-value
	0.412
	0.454
	0.958
	0.379
	0.983
	0.828
	0.079
	0.161

	Plasma Principal Component 3

	OR/ coefficient (95% CI)
	0.458 (0.219 – 0.962)
	0.532 (0.361 – 0.783)
	0.679 (0.466 – 0.989)
	0.931 (0.635 – 1.365)
	0.740 (0.516 – 1.062)
	0.852 (0.606 – 1.198)
	0.989 (0.702 – 1.394)
	0.962 (0.677 – 1.366)

	
	P-value
	0.039
	0.001
	0.044
	0.714
	0.102
	0.357
	0.950
	0.827

	Plasma Principal Component 4

	OR/ coefficient (95% CI)
	0.615 (0.237 – 1.595)
	0.626 (0.435 – 0.899)
	0.805 (0.575 – 1.127)
	0.792 (0.557 – 1.125)
	0.708 (0.489 – 1.024)
	0.822 (0.598 – 1.130)
	0.922 (0.651 – 1.306)
	0.757 (0.531 – 1.079)

	
	P-value
	0.317
	0.011
	0.206
	0.192
	0.066
	0.228
	0.647
	0.124

	Multivariable regression 
	Death (OR)
	MRS (OR)
	SAHOT (OR)

	
	
	Day 7
	Day 28
	Day 90
	Day 180
	Day 28
	Day 90
	Day 180

	CSF Principal Component 1
	OR/ coefficient (95% CI)
	1.429 (0.711 – 2.871)
	1.089 (0.866 – 1.369)
	1.077 (0.881 – 1.316)
	NA
	NA
	1.030 (0.857 – 1.238)
	NA
	NA

	
	P-value
	0.316
	0.466
	0.471
	NA
	NA
	0.751
	NA
	NA

	CSF Principal Component 2
	OR/ coefficient (95% CI)
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	
	P-value
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	CSF Principal Component 3
	OR/ coefficient (95% CI)
	NA
	NA
	NA
	0.606 (0.353 – 1.043)
	NA
	NA
	NA
	NA

	
	P-value
	NA
	NA
	NA
	0.070
	NA
	NA
	NA
	NA

	Plasma Principal Component 1

	OR/ coefficient (95% CI)
	3.048 (0.974 – 9.541)
	NA
	1.313 (0.971 – 1.774)
	1.335 (0.997 – 1.788)
	1.525 (1.156 – 2.012)
	NA
	1.311 (0.998 – 1.722)
	1.442 (1.050 – 1.981)

	
	P-value
	0.056
	NA
	0.076
	0.053
	0.003
	NA
	0.051
	0.024

	Plasma Principal Component 2

	OR/ coefficient (95% CI)
	NA
	NA
	NA
	NA
	NA
	NA
	1.415 (1.013 – 1.975)
	NA

	
	P-value
	NA
	NA
	NA
	NA
	NA
	NA
	0.042
	NA

	Plasma Principal Component 3

	OR/ coefficient (95% CI)
	0.599 (0.189 – 1.891)
	0.743 (0.485 – 1.138)
	0.928 (0.635 – 1.355)
	NA
	NA
	NA
	NA
	NA

	
	P-value
	0.382
	0.172
	0.698
	NA
	NA
	NA
	NA
	NA

	Plasma Principal Component 4

	OR/ coefficient (95% CI)
	NA
	0.573 (0.348 – 0.943)
	NA
	NA
	0.734 (0.513 – 1.048)
	NA
	NA
	NA

	
	P-value
	NA
	0.028
	NA
	NA
	0.089
	NA
	NA
	NA




























Supplementary Figure 4 – Association of principal components (PCs) of cytokines in the plasma in patients with subarachnoid haemorrhage with death, delayed cerebral ischaemia (DCI), modified Rankin Scale (mRS), and SAH Outcome Tool (SAHOT), after adjusting for the effects of all other PCs within the same compartment. White > 0.1;  0.1 > Purple > 0.05; Black < 0.05.



Appendix S2 – Sensitivity Analyses of Regression Models for Principal Components

Multivariable regression was conducted for each outcome measure and each principal component adjusting for blood volume. Among CSF principal components, there were no significant associations with any outcome. Among plasma principal components, the significant associations were between the first plasma principal component and death, mRS score at day 180 and SAHOT scores at days 90 and 180, the second plasma principal component and SAHOT score at day 90, the third plasma principal component and DCI, and the fourth plasma principal component and mRS score at day 7. 

Multivariable regression was conducted for each outcome measure and each principal component adjusting only for WFNS grade. Among CSF principal components, there were no significant associations with any outcome. Among plasma principal components, the significant associations were between the first plasma principal component and death, DCI, mRS score at day 180 and SAHOT scores at days 90 and 180, the third plasma principal component and death, DCI and mRS score at day 7, and the fourth plasma principal component and mRS score at day 7. 

After adjusting for WFNS grade and CT blood volume, the association between the first plasma principal component and mRS 180 was weaker than the association between plasma IL-6 and mRS 180, and the model fit worse (AIC 311.562 vs 304.874). 

Multivariable models were created that assessed the association between each outcome and principal components that were p<0.1 on univariable analysis, CT blood volume and WFNS grade. For example, no principal component was significantly associated with death. The AIC of this model was 31.073. The model was simplified sequentially until the best AIC was achieved: 28.514. The predictors of death in this model were the first CSF principal component and the first plasma principal component; only the first plasma principal component was significantly associated with death (p = 0.024). The model was simplified sequentially further until all predictors were significantly associated with the outcome. The AIC of this model was 33.305. The predictor of death in this model was only the first plasma principal component (p = 0.015). To take another example, only the first plasma principal component (OR 1.525 [95% CI: 1.156 – 2.012 p = 0.003])  was significantly associated with mRS 180 score. The AIC of this model was 310.649. This was the model with the best AIC. The model was simplified sequentially further until all predictors were significantly associated with the outcome. The AIC of this model was 312.776. The predictor of mRS 180 score in this model was the first plasma principal component (p = 0.005) and CT blood volume (p = 0.003). 

[bookmark: _Hlk157342928]Supplementary Figure 5 – An example of a pathway analysis model
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Supplementary Table 8 – Characteristics of studies evaluating the association of cytokines with outcomes in patients with subarachnoid haemorrhage
	Study ID
	Number of patients 
	Study design
	Cytokines (/their receptors) measured
	Compartments sampled 
	Timing of sampling
	Trend in levels
	Outcomes examined (and timepoints)
	Associations reported

	Mathiesen et al., 1993 (1)
	12 SAH
	Prospective cohort study 
	IL-6
	CSF, serum
	Days 1, 3, 6, 9
	IL-6 showed a marked increase in CSF (up to 300-fold) after SAH. This was not paralleled by a systemic increase of IL-6 in plasma
	Delayed ischemic deficit (DID)  at unspecified time point
	Mean CSF IL-6 in patients with DID increased significantly

	Kikuchi et al., 1995 (2)
	7 SAH
	Prospective cohort study
	IL-1α, IL-1β, IL-6, IL-8, TNF-α
	CSF, serum
	Days 3-4, 7-8, 13-14
	The concentrations of IL-6 and IL-8 - but not the other cytokines - in the CSF after SAH are much higher than in the serum
	DID  at unspecified time point
	Not reported

	Hirashima et al., 1997 (3)
	21 SAH
	Prospective cohort study
	IL-1β, IL-6, TNF-α
	Plasma
	Days 0, 4, 5,  9, 10, 14
	IL-6 concentrations increased within the first 4 days after SAH and remained elevated up to 14 days, IL-1β transiently increased between 5-9 days after SAH, and TNF-α remained unchanged
	Delayed ischemic neurological deficits (DIND) within 14 days
	IL-6 levels significantly increased in patients suffering from DIND

	Mathieson et al., 1997 (4)
	22 SAH
10 controls
	Prospective cohort study
	IL-1Ra, TNF-α
	CSF
	Days 1, 2, 3, 4, 5, 6, 7, 8,  9 , 10, 11, 12
	Significant increases in IL-1Ra and TNFα were detected during days 4 through 10 in patients suffering from SAH who eventually had a poor outcome. Patients with good outcomes and control patients had low levels of these cytokines.
	DID within 12 days, Glasgow Outcome Scale (GOS) at unspecified time point
	Patients with an unfavourable outcome had marked increases in IL-1Ra levels between Days 3 and 10. Patients with GOS scores of 3 or less or who experienced an episode of DID had IL-1Ra levels that were higher than 1000 pg/ml at some time point, whereas no other patient had levels greater than 500 pg/ml

	McKeating et al., 1997 (5)
	10 SAH
	Prospective cohort study
	IL-1β, IL-6, IL-8, TNF-α
	Serum 
	Hours 12, 24, 48, 96
	Not reported
	Not reported
	Increased jugular venous serum concentrations of IL-6 relative to arterial concentrations after SAH,

	Gaetani et al., 1998 (6)
	31 SAH
10 controls
	Prospective cohort study
	IL-6, IL-8
	CSF
	Days 0-3, 10+
	CSF levels of IL-6 and IL-8 were higher in samples obtained in the earlier time period
	Symptomatic vasospasm as an inpatient
	Significant increase of IL-6 in patients who developed vasospasm

	Osuka et al., 1998 (7)
	24 SAH
9 controls
	Prospective cohort study
	IL-1β, IL-6, IL-8
	CSF, serum
	Days 0, 1, 2, 3, 5, 7, 11, 14
	CSF concentrations of IL-6 and IL-8 in patients with SAH were thousands of times higher than in serum or in control CSF samples throughout, but  IL-6 and IL-8 serum concentrations were only higher than controls in the acute period
	Symptomatic vasospasm between days 5 and 8
	Levels of IL-6 in CSF of the patients with symptomatic vasospasm  revealed a significant excess on day 5 and 7. Concentrations of IL-8 in CSF of patients with symptomatic vasospasm also were significantly higher on day 5

	Gruber et al., 2000 (8)
	44 SAH
	Prospective cohort study
	 sTNFR-I, IL-1ra, IL-6
	CSF, serum
	Days 0–2, 3–5, 6–8, 9–11, 12–14
	In the CSF of SAH patients, sTNFR-I, IL-1ra, and IL-6 levels were significantly higher than those of the non-SAH control group. This was also true for the mean serum concentrations of sTNFR-I and IL-1ra, whereas IL-6 serum levels were not significantly elevated.
	Multiple Organ Dysfunction Score on admission; GOS at 6 months
	The post-SAH IL-1ra and IL-6 levels  correlated with worse GOS scores

	Fassbender et al., 2001 (9)
	35 SAH
20 controls
	Prospective cohort study
	IL-1β, IL-6, TNF-α
	CSF, plasma
	Days 1, 2, 3, 5, 7, 9, 11
	In SAH, concentrations of IL-1β and IL-6 were significantly lower in plasma than in CSF
	Vasospasm between days 1 -11; GOS at unspecified time point
	CSF IL-6 concentration at day 5 were significantly increased in patients with poor (GOS 1-2) compared with those with moderate (GOS3-5) outcome. Vasospasm was associated with increased CSF concentrations of IL-1β, IL-6, and TNF-α

	Kwon et al., 2001 (10) 
	19 SAH
12 controls
	Prospective cohort study
	IL-1β, IL-6, TNF-α
	CSF
	Day 0 
	Significantly increased CSF IL-6 level after SAH compared with controls
	DID, GOS  at unspecified time point
	IL-6 level 4-fold higher in patient with DID compared with patient without. No correlation with outcome on GOS

	Schoch et al., 2007 (11) 
	64 SAH
	Prospective cohort study
	IL-6
	CSF
	Days 1, 2, 3, 4, 5, 6, 7, 8,  9 , 10, 11, 12, 13, and 14
	Mean CSF IL-6 values were 500-fold greater in SAH patients compared with expected normal levels
	Vasospasm, delayed cerebral ischemia (DCI), Rankin scale by/at discharge
	Significant correlation between IL-6 CSF and DCI, but no significant correlation with Rankin scale

	Nakahara et al., 2009 (12)
	39 SAH
13 controls
	Prospective cohort study
	IL-6, IL-8, TNF-α
	CSF
	Days 3, 7, 14
	CSF IL-6 levels graphically peaked at day 7
	GOS at 3 months
	In the unfavourable outcome group, IL-6, IL-8, and TNF-α were significantly increased. 

	Sarrafzadeh et al., 2010 (13)
	38 SAH
	Prospective cohort study
	IL-6
	CSF, plasma, ECF
	Days 0, 1, 2, 3, 4, 5, 6, 7, 8,  9 , 10
	Highest IL-6 levels were measured in CSF followed by ECF, then plasma
	DCI or neurological deficit during admission, GOS  at 6 and 12 months
	Cerebral, but not plasma IL-6, levels were predictive for the development of ischaemic deficits

	Graetz et al., 2010 (14)
	24 SAH
	Prospective cohort study
	IL-6
	CSF, plasma, ECF
	Days 0, 1, 2, 3, 4, 5, 6, 7, 8,  9 , 10
	Highest IL-6 levels were measured in CSF followed by ECF, then plasma. Patients with higher intracranial pressure had higher IL-6 levels.
	DIND within 10 days, GOS at 3 and 6 months
	In the unfavourable outcome group, IL-6 levels were significantly increased. 

	Muroi et al., 2011 (15)
	99 SAH
20 controls
	Prospective cohort study
	IL-6
	Plasma
	Days 0, 1, 2, 3, 4, 5, 6, 7, 8,  9 , 10
	Aneurysmatic SAH patients had significantly higher IL-6 values compared with peri- mesencephalic SAH patients
	Vasospasm between days 4 and 14, GOS at 3 months
	Higher IL-6 levels in patients who had vasospasm

	Ni et al., 2011 (16)
	46 SAH
	Prospective cohort study
	IL-6
	CSF
	Days 1, 2, 3, 5,  7
	The median level of IL-6 in CSF is greater than 400pg/ml at all time points
	Vasospasm within 14 days
	Patients with vasospasm had higher median values of IL-6 CSF on all days

	Chou et al., 2012 (17)
	52 SAH
	Prospective cohort study
	IL-6, TNF-α
	Serum
	Days 0–1, 2–3, 4–5, 6–8, 10–14
	Not reported
	Vasopasm between days 6-8, modified Rankin (mRS) score at 3 and 6 months
	Global elevation of TNFα levels over time (post-SAH days 0–14) is significantly associated with poor mRS outcome at 3 months after adjusting for SAH clinical severity and age

	Chou et al., 2013 (18)
	29 SAH
	Prospective cohort study
	IL-2, IL-4, IL-5, IL17A
	CSF
	Not reported
	Not reported
	Vasopasm on day 7, mRS score at 3 and 6 months
	CSF IL-4 showed strongest trend towards association with good outcome at 3-month and at 6-months

	McMahon et al., 2013 (19)
	149 SAH
	Case control study 
	IL-1Ra, IL-6
	Plasma
	Days 0, 1, 2, 3, 4, 5, 6, 7, 8,  9 , 10, 11, 12, 13
	A rise in plasma cytokine levels generally occurred following angiography
	DCI within 15 days, GOS at 6 months
	The rate of change of IL-6 was associated with DCI

	Muroi et al., 2013 (20)
	138 SAH
	Prospective cohort study
	IL-6
	Plasma
	Days 0, 1, 2, 3, 4, 5, 6, 7, 8,  9 , 10, 11, 12, 13, 14
	IL-6 levels tended to be high at the beginning (day 3) with a discrete decrease in the following 2 days, followed by a second increase beginning at day 7, with a peak around day 10 to 11. 
	DIND at unspecified time point, GOS at 3 months
	Higher IL-6 levels in the early phase (days 3-7) were associated with the occurrence of DIND, and unfavourable outcomes

	Helbok et al., 2015 (21)
	26 SAH
	Prospective cohort study
	IL-6
	ECF
	Hours 0, 12, 24, 36, 48, 72, 96, 120, 144
	IL-6 levels were highest in the first 36 hours
	Vasospasm, DCI during admission, mRS at 3 months
	ECF IL-6 levels were higher in patients with poor 3-month mRS

	Höllig et al., 2015 (22)
	81 SAH
	Prospective cohort study
	IL-6
	CSF, serum
	Day 0-1
	Not reported
	DIND at unspecified time point, mRS at discharge and 6 months
	Higher early IL-6 serum levels after aSAH was associated with poor outcome at discharge

	Höllig et al., 2015 (23)
	53 SAH
	Prospective cohort study
	IL-6
	Serum
	Days 0, 1, 4, 7, 10, 14
	The time course of serum IL-6 differed by the grade of the severity of the SAH
	mRS at discharge and 6 months
	Higher IL-6 levels across time in the group with an unfavourable outcome.

	Kao et al., 2015 (24)
	53 SAH
	Prospective cohort study
	IL-6
	Plasma
	Day of emmolisation
	Not reported
	mRS at 30 days
	Patients with high l IL-6 levels were more likely to have poor neurological outcomes

	Schallner et al., 2015 (25)
	11 SAH
Unknown number of controls
	Not reported
	IL-1β, IL-6, IL-8, Il-10, TNF-α
	CSF
	Days 1, 7
	All CSF cytokines had levels higher than controls. IL-1β, IL-8, and TNF-α  levels at day 7 were greater than their levels at day 1
	Not reported
	Not reported

	Tang et al., 2015 (26)
	58 SAH
20 controls
	Prospective cohort study
	IL-6
	Plasma
	Days 1, 3-5, 8-10
	Plasma IL-6 levels were highest on day 1
	Vasospasm, DCI during admission, GOS at unspecified time point
	 The concentration of plasma IL-6 was significantly higher in patients who had vasospasm, DCI, or a poor outcome

	Zhou et al., 2015 (27)
	43 SAH
4 controls
	Prospective cohort study
	IL-1β, TNF-α
	CSF
	Days 1-3, 4-7, 8+
	CSF  IL-1β and TNF-α were increased in SAH patients
	GOS and mRS at discharge
	Not reported

	Wu et al., 2016 (28)
	57 SAH
65 controls
	Case control study 
	IL-6, TNF-α
	CSF
	Day 2
	Higher IL-6 and TNF-α levels in CSF of SAH patients compared to healthy controls
	Vasospasm during admission
	Patients who developed vasospasm had elevated CSF IL-6

	Niwa et al., 2016 (29)
	10 SAH
5 controls
	Prospective cohort study
	IL-6, IP-10, MCP-1
	CSF
	Days 1, 2, 3, 4, 5, 6, 7, 8,  9 , 10, 11, 12, 13, 14
	The concentration of IL-6 increased significantly during the acute stage of the disease, reaching a level more than 1000 times that of the control group, and then decreased gradually thereafter
	 GOS at 3 months
	The peak concentration of IL-6 increased significantly in poor outcome 

	Chamling et al., 2017 (30)
	89 SAH
	Prospective cohort study
	IL-6
	Serum
	Days 0,  1, 4, 7, 10, 14
	Not reported
	DCI
	Baseline levels of IL-6 was significantly associated with occurrence of DCI

	Chaudhry et al., 2017 (31)
	80 SAH
10 controls
	Prospective cohort study
	IL-6
	Serum
	Days 1, 3, 5,  7, 9, 11, 13
	Serum IL-6 levels were found to be significantly elevated in SAH patients presenting with higher Hunt and Hess grades, increasing age, and both intraventricular and intracerebral hemorrhage. IL-6 was also significantly raised in patients who developed seizures and chronic hydrocephalus
	Vasospasm, DIND during admission
	Higher IL-6 levels in patient who developed vasospasm and DIND

	Chen et al., 2017 (32)
	102 SAH
102 controls
	Prospective cohort study
	IL-6, TNF-α
	Serum
	Day 0-1
	Not reported
	Symptomatic vasospasm, extended GOS (GOSE) at 6 months
	Serum concentrations of IL-6 and TNF-α was increased in patients suffering from an unfavorable outcome at 6 months 

	Kiiski et al., 2017 (33)
	47 SAH
	Prospective cohort study
	IL-6
	Plasma
	Hours 0, 12, 24, 48, 72, 96, 120
	Not reported
	DCI during admission, mRS at 6 months
	Plasma IL-6 was not associated with outcomes

	Lenski et al., 2017 (34)
	63 SAH
	Prospective cohort study
	IL-6
	CSF, serum
	Not reported
	Not reported
	Vasospasm, GOS at discharge from ICU
	Patients who developed vasospasm had elevated CSF IL-6

	Savarraj et al., 2017 (35)
	45 SAH
	Retrospective observational study
	CCL2, CCL5, CCL7, CCL11, CCL22, CX3CL1, CXCL1P1, MIP-1α, MIP-1β, IL-1A, IL-1R1, IL-4, IL-5, IL-6, IL-17a, IL-2, IL-3, IL-7, IL-8, IL-9, IL-10, IL-13, IL-15, PDGF-AA, PDGF-AB/BB, EGF, FGF-2, CSF3, CSF2, TNF-α, TNF-β, VEGFA, IL-12p40, IL-12p70, sCD40L, IL-1b, interferon-inducible protein 10, IFNG, IFN-α2, FLT3L, TGF-α
	Plasma
	Day 0, 1-2, 3-5, 6-8
	IL-6, CCL2, CCL11, CSF3, IL-8, IL-10, CX3CL1, TNF-α were also significantly elevated
	DCI during admission
	High PDGF-AB/BB in days 1-2 was observed in participants who subsequently developed DCI

	Schiefecker et al., 2017 (36)
	26 SAH
	Prospective cohort study
	IL-6
	ECF
	Unable to extract
	Unable to extract
	Unable to extract
	Unable to extract

	Zhou et al., 2017 (37)
	27 SAH
	Prospective cohort study
	IL-2,  IL-4, IL-10, IFN-γ
	Plasma
	Day 0, and days 1, 3, and 6 after surgical operation
	Following surgery, the levels of IL-4, IFN-γ, and IL-2 were significantly increased, whereas the level of IL-10 in plasma was decreased. The levels of IL-4, IFN-γ, and IL-2 showed a steady decrease after day 3 after surgery, and the values were close to that of the admission levels on day 6 post-surgery
	GOS at 3 months, 6 months, and 12 months
	Not reported

	Zhong et al., 2017 (38)
	89 SAH
12 controls
	Prospective cohort study
	IL-1β, IL-2, IL-6, IL-8, IL-10
	Serum
	Day 0
	Not reported
	DCI during admission, GOS at 6 months 
	Higher levels of IL-6, IL-10 assoicated with DCI and a poor outcome in patients with aneurysmal SAH.

	Ďuriš. et al., 2018 (39)
	47 SAH
	Prospective cohort study
	IL-1β, IL-6, TNF-α
	CSF, plasma
	Days 1, 2, 3, 4, 5
	CSF IL-6 levels increased after SAH  greater than plasma levels of IL-6. There was a change in CSF IL-6 rate of increase at 3 days
	Vasospasm during admission, GOS at 3 months
	Significant association between IL-6 and GOS for both overall levels of IL-6 and their dynamics

	Gong et al., 2018 (40)
	175 SAH
175 controls
	Prospective cohort study
	IL-33
	Serum
	Day 0
	Serum IL-33 concentrations in patients were significantly higher than those in controls, and markedly higher in non-survivors than in survivors within 6 months
	GOS at 6 months
	Serum IL-33 concentrations >741.3 ng/ml yielded a sensitivity of 75.8% and a specificity of 79.6% in discriminating patients at risk of 6-month unfavorable outcome

	Lv et al., 2018 (41)
	81 SAH
Unknown number of controls
	Prospective cohort study
	IL-1β, IL-18, TNF-α
	CSF
	Days 1-3, 4-6, 7-9 
	The levels of IL-1β, IL-18, and TNF-α in the CSF were significantly increased in aSAH patients
	mRS at 6 months
	The levels of CSF IL-1β, IL-18, and TNF-α in each period of time were significantly correlated with poor outcome

	Righy et al., 2018 (42)
	10 SAH
	Prospective cohort study
	IL-1β, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL- 10, IL-12, IL-13, IL-17, IFN-γ, G-CSF, MCP-1, MIP-1, TNF-α
	CSF, plasma
	Days 1, 2, 3
	Not reported
	Not reported
	Not reported

	Savarraj et al., 2018 (43)
	60 SAH
100 controls
	Retrospective observational study
	CCL2, CCL5, CCL7, CCL11, CCL22, CX3CL1, CXCL1P1, MIP-1α, MIP-1β, IL-1A, IL-1R1, IL-4, IL-5, IL-6, IL-17a, IL-2, IL-3, IL-7, IL-8, IL-9, IL-10, IL-13, IL-15, PDGF-AA, PDGF-AB/BB, EGF, FGF-2, CSF3, CSF2, TNF-α, TNF-β, VEGFA, IL-12p40, IL-12p70, sCD40L, IL-1b, interferon-inducible protein 10, IFNG, IFN-α2, FLT3L, TGF-α
	Plasma
	Day 1 after surgery
	Not reported
	DCI during admission, mRS at discharge
	Plasma IL-6, IL-8, IL-10, IP-10, CCL2, and TNF-α levels were significantly higher in patients with poorer outcomes

	Savarraj et al., 2018 (44)
	71 SAH
	Prospective observational study
	IL-1, IL-1α, IL-1Ra, IL-4, IL-5, IL-6, IL-10, IL-17a, IFN-γ, MCP1, MIP1α, MIP1β, TNF-α
	Serum
	Day 0-2
	IL-6 was elevated in patients with global cerebral ischemia, in patients with higher subarachnoid hemorrhage early brain edema score and higher Hunt-Hess-score
	DCI during admission, mRS at discharge
	Plasma IL-6 is independently associated with mRS at discharge

	Wang et al., 2018 (45)  
	43 SAH
23 controls
	Prospective observational study
	IL-6
	Serum
	Days 1, 4, 7, 10
	Expression levels of  IL-6 were elevated with the increase of Hunt-Hess grades 
	Vasospasm during admission
	Patients who developed vasospasm had elevated serum IL-6

	Ahn et al., 2019 (46)
	60 SAH
	Prospective cohort study
	CCL2, CCL5, CCL7, CCL11, CCL22, CX3CL1, CXCL1P1, MIP-1α, MIP-1β, IL-1A, IL-1R1, IL-4, IL-5, IL-6, IL-17a, IL-2, IL-3, IL-7, IL-8, IL-9, IL-10, IL-13, IL-15, PDGF-AA, PDGF-AB/BB, EGF, FGF-2, CSF3, CSF2, TNF-α, TNF-β, VEGFA, IL-12p40, IL-12p70, sCD40L, IL-1b, interferon-inducible protein 10, IFNG, IFN-α2, FLT3L, TGF-α
	Serum
	Day 0, 1-2, 3-5, 6-8
	Not reported
	DCI during admission, mRS at discharge and at 3 months
	Median levels of PDGF-ABBB (particularly at days 1-2) and CCL5 (particularly at days 1-2, 3-5) were consistently higher, and median levels of IP-10 (particularly at days 0, 1-2) and MIP-1α (particularly at days 6-8) were consistently lower in the DCI group compared to the no-DCI group. Median levels of IL-6 (particularly at days 1-2) and MCP-1 (particularly at days 6-8) were consistently higher in subjects with poor functional outcome than those with good functional outcome

	Al-Tamimi et al., 2019 (47)
	43 SAH
11 controls
	Prospective cohort study
	IL-1α, IL-1β, IL-4,  IL-6, IL-8, IL-10, IL-15, IL-17, IL-18, TNF-α, MCP-1, VEGF
	CSF, plasma
	Days 1-3, 5, 7, 9
	CSF concentrations were significantly higher in aSAH patients compared to controls for all mediators (except for IL-1α) at all time points, except day 9.  Plasma IL-1α levels in the aSAH group were significantly lower than in controls on days 3, 5 and 7. Plasma IL-6 and IL-8 levels were significantly higher on days 5 and 7. Cytokine concentrations were consistently higher in CSF apart from IL to 1α and IL-18 (which were higher in plasma) 
	DIND at unspecified time point, mRS at 10 days and 6 months
	When comparing DIND and non-DIND patients, only IL-4 was statistically significantly higher in the DIND group. Day 3 plasma IL-6 levels predicted poor mRS outcome at six months, although this association was lost in the second analysis incorporating Fisher grade, WFNS grade and age.

	Matsumoto et al., 2019 (48)
	14 SAH
7 controls
	Retrospective observational study
	IL-6
	CSF, serum
	Hours  3 , 48 , 96 , 144 , 192, 240
	The CSF IL-6 concentration was lowest within the first 48 hours
	Vasospasm during admission
	The CSF IL-6 concentration increased after DSA in patients who had vasospasm evident on DSA

	Rasmussen et al., 2019 (49)
	90 SAH
	Prospective cohort study
	IL-6, IL-8, IL-10, IFNγ, TNF-α
	Plasma
	Days 2-4, 7-9
	Not reported
	Vasospasm on day 7-9, DCI during admission, GOS at 3 months
	Plasma levels of IL-6, IL-8, IL-10, IFNγ, and TNF-α were not associated with DCI, vasospasm, or GOS at 3 months 

	Ridwan et al., 2019 (50) 
	50 SAH
	Prospective cohort study
	IL-6
	CSF, serum
	Days 3, 7, 14, 21
	 CSF IL-6 levels were significantly higher than serum IL-6 levels
	mRS, GOS, Short Form health survey questionnaire, the Beck Depression Inventory, and the Daily Fatigue Impact Scale at 6 and 12 months.
	Higher IL-6 serum levels were associated with reduced fatigue

	Vlachogiannis et al., 2019 (51)
	44 SAH
	Prospective cohort study
	IL-6
	CSF, plasma
	Day 0-1, 4, 10
	 In CSF, the initial IL-6 levels on day 1 were followed by significantly increased IL-6 values on day 4 that had decreased on day 10, but still remained significantly higher than the day 1 values. In plasma, IL-6 values were above the reference interval already from day 1, remained stable until day 4, and decreased on day 10.
	Vasospasm during admission, GOS at 12 months
	No significant association between IL-6 levels and outcomes

	Chaudhry et al., 2020 (52)
	76 SAH
	Prospective cohort study
	IL-10
	Serum
	Days 1, 7
	Serum IL-10 levels were significantly higher in SAH patients on post-SAH day 1 and day 7 compared to the control patients
	Vasospasm, DCI during admission, GOS, mRS at discharge
	There was a significant elevation in serum IL-10 levels on day 7 in SAH patients who developed cerebral vasospasm. Serum IL-10 levels were significantly higher on both day 1 and day 7 post-SAH in patients with poor clinical outcome

	Coulibaly et al., 2020 (53)
	10 SAH
	Prospective cohort study
	IL-1α, IL-1β, IL-1ra, IL-2, IL-4, IL-5, IL-6,  IL-8, IL-10, IL-12 p70, IL-13, IL-16, IL-17, IL-23, IL-27, CCL2, CCL3, CCL4, CCL5, CXCL10, CXCL11, CXCL12
	CSF
	Day 3
	Not reported
	Vasospasm during admission, mRS at 90 days
	Five cytokines were elevated in patients with poor outcome: IL-1α, TNFα, TREM-1, IL-2, and IL-17 

	Moraes et al., 2020 (54) 
	39 SAH
56 controls
	Prospective cohort study
	TH1, TH2 and TH17 cytokines
	CSF, serum
	Days 1-3, 4-6
	Serum and CSF levels of IL-6, TNF-α, IL-17A, IL-10 and IL-2 in early and delayed phase of aSAH patients were increased compared to controls
	Vasospasm between days 1-14
	IL-17A serum level in the early phase of aSAH patients was significantly increased in patients who developed  vasospasm

	Gusdon et al., 2020 (55)
	57 SAH
	Prospective cohort study
	CCL2, CCL5, CCL7, CCL11, CCL22, CX3CL1, CXCL1P1, MIP-1α, MIP-1β, IL-1A, IL-1R1, IL-4, IL-5, IL-6, IL-17a, IL-2, IL-3, IL-7, IL-8, IL-9, IL-10, IL-13, IL-15, PDGF-AA, PDGF-AB/BB, EGF, FGF-2, CSF3, CSF2, TNF-α, TNF-β, VEGFA, IL-12p40, IL-12p70, sCD40L, IL-1b, interferon-inducible protein 10, IFNG, IFN-α2, FLT3L, TGF-α
	Serum
	Days 0-1, 1-2, 3-5, 6-8
	Compared with HP 1-1 and 1-2, subjects encoding HP 2-2 had elevated levels of the following cytokines at all time points: FLT3L, IFNγ, IL-17A, TGFα, and VEGF-A. Elevations were also seen at some time points for IL-8, CSF2, FGF2, IL-7, IL-12p70, and TNFα.
	Vasospasm during admission, mRS at discharge and 3 months
	Not reported

	Yang et al., 2020 (56)
	201 SAH
	Prospective cohort study
	IL-6
	Serum
	Day 1
	Not reported
	Vasospasm during admission, DCI within 3 months
	Patients with higher levels of  IL-6 were more likely to suffer from DCI

	Bjerkne et al., 2021 (57)
	58 SAH
	Prospective cohort study
	IL-1Ra, IL-6, TNF-α
	Serum
	Days 0-1, 10
	Not reported
	DCI during admission, GOSE at 1 year
	IL‐1Ra  levels were significantly associated with poor outcome

	Ridwan et al., 2021 (58)
	82 SAH
	Prospective cohort study
	IL-6
	CSF, serum
	Days 0-3, 4-14
	Not reported
	Vasospasm, DCI within 21 days, mRS at discharge
	Significant correlation between CSF IL-6 and DCI. Baseline CSF IL-6 levels following SAH predictors of DCI. No correlations between individual serum IL-6 peak levels and DCI. High CSF IL-6 levels corresponded to worse outcome on modified Rankin scale 

	Luo et al., 2022 (59)
	165 SAH
86 controls
	Prospective cohort study
	IL-1, IL-2, IL-4, IL-5, IL-6, IL-8, IL-10, IL-12p70, IL-17, IFN-α, IFN-γ, and TNF-α
	Serum
	Not reported
	Serum IL-1β, IL-5, IL-6, IL-8, IL-10, IFN-γ, and TNF-α levels were significantly higher in the mild group than in the severe group. 
	mRS at 90 days
	After propensity score matching, IL-2, IL-6, IL-8, IL-10, and TNF-α levels were higher in patients with worse mRS scores. Serum IL-6 levels had the largest AUC for predicting poor mRS outcomes at 90 days

	Xu et el., 2022 (60)
	54 SAH
	Prospective cohort study
	IL-1β, IL-6, IL-8, TNF-α
	CSF
	Days 1, 3, 5, and 7
	IL-1β levels in CSF peaked at>60 pg/ml on day 1, then decreased on days 3, 5, and 7.CSF levels of IL-6 were > 2000 pg/ml on day 1, and remained high on days 3 and 5, subsequently decreasing on day 7. IL-8 levels peaked at>3000 pg/ml at day 3 after aSAH, subsiding on days 5 and 7. TNF-α levels increased between days 1 and 5, peaking at>75 pg/ml on day 5 and then declining abruptly
	Not reported
	Not reported

	Hoadley et al., 2023 (61)
	11 SAH
22 controls
	Prospective cohort study
	IL-1β, IL-4,  IL-6, IL-8, IL-17, IFN-γ, TNF-α
	Plasma
	Days 0, 3
	Not reported
	Not reported
	Not reported

	Fischer et al., 2023 (62)
	66 SAH
	Prospective cohort study
	IL-6, IL-17, IL-23, IL-10, CCL5)
	Plasma
	Day 0 - 1
	Not reported
	Vasospasm during admission, GOS, mRS at discharge
	IL-6, IL-10, and vasospasm were correlated with one another

	Vlachogiannis et al., 2023 (63)
	29 SAH
	Prospective cohort study
	CCL2 (or MCP-1), CCL3, CCL4, CCL7 (or MCP-3), CCL8 (or MCP-2), CCL11 (or Eotaxin), CCL13 (or MCP-4), CCL19, CCL20, CCL23, CCL25, CCL28, CXCL1, CXCL5, CXCL6, CXCL8 (or IL-8), CXCL9, CXCL10, CXCL11 and CX3CL1
	CSF
	Days 1, 4, 10
	Four chemokines (CCL3, CCL4, CCL11 and CCL20) showed early peak and decreasing values. CCL28 showed a statistically significant middle peak. The majority of the chemokines (i.e., 11/20; notably, almost all members of the C-X-C chemokine family except CXCL5) showed increasing trends throughout the observation period and late peaks on day 10
	DCI during admission, GOS at 12 months
	Significantly higher day 10 mean values were observed in patients with poor outcome for chemokines CCL2, CCL4, CCL7, CCL11, CCL13, CCL19, CCL20, CXCL1, CXCL5, CXCL6 and CXCL8. Patients with DCI had significantly higher day 4 values of CXCL5



Appendix S3 – Narrative summary of the association of cytokines with outcomes in patients with subarachnoid haemorrhage from existing studies.

Thirteen studies have measured IL-6 in both CSF and plasma/serum, and have reported significantly higher levels of IL-6 in the CSF (1,2,50,51,54,7–9,13,14,39,47,48). Although several existing studies have presented graphical trends of small series of CSF or plasma/serum cytokine levels with time that would be consistent with our findings, few have presented them together and none have discussed the implications of any differences between the compartments. Two small series of SAH patients (n = 38 and n = 12) displayed figures consistent with IL-6 levels being highest in the plasma in the first few days after SAH, and between days 6 – 8 in the CSF (1,13). Another small series of SAH patients (n = 35) presented figures consistent with TNF-α peaking between days 5 to 9 in the CSF (9). Two previous studies produced findings which differed in some aspects from ours, and this may be potentially explained by differences in study design. The first study was a small series (n = 24) which found that levels of cytokines were highest in the plasma in the first few days after SAH – similar to our study –  but CSF cytokines peaked at ictus and around day 7 (7), though steroid treatment may have altered the temporal pattern of CSF cytokines. The second study found that IL-6 and IL-8 levels in the CSF were significantly greater within 3 days after SAH, compared to day 10 (6), but the samples from day 3 and 10 were obtained from two different populations. With a larger sample size, paired CSF/serum sampling and a panel of ten cytokines in the same cohort, we provide definitive evidence that the temporal behaviour of cytokine levels is distinctly different in plasma and CSF.

No studies to date have directly assessed the correlation between plasma and CSF cytokines and how this correlation is related to BBB integrity.

Our study also found that CSF cytokine levels were related to WFNS grade and blood load. This is congruent with what is described in the existing literature. Studies have shown that CSF IL-6 and TNF-α levels increased with the severity of the SAH as defined by the Hunt & Hess classification (8,28). We now show that not only these, but five other CSF cytokines correlate with WFNS.  We show that CSF cytokines are directly related to the volume of the SAH, but plasma cytokines do not relate to either WFNS or SAH volume.

The relationship between cytokines and clinical outcome is difficult to piece together from the existing literature, for various reasons. The most robust evidence exists for IL-6, but often studying plasma and CSF in isolation. Several studies have shown plasma IL-6 is associated with unfavourable functional outcome (mRS and Glasgow Outcome Scale) after aSAH on both univariable and multivariable analyses (20,22,57,58,23,24,26,31,38,39,46,47). Of these studies, four have additionally reported on the association between CSF IL-6 and functional outcomes (22,39,47,58), and of those only two report on both plasma and CSF IL-6 associations with late outcomes at 6 months or later (22,47). Of these two studies, one found no association between CSF IL-6 levels and outcomes at 6 months (22). The other study found that day 3 plasma IL-6 levels were associated with worse mRS outcomes at 6 months, but this association was lost after adjusting for Fisher grade, WFNS grade, and age (47). Additionally, several studies have reported only on the association between CSF IL-6 and outcomes (4,10–12,18,27,29,41,53,63). These studies reported conflicting results. The discrepancies may arise from the timing of CSF sampling or timing of outcome measurement. As seen in our study, CSF cytokines may be associated with outcome in the short-term, but not in the long-term. Furthermore, the studies that found an association between CSF IL-6 levels and unfavourable outcomes in the long-term only did so on univariable analysis (8,12,39,47,58). Given CSF cytokines are strongly associated with blood volume and WFNS grade, it is important to correct for these baseline variables.

Even less data is available for other cytokines. CSF TNF-α levels were reported to be higher in patients with poorer outcomes in a series of 22 patients (4), though the timing of outcome assessment is not specified, and adjustment was not made for blood volume, WFNS grade or multiple comparisons. To highlight the importance of adjusting for multiple comparisons, an abstract reporting on a series of 29 patients found that out of 42 markers only IL-4 was associated with 6 month outcome (18), but this did not survive correction for multiple comparisons. Similar considerations apply to studies of other serum/plasma cytokines (e.g., IL-8) that have found an association between that cytokine and poor outcome (59,63). 

Far more data exists regarding the relationship of cytokines and vasospasm/DCI than for functional outcome, mostly supporting an association, though some are contradictory. One study showed that the average levels of CSF IL-6 and TNF- α on day 2 after admission were greater in patients with vasospasm (28). Another study found higher levels of CSF IL-6 within 72 hours from ictus was associated with vasospasm (6). In contrast, we did not find a significant association between CSF IL-6 levels at day 7 and TCDs. Taken together with our study, these findings could be interpreted as demonstrating that CSF IL-6 levels at an earlier stage predict vasospasm, but no longer do so at day 7. This is supported by another study, which found CSF IL-6 on day 6 and 7 was not associated with vasospasm, but CSF from days 2-4 was (day 4 having the strongest association with vasospasm) (11). It is possible a similar scenario applies for DCI given Sarrafzadeh et al. reported that CSF IL-6, but not plasma IL-6 levels were indicative of the development of DCI (13), although it is not possible to be sure as they did not report which day post-ictus they used for their analysis and they collected CSF samples from multiple timepoints.

Since timing of CSF sampling seems an attractive explanation for divergent observations, we performed subgroup analyses using the serial samples obtained from EVDs. This analysis considered a similarly selected severely unwell patient group with EVDs. Despite this there remained no relationships between CSF cytokines and vasospasm and/or DCI. 

Our finding of an association with plasma IL-6 and DCI is in keeping with seven other studies which found no association between this cytokine and DCI (13,21,33,35,46,49,58). However, some discrepancies still exist. For example, one study found day 0 serum IL-6 was inversely associated with DCI, but that this was not seen when the analysis was performed with maximum IL-6 levels (30). This may suggest that plasma IL-6 in the short-term may not be deleterious, but a sustained rise in IL-6 may lead to pathological effects. Consistent with this hypothesis, a study found that it took until day 3 for serum IL-6 levels to be significantly associated with DCI (31), and another study found that it was the rate of decrease of plasma IL-6 that is relevant, with patients going on to have DCI having a smaller decrease (19). 
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