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Blood pressure and end-tidal carbon dioxide ranges during aneurysm occlusion and neurological outcome after an aneurysmal subarachnoid hemorrhage
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Table 1. The association between time-weighted average area-under-the curve thresholds for ETCO2 and MAP and neurological outcome

	Threshold and categories
	Poor outcome at discharge
	Poor outcome at three months

	N = number of patients with TWA-AUC > 0
CI and sign. level for  p-value are reported per threshold †
	RR (CI) 
	p-value
	Adjusted RR (CI ) ‡  
	p-value
	RR (CI) 
	p-value
	Adjusted RR (CI) ‡  
	p-value

	ETCO2 < 30 mmHg (N = 405; CI 98.8%; sign. p < 0.013) 
	 
	
	
	 
	
	
	
	 

	   Q 0 (0 mmHg ·min)
	0.99 (0.61 - 1.61)
	0.965
	1.09 (0.83 - 1.43)
	0.463
	1.15 (0.66 - 2.02)
	0.533
	1.34 (0.86 - 2.08)
	0.101

	   Q 0-0.75 (0-0.8 mmHg ·min)
	ref = 1
	
	ref = 1
	 
	ref = 1
	
	ref = 1
	 

	   Q 0.75-0.9 (0.8-6.5 mmHg ·min)
	0.82 (0.45 - 1.49)
	0.407
	1.01 (0.72 - 1.41)
	0.961
	0.99 (0.49 - 1.97)
	0.965
	1.24 (0.73 - 2.11)
	0.325

	   Q 0.9-1.0 (6.5-57.2 mmHg ·min)
	0.86 (0.44 - 1.67)
	0.576
	1.12 (0.78 - 1.60)
	0.457
	1.08 (0.51 - 2.29)
	0.820
	1.49 (0.87 - 2.55)
	0.062

	ETCO2 < 35 mmHg (N = 1022, CI 99.3%; sign. p < 0.007)
	 
	
	
	 
	
	
	
	 

	   Q 0 ( 0 mmHg ·min)
	2.39 (1.15 - 4.96)
	0.001*
	1.44 (0.99 - 2.11)
	0.009
	1.60 (0.75 - 3.42)
	0.093
	1.20 (0.68 - 2.14)
	0.390

	   Q 0-0.1 (0-1.2 mmHg ·min)
	1.21 (0.46 - 3.21)
	0.612
	1.06 (0.66 - 1.70)
	0.741
	0.98 (0.32 - 2.95)
	0.962
	1.04 (0.46 - 2.32)
	0.911

	   Q 0.1-0.25 (1.2-9.8 mmHg ·min)
	1.15 (0.67 - 1.98)
	0.507
	1.13 (0.83 - 1.55)
	0.293
	1.04 (0.57 - 1.91)
	0.868
	1.14 (0.73 - 1.76)
	0.434

	   Q 0.25-0.5 (9.8-23.8 mmHg ·min) 
	1.13 (0.71 - 1.81)
	0.493
	1.16 (0.89 - 1.51)
	0.141
	1.05 (0.63 - 1.78)
	0.797
	1.21 (0.83 - 1.76)
	0.171

	   Q 0.5-0.75 (23.8-39.5 mmHg ·min)
	ref = 1
	
	ref = 1
	 
	ref = 1
	
	ref = 1
	 

	   Q 0.75-0.9 (39.5-52.6 mmHg ·min)
	0.89 (0.51 - 1.55)
	0.590
	1.07 (0.77 - 1.49)
	0.570
	0.60 (0.31 - 1.17)
	0.040
	0.83 (0.48 - 1.42)
	0.352

	   Q 0.9-1.0 (52.6-107.1 mmHg ·min)
	0.85 (0.45 - 1.62)
	0.517
	1.12 (0.77 - 1.63)
	0.412
	0.86 (0.42 - 1.76)
	0.589
	1.28 (0.77 - 2.13)
	0.186

	ETCO2 < 40 mmHg (N = 1072, CI 99.3%; sign. p < 0.007) 
	 
	
	
	 
	
	
	
	 

	   Q 0 ( 0 mmHg ·min)
	2.17 (0.65 - 7.23)
	0.083
	1.28 (0.69 - 2.35)
	0.282
	2.04 (0.59 - 7.07)
	0.121
	1.29 (0.46 - 3.58)
	0.518

	   Q 0-0.1 (0-41.9 mmHg ·min)
	1.70 (0.86 - 3.34)
	0.035
	1.21 (0.84 - 1.75)
	0.167
	1.25 (0.58 - 2.67)
	0.437
	1.00 (0.58 - 1.72)
	0.999

	   Q 0.1-0.25 (41.9-56.5 mmHg ·min)
	1.34 (0.78 - 2.30)
	0.148
	1.20 (0.89 - 1.62)
	0.094
	1.20 (0.65 - 2.22)
	0.421
	1.24 (0.80 - 1.91)
	0.185

	   Q 0.25-0.5 (56.5-71.8 mmHg ·min) 
	1.31 (0.82 - 2.10)
	0.122
	1.18 (0.90 - 1.54)
	0.095
	1.47 (0.87 - 2.47)
	0.048
	1.37 (0.94 - 1.99)
	0.025

	   Q 0.5-0.75 (71.8-88.0 mmHg ·min)
	ref = 1
	
	ref = 1
	 
	ref = 1
	
	ref = 1
	 

	   Q 0.75-0.9 (88.0-101.3 mmHg ·min)
	0.94 (0.54 - 1.64)
	0.771
	1.04 (0.74 - 1.46)
	0.757
	0.69 (0.35 - 1.36)
	0.143
	0.83 (0.48 - 1.45)
	0.384

	   Q 0.9-1.0 (101.3-156.3 mmHg ·min)
	0.89 (0.47 - 1.68)
	0.626
	1.13 (0.78 - 1.64)
	0.396
	1.00 (0.49 - 2.06)
	0.988
	1.40 (0.84 - 2.33)
	0.073

	ETCO2 < 45 mmHg (N= 1074, CI 99.3%; sign. p < 0.007)
	 
	
	
	 
	
	
	
	 

	   Q 0 ( 0 mmHg ·min)
	1.87 (0.54 - 6.54)
	0.178
	1.26 (0.63 - 2.52)
	0.383
	1.95 (0.53 - 7.19)
	0.167
	1.34 (0.46 - 3.89)
	0.470

	   Q 0-0.1 (0-90.3 mmHg ·min)
	1.88 (0.96 - 3.69)
	0.011
	1.20 (0.84 - 1.71)
	0.167
	1.42 (0.68 - 2.98)
	0.200
	1.01 (0.60 - 1.70)
	0.946

	   Q 0.1-0.25 (90.3-105.7 mmHg ·min)
	1.36 (0.79 - 2.34)
	0.129
	1.27 (0.94 - 1.73)
	0.034
	1.20 (0.65 - 2.21)
	0.432
	1.33 (0.84 - 2.11)
	0.091

	   Q 0.25-0.5 (105.7-121.2 mmHg ·min) 
	1.32 (0.82 - 2.11)
	0.115
	1.15 (0.88 - 1.50)
	0.168
	1.41 (0.84 - 2.39)
	0.074
	1.28 (0.87 - 1.86)
	0.083

	   Q 0.5-0.75 (121.2-137.5 mmHg ·min)
	ref = 1
	
	ref = 1
	 
	ref = 1
	
	ref = 1
	 

	   Q 0.75-0.9 (137.5-151.1 mmHg ·min)
	0.98 (0.56 - 1.70)
	0.912
	1.06 (0.75 - 1.48)
	0.677
	0.69 (0.35 - 1.36)
	0.145
	0.83 (0.48 - 1.45)
	0.375

	   Q 0.9-1.0 (151.1-206.2 mmHg ·min)
	0.89 (0.47 - 1.69)
	0.634
	1.12 (0.76 - 1.64)
	0.439
	1.03 (0.50 - 2.11)
	0.923
	1.42 (0.85 - 2.37)
	0.063

	MAP < 60 mmHg (N = 166, CI 98.3%; sign. p < 0.017)
	 
	
	
	 
	
	
	
	 

	   Q 0 (0 mmHg ·min)
	0.92 (0.50 - 1.71)
	0.767
	1.02 (0.71 - 1.46)
	0.906
	0.79 (0.41 - 1.54)
	0.407
	0.90 (0.54 - 1.49)
	0.635

	   Q 0-0.9 (0-0.11 mmHg ·min)
	ref = 1
	
	ref = 1
	 
	ref = 1
	
	ref = 1
	 

	   Q 0.9-.1.0 (0.11-7 mmHg ·min)
	0.86 (0.39 - 1.85)
	0.641
	0.93 (0.60 - 1.44)
	0.689
	0.86 (0.37 - 1.98)
	0.683
	0.84 (0.46 - 1.55)
	0.512

	MAP < 70 mmHg (N = 503, CI 99.0%; sign. p< 0.010) 
	 
	
	
	 
	
	
	
	 

	   Q 0 (0 mmHg ·min)
	0.81 (0.53 - 1.22)
	0.181
	0.94 (0.76 - 1.16)
	0.441
	0.93 (0.59 - 1.45)
	0.678
	1.06 (0.79 - 1.44)
	0.603

	   Q 0-0.5 (0-0.02 mmHg ·min)
	0.71 (0.20 - 2.58)
	0.510
	0.85 (0.45 - 1.60)
	0.516
	0.80 (0.19 - 3.37)
	0.702
	0.97 (0.28 - 3.37)
	0.947

	   Q 0.5-0.75 (0.02-1 mmHg ·min)
	ref = 1
	
	ref = 1
	 
	ref = 1
	
	ref = 1
	 

	   Q 0.75-0.9 (1-3 mmHg ·min)
	0.57 (0.32 - 1.02)
	0.013
	0.86 (0.62 - 1.19)
	0.241
	0.75 (0.40 - 1.43)
	0.257
	1.05 (0.68 - 1.62)
	0.807

	   Q 0.9-1.0 (3-17 mmHg ·min)
	0.61 (0.33 - 1.13)
	0.038
	0.89 (0.62 - 1.27)
	0.390
	0.59 (0.29 - 1.21)
	0.059
	0.88 (0.52 - 1.50)
	0.556

	MAP < 80 mmHg (N = 761, 99.2%; sign. p < 0.008)
	 
	
	
	 
	
	
	
	 

	   Q 0 (0 mmHg ·min)
	0.87 (0.53 - 1.43)
	0.464
	0.91 (0.70 - 1.19)
	0.375
	0.88 (0.51 - 1.52)
	0.548
	0.91 (0.62 - 1.34)
	0.540

	   Q 0-0.25 (0-0.05 mmHg ·min)
	1.08 (0.37 - 3.16)
	0.854
	1.11 (0.66 - 1.86)
	0.624
	0.57 (0.15 - 2.14)
	0.264
	0.73 (0.28 - 1.90)
	0.387

	   Q 0.25-0.5 (0.05-2 mmHg ·min)
	0.91 (0.56 - 1.47)
	0.607
	0.86 (0.67 - 1.12)
	0.130
	0.97 (0.57 - 1.63)
	0.879
	0.89 (0.62 - 1.29)
	0.420

	   Q 0.5-0.75 (2-7 mmHg ·min)
	ref = 1
	
	ref = 1
	 
	ref = 1
	
	ref = 1
	 

	   Q 0.75-0.9 (7-12 mmHg ·min)
	0.62 (0.35 - 1.11)
	0.030
	0.86 (0.63 - 1.17)
	0.207
	0.61 (0.32 - 1.18)
	0.048
	0.82 (0.53 - 1.28)
	0.246

	   Q 0.9-1.0 (12-27 mmHg ·min)
	0.68 (0.36 - 1.30)
	0.116
	0.91 (0.62 - 1.34)
	0.542
	0.59 (0.28 - 1.25)
	0.063
	0.81 (0.47 - 1.43)
	0.340

	MAP > 90 mmHg (N= 580, CI 99.0%; sign. p < 0.010)
	 
	
	
	 
	
	
	
	 

	   Q 0 (0 mmHg ·min)
	0.91 (0.60 - 1.39)
	0.597
	1.07 (0.86 - 1.34)
	0.438
	0.84 (0.52 - 1.34)
	0.339
	1.05 (0.76 - 1.46)
	0.708

	   Q 0-0.5 (0-0.11 mmHg ·min)
	0.93 (0.49 - 1.77)
	0.779
	1.00 (0.69 - 1.45)
	0.999
	1.04 (0.52 - 2.11)
	0.890
	1.22 (0.75 - 1.99)
	0.297

	   Q 0.5-0.75 (0.11-2 mmHg ·min)
	ref = 1
	
	ref = 1
	 
	ref = 1
	
	ref = 1
	 

	   Q 0.75-0.9 (2-6 mmHg ·min)
	1.02 (0.58 - 1.80)
	0.930
	1.07 (0.79 - 1.44)
	0.583
	0.93 (0.50 - 1.75)
	0.793
	1.06 (0.67 - 1.66)
	0.768

	   Q 0.9-1.0 (6-47 mmHg ·min)
	1.03 (0.57 - 1.88)
	0.904
	0.93 (0.68 - 1.26)
	0.535
	1.23 (0.65 - 2.34)
	0.407
	1.13 (0.71 - 1.78)
	0.512

	MAP > 100 mmHg (N = 319, CI 98.8%; sign. p < 0.013) 
	 
	
	
	 
	
	
	
	 

	   Q 0 (0 mmHg ·min)
	1.16 (0.62 - 2.18)
	0.556
	1.12 (0.77 - 1.61)
	0.465
	1.33 (0.64 - 2.77)
	0.339
	1.40 (0.82 - 2.37)
	0.116

	   Q 0-0.75 (0-0.08 mmHg ·min)
	ref = 1
	
	ref = 1
	 
	ref = 1
	
	ref = 1
	 

	   Q 0.75-0.9 (0.08-1 mmHg ·min)
	1.27 (0.60 - 2.68)
	0.441
	1.14 (0.75 - 1.73)
	0.435
	1.17 (0.49 - 2.80)
	0.669
	1.22 (0.64 - 2.34)
	0.446

	   Q 0.9-1.0 (1-38 mmHg ·min)
	1.26 (0.59 - 2.68)
	0.459
	1.00 (0.66 - 1.52)
	0.983
	1.86 (0.79 - 4.37)
	0.070
	1.48 (0.81 - 2.73)
	0.106

	MAP < 70% (N = 446, CI 99.0%; sign p < 0.010) 
	 
	
	
	 
	
	
	
	 

	   Q 0 (0 mmHg ·min)
	0.95 (0.59 - 1.54)
	0.802
	0.95 (0.69 - 1.29)
	 0.655
	0.81 (0.46 - 1.41)
	0.326
	0.85 (0.52 - 1.38)
	0.394

	   Q 0-0.5 (0-0.13 mmHg ·min)
	0.58 (0.24 - 1.40)
	0.114
	0.76 (0.43 - 1.34)
	 0.218
	0.62 (0.22 - 1.75)
	0.241
	0.86 (0.38 - 1.96)
	0.654

	   Q 0.5 -0.75 (0.13-3 mmHg ·min)
	ref = 1
	
	ref = 1
	 
	ref = 1
	
	ref = 1
	 

	   Q 0.75 -0.9 (3-8 mmHg ·min)
	0.86 (0.45 - 1.61)
	0.535
	0.90 (0.61 - 1.33)
	 0.505
	0.82 (0.39 - 1.72)
	0.503
	0.76 (0.44 - 1.31)
	0.191

	   Q 0.9-1.0 (8-38 mmHg ·min)
	0.80 (0.38 - 1.70)
	0.459
	1.05 (0.61 - 1.82)
	 0.835
	0.64 (0.25 - 1.62)
	0.217
	0.72 (0.29 - 1.81)
	0.367

	MAP < 60% (N =199, CI 98.8%; sign. p < 0.013) 
	 
	
	
	 
	
	
	
	 

	   Q 0 (0 mmHg ·min)
	0.08 (0.00 - 1.60)
	0.034
	0.58 (0.22 - 1.55)
	 0.169
	0.57 (0.06 - 5.34)
	0.538
	1.40 (0.18 - 11.12)
	0.698

	   Q 0-0.75 (0-0.01 mmHg ·min)
	ref = 1
	
	ref = 1
	 
	ref = 1
	
	ref = 1
	 

	   Q 0.75-0.9 (0.01-1 mmHg ·min)
	0.11 (0.00 - 2.31)
	0.068
	0.62 (0.23 - 1.68)
	 0.237
	0.94 (0.10 - 9.21)
	0.949
	1.53 (0.19 - 12.37)
	0.627

	   Q 0.9-1.0 (1-22 mmHg ·min)
	0.05 (0.00 - 1.15)
	0.017
	0.52 (0.17 - 1.58)
	 0.143
	0.33 (0.03 - 3.67)
	0.252
	0.80 (0.08 - 7.95)
	0.821

	MAP < 50% (N= 43, CI 97.5%; sign. p < 0.025) 
	 
	
	
	 
	
	
	
	 

	   Q 0 (0 mmHg ·min)
	1.41 (0.63 - 3.14)
	0.346
	1.23 (0.68 - 2.22)
	 0.450 
	0.76 (0.33 - 1.76)
	0.470
	0.97 (0.39 - 2.40)
	0.944

	   Q 0-1 (0-0.633) mmHg ·min)
	ref = 1
	 
	 ref = 1
	 
	 ref = 1
	 
	 ref = 1
	 




[bookmark: _GoBack]CI: confidence interval. ETCO2: end-tidal carbon dioxide. MAP: mean arterial blood pressure. Ref: reference category. RR: risk ratio. Sign.: significant. Q: quantile. 
* significant difference 
† Bonferroni correction was used to correct for the number of categories within a threshold and p-values and confidence intervals are reported accordingly. For example: when four categories were made within a threshold, a p-value of < 0.0125 was considered as statistical significant after a Bonferroni correction (0.05/4) with a corresponding confidence interval of 98.8%. 
‡ The models were adjusted for age, gender, history of myocardial infarction, cerebrovascular disease, diabetes mellitus, hypertension, vascular disorders (central and peripheral), (history of) smoking, World Federation of Neurological Surgeons Grading System Score on admission, intervention modality (clipping or coiling), day of intervention, number of times receiving general anesthesia prior to and after the intervention, cerebral spinal fluid drainage, postoperative neurological decline, re-bleed, edema, cerebral ischemia, hydrocephalus, anemia, extracranial complications, preoperative MAP, amount of ephedrine, phenylephrine and noradrenaline per hour, preoperative oxygenation level and year of procedure. Additionally, the results for the ETCO2 thresholds were adjusted for the mean MAP per case, whereas the results for the MAP thresholds were adjusted for the mean ETCO2 per case. 
Poor neurological outcome was defined as a Glasgow Outcome Scale of 1-3. 



