Supplementary Appendix

Figure S1. Baseline characteristics comparison before and after propensity score matching to assess the effectiveness of group alignment.
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Table 1S. Baseline Characteristics and 90-Day Outcomes before matching.  
	Characteristics
	Cerebrolysin 
	Controls
	p

	
	N=50
	N=145
	

	Age, median (IQR) 
	72 (18)
	74 (8)
	<0.01

	Male, n (%) 
	28 (56)
	65(45)
	0,1

	Side of stroke (L, n[%])
	22 (44)
	68 (47)
	0,4

	Vessel occlusion: MCA-M1, n (%) 
	40 (80)
	111 (77)
	0,5

	Bridging r-tPA, n (%) 
	20 (40)
	81 (56)
	0,04

	mTICI = 3, n (%) 
	28 (56)
	46 (32)
	0,01

	mRS 90 <3, n (%) 
	34 (68)
	 61 (42)
	0,01

	OTTICI, median (IQR)
	217 (168)
	246 (141)
	0,14

	NIHSS post MT, median (IQR) 
	7 (8)
	14 (12)
	<0,01

	Baseline ASPECTS, median (IQR)
	9 (2)
	9 (4)
	0,3

	CTA-CS = 3
	28 (56)
	40 (28)
	<0,01

	90-d death, n (%)  
	4 (8)
	30 (21)
	0,01


IQR: interquartile range; OTTICI – onset-to-TICI; CTA-CS - CT Angiography Collateral Score;
mTICI - modified Thrombolysis in Cerebral Infarction score; ASPECTS - Alberta Stroke Program Early CT Score.



Table 2S. Analysis of key variables influencing mRS 90-day outcomes within the Cerebrolysin group.
	  Variable
	mRS 90D 0-2  
	mRS 90D 3-6  
	p

	
	N=34
	N=16
	

	mRS before stroke, n(%)
	2 (6)
	2 (12.5)
	0,5

	ASPECTS<10, n(%)
	19 (56)
	12(75)
	0,2

	Side of stroke: L, n(%)
	17 (50)
	5 (31)
	0,2

	LVO: MCA-M1, n(%)
	26 (76)
	14 (88)
	0,3

	Bridge tPA, n(%)
	16 (47)
	4 (25)
	0,13

	mTICI = 3, n(%)
	20 (59)
	5 (31)
	0,06

	CTA-CS = 3, n(%)
	23 (68)
	5 (31)
	0,01

	AF, n(%)
	9 (26)
	10 (63)
	0,01

	Anticoagulation, n(%)
	5 (15)
	8 (50)
	0,01

	Diabetes, n(%)
	11 (32)
	1 (6)
	0,04


OTTICI – onset-to-TICI; CTA-CS - CT Angiography Collateral Score;
mTICI - modified Thrombolysis in Cerebral Infarction score; ASPECTS - Alberta Stroke Program Early CT Score.



Table 3S. Baseline Characteristics and 90-Day Outcomes of ITT and PP populations (Cerebrolysin group). 
	Characteristics
	ITT
	PP
	p

	 
	N=50
	N=41
	

	Age, median (IQR) 
	72 (18)
	72 (16)
	0.89

	Male, n (%) 
	28 (56)
	23 (56)
	0,9

	mRS before stroke: 1
	5 (10)
	4 (10)
	0.9

	Side of stroke: L, n (%) 
	22 (44)
	21 (51)
	0.6

	Vessel occlusion: MCA-M1, n (%) 
	40 (80)
	8 (20)
	0.9

	Bridging t-PA, n (%) 
	20 (40)
	17(41)
	0.9

	TICI 3, n (%) 
	28 (56)
	20 (49)
	0.8

	Diabetes, n(%)
	12 (24)
	8 (20)
	0.8

	AF, n(%)
	19 (48)
	15 (37)
	0.8

	Anticoagulation, n(%)
	13 (26)
	7 (17)
	0.7

	mRS90<3, n (%) 
	34 (68)
	30 (73)
	0,6

	OTTICI, median (IQR)
	217 (168)
	222 (159)
	0.54

	Baseline ASPECTS, median (IQR)
	9 (2)
	9 (2)
	0.9

	Baseline ASPECTS<10, n(%)
	31 (62)
	26 (63)
	0.7

	CTA-CS = 3, n(%)
	28 (56)
	23 (56)
	0.9

	Secondary ICH, n(%)
	 7 (14)
	6 (15)
	0.9

	30-d mortality, n(%)
	 1 (2)
	0
	0.6

	90-d mortality, n (%)  
	 4 (8)
	2(5)
	0.5

	mRS 90 0-1
	 25 (50)
	20 (49)
	0.9

	NIHSS post MT, median (IQR) 
	7 (8)
	7(8)
	0,9

	NIHSS 24h
	 6 (8)
	6 (9)
	0.8

	NIHSS 7D
	 3 (5)
	3 (4)
	0.7

	Mismatch volume
	 90 129)
	104 (97)
	0.9

	Core volume
	 10 (27)
	10 (14)
	0.8



IQR: interquartile range; OTTICI – onset-to-TICI; CTA-CS - CT Angiography Collateral Score;
mTICI - modified Thrombolysis in Cerebral Infarction score; ASPECTS - Alberta Stroke Program Early CT Score.


Table 4S. Taxonomy for neuroprotective agents and their mechanisms of action  
	Physiological targets
	Mechanism
	Examples from Cerebrolysin studies

	Bridging neuroprotectives
	Slow infarct progression during the pre-reperfusion phase

Sustains the neuronal metabolism through an increase in resistance to hypoxic conditions
	[bookmark: _Ref190033585]1. CEREHETIS Study: Simultaneous drug delivery to r-tPA infusion prior to reperfusion improved early neurological status (NIHSS 14 days) [[endnoteRef:1]]. [1:  Khasanova DR, Kalinin MN. Cerebrolysin as an early add-on to reperfusion therapy: Risk of hemorrhagic transformation after ischemic stroke (CEREHETIS), a prospective, randomized, multicenter pilot study. BMC Neurol. 2023;23:121. doi:10.1186/s12883-023-03159-w.] 

2. In the rat transient MCA occlusion model,
administration of Cerebrolysin at 3 h post-ischemia reduced infarct volume by reducing neuroinflammation via the activation of CREB/PGC-1a pathway and by inhibiting free radical formation [[endnoteRef:2]], improved functional outcome and infarct volume   were dose-dependent [[endnoteRef:3]], prevented of lactate accumulation (lactic acidosis) [[endnoteRef:4]] [2:  Guan X, Wang Y, Kai G, et al. Cerebrolysin ameliorates focal cerebral ischemia injury through neuroinflammatory inhibition via CREB/PGC-1α pathway. Front Pharmacol. 2019;10:1245. doi:10.3389/fphar.2019.01245.]  [3:  Zhang L, Chopp M, Lu M, et al. Cerebrolysin dose-dependently improves neurological outcome in rats after acute stroke: A prospective, randomized, blinded, and placebo-controlled study. Int J Stroke. 2016;11(3):347-355. doi:10.1177/1747493015625645.]  [4:  Zhang C, Chopp M, Cui Y, et al. Cerebrolysin enhances neurogenesis in the ischemic brain and improves functional outcome after stroke. J Neurosci Res. 2010;88:3275-3281.] 


	BBB stabilizers
	restore BBB integrity before and shortly after reperfusion
	1. CEREHETIS Study: Improvement of BBB demonstrated by MRI measures [1] 
2. Different studies [[endnoteRef:5], 1, [endnoteRef:6]] reported lower rates of ICH in patients treated with Cerebrolysin, indicating a drug-related effect on BBB stabilization. [5:  Chang WH, Lee J, Shin YI, et al. Cerebrolysin combined with rehabilitation enhances motor recovery and prevents neural network degeneration in ischemic stroke patients with severe motor deficits. J Pers Med. 2021;11:545. doi:10.3390/jpm11060545.]  [6:   Poljaković Z, Šupe S, Ljevak J, et al. Efficacy and safety of cerebrolysin after futile recanalization therapy in patients with severe stroke. Clin Neurol Neurosurg. 2021;207:106767. doi:10.1016/j.clineuro.2021.106767.] 

3. In vitro study showed that Cerebrolysin protects BBB and has a therapeutic effect on r-tPA and fibrin-impaired cerebral endothelial cell permeability by reducing proinflammatory and procoagulation proteins and by elevating tight junction proteins [[endnoteRef:7]] [7:   Teng H, Li C, Zhang Y, et al. Therapeutic effect of cerebrolysin on reducing impaired cerebral endothelial cell permeability. Neuroreport. 2021;32:359-366. doi:10.1097/WNR.0000000000001598.] 


	Microcirculation lumen preservers
	Protect arteriolar and capillary endothelial integrity to prevent the no-reflow phenomenon
	1. Randomized, double-blinded, placebo-controlled study on 46 AIS patients demonstrated a significant reduction in the pulsatility index after stroke suggesting enhanced cerebral blood flow dynamics after Cerebrolysin treatment [[endnoteRef:8]]   [8:  Amiri-Nikpour MR, Nazarbaghi S, Ahmadi-Salmasi B, et al. Cerebrolysin effects on neurological outcomes and cerebral blood flow in acute ischemic stroke. Neuropsychiatr Dis Treat. 2014;2299. doi:10.2147/ndt.s75304.] 



	Reperfusion injury preventors and early neuroprotection against neuronal excitotoxicity
	mitigate inflammatory, oxidative, and other deleterious processes that occur immediately post-reperfusion
	1. Study on cultured chick cortical neurons subjected to in vitro models of brain ischemia demonstrated that Cerebrolysin mitigates neuronal cell death induced by various ischemic conditions, including glutamate toxicity, iodoacetate-induced metabolic impairment, and ionomycin-induced calcium dysregulation [[endnoteRef:9]].  [9:  Gutmann B, Hutter-Paier B, Skofitsch G, et al. In vitro models of brain ischemia: The peptidergic drug cerebrolysin protects cultured chick cortical neurons from cell death. Neurotox Res. 2002;4:59-65. doi:10.1080/10298420290007637.] 


	Edema reducers
	Prevent cerebral swelling and secondary injury from tissue compression and herniation
	1.Studies of Woo et al and Zhang et al on Cerebrolysin in patients with aneurysmal subarachnoid hemorrhage or traumatic brain injury led to significant reductions in pro-inflammatory markers (IL-1β, IL-6, TNF-α, and aquaporin-4) crucial for mediating vasogenic edema, suggesting that Cerebrolysin may ameliorate the deleterious effects of cerebral edema, thereby reducing secondary injury associated with increased intracranial pressure and herniation [[endnoteRef:10], [endnoteRef:11]]  [10:  Woo PYM, Ho JWK, Ko NMW, et al. Randomized, placebo-controlled, double-blind, pilot trial to investigate safety and efficacy of cerebrolysin in patients with aneurysmal subarachnoid hemorrhage. BMC Neurol. 2020;20(1). doi:10.1186/s12883-020-01908-9.]  [11:  Zhang Y, Chopp M, Meng Y, et al. Improvement in functional recovery with administration of cerebrolysin after experimental closed head injury. J Neurosurg. 2013;118(6):1343-1355. doi:10.3171/2013.3.jns122061.] 


	Delayed neuroprotectives

	Target late-stage injury caused by apoptosis and mitochondrial dysfunction post-reperfusion

A reduction in regulating the increase in the number of synapses, leading to neuroplasticity

A reduction in neurovascular reconstruction leading to neurogenesis in the dentate gyrus promoting cognitive and functional neurorecovery 
	1. Different preclinical studies demonstrated that Cerebrolysin displays neurotrophic activity [[endnoteRef:12]], protects primary neurons from glutamate‐induced excitotoxicity [[endnoteRef:13]], displays neuroprotective activity in ischemic lesions by proliferation of neural progenitor cells (NPCs) leading to increased differentiation into neurons and oligodendrocytes by  upregulation of Sonic Hedgehog (Shh) signaling pathways and its receptors [[endnoteRef:14]], modulates endogenous neurotrophin levels [21], and improves stroke recovery when administered up to 48 h after MCA occlusion [[endnoteRef:15]]  [12:  Mallory M, Honer WG, Hsu LJ, et al. In vitro synaptotrophic effects of cerebrolysin in NT2N cells. Acta Neuropathol. 1999;97(5):437-446. doi:10.1007/s004010051012.]  [13:  Hutter-Paier B, Grygar E, Windisch M. Death of cultured telencephalon neurons induced by glutamate is reduced by the peptide derivative cerebrolysin. J Neural Transm Suppl. 1996:267-273. doi:10.1007/978-3-7091-6892-9_19.]  [14:  Zhang L, Chopp M, Meier D, et al. Sonic hedgehog signaling pathway mediates cerebrolysin-improved neurological function after stroke. Stroke. 2013;44(7):1965-1972. doi:10.1161/strokeaha.111.000831.]  [15:  Zhang L, Chopp M, Lü M, et al. Demonstration of therapeutic window of cerebrolysin in embolic stroke: A prospective, randomized, blinded, and placebo-controlled study. Int J Stroke. 2017;12(6):628-635. doi:10.1177/1747493017702665.] 

2. The CARS Study demonstrated that Cerebrolysin administered once daily for 21 days, beginning at 24 to 72 hours after stroke onset had a beneficial effect on function and global outcome in early rehabilitation patients after stroke [[endnoteRef:16]]. Similar results were revealed by different recent metatanalysis of RCT [26, [endnoteRef:17],28] [16:   Mureșanu DF, Heiss W, Hoemberg V, et al. Cerebrolysin and recovery after stroke (CARS). Stroke. 2016;47(1):151-159. doi:10.1161/strokeaha.115.009416]  [17:  Guekht A, Vester J, Heiss WD, et al. Safety and efficacy of cerebrolysin in motor function recovery after stroke: A meta-analysis of the CARS trials. Neurol Sci. 2017;38:1761-1769.
] 
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