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Short Title:  VNS reduces inflammation after ischemic stroke

Other acknowledgements:
This work was supported, in part, by the Bursky Center for Human Immunology and Immunotherapy Programs at Washington University, Immunomonitoring Laboratory. We would like to acknowledge Dr. Diane Bender, the lead scientist/lab manager of the Immunomonitoring laboratory, for her help with cytokine assessment. We would like to acknowledge the NUVISTA coordinators: Angela Birke and Dora Murphy; and Karen McDonell for her aid with data cleaning and storage.

Ethics approval. All procedures performed in this study involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards. This study was approved by the Washington University School of Medicine in St. Louis institutional review board.

Consent to participate. Informed consent was obtained from all individual participants, or their legal guardian, included in the study.

Data availability. Data requests will be considered within reasonable request after agreement with the Steering Committee, provided data transfer complies with general data protection regulation and is approved by the respective ethical review board. 




[bookmark: OLE_LINK20]Supplemental Resource 1b. Nonstandard abbreviations and acronyms

ANOVA:  Analysis of Variance

AIS:  Acute Ischemic Stroke

CRP:  C-Reactive Protein

CT:  Computerized Tomography

Hz: Hertz

ID:  Identification Number

IFN:  Interferon

IL:  Interleukin

LKN: Last Known Normal

LVO:  Large Vessel Occlusion

mA: milliampere

mRS:  Modified Rankin Scale

MRI:  Magnetic Resonance Imaging

[bookmark: OLE_LINK7]NIHSS:  National Institutes of Health Stroke Scale

taVNS:  Transcutaneous Auricular Vagus Nerve Stimulator

TGF:  Transforming growth factor

TICI:  Thrombolysis in Cerebral Infarction Score

TNF:  Tumor Necrosis Factor

μs: microseconds

VNS:  Vagus Nerve Stimulation

WBC:  White Blood Cell


Supplemental Table 1. NUVISTA Inclusion and Exclusions criteria

	Inclusion
	Exclusion

	≥ 18 years of age
	Chronic Large Vessel Occlusion

	Acute Ischemic Stroke
	Pre-Morbid modified ranking scale > 2

	Symptom onset < 36 hours from Last Known Normal
	Active Cancer, immunosuppressive or modulating therapy

	Anterior Circulation Large Vessel Occlusion on CTA/MRA
	Immune activating conditions: Chronic or severe infection, active autoimmune disease, or recent surgery/procedure

	NIHSS ≥ 6
	Life expectancy <3 months

	
	Heart rate < 50 or hypotension (Systolic blood pressure <80 or Mean arterial pressure < 60)

	
	Implanted electrical device
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Supplemental Resource 2a. Supplemental Methods.

Study protocol.
[bookmark: OLE_LINK21][bookmark: _Hlk184631448][bookmark: _Hlk214032958]Patients enrolled in the trial will be randomized to treatment with or without electrical stimulation via an auricular, transcutaneous vagus nerve stimulator. All patients are fitted with a portable Soterix© device, a transcutaneous electrical nerve stimulation unit, and are connected to two ear electrodes, applied to the left ear during treatment periods. For taVNS treatment, these ear electrodes are placed along the concha of the ear, while in sham treatments the electrodes are placed along the ear lobe to avoid stimulation of the auricular vagus nerve from tactile pressure alone in the absence of current. Stimulation parameters were selected based on prior studies that sought to maximize vagus somatosensory evoked potentials while avoiding perception of pain. Stimulation parameters will be 20 minutes duration, frequency of 20 Hz, 200µs pulse width, and an intensity of 0.5mA.[1] Sham treatments will involve no electrical current to the auricular branch of the vagal nerve.  The site of stimulation will be inspected daily before and after treatment to ensure there is no redness or irritation at the site. Although the Soterix© device is an FDA approved product, we utilized it off-label under a Non-Significant Risk (NSR) Device clearance approved by our institution’s IRB. Blood samples are collected on day 1, 3, 5, and 7, for complete blood count with differential. For measurement of inflammatory cytokines, samples are centrifuged, aliquoted, and stored in a deep freezer at -80 °C until ready for processing. Luminex® multiplex assays are then run by the Bursky Center for Human Immunology & Immunotherapy Programs (CHiiPs) core lab at Washington University School of Medicine. Thawed plasma will be analyzed in duplicate with multiplex kits (Thermofisher Scientific, Waltham, MA) for the following pro-inflammatory cytokines:  IL-1β, IL-6, IL-10, IL-17, and TNF-α. The concentration of each antigen is calculated by plotting the expected concentration of the standards against the multiplex fluorescent immunoassay generated by each standard. A 4-parameter logistic regression will be used for the best-fit curve. Protein concentration will be reported as pg/mL. 

Randomization and blinding.
Dr. James Giles generated the random allocation sequence. Patients were randomized in a 1:1 ratio to either the stimulation or sham treatment group using SAS software (Version 9.4, SAS Institute, Cary, NC). A total of 80 patients were planned assigned to one of two groups based on a computer-generated randomization sequence using the RANUNI function with a fixed seed (43523483) to ensure reproducibility. The generated sequence was then sorted, and the first 40 patients were allocated to the stimulation group, while the remaining 40 were assigned to the sham group. Our coordinators, Dora Murphy, Angela Birke, Isabella Xu, and Dr. Osvaldo J. Laurido-Soto enrolled the participants. The member of the investigation team who generated the randomization was not involved in enrolling participants, assigning them to interventions or outcomes assessments; hence, interventions assignment was always concealed to the rest of the investigation team. Post assignment participants, care providers, and those assessing outcomes were blinded to the participants group.

Changes post-trial initiation.
Post trial initiation we expanded the recruitment window from 24 hrs up to 36 hrs to be able to pragmatically recruit patients based on coordinator availability. This time window was deemed acceptable as the inflammatory effects on average occur up to Day 5. We also expanded our blood sample collection to include day 7 to capture a longer trajectory of events. We intended to initially recruit 80 patients (N = 40 per group), due to recruitment issues, cost, and that based on our initial power analysis we expected to see differences in cytokines with an N = ~40 total, we stopped recruitment at N = 40 patients.

Diverse population enrollment and diverse steering committee.
Although no specific methodology was used to ensure a diverse population was recruited, based on our geographic location, over 50% of our participants were female and 23% were black, ensuring a diverse population. Furthermore, based on our academic setting, our steering committee and authors were from diverse backgrounds, despite no formal methodology to ensure this.

Data management and study approvals.
The study PI (OLS) and Co-PIs (JML, EL) had full access to all the data in the study and takes responsibility for its integrity and supervision of the data analysis. The study was approved by the Washington University Human Research Protection Office. All participants provided written informed consent prior to randomization. The study was registered and approved by “ClinicalTrials.Gov” ID: NCT05390580.
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Supplemental Resource 2b. Consort checklist[2]

Attached separately.
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Notes
-It is important to take steps to prevent hemolysis in these samples. A vacutainer is recommended. If a needle is used, a 21 gauge needle is recommended
-After collection, gently mix the blood by inverting the tube 8 to 10 times. Store vacutainer tubes upright at 4ºC until centrifugation. Samples may be carried/stored on ice to the lab, but for no more than 4 hours. Blood samples should be centrifuged within four hours of blood collection. [3, 4]
-Gloves must be worn at all times when handling specimens. This includes during removal of the rubber stopper from the blood tubes, centrifugation, pipetting, disposal of contaminated tubes, and clean-up of any spills

Spinning

1. Place tubes in centrifuge, taking care to use alternate tubes to balance.
1. Program to: 10 min, 4 degrees C, 2000g (rpm) speed, brake off.
1. Wait until it COMPLETELY stops spinning before opening.
1. After centrifugation, plasma layer will be at the top of the tube. Mononuclear cells and platelets will be in a whitish layer, called the “buffy coat”, just under the plasma and above the red blood cells. 
1. Carefully collect the plasma layer with an appropriate transfer pipette. Close the caps tightly and label with the patient study number and date. This process should be completed within 1 hour of centrifugation, which should be a total of no more than 4 hours after collection.

Freezing

-Try to get in and out of the freezer as quick as possible. If open for too long, the freezer may lock to bring temperatures back down (usually about 15 min).
-Place all aliquots upright in a specimen box or rack in an -80ºC or colder freezer. All specimens should remain at -80ºC or colder prior to processing at the CHiiPs core.

Notes

- Please document all necessary information in the appropriate columns located on the “NUVISTA Blood Processing Documentation” This includes:
1. Date and time of blood collection 
2. Number and volume of aliquots prepared 
3. Date and time into -80ºC
4. Any variations or deviations from the SOP, problems, or issues
Materials
Simplified verbiage:
The NUVISTA blood was collected in 10cc EDTA vacutainer tubes (lavender top). They were placed on wet ice within 5min of collection and stayed on wet ice until centrifugation. We tried to process the samples within 1 hour of collecting, though a few of the samples may have been processed slightly over an hour (infrequent; if nurse needed to draw during or before intervention). 

[bookmark: OLE_LINK82]Supplemental Table 2. Sample Processing Time: Sample Collection to Freezing. 

	[bookmark: OLE_LINK80]Patient ID
	Treatment
(Treatment =1, Sham = 0)
	Timepointa
	Time to Processing (min)b

	3
	1
	D0
	58

	3
	1
	D1
	54

	3
	1
	D3
	38

	4
	1
	D0
	67

	4
	1
	D1
	74

	4
	1
	D3
	40

	5
	1
	D1
	72

	5
	1
	D3
	50

	6
	1
	D1
	89

	6
	1
	D3
	93

	7
	1
	D0
	43

	7
	1
	D1
	35

	7
	1
	D3
	137

	8
	0
	D1
	120

	8
	0
	D3
	50

	9
	1
	D0
	43

	9
	1
	D1
	35

	9
	1
	D3
	50

	10
	1
	D1
	71

	10
	1
	D3
	52

	10
	1
	D5
	49

	10
	1
	D7
	43

	11
	1
	D0
	28

	11
	1
	D1
	26

	11
	1
	D3
	30

	11
	1
	D5
	32

	11
	1
	D7
	24

	12
	0
	D0
	46

	12
	0
	D1
	47

	12
	0
	D3
	46

	13
	0
	D0
	50

	13
	0
	D1
	39

	13
	0
	D3
	37

	13
	0
	D5
	540

	14
	0
	D0
	52

	14
	0
	D1
	52

	14
	0
	D3
	54

	15
	0
	D0
	31

	15
	0
	D1
	35

	15
	0
	D3
	37

	16
	1
	D1
	45

	17
	1
	D0
	58

	17
	1
	D1
	139

	17
	1
	D3
	55

	18
	0
	D0
	65

	18
	0
	D1
	48

	18
	0
	D3
	45

	19
	1
	D0
	57

	19
	1
	D1
	37

	19
	1
	D3
	46

	20
	0
	D0
	40

	20
	0
	D1
	37

	20
	0
	D3
	45

	21
	1
	D0
	66

	21
	1
	D1
	131

	21
	1
	D3
	54

	22
	0
	D0
	32

	22
	0
	D1
	32

	22
	0
	D3
	32

	23
	1
	D0
	71

	23
	1
	D1
	65

	23
	1
	D3
	74

	24
	1
	D0
	40

	24
	1
	D1
	34

	24
	1
	D3
	38

	26
	0
	D0
	36

	26
	0
	D1
	38

	26
	0
	D3
	40

	27
	1
	D0
	37

	27
	1
	D1
	47

	27
	1
	D3
	58

	28
	0
	D0
	28

	28
	0
	D1
	29

	28
	0
	D3
	29

	30
	0
	D0
	51

	30
	0
	D1
	51

	30
	0
	D3
	52

	30
	0
	D5
	300

	30
	0
	D7
	56

	31
	0
	D0
	153

	31
	0
	D1
	158

	31
	0
	D3
	51

	31
	0
	D5
	56

	31
	0
	D7
	65

	33
	0
	D0
	47

	33
	0
	D1
	45

	33
	0
	D3
	49

	34
	1
	D0
	247

	34
	1
	D1
	67

	34
	1
	D3
	75

	35
	0
	D0
	53

	35
	0
	D1
	60

	35
	0
	D3
	89

	36
	0
	D0
	53

	36
	0
	D1
	53

	36
	0
	D3
	53

	37
	1
	D0
	28

	37
	1
	D1
	30

	37
	1
	D3
	37

	38
	0
	D0
	45

	38
	0
	D1
	45

	38
	0
	D3
	45

	39
	1
	D0
	34

	39
	1
	D1
	20

	39
	1
	D3
	141

	40
	1
	D0
	36

	40
	1
	D1
	38



a Sample day = D and day collected is the number.

[bookmark: OLE_LINK69]b There were a total of 128 samples for the 35 recruited patients. Only 10 out of the 128 samples were processed after 2 hours and only 3 of these samples were processed after the 4 hour mark (two sham, one treatment). Sample Processing time (min), mean (SD): Treatment 64.9 (27.1), Sham 63.7 (35.1), t-test p=0.909.

[bookmark: OLE_LINK8]Supplemental Resources 2d. Methods Supplement and Trial Power Calculation

Intention-to-treat analysis
An intention-to-treat (ITT) approach was implemented[5]. Primary ITT analyses were conducted without transformation of continuous outcome variables because ≥35 observations were available.

Assessment of blood biomarkers of inflammation. 
[bookmark: OLE_LINK43][bookmark: OLE_LINK44]The cytokines were analyzed simultaneously using Luminex® multiplex assays by a core lab at Washington University School of Medicine. Thawed plasma was analyzed in duplicate with multiplex kits (Thermofisher Scientific, Waltham, MA) for the pro-inflammatory cytokines. The concentration of each antigen was calculated by plotting the expected concentration of the standards against the multiplex fluorescent immunoassay generated by each standard. A 4-parameter logistic regression was used for the best-fit curve. Protein concentrations were reported as pg/mL. For cytokines below the lower limit of quantification/limit of detection, one-half of that value was assigned for the respective cytokine [6]. These limits differed by cytokine and across the four primary plates (which we handled as described in the statistical analysis section):

[bookmark: OLE_LINK13]Supplemental Table 3. Luminex assay %Coefficient of Variation (CV), NUVISTA-1 Sample specific Lower Limit of Detection (LLD)  and %CV.

	Sample ID
	IL-beta
	IL-6
	IL-10
	IL-17A
	TNF alpha

	Assay %CV

	Luminex® ThermoFisher inter-assay %CV[7]
	4.5
	4.9
	2.8 to 7.8
	<10
	6.3 to 7.5

	Luminex®  ThermoFisher intra-assay %CV[7]
	2.9
	5.4
	2.6 to 3.3
	3.7
	4.4 to 6

	NUVISTA-1 Sample

	LLOQ/LOD (min,max) pg/mL:
	0.228 , 0.440
	1.744 , 2.637
	0.121 , 0.122
	0.530, 1.708
	0.310, 1.434

	% of Samples Detected by Assay
	87.5
	100
	100
	57.5
	100

	mean %CV of samples
	44.1
	25
	42.8
	72
	32.4




Statistical analysis of rate of change in WBC, cytokines, and neurological outcomes in taVNS vs. sham treatment.
Longitudinal data were analyzed using mixed effects models per the FDA [5, 8], with person as a random effect, given multiple records per person (215 total in-hospital NIHSS scores, 279 WBC measures, and 132 records for each cytokine). For cytokine models, assay plate was included as an additional random effect. This approach accommodated irregularly-timed points, less restrictive missing data assumptions, and time-varying variables. To complement our primary (ITT) approach, treatment also was handled as time-varying when noted, with assignment occurring at randomization. All longitudinal models included treatment, time since last known normal (LKN), and their interaction term(s) as primary independent variables to test whether the pattern of change over time differed between the taVNS and sham groups. Time was modeled quadratically for WBC and cytokine outcomes to capture the known U-shaped associations with time [3]  We characterized the daily change in each WBC or cytokine outcome using a similar model expanded to include the quadratic terms: Δ WBC or Δ cytokine ~ day+day squared+treatment+interaction (day,treatment)+interaction (day squared,treatment)+covariates.[6] Treatment-time interactions were tested using likelihood ratio tests comparing models with and without interaction term (WBC, cytokines), with significance at two-sided α=0.05. These analyses were adjusted for baseline covariates [5], including baseline NIHSS, time from LKN to thrombus removal time or recanalization attempt (groin puncture time), and percent reperfusion (0-100%) based on TICI score [9]. In sensitivity analyses, we performed the analysis with a dichotomized TICI score (recanalized≥2B, not recanalized<2B) and we did not see any differences. Finally, we explored whether any difference in longitudinal patterns between taVNS and sham depended on any of the a priori adjustment variables, i.e., whether any time-treatment interaction depended on one of these three variables.

Trial Power Calculation.
Based on potentially recruiting 80 patients that will be randomized 1:1 to receive either taVNS (N = 40) or Sham treatment (N=40), the following calculations were made. Given a two-sided α of 0.05, this sample size will provide 90% power to detect a 0.73 standard deviation difference in each of the outcomes, and 80% power to detect this same difference for outcomes for which as many as 10 (25%) of patients have incomplete data (N=30 per group for analysis), such as due to loss to follow up due to death or attrition. Our calculations based on initial pilot data of blood and CSF inflammatory biomarkers in taVNS treated vs. not taVNS treated SAH patients [10], strongly suggested that we will also observe marked differences of a magnitude detectable in this study with a total sample size of N = 30-40 (N = ~20 per group), particularly for the markers assessed at 3 and 5 days.



[bookmark: OLE_LINK42]

[bookmark: OLE_LINK11]Supplemental Table 4. Full comorbidities, stroke characteristics, Day 30 mRS, and sample processing time results

	[bookmark: _Hlk206505538]Demographics
	Treatment
N=17
n (%)
	Sham
N=18
n (%)
	


	Smoking
	
	
	

	Never
	4 (23.5)
	6 (33.3)
	

	Former
	4 (23.5)
	7 (38.9)
	

	Current
	9 (52.9)
	5 (27.8)
	


	Comorbidities
     Hypertension
     Hyperlipidemia
     Type 2 diabetes
     Carotid disease
     Intracranial atherosclerosis
     Atrial arrythmia 
     Coronary artery disease
     Congestive heart failure
     Kidney issues
     Cerebral ischemia
     Intracranial hemorrhage
     Othera
	
	
	

	
	14 (82.4)
	14 (77.8)
	

	
	11 (64.7)
	13 (72.2)
	

	
	7 (41.2)
	7 (38.9)
	

	
	4 (23.5)
	3 (16.7)
	

	
	2 (11.8)
	0 (0)
	

	
	6 (35.3)
	9 (50.0)
	

	
	3 (17.7)
	3 (16.7)
	

	
	2 (11.8)
	5 (27.8)
	

	
	3 (17.7)
	8 (44.4)
	

	
	1 (5.9)
	3 (16.7)
	

	
	0 (0)
	1 (5.6)
	

	
	6 (35.3)
	3 (16.7)
	

	Laterality
	
	
	

	Right
	6 (35.3)
	10 (55.6)
	

	Left
	11 (64.7)
	8 (44.4)
	


	TICI score
	
	
	

	
	N/A (no thrombectomy)
	1 (5.9)
	1 (5.6)
	

	
	0
	0 (0)
	1 (5.6)
	

	
	2a
	2 (11.8)
	0 (0)
	

	
	2b
	7 (41.2)
	3 (16.7)
	

	
	2c
	5 (29.4)
	5 (27.8)
	

	
	3
	2 (11.8)
	8 (44.4)
	


	Percent reperfusion, mean (SD)b
	76.0 (SD 27.1)
	83.8 (SD 31.5)
	


	mRS at 30 days,c mean (SD)
	3.63 (1.82)
	2.83 (1.92)
	

	0
	1 (6.3)
	2 (11.1)
	

	1
	1 (6.3)
	5 (27.8)
	

	2
	3 (18.8)
	0 (0)
	

	3
	1 (6.3)
	3 (16.7)
	

	4
	5 (31.3)
	4 (22.2)
	

	5
	2 (12.5)
	3 (16.7)
	

	6
	3 (18.8)
	1 (5.6)
	

	Missing
	1 (--)
	0 (--)
	

	
mRS at 90 days,c mean (SD)
	3.27 (SD2.15)
	2.78 (SD2.07)
	
	

	1
	2(13.3)
	2(11.1)
	
	

	2
	2(13.3)
	1(5.6)
	
	

	3
	1(6.7)
	4(22.2)
	
	

	4
	3(20.0)
	3(16.7)
	
	

	5
	2 (13.3)
	2(11.1)
	
	

	6
	3(20.0)
	2(11.1)
	
	

	Missing
	2(--)
	0(--)
	
	

	[bookmark: _Hlk214034151]Sample Processing time (min), mean (SD)
	64.9 (27.1)
	63.7 (35.1)
	
	



a Other comorbidities not categorized, include the following among the treatment groups (sham, taVNS): aortic thrombus (0, 1); protein C deficiency (0, 1); poly substance abuse (1, 0); essential thrombocythemia (1, 0); methamphetamine use (1; 0); epilepsy (1, 0); obstructive sleep apnea (1, 0); lung cancer (1, 0); peripheral arterial disease, poly substance abuse, history of ventricular thrombus (0, 1).

b We estimated the approximate percent reperfusion based on the TICI score (0% for TICI 0, 25% for TICI 1, 37.5% for TICI 2a, 77.5% for TICI 2b, 95% for TICI 2c, and 100% for TICI 3) [11] to obtain a single semi-continuous measure.

c Percentages shown among those without missing data. mRS at 30 days excludes one participant from the treatment group lost to follow-up; mRS at 90 days also excludes one additional participant from the treatment group. The two patients who died in the sham group, one bounced back due to atrial fibrillation with rapid ventricular response leading to cardiac arrest and the other patient’s cause of death was not able to be identified due to lack of access to their external medical record. ptrend = 0.21 to 0.51 depending on the method of analysis.

Abbreviations: mRS = modified Rankin scale; SD = standard deviation


[bookmark: OLE_LINK10][bookmark: _Hlk214032612]Supplemental Table 5. Intervention parameters/assessment – experimental tavns specific

	[bookmark: _Hlk206506941]
	Treatment
N=17
n (%)
	Sham
N=18
n (%)
	


	Experimental taVNS
	
	
	

	[bookmark: _Hlk188732879]
	Time between LKN and first intervention (hours), mean (SD)
	
22.8 (SD 6.5)
	
24.8 (SD 6.2)
	

	[bookmark: _Hlk213605527]
	Time between LKN and last intervention (days), mean (SD)
	4.27 (SD 1.77)
	4.56 (SD 1.34)
	

	[bookmark: _Hlk213606475]  
	Number of stimulations, mean (SD)
	8.24 (SD 2.77)
	7.33 (SD 3.20)
	

	
	
	<7
	5 (29.4%)
	7 (38.9%)
	

	
	
	7 to 9
	2 (11.8%)
	3 (16.7%)
	

	[bookmark: _Hlk213606332]
	
	All 10
	10 (58.8%)
	8 (44.4%)
	

	Reason stimulation incompletea
	
	
	

	
	Stimulation incomplete
	7 (41.2%)
	10 (55.6%)
	

	
	
	Died in hospital/hospice (Comfort measures)
	3 (17.6%)
	0 (0)
	

	
	
	Rapid improvement/early discharge
	3 (17.6%)
	4 (22.2%)
	

	
	
	Potential side effectb
	0 (0)
	3 (16.7%)
	

	
	
	Device malfunction
	0 (0)
	2 (11.1%)
	

	
	
	Declined/were not cooperative
	1 (5.9%)
	1 (5.6%)
	

	
	
	Patient off the floor
	0 (0)
	1 (5.6%)
	

	
	
	N/A (completed all 10 stimulations)
	10 (--)
	8 (--)
	

	Rate of Protocol Non-Adherencec
	1 (6%)
	7 (39%)
	Total = 8 (23%)



aMay not add up to 100% due to patients having more than one cause.
bPotential side effect: two patients developed bradycardia and one developed hypotension
cRate of Protocol Non-Adherence is defined as those patients who did not fully adhere to our protocol: “received stimulation for 5 days or until discharge or death”. Three were for potential side effects, 2 for device malfunction, and 2 for declining or not being cooperative, and 1 for the patient being of the floor. 








[bookmark: OLE_LINK102]Supplemental Table 6. Model adjustment for stroke specific characteristics, imaging, sample processing time, and anti-inflammatory cytokine.

	[bookmark: OLE_LINK91][bookmark: OLE_LINK101][bookmark: OLE_LINK103]Biomarker

	Adjusteda difference in WBC/cytokine per specified time unit (95%CI)

	
	Time-varying treatment up to randomizationb
(Main Model)
	Stroke specific characteristics
	Baseline Imaging Characteristicsf
	Sample Processingg
	Baseline Anti-Inflammatory Cytokinei

	
	
	Laterality adjustedd
	Max Occlusione
	Ischemic core
	Max at risk tissue
	Mismatch volume
	Time from collection to storage
	IL-10

	WBC
	

Interaction p-valuec
	0.14
	0.15
	0.14
	0.47
	0.75
	0.79
	n/ah
	0.15

	IL1β
	
	0.24
	0.27
	0.23
	0.34
	0.74
	0.52
	0.26
	0.27

	IL6
	
	0.0001*
	0.0001
	0.0001
	0.01
	0.04
	0.04
	0.0001
	0.0002

	IL10
	
	0.25
	0.26
	0.24
	0.18
	0.28
	0.26
	0.26
	--

	IL17α
	
	0.57
	0.13
	0.57
	0.92
	0.95
	0.92
	0.62
	0.57

	TNF-α
	
	0.26
	0.32
	0.25
	0.28
	0.68
	0.66
	0.28
	0.28



[bookmark: _Hlk214009537]a Adjusted for time from LKN to recanalization (or similar reference time), percent reperfusion, and baseline NIHSS as fixed effects, in addition to plate and patient as random effects in a mixed model with the specified cytokine as the outcome, or patient only as a random effect with WBC count as the outcome.
b Interaction between treatment and time from LKN, to test whether the pattern of association between time and the biomarker (coefficients for days and days squared) differs according to treatment. Obtained from likelihood ratio (LR) test comparing the model with two interaction terms (days and treatment; and days squared and treatment) and all main effects terms to a model with all main effects terms.
c Based on 279 measurements for WBC:  136 WBC measurements from 17 patients in the treatment group (42 before randomization and 94 after randomization) and 143 measurements from 18 patients in the sham group, with treatment as time-varying variable prior to randomization and per assignment after randomization (time-varying treatment model).  Based on 132 measurements for each cytokine:  63 cytokine measurements from 17 patients in the treatment group (14 before randomization and 49 after randomization) and 69 measurements from 18 patients in the sham group, with treatment as a time-varying variable prior to randomization and per assignment after randomization.
[bookmark: OLE_LINK77]d Based on 72 measurements for each cytokine (39 measurements from the treatment group and 33 from the sham group) from patients with left sided stroke. Based on 60 measurements for each cytokine (24 measurements from the treatment group and 36 from the sham group) from patients with right sided stroke.
e Across all cytokine models (N = 132 measurements) and WBC models (N = 279 measurements), maximum occlusion severity was classified using a semi-ordinal LVO scale—progressing from distal to proximal as M2>M1>ICA to reflect increasing physiologic severity. Based on this schema, the dataset included 35 total measurements from patients with M2 occlusions (4 from the treatment group and 5 from the sham group), 42 total measurements from patients with M1 occlusions (5 treatment and 8 sham), and 39 total measurements from patients with ICA occlusions (8 treatment and 5 sham).
[bookmark: OLE_LINK57][bookmark: OLE_LINK56]f Out of our 35 patients: 19 patients (54.3%) had imaging that provides potential ischemic core/infarct size at baseline. 16 (46%) are CT Perfusion (CPT) and hyperacute MRI (hMRI) are 3 (8.6%). N = 74 corresponds to models using the ischemic core volume (volume_cc, volume per treatment (N = 10 mean [SD] 39.6 [36.3] mL) vs sham (N = 9, mean [SD] 23.8 [22.9] mL)) based on CTP/hMRI; N = 64 corresponds to models using max risk (maxrisk volume per treatment (N = 10. mean [SD] 125.4  [113.8] mL) vs sham (N = 9, mean [SD] 95.1 [94.45] mL)) or mismatch volume (mismatch volume volume per treatment (N = 9. mean [SD] 86.7 [82.1] mL) vs sham (N = 7, mean [SD] 73.0 [38.9] mL)) where data are available. The LR test assesses whether including the treatment-by-time interaction improves model fit when adjusting for the indicated imaging covariate. Initial estimated infarct size imaging = CTP (CBF <30%) or hMRI (DWI); Max at risk tissue = hypoperfused area defined by CTP Tmax > 6 seconds; potential salvageable tissue – mismatch volume (Max at risk tissue  - ischemic core). All measurements were obtained from reviewing the imaging radiologist report.
g Based on 128 sample collection times for the 35 recruited patients.
h WBC measurements were obtained from standard of care laboratory draws, due to this we do not have specific processing times.
i Based on 132 cytokine measurements across all timepoints from 35 participants, each with complete baseline IL-10 values.
* Significant value with a two-sided α=05 or a two-sided α=0.0083, i.e., with Bonferroni correction.
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Supplemental Figure 1. Post-hoc t-test comparing cytokine levels between groups on each day.

[bookmark: OLE_LINK17]A,B, D. IL-1b, IL-6, and IL-17a levels for taVNS and sham treatment groups were significantly lower in the taVNS treatment group on day 3 compared with the sham treatment group, e.g. IL-1b: t = 2.376, p = 0.024, N(taVNS) = 16, N(sham) = 17, t-test. (day 3); IL-6 [t = 2.083, p = 0.045, N(taVNS)=16, N(sham) = 17, t-test]; and IL-17a: t = 2.095, p = 0.044, N(taVNS) = 16, N(sham) = 17, t-test. (day 3). 
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[bookmark: OLE_LINK12]Supplemental Figure 2. Relationship between IL-6 and changes in NIHSS as a whole and accounting for recanalization status. A. Changes in NIHSS scores were significantly positively associated with changes in IL-6 levels in the taVNS treatment group, suggesting that reduced pro-inflammatory cytokine levels were associated with improving neurological outcomes (slope = 0.798, 95% CI = [0.077, 1.518], t = 2.286, p = 0.031, n = 26, t-test). The relationship between changes in NIHSS scores and changes in IL-6 levels was not significant in the sham group (slope = 0.330, 95% CI = [-0.029, 0.690], t = 1.881, p = 0.070, n = 31, t-test). B. The positive association between change in IL-6 and change in NIHSS was greater among patients without recanalization. A 1 pg/mL increase in IL-6 was associated with an additional 0.46-point increase in NIHSS scores in patients who did not achieve recanalization compared with patients who did (z=-2.015, p=0.044, 95% CI = [0.012, 0.898]). 
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