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Supplemental Literature Review

N Acetyl cysteine — Pharmacology, uses and adverse effects:

N-acetyl Cysteine (NAC) is acetyl derivative of the amino acid cysteine[1]. It also has
antioxidantand a free-radical scavenging activity that increases intracellular GSH, a major
component of thepathways by which cells are protected from oxidative stress[2]. Low
bioavailability of NAC is oneof the major limitations for maximizing its effects on oxidative
stress-related diseases. NAC is considered a well-tolerated and safe medication that has been
used all across the world in varietyof medical conditions for past several decades. It is widely
recognized for its role as an antidote in acetaminophen overdose and has been approved by the
FDA for the same[3]. It is also used as amucolytic in chronic obstructive pulmonary disease[4], a
renal protectant in contrast-induced nephropathy[5], as a preventive agent for atrial fibrillation[6]
and as adjunct therapy in HIV infection[7]. Additionally, it has shown to inhibit replication of
the seasonal influenza A virus andcould be a potential treatment in influenza A infection[8].
With oral intake of NAC at the dose of 200-400 mg, the peak plasma concentration of 0.35-4
mg/L is achieved within 1-2h after ingestion. Information on interaction with food is lacking.
The volume of distribution ranges from 0.33 to 0.47 L/kg and protein binding is significant being
50% at 4 h after the dose administration. Intravenously infused NAC rapidly forms disulfides in

plasma, which prolong the existence of the drug in plasma for up to 6 hours[9].



Renal clearance has been reported at 0.190-0.211 L/h per kg; however, up to 70% of the total body
clearance is nonrenal. NAC is generallysafe and well tolerated even at high doses. There are reports
of adverse drug reactions (ADR) tolVV-NAC with incidence ranging from 3% to 77%. ADR to I1V-
NAC is well described and commonly occur during the loading-dose infusion. They are thought to

be dose dependent (e.g.,rate of infusion) and anaphylactoid in origin[10-13].

Most of ADR typically occur within the first hour of commencement of NAC infusion. These
reactions have been characterized by the following features: nausea, vomiting, flushing, rash,
pruritis, headache, dizziness, chest pain, coughing, and convulsion. More serious ADR including
bronchospasm and hypotension have also been reported in low frequency. Acetylcysteine has
been associated with worsening asthmatic symptoms[14]. Overall, ADR to IV-NAC is usually
mildand often symptoms will resolve on temporary stop of the NAC infusion. If required,
corticosteroids, antihistamines, inhaled beta-agonists, and in severe cases intramuscular
adrenaline have all been successfully used to bring about symptomatic improvement and allow

continuation of NAC infusion[15,16].

NAC strongly potentiates the effect of nitroglycerin and related medications, and caution should
be used in patients receiving these agents in whom it may cause hypotension[9]. Other
miscellaneous AEs reported were fatigue, dry mouth, muscle pains, insomnia, nasal congestion,
runny nose, restlessness, and dizziness and vivid dreams and irritability[17,18]. Neurological
side effect commonly reported was headache[19]. Two rare adverse events were reported -
neutropenia with 6 g of NAC that improved once the dose was dropped down to 2.4 g daily and
irreversible sensorineural deafness leading to discontinuation of NAC at 5 weeks[20]. These

were on prolongedoral route of administration.



Evidence of N acetyl cysteine Efficacy in Ischemic stroke:

Arterial thrombi often originate from atherosclerotic lesions, secondary to high shear stress rates.
High shear arterial thrombosis involves mainly von Willebrand Factor (VWF)-dependent platelet
cross-linking[21]. Thus, proteolysis of VWF could be an efficient strategy to disaggregate
arterial and platelet-rich thrombi. Thrombolytic effect of NAC administration is mainly

mediated by cleavage of the VWEF that crosslinks platelets inside arterial thrombi[22].

Martinez and colleagues created two mouse models with FeCI3-induced platelet-rich thrombi
and thrombin induced formation of mixed thrombi, in the middle cerebral artery (MCA) with
<20% decrease in cerebral blood flow which was determined by laser Doppler flowmetry. In
FeCI3 model, 400 mg/kg of NAC injected as a slow intravenous bolus (60 seconds) 20 minutes
after occlusive thrombus formation. NAC administration led to a rapid and significant
reperfusion reaching up to 53% of the baseline cerebral blood flow (CBF), as measured by laser
Doppler flowmetry. This reperfusion was transient and followed by rapid rethrombosis. Whereas
tPA 10mg/kg (10% bolus, 90% infusion over 40 minutes) given 20 minutes after thrombus
formation failed to influence the lesion size in the FeCI3 model. This data suggest that the
thrombolytic effects of N acetyl cysteine are independent of plasmin generation, anticoagulation,

or platelet activation inhibition[23].

They injected NAC 20 minutes after ischemic onset in 3 different stroke models:
electrocoagulation (permanent ischemia), thrombin injection (mixed thrombi with significant
amount of VWF) and topical FeCI3 application (platelet-rich thrombi). NAC significantly
reduced ischemic lesion sizes in both thrombin-induced (—39%, P<0.05) and FeCl3-induced (-
57%, P<0.05) stroke models as assessed after 24 hours using MRI scan. In contrast, NAC failed

to reduce the ischemic lesion size in the electrocoagulation model (-10%, P=0.57), suggesting



that its brain-protective effects in our experimental conditions are related to arterial
recanalization rather than direct neuroprotection. These results demonstrate that NAC
administration is beneficial in acute ischemic stroke because of its thrombolytic properties.
Overall, these results demonstrate that NAC acts as a thrombolytic in the presence of platelet rich
(FeCI3 model) and mixed thrombi (thrombin model) and improves ischemic stroke outcome

when injected as a monotherapy[23].

Sekhon and colleagues created a rat model where focal cerebral ischemia produced by middle
cerebral artery occlusion and pretreated with NAC at150 mg/kg, showed a 49.7% reduction in
brain infarct volume and 50% reduction in the neurological evaluation score compared to
untreated animals. Also decreased the TNF-a expression and iNOS expression on

immunohistochemistry[24].

In animal study by S. Cuzzocrea et al, N Acetyl Cysteine (20 mg /kg) was given as an
intraperitoneal bolus 30 min before reperfusion and and 1, 2 and 6 h after reperfusion) reduced
the formation of post-ischemic brain edema, evaluated by water content. NAC also attenuated
the increase in the hippocampus of myeloperoxidase (MPO) caused by cerebral ischemia. In
addition, NAC reduces the recruitment of polymorphonuclear leukocytes (PMNS) into the
inflammatory site. NAC scavenges and inactivates superoxide anions and nitric oxide. These

results showed that NAC improves brain injury induced by transient cerebral ischemia[25].

N Acetyl cysteine Safety Profile in Hemorrhagic stroke models:

In the study by Martinez and colleagues, a hemorrhagic stroke model was created, where mice

were subjected to intracranial hemorrhage induced by intra-striatal administration of 0.1 Ul type



VI collagenase Unlike intravenous heparin administration (200 Ul/kg in bolus, 75 minutes after
collagenase administration) that led to hematoma expansion and a high mortality rate, N Acetyl
Cysteine (NAC) treatment (400 mg/ kg in bolus, 75 minutes after collagenase administration)
failed to promote hematoma expansion, worsen clinical score, or increase lesion sizes at any time
points in comparison with saline-treated animals. Hence, NAC displayed a favorable safety

profile even in hemorrhagic stroke model[23].

Guney and colleagues studied N Acetyl cysteine in subarachnoid hemorrhage by intraperitoneal
injection in rabbits and found it was effective against cerebral vasospasm following SAH. Also,

NAC treatment increased the luminal area and reduced wall thickness of the basilar artery[26].

Thus N-Acetyl cysteine has been studied in many animal models, both in safety and efficacy in
stroke models both ischemic and hemorrhagic. N Acetyl cysteine is being used in many
conditions already and its safety is proven in human studies. Hence, Phase 1l human trial to study

its safety profile and efficacy as thrombolytic agent along with alteplase was considered.

| | ional Definiti

Definition of Adverse Event[15]:

+  “Adverse event” was defined as any anaphylactoid (cutaneous or systemic) or life-
threatening event occurring after the initiation of oral N-acetylcysteine by the intravenous
route.

» “Cutaneous” was defined as itching, rash, flushing, urticaria, or similar symptoms
without other effects. “Systemic” was defined as any respiratory or cardiovascular effects
such as wheezing, dyspnea, or transient hypotension not requiring intervention.

« “Life threatening” was defined as cardiac arrest, cardiac instability, respiratory arrest, or



hypotension requiring intervention such as pressors.

Adverse events[20]:

a. Minimal: if patients had no reaction or mild gastrointestinal symptoms only and does not
require any specific treatment

b. Moderate: mild flushing, pruritus, mild chest pain, breathlessness, gastrointestinal
symptoms like nausea/vomiting and requires temporary cessation of NAC infusion and
requires administration of antiemetics, antihistamines, corticosteroids or selective beta 2-
adrenoreceptoragonists.

c. Severe: Severe flushing, respiratory distress, angioedema, moderate to severe chest pain,
hypotension (systolic blood pressure < 90 mmHg or diastolic blood pressure <50 mmHg)

which requires stoppage of NAC infusion and initiation of symptomatic treatment.

ICH Definitions as per SITS MOST criteria [27]:

Hemorrhagic infarction type 1 (HI1): small petechiae along the margins of the infarct.
Hemorrhagic infarction type 2 (H12): confluent petechiae within the infarcted area without

space-occupying effect.

Parenchymal hemorrhage type 1 (PH1): local, or intra-ischemic confluent hematoma in < 30%

of the infarcted area with at the most some slight space-occupying effect.

Parenchymal hemorrhage type 2 (PH2): local, or intra-ischemic confluent hematoma >30% of

the infarcted area with a substantial space-occupying effect.



Remote parenchymal hemorrhage type 1 (PHr1): small to medium sized hematoma located

remote from the infarct(s), with mild space occupying effect.

Remote parenchymal hemorrhage type 2 (PHr2): large confluent hematoma in an area remote

from the actual infarct(s), with substantial space occupying effect.

SICH (Symptomatic Intracranial Hemorrahge) Definition[27]:

SICH per SITS-MOST (Safe Implementation of Treatment in Stroke- Monitoring study): Local
or remote parenchymal haemorrhage type 2 on the 22-36 h post-treatment imaging scan,
combined with a neurologic deterioration of 4 points or more compared to baseline NIHSS or
the lowest NIHSS value between baseline and 24 h or death within 24 h. Type 2 indicates a

hematoma exceeding 30% of the infarct, with substantial space-occupying effect.

Major Bleeding :ISTH ( International Society on Thrombosis and Haemostasis)[28] defined major

bleeding as having a symptomatic presentation and

i Fatal bleeding, and/or

il Bleeding in a critical area or organ, such as intracranial, intraspinal, intraocular,
retroperitoneal, intraarticular or pericardial, or intramuscular with compartment syndrome,

and/or

iiiSignificant extracranial haemorrhage (requirement for blood transfusion or drop in

haemoglobin of >20mg/1 in the 36h after treatment)

Minor Bleeding: Any sign or symptom of hemorrhage (e.g., more bleeding than would be

expected for a clinical circumstance, including bleeding found by imaging alone) that does not



fit the criteria for the ISTH definition of major bleeding but does meet at least one of the

following criteria:

i requiring medical intervention by a healthcare

professionalii  leading to hospitalization or increased

level of care

iii prompting a face to face (i.e., not just a telephone or electronic communication)

evaluation.

Modified treatment in cerebral infarction (mTICI) score[29]:

Grade 0: no perfusion

Grade 1: Antegrade reperfusion past the initial occlusion, but limited distal branch

fillingwith little or slow distal reperfusion

Grade 2

Grade 2a: Antegrade reperfusion of less than half of the occluded target artery
previously ischemic territory (e.g. in one major division of the middle cerebral artery

(MCA) and itsterritory)

Grade 2b: Antegrade reperfusion of more than half of the previously occluded target

arteryischemic territory (e.g. in two major divisions of the MCA and their territories)

Grade 3: Complete antegrade reperfusion of the previously occluded target artery

ischemicterritory, with absence of visualized occlusion in all distal branches.
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Table S 1: Inclusion and Exclusion criteria

Inclusion Criteria

Exclusion Criteria

1.Patients presenting with acute
ischemic stroke within 4.5 hours

of stroke onset

2.Age >18 years and upto 80

years

3.Eligible to receive intravenous
(V) thrombolysis with tissue
plasminogen activator tPA and

where indicated

4.Endovascular thrombectomy can
commence within 6 hours of
stroke onset and in highly selected
cases up to 24 hours based on

imaging inclusion criteria

1.Any intracranial hemorrhage identified by CT or MRI

2.Pre-stroke mRS score of > 2 (indicating previous

disability

3.Hypodensity in >1/3 MCA territory on non-contrast CT

4 Presence of carotid dissection

5. Pregnant women
6. Previous stroke within last three months
7. Recent history or clinical presentation of ICH,

subarachnoid hemorrhage (SAH), arterio-venous (AV)
malformation, aneurysm or cerebral neoplasm (at the

discretion of investigator)

8. Current use of oral anticoagulants and a
prolonged prothrombin time (INR > 1.7) or use of
heparin, except for low dose subcutaneous heparin, in the
previous 48 hours and a prolonged APTT or use of

glycoprotein l1b-I11a inhibitors within the past 72 hours

9. Clinically significant hypoglycemia, uncontrolled

hypertension defined by a blood pressure > 185 mmHg

13



systolic or >110 mmHg diastolic on at least 2 separate

occasions at least 10 minutes apart

10. Hereditary or acquired hemorrhagic diathesis.
gastrointestinal or urinary bleeding within the preceding

21 days,

11.  Major surgery within the preceding 14 days

which posed risk

12.  Any condition that in the judgment of the
investigator could impose hazards to the patient if study
therapy is initiated or affect the participation of the

patient in the study.
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Table S 2: Comparison of stroke time metrics of thrombolysis

Total (N=40) TPA TPA+NAC P value

Onset to door time* | 120(120-180) 135(75-180) 0.77

Median (IQR) N=20 N=17

Door to CT time* 20(15-22.5) 15(10-20) 0.27

Median (IQR) N=20 N=17

Onset to TPA time* | 150(135-200) 140(95-210) 0.75
N=21 N=19

Onset to NAC time* | - 160(100-215) NA

Median (IQR) N=19

Door to TPA time* | 30(20-30) 20(20-30) 0.62

Median (IQR) N=20 N=17

Door to NAC time* | - 25(25-45) NA

Median (IQR) N=17

Dose of TPA 59.84+10.44 60.76+12.48 0.80

received

Mean +SD

*Duration in minutes.  dosage in milligrams(mg)

NA- Not applicable; NAC — N-acetylcysteine; TPA — Alteplase
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Table S 3: Comparison of time metrics of Endovascular Treatment

Total (N=11) TPA TPA+NAC P value
Endovascular 7 (33.33%) 4(21.05%) 0.48
Therapy
Recanalization as
per
mTIClI grading*
0 1(14.29%) 0
2B 2(28.57%) 0 0.53
2C 1(14.29%) 0
3 3(42.86%) 4(100%)

N=7 N=4
Type of device
Solitaire 4(57.14%) 3(75%) 0.99
Solumbra 3(42.86%) 1(25%)

N=7 N=4
Onset to Groin 228(90-250) 210(170-217.5) 0.94
Puncturef N=7 N=4
Median (IQR)
Door to Groin 55(48-60) 57.5(50-92.5) 0.27
puncturef N=6 N=4

16



Median (IQR)

Groin puncture to 15(15-15) 20(17.5-20) 0.94
recanalizationt N=6 N=4
Median (IQR)

* Modified thrombolysis in cerebral infarction (TICI) grading system. tDuration in

minutes.

17



Table S 4: Comparison of in hospital complications

Total (N=40) TPA TPA+NAC P value
(N=21) (N=19)

Days of Hospital 11.15+11.00 7.7+6.14 0.30

stay

Mean + SD

Infection during

hospital stay

Total 3(14.2%) 4(21.05%)

BSI 1(33.33%) 1(25%) 0.64

VAP 2(66.66%0) 2(50%)

HAP 0 1(25%)

Ventilatory 3(14.29%) 2(10.53%) 0.90

requirement

Tracheostomy done | 1(4.76%0) 2(10.53%) 0.92

In hospital mortality | 2(9.52%) 1(5.26%) 0.92

BSI Blood stream infection; HAP Hospital acquired pneumonia; VAP Ventilator associated

pneumonia



Figure S 1. Comparison of Onset to Door time
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Figure S 2: Comparison of Door to CT time
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Figure S 3: Comparison of Onset to TPA time
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Figure S 4: Comparison of Door to TPA time

- e
o
[+o]
)
2
=
E S [ ] )
8 E
[}]
£ °
-
<
[
|_
B ]
D —
¥ 5
o
a
T
(o]
TPA TP+NAC

22



Figure S 5: Comparison of onset to groin puncture time in patients who underwent

thrombectomy.
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Figure S 6: Comparison of door to groin puncture time in patients who underwent

thrombectomy.
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