
Supplementary Material

References for Table 1

1. Hacke W, Kaste M, Bluhmki E, Brozman M, Dávalos A, Guidetti D, et al. Thrombolysis with alteplase 3 to 4.5 hours after acute ischemic

stroke. N Engl J Med 2008;359:1317–1329. doi: 10.1056/NEJMoa0804656.

2. IST-3 Collaborative Group; Sandercock P, Wardlaw JM, Lindley RI, Dennis M, Cohen G, et al. The benefits and harms of intravenous

thrombolysis with recombinant tissue plasminogen activator within 6 h of acute ischaemic stroke (the third international stroke trial [IST-3]): A

randomised controlled trial. Lancet 2012;379:2352–2363. doi: 10.1016/s0140-6736(12)60768-5.

3. Emberson J, Lees KR, Lyden P, Blackwell L, Albers G, Bluhmki E, et al. Effect of treatment delay, age, and stroke severity on the effects of

intravenous thrombolysis with alteplase for acute ischaemic stroke: A meta-analysis of individual patient data from randomised trials. Lancet

2014;384:1929–1935. doi: 10.1016/s0140-6736(14)60584-5.

4. Lees KR, Emberson J, Blackwell L, Bluhmki E, Davis SM, Donnan GA, et al. Effects of alteplase for acute stroke on the distribution of

functional outcomes: A pooled analysis of 9 trials. Stroke 2016;47:2373–2379. doi: 10.1161/strokeaha.116.013644.

5. Powers WJ, Rabinstein AA, Ackerson T, Adeoye OM, Bambakidis NC, Becker K, et al. Guidelines for the early management of patients with

acute ischemic stroke: 2019 update to the 2018 guidelines for the early management of acute ischemic stroke: A guideline for healthcare

professionals from the American Heart Association/American Stroke Association. Stroke 2019;50:e344–e418. doi:

10.1161/str.0000000000000211.



6. Berge E, Whiteley W, Audebert H, De Marchis GM, Fonseca AC, Padiglioni C, et al. European Stroke Organisation (ESO) guidelines on

intravenous thrombolysis for acute ischaemic stroke. Eur Stroke J 2021;6:I–LXI. doi: 10.1177/2396987321989865.

7. The National Institute of Neurological Disorders and Stroke rt-PA Stroke Study Group. Tissue plasminogen activator for acute ischemic

stroke. N Engl J Med 1995;333:1581–1587. doi: 10.1056/nejm199512143332401.

8. Patel SC, Levine SR, Tilley BC, Grotta JC, Lu M, Frankel M, et al. Lack of clinical significance of early ischemic changes on computed

tomography in acute stroke. JAMA 2001;286:2830–2838. doi: 10.1001/jama.286.22.2830.

9. von Kummer R, Allen KL, Holle R, Bozzao L, Bastianello S, Manelfe C, et al. Acute stroke: Usefulness of early CT findings before

thrombolytic therapy. Radiology 1997;205:327–333. doi: 10.1148/radiology.205.2.9356611.

10. The IST-3 Collaborative Group. Association between brain imaging signs, early and late outcomes, and response to intravenous alteplase

after acute ischaemic stroke in the third International Stroke Trial (IST-3): Secondary analysis of a randomised controlled trial. Lancet Neurol

2015;14:485–496. doi: 10.1016/s1474-4422(15)00012-5.

11. Wardlaw JM, Murray V, Berge E, del Zoppo GJ. Thrombolysis for acute ischaemic stroke. Cochrane Database Syst Rev

2014;2014:CD000213. doi: 10.1002/14651858.CD000213.pub3.

12. Berkhemer OA, Fransen PS, Beumer D, van den Berg LA, Lingsma HF, Yoo AJ, et al. A randomized trial of intraarterial treatment for acute

ischemic stroke. N Engl J Med 2015;372:11–20. doi: 10.1056/NEJMoa1411587.

13. Saver JL, Goyal M, Bonafe A, Diener HC, Levy EI, Pereira VM, et al. Stent-retriever thrombectomy after intravenous t-PA vs. t-PA alone in

stroke. N Engl J Med 2015;372:2285–2295. doi: 10.1056/NEJMoa1415061.



14. Jovin TG, Chamorro A, Cobo E, de Miquel MA, Molina CA, Rovira A, et al. Thrombectomy within 8 hours after symptom onset in

ischemic stroke. N Engl J Med 2015;372:2296–2306. doi: 10.1056/NEJMoa1503780.

15. Goyal M, Demchuk AM, Menon BK, Eesa M, Rempel JL, Thornton J, et al. Randomized assessment of rapid endovascular treatment of

ischemic stroke. N Engl J Med 2015;372:1019–1030. doi: 10.1056/NEJMoa1414905.

16. Yoshimura S, Sakai N, Yamagami H, Uchida K, Beppu M, Toyoda K, et al. Endovascular therapy for acute stroke with a large ischemic

region. N Engl J Med 2022;386:1303–1313. doi: 10.1056/NEJMoa2118191.

17. Huo X, Ma G, Tong X, Zhang X, Pan Y, Nguyen TN, et al. Trial of endovascular therapy for acute ischemic stroke with large infarct. N Engl

J Med 2023;388:1272–1283. doi: 10.1056/NEJMoa2213379.

18. Sarraj A, Hassan AE, Abraham MG, Ortega-Gutierrez S, Kasner SE, Hussain MS, et al. Trial of endovascular thrombectomy for large

ischemic strokes. N Engl J Med 2023;388:1259–1271. doi: 10.1056/NEJMoa2214403.

19. Bendszus M, Bonekamp S, Berge E, Boutitie F, Brouwer P, Gizewski E, et al. A randomized controlled trial to test efficacy and safety of

thrombectomy in stroke with extended lesion and extended time window. Int J Stroke 2019;14:87–93. doi: 10.1177/1747493018798558.

20. Zaidat OO, Kasab SA, Sheth S, Ortega-Gutierrez S, Rai AT, Given CA, et al. TESLA Trial: Rationale, protocol, and design. Stroke Vasc

Interventional Neurol 2023;3:e000787. doi: 10.1161/SVIN.122.000787.

21. University Hospital of Montpellier. Large Stroke Therapy Evaluation (LASTE), 2019. Available from: https://www. clinicaltrialsgov. [Last

accessed on 2023].



22. Goyal M, Menon BK, van Zwam WH, Dippel DW, Mitchell PJ, Demchuk AM, et al. Endovascular thrombectomy after large-vessel

ischaemic stroke: A meta-analysis of individual patient data from five randomised trials. Lancet 2016;387:1723–1731. doi:

10.1016/s0140-6736(16)00163-x.

23. Román LS, Menon BK, Blasco J, Hernández-Pérez M, Dávalos A, Majoie CBLM, et al. Imaging features and safety and efficacy of

endovascular stroke treatment: A meta-analysis of individual patient-level data. Lancet Neurol 2018;17:895–904. doi:

10.1016/s1474-4422(18)30242-4.

24. Ng FC, Yassi N, Sharma G, Brown SB, Goyal M, Majoie CBLM, et al. Cerebral edema in patients with large hemispheric infarct undergoing

reperfusion treatment: A HERMES meta-analysis. Stroke 2021;52:3450–3458. doi: 10.1161/strokeaha.120.033246.

25. Sarraj A, Huo X, Sakai N, Gao Z, Hassan A, Xu N, et al. MechAnical thrombectomy for larGe braiN infArctions (MAGNA) – An Individual

Patient level Data (IPD) Meta-analysis of SELECT2, RESCUE Japan LIMIT and ANGEL ASPECT Trials. Eur Stroke J 2023;8:678. doi:

10.1177/23969873231174267.

26. Liu X, Dai Q, Ye R, Zi W, Liu Y, Wang H, et al. Endovascular treatment versus standard medical treatment for vertebrobasilar artery

occlusion (BEST): An open-label, randomised controlled trial. Lancet Neurol 2020;19:115–122. doi: 10.1016/s1474-4422(19)30395-3.

27. Langezaal LCM, van der Hoeven EJRJ, Mont’Alverne FJA, de Carvalho JJF, Lima FO, Dippel DWJ, et al. Endovascular therapy for stroke

due to basilar-artery occlusion. N Engl J Med 2021;384:1910–1920. doi: 10.1056/NEJMoa2030297.

28. Tao C, Nogueira RG, Zhu Y, Sun J, Han H, Yuan G, et al. Trial of endovascular treatment of acute basilar-artery occlusion. N Engl J Med

2022;387:1361–1372. doi: 10.1056/NEJMoa2206317.



29. Jovin TG, Li C, Wu L, Wu C, Chen J, Jiang C, et al. Trial of thrombectomy 6 to 24 hours after stroke due to basilar-artery occlusion. N Engl

J Med 2022;387:1373–1384. doi: 10.1056/NEJMoa2207576.

29. Pan Y, Meng X, Yuan B, Johnston SC, Li H, Bath PM, et al. Indobufen versus aspirin in patients with acute ischaemic stroke in China

(INSURE): A randomised, double-blind, double-dummy, active control, non-inferiority trial. Lancet Neurol 2023;22:485–493. doi:

10.1016/s1474-4422(23)00113-8.

30. Oldgren J, Åsberg S, Hijazi Z, Wester P, Bertilsson M, Norrving B, et al. Early versus delayed non-vitamin k antagonist oral anticoagulant

therapy after acute ischemic stroke in atrial fibrillation (TIMING): A registry-based randomized controlled noninferiority study. Circulation

2022;146:1056–1066. doi: 10.1161/circulationaha.122.060666.

31. Fischer U, Koga M, Strbian D, Branca M, Abend S, Trelle S, et al. Early versus later anticoagulation for stroke with atrial fibrillation. N

Engl J Med 2023;388:2411–2421. doi: 10.1056/NEJMoa2303048.

32. King BT, Lawrence PD, Milling TJ, Warach SJ. Optimal delay time to initiate anticoagulation after ischemic stroke in atrial fibrillation

(START): Methodology of a pragmatic, response-adaptive, prospective randomized clinical trial. Int J Stroke 2019;14:977–982. doi:

10.1177/1747493019870651.

33. Best JG, Arram L, Ahmed N, Balogun M, Bennett K, Bordea E, et al. Optimal timing of anticoagulation after acute ischemic stroke with

atrial fibrillation (OPTIMAS): Protocol for a randomized controlled trial. Int J Stroke 2022;17:583–589. doi: 10.1177/17474930211057722.

34. Intercollegiate Stroke Working Party. National clinical guideline for stroke for the UK and Ireland, 2016. Available from:

www.strokeguideline.org. [Last accessed on 2023].

http://www.strokeguideline.org


35. Steffel J, Verhamme P, Potpara TS, Albaladejo P, Antz M, Desteghe L, et al. The 2018 European Heart Rhythm Association practical guide

on the use of non-vitamin K antagonist oral anticoagulants in patients with atrial fibrillation. Eur Heart J 2018;39:1330–1393. doi:

10.1093/eurheartj/ehy136.

36. Kleindorfer DO, Towfighi A, Chaturvedi S, Cockroft KM, Gutierrez J, Lombardi-Hill D, et al. 2021 Guideline for the prevention of stroke in

patients with stroke and transient ischemic attack: A guideline from the American Heart Association/American Stroke Association. Stroke

2021;52:e364–e467. doi: 10.1161/str.0000000000000375.

37. Vahedi K, Vicaut E, Mateo J, Kurtz A, Orabi M, Guichard JP, et al. Sequential-design, multicenter, randomized, controlled trial of early

decompressive craniectomy in malignant middle cerebral artery infarction (DECIMAL Trial). Stroke 2007;38:2506–2517. doi:

10.1161/strokeaha.107.485235.

38. Jüttler E, Schwab S, Schmiedek P, Unterberg A, Hennerici M, Woitzik J, et al. Decompressive surgery for the treatment of malignant

infarction of the middle cerebral artery (DESTINY): A randomized, controlled trial. Stroke 2007;38:2518–2525. doi:

10.1161/strokeaha.107.485649.

39. Hofmeijer J, Kappelle LJ, Algra A, Amelink GJ, van Gijn J, van der Worp HB, et al. Surgical decompression for space-occupying cerebral

infarction (the Hemicraniectomy after Middle Cerebral Artery infarction with Life-threatening Edema Trial [HAMLET]): A multicentre, open,

randomised trial. Lancet Neurol 2009;8:326–333. doi: 10.1016/s1474-4422(09)70047-x.

40. Zhao J, Su YY, Zhang Y, Zhang YZ, Zhao R, Wang L, et al. Decompressive hemicraniectomy in malignant middle cerebral artery infarct: A

randomized controlled trial enrolling patients up to 80 years old. Neurocrit Care 2012;17:161–171. doi: 10.1007/s12028-012-9703-3.



41. Slezins J, Keris V, Bricis R, Millers A, Valeinis E, Stukens J, et al. Preliminary results of randomized controlled study on decompressive

craniectomy in treatment of malignant middle cerebral artery stroke. Medicina (Kaunas) 2012;48:521–524.

42. Jüttler E, Unterberg A, Woitzik J, Bösel J, Amiri H, Sakowitz OW, et al. Hemicraniectomy in older patients with extensive

middle-cerebral-artery stroke. N Engl J Med 2014;370:1091–1100. doi: 10.1056/NEJMoa1311367.

43. Frank JI, Schumm LP, Wroblewski K, Chyatte D, Rosengart AJ, Kordeck C, et al. Hemicraniectomy and durotomy upon deterioration from

infarction-related swelling trial: Randomized pilot clinical trial. Stroke 2014;45:781–787. doi: 10.1161/strokeaha.113.003200.

44. Chua A, Buckley B, Lapitan MC, Jamora RD. Hemicraniectomy for Malignant Middle cerebral Infarction (HeMMI): A randomised

controlled clinical trial of decompressive surgery with standardized medical care versus standardized medical care alone. Acta Med Philipp

2015;49:28–33.

45. Schwab S, Steiner T, Aschoff A, Schwarz S, Steiner HH, Jansen O, et al. Early hemicraniectomy in patients with complete middle cerebral

artery infarction. Stroke 1998;29:1888–1893. doi: 10.1161/01.str.29.9.1888.

46. Neugebauer H, Heuschmann PU, Jüttler E. DEcompressive Surgery for the Treatment of malignant INfarction of the middle cerebral arterY

– Registry (DESTINY-R): Design and protocols. BMC Neurol 2012;12:115. doi: 10.1186/1471-2377-12-115.

47. Vahedi K, Hofmeijer J, Juettler E, Vicaut E, George B, Algra A, et al. Early decompressive surgery in malignant infarction of the middle

cerebral artery: A pooled analysis of three randomised controlled trials. Lancet Neurol 2007;6:215–222. doi: 10.1016/s1474-4422(07)70036-4.



48. Reinink H, Jüttler E, Hacke W, Hofmeijer J, Vicaut E, Vahedi K, et al. Surgical decompression for space-occupying hemispheric infarction:

A systematic review and individual patient meta-analysis of randomized clinical trials. JAMA Neurol 2021;78:208–216. doi:

10.1001/jamaneurol.2020.3745.

50. Torbey MT, Bösel J, Rhoney DH, Rincon F, Staykov D, Amar AP, et al. Evidence-based guidelines for the management of large

hemispheric infarction: A statement for health care professionals from the Neurocritical Care Society and the German Society for

Neuro-intensive Care and Emergency Medicine. Neurocrit Care 2015;22:146–164. doi: 10.1007/s12028-014-0085-6.

51. Wijdicks EF, Sheth KN, Carter BS, Greer DM, Kasner SE, Kimberly WT, et al. Recommendations for the management of cerebral and

cerebellar infarction with swelling: A statement for healthcare professionals from the American Heart Association/American Stroke Association.

Stroke 2014;45:1222–1238. doi: 10.1161/01.str.0000441965.15164.d6.

52. van der Worp HB, Hofmeijer J, Jüttler E, Lal A, Michel P, Santalucia P, et al. European Stroke Organisation (ESO) guidelines on the

management of space-occupying brain infarction. Eur Stroke J 2021;6:XC–CX. doi: 10.1177/23969873211014112.



Supplementary Table 1: Definitions of severe stroke, large infarction, malignant brain edema, and critically severe stroke.

Concepts Definition Other

terms

reported

Severe stroke

Severe

stroke

NIHSS 8[1]; 10[2]; 11[3–5]; 15[6–17]; 16[18–20]; 17[21]; 18[22]; 20[13, 23, 24]; 21[25, 26]; 25[8, 15]

GCS 12[5, 27], GCS 8[21, 22]

Large cerebral/cerebellar infarction

Large

hemispheric

infarction

Infarction total or subtotal (2/3) MCA territory[28, 29] Large

MCA

infarction
[30]

Massive

MCA

infarction
[31]

Massive



cerebral

infarction
[32]

Infarction both the anterior and posterior divisions of MCA territory[33] Large

MCA

infarction
[34]

Infarction 1/2 MCA territory[35, 36] Large

MCA

infarction
[37–40]

Malignan

t MCA

infarction
[41]

Infarction 82 cm3 on DWI 10 h[42]

Infarction 1/2 MCA territory or 82 cm3 on DWI 24 h[43]



Large MCA

infarction

Infarction 145 cm3 on DWI[22] 14 h[44]

Infarction 1/2 MCA territory or 145 cm3 on DWI 48 h[45]

Large

cerebral

infarction

Infarction one division of MCA territory[46]

Large

cerebral

infarct

Infarction 1/2 MCA, ACA, or PCA territory[47]

Space-occu

pying

cerebral

infarction

Infarction 2/3 MCA territory and space-occupying edema[48, 49] Large

space-oc

cupying

MCA

infarction
[49]

Infarction 1/2 MCA territory and local brain swelling[50] Malignan

t brain

edema[51]



Massive

cerebellar

infarction

Cerebellar infarction with mass effect[52]

Large

cerebellar

infarction

Infarction 3 cm[53]

Malignant brain edema

Clinical signs Imaging evidence

Malignant

MCA

infarction

A severe hemispheric stroke syndrome including

hemiplegia, forced eye and head deviation, and progressive

deterioration of consciousness, leading to herniation and

death[54]

Complete MCA infarction[54]

Fatal midbrain herniation[55] MCA infarction with mass effect[55] Space-oc

cupying

MCA

infarction
[55]



Raised intracranial pressure, and brain herniation and brain

death[56]
Mass effect with midline shift[56] Malignan

t

hemisphe

ric

infarction
[56]

Deterioration of neurological and consciousness status with

clinical signs of uncal herniation[44]
Mass effect leading to early death or

hemicraniectomy[44]

Clinical signs of herniation[37, 57] Space-occupying brain edema with a midline shift

2 mm at the level of the septum pellucidum on CT

corresponds to 5.54 mm in situ[37, 57]

Signs of clinical deterioration (deteriorating level of

consciousness, anisocoria)[58]
Large (total or subtotal) MCA with progressive brain

swelling[58]

Neurological deterioration (decrease in the level of

consciousness to somnolence or stupor)[31]
Infarction 2/3 MCA territory with midline shift and

basal cisterns compression[31]

Signs of herniation (unilateral fixed and dilated pupils)[38, 59] Space-occupying brain edema with a midline shift

5 mm at the level of septum pellucidum[38, 59]



Decreased arousal, pupillary changes, and a rapid decline in

neurological status[60]
Space-occupying brain edema with a midline shift

5 mm[60]

Malignan

t

infarction
[60]

Clinical signs of uncal herniation[61] Infarction 1/2 MCA territory with a midline shift

5 mm (in situ) at the level of the septum

pellucidum[61]

Decrease of consciousness to NIHSS 1a 1 or clinical

deterioration of NIHSS 4; anisocoria or death attributable

to herniation[62]

Midline shift 5 mm (in situ) at the level of the

septum pellucidum[62]

Severe MCA syndrome (dense hemiplegia, head and eye

deviation, hemi-neglect and aphasia, impaired and

progressively deteriorating consciousness)[63]

Infarction 2/3 MCA territory[63]

NIHSS 15 (or 20)[64] Infarction 2/3 of MCA territory, without

perfusion–diffusion mismatch[64]
Malignan

t

supratent

orial/brai



n/cerebra

l

infarction
[64]

NIHSS 15 with NIHSS 1a 1[65] Infarction 2/3 MCA territory, with ventricle

compression or midline shift[65]

NIHSS score 16 with NIHSS 1a 1[66, 67] Infarction 1/2 MCA territory,
or, infarction 145 cm3[66, 67]

NIHSS 18 (or 20) with NIHSS 1a 1[68] Infarction 2/3 MCA territory, including basal

ganglia[68]

NIHSS 18 with NIHSS 1a 1[49] Infarction 2/3 MCA territory, with ventricle

compression or midline shift[49]

NIHSS 1a 1[69] Infarction 2/3 MCA territory, with ventricle

compression or midline shift[69]

NIHSS 20 with NIHSS 1a 1[70] Infarction 145 cm3 or midline shift/mass effect[70]

Malignant

brain edema

Neurological deterioration (NIHSS increase by 2) and

decrease in the level of consciousness (NIHSS 1a 1)[71]
Complete MCA infarction (1/2 MCA territory with

brain swelling of sulcal effacement and compression

of the lateral ventricle), and midline shift 5 mm



with obliteration of basal cisterns[71]

Clinical signs of herniation (decrease in consciousness

and/or anisocoria)[72]
Brain swelling (midline shift of brain structure or

effacement of basal cisterns)[72]

Syndrome of clinical worsening, or death, or requirement

for DHC[73, 74]

Brain swelling[73, 74]

Decompressive craniectomy, discharge in coma, or

in-hospital death attributed to symptomatic brain swelling

(neurological deterioration, increase in NIHSS 2)[47]

Compression of lateral ventricle, midline shift, or

compression of basal cistern[47]

Clinical signs of herniation (decease in consciousness

and/or anisocoria)[40, 75]
Midline shift 5 mm[40, 75]

Need for DHC and/or death[76, 77] Midline shift 5 mm[76, 77] Potentiall

y lethal

malignan

t

edema[75,

78]

Edema requiring hemicraniectomy or osmotic drug therapy, Midline shift 5 mm[79]



with death or decline in GCS 2[79]

Decreased consciousness, unilateral dilated pupil, and

severe neurological deficit, need for decompressive surgery

or death[80]

Midline shift 5 mm[80]

Severe

brain edema

Clinical signs of uncal herniation or rapid deterioration of

neurological and consciousness status, clinical symptoms of

increased intracranial pressure (nausea or vomiting)[81]

Mass effect leading to hemicraniectomy[81]

Life-threate

ning edema

Decrease in consciousness[82] Infarction 2/3 MCA territory with space-occupying

edema[82]

Decrease of consciousness to NIHSS 1a 1 or clinical

deterioration of NIHSS 4[83]
Midline shift 5 mm[83]

Fatal brain

swelling

Death caused by brain herniation with documented

evidence of brain stem compression (enlarged pupil, coma,

or loss of other brain stem reflexes)[33]

Infarction both anterior and posterior divisions of

MCA territory[33]

Progressive neurological deterioration leading to coma and

death[84]
Anterior circulation strokes[84]

Critically severe stroke



Critical

cerebral

infarction

A critical condition after cerebral infarction accompanied with malignant brain edema, or other conditions that

require neurocritical care including the need for intubation and/or mechanical ventilation due to decreased level of

consciousness or respiratory failure, persistent unstable blood pressure, or severe dysfunction in other vital organs

such as renal failure or cardiac dysfunction[85]

Local brain swelling (also known as space-occupying brain edema or mass effect) refers to the imaging signs of effacement of cortical sulci,

compression of ventricles, shift of midline structure, and effacement of basal cisterns.

ACA: Anterior cerebral artery; DHC: Decompressive hemicraniectomy; DWI: Diffusion-weighted imaging; GCS: Glasgow coma score; ICA:

Internal carotid artery; MCA: Middle cerebral artery; NHISS: National Institutes of Health Stroke Scale score; PCA: Posterior cerebral artery.
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