
Appendices 

 - Search strategy and data items 

Medline Embase 

1 progress$.mp. 1 progress$.mp. 

2 evol$.mp. 2 evol$.mp. 

3 deteriorat$.mp. 3 deteriorat$.mp. 

4 worse$.mp. 4 worse$.mp. 

5 acute phase.mp. 5 acute phase.mp. 

6 early neurologic$.mp. 6 early neurologic$.mp. 

7 early outcome.mp. 7 early outcome.mp. 

8 short-term outcome.mp. 8 short-term outcome.mp. 

9 Stroke/ 9 *cerebrovascular accident/ 

10 Humans/ 10 human/ 

11 (1 or 2 or 3 or 4 or 5 or 6 or 7 or 8) and 9 11 (1 or 2 or 3 or 4 or 5 or 6 or 7 or 8) and 9 

12 10 and 11 12 10 and 11 

13 limit 12 to yr="1990-2017" 13 limit 12 to yr="1990-2017" 

 

  



 - Data items 

• Author, year, study type 

• Number of patients in END and non-END groups 

• Biomarker – any eligible biomarker that was reported in both the END and non-END groups 

• Time from onset of biomarker measurement 

• Patient details in each group 

o % Female 

o Mean/median admission delay 

o Mean/median initial stroke severity 

o Mean/median systolic and diastolic blood pressure 

o Distribution of stroke subtypes 

• Stroke types included in the study 

• Definition of END 

o Heterogenous definitions of END were categorised into higher neurological threshold 

and lower neurological threshold 

• Time window of END 

o Categorised into second stroke severity measurement within <24 hours, <48 hours, 72 

hours and <7 days of the first 

 



 Systematic Review & Meta-analysis PRISMA (1) flowchart 

 

Records identified through database 
searching (n=14,990) 

S
cr

ee
n

in
g
 

In
cl

u
d
ed

 
E

li
g
ib

il
it

y
 

Id
en

ti
fi

ca
ti

o
n
 

Additional records identified through other 
sources (n=7) 

Records after duplicates removed 
(n=12,992) 

Records screened 
(n=12,992) 

Records excluded 
(n=12,773) 

Full-text articles sought 
(n=219) 

Full-text articles excluded, with 
reasons 
No data presented (n=1) 
No biomarker of END described 
(n=31) 
END not within 7 days or undefined 
(n=35) 
Not an original study e.g. review (n=7) 
No two paired measures of stroke 
(n=4) 
Inconsistent units (n=1) 

Studies included in qualitative 
synthesis (n=86) 

Studies included in quantitative 
synthesis (meta-analysis) (n=44) 

Abstract only available (n=43) 
Foreign language (n=10) 

Full-text articles assessed for 
eligibility (n=166) 



 Incidence forest plot (2-79) 



 - Metabolic non-meta-analysis biomarkers 

Citations in bold agree with the conclusions of meta-analysis studies. 
UACR = Urinary albumin:creatinine ratio 
#  Biomarker Author [ref] END definition, time n END: Median (IQR) 

or Mean ± SD 
non-END: Median 
(IQR) or Mean ± 
SD 

Cut-
off 

n END with 
outcome 

n nEND with 
outcome 

OR (95% CI) p 

A Adiponectin [mg/dl] Marousi 2010 (26) EPSS 72 hours 82 11.82 ± 9.05 11.02 ± 8.47 - - - Binary 
regression OR 
1.1 (0.97-1.19) 

0.184 

B Adrenomedullin 
[pg/ml] 

Wang 2014 (34) NIHSS 4+ 24 hours 114 126.5 ± 28.8 89 ± 36.6 - - - - <0.001 

C Albumin ratio Brouns, Wauters (9) EPSS 72 hours 88 8.8 ± 3.5 5.6 ± 2 - - - Logistic 
regression OR 
14.9 

<0.001 

            
D Alkaline 

phosphatase 
ALP[IU/l] 

Bhatia 2015 (5) NIHSS 3+ 72 hours 114 384.4 ± 159 346.6 ± 111.1 - - - - 0.144 

E Aspartate [μM] Brouns 2010(7) EPSS 72 hours 89 0.53 (0.34-0.73) 0.59 (0.47-0.70) - - - - 0.723 
  Wong 2006 EPSS 72 hours 36 13 ± 3 12 ± 2 - - - - NS 
F Bilirubin Bhatia 2015 (5) NIHSS 3+ 72 hours 114 0.64 ± 0.11 0.55 ± 0.1 - - - - 0.001 
G Blood glucose 

[mmol/l] 
Alvarez 2004 (36) CSS ≤-1 72 hours 100 8.94 (5.55-15.65) 8.66 (3.89-29.36) - - - - 0.148 

 Alvarez-Sabin 2003 (2) NIHSS 4+ 24 hours 73 In normoglycaemic (n=42), END 17%; in hyperglycaemic (n=31) END 42% 0.02 
 Barber, Wright 2004 

(80) 
EPSS, 72 hours 359 - - >10 36 (21%) 32 (17%) - 0.442 

 Castillo 2004 (79) CSS 1- 48 hours 300 7.94 (6.83-9.55) 7.55 (6.22-9.32) - - - - - 
 Christensen 2002 (44) SSS drop 2+, 72 hours 727 7.30 (6.90-7.80) 7.00 (6.80-7.30) - - - - - 
 Kim 2016 (20) NIHSS 4+ 72 hours 215

0 
- - >7.5 56 (38.4%) 644 (32.1%) - 0.121 

 Liu 2016 (58) NIHSS 2+ 72 hours 211 5.00 (4.60-5.70) 5.20 (4.70.6.30) - - - - 0.246 
 Seners 2017 (31) NIHSS 4+ 24 hours 120 7.5 (6.2-8.3) 6.8 (5.9-8.5) - - - - 0.44 
 Siegler, Boehme 2013 

(69) 
NIHSS 2+ 24 hours 366 6.99 (4.22-36.80) 6.33 (4.00-31.58) - - - - 0.0036 

 Topakian 2008 (32) NIHSS 4+ 24 hours 110 6.44 (4.66-14.71) 6.55 (4.22-18.32) - - - - 0.46 
 Umemura 2014 (72) NIHSS 2+ 5 days 85 - - Per +1 

SD 
- - OR 1.22 (0.72-

1.94) 
0.490 

 Weimar 2005 (76) NIHSS 1+ 72 hours 196
4 

- - >11m
mol/l 

15.6% 6.0% - <0.01 



 Yang 2010 (35) EPSS, 72 hours 251
1 

- - Fastin
g >7.8, 
rando
m 
>11.1 

136 (37.82%) 483 
(22.45%) 

- - 

 Zhang 2016 (78) NIHSS 2+ motor 1+ 7 
days 

208 8 (5.9-9.9) 5.4 (5.0-6.1) - - - - 0.001 

H Blood urea 
nitrogen: creatinine 
ratio 

Lin, Yang 2011 (23) NIHSS 3+ 72 hours 196 - - >15 16 (59.3%) 37 (31.1%) 3.22 (1.36-7.62) 0.008 
 Bhatia 2015 (5) NIHSS 3+ 72 hours 114 20.2 ± 5.7 15.6 ± 2.7 - - - - <0.001 

I Creatinine 
phosphokinase [U/l] 

Leira, 2004 (81) CSS 1+ 48 hours 226 220 ± 231 151 ± 150 - - - - 0.043 

J Estimated 
glomerular filtration 
rate [ml/min/m2] 

Miyagi 2015 (82) GCS 2+/NIHSS 4+ 72 
hours 

203 - - <60 - - 2.44 (0.72-7.36) 0.169 

 Saji 2012 (65) NIHSS 2+, 7 days 156 43.4 (30.1-51.7) 50.3 (40.4-62.2) - - - - 0.005 
 Umemura 2014 (72) NIHSS 2+ 5 days 85 - - <60 - - 3.47 (1.20-

10.09) 
0.021 

K Glycosylated 
haemoglobin [%] 

Ogata 2009 (62) NIHSS 2+ 7 days 543 5.4 5.8 - - - - 0.035 
 Siegler 2013 (69) NIHSS 2+ 24 hours 366 6.1 (4.6-12.7) 5.8 (4.5-13.7) - - - - 0.0104 
L High density 

lipoprotein mmol/l 
Siegler 2013 (69) NIHSS 2+ 24 hours 366 1.17 (0.28-2.59) 1.09 (0.49-2.59) - - - - 0.1876 

 Zhang 2016 (78) NIHSS 2+ 7 days 208 1.4 (1.1-1.6) 1.3 (1.1-1.5) - - - - 0.192 
M Low density 

lipoprotein mmol/l 
Siegler 2013 (69) NIHSS 2+ 24 hours 366 103 (29-540) 105 (17-540) - - - - 0.3318 

 Zhang 2016 (78) NIHSS 2+ 7 days 208 2.3 (1.7-2.9) 2.3 (1.9-2.9) - - - - 0.75 
N Magnesium 

reduction 
Siegler 2013 (68) NIHSS 2+ 24 hours 256 - - - 46 (51.1%) 93 (56.0%) - - 

O Methionine Wong 2006 (77) (77) Undefined, 48 hours 36 22 ± 6 22 ± 8 - - - - NS 
P Microalbuminuria 

mg albumin/g 
creatinine 

Cho 2012 (15) NIHSS 4+ 5 days 361 - - 30-
300 

25 (61.0%) 114 (35.6%) - 0.002 

  Thampy 2016 (71) NIHSS change, 24 
hours 

70 - - 30-
300 

28 (84.8%) 14 (37.8%) Multivariate 
regression OR 
15.69 (1.08-
227.88) 

 

Q Osmolarity mmol/l Barber, Wright 2004 
(80) 

EPSS, 72 hours 349 - - >300 59 (34%) 51 (29%) - 0.24 

R Plasma osmolality 
[mOsml/l] 

Bhatia 2015 (5) NIHSS 3+ 72 hours 114 294.02 ± 3.42 292.24 ± 4.3 - - - - 0.047 

S Total cholesterol 
(mmol/l) 

Liu 2016 (58) NIHSS 2+ 72 hours 211 4.4 (3.8-5.3) 4.5 (3.9-4.9) - - - - 0.903 



T Triglycerides 
(mmol/l) 

Zhang 2016 (78) NIHSS 2+ 7 days 208 1.3 (1.0-2.2) 1.3 (1.0-1.7) - - - - 0.307 

U Triglyceride/HDL-c 
ratio 

Choi 2012 (16) NIHSS 4+ 7 days 553 4 ± 3.2 3 ± 2.6 - - - - N 

V Urinary albumin 
[mg]: creatinine [g] 
ratio 

Umemura 2014(72) NIHSS 2+ 5 days 85 - - >30 - - 5.88 (1.81-
18.85) 

0.002 

W UACR [excl. 
macroalbuminuria] 

Cho 2012 (15) NIHSS 4+ 5 days 361 77 ± 75.44 39.08 ± 57.36 - - - - 0.003 

X UACR [incl. 
macroalbuminuria] 

Kanamaru 2017 (49) NIHSS 2+ 7 days 294 652.8 ± 1089.8 227.2 ± 513.4 - - - - <0.001 

Y Uric acid change Brouns, Wauters 2011 
(9) 

EPSS 72 hours 88 8.8 ± 3.5 5.6 ± 2 - - - - 0.012 

Z Urine specific 
gravity 

Bhatia 2015 (5) NIHSS 3+ 72 hours 114 1.0 18 ± 0.005 1.015 ± 0.005 - - - - 0.03 

  Lin, Fann 2011 (22) NIHSS 3+ 72 hours 317 34 (85.0%) 143 (68.1%) >1.01
0 

- - - 0.031 

 

  



 – Inflammatory & excitotoxic non-meta-analysis biomarkers 

Citations in bold agree with the conclusions of meta-analysis studies 

15-dPGJ2 = 15-deoxy delta prostaglandin J2; 5-HIAA = 5-hydroxyindoleacetic acid; BD-2 = beta defensin-2; CRP = C-reactive protein; MMP-9 = matrix metalloproteinase-

9; F2isop = F2-isoprostane (index of endogenous oxidant stress); FMPPs = fluorescent molecular peroxidation products; hsCRP = high-sensitivity c-reactive protein; IL = 

interleukin; NO-m = nitric oxide metabolites; sICAM-1 = soluble intercellular adhesion molecule-1; sTNF-R = soluble tumour necrosis factor receptor; svCAM-1 = soluble 

vascular cell adhesion molecule-1;
# Biomarker Author [ref] END definition, time n END: Median (IQR) 

or Mean ± SD 
Non-END: Median 
(IQR) or Mean ± 
SD 

Cut-off n END with 
outcome 

n nEND with 
outcome 

OR (95% CI) p 

A 15-dPGJ2 [pg/ml] all Blanco 2005 (40) CSS -1 48 hours 552 69.5 (12.8-69.5) 50.9 (11.2-111.1) - - - - 0.880 
B 15-dPGJ2 [pg/ml] 

atherothrombotic 
Blanco 2005 (40) CSS -1 48 hours 221 77.5 (56.9-121.3) 120.5 (99.3-151.2) - - - - <0.0001 

C 5-HIAA Brouns, Van 
Hemelrijck. 2010 (7) 

EPSS 72 hours 89 102.9 (66.6-144.8) 51.9 (36.3-82.2) - - - - 0.001 

D BD-2 [ng/ml] Garcia-Berrocoso 
2014 (18) 

NIHSS 4+ 24 hours 79 - - >1.15 14 (82.4%) 32 (51.6%) 4.87 (1.13-
20.91) 

0.033 

            
E Monocyte 

CD14high, CD16- 
Urra 2009 (33) NIHSS 4+ 7 days 46 - - 1% 

increme
nt in 
subtype 

- - Logistic 
regression only: 
1.29 (1.03-1.63) 

<0.05 

F CD34+ cells [/ul] Kawano 2016 (50) NIHSS 1+, IQR for END 
1-3 days 

89 0.5 (0.31-0.88) 0.79 (0.46-1.1) - - - - 0.03 

G CRP Barber, Langhorne 
2004 (4) 

EPSS 72 hours 219 8.66 (3.69-30.45) 5.26 (1.54-18.4) - - - - 0.049 

  Krarup 2011 (21) SSS 3+ 48 hours 382 6 (5-11) 7 (5-12) - - - - 0.74 
  Nam 2017 (61) NIHSS 2+ 72 hours 109 2.48 (1.75-8.23) 1.39 (0.35-7.20) - - - - 0.05 
  Ong 2007 (63) NIHSS 2+ 7 days 121 - - >0.8 19 (50%) 15 (18.1%) - 0.0003 
  Saji 2012 (65) NIHSS 2+ or 1+ limb 7 

days 
156 1 (0-3) 1 (0-3) - - - - 0.355 

  Topakian 2008 (32) NIHSS 4+ 24 hours 110 2.0 (1.0-7.0) 4.0 (0-5.9) - - - - 0.09 
H Cysteine [μmol/l] Wong (77) Undefined 48 hours 36 77 ± 15 65 ± 11 - - - - <0.02 
            
            
            
            
            
            



I DOPAC (nM) Brouns, Van 
Hemelrijck. 2010 (7) 

EPSS 72 hours 89 0.44 (0.27-0.97) 0.78 (0.50-1.03) - - - - 0.295 

J Erythrocyte 
sedimentation rate 
(mm) 

Leira 2004 (81) CSS 1- 48 hours 216 39 ± 14 22 ± 19 - - - - <0.001 

K Excitotoxic index Serena 2001 (67) CSS 1- 48 hours 113 279 ± 121 43 ± 31 - - - - n 
L FMPPs Llombart 2014 

[uf/ml] (24) 
NIHSS 4+ 48 hours 186 - - >48.2 13 (81.3%) 70 (43.2%) Adjusted 5.203 

(1.338-20.240) 
0.017 

M GABA [nmol/l] Serena 2001 (67) CSS 1- 48 hours 113 140 ± 63 411 ± 97 - - - - n 
N Glutamate (plasma) 

[μmol/l] 
Castellanos 2008 
(13) 

NIHSS 4+ 72 hours 197 267.8 (176.6-356.6) 54.4 (38.2-78.6) - - - - <0.0001 

 Davalos 2000 (46) CSS 1- 48 hours 100 304 (119-408) 98 (49-254) - - - - <0.001 
O Glutamate (CSF) 

[μmol/l] 
Brouns, Van 
Hemelrijck. 2010 (7) 

EPSS 72 hours 89 1.32 (1.06-1.50) 1.24 (1.10-1.43) - - - - 0.879 

  Davalos 2000 (46) CSS 1- 48 hours 100 13 (5-22) 4.5 (2-17) - - - - <0.001 
  Davalos 1997 (48) CSS 1- 48 hours 184 12.5 (5-22) 4.0 (2-17) - - - - <0.0001 
P Glutamine [μmol/l] Brouns, Van 

Hemelrijck 2010 (7) 
EPSS, 72 hours 89 367.7 (272.3-397.9) 340.3 (310.2-

373.3) 
- - - - 0.543 

Q Glycine CSF [μmol/l] Castillo 1997 (42) CSS 1- 48 hours 128 13.9 ± 4.1 9.9 ± 7.7 - - - - 0.0028 
R Glycine [μmol/l] Brouns, Van 

Hemelrijck 2010 (7) 
EPSS, 72 hours 89 2.71 (2.16-3.55) 2.47 (1.85-3.23) - - - - 0.3 

S Homocysteine 
(μmol/l) 

Zhang 2016 (78) NIHSS 2+ 7 days 208 14.4 (12.0-21.7) 11.1 (13.0-18.0) - - - - 0.049 

T HVA (nM) Brouns, Van 
Hemelrijck. 2010 (7) 

EPSS 72 hours 89 386.8 (277.5-696.9) 386.7 (289.8-
476.6) 

- - - - 0.589 

U  ICAM-1 [pg/ml] Castellanos 2002 
(41) 

CSS -1 48 hours 140 285 (219-315) 158 (137-187) >208   Adjusted 315 
(17-5748) 

<0.001 

  Zhang 2016 (78) NIHSS 2+ 7 days 208 6.0 (2.0-11.5) 2.0 (0.9-5.0) - - - - 0.001 
V IL-10 [pg/ml] Christensen 2002 

(44) 
SSS -2 72 hours 162 2.7 (1.53-4.70) 1.6 (1.32-1.98) - - - - 0.039 

  Protti 2013 (64) NIHSS 1+ 72 hours 27 - - >925.5   Sens 76.2%, 
spec 80% 

 

W IL-1B [pg/ml] Christensen 2002 
(44) 

SSS -2 72 hours 162 0.3 (0.06-1.10) 0.1 (0.06-0.28) - - - - 0.419 

X IL-1RA [pg/ml] Christensen 2002 
(44) 

SSS -2 72 hours 162 284 (168-479) 171 (111-262) - - - - 0.232 

Y IL-4R [pg/ml] Garcia-Berrocosco 
2014 (18) 

NIHSS 4+ 24 hours    503.4 9 (52.9%) 17 (27.9%) Adj 3.5 (1.0-
12.1) 

0.045 

Z IL-6 [pg/ml] Castellanos 2002 
(41) 

CSS 1- 48 hours 113 28.8 (22.5-35.7) 11.5 (8.5-16.2) - - - - <0.001 



  Castellanos 2008 
(13) 

NIHSS 4+ 72 hours 197 44.6 (33.1-54.6) 21.4 (16.3-30.0) - - - - <0.0001 

  Christensen 2002 
(44) 

SSS 2- 72 hours 162 - - 21.5 16.7% 17.5% - 0.912 

  Kawano 2016 (50) NIHSS 1+ END IQR 1-3 
days 

89 4.8 (2.3-7.95) 2.45 (1.3-4.15) - - - - 0.009 

  Vila 2000 (73) CSS 1- 48 hours 231 35 ± 13 10.2 ± 8 - - - - <0.0001 
AA L-arginine plasma 

[μmol/l] 
Armengou 2003 
(37) 

CSS 1- 48 hours 268 65 (59-69) 68 (61-82) - - - - 0.002 

  Castellanos 2008 
(13) 

NIHSS 4+ 72 hours 197 60.2 (49.6-70.6) 97.9 (78.8-129.4) - - - - <0.0001 

AB L-arginine CSF 
[μmol/l] 

Armengou 2003 
(37) 

CSS 1- 48 hours 268 6.4 (4.5-11.4) 15 (9.2-17.6) - - - - <0.001 

AC Lactate CSF 
[mmol/l] 

Brouns, 
Sheorajpanday 2008 
(10) 

NIHSS 2+ 72 hours 85 1.9 ± 0.9 1.5 ± 0.3 >2 - - 7.6 0.022 

AD Leucocytes [x109/l] Barber, Langhorne 
2004 (4) 

EPSS 72 hours 219 10.25 (8.05-12.78) 9.30 (7.40-11.50) - - - - 0.017 

  Saji 2012 (65) NIHSS 2+ or 1+ in limb 
7 days 

156 6 (4-7.4) 6.30 (5.4-7.1) - - - - 0.519 

  Sun 2012 (83) GCS ≥3 72 hours 89 - - >10,000
ml3 

27 (87.1%) 32 (61.5%) - 0.014 

AE MMP-9 change Brouns, Wauters 
2011 (9) 

EPSS 72 hours 67 - - - - - 13.5 <0.001 

AF Neutrophils 
[x1000/mm3] 

Leira 2004 (81) CSS 1+ 48 hours 266 10.8 ± 2.9 6.3 ± 4.3 - - - - <0.001 

AG NO-m Castillo 2000 (43) CSS 1- 48 hours 102 4 (1.7-7.8) 1.6 (1.0-2.5) - - - - <0001 
AH Norepinephrine 

[nM] 
Brouns, Van 
Hemelrijck 2010 (7) 

EPSS, 72 hours 89 0.56 (0.44-1.08) 0.70 (0.49-1.18) - - - - 0.407 

AI Phosphorylated 
axonal filament 
subunit H [pg/ml] 

Cai 2013 (84) NIHSS 4+ 24 hours 112 910.9 ± 381.6 611.8 ± 426.9 >748.6 - - 1.25 (1.1-1.5) <0.001 

AJ Proline [μM] Brouns, Van 
Hemelrijck 2010 (7) 

EPSS 72 hours 89 0.28 (0.18-0.58) 0.23 (0.14-0.36) - - - - 0.24 

AK p-selectin [MFI] Cha 2002 (14) NIHSS 4+ 7 days 40 110.7 ± 39.5 103.7 ± 33.9 - - - - NS 
AL Segmented & band 

leucocytes [x109/l] 
Lin, Yang 2011 (23) NIHSS 3+ 72 hours 196 5.3 ± 2.4 5.3 ± 2.5 - - - - n 

AM Segmented 
neutrophils [x109/l] 

Lin, Yang (23) NIHSS 3+ 72 hours 196 0.7 ± 0.1 0.6 ± 0.1 - - - - 0.795 

AN SE-selectin [ng/ml] Wang 2006 (75) NIHSS 1+ 7 days 238 43.9 ± 6.5 42.5 ± 6.1 - - - - 0.367 
AO sICAM-1 [ng/ml] Wang 2006 (75) NIHSS 1+ 7 days 238 261 ± 43.3 223 ± 41.4 - - - - <0.001 



AP sTNF-R1 [pg/ml] Christensen 2002 
(44) 

SSS 2- 72 hours 162 1422 (1140-1794) 1340 (1233-1456) - - - - 0.549 

AQ sTNF-R2 [pg/ml] Christensen 2002 
(44) 

SSS 2- 72 hours 162 2218 (1845-2667) 2432 (2270-2606) - - - - 0.259 

AR svCAM-1 Wang 2006 (75) NIHSS 1+ 7 days 238 731 ± 84.3 715 ± 79.6 - - - - 0.232 
AS Taurine [nM] Brouns, Van 

Hemelrijck 2010 (7) 
EPSS, 72 hours  4.02 (2.33-4.91) 4.28 (3.54-5.28) - - - - 0.295 

AT TNF-a plasma 
[pg/ml] 

Christensen 2002 
(44) 

SSS 2- 72 hours 162 1.9 (1.06-3.20) 3.0 (2.02-4.40)     0.218 

  Castellanos 2002 
(41) 

CSS 1- 48 hours 113 16.5 (13.7-21.2) 7.5 (6.2-9.0) - - - Adj 511 (17-
4937) 

<0.001 

  Castellanos 2008 
(13) 

NIHSS 4+ 72 hours 197 20.3 (13.5-29.8) 18.6 (12.2-26.0) - - - - 0.182 

  Vila 2000 (73) CSS 1- 48 hours 231 21.1 ± 8.1 15.1 ± 6.1 - - - - <0.0001 
AU TNF-a CSF [pg/ml] Vila 2000 (73) CSS 1- 48 hours 231 22.8 ± 15.4 11.1 ± 11.1 - - - - 0.001 

 - Coagulation and haematological non-meta-analysis biomarkers 

Citations in bold agree with the conclusions of meta-analysis studies 
APC ratio = Activated protein C ratio; APTT = Activated partial thromboplastin time; ARU = Aspirin reaction unit; mPa = millipascal-second; PRCP = Prolyl carboxypeptidase; 

TAT = Thrombin-antithrombin III complex; tPa = tissue plasminogen activator; vWF = Von Willebrand factor 
#  Biomarker Author [ref] END definition, time n END: Median 

(IQR) or Mean ± 
SD 

Non-END: Median 
(IQR) or Mean ± SD 

Cut-off n END with 
outcome 

n nEND with 
outcome 

OR (95% CI) p 

A ARU [IU] Kim 2015 (85) NIHSS 1+ 5 days 349 475.5 ± 62.14 476.4 ± 70.6 ≥550 6 (10.2%) 52 (17.9%) - 0.67 
B APC ratio Barber, Langhorne 

2004 (4) 
EPSS, 72 hours 219 2.73 (2.44-3.07) 2.81 (2.53-3.12) - - - - 0.43 

C APTT [s] Lin 2015 (57) NIHSS 1+ 72 hours 154 - - <1 17 (80.9%) 74 (55.6%) - 0.028 
D Aspirin non-

responder status 
[PFA-100s] 

Bugnicourt 2011 
(11) 

NIHSS 4+ 72 hours 85 176 ± 68 239.1 ± 72.5 - - - - 0.011 

E ATIII [%] Matsumoto 2004 
(59) 

NIHSS 2+ 7 days 46 91 ± 14.3 88.1 ± 13.6 - - - - 0.55 

F D-dimer Barber, Langhorne 
2004 (4) 

EPSS 72 hours 219 443 ng/ml (164-
1091) 

194 (92-481) - - - - <0.001 

  Krarup 2011 (21) SSS 3+ 48 hours 382 1025 ng/ml (610-
2261) 

970 (621-1779) - - - - 0.73 

  Lin, Yang 2011 (23) NIHSS 3+ 72 hours 196 - - >1000ug
/l 

16 (53.3%) 57 (35.2%)  0.06 

  Lin, Fann 2011 (22) NIHSS 3+ 72 hours 317 - - >1000ug
/l 

15 (34.9%) 85 (31.8%) - 0.691 



  Nam 2017 (61) NIHSS 2+ 72 hours 109 12.68 (4.96-20.00) 1.39 (0.35-7.20) - - - - <0.01 
  Ong 2007 (63) NIHSS 2+ 7 days 121 - - >324ng/

ml 
9 (23.7%) 13 (15.7%) - 0.286 

G Factor IXc [IU/dl] Barber, Langhorne 
2004 (4) 

EPSS, 72 hours 219 170 (148-188) 156 (142-184) - - - - 0.085 

H Factor VIIc [IU/dl] Barber, Langhorne 
2004 (4) 

EPSS, 72 hours 219 139 (111-171) 148 (127-165) - - - - 0.126 

I Factor VIII [IU/dl] Kuo 2015 (53) NIHSS 1+ 72 hours 116 152.9 ± 49.9 123.5 ± 52 - - - - n 
J Factor VIIIc [IU/dl] Barber, Langhorne 

2004 (4) 
EPSS, 72 hours 219 204 (166-240) 195 (162-235) - - - - 0.15 

K Ferritin plasma Christensen 2002 
(44) [pmol/l] 

SSS drop 2+ 72 hours 162 284 (212-380) 255 (222-292) >618 11.1% 12.0%  0.884 

 Davalos 2000 (46) 
[ng/ml] 

CSS 1- 48 hours 100 391 (119-500) 148 (21-399) >275ng/
ml 

- - 33.5 (4.7-235) 
PPV 79% (65-
89) 

<0.001 

L Ferritin CSF [ng/ml] Davalos 2000 (46) CSS 1- 48 hours 100 17.4 (6.8-82) 4.8 (0.6-14) >11ng/
ml 

- - 11.4 (3.1-41) 
PPV 79% (62-
90) 

<0.001 

M Fibrinogen [g/l] Barber, Langhorne 
2004 (4) 

EPSS, 72 hours 219 3.97 (3.50-5.02) 3.9 (3.16-4.54) - - - - 0.079 

  Castillo 2004 (79) CSS 1- 48 hours 300 3.56 (3.22-4.15) 3.48 (3.16-4.12) - - - - - 
  Yang 2010 (35) EPSS, 72 hours 251

1 
- - >4.0 72 (19.83%) 640 (29.75%) - - 

N Haematocrit [%] Alvarez 2004 (36) CSS 1- 72 hours 100 42 (40-44) 42 (39-45) - - - - 0.565 
  Barber, Langhorne 

2004 (4) 
EPSS, 72 hours 219 40 (37-43) 40 (36-43) - - - - 0.467 

O Plasma iron [ug/ml] Davalos 2000 (46) CSS 1- 48 hours 100 1.2 (0.3-9.1) 1.3 (0.2-3.6)     0.389 
P CSF iron [ng/ml] Davalos 2000 (46) CSS 1- 48 hours 100 0.06 (0.01-02) 0.05 (0.01-0.2) - - - - 0.087 
Q Plasma viscosity 

[mPa.s] 
Barber, Langhorne 
2004 (4) 

EPSS, 72 hours 219 1.32 (1.21-1.38) 1.26 (1.20-1.34) - - - - 0.066 

R Platelets [x109/l] Zhang 2016 (78) NIHSS 2+ or motor 1+ 
7 days 

208 186 (156-228) 190 (145-210) - - - - 0.817 

S PRCP [U/l] Kehoe 2015 (51) CSS 1- 72 hours 50 0.99 ± 0.24 0.97 ± 0.21 - - - - 0.82 
T proCPU change [U/l] Brouns 2010 (8) EPSS 72 hours 157 147 ± 179 36 ± 114 - - - - <0.001 
U Prothrombin 

fragment 1&2 
[nmol/l] 

Krarup 2011 (21) SSS 3+ 48 hours 382 1.9 ± 1.6 1.9 ± 1.7 - - - - 0.72 

V Prothrombin time 
[seconds] 

Cai 2013 (84) NIHSS 4+ 24 hours 112 16.4 ± 2.2 16.4 ± 2.7 - - - - NS 

W Soluble fibrin 
monomer 

Krarup 2011 (21) SSS 3+ 48 hours 382 12.6 ± 2.7 12.1 ± 3.5 - - - - 0.86 



X Thrombin time Cai 2013 (84) NIHSS 4+ 24 hours 112 16.4 ± 2.2 16.4 ± 2.7 - - - - NS 
Y Thrombin-

antithrombin III 
complex [mg/ml] 

Barber, Langhorne 
2004 (4) 

EPSS, 72 hours 219 5.28 (3.90-8.46) 4.07 (3.28-6.25) - - - - 0.009 

 Matsumoto 2004 
(59) 

NIHSS 2+ 7 days 46 2.9 ± 2.3 5.9 ± 11 - - - - 0.55 

Z tPa antigen [ng/ml] Barber, Langhorne 
2004 (4) 

EPSS, 72 hours 219 12.7 (8.9-18.0) 11 (8.2-15.2) - - - - 0.102 

AA vWF [IU/dl] Barber, Langhorne 
2004 (4) 

EPSS, 72 hours 219 216 (178-273) 198 (157-244) - - - - 0.045 

 



 Glucose [mmol/l] (3, 5, 11, 12, 15, 17, 19, 21-23, 27-30, 38, 45-47, 49, 52, 54-56, 59, 60, 

62, 66, 75, 84, 86, 87) 

 

 HbA1c [%] (5, 14, 22, 23, 27, 55, 60, 66) 

 



 HDL [mmol/l] (5, 16, 20, 39, 53, 55, 57, 60, 66)  

 

 LDL (5, 11, 14, 16, 20, 22, 23, 39, 53, 55, 57, 60, 66, 78) 

 



 Total cholesterol [mmol/l] (5, 14, 16, 20, 22, 23, 39, 53, 55, 57, 66, 78) 

 

 Triglycerides [mmol/l] (5, 14, 16, 20, 22, 23, 39, 55, 60, 66) 

 

 Albumin [g/dl] (22, 23) 

 



 ALT [U/l] (5, 12, 22, 23) 

 

 AST [U/l] (5, 12, 22, 23) 

 

 Sodium [mmol/l] (5, 54, 60) 

 

 Potassium [mmol/l] (5, 54, 60) 

 

 Creatinine [μmol/l] (5, 23, 54, 60) 

 

 eGFR [ml/ml/1.7m3] (11, 49, 60) 

 



 Urea [mmol/l] (5, 22, 23, 54, 60) 

 

 Uric acid [μmol/l] (15, 22, 23) 

 

 CRP (28, 38, 60, 66) 

 

 

 hsCRP [mg/l] (15, 16, 53, 55, 70) 

 



  D-dimer [mg/l] (28, 38, 59) 

 

 Glutamate (CSF) [μmol/l] (42) 

 

 Glutamate (plasma) (12, 38, 42, 67, 77) 

 

 Glycine (plasma) [μmol/l] (42, 67, 77) 

 



 Homocysteine [μmol/l] (55, 66) 

 

 Leucocyte count [x10^9/l] (3, 5, 12, 14, 22, 23, 32, 38, 46, 47, 54, 60, 66, 67, 74, 75, 

78, 81, 84) 

 

 APTT [s] (20, 38, 47, 84, 86) 

 



 Fibrinogen [g/l] (2, 12, 28, 32, 38, 46, 47, 59, 66, 67, 75, 78, 81, 84, 86) 

 

 3.7 Haematocrit [%] (20, 47, 59, 66, 67) 

 

 3.8 Haemoglobin [g/l] (5, 11, 20, 22, 23, 54) 

 



 3.9 INR [ratio] (20, 60, 75) 

 

 3.10 Platelets [x109/l] (12, 14, 20, 22, 23, 54, 60, 67, 84) 
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