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The vast majority of ischemic strokes are the consequence 
of thrombotic or thromboembolic occlusion of one or 

more cerebral arteries, although in some patients small vessel 
occlusion, vasculopathy, or hemodynamic factors may play a 
role. The formation and lysis of an obstructing clot and per-
haps the patency of the microvascularature in the ischemic 
area may in part be determined by coagulation and fibrinolytic 
activity in the circulating blood. An imbalance of coagulation 
factors may play an important role in progression and out-
come of ischemic stroke. Many previous studies investigated 
the association between hemostasis blood biomarkers and 
the risk of arterial thrombosis, including ischemic stroke.1,2 
Increased levels of specific biomarkers, including VWF (von 
Willebrand Factor), fibrinogen, and D-dimer, have shown to 
be risk factors for acute ischemic stroke.1,3,4

The ability to predict clinical outcome after ischemic 
stroke may help to improve the selection of the most appro-
priate therapy (systemic thrombolytic, antithrombotic, and/or 
intraarterial interventions) already in the acute phase in the 
individual patient. Currently, clinicians are unable to predict 

the effect of reperfusion therapy and thereby clinical outcome 
after ischemic stroke. Since the coagulation system plays an 
important role in stroke pathogenesis, blood biomarkers of co-
agulation might render the possibility to differentiate which 
patients are at risk of poor clinical outcome.

Therefore, the aim of this systematic review was to assess 
the available literature on data regarding the predictive value 
of hemostasis biomarkers in acute ischemic stroke in relation 
to poor clinical outcome.

Methods
This systematic review was prepared in accordance with the 
PRISMA (Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses) guidelines.5

Article Search
We systematically searched the following databases: Embase, 
Medline, Cochrane Library, Web of Science, and Google Scholar. A 
search strategy was constructed in collaboration with a biomedical in-
formation specialist of the Erasmus Medical Centre Medical Library 
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(online-only Data Supplement). There were no restrictions regarding 
year of publication. The search was performed on September 22, 
2017, and repeated on June 20, 2018.

Study Selection
For this systematic review, we included case–control studies and co-
hort studies, as well as prospective and retrospective studies. Studies 
were considered eligible when they met the following criteria: (1) 
involving patients with acute ischemic stroke; (2) patients ≥18 years 
of age; (3) computed tomography or magnetic resonance imaging 
should be performed to exclude hemorrhage and thus confirm the 
clinical diagnosis of ischemic stroke; (4) a venous blood biomarker of 
hemostasis should be assessed within 72 hours after symptom onset, 
and the study should report on the relationship between biomarker 
level and clinical outcome; (5) clinical outcome should be assessed 
with the use of a disability or handicap scale (modified Rankin scale 
[mRS] or Barthel Index). We excluded reviews, abstracts from con-
gresses, letters, editorials, and case reports. Studies written in lan-
guages other than English or Dutch were excluded. Duplicates were 
removed using Endnote database. During the first phase of the re-
view process, 2 authors (S.J. Donkel and B. Benaddi) independently 
selected relevant studies based on title and abstract. Studies included 
during the first phase were read in full text, after which studies meet-
ing the eligibility criteria were included. Disagreements were re-
solved by consensus.

Data Extraction
Data were extracted by 2 authors (S.J. Donkel and B. Benaddi) 
with the use of standardized forms. The following data were col-
lected: first author, publication year, study design, sample size, type 
of biomarker, assay used to measure the biomarker, time of blood 
collection, National Institutes of Health Stroke Scale  (NIHSS) on 
admission, mean or median age of study population, proportion 
of male patients, time of outcome assessment, type of disability 
scale used to define clinical outcome, definition of poor outcome 
reported in the study, and level of biomarker in patients with poor 
and good outcome. For studies including both ischemic and hem-
orrhagic stroke, isolated data for ischemic stroke were retracted. 
For studies reporting on more than one blood biomarker, each bi-
omarker is reported separately. When levels of biomarkers were 
measured at more than one time point, the first biomarker meas-
urement was used. If clinical outcome was assessed at more than 
one time point, the time point nearest to 3 months was used for this 
review. Studies that did not report on definition of outcome, poor 
outcome was defined as mRS score >2 or Barthel Index <85. When 
possible, we stratified for type of reperfusion therapy (intravenous 
r-TPA [recombinant tissue-type plasminogen activator] or mechan-
ical thrombectomy).

Quality Assessment
The quality of individual studies was assessed with an adapted ver-
sion of the Quality Assessment of Diagnostic Accuracy Studies 
questionnaire (Figure in the online-only Data Supplement).6 This 
checklist contains 15 items which can be scored as yes (+), no (−), or 
unclear (?), for a maximum score of 15 points. All studies that met the 
inclusion criteria were included in this systematic review, irrespective 
of the quality score.

Results
Study Selection
The search yielded a total of 6404 articles. After elimination 
of duplicates, 4044 articles were screened based on title and 
abstract (Figure). After the initial selection process, 80 articles 
were read full text. Finally, a total of 41 articles were consid-
ered eligible for inclusion.

Study Characteristics
Forty-one studies reported a total of 37 different hemostatic 
biomarkers in 13 569 patients (Table  1), with a mean age 
ranging from 54.7 to 76 years; 8434 patients (62%) were 
male. The sample size of individual studies ranged from 41 
to 3212 patients. Nineteen studies reported on more than one 
biomarker. The time point of blood collection ranged from 
3 to 72 hours after symptom onset. All studies reported on 
clinical outcome using a disability score for outcome assess-
ment; most studies used the mRS. Definition of poor outcome 
varied between individual studies. However, most studies de-
fined poor outcome as mRS score >2. Nine studies reported 
on clinical outcome at discharge, 10 studies assessed clinical 
outcome at 1 month, and 22 studies assessed clinical outcome 
at 3 months from stroke onset or more. Eight studies measured 
biomarker levels before the initiation of r-TPA or endovascu-
lar treatment (Table 2).

Quality Assessment
The overall quality of the included studies was moderate (me-
dian 9 points of a maximum of 15 points, ranging from 7 to 
13 points). The quality of the study design, as marked by the 
quality score, did not directly influence the results found by 
individual studies. However, only a few studies reported on 
blinding of measurement of individual biomarkers (12/42) 
and clinical data collection (6/42), and only one study per-
formed a sample size calculation to justify the number of in-
cluded patients (Table in the online-only Data Supplement). 
None of the studies used a predefined biomarker cutoff value 
for poor clinical outcome.

Primary Hemostasis
A total of 7 different biomarkers of primary hemostasis 
were measured in 10 studies, encompassing a total of 1314 
patients of whom 690 (52.5%) were male and with a mean 
age ranging from 64.7 to 74.4 years.7–16 Platelet count was 
measured in 281 patients <8 hours after symptom onset and 
showed no significant association with poor outcome.10 In the 
same study, mean platelet volume was significantly higher in 
patients with poor outcome compared to patients with a good 
prognosis.10 After adjustment for stroke severity at baseline 
(measured with the NIHSS), no significant association was 

Nonstandard Abbreviations and Acronyms

ADAMTS13	 A Disintegrin and Metalloprotease with ThromboSpondin Motif 
Repeats 13

BI	 Barthel Index

CI	 confidence interval

FVII	 Factor VII

mRS	 modified Rankin scale

NIHSS	 National Institutes of Health Stroke Scale

OR	 odds ratio

PAI-1	 plasminogen activator inhibitor-1

r-TPA	 recombinant tissue-type plasminogen activator

TAFI	 thrombin activatable fibrinolysis inhibitor

TPA	 tissue-type plasminogen activator

VWF	 Von Willebrand Factor

VWF:Ag	 Von Willebrand Factor antigen
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detected. Additionally, in this study, poor outcome was de-
fined as an mRS score ≥4 which is relatively high as com-
pared with other studies. When focusing on markers of 
platelet activation, P-selectin levels, measured <6 hours after 
symptom onset, were investigated in one study with a total of 
76 patients and showed no association with poor outcome.11 
β-Thromboglobulin and platelet factor-4 levels measured 
<48 hours after symptom onset were shown to increase with 
ascending mRS score in one study conducted in 76 patients.9

A total of 7 studies, including 881 patients, reported on 
VWF:Ag (Von Willebrand Factor antigen) levels and outcome 
after stroke.7,8,12–16 Most studies used an ELISA for measuring 
VWF:Ag levels in plasma.7,12,15,16 Two studies determined 
VWF:Ag levels with immunoturbidimetric assays.13,14 Latex 
agglutination assays were used in one study.8 Significantly 
higher levels of VWF:Ag at admission in patients with a 
poor clinical outcome were found in 3 studies.14–16 However, 
this association remained significant in only one study after 
adjustment for possible confounders including age, sex, di-
abetes mellitus, and hypertension.14 Three studies collected 
blood samples before the infusion of r-TPA (Table  2).7,12,13 
Additionally, in one of these studies, endovascular treatment 
was performed after infusion of r-TPA.7 VWF:Ag levels did 

not show to be associated with clinical outcome after 3 months 
when measured before reperfusion treatment.7,12,13

Large VWF multimers are cleaved into smaller and 
less active forms by ADAMTS13 (A Disintegrin And 
Metalloprotease with ThromboSpondin motif repeats 13). Two 
studies reporting on ADAMTS13 and clinical outcome were 
included in this review.7,8 ADAMTS13 activity showed no 
significant association with stroke outcome in one study per-
formed in 89 patients when measured <72 hours after symptom 
onset.8 This is in contrast to a prospective study conducted in 
41 acute ischemic stroke patients with a large vessel occlusion 
treated with r-TPA followed by endovascular treatment.7 The 
authors reported that low ADAMTS13 activity before the start 
of treatment was independently associated with unfavorable 
outcome. Unfavorable outcome was defined as mRS score 5 to 
6, which is higher than the common cutoff value of 2.

Secondary Hemostasis
Twenty biomarkers of secondary hemostasis were assessed in 
27 different studies, with a total of 7645 patients.13,15–33,47 Mean 
age of patients ranged from 53 to 75.9 years, and 4688 (61.3%) 
were male. Soluble tissue factor, the initiator of secondary he-
mostasis, and tissue factor pathway inhibitor did not show a 

Figure. PRISMA (Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses) flow 
diagram of study selection.
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Table 1.  Overview of Studies Included in Systematic Review

Biomarker Author and Year
Sample 
Size (n)

Time of Blood 
Collection 
(h After 

Symptom 
Onset)

Time of 
Outcome 

Assessment Treatment
Definition Poor 

Outcome

Patients With 
Poor Outcome 

(n,%)

Relation Biomarker 
and Poor Clinical 

Outcome?

Primary hemostasis

 ������� ADAMTS13 Schuppner  
et al7

41 <6 h 3 mo Endovascular 
treatment+r-TPA

mRS score >4 18 (43.9%) Yes, low levels

Kawano et al8 89 <72 h 3 mo antiplatelet mRS score >2 25 (28.1%) No

 � β-Thromboglobulin Tombul et al9 76 <48 h At discharge NA mRS score >3 NA Yes, high levels

 ������� Mean platelet 
volume (MPV)

Du et al10 281 <8 h 1 mo r-TPA+antiplatelet mRS score ≥4 86 (40%)* Yes, high 
levels, but not 

in multivariable 
regression analysis

 ������� Platelet count Du et al10 281 <8 h 1 mo r-TPA+antiplatelet mRS score ≥4 86 (40%)* No

 ������� Platelet factor-4 Tombul et al9 76 <48 h At discharge NA mRS score >3 NA Yes, high levels

 ������� P-selectin Pusch et al11 76 <6 h 28 days r-TPA (n=13) NA NA No

 ������� Von Willebrand 
Factor

Faille et al12 64 <4.5 h 3 mo r-TPA mRS score >2 21 (33.3%)† No

Tóth et al13 131 <4.5 h 3 mo r-TPA mRS score >2 51 (38.9%) No

Schuppner et al7 41 <6 h 3 mo Endovascular 
treatment+r-TPA

mRS score >4 18 (43.9%) No

Menih et a14 108 <24 h At discharge NA mRS score >2 NA Yes, high levels

Welsh et al15 180 <24 h 30 days NA, no r-TPA or 
heparin

mRS score >2 94 (52.2%) Yes, high 
levels, but not 

in multivariable 
regression analysis

Whiteley et al16 268 <24 h 3 mo r-TPA (n=7) mRS score >2 112 (41.8%) Yes, high levels but 
not when adjusting 
for age and NIHSS

Kawano et al8 89 <72 h 3 mo Antiplatelet mRS score >2 25 (28.1%) No

Secondary hemostasis

 ������� Antithrombin III, Hirano et al17 69 <48 h At discharge r-TPA (n=7) NA NA No

Haapaniemi 
et al18

55 <48 h 3 mo Standard stroke 
care

NA NA Yes, low levels

 ������� Factor VII activating 
protease (FSAP)

Bustamante 
et al19

120 <3 h 3 mo r-TPA mRS score >2 70 (58%) No

 ������� Factor VII activating 
protease (FSAP) 
inhibitor complexes

Bustamante 
et al19

120 <3 h 3 mo r-TPA mRS score >2 70 (58%) No

 ������� Factor VII Martí-Fàbregas 
et al20

63 <3 h 3 mo r-TPA mRS score ≥2 37 (58.7%) No

Berge et al21 76 <24 h At discharge NA mRS score ≥2 38 (51.4%)‡ No

BI<95 33 (44.6%)‡

Welsh et al15 180 <24 h 30 days NA, no r-TPA or 
heparin

mRS score >2 94 (52.2%) No

 ������� Factor VIII Tóth et al13 131 <4.5 h 3 mo r-TPA mRS score >2 51 (38.9%) No

Welsh et al15 180 <24 h 30 days NA, no r-TPA or 
heparin

mRS score >2 94 (52.2%) Yes, high 
levels, but not 

in multivariable 
regression analysis

Chang et al22 116 Median <62 h At discharge NA, r-TPA 
excluded

mRS score >2 NA No

(Continued )
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(Continued )

 ������� Factor IX Welsh et al15 180 <24 h 30 days NA, no r-TPA or 
heparin

mRS score >2 94 (52.2%) Yes, high 
levels, but not 

in multivariable 
regression analysis

 ������� Factor XIa Undas et al23 205 <72 h At discharge NA, r-TPA 
excluded

NA NA Yes, high levels

 ������� Factor XIII Martí-Fàbregas 
et al20

63 <3 h 3 mo r-TPA mRS score ≥2 37 (58.7%) No

 ������� Fibrin Hirano et al17 69 <48 h At discharge r-TPA (n=7) NA NA No

 ������� Fibrinogen Branco et al24 131 <3 h 3 mo r-tPA/endovascular 
treatment (n=95)

mRS score >2 68 (51.9%) Yes, high levels

Martí-Fàbregas 
et al20

63 <3 h 3 mo r-TPA mRS score ≥2 37 (58.7%) No

Del Zoppo et 
al25§

252 <3 h 3 mo Standard care BI<95 175 (69.4%) No

618 <6 h 3 mo BI<95 377 (61.0%) Yes, high 
levels, but not 

in multivariable 
regression analysis

Alvarez-Perez 
et al26

200 <24 h At discharge NA, r-TPA 
excluded

mRS score >2 119 (59.5%) Yes, high 
levels, but not 

in multivariable 
regression analysis

Berge et al21 76 <24 h At discharge NA mRS score ≥2 38 (51.4%)ǂ No

BI<95 33 (44.6%)ǂ

Potpara et al27 240 <24 h 30 days NA, no r-TPA mRS score ≥3 92 (38.3%) Yes, high levels

Welsh et al15 180 <24 h 30 days NA, no r-TPA or 
heparin

mRS score >2 94 (52.2%) Yes, high 
levels, but not 

in multivariable 
regression analysis

Wakisaka et al28 171 <24 h 3 mo r-TPA (n=27) mRS score ≥2 74 (43.3%) Yes, high 
levels, but not 

in multivariable 
regression analysis

Whiteley et al16 268 <24 h 3 mo r-TPA (n=7) mRS score >2 112 (41.8%) No

Yang et al29 220 <24 h 3 mo r-TPA (n=62) mRS score >2 69 (31.4%) Yes, high 
levels, but not 

in multivariable 
regression analysis

Protopsaltis 
et al30

105 <24 h 6 mo According to 
guidelines

BI<95 63 (60%) No

Anuk et al31 60 <24 h 8–12 mo Antiplatelet NA NA No

Swarowska 
et al32

727 <36 h 1 mo NA, no r-TPA mRS score >2 332 (45.7%) Yes, high levels

Hirano et al17 69 <48 h At discharge r-TPA (n=7) NA NA No

You et al 3212 Median <48 h At discharge r-TPA (n=78) mRS score ≥3 1226 (38.2%) Yes high levels, but 
not in multivariable 
regression analysis

Zeng et al33 105 <72 h 3 mo According to 
guidelines

mRS score >2 65 (61.9%) No

Table 1.  Continued

Biomarker Author and Year
Sample 
Size (n)

Time of Blood 
Collection 
(h After 

Symptom 
Onset)

Time of 
Outcome 

Assessment Treatment
Definition Poor 

Outcome

Patients With 
Poor Outcome 

(n,%)

Relation Biomarker 
and Poor Clinical 

Outcome?
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 ������� Fibrin monomer 
complex (FMC)

Hirano et al17 69 <48 h At discharge r-TPA (n=7) NA NA No

 ������� Protein C Anzola et al34 43 Mean <16 h 6 mo NA NA NA Yes, low levels

Berge et al21 76 <24 h At discharge NA mRS score ≥2 38 (51.4%)‡ No subgroup 
analysis (small 

group)
BI<95 33 (44.6%)‡

Welsh et al15 180 <24 h 30 days NA, no r-TPA or 
heparin

mRS score >2 94 (52.2%) No

Haapaniemi 
et al18

55 <48 h 3 mo Standard stroke 
care

NA NA No

 ������� Protein S Anzola et al34 43 Mean <16 h 6 mo NA NA NA No

Berge et al21 76 <24 h At discharge NA mRS score ≥2 38 (51.4%)‡ No subgroup 
analysis (small 

group)
BI<95 33 (44.6%)‡

Haapaniemi 
et al18

55 <48 h 3 mo Standard stroke 
care

NA NA No

 ������� Prothrombin 
Fragment 1+2

Martí-Fàbregas 
et al20

63 <3 h 3 mo r-TPA mRS score ≥2 37 (58.7%) No

Berge et al21 76 <24 h At discharge NA mRS score ≥2 38 (51.4%)‡ Yes, high levels

BI<95 33 (44.6%)‡

Welsh et al15 76 <24 h 30 days NA, no r-TPA or 
heparin

mRS score >2 94 (52.2%) Yes, high 
levels, but not 

in multivariable 
regression analysis

 ������� Soluble endothelial 
protein C receptor 
(sEPCR)

Faille et al12 64 <4.5 h 3 mo r-TPA mRS score >2 21 (33.3%)† No

 ������� Thrombin-
antithrombin III 
complex

Welsh et al15 180 <24 h 30 days NA, no r-TPA or 
heparin

mRS score >2 94 (52.2%) Yes, high 
levels, but not 

in multivariable 
regression analysis

Hirano et al17 69 <48 h At discharge r-TPA (n=7) NA NA No

 ������� Thrombomodulin Faille et al12 64 <4.5 h 3 mo r-TPA mRS score >2 21 (33.3%)† No

 ������� Endogenous 
thrombin potential 
(ETP)

Hudak et al35 120 <4.5 h 3 mo r-TPA mRS score ≥2 56 (57.1%)‖ Yes, low levels in 
patients with mRS 
score 6, but not 
with mRS score 

2–5

 ������� Tissue factor Undas et al23 205 <72 h At discharge NA, r-TPA 
excluded

NA NA No

Halim et al36 50 <72 h 1 mo NA BI≤9 NA No

 ������� Tissue factor 
pathway inhibitor 
(TFPI)

Berge et al21 76 <24 h At discharge NA mRS score ≥2 38 (51.4%)‡ No

BI<95 33 (44.6%)‡

Fibrinolysis

 ������� α2-antiplasmin Martí-Fàbregas 
et al20

63 <3 h 3 mo r-TPA mRS score  
≥2

37 (58.7%) No

Table 1.  Continued

Biomarker Author and Year
Sample 
Size (n)

Time of Blood 
Collection 
(h After 

Symptom 
Onset)

Time of 
Outcome 

Assessment Treatment
Definition Poor 

Outcome

Patients With 
Poor Outcome 

(n,%)

Relation Biomarker 
and Poor Clinical 

Outcome?

(Continued )
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 ������� D-dimer Branco et al24 131 <3 h 3 mo r-tPA/endovascular 
treatment (n=95)

mRS score >2 68 (51.9%) No

Berge et al21 76 <24 h At discharge NA mRS score ≥2 38 (51.4%)‡ Yes, high levels

BI<95 33 (44.6%)‡

Potpara et al27 240 <24 h 30 days NA, no r-TPA mRS score ≥3 92 (38.3%) Yes, high levels

Üstündağ et al37 91 <24 h 30 days NA mRS score >2 47 (51.6%) Yes, high levels

Welsh et al15 180 <24 h 30 days NA, no r-TPA or 
heparin

mRS score >2 94 (52.2%) Yes, high levels

Abd-Elhamid 
et al38

50 <24 h 1 mo NA mRS score >2 NA Yes, high levels

Hsu et al39 159 <24 h 3 mo r-TPA mRS score >2 79 (49.7%) Yes, high levels

Park et al40 175 <24 h 3 mo NA, endovascular 
treatment and 
r-TPA excluded

mRS score >2 64 (36.6%) Yes, high 
levels, but not 

in multivariable 
regression analysis

Whiteley et al16 268 <24 h 3 mo r-TPA (n=7) mRS score >2 112 (41.8%) Yes, high levels but 
not when adjusting 
for age and NIHSS

Yang et al29 220 <24 h 3 mo According to 
guidelines

mRS score >2 69 (31.4%) Yes, high levels

Hirano et al17 69 <48 h At discharge rTPA (n=7) NA NA No

Matsumoto 
et al41

124 <48 h At discharge NA, r-TPA 
excluded

NA 63 (69.2%) Yes, high levels

Tombul et al9 76 <48 h At discharge NA mRS score >3 NA Yes, high levels

Wang et al42 1173 <48 h 30 days NA, r-TPA 
excluded

mRS score >2 572 (48.8%) Yes, high levels

Alvarez-Perez 
et al26

200 <72 h At discharge NA, r-TPA 
excluded

mRS score >2 119 (59.5%) Yes, high levels, but 
not in multivariate 

analysis

Dougu et al43 359 <72 h 1 mo r-TPA (n=3) mRS score >2 179 (49.9%) Yes, high levels

Zeng et al33 105 <72 h 3 mo According to 
guidelines

mRS score >2 65 (61.9%) No

 ������� Fibrin degradation 
products

Hirano et al17 69 <48 h At discharge r-TPA (n=7) NA NA No

Zeng et al33 105 <72 h 3 mo According to 
guidelines

mRS score >2 65 (61.9%) Yes, high levels

 ������� Plasminogen 
activator inhibitor-1 
(PAI-1)

Martí-Fàbregas 
et al20

63 <3 h 3 mo r-TPA mRS score >2 37 (58.7%) No

Ribo et al44 44 <3 h 3 mo r-TPA mRS score ≥2 NA Yes, high levels

Park et al40 175 <24 h 3 mo NA, endovascular 
treatment and 
r-TPA excluded

mRS score >2 64 (36.6%) No

Zeng et al33 105 <72 h 3 mo According to 
guidelines

mRS score >2 65 (61.9%) Yes, high levels

 ������� Thrombin activatable 
fibrinolysis inhibitor 
(TAFI)

Martí-Fàbregas 
et al20

63 <3 h 3 mo r-TPA mRS score ≥2 37 (58.7%) No

Ribo et al44 44 <3 h 3 mo r-TPA mRS score >2 NA No

Alessi et al45 109 <12 h  3 mo r-TPA (n=41) mRS score ≥2 59 (54.1%) Yes, high levels#

Table 1.  Continued
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significant association with clinical outcome.21,23,36 A total 
of 5 coagulation factors were identified in this review. FVII 
(Factor VII), FVII-activating protease, and FVII-activating 
protease inhibitor complexes were not associated with stroke 
outcome.15,19–21 One out of 3 studies on factor VIII and stroke 
outcome found that high factor VIII levels, measured <24 
hours after symptom onset, were related to poor outcome after 
30 days.15 However, there was no association when adjusting 
for demographic and clinical variables. The same study found 
similar results for high levels of factor IX and poor outcome. 
Levels of activated FXIa (factor XI) measured <72 hours after 
symptom onset and stroke outcome at discharge were described 
in one study, which found a significantly lower Barthel Index 
and higher mRS scores in patients with the presence of cir-
culating FXIa (respectively, P=0.023 and P=0.037).23 FXIII 
showed no relationship with clinical outcome.20

Four studies evaluated protein C levels in patients with is-
chemic stroke, with a total of 354 patients.15,18,21,34 Only one 
study in 43 patients showed that patients with low protein 
C concentration were more impaired on the clinical severity 
scores and had higher mortality rates at 6 months when com-
pared with patients with normal levels of protein C.34 Studies 
on protein S levels did not show an association with ischemic 
stroke outcome.18,21,34

Two out of 3 studies evaluating prothrombin fragment F
1+2

 
showed a positive association with poor outcome at discharge 
and after 30 days.15,21 Prothrombin F

1+2
 measured before re-

perfusion treatment showed no association with 3-month 
clinical outcome.20 Thrombin generation assays were used 
to assess thrombin formation in plasma of ischemic stroke 
patients before the infusion of r-TPA in one study including 
120 patients.35 The authors found that a decrease in the total 
amount of thrombin generated (endogenous thrombin poten-
tial) from patients’ plasma was an independent predictor for 
mortality (mRS score 6) after 3 months. These results were 
explained by ongoing activation of coagulation, resulting 
in consumption of coagulation factors, thereby decreasing 
thrombin generation. Two studies measured antithrombin lev-
els in plasma within 48 hours after symptom onset.17,18 One 
study found a weak to moderate correlation (r=0.3, P=0.02) 
between antithrombin and outcome after 3 months as assessed 
with Barthel Index. However, there was no significant cor-
relation when outcome was assessed using mRS (r=0.3, 
P=0.06).18 Furthermore, one study including 180 patients 
found significantly higher levels of thrombin-antithrombin 
complex, measured <24 hours after symptom onset in patients 
with mRS score >2 compared to patients with good outcome 
after 30 days (respectively, 4.5 and 3.7 μg/L; P=0.04).15 No 

 ������� Tissue plasminogen 
activator (tPA)

Pusch et al11 76 <6 h 28 days r-TPA (n=13) NA NA No

Welsh et al15 180 <24 h 30 days NA, no r-TPA or 
heparin

mRS score >2 94 (52.2%) No

Zeng et al33 105 <72 h 3 mo According to 
guidelines

mRS score >2 65 (61.9%) No

Antiphospholipid antibodies and lupus anticoagulant

 ������� Anticardiolipin 
antibodies (aCL)

Berge et al21 76 <24 h At discharge NA mRS score ≥2 38 (51.4%)‡ No subgroup 
analysis (small 

group) No
BI<95 33 (44.6%)‡

Bu et al46 3013 <48 h 3 mo NA, r-TPA 
excluded

mRS score >2 751 (25.1%)**

 ������� Anticephalin 
antibodies

Berge et al21 76 <24 h At discharge NA mRS score ≥2 38 (51.4%)‡ No subgroup 
analysis (small 

group)
BI<95 33 (44.6%)‡

 ������� Antiphosphatidyl-
serine antibodies 
(aPS)

Bu et al46 3013 <48 h 3 mo NA, r-TPA 
excluded

mRS score >2 751 (25.1%)** Yes

 ������� Lupus anticoagulant Berge et al21 76 <24 h At discharge NA mRS score ≥2 38 (51.4%)‡ No subgroup 
analysis (small 

group)
BI<95 33 (44.6%)‡

NA indicates not applicable; and NIHSS, National Institutes of Health Stroke Scale.
*No mRS scores available in 66 patients.
†Follow-up data missing of 1 patient.
‡Follow-up data missing of 2 patients.
§Two different study populations used in this study (STAT and ESTAT).
‖No data on mRS scores available for 22 patients.
#Only data of admission TAFI and mRS in patients without thrombolysis.
**No data on mRS score for 15 patients.

Table 1.  Continued
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Table 2.  Overview of Biomarkers Measured Before Start of r-TPA or Endovascular Treatment

Biomarker Author
Sample 
Size (n)

Time of Blood 
Collection (h 

After Symptom 
Onset) Treatment

Time of 
Outcome 

Assessment
Definition Poor 

Outcome

Patients With 
Poor Outcome 

n (%)

Relation 
Biomarker and 
Poor Clinical 
Outcome?

Primary hemostasis

 ������� ADAMTS13 Schuppner et al7 41 <6 h Endovascular 
treatment+rTPA 

(n=39)

3 mo mRS score >4 18 (43.9%) Yes, low levels

 ������� Von Willebrand Factor Faille et al12 64 <4.5 h r-TPA 3 mo mRS score >2 21 (33.3%)* No

Tóth et al13 131 <4.5 h r-TPA 3 mo mRS score >2 51 (38.9%) No

Schuppner et al7 41 <6 h Endovascular 
treatment+r-
TPA (n=39)

3 mo mRS score >4 18 (43.9%) No

Secondary hemostasis

 ������� Factor VII Martí-Fàbregas 
et al20

63 <3 h r-TPA 3 mo mRS score ≥2 37 (58.7%) No

 ������� Factor VII activating 
protease (FSAP)

Bustamante 
et al19

120 <3 h r-TPA 3 mo mRS score >2 70 (58%) No

 ������� Factor VII activating 
protease (FSAP) 
inhibitor complexes

Bustamante 
et al19

120 <3 h r-TPA 3 mo mRS score >2 70 (58%) No

 ������� Factor VIII Tóth et al13 131 <4.5 h r-TPA 3 mo mRS score >2 51 (38.9%) No

 ������� Factor XIII Martí-Fàbregas 
et al20

63 <3 h r-TPA 3 mo mRS score ≥2 37 (58.7%) No

 ������� Fibrinogen Martí-Fàbregas 
et al20

63 <3 h r-TPA 3 mo mRS score ≥2 37 (58.7%) No

 ������� Prothrombin fragment 
1+2

Martí-Fàbregas 
et al20

63 <3 h r-TPA 3 mo mRS score ≥2 37 (58.7%) No

 ������� Soluble endothelial 
protein C receptor 
(sEPCR)

Faille et al12 64 <4.5 h r-TPA 3 mo mRS score >2 21 (33.3%)* No

 ������� Endogenous thrombin 
potential

Hudak et al35 120 <4.5 h r-TPA 3 mo mRS score ≥2 56 (57.1%)† Yes, low levels 
in patients with 

mRS score 
6, but not 

with mRS score 
2–5

 ������� Thrombomodulin Faille et al12 64 <4.5 h r-TPA 3 mo mRS score >2 21 (33.3%)* No

Fibrinolysis

 ������� α2-antiplasmin Martí-Fàbregas 
et al20

63 <3 h r-TPA 3 mo mRS score ≥2 37 (58.7%) No

 ������� Plasminogen activator 
inhibitor-1 (PAI-1)

Martí-Fàbregas 
et al20

63 <3 h r-TPA 3 mo mRS score >2 37 (58.7%) No

Ribo et al44 44 <3 h r-TPA 3 mo mRS score ≥2 NA Yes, high levels

 ������� Thrombin activatable 
fibrinolysis inhibitor 
(TAFI)

Martí-Fàbregas 
et al20

63 <3 h r-TPA 3 mo mRS score ≥2 37 (58.7%) No

Ribo et al44 44 <3 h r-TPA 3 mo mRS score >2 NA No

Alessi et al45 109‡ <4.5 h r-TPA 3 mo mRS score ≥2 59 (54.1%) No

Only studies in which all patients received r-TPA or endovascular treatment or when subgroup analysis was performed in patients receiving r-TPA or endovascular 
treatment were included in this table.

*Follow-up data missing of 1 patient.
†No data on mRS scores available for 22 patients.
‡Total of 41 patients were treated with r-TPA; the remainder did not receive thrombolysis.
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significant association between high levels of thrombin-anti-
thrombin complex and poor outcome was found in multivari-
able regression analysis.

A total of 16 studies encompassing 6697 patients evalu-
ated fibrinogen in relation to stroke outcome.15–17,20,21,24–33,47 
Nine (56%) studies with a total of 5699 patients reported that 
high fibrinogen levels were related to poor outcome.15,24–29,32,47 
Fibrinogen levels were measured according to the Clauss 
method in most studies.15,20,25,26,31,32 One study found that fi-
brinogen levels of >3.7 g/L were associated with poor clinical 
outcome at 30 days after ischemic stroke with a sensitivity of 
79.3% and a specificity of 80.4%.27 Most studies adjusted for 
age and sex in regression models. Only a few studies reported 
adjustments for acute inflammation (C-reactive protein), 
stroke severity, and the use of thrombolytic therapy. Treatment 
regimens used in individual studies and whether blood sam-
ples were drawn before start of treatment were not mentioned 
in most studies. Six studies did not find a significant associa-
tion between fibrinogen levels and stroke outcome after multi-
variable analysis.15,25,26,28,29,47 Fibrinogen levels were measured 
before the infusion of r-TPA in one study and showed no asso-
ciation with clinical outcome 3 months after ischemic stroke.20 
One study measured fibrinogen levels within 6 hours after 
stroke onset in the placebo group of 2 different study cohorts.25 
The authors found a significantly higher proportion of patients 
with lower fibrinogen levels (<450 mg/dL) who had a good 
outcome after 3 months in one of the cohorts. However, these 
results could not be demonstrated in the other cohort. One 
large multicenter study including 3212 acute ischemic stroke 
patients found a significant association between high fibrin-
ogen levels (>4.0 g/L) and poor outcome when adjusting for 
age and sex (odds ratio [OR], 1.42; 95% confidence interval 
[CI], 1.16–1.74; P=0.001).47 When more confounding fac-
tors were added to the model (eg, NIHSS, medical history, 
smoking status), this association was no longer significant 
(OR, 1.15; 95% CI, 0.86–1.53; P=0.338). The authors found a 
1.76-fold increase in the risk of in-hospital mortality (hazard 
ratio, 1.76; 95% CI, 1.10–2.81; P=0.019) in patients with high 
fibrinogen levels.

Fibrinolysis
A total of 6 biomarkers of fibrinolysis were meas-
ured in 21 different studies with a total of 3988 patie
nts.9,11,15–17,20,21,24,26,27,29,33,37–45 Seventeen studies including 
3696 patients reported on D-dimer and clinical outcome 
after ischemic stroke.9,15–17,21,24,26,27,29,33,37–43 Eight studies de-
termined D-dimer levels with (latex enhanced) immuno-
turbidimetric assays.17,24,26,29,38,39,41,42 ELISAs were used in 
6 studies9,15,16,21,33,40 and one study measured D-dimer with 
Enzyme-linked Fluorescence Assays.27 Except for 3 stud-
ies, all studies reported an association between high D-dimer 
levels and poor outcome with a high sensitivity of 77% to 
87% and a moderate specificity of 40% to 79.7% (cutoff 
values ranging from 0.1 to 1.99 mg/L).15,27,29,38 Studies using 
multivariable regression analysis were mostly adjusted for 
age and sex. Adjustments for stroke severity at admission 
were made in 6 studies.15,16,26,29,39,40 The association between 
high D-dimer levels and poor outcome did not remain sig-
nificant after adjustment for possible confounders in 3 

studies.16,26,40 Since D-dimer is a degradation product of fi-
brin and levels increase as a result of thrombolytic therapy, 
treatment regimens used in individual patients and the pre-
cise moment of blood collection are important factors to con-
sider; individual studies are heterogeneous in reporting on 
these important confounders. Two studies reported patients 
receiving thrombolytic therapy were excluded.40,41 On the 
other hand, one study only included patients with an avail-
able blood sample for D-dimer level measurement after the 
initiation of thrombolytic therapy.39 Another study reported 
3 patients were treated with intravenous r-TPA after blood 
samples were collected.43 It remained unclear whether the 
authors adjusted for thrombolytic therapy. Two other stud-
ies specifically mentioned that patients did not receive any 
thrombolytic agents.15,27 Thrombolytic therapy was included 
in regression models in one study.29 Blood samples were col-
lected before any kind of reperfusion treatment was started in 
3 studies.16,24,37 The majority of studies did not describe what 
treatment patients received or if blood samples were obtained 
before treatment was initiated. Fibrin degradation prod-
ucts were evaluated in 2 studies of which one study found 
significantly higher levels of fibrin degradation products, 
measured <72 hours after symptom onset, in patients with 
poor outcome compared with patients with good outcome 
(respectively, 1.60 mg/L [0.90–5.60 mg/L] and 0.90 mg/L 
[0.60–2.10 mg/L]; P=0.033).33 The authors determined sen-
sitivity and specificity for fibrin degradation products with a 
cutoff point of 0.95 mg/L using receiver operator character-
istic curve (ROC) analysis and found a sensitivity of 72.0% 
and a specificity of 56.7%. The same study observed similar 
results with plasminogen activator inhibitor-1 (PAI-1), an in-
hibitor of fibrinolysis. PAI-1 levels >21.65 ng/mL predicted 
poor outcome, with 83.3% sensitivity and 66.7% specificity. 
Another study that measured PAI-1 levels before the initi-
ation of reperfusion therapy also found significantly higher 
levels in patients with poor outcomes.44 High levels of TAFI 
(thrombin activatable fibrinolysis inhibitor) were associated 
with poor outcome in patients without thrombolysis in one 
study including 109 patients.45 In the same study, TAFI levels 
of patients that did receive r-TPA after blood samples were 
collected were not associated with poor clinical outcome. 
Two other studies with a total of 107 patients did not find any 
relation between TAFI and stroke outcome.20,44 TPA (tissue-
type plasminogen activator) antigen and α2-antiplasmin were 
not associated with stroke outcome.11,15,20,33

Antiphospholipid Antibodies and 
Lupus Anticoagulant
Two studies measured 4 different antiphospholipid antibodies 
in a total of 3089 patients.21,46 Data on the association with 
stroke outcome and anticardiolipin antibodies, anticephalin 
antibodies, and lupus anticoagulant in one of these studies 
were lacking because of small number of patients with pos-
itive antibodies (6 positive patients for every antibody).21 The 
presence of antiphosphatidylserine antibodies in plasma of is-
chemic stroke patients showed a significant association with 
mortality and major disability at 3 months after adjusting for 
age, sex, NIHSS, and cardiovascular risk factors (OR, 1.10; 
95% CI, 1.01–1.21; P=0.03) in one study.46
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Discussion
Despite the availability of substantial clinical research data on 
hemostasis biomarkers in relation to clinical outcome after is-
chemic stroke, the value of such biomarkers as independent 
predictors is still unproven. Although this general conclusion 
may point to an inability of hemostasis markers in the acute 
phase to predict a complex pathophysiological process in the 
long run, several methodological issues of the studies included 
in this review are also point of discussion. Furthermore, we 
included studies written in Dutch or English; therefore stud-
ies written in different languages are potentially excluded. The 
overall quality of included studies was moderate. However, the 
items on the quality assessment tool used in this systematic re-
view did not assess methodological aspects important for this 
systematic review, for instance time point of blood collection. 
Furthermore, there was a lot of clinical and methodological 
heterogeneity between studies included in this systematic re-
view, for instance, regarding the inclusion of patients with all 
different ischemic stroke subtypes. For example, previous stud-
ies found that VWF levels differed between stroke subtypes, 
and highest levels of VWF were found in patients with large ar-
tery atherosclerosis and cardioembolic strokes.48,49 Therefore, 
it might be that the underlying stroke pathology drives the 
concentration of certain biomarkers, such that the potential 
predictive value for clinical outcome is obscured in the acute 
phase. Additionally, bias may have been introduced by the fact 
that different assays were used for measuring biomarker lev-
els. For example, for D-dimer, it is known that there is a lot of 
interassay variability because of different specificity of mono-
clonal antibodies depending on the fibrin fragments used as the 
immunogen as well as the material used to calibrate the assay.50

Most studies did not report on the type of treatment 
that was applied in the included patients and whether blood 
samples were collected before or after the start of treatment. 
Therefore, it is unclear whether high levels of biomarkers re-
flect the effect of thrombolytic therapy rather than a causal, 
patient-related risk factor. For instance, significantly higher 
D-dimer levels are found in patients receiving r-TPA com-
pared to healthy controls and patients receiving heparin.51,52 
One study, where part of the included patients were treated 
with r-TPA, reported that high levels of D-dimer predicted 
poor clinical outcome, with a sensitivity of 81.2% and a spec-
ificity of 79.7% with a cutoff value of 1.99 mL/L.29

Another critical factor is the time interval between stroke 
onset and blood sampling; most studies collected blood within 
24 h after stroke onset, which is a fairly wide time interval. 
Ideally, a hemostasis biomarker of acute stroke should be 
assessed in the emergency setting before the start of any kind 
of antithrombotic treatment. In this systematic review, only 13 
studies measured biomarker levels within 4.5 to 6 hours after 
symptom onset and before any kind of reperfusion therapy (fi-
brinolysis or endovascular treatment) was started. When taking 
all these studies together, we found that most hemostatic bio-
markers were not related to clinical outcome 3 months after the 
event. Only 3 biomarkers (ADAMTS13, endogenous thrombin 
potential, and PAI-1) measured in 3 studies did show a relation-
ship.7,35,44 However, sample sizes were small. Despite promising 
results in the acute phase, current literature on these biomark-
ers is still in its infancies and need further investigation.

An alternative approach may be to consider the value of 
biomarkers taken at later time points, which may still offer help-
ful information for secondary antithrombotic medication after 
initial reperfusion therapy. For instance, in the study of Tóth 
et al. VWF and FVIII levels assessed before start of thrombo-
lytic therapy were not associated with poor clinical outcome.13 
However, when these biomarkers were measured immediately 
after thrombolytic therapy, they found that high levels were 
associated with poor clinical outcome 3 months after stroke 
(respectively, OR, 6.31; 95% CI, 1.83–21.73 and OR, 7.10; 
95% CI, 1.77–28.38). The optimal time point of blood collec-
tion also depends on the research question. For instance, for the 
choice of secondary treatment, one would want to measure a 
biomarker associated with clinical outcome immediately after 
or 24 hours after reperfusion therapy. On the other hand, to se-
lect the optimal reperfusion treatment, the biomarker measure-
ment should be performed as soon as the patients arrive in the 
hospital. Therefore, it might be that more than one sampling 
moment is interesting depending on the research question.

Furthermore, we found that the time of clinical outcome 
assessment varied among studies. Some studies evaluated out-
come at discharge; however, the authors did not mention the 
precise time from symptom onset to discharge. Currently, the 
best time point of clinical outcome assessment is point of dis-
cussion.53,54 The mRS, the most widely used disability score in 
stroke patients, has a moderate overall reliability and is gen-
erally assessed 3 to 6 months after stroke.55 When assessing 
outcome at discharge, the context of hospitalization makes it 
difficult to score activities of daily living, leading to higher 
mRS scores. Generally, an mRS score of >2 is considered poor 
clinical outcome. However, some studies used slightly lower 
or higher cutoff points, resulting in an under- or overestima-
tion of the proportion of patients with poor clinical outcome. 
Furthermore, clinical outcome depends on several factors, in-
cluding hemorrhagic transformation following thrombolysis, 
poor recanalization, or post-stroke infections.56 Most studies 
did not report on these confounding factors.

From the results obtained from current literature, it is pre-
mature to conclude that any hemostasis biomarker can be used 
in the clinical setting to predict which patients are at risk of 
poor clinical outcome after ischemic stroke. However, some 
biomarkers, including ADAMTS13, endogenous thrombin 
potential, and PAI-1 when assessed before the start of reper-
fusion treatment, may be promising candidates. Further ad-
equately powered studies, with clear defined inclusion and 
exclusion criteria, with serial biomarker measurements at 
different time points during the acute phase, and with ade-
quate statistical adjustments for possible confounders, are re-
quired to determine which hemostatic biomarkers can be used 
in the clinical setting. Currently, 3 randomized clinical trials 
investigating the effectiveness and safety of different means of 
acute treatment for ischemic stroke in a total of 2500 patients 
(MR CLEAN NO-IV57, MR CLEAN MED58 and MR CLEAN 
LATE59) are ongoing and involve the collection of blood 
samples at 3 time points in the acute phase (before, immedi-
ately after, and 24 h after reperfusion therapy) and during fol-
low-up (1–6 months). The results of these studies will enable 
us to gain more knowledge and even provide new biomarkers, 
as well as more insight in the optimal time point for blood 
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biomarker measurement for the prediction of clinical outcome 
in ischemic stroke patients.

Conclusion
Based on current literature, no clear recommendations can be 
provided on which hemostasis biomarkers are a predictor of 
clinical outcome after acute ischemic stroke. However, some 
biomarkers show promising results in the acute phase of is-
chemic stroke. Prospective studies with a homogenous study 
design with clearly defined time points of blood collection 
and outcome assessment are needed to establish or refute the 
role of selected and novel biomarkers in the prediction of 
clinical outcome.
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Highlights
•	 The prediction of patients at risk for poor clinical outcome after acute ischemic stroke remains challenging.
•	 Hemostasis biomarkers might render the possibility to differentiate which patients are at risk of poor clinical outcome.
•	 Based on current literature, no clear recommendations can be provided on which hemostasis biomarkers are a predictor of clinical outcome 

after acute ischemic stroke.




