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ARTICLE INFO ABSTRACT
Keywords: Background: Atrial fibrillation (AF) is often first detected during or after ischaemic stroke (IS), yet many cases
Atrial fibrillation remain undetected. We evaluated whether thrombotic and fibrinolytic profiles vary with AF status in IS and

Ischaemic stroke
Global thrombosis test
Occlusion time

whether these markers may help identify AF.

Methods: We conducted a prospective observational study of adults with confirmed IS, with blood sampling
Lysis time during index admission after withholding pre-admission anticoagulant therapy where applicable. Patients were
Thrombosis classified as AF or non-AF, with AF subtyped as known AF (KAF, N = 20), AF detected concurrently with stroke
Fibrinolysis (AFDCS, N = 10), or detected after stroke (AFDNCS, N = 6). Thrombotic status was assessed using Global
Thrombosis Test-derived occlusion time (OT) and lysis time (LT). Multivariable linear regression analyses were
performed to account for demographic, clinical, and anticoagulant-related factors. An exploratory cohort
excluding KAF, AFDCS, and thrombolysis was used to evaluate AFDNCS prediction.

Results: 115 patients with IS (mean [SD] age: 68.5 + 13.5 years; 57.4% male) were included. AF patients were
older and had a higher burden of comorbidities, but most laboratory parameters were similar between groups.
Despite normal coagulation tests, AF patients had longer OT than non-AF patients (474 + 214 vs. 373 + 176 s, P
= 0.009), while LT did not differ. OT varied significantly across AF states (P = 0.002), longest in KAF and
shortest in AFDNCS, whereas LT did not differ. In multivariable analyses, the association between AF and longer
OT was attenuated after accounting for prior anticoagulant exposure. In the exploratory cohort (N = 72) with 5
AFDNCS cases during 6-month follow-up, OT showed discrimination for predicting AFDNCS (AUC = 0.737, 95%
CI 0.620-0.834).

Conclusions: We identify distinct haemostatic patterns across AF states in patients with IS. Short OT in patients
with AFDNCS may identify a cohort at increased ischaemic risk of future events, and requires further study.
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1. Introduction

The epidemiological and clinical burden of ischaemic stroke (IS) and
atrial fibrillation (AF) has been well established [1,2]. While each con-
dition carries significant individual burden, growing evidence highlights
the importance of their intersection. AF is not only a leading cause of
cardioembolic stroke but is also frequently diagnosed for the first time
during or after an acute stroke, conversely, stroke may unmask latent AF
[3]. Recent estimates from the Global Burden of Disease study indicate
that, in 2019, the global prevalence of coexisting AF and IS was esti-
mated at approximately 6.9 million people (95% uncertainty interval:
6.5-8.7 million) [4]. That year also saw an estimated 700,000 new cases
globally, a 35% increase compared with 2009 [4], highlighting the ris-
ing clinical and public health burden associated with AF and IS.

In patients with IS, AF status is often categorised into known AF
(KAPF), identified before the index IS, and AF detected after stroke, which
includes AF diagnosed concurrently with stroke (AFDCS) or AF diag-
nosed non-concurrently with stroke (AFDNCS) [5,6]. In a large-scale
cohort study involving over 800,000 patients admitted with IS, 5.5%
had KAF, while 2.3% were newly diagnosed with AFDAS [7]. Current
detection relies largely on single-time ECG testing, and variation in
monitoring intensity leads to differences in AF detection rates. One
meta-analysis demonstrated a clear gradient in AF detection, increasing
from 7.7% with single ECG to 10.7% with short-term Holter and 16.9%
with mobile telemetry or implantable loop recorders [8]. While
extended monitoring or advanced detection technologies may improve
AF detection, they also impose significant resource burdens [9].
Therefore, scalable approaches are needed to identify patients at highest
risk and to target intensive monitoring where it is most likely to provide
clinical benefit.

Emerging evidence indicates that thrombosis and endogenous fibri-
nolysis are mechanistically relevant to both AF and IS, involving coor-
dinated interactions between platelet activation, endothelial function,
and the coagulation-fibrinolytic systems [10]. Although biomarkers
such as thrombin, plasmin, tissue plasminogen activator and plasmin-
ogen activator inhibitor-1 capture discrete steps in the coagu-
lation—fibrinolytic pathways, they do not represent overall haemostatic
function [10,11]. This has led to a growing interest in global assessments
of thrombotic and fibrinolytic function. The Global Thrombosis Test
(GTT) assesses thrombus formation and endogenous fibrinolysis in
native whole blood, offering a physiologically appropriate evaluation
for arterial thrombotic risk [11,12].

While global thrombotic status is related to ongoing cardiovascular
risk in patients with acute coronary syndromes and ST-segment eleva-
tion myocardial infarction [13,14], whether global thrombotic status
can identify patients with IS at highest ischemic risk, in particular pa-
tients with concomitant AF, is unknown. We aimed to investigate GTT-
derived thrombosis and fibrinolysis parameters in IS patients, first
comparing these measures between AF and non-AF groups, then across
AF diagnostic categories, and finally exploring whether GTT indices
could identify AFDNCS.

2. Methods
2.1. Study design and ethical approval

We conducted a prospective, observational study involving patients
admitted with suspected acute IS, who were subsequently confirmed to
have IS based on clinical evaluation and/or neuroimaging during hos-
pitalisation. The study was conducted across two UK hospitals (Whiston
Hospital, Cheshire and Lister Hospital, Stevenage). The study was
designed and conducted in accordance with the Declarations of Helsinki
1964 and its subsequent revisions, and complied with Good Clinical
Practice guidelines. The study was approved by the UK Health Research
Authority Research Ethics Service (IRAS number: 316736). All patients
gave written informed consent.
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2.2. Study population

Recruitment was conducted within the stroke units of the partici-
pating hospitals from July 2023 to April 2025. We enrolled patients who
fulfilled the inclusion criteria of (1) age > 18 years; (2) current in-
patient at the time of baseline data collection for recent IS, and (3)
confirmed to have IS by a stroke physician and/or imaging (computed
tomography or magnetic resonance imaging). Exclusion criteria were:
(1) inability or unwilling to provide informed consent; and (2) receiving
palliative or end-of-life care at the time of screening. All included pa-
tients were managed by the clinical teams according to best standard
care with guideline-directed antiplatelet therapy and standard second-
ary prevention following IS.

2.3. Global thrombosis test and sampling procedures

The GTT is an automated point-of-care whole-blood assay that pro-
vides functional measures of thrombus formation and endogenous
fibrinolysis, and has been described previously [12,15]. OT reflects the
time required for shear-induced thrombus formation to arrest flow,
whereas LT reflects the time needed for endogenous fibrinolysis to
restore flow.

Venous blood was collected by trained clinical staff (doctor or
research nurse) using standard aseptic venepuncture, within 24 h of
informed consent and before hospital discharge. Where thrombolysis
was administered, blood sampling was performed at least 24 h after
thrombolytic therapy. For patients with prior anticoagulant exposure,
anticoagulant therapy had been withheld before blood sampling
following index stroke admission. Thrombotic status was assessed using
4 mL of freshly drawn venous blood, which was introduced into the
device within 15 s of blood draw, after which the assay proceeded
automatically.

2.4. Study outcomes and follow-up

The outcomes of interest were AF status and its temporal subtypes
among patients with IS. Based on clinical records and monitoring during
admission and follow-up, participants with any documented AF were
classified into those with AF (comprising KAF, AFDCS and AFDNCS),
while those without evidence of AF throughout the study period were
classified as the non-AF group. For the predictive analysis, we specif-
ically examined whether baseline thrombotic status measures (OT, LT)
were related to subsequent AFDNCS.

All participants were followed for up to 6 months post-enrolment, or
until death, with outcome information obtained through hospital elec-
tronic records, general practitioner records, or telephone follow-up.

2.5. Covariates and data collection

We extracted baseline variables across several domains, including
demographics, medical and drug history, stroke severity assessed using
the National Institutes of Health Stroke Scale (NIHSS) and the modified
Rankin Scale (mRS) and routine laboratory measurements on admission.
Details of all collected variables are provided in Table 1. These baseline
characteristics were pre-specified and consistently collected across study
sites.

2.6. Sample size estimation

There is a lack of published data on the use of GTT in patients with
both IS and AF. Utilising data available in the literature from AF pop-
ulation, preliminary sample size estimates were generated to inform
recruitment targets and ensure adequate statistical power for detecting
meaningful group differences. For LT, Spinthakis et al. reported a mean
and SD of 1900 + 460 s in anticoagulated patients with AF [15].
Assuming a 20% relative difference between groups and a 1:1 allocation
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Table 1
Baseline characteristics of IS patients between AF and non-AF patients.
All Non-AF AF P
N 115 79 36
Age, years 68.5 + 65.6 + 74.7 + 0.001
13.5 14.2 9.0
Male, n (%) 66 (57.4) 46 (58.2) 20 (55.6) 0.840
White, n (%) 113 77 (97.5) 36 1.000
(98.3) (100.0)
BMI, kg/m2 28.3 + 27.9+5.8 29.1 + 0.270
5.7 5.4
SBP, mmHg 146.2 + 145.1 + 148.6 + 0.359
18.8 19.9 16.2
DBP, mmHg 80.6 + 80.5 + 80.8 + 0.912
13.8 14.9 11.2
Smoking status, n (%) 0.019
Non-smoker 76 (66.1) 46 (58.2) 30 (83.3)
Ex-smoker 17 (14.8) 13 (16.5) 4 (11.1)
Current smoker 22 (19.1) 20 (25.3) 2 (5.6)
mRS on admission 0.0 (0.0, 0.0 (0.0, 1.0 (0.0, 0.004
1.0) 1.0) 1.0)
NIHSS on admission 3.0 (2.0, 3.0 (2.0, 3.0 (2.0, 0.718
6.0) 6.0) 6.0)
Comorbidity, n (%)
Hypertension 69 (60.0) 43 (54.4) 26 (72.2) 0.100
Hypercholesterolaemia 19 (16.5) 12 (15.2) 7 (19.4) 0.595
Diabetes mellitus 26 (22.6) 19 (24.1) 7 (19.4) 0.639
Coronary artery disease 9(7.8) 4(5.1) 5(13.9) 0.136
Congestive heart failure 4 (3.5) 1(1.3) 3(8.3) 0.090
Ischemic heart disease 5(4.3) 2(2.5) 3(8.3) 0.176
Prior Stroke/TIA 17 (14.8) 9(11.4) 8(22.2) 0.159
Chronic kidney disease 12 (10.4) 5(6.3) 7 (19.4) 0.048
Cardiomyopathy 3(2.6) 0 (0.0) 3(8.3) 0.029
Lung disease 19 (16.5) 13 (16.5) 6 (16.7) 1.000
Laboratory test
APTT, second 23.8 + 23.6+33 237+ 0.957
2.8 2.4
PT, second 11.4 + 11.2+1.0 11.7 £ 0.011
1.0 0.9
TC, mmol/L 45+1.1 46 +1.2 42+09 0.052
HDL-C, mmol/L 1.3+0.4 1.3+0.5 1.3+0.4 0.927
LDL-C, mmol/L 26+09 27+1.0 2.4+ 0.8 0.091
Triglycerides, mmol/L 1.4+0.8 1.5+ 0.9 1.2+ 0.6 0.037
WBC, x 10%/L 88+29 89+3.0 8.5+ 27 0.476
Platelet, x 10%/L 257.0 £ 261.7 £ 247.5 + 0.457
95.9 100.6 80.2
Hemoglobin, g/dL 14.7 + 15.2 + 135+ 0.448
11.8 13.9 2.0
Treatment, n (%)
Pre-admission 20 (17.4) 2(2.5) 20 (55.6) < 0.001

anticoagulant use

Oral anticoagulant at 37 (32.2) 8 (10.1) 29 (80.6) < 0.001
discharge

Thrombolysis 18 (15.7) 12 (15.2) 6 (16.7) 1.000
ACEIs/ARBs 42 (36.5) 29 (36.7) 13 (36.1) 1.000
Beta blockers 33(28.7) 12 (15.2) 21 (58.3) < 0.001
Diuretics 14 (12.2) 6 (7.6) 8(22.2) 0.034
DHP-CCB 38 (33.0) 27 (34.2) 11 (30.6) 0.831
Statins 95 (82.6) 65 (82.3) 30 (83.3) 1.000

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; AF, atrial
fibrillation; APTT, activated partial thromboplastin time; ARB, angiotensin II
receptor blocker; DHP-CCB, dihydropyridine calcium channel blocker; HDL—C,
high-density lipoprotein cholesterol; IS, ischaemic stroke; LDL-C, low-density
lipoprotein cholesterol; mRS, modified Rankin scale; NIHSS, NIH Stroke Scale;
PT, prothrombin time; TC, total cholesterol; WBC, white blood cell.

ratio, a two-sample t-test (80% power, two-sided o = 0.05) indicated
that 20 participants per group (40 in total) would be required. For OT,
using an assumed mean of 460 s and SD of 125 s [15], a similar 20%
difference would require 15 participants in each group (30 participants
in total). Sample size calculations followed standard methods for
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comparing two independent means, as outlined by Chow et al. [16]
These calculations assumed equal group sizes, whereas AF is unevenly
distributed in patients withIS. Accordingly, beyond meeting minimum
sample size requirements for AF versus non-AF comparisons, a larger
cohort was recruited to support exploratory subgroup analyses based on
the temporal relationship between AF and IS diagnosis.

2.7. Statistical analysis

Baseline missing data across all study variables is summarised in
Supplementary Table S1. To minimise potential bias arising from
incomplete data, multivariate imputation by chained equations was
applied to generate imputed datasets under the assumption of missing at
random. Continuous variables were checked for normality using the
Shapiro-Wilk test within groups. Normally distributed variables are
expressed as mean with SD and compared using the Student's t-test or
one-way analysis of variance, while non-normally distributed variables
are presented as median with interquartile range (IQR) and compared
with the Mann-Whitney U or Kruskal-Wallis tests. Categorical variables
are reported as counts with percentages and compared using the Chi-
square or Fisher tests.

The OT and LT between patients with and without AF were
compared. This initial step established whether AF itself is associated
with altered thrombotic or fibrinolytic function. The distribution of OT
and LT was then examined separately in males and females to explore
potential sex-related variations in thrombogenicity, given that sex dif-
ferences have been reported in stroke [17].

Subsequent analyses examined OT and LT across non-AF and three
AF diagnostic categories (KAF, AFDCS, and AFDNCS) to assess whether
thrombotic and fibrinolytic profiles differ across AF groups defined by
diagnostic timing.

To explore whether the observed associations between AF and GTT-
derived parameters were independent of baseline clinical differences
between AF and non-AF patients, additional multivariable linear
regression analyses were performed with OT and LT as continuous
dependent variables. Given the modest sample size, a parsimonious
adjustment strategy was adopted, including demographic factors, clin-
ically relevant baseline comorbidities that differed between groups, and
their combined adjustment. Because prior anticoagulant exposure may
also influence OT and LT measurements and was more common among
patients with KAF, additional models incorporating prior anticoagulant
use were constructed. Multicollinearity was assessed using variance
inflation factors.

To assess the potential impact of treatment-related confounding,
exploratory sensitivity analyses were performed by stratifying patients
according to prior anticoagulant exposure, statin use, and thrombolysis
status, given the potential influence of these therapies on thrombotic
and fibrinolytic parameters. Comparisons of OT and LT were then per-
formed between AF and non-AF patients within each exposure stratum.

To explore potential factors associated with OT and LT, exploratory
correlation analyses were performed between GTT-derived parameters
and routinely collected clinical and laboratory variables in the overall
stroke cohort using Spearman correlation coefficients, to further inform
interpretation of the findings.

Exploratory analyses assessed GTT-based prediction of AFDNCS in
patients without KAF or AFDCS and without exposure to intravenous
thrombolysis before blood sampling, to minimise potential treatment-
related effects, despite blood collection occurring >24 h after throm-
bolysis. The discriminative ability of OT and LT for identifying AFDNCS
was assessed using receiver operating characteristic (ROC) analysis,
with area under the curve (AUC) and 95% confidence interval (CI)
calculated to quantify performance. Optimal cut-offs were determined
using the Youden index, with corresponding sensitivity, specificity,
positive predictive value, and negative predictive value reported. Lo-
gistic regression models were then used to determine whether adding OT
or LT to a basic clinical model of age and sex improved risk
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classification, with incremental value quantified using categorical and
continuous Net Reclassification Improvement (NRI) with 95% Cls.

All statistical analyses were two-sided, and a P value <0.05 was
considered statistically significant. All analyses were conducted using
SPSS (version 31.0, IBM Corp., Armonk, NY, USA, https://www.ibm.
com/products/spss-statistics) and R (version 4.3.1, R Foundation for
Statistical Computing, Vienna, Austria, https://www.r-project.org).

3. Results
3.1. Baseline characteristics

A total of 121 patients were initially enrolled, 3 withdrew and 3 were
lost to follow-up, leaving 115 participants for analysis (mean [SD] age:
68.5 + 13.5 years, 66 [57.4%] males), and the study flow is shown in
Fig. 1.

Baseline characteristics of IS patients with and without AF are
summarised in Table 1. Patients with AF (N = 36, mean [SD] age: 74.7
+ 9.0 years, 20 [55.6%] males) were older than those without AF (N =
79, mean [SD] age: 65.6 + 14.2 years, 46 [58.2%] males), while the
proportion of males was similar. Body mass index, blood pressure, and
admission NIHSS did not differ significantly, although pre-stroke
disability (mRS) was higher in the AF group (P = 0.004). Cardiomyop-
athy (8.3% vs 0%, P = 0.029) and chronic kidney disease (19.4% vs
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4.0%, P = 0.048) were more frequent in AF patients, while other
comorbidities were comparable between groups. Laboratory parameters
were largely similar, except for a slightly prolonged prothrombin time
(PT) in AF patients (P = 0.011).

Baseline characteristics across AF diagnostic timing groups (KAF [N
=20], AFDCS [N = 10] and AFDNCS [N = 6]) [Supplementary Table S2]
with generally similar clinical profile apart from hypercholesterolaemia
was more common in AFDNCS compared with KAF and AFDCS.

3.2. Comparison of GTT-derived parameters between AF and non-AF
patients

Comparisons of OT and LT between AF and non-AF patients are
shown in Fig. 2. In the full cohort, OT was significantly longer in AF than
in non-AF patients (474.2 + 214.1 vs 372.6 + 176.1 s, P = 0.009).
Similar findings were observed in women (505.3 + 209.5 vs. 378.6 +
188.9 s, P = 0.039), whereas the difference in males did not reach sig-
nificance (449.4 + 219.7 vs 368.4 & 168.8 s, P = 0.108). LT did not
differ between AF and non-AF patients in the overall cohort (2408
[1782-3991] vs. 2237 [1894-3260] seconds, P = 0.993) nor within sex-
specific analyses (all P > 0.05).

Hospitalised patients admitted to the stroke unit with suspected acute
ischaemic stroke in two centres from July 2023 to April 2025

Eligibility assessed:
(1) Age =18 years

(2) Contirmed ischaemic stroke
(3) Able to provide informed consent
(4) Not receiving palliative or end-of-life care

Patients enrol
N=

led at baseline

121)

Excluded (N = 6):

(1) Withdrew consent (N = 3)
(2) Lost to follow-up (N =3)

Final study population for analysis

(N=

115)

\

Non-AF group
(N=179)

KAF group
(N=20)

AFDCS group
(N =10)

AFDNCS group
(N=6)

Fig. 1. Flow diagram of patient recruitment and classification. AF, atrial fibrillation; AFDCS, atrial fibrillation detected concurrently with stroke; AFDNCS, atrial

fibrillation detected non-concurrently with stroke; KAF, known atrial fibrillation.


https://www.ibm.com/products/spss-statistics
https://www.ibm.com/products/spss-statistics
https://www.r-project.org

Y. Chen et al.

Thrombosis Research 264 (2026) 109772

1000 P =0.009 b 1000 1000 P=0108
—_— P=0.039 | _
800~ 800 800
% 600 g 600 g 600
? 3 2
5 4004 5 4004 5 400
200~ 200 ‘ znoT
T _I_ o T { | 1
Non-AF AF Non-AF AF Non-AF AF
8000 P=0.908 8000 6000 P=0.279
1
P=0277 —_—
6000 — 6000
S l 4000
o ° o
8 g 2
§ 4000 § 4000 §
2000 2000}
_l_ T T L T L
Non-AF AF Non-AF AF Non-AF AF
All Non-AF AF P
Overall ‘
N 115 79 36
OT, d 404.5+193.9 372.6 £176.1 \ 4742 £214.1 0.009
LT, second 2237 (1864, 3551) 2237 (1894, 3260) 2408 (1782, 3991) 0.993
Female
N 49 33 l 16
OT, second 420.0 +202.8 378.6 + 188.9 505.3 +209.5 0.039
LT, second 2530 (1835, 4043) 2503 (1770, 3604) | 2971 (1899, 5014) 0.277
Male |
N 66 46 20
OT, second 392.9+187.7 368.4 + 168.8 | 449.4 +£219.7 0.108
LT, second 2208 (1864, 2869) 2218 (1957, 2863) 2095 (1513, 3382) 0.279

Fig. 2. Comparison of OT and LT between AF and non-AF patients overall and by sex. Panels (a, d) represent the overall cohort, (b, e) females, and (c, f) males.

AF, atrial fibrillation; LT, lysis time; OT, occlusion time.
3.3. OT and LT distributions across non-AF and AF groups

As shown in Fig. 3, OT differed significantly across the four groups (P
= 0.002). Patients with KAF had the longest OT (526.4 + 193.1 s),
followed by AFDCS (483.4 + 218.2 s), both longer than non-AF patients
(372.6 + 176.1 s), while AFDNCS showed the shortest OT (285.3 +
198.9 s). LT did not differ significantly overall (P = 0.358), although
median values varied across groups, being 2719 [1783-4765] seconds in
KAF, 1973 [1066-2802] seconds in AFDCS, 2881 [1886-4231] seconds
in AFDNCS, and 2237 [1894-3260] seconds in non-AF patients.

3.4. Additional multivariable analyses

Multivariable linear regression analyses (Supplementary Table S3)
showed that the association between AF and longer OT remained sig-
nificant after adjustment for demographic factors (age and sex), and
baseline comorbidities that were more prevalent in the AF group (hy-
pertension, coronary artery disease, congestive heart failure, ischaemic
heart disease, prior stroke/transient ischaemic attack, chronic kidney
disease, and cardiomyopathy), but was attenuated after inclusion of
prior anticoagulant use and in the fully adjusted model. No significant
association between AF and LT was observed.

3.5. Exploratory therapy-related sensitivity analyses

All documented prior anticoagulant exposure involved direct oral
anticoagulants, with no prior warfarin users (Supplementary Table S4).
Coagulation parameters at sampling were largely within normal ranges
irrespective of prior anticoagulant history (Supplementary Table S5).
Stratified analyses according to prior anticoagulant exposure, statin use,
and thrombolysis status showed broadly consistent directional patterns,
although subgroup sizes were limited in some strata (Supplementary
Table S6).

3.6. Exploratory correlations of OT and LT with clinical and laboratory
variables

Exploratory correlation analyses (Supplementary Fig. S1) showed
only weak associations between GTT-derived parameters and routinely
collected clinical/laboratory variables, with no consistent pattern apart
from a weak inverse correlation between LT and diastolic blood
pressure.

3.7. Exploratory analysis of OT and LT for predicting AFDNCS

After excluding patients with KAF or AFDCS and those exposed to
thrombolysis before blood sampling, a total of 72 patients remained for
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Fig. 3. OT and LT across non-AF and AF diagnostic categories. AF, atrial fibrillation; AFDCS, atrial fibrillation detected concurrently with stroke; AFDNCS, atrial
fibrillation detected non-concurrently with stroke; KAF, known atrial fibrillation; LT, lysis time; OT, occlusion time.

analysis. The predictive value of GTT parameters for newly detected
AFDNCS (N = 5) was then evaluated. Within this exploratory cohort, OT

100

Sensitivity

80

60
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20

— OT: AUC =0.737 (95% CI 0.620-0.834)
=== LT: AUC = 0.672 (95% CI 0.551-0.778)

40

60

100-Specificity

100

was numerically shorter in patients who subsequently developed
AFDNCS, whereas LT did not show a clear difference, although neither

Fig. 4. Predictive value of OT and LT for newly detected AFDNCS after exclusion of patients with KAF, AFDCS, and thrombolysis before blood sampling.
AFDCS, atrial fibrillation detected concurrently with stroke; AFDNCS, atrial fibrillation detected non-concurrently with stroke; AUC, area under the curve; CI,
confidence interval; KAF, atrial fibrillation; LT, lysis time; OT, occlusion time.
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comparison reached statistical significance (Supplementary Table S7).
As shown in Fig. 4, OT demonstrated greater discriminative ability than
LT for identifying AFDNCS (AUC = 0.737, 95% CI 0.620-0.834 vs. AUC
= 0.672, 95% CI 0.551-0.778), with shorter OT values associated with
subsequent AFDNCS. The optimal OT cut-off derived using the Youden
index was 290.9 s, corresponding to a sensitivity of 80.0%, specificity of
74.6%, positive predictive value of 19.0%, and negative predictive value
of 98.0% (Supplementary Table S8).

When added to a basic model including age and sex (Table 2), OT
significantly improved risk reclassification (NRIcategorical = 63.6%, 95%
CI 35.2%-92.1%, P < 0.001; NRI¢ontinuous = 94.3%, 95% CI 20.7%-—
168.0%, P = 0.012), whereas LT provided no significant incremental
value (P = 0.127 and P = 0.230, respectively).

4. Discussion

This study represents the first investigation to evaluate thrombotic
and fibrinolytic function in patients with IS in relation to AF status, and
several important findings emerged. First, AF patients exhibited signif-
icantly longer OT than non-AF patients, while LT differences were not
significant, suggesting that thrombus formation is more affected than
fibrinolysis in the presence of AF. Additional multivariable analyses
accounting for baseline demographic and comorbidity differences
showed that this association remained broadly consistent. Although
attenuation was observed after inclusion of prior anticoagulant expo-
sure, all anticoagulants had been withheld before GTT sampling, sug-
gesting that this may reflect both treatment history and the longer-
standing AF clinical context it represents. Second, although LT did not
differ significantly across AF diagnostic categories, descriptive variation
was observed across groups, which should be interpreted cautiously
given the small subgroup sizes. Third, in patients without prior AF and
without thrombolysis exposure, shorter baseline OT showed a potential
discriminatory signal for identifying AFDNCS in exploratory analysis,
although the limited event number requires cautious interpretation.
Collectively, these findings suggest that GTT-derived parameters may
reflect differences in haemostatic profiles across AF trajectories,
although the exploratory findings, particularly for AFDNCS, require
cautious interpretation.

The paradoxical prolongation of OT in IS patients with AF may
reflect the complex interplay between haemodynamic disturbance and
pharmacological modulation. AF is a recognised prothrombotic condi-
tion, arising from the combined effects of blood stasis, endothelial
dysfunction, and abnormal platelet and coagulation activity [18,19]. In
our cohort, differences in OT across AF categories appear to reflect
heterogeneity in AF status and disease stage rather than a simple
gradient of anticoagulant exposure or intrinsic haemostatic properties
alone. Patients with KAF exhibited the longest OT, likely reflecting the
combined effects of chronic atrial arrhythmia, long-standing haemody-
namic disturbance, and prior anticoagulant therapeutic exposure.
Importantly, routine coagulation parameters, including prothrombin

Table 2
Risk reclassification improvement for AFDNCS with OT or LT in patients without
KAF, AFDCS, or thrombolysis.

NRlcategorical (95% P NRlcontinuous (95% P
CcDh Cch
Basic model Reference Reference
Basic model 63.6% (35.2%, < 0.001  94.3% (20.7%, 0.012
+ OT 92.1%) 168.0%)
Basic model 46.7% (—13.3%, 0.127  54.3% (—34.5%, 0.230
+ LT 106.6%) 143.1%)

Basic model was included age and sex.

Abbreviations: AFDCS, atrial fibrillation detected concurrently with stroke;
AFDNCS, atrial fibrillation detected non-concurrently with stroke; CI, confi-
dence interval; KAF, atrial fibrillation; LT, lysis time; NRI, net reclassification
improvement; OT, occlusion time.
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time (median 11.7 s, IQR 11.0-12.4) and activated partial thrombo-
plastin time (median 24 s, IQR 23-25), were within normal ranges and
comparable between groups at the time of sampling, suggesting that any
residual anticoagulant effect was limited. This raises the possibility that
the observed differences may be more closely related to underlying AF-
associated pathophysiology and disease chronicity rather than direct
pharmacological effects, particularly given the broadly consistent find-
ings across exploratory treatment-stratified analyses, although this
warrants further investigation. Exploratory treatment-stratified analyses
yielded broadly similar directional findings, although subgroup sizes
were limited. In contrast, patients with AFDCS, who were generally not
anticoagulated at the time of GTT measurement, demonstrated inter-
mediate OT values. Patients with AFDNCS showed shorter OT, consis-
tent with a haemostatic profile that had not yet been substantially
modified by sustained AF-related haemodynamic perturbation or long-
term treatment, although this observation should be interpreted
cautiously given the very small subgroup size and exploratory nature of
the analysis.

These findings suggest that OT prolongation in AF may be influenced
by the chronicity of the arrhythmic state. In patients with established
AF, long-standing haemodynamic disturbance together with prior
therapeutic exposure may contribute to a more pronounced prolonga-
tion of OT. In contrast, newly diagnosed AF in the acute stroke setting
may represent an early phase of AF-related haemostatic alteration, prior
to the development of more stable, chronic changes. However, the
number of patients with AFDCS in our cohort was small (N = 10), and
this observation should therefore be interpreted with caution. While
previous studies have shown that anticoagulant therapy suppresses
thrombus formation in AF, as reflected by prolonged OT following
treatment exposure [20,22], our results indicate that differences in OT
across AF diagnostic categories cannot be explained by anticoagulation
alone. These findings suggest that OT may capture different haemostatic
states across the AF continuum, with shorter OT potentially representing
an exploratory signal associated with subsequent AF detection, and
prolonged OT reflecting chronic haemodynamic and treatment-related
effects in established AF.

Although LT did not differ significantly across AF diagnostic sub-
groups, descriptive differences in LT were observed and may provide
exploratory insight into potential heterogeneity in fibrinolytic dy-
namics. The relatively shorter LT observed in patients with AFDCS may
reflect a transient enhancement of endogenous fibrinolytic activity
during the early phase of AF and acute ischaemic stroke. Acute hae-
modynamic disturbance, heightened sympathetic activation, and stress-
related endothelial responses in newly diagnosed AF may promote a
compensatory increase in fibrinolytic responsiveness [23-25], resulting
in shorter LT under high-shear conditions. By comparison, patients in
the KAF group likely had a longer history of AF and were chronically
anticoagulated. Although AF duration was not systematically recorded
in our cohort, the observed prolongation of LT in this group may be
consistent with the possibility that chronic AF is associated with altered
fibrinolytic function. This pattern may be consistent with the concept
that increasing AF burden is associated with greater thrombotic risk,
suggesting that impaired fibrinolysis may represent a mechanistic link
between AF chronicity and stroke risk, even in anticoagulated patients.
This descriptive pattern may warrant further investigation, although
mechanistic inference cannot be made from the present data. This may,
in part, reflect a more advanced atrial substrate and progressive endo-
thelial dysfunction in chronic AF, as evidenced by elevated plasma von
Willebrand factor levels, reduced nitric oxide bioavailability, increased
asymmetric dimethylarginine, and impaired flow-mediated vasodilation
[26,27]. All these may reflect sustained vascular injury and diminished
fibrinolytic capacity [28], which may worsen with disease duration.
These mechanisms remain biologically plausible but were not directly
assessed in the present study. Spinthakis et al. have previously shown
differences in LT between apixaban and warfarin [15]. In addition, an-
alyses from the ARISTOTLE trial have suggested that pre-treatment
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fibrinolytic profiles may be associated with bleeding risk in anti-
coagulated patients with AF, further supporting the clinical relevance of
fibrinolytic heterogeneity in this population [29]. In our cohort, the
majority of anticoagulated patients received direct OAC therapy
(97.2%), although the present sample was not designed to evaluate
treatment-specific fibrinolytic effects. However, given the limited
number of patients in both the KAF and AFDCS subgroups any inter-
pretation of these descriptive LT patternsshould be interpreted with
caution and warrant confirmation in larger studies.

More broadly, interpretation of GTT-derived findings in an acute
ischaemic stroke cohort requires some caution, given the clinical het-
erogeneity of stroke patients, the influence of concurrent therapies, and
the complex physiological scope of the assay itself. As a native whole-
blood assay performed under high shear conditions, OT and LT are
likely influenced by multiple interacting determinants, including
platelet function, blood rheology, and endogenous fibrinolysis activity.
In exploratory correlation analyses, no strong or consistent associations
were observed between GTT-derived parameters and routinely collected
clinical or laboratory variables, suggesting that these measures are not
readily explained by conventional single-marker assessments alone.
While routinely collected laboratory parameters relevant to haemostatic
physiology were available in the current cohort, dedicated mechanistic
biomarkers of coagulation and fibrinolysis were not systematically
measured, limiting direct mechanistic interpretation.

From a clinical perspective, the exploratory discriminative perfor-
mance of OT for identifying AFDNCS in patients without prior AF or
exposure to thrombolysis highlights the potential translational value of
GTT in stroke care. Within this exploratory cohort, OT was numerically
shorter in patients who subsequently developed AFDNCS, whereas LT
did not show a clear difference, although neither comparison reached
statistical significance. Therefore, shorter OT values should be inter-
preted as a potential haemostatic signal associated with subsequent AF
detection rather than definitive evidence of a pre-existing prothrombotic
phenotype. Given its simplicity, low cost, and minimal blood require-
ment (only 4 mL), the GTT can be conveniently performed at the bedside
to evaluate both thrombotic and fibrinolytic capacity under physiolog-
ical shear conditions. When used in combination with conventional ECG
monitoring, it could help refine post-stroke AF detection strategies and
risk stratification. Prospective validation is warranted to determine
whether integrating GTT-derived parameters into clinical workflows can
improve early AF diagnosis and guide personalised antithrombotic
management in acute stroke populations.

4.1. Limitations

This study has several limitations. First, although the overall design
was observational and causality cannot be definitively established, the
analysis examining the association between baseline GTT parameters
and subsequent development of newly diagnosed AFDNCS among pa-
tients free from KAF, AFDCS, or any thrombolytic therapy has a pro-
spective structure. This component reflects a forward-looking approach
that strengthens the temporal relationship between exposure and
outcome. Second, the modest overall sample size, particularly within
subgroups and the exploratory cohort used to evaluate OT as a predictor
of AFDNCS, may limit statistical power and contribute to imprecise es-
timates or unstable effect sizes. Third, GTT measurements were obtained
at a single time point, which may not capture dynamic changes in
thrombotic or fibrinolytic function following IS. Fourth, concomitant
therapies, including antithrombotic treatment, statin use, and throm-
bolysis exposure, were heterogeneous and not fully standardised, which
may have influenced GTT-derived parameters despite exploratory
sensitivity analyses. Fifth, echocardiographic assessment was unavai-
lable in a substantial proportion of patients, limiting systematic evalu-
ation of atrial structural remodelling and its relationship with GTT-
derived parameters. Sixth, although all anticoagulants were withheld
before GTT sampling and routine coagulation parameters were within
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normal ranges at the time of sampling, residual confounding related to
prior anticoagulant exposure, treatment duration, and inter-individual
variability in anticoagulant effects cannot be fully excluded. Seventh,
although GTT provides an integrated assessment of whole-blood hae-
mostatic function, dedicated mechanistic biomarkers directly involved
in coagulation and fibrinolysis pathways were not systematically
measured in the current cohort, which limits direct mechanistic inter-
pretation of the observed associations. Eighth, AF detection was based
on routine clinical documentation and follow-up, without the use of
prolonged or continuous ECG monitoring. This approach may have
resulted in underdiagnosis of asymptomatic or paroxysmal AF episodes,
particularly post-discharge, leading to a lower observed incidence of AF.
Consequently, the true burden of newly diagnosed AF after stroke may
be underestimated in this study. Lastly, this study was conducted at two
sites in the UK, and the vast majority of the enrolled participants were of
White ethnicity, the generalisability of our findings to other ethnic or
geographic populations may be limited. Future external validation
studies in more diverse cohorts and across different healthcare settings
will be essential to confirm the applicability and robustness of GTT-
based AF risk stratification post stroke.

5. Conclusions

We show heterogeneity in GTT-derived whole-blood haemostatic
function across AF diagnostic categories in patients with IS. Baseline OT
tested during the index IS admission, particularly shorter OT, showed
promising discriminative performance among AF-free patients for
identifying patients who develop AFDNCS, indicating a prothrombotic
phenotype preceding clinically detectable AF and supporting its poten-
tial role as an exploratory marker for predicting subsequent AF post-
stroke. Although LT did not differ significantly across AF subgroups,
descriptive variation was observed and warrants further investigation in
larger studies. As a physiological, near-patient assay, the GTT provides a
practical way of characterising global haemostatic status in the acute
stroke setting. The potential value of incorporating GTT-derived pa-
rameters into post-stroke risk stratification and AF surveillance strate-
gies warrants further evaluation in larger, adequately powered studies.
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