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Abstract 
Objective: To characterize reperfusion decision-making, in-hospital workflow 
efficiency, and the principal reasons for withholding intravenous thrombolysis 
in an extended-window acute ischemic stroke (AIS) pathway including wake-
up stroke, unknown-onset stroke, and known beyond-window presentations. 
Methods: We retrospectively screened 349 consecutive emergency stroke-
pathway records from January 2023 to December 2025. Four records with a 
final diagnosis other than AIS were excluded, leaving 345 AIS cases. The his-
torical binary 4.5-h field was treated as a registry-recorded operational varia-
ble because a uniform last-known-well or symptom-discovery anchor could 
not be verified across years. Missing covariates were not randomly imputed 
for the final analysis. Because of the limited number of thrombolysis events, 
multivariable associations were assessed using Firth penalized logistic regres-
sion with profile-likelihood 95% confidence intervals (CIs). Results: Twenty-
seven of 345 patients (7.8%) received intravenous thrombolysis: 26/186 
(14.0%) with wake-up stroke, 0/3 (0%) with unknown onset, and 1/156 (0.6%) 
with known beyond-window presentation. Median age was 71 (61, 80) years 
and 217 (62.9%) were men. Baseline NIHSS was available in 201 patients and 
was 4 (2, 7) overall; treated patients had higher scores than untreated patients 
[8 (5, 14) vs. 3 (1, 6), P < 0.001]. Registry-recorded 4.5-h status was available 
in 269 patients and was positive in 24/27 treated versus 90/242 untreated pa-
tients (88.9% vs. 37.2%, P < 0.001). Median door-to-needle time among 25 
patients with valid values was 66 (54, 83) min; 44.0% achieved <= 60 min. The 
leading reasons for non-thrombolysis were time-window/unknown-onset 
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limitation (160/318, 50.3%), patient/family refusal or transfer (52/318, 16.4%), 
and imaging ineligibility/no treatment indication (39/318, 12.3%). In the com-
plete-case Firth model (n = 176; 26 thrombolysis events), registry-recorded 
4.5-h status (adjusted OR 18.49, 95% CI 5.76 - 80.28; P < 0.001) and baseline 
NIHSS (adjusted OR 1.17 per point, 95% CI 1.06 - 1.29; P < 0.001) remained 
associated with thrombolysis, whereas the calendar-year trend was attenuated 
(adjusted OR 1.85, 95% CI 0.90 - 4.10; P = 0.096). Conclusion: In this county-
level extended-window stroke pathway, thrombolysis increased descriptively 
after 2023, but Firth regression indicated that documented time-window sta-
tus and neurological severity were the more robust treatment correlates. 
Workflow improvement should prioritize standardized onset-time documen-
tation, rapid treatment decision-making, structured risk communication, and 
prospective capture of source-verifiable imaging and outcome data. 
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1. Introduction 

Acute ischemic stroke (AIS) is a leading cause of death and long-term disability 
in adults. Outcomes depend strongly on early recognition, rapid imaging, and 
timely reperfusion. Intravenous thrombolysis and endovascular therapy are highly 
time dependent; earlier treatment increases the likelihood of salvaging ischemic 
penumbra and improves long-term functional outcomes. Intravenous alteplase 
within 4.5 h is supported by robust evidence and guideline recommendations [1]-
[3]. However, a substantial proportion of patients develop symptoms during sleep 
or cannot reliably identify the time of onset. These patients with wake-up stroke 
or stroke of unknown onset have historically been excluded from thrombolysis 
solely because onset time was uncertain, potentially denying treatment to patients 
who might benefit. 

With the development of MRI diffusion-weighted imaging/fluid-attenuated in-
version recovery (DWI-FLAIR) mismatch, computed tomography perfusion (CTP) 
core-perfusion mismatch, and CT angiography (CTA), the paradigm of reperfusion 
selection has expanded from a purely clock-based window to a tissue-based win-
dow. WAKE-UP showed improved 90-day functional outcomes with alteplase in 
patients with unknown onset selected by a DWI-positive/FLAIR-negative pattern 
[4]. EXTEND used perfusion imaging to extend thrombolysis to selected patients 
4.5 - 9 h after onset or with wake-up stroke [5]. An individual-patient meta-anal-
ysis likewise demonstrated an overall net clinical benefit of alteplase in unknown-
onset stroke selected by DWI-FLAIR or perfusion mismatch [6]. Current interna-
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tional and Chinese guidelines therefore recommend individualized decisions in-
tegrating advanced imaging, stroke severity, vascular occlusion, and bleeding risk 
[1]-[3]. 

In real-world practice, a guideline-supported option is not necessarily opera-
tionally deliverable. Patients with wake-up stroke, unknown onset, or a known 
presentation beyond the conventional thrombolysis window may enter the same 
extended-window assessment pathway, but they differ in the relationship among 
last-known-well time, symptom discovery, and hospital arrival. These patients re-
quire rapid noncontrast CT and, when indicated, CTA, CTP, or MRI; clinicians 
must integrate deficit disability, tissue viability, large-vessel occlusion (LVO), 
contraindications, and patient preferences. Risk-benefit communication is also 
more complex than in straightforward conventional-window treatment. For 
county-level advanced stroke centers, consistent execution of imaging selection, 
consultation, communication, and treatment decisions is therefore crucial. 

Most previous studies have focused on treatment efficacy or imaging-selection 
criteria. Evidence describing consecutive real-world decision-making, workflow 
delay, and reasons for non-thrombolysis in county hospitals is more limited, par-
ticularly when wake-up, unknown-onset, and known beyond-window presenta-
tions are managed within one pathway. We therefore analyzed quality-control 
data from 2023-2025 to describe baseline characteristics, in-hospital workflow, 
advanced stroke imaging, reperfusion treatment, reasons for non-thrombolysis, 
and factors associated with intravenous thrombolysis. 

2. Methods 
2.1. Study Design and Setting 

This was a single-center retrospective real-world cohort study. Consecutive rec-
ords were identified from the emergency stroke pathway and stroke quality-con-
trol database between January 1, 2023 and December 31, 2025. A total of 349 path-
way records were screened: 106 from 2023, 101 from 2024, and 142 from 2025. 
Four records with a final diagnosis other than AIS were excluded (2023, n = 2; 
2024, n = 0; 2025, n = 2), leaving 345 AIS cases for descriptive analyses. Data were 
de-identified before analysis. The study focused on reperfusion decisions and in-
hospital workflow rather than long-term treatment efficacy. 

The hospital serves as a regional stroke center. Its emergency pathway com-
prises triage recognition, rapid neurologic assessment, glucose and basic labor-
atory testing, noncontrast head CT to exclude hemorrhage, and CTA, CTP, or MRI-
DWI/FLAIR when indicated. Intravenous thrombolysis or mechanical throm-
bectomy is selected according to time window, tissue window, deficit severity, 
contraindications, and patient/family preference. Key timestamps are prospec-
tively recorded for continuous quality improvement. 

2.2. Eligibility Criteria 

Inclusion criteria were: age >= 18 years; emergency stroke-pathway assessment 

https://doi.org/10.4236/jbm.2026.1410002


Y. J. Cai et al. 
 

 

DOI: 10.4236/jbm.2026.1410002 16 Journal of Biosciences and Medicines 
 

during the study period; final diagnosis of AIS; and presentation within the cen-
ter's extended-window evaluation pathway as wake-up stroke, unknown-onset 
stroke, or known presentation beyond the conventional 4.5-h window. Missing 
individual covariates did not by themselves trigger exclusion; variable-specific 
analyses used available observations. 

Exclusion criteria were a final diagnosis other than AIS or a stroke mimic, or 
an encounter for which the local emergency-pathway decision process was not 
evaluable. In the supplied screened dataset, the only exclusions were the four non-
AIS records noted above; no record was excluded solely because of missing NIHSS 
or registry-recorded 4.5-h status. The Firth multivariable analysis used complete 
cases for its prespecified predictors. 

2.3. Data Collection and Definitions 

Collected variables included year, age, sex, onset category, registry-recorded 4.5-
h status, baseline NIHSS score, door-to-blood, door-to-sample, door-to-complete 
blood count (CBC) report, door-to-coagulation report, door-to-biochemistry re-
port, door-to-CT dispatch, door-to-CT completion, DNT, intravenous thrombo-
lysis, mechanical thrombectomy, and the principal reason for non-thrombolysis. 
Source-tagged CTA, CTP, MRI-DWI/FLAIR, LVO, and tissue-mismatch fields 
were also audited. However, a substantial proportion of these imaging variables 
in the preprocessing extract had been reconstructed or imputed for database-
building purposes rather than being uniformly source-verifiable. They were there-
fore excluded from final quantitative utilization rates and inferential regression 
analyses. 

Wake-up stroke was defined as a new focal neurological deficit identified on 
awakening after an asymptomatic sleep period. Unknown onset indicated that 
last-known-well or symptom-onset time could not be established accurately. 
Known beyond-window presentation indicated a documented presentation be-
yond the conventional 4.5-h treatment window. The binary 4.5-h field was inher-
ited from annual quality-control datasets. Because the historical extract did not 
consistently preserve timestamp provenance sufficient to identify a single uniform 
anchor (last-known-well, symptom discovery, or another operational timestamp) 
across all onset categories and all three years, we refer to it as registry-recorded 
4.5-h status. It was analyzed as an operational process variable and was not 
equated with guideline-defined conventional clock-window eligibility in wake-up 
or unknown-onset stroke. 

Where source documentation was available, MRI DWI-FLAIR mismatch re-
ferred to an acute DWI lesion without corresponding unequivocal FLAIR hyper-
intensity in the same region, and CTP mismatch referred to a documented core-
hypoperfusion mismatch with salvageable tissue. No blinded central imaging re-
read was performed. The historical database did not uniformly preserve CTP ven-
dor/software, ischemic-core volume thresholds, hypoperfusion thresholds (for ex-
ample, Tmax), or mismatch-ratio cutoffs. Because source verification was incom-
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plete and the preprocessing file contained reconstructed/imputed imaging fields, 
no quantitative imaging-utilization rate or mismatch coefficient was retained in 
the final inferential analysis. No trial-specific imaging threshold was retrospec-
tively imposed. 

DNT was the interval from emergency-department arrival to initiation of 
thrombolytic administration. Targets were <=60, <=45, and <=30 min; patients 
without a valid DNT were excluded from those denominators. Reasons for non-
thrombolysis were standardized as time-window/unknown-onset limitation; pa-
tient/family refusal or transfer; imaging ineligibility/no indication; direct throm-
bectomy; contraindication/high bleeding risk; large infarct/large core; mild, low-
NIHSS, non-disabling, or improving symptoms; imaging-assessment failure; and 
other/unclear documentation. The cleaned database used a rule-based standardi-
zation of the free-text final-decision remark. One principal reason was retained 
per patient; when no single terminal factor was explicit or competing factors could 
not be resolved from the available remark, the case was classified as other/unclear. 
Independent duplicate adjudication and an inter-rater reliability statistic were not 
available. 

The three annual datasets were merged and harmonized before analysis. Field 
names and time formats were standardized, implausible time intervals were 
checked, and misaligned fields in selected 2023 rows were corrected. The string 
sentinel value '66' used in non-age fields was treated as missing. No random im-
putation was used in the final statistical analysis. Source-unverified imaging fields 
that had been reconstructed/imputed during preprocessing were not used for 
quantitative imaging rates or regression modeling. 

2.4. Statistical Analysis 

Continuous variables were assessed for distribution and are reported as mean +/− 
standard deviation when normally distributed or median (25th, 75th percentile) 
when skewed. Most continuous variables were skewed and are therefore presented 
as M (P25, P75). Categorical variables are reported as n (%). 

Continuous variables were compared using the Mann-Whitney U test between 
treatment groups and the Kruskal-Wallis test across years; categorical variables 
were compared using the chi-square test or Fisher exact test when appropriate. 
Variable-specific denominators are reported when data were missing. Because 
only 27 thrombolysis events occurred and baseline NIHSS/registry-recorded 4.5-
h status were incompletely captured, the primary multivariable analysis used Firth 
penalized logistic regression on complete cases. Prespecified predictors were cal-
endar-year trend (coded 0, 1, and 2 for 2023, 2024, and 2025), age per 10 years, 
registry-recorded 4.5-h status, and baseline NIHSS score. The complete-case 
model included 176 patients and 26 thrombolysis events. Results are reported as 
odds ratios (ORs) or adjusted ORs (aORs) with profile-likelihood 95% CIs; P val-
ues were obtained from penalized likelihood-ratio tests. Two-sided P < 0.05 was 
considered statistically significant. 
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3. Results 
3.1. Baseline Characteristics 

Among 349 screened pathway records, 4 non-AIS records were excluded (2023: 
2/106; 2024: 0/101; 2025: 2/142), yielding 345 AIS cases: 104 (30.1%) in 2023, 101 
(29.3%) in 2024, and 140 (40.6%) in 2025. No case was excluded solely for missing 
covariates. Registry-recorded 4.5-h status was missing in 76 AIS cases (2023, n = 
63; 2024, n = 10; 2025, n = 3), and baseline NIHSS was missing in 144 (2023, n = 
53; 2024, n = 39; 2025, n = 52). Median age was 71 (61, 80) years and 217 (62.9%) 
were men. Among 201 patients with available NIHSS, the median score was 4 (2, 
7). There were 186 (53.9%) wake-up strokes, 3 (0.9%) strokes of unknown onset, 
and 156 (45.2%) known beyond-window presentations. Intravenous thrombolysis 
was administered to 26/186 patients with wake-up stroke (14.0%), 0/3 with un-
known onset (0%), and 1/156 with known beyond-window presentation (0.6%). 

Among patients with an available registry-recorded 4.5-h field, treated patients 
more often had a positive status than untreated patients (24/27 [88.9%] vs. 90/242 
[37.2%], P < 0.001). Baseline NIHSS was also higher in treated patients with avail-
able scores [8 (5, 14), n = 26] than in untreated patients [3 (1, 6), n = 175; P < 
0.001]. Wake-up stroke accounted for 96.3% of treated patients versus 50.3% of 
untreated patients (overall onset-category comparison, P < 0.001). Age and sex 
did not differ significantly (Table 1). 
 

Table 1. Baseline characteristics of patients with AIS presenting with wake-up, unknown-onset, or known beyond-window stroke. 

Variable 
Overall  
(N = 345) 

IV thrombolysis  
(n = 27) 

No IV thrombolysis  
(n = 318) 

P value 

Year, n (%)    0.027 

   2023 104 (30.1) 2 (7.4) 102 (32.1)  

   2024 101 (29.3) 11 (40.7) 90 (28.3)  

   2025 140 (40.6) 14 (51.9) 126 (39.6)  

Age, years, M (P25, P75) 71 (61, 80) 75 (64.5, 78) 71 (61, 80) 0.556 

Male, n (%) 217 (62.9) 19 (70.4) 198 (62.3) 0.403 

Onset category, n (%)    <0.001 

   Wake-up stroke 186 (53.9) 26 (96.3) 160 (50.3)  

   Unknown onset 3 (0.9) 0 (0.0) 3 (0.9)  

   Known beyond-window presentation 156 (45.2) 1 (3.7) 155 (48.7)  

Registry-recorded <= 4.5 h, n/N (%) 114/269 (42.4) 24/27 (88.9) 90/242 (37.2) <0.001 

Baseline NIHSS, M (P25, P75) 4 (2, 7) [n = 201] 8 (5, 14) [n = 26] 3 (1, 6) [n = 175] <0.001 

Mechanical thrombectomy, n (%) 11 (3.2) 0 (0.0) 11 (3.5) 1.000 

Note: Continuous variables are presented as M (P25, P75) and compared using the Mann-Whitney U test; categorical variables are 
n (%) unless an n/N denominator is shown. Registry-recorded 4.5-h status is an operational historical quality-control field and is 
not assumed to equal uniform guideline-defined last-known-well eligibility across onset categories. NIHSS and 4.5-h status are 
reported with available-case denominators. 
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3.2. Workflow Trends from 2023 to 2025 

Among records with an available registry-recorded 4.5-h field, the corresponding 
proportions were 43.9% (18/41), 47.3% (43/91), and 38.7% (53/137) in 2023, 2024, 
and 2025, respectively (P = 0.430). Door-to-CT dispatch and completion re-
mained stable; overall door-to-CT completion was 15 (12, 19) min among 299 
patients with valid timestamps and was 14 (11, 19), 14 (12, 19), and 15 (13, 18) 
min by year (P = 0.503). Door-to-sample and door-to-biochemistry-report times 
differed by year, but these differences should be interpreted in light of changing 
documentation practices and year-specific missingness. 

Intravenous thrombolysis increased from 1.9% in 2023 to 10.9% in 2024 and 
10.0% in 2025 (P = 0.027). Any reperfusion therapy increased from 6.7% to 12.9% 
and 12.9%, although the annual difference was not statistically significant (P = 
0.248). Among 25 thrombolysis patients with valid DNT, median DNT was 66 (54, 
83) min; 11/25 (44.0%) achieved <= 60 min, 2/25 (8.0%) achieved <= 45 min, and 
none achieved <= 30 min (Table 2). Because the post-review source audit identi-
fied non-verifiable reconstructed/imputed imaging fields, annual advanced-imag-
ing utilization rates were not retained in the final quantitative analysis. Figure 1 
therefore displays the two source-verifiable reperfusion-treatment trends. 
 

Table 2. Workflow and treatment trends from 2023 to 2025. 

Variable Overall (N = 345) 2023 (n = 104) 2024 (n = 101) 2025 (n = 140) P value 

Study population, n 345 104 101 140 - 

Registry-recorded <= 4.5 h, 
n/N (%) 

114/269 (42.4) 18/41 (43.9) 43/91 (47.3) 53/137 (38.7) 0.430 

Baseline NIHSS,  
M (P25, P75) 

4 (2, 7) [n = 201] 3 (1, 6.5) [n = 51] 4 (2.25, 7.75) [n = 62] 3.5 (1, 7.25) [n = 88] 0.259 

Door-to-blood, min,  
M (P25, P75) 

1 (1, 3) [n = 322] 2 (1, 3) [n = 97] 1 (1, 3) [n = 97] 1 (1, 2) [n = 128] 0.224 

Door-to-sample, min,  
M (P25, P75) 

6 (3, 8) [n = 324] 2 (1, 3) [n = 97] 7 (6, 9) [n = 98] 8 (6, 9) [n = 129] <0.001 

Door-to-CBC report, min,  
M (P25, P75) 

17 (14, 21) [n = 221] - 16 (13, 21) [n = 94] 17 (14.5, 20) [n = 127] 0.449 

Door-to-coag report, min,  
M (P25, P75) 

33 (31, 37) [n = 217] - 33 (31, 37) [n = 93] 33 (31, 36) [n = 124] 0.668 

Door-to-biochem report, 
min, M (P25, P75) 

42 (11, 47) [n = 272] 7.5 (5, 11) [n = 74] 46 (42, 53.5) [n = 80] 44 (38, 48) [n = 118] <0.001 

Door-to-CT send, min,  
M (P25, P75) 

7 (5, 9) [n = 318] 6 (5, 9) [n = 96] 7 (6, 10) [n = 96] 7 (5, 9) [n = 126] 0.137 

Door-to-CT complete, min,  
M (P25, P75) 

15 (12, 19) [n = 299] 14 (11, 19) [n = 93] 14 (12, 19) [n = 81] 15 (13, 18) [n = 125] 0.503 

Intravenous thrombolysis,  
n (%) 

27 (7.8) 2 (1.9) 11 (10.9) 14 (10.0) 0.027 
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Continued 

DNT, min, M (P25, P75) 66 (54, 83) [n = 25] 
75.5 (70.8, 80.2)  
[n = 2] 

57 (54, 76) [n = 9] 68.5 (53.2, 83) [n = 14] 0.560 

DNT <= 30 min, n/N (%) 0/25 (0.0) 0/2 (0.0) 0/9 (0.0) 0/14 (0.0) - 

DNT <= 45 min, n/N (%) 2/25 (8.0) 0/2 (0.0) 2/9 (22.2) 0/14 (0.0) 0.145 

DNT <= 60 min, n/N (%) 11/25 (44.0) 0/2 (0.0) 5/9 (55.6) 6/14 (42.9) 0.356 

Mechanical thrombectomy,  
n (%) 

11 (3.2) 5 (4.8) 2 (2.0) 4 (2.9) 0.494 

Any reperfusion therapy,  
n (%) 

38 (11.0) 7 (6.7) 13 (12.9) 18 (12.9) 0.248 

Note: Continuous variables are presented as M (P25, P75) with valid n shown where data were incomplete. Annual continuous-
variable comparisons used the Kruskal-Wallis test, except CBC and coagulation-report times, which were available only in 2024-
2025 and were compared between those two years. Categorical variables were compared using the chi-square or Fisher exact test as 
appropriate. DNT metrics include only thrombolysis patients with valid DNT (overall n = 25; 2023 n = 2; 2024 n = 9; 2025 n = 14). 

 

 
Note: Annual AIS cases were used as denominators. Any reperfusion therapy was defined as intravenous 
thrombolysis and/or mechanical thrombectomy. 

Figure 1. Trends in intravenous thrombolysis and any reperfusion therapy from 2023 to 2025. 

3.3. Workflow Measures by Thrombolysis Status 

Door-to-blood, door-to-sample, laboratory-report, CT-dispatch, and CT-com-
pletion times did not differ significantly by thrombolysis status among patients 
with valid timestamps. In treated patients, median DNT was 66 (54, 83) min (valid 
n = 25); 44.0%, 8.0%, and 0% met the <=60-, <=45-, and <=30-min targets, re-
spectively. These data suggest that initial CT access was generally rapid, whereas 
integrated decision-making and treatment preparation remained targets for im-
provement (Table 3). 
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Table 3. Clinical characteristics and workflow measures by intravenous-thrombolysis status. 

Variable Overall (N = 345) 
IV thrombolysis  
(n = 27) 

No IV thrombolysis  
(n = 318) 

P value 

Year, n (%)    0.027 

   2023 104 (30.1) 2 (7.4) 102 (32.1)  

   2024 101 (29.3) 11 (40.7) 90 (28.3)  

   2025 140 (40.6) 14 (51.9) 126 (39.6)  

Age, years, M (P25, P75) 71 (61, 80) 75 (64.5, 78) 71 (61, 80) 0.556 

Male, n (%) 217 (62.9) 19 (70.4) 198 (62.3) 0.403 

Onset category, n (%)    <0.001 

   Wake-up stroke 186 (53.9) 26 (96.3) 160 (50.3)  

   Unknown onset 3 (0.9) 0 (0.0) 3 (0.9)  

   Known beyond-window presentation 156 (45.2) 1 (3.7) 155 (48.7)  

Registry-recorded <= 4.5 h, n/N (%) 114/269 (42.4) 24/27 (88.9) 90/242 (37.2) <0.001 

Baseline NIHSS, M (P25, P75) 4 (2, 7) [n = 201] 8 (5, 14) [n = 26] 3 (1, 6) [n = 175] <0.001 

Door-to-blood, min, M (P25, P75) 1 (1, 3) [n = 322] 1 (1, 1.8) [n = 26] 1 (1, 3) [n = 296] 0.154 

Door-to-sample, min, M (P25, P75) 6 (3, 8) [n = 324] 6.5 (5.2, 8) [n = 26] 6 (3, 8) [n = 298] 0.396 

Door-to-CBC report, min, M (P25, P75) 17 (14, 21) [n = 221] 18.5 (14.8, 28.8) [n = 24] 16 (14, 21) [n = 197] 0.084 

Door-to-coag report, min, M (P25, P75) 33 (31, 37) [n = 217] 34 (30, 37.5) [n = 23] 33 (31, 36) [n = 194] 0.535 

Door-to-biochem report, min, M (P25, P75) 42 (11, 47) [n = 272] 43 (25, 47) [n = 23] 42 (11, 47) [n = 249] 0.597 

Door-to-CT send, min, M (P25, P75) 7 (5, 9) [n = 318] 7 (6, 9) [n = 25] 7 (5, 9) [n = 293] 0.627 

Door-to-CT complete, min, M (P25, P75) 15 (12, 19) [n = 299] 16 (12, 20) [n = 21] 15 (12, 19) [n = 278] 0.488 

Mechanical thrombectomy, n (%) 11 (3.2) 0 (0.0) 11 (3.5) 1.000 

DNT, min, M (P25, P75) 66 (54, 83) [n = 25] 66 (54, 83) [n = 25] - - 

DNT <= 30 min, n/N (%) 0/25 (0.0) 0/25 (0.0) - - 

DNT <= 45 min, n/N (%) 2/25 (8.0) 2/25 (8.0) - - 

DNT <= 60 min, n/N (%) 11/25 (44.0) 11/25 (44.0) - - 

Note: Variable-specific denominators are shown for incomplete workflow fields. DNT applies only to patients receiving intravenous 
thrombolysis; valid DNT n = 25. Registry-recorded 4.5-h status is an operational historical field as defined in Methods. 

3.4. Reasons for Non-Thrombolysis 

Among 318 untreated patients, the most frequent principal reason was a time-
window/unknown-onset limitation (160, 50.3%), followed by patient/family re-
fusal or transfer (52, 16.4%), imaging ineligibility or no treatment indication (39, 
12.3%), and other/unclear documentation (30, 9.4%). The overall distribution of 
principal reasons did not differ significantly across years (P = 0.059), although the 
other/unclear category decreased over time (P = 0.010) (Figure 2 and Table 4). 
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Note: Percentages are calculated among patients not receiving intravenous thrombolysis in each year. One 
principal reason was retained per patient from the rule-standardized final-decision remark; ambiguous or 
competing factors without a clearly documented terminal reason were classified as other/unclear. 

Figure 2. Annual composition of principal reasons for non-thrombolysis, 2023-2025. 
 
Table 4. Principal reasons for non-thrombolysis by year. 

Variable Overall (N = 318) 2023 (n = 102) 2024 (n = 90) 2025 (n = 126) P value 

Time-window/unknown-onset limitation 160(50.3) 46(45.1) 53(58.9) 61(48.4) 0.139 

Patient/family refusal or transfer 52(16.4) 19(18.6) 10(11.1) 23(18.3) 0.283 

Imaging ineligible/no indication 39(12.3) 7(6.9) 11(12.2) 21(16.7) 0.081 

Other/unclear record 30(9.4) 17(16.7) 6(6.7) 7(5.6) 0.010 

Direct thrombectomy/thrombectomy 11(3.5) 5(4.9) 2(2.2) 4(3.2) 0.583 

Contraindication/high bleeding risk 10(3.1) 2(2.0) 4(4.4) 4(3.2) 0.616 

Large infarct/large core 9(2.8) 5(4.9) 1(1.1) 3(2.4) 0.266 

Mild/low NIHSS/non-disabling/improved 5(1.6) 0(0.0) 3(3.3) 2(1.6) 0.180 

Imaging assessment failure 2(0.6) 1(1.0) 0(0.0) 1(0.8) 0.662 

Note: Only AIS patients who did not receive intravenous thrombolysis are included. Values are n (%). One principal reason was 
retained per patient from the standardized final-decision remark; interacting secondary factors could coexist. Overall annual differ-
ence in reason distribution, P = 0.059. 

3.5. Firth Penalized Logistic Regression Analysis 

In univariable Firth analyses, calendar-year trend (OR 1.74, 95% profile CI 1.06 - 
3.02; P = 0.027), registry-recorded 4.5-h status (OR 11.80, 95% CI 4.21 - 44.96; P 
< 0.001), and baseline NIHSS score (OR 1.15 per point, 95% CI 1.08 - 1.24; P < 
0.001) were associated with thrombolysis, whereas age was not. 
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The multivariable Firth model included 176 complete cases and 26 thrombo-
lysis events. Registry-recorded 4.5-h status (aOR 18.49, 95% profile CI 5.76 - 
80.28; P < 0.001) and baseline NIHSS score (aOR 1.17 per point, 95% CI 1.06 - 
1.29; P < 0.001) remained associated with thrombolysis. The calendar-year trend 
was attenuated and no longer statistically significant (aOR 1.85, 95% CI 0.90 - 
4.10; P = 0.096), and age was not associated (aOR 0.74 per 10 years, 95% CI 0.46 - 
1.18; P = 0.205) (Table 5). Thus, the penalized analysis preserved the main con-
clusions for registry-recorded time status and NIHSS but weakened the evidence 
for an independent calendar-year effect. 
 

Table 5. Firth penalized logistic regression analysis of factors associated with intravenous thrombolysis. 

Variable Univariable Firth OR (95% CI) P value Multivariable Firth aOR (95% CI) P value 

Calendar-year trend (per year) 1.74 (1.06 - 3.02) 0.027 1.85 (0.90 - 4.10) 0.096 

Age (per 10 years) 1.10 (0.81 - 1.53) 0.542 0.74 (0.46 - 1.18) 0.205 

Registry-recorded <= 4.5 h 11.80 (4.21 - 44.96) <0.001 18.49 (5.76 - 80.28) <0.001 

Baseline NIHSS (per point) 1.15 (1.08 - 1.24) <0.001 1.17 (1.06 - 1.29) <0.001 

Note: Univariable denominators vary because registry-recorded 4.5-h status and baseline NIHSS were incomplete. The multivariable 
Firth model used complete cases (n = 176; thrombolysis events n = 26) and included calendar-year trend, age per 10 years, registry-
recorded 4.5-h status, and baseline NIHSS. CIs are profile-likelihood 95% CIs and P values are penalized likelihood-ratio tests. 
Source-unverified imaging/mismatch fields were excluded from the final inferential model after data-provenance audit. 

4. Discussion 
4.1. Principal Findings and Clinical Implications 

This three-year real-world analysis included 345 patients with AIS in an extended-
window county stroke pathway. Twenty-seven (7.8%) received intravenous 
thrombolysis, 11 (3.2%) underwent mechanical thrombectomy, and 38 (11.0%) 
received any reperfusion therapy. Thrombolysis increased descriptively from 
1.9% in 2023 to approximately 10% in 2024-2025. The cohort was broader than 
wake-up or unknown-onset stroke alone and included 156 known beyond-win-
dow presentations; thrombolysis was most frequent in wake-up stroke (14.0%). 
Importantly, Firth penalized regression confirmed strong associations of throm-
bolysis with registry-recorded 4.5-h status and higher NIHSS, whereas the calen-
dar-year association was attenuated and was no longer statistically significant after 
penalization and complete-case adjustment. 

The value of this study is its process-of-care perspective: it describes who en-
tered the extended-window pathway, how quickly core emergency workflow steps 
were completed, who ultimately received reperfusion, and why thrombolysis was 
withheld. The post-review data audit also illustrates an important quality-im-
provement lesson: variables that cannot be traced reliably to source documenta-
tion should not be converted into apparently precise imaging-performance met-
rics. This is relevant because ischemic stroke continues to impose a major health 
and economic burden in China and globally [7]-[9]. 
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4.2. From Clock Time to Tissue Viability: Clinical Context and 
Data-Provenance Limits 

Although 4.5 h remains the conventional intravenous-thrombolysis window [1]-
[3], advanced imaging can assess tissue viability when true onset is unknown or 
when patients present beyond the standard window. DWI-FLAIR mismatch, CTP 
core-perfusion mismatch, and CTA-defined occlusion support individualized se-
lection [10] [11], and WAKE-UP, EXTEND, and pooled individual-patient evi-
dence established benefit from imaging-guided alteplase in appropriately selected 
patients [4]-[6]. 

The present retrospective dataset could not support a defensible quantitative 
analysis of annual advanced-imaging utilization or mismatch because the source-
tagged preprocessing extract contained a substantial proportion of recon-
structed/imputed imaging fields and did not preserve uniform quantitative CTP 
thresholds. We therefore removed those variables from final regression and utili-
zation-rate claims rather than treating non-verifiable values as observed data. This 
limits imaging-specific conclusions but strengthens the validity of the remaining 
workflow and treatment analyses. Future registries should prospectively store the 
actual imaging modality, vendor/software version, core volume, hypoperfusion 
volume and threshold, mismatch ratio, image-reader role, and final treatment de-
cision. Automated mismatch tools may then be evaluated reliably [12]-[15]. 

4.3. Evolving Evidence for Late-Window Thrombolysis 

Recent trials have refined late-window selection. TIMELESS did not show overall 
superiority of tenecteplase over placebo in perfusion-selected LVO at 4.5 - 24 h, 
whereas TRACE-III demonstrated more disability-free outcomes with tenectep-
lase among selected patients unable to undergo thrombectomy, at the cost of more 
symptomatic intracranial hemorrhage [16] [17]. HOPE likewise found improved 
functional independence with alteplase in perfusion-selected patients 4.5 - 24 h 
after onset who were not planned for immediate thrombectomy [18]. Meta-ana-
lytic evidence supports possible benefit beyond 4.5 h in imaging-selected patients 
while underscoring the need to balance benefit and bleeding risk [19]. 

Thus, the pertinent question is no longer simply whether late-window throm-
bolysis is possible, but in whom, by which imaging criteria, and in which care 
setting it is appropriate. The low overall treatment rate in this county-level cohort 
may reflect appropriate caution as well as workflow constraints. Further expan-
sion should be paired with rigorous image interpretation, standardized benefit-
risk communication, and post-treatment safety surveillance. 

4.4. Registry-Recorded Time Status and NIHSS as Decision 
Correlates 

Registry-recorded 4.5-h status remained strongly associated with thrombolysis in 
the Firth model (aOR 18.49). However, because the historical binary field did not 
preserve a uniform auditable time anchor across wake-up, unknown-onset, and 
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known beyond-window categories, this association should not be interpreted as 
the causal effect of guideline-defined last-known-well eligibility. Rather, it is an 
operational correlate that may capture temporal proximity, pathway categoriza-
tion, clinician recommendation, and family acceptance. 

Baseline NIHSS was also independently associated with treatment (aOR 1.17 
per point). Median NIHSS was 8 in treated patients and 3 in untreated patients 
among those with available scores, suggesting lower treatment propensity in mi-
nor stroke. Current guidelines support thrombolysis for mild but disabling defi-
cits but recommend caution for mild non-disabling symptoms [1] [3] [10]. Low 
NIHSS does not necessarily imply low risk, particularly with aphasia, hemianopia, 
dominant-hand dysfunction, severe ataxia, or LVO [20] [21]. Quality-control 
forms should therefore distinguish disabling from non-disabling minor stroke ra-
ther than relying on the total score alone. 

4.5. Workflow Quality: Rapid CT but Persistent DNT Delays 

Median door-to-CT completion was 15 min among 299 patients with valid timestamps 
and remained stable across years, indicating a generally rapid initial pathway. By 
contrast, median DNT among 25 treated patients with valid values was 66 min; 
only 44.0% achieved <= 60 min, 8.0% achieved <= 45 min, and none achieved <= 
30 min. Target: Stroke and related studies demonstrate that team activation, emer-
gency medical services prenotification, rapid image interpretation, ready-to-use 
thrombolytic medication, and continuous feedback shorten DNT and improve 
outcomes [22]-[26]. Canadian best-practice metrics similarly track thrombolysis, 
DNT, and endovascular times [27]. 

For an extended-window pathway, DNT may include additional vascular/tissue 
imaging, interpretation, parallel thrombectomy discussion, and more complex 
communication. Future monitoring should therefore decompose delay into door-
to-imaging, imaging-to-decision, decision-to-needle, and door-to-puncture in-
tervals, while separately reporting conventional clock-window and tissue-selected 
treatment. Prospective capture is particularly important because the present his-
torical dataset had incomplete values for several workflow fields. 

4.6. Non-Thrombolysis: Three Actionable Domains 

Time-window/unknown-onset limitations accounted for 50.3% of non-thrombo-
lysis. This combined category should not be equated entirely with prehospital de-
lay because it also captures uncertainty in onset-time documentation and ex-
tended-window eligibility; nevertheless, prehospital delay remains an important 
population-level barrier [28]. Patient/family refusal or transfer accounted for 
16.4%. Refusal may reflect fear of hemorrhage, uncertainty about benefit, limited 
trust, or preference for transfer [29], and may be amplified when tissue-window 
concepts must be explained. Standardized visual decision aids could communicate 
tissue viability, expected benefit, bleeding risk, and the time cost of transfer. 

Imaging ineligibility or absence of an indication accounted for 12.3% of non-
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thrombolysis decisions in the standardized reason field. This should not automat-
ically be interpreted as poor performance: appropriate exclusion because of estab-
lished infarction, unfavorable tissue profile, excessive bleeding risk, or throm-
bectomy-priority anatomy can itself represent correct decision-making. However, 
because the final analytic dataset did not contain uniformly source-verifiable 
quantitative imaging parameters, the specific imaging mechanisms underlying 
these exclusions cannot be analyzed reliably here. 

4.7. Tenecteplase in County Stroke Pathways 

Evidence supporting tenecteplase has expanded. AcT, ORIGINAL, and ATTEST-
2 support noninferiority to alteplase in eligible AIS populations [30]-[32], and the 
European Stroke Organisation notes potential practical and early-recanalization 
advantages, particularly before thrombectomy [33]. A single-bolus regimen may 
simplify preparation and interhospital transfer. Our dataset did not distinguish 
thrombolytic agents, so future quality registries should record drug, dose, admin-
istration time, bridging thrombectomy, hemorrhagic transformation, and 90-day 
modified Rankin Scale outcomes. 

4.8. LVO and Mechanical Thrombectomy as a Parallel Decision 

Eleven patients (3.2%) underwent mechanical thrombectomy. Reperfusion path-
ways for unknown-onset and beyond-window stroke must evaluate thrombolysis 
and thrombectomy in parallel. Guidelines support thrombectomy for appropri-
ately selected anterior-circulation LVO, including late-window presentations [34] 
[35], and SELECT2, ANGEL-ASPECT, and RESCUE-Japan LIMIT expanded ev-
idence to selected large-core infarction [36]-[38], with subsequent practice guid-
ance. In the present database, source-verifiable LVO/CTA fields were insuffi-
ciently complete for reliable quantitative LVO-rate analysis; future county-center 
registries should prospectively record CTA findings, occlusion site, transfer des-
tination, puncture time, reperfusion grade, and 90-day outcome. 

4.9. A Reproducible Pathway for County-Level Advanced Stroke 
Centers 

County centers may face limitations in overnight MRI/CTP access, interventional 
staffing, stroke coordination, health literacy, and data completeness; however, sta-
ble referral catchments and short communication chains can enable rapid CT and 
initial decisions. Our 15-min median door-to-CT completion demonstrates this 
potential. 

Improvement should be system based: create an extended-window triage label; 
use a tiered imaging strategy of noncontrast CT, rapid CTA, and conditional 
CTP/MRI; establish rapid LVO and transfer protocols; review non-thrombolysis 
reasons monthly; follow up refusals; prospectively record last-known-well, symp-
tom discovery, arrival, imaging, decision, consent, and treatment timestamps; and 
monitor segmented workflow intervals. These priorities align with national rec-
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ommendations for regional coordination and quality improvement [9]. 

4.10. Strengths, Limitations, and Future Directions 

Strengths include three consecutive years of real-world county-center data, ex-
plicit inclusion of wake-up, unknown-onset, and known beyond-window presen-
tations, analysis of both treatment and non-treatment decisions, and detailed 
emergency workflow timestamps. The revision also applied a source-provenance 
audit and Firth penalized regression rather than retaining unsupported imaging 
metrics or sparse-event conventional estimates. 

Limitations include the single-center retrospective design, only 27 thrombolysis 
events, and substantial missingness in two key historical fields: registry-recorded 
4.5-h status (76/345 missing) and baseline NIHSS (144/345 missing). Conse-
quently, the Firth multivariable model was a complete-case analysis of 176 pa-
tients with 26 events and may still be affected by selection bias. The 4.5-h field 
lacked a uniform auditable time anchor. Several imaging fields in the prepro-
cessing extract had been reconstructed/imputed rather than uniformly source-
verified, so they were excluded from final quantitative imaging and regression 
analyses. The non-thrombolysis reason variable was rule-standardized from free-
text remarks without independent duplicate adjudication. Systematic 90-day mod-
ified Rankin Scale, discharge outcomes, 24-h NIHSS improvement, hemorrhagic 
transformation, symptomatic intracranial hemorrhage, thrombolytic agent, re-
canalization, and complete transfer thrombectomy data were unavailable. 

Future studies should establish a prospective multicenter database with a com-
plete screening log; standardized last-known-well, symptom-discovery, arrival, 
imaging, decision, consent, and treatment timestamps; explicit CTP software and 
quantitative thresholds; source-verifiable imaging and LVO fields; structured ad-
judication of non-treatment reasons; and functional and safety outcomes. Pre-
specified sparse-event modeling, including Firth regression, should be incorpo-
rated when event counts are limited. Structured late-window decision tools, auto-
mated mismatch/LVO alerts, and comparisons of imaging resources and transfer 
models across county centers remain important directions [14] [15] [18] [19]. 

5. Conclusion 

From 2023 to 2025, intravenous thrombolysis increased descriptively among pa-
tients managed in an extended-window county stroke pathway that included 
wake-up, unknown-onset, and known beyond-window AIS. Thrombolysis was 
most frequent in wake-up stroke. In Firth penalized regression, registry-recorded 
4.5-h status and higher baseline NIHSS remained robust treatment correlates, 
whereas the calendar-year trend was attenuated. Maintaining rapid CT access while 
improving standardized onset-time documentation, decision-to-needle workflow, 
risk communication, and prospective source-verifiable imaging/outcome capture 
may improve the timeliness and interpretability of reperfusion care. 
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