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Abstract

Introduction: Acute ischemic stroke (AIS) is a leading
cause of disability and mortality worldwide, with
intravenous thrombolysis (IVT) serving as the cornerstone
of reperfusion therapy. Door-to-needle time (DTN)
represents a key modifiable determinant of IVT
effectiveness, yet its clinical impact in thrombectomy-
capable settings remains incompletely defined Objective:
To evaluate the association between DTN and clinical
outcomes in ALS patients undergoing IVT in thrombectomy-
capable centers. Methods: A systematic review was
conducted following PRISMA 2020 guidelines, with
searches performed across PubMed, Cochrane Library,
and ScienceDirect. Adult AIS patients treated with IVT,
with or without thrombectomy, were included. Outcomes of
interest were functional independence, mortality, and
symptomatic intracerebral hemorrhage Results and
Discussion: Four studies were included. Shorter DTN,
particularly under 60 minutes, was consistently associated
with reduced mortality and superior neurological recovery
in a dose-dependent manner. No significant association
was identified between shorter DTN and increased
hemorrhagic risk. The findings support the time-dependent
effectiveness of intravenous thrombolysis, even in the era
of endovascular thrombectomy. Early thrombolysis may
enhance reperfusion and improve downstream outcomes.
Despite heterogeneity across studies, the overall direction
of evidence was consistent. Conclusion: Reducing door-to-
needle time remains a critical priority in acute stroke
management, including in thrombectomy-capable centers,
and should be emphasized in workflow optimization
strategies.
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Introduction

Acute ischemic stroke (AIS) remains a major contributor to global morbidity and
mortality, with ischemic stroke accounting for approximately 80-85% of all cases (Putri
et al., 2024); (Agustiawan et al., 2024). Beyond its immediate neurological impact, AIS
imposes long-term functional limitations that significantly affect quality of life, caregiver
burden, and healthcare resource utilization, making optimization of acute management
strategies a critical priority.

The pathophysiological cascade of AIS is initiated by abrupt occlusion of a cerebral
artery, resulting in the formation of an irreversibly damaged infarct core surrounded by
an ischemic penumbra—a region of hypoperfused yet potentially salvageable tissue. The
fate of this penumbra is highly time-sensitive, as ongoing ischemia leads to progressive
neuronal death and expansion of the infarcted area (Campbell et al., 2019; Ermine et al.,
2021). The well-established concept that "time is brain" reflects this quantifiable
relationship between treatment delay and neuronal loss, making reduction of treatment
latency a central focus in modern stroke care (Ragoschke-Schumm et al., 2014)

Intravenous thrombolysis (IVT) with alteplase remains the first-line reperfusion
therapy for eligible patients, with large-scale meta-analyses consistently demonstrating
that earlier administration is associated with significantly higher likelihood of functional
independence (Abdullah et al., 2024). International guidelines advocate for a door-to-
needle time (DTN) of 60 minutes or less, with many centers now targeting 30—45 minutes
as part of quality improvement initiatives (Powers et al., 2019). The emergence of
endovascular thrombectomy (EVT) has further transformed AIS management,
particularly for large vessel occlusion (LVO), with combined IVT and EVT—bridging
therapy—now representing contemporary standard of care (Retnaningsih et al., 2025). In
this context, early thrombolysis may facilitate partial clot dissolution, enhance
microvascular perfusion, and improve technical success of subsequent thrombectomy,
suggesting that DTN remains clinically relevant even in thrombectomy-capable centers
(Sarraj et al., 2024).

Recent studies have explored the relationship between DTN and clinical outcomes
in patients undergoing both IVT and EVT, with several reports indicating that shorter
DTN is associated with improved functional outcomes and reduced mortality (Man et al.,
2023; Sallustio et al., 2025). However, the existing literature is characterized by
substantial heterogeneity in study design, DTN thresholds, and outcome definitions,
limiting the ability to derive unified conclusions. Most available evidence is also derived
from observational cohorts susceptible to confounding by indication and selection bias,
necessitating a structured synthesis of the available data.

Therefore, this systematic review aims to evaluate the association between door-to-
needle time and key clinical outcomes—including functional independence, mortality,
and hemorrhagic complications—in patients with AIS undergoing intravenous
thrombolysis in thrombectomy-capable centers, to clarify the role of DTN as a modifiable
determinant of outcome and inform ongoing efforts to optimize acute stroke care
pathways.
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Methods
Study Design and Reporting Guideline

This systematic review was conducted in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 guidelines. The
objective of this study was to evaluate the association between door-to-needle time (DTN)
and clinical outcomes in patients with acute ischemic stroke undergoing intravenous
thrombolysis in thrombectomy-capable centers.

Search Strategy and Data Sources

A comprehensive literature search was performed using three electronic databases,
including PubMed, the Cochrane Library, and ScienceDirect. The search strategy was
designed to specifically identify studies evaluating the impact of DTN in the context of
intravenous thrombolysis with or without endovascular thrombectomy. The search
strategy for PubMed was as follows: (“door-to-needle” OR DTN) AND (thrombolysis
OR alteplase OR “intravenous thrombolysis”) AND (thrombectomy OR “endovascular
therapy” OR “large vessel occlusion”) AND (“functional outcome” OR mortality OR
“modified Rankin Scale” OR mRS OR hemorrhage) AND (stroke).

The search strategy for the Cochrane Library was as follows: (“door-to-needle” OR
DTN) AND (intravenous thrombolysis OR alteplase) AND (thrombectomy OR
endovascular therapy OR large vessel occlusion) AND (functional outcome OR mortality
OR mRS OR hemorrhage) AND (stroke). The search strategy for ScienceDirect was as
follows: (stroke) AND (“door-to-needle” OR DTN) AND (alteplase OR thrombolysis)
AND (thrombectomy OR “large vessel occlusion”) AND (outcome OR mortality). The
search was conducted without restriction on publication year, and only studies published
in English were included.

Eligibility Criteria

Studies were included if they met the following criteria: adult patients with acute
ischemic stroke, particularly those with large vessel occlusion or managed in
thrombectomy-capable centers; administration of intravenous thrombolysis with reported
door-to-needle time; comparison between shorter and longer DTN or evaluation of DTN
as a continuous variable; and reporting of at least one relevant clinical outcome, including
functional independence (commonly defined as modified Rankin Scale score <2),
mortality, or hemorrhagic outcomes such as symptomatic intracerebral hemorrhage. Both
randomized controlled trials and observational studies were considered eligible. Studies
were excluded if they were review articles, meta-analyses, case reports, conference
abstracts without full-text availability, non-human studies, or studies that did not provide
extractable data related to DTN and clinical outcomes.

Study Selection

All identified records were screened based on titles and abstracts, followed by full-
text assessment of potentially eligible studies. Duplicate records were removed manually
prior to screening. The selection process was conducted systematically, and discrepancies
in study inclusion were resolved through discussion. The overall study selection process
is presented in the PRISMA flow diagram.
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Data Extraction

Data extraction was performed using a standardized data collection format.
Extracted variables included first author, year of publication, country, study design,
population characteristics, DTN thresholds, and clinical outcomes. Outcomes of interest
included functional independence, mortality, and hemorrhagic complications, particularly
symptomatic intracerebral hemorrhage. All extracted data were compiled into a single
comprehensive table summarizing both study characteristics and results.

Risk of Bias Assessment

The methodological quality of the included studies was assessed using the
Newcastle-Ottawa Scale (NOS) for observational studies. This tool evaluates three key
domains: selection of study groups, comparability of cohorts, and assessment of
outcomes. Each study was assigned a score based on the NOS criteria, with higher scores
indicating better methodological quality. The risk of bias was interpreted conservatively
and categorized as low to moderate, in line with the observational nature of the included
studies. Particular attention was given to potential confounding factors, selection bias,
and differences in baseline characteristics between groups.

Data Synthesis

A qualitative synthesis of the included studies was conducted to evaluate the
association between door-to-needle time and clinical outcomes. Findings were
summarized narratively, with emphasis on the direction and consistency of associations
across studies. Variations in DTN thresholds, outcome definitions, and study populations
were taken into account when interpreting the results.
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Figure 1. Diagram flow of literature search strategy for this systematic review
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First Country / Study Design Population (LVO Interventio Comparat Thrombecto Outcomes Summary of Risk of
Author Setting / suspected LVO, n (DTN or (DTN my Use (%) Measured Findings Bias
(Year) sample size, <30-45 >45-60 (mRS 0-2,

mean age) min) min) mortality,
sICH)
Wang et al. Singapore, Observational ~ AIS patients DTN <30 DTN >60 EVT 3.66% mRS 0-2 (3 DTN <30 min Low
(2025) single cohort receiving IVT (n= min min overall months), in- associated with
comprehensi 1,146; mean age (reference hospital higher odds of
ve stroke 68.6 years; group) mortality, functional
center ~49.9% sICH independence (OR
large/medium 235, 95% CI
vessel occlusion) 1.26-4.39); no
significant
difference in
mortality (OR
0.83) or sICH (OR
0.22); also reduced
length of stay and
hospitalization
cost
Man et al. USA Retrospective  Acute  ischemic DTN <30- DTN >45- Mixed (IVT Functional Each 15-min DTN Moderate
(2023) (GWTG- cohort (large stroke patients 45 min (also 60 min only + outcome delay  increased
Stroke + national >65 years; IVT analyzed (and IVT+EVT (home time), odds of poor
Medicare registry) only (n=38,913) <60 minand continuous subgroup) mRS 0-2 functional
linked and IVT+EVT continuous delay) (discharge), outcome and
database) (n=3,946) DTN per 15 mortality (1- mortality
min) year), (IVT+EVT: aOR
readmission 1.12 for zero home
time; aHR 1.07
mortality); shorter
DTN (<30-60
min)  associated
with higher mRS
0-2 and more
home time; benefit
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attenuated  when
DTN >60 min

Man et al. USA  (Get Retrospective Acute ischemic Short DTN Longer Mixed Functional In IVT+EVT Moderate
(2023) With The cohort stroke patients (<30, <45, DTN (separate IVT-  outcome patients, each 15-
Guidelines—  (national >65 years; IVT <60 min; (>45-60 only and (home time at min DTN delay
Stroke + registry) only (n=38,913) also min and IVT+EVT 90 days & 1 increased odds of
Medicare and  IVT+EVT analyzed per continuous cohorts) year), mRS 0— poor  functional
linked (n=3,946); EVT- 15-min delay) 2 at discharge, outcome (aOR
database) only comparator increments) all-cause 1.12 for zero home
(n=3,704) mortality (1  time) and mortality
year), (aHR 1.07).
readmission Shorter DTN
(<30-60 min)
improved mRS 0-
2 (25.0%  vs
16.4%) and home
time; benefit
diminished when
DTN >60 min.
Similar but weaker
trends in IVT-only
cohort.
Sallustio et Italy Prospective AIS due to Short DTN Longer 100% (all Effectiveness: DTN<60 min Low
al. (2025) (IRETAS registry-based  anterior (<30, <45, DTN (>30, patientsIVT+ 3-month associated  with
registry, cohort circulation LVO <60 min) >45, >60 MT) functional higher functional
multicenter)  (observational (MCA / ICA), min) independence  independence (OR
) n=1602, mean age (mRS<2), 1.36), higher
73.7+£13.7 years excellent reperfusion  (OR
outcome up to 2.66), lower
(mRS<1), ICH (OR 0.61),
successful and lower
reperfusion; mortality (OR
Safety: any 0.24-0.58
ICH, sICH, 3- depending on cut-
month off). No
mortality association  with
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sICH. Shorter
DTN consistently
improved
outcomes.

Table 1. Characteristics and results of the included studies
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Result and Discussion
1. Result

A total of 660 records were identified through database searching, including 106
from PubMed, 11 from the Cochrane Library, and 543 from ScienceDirect. After title and
abstract screening, 654 records were excluded, leaving 6 records for further assessment.
Following duplicate removal and full-text evaluation, 5 articles were assessed for
eligibility, of which 1 was excluded due to inappropriate population characteristics and
intervention regimen. Ultimately, 4 studies were included in the qualitative synthesis, as
illustrated in Figure 1.

Study Characteristics

The four included studies comprised a combination of observational cohort
analyses and secondary analyses of randomized trial datasets, encompassing a total of
more than 3,000 patients with acute ischemic stroke. All studies evaluated the association
between door-to-needle time (DTN) and clinical outcomes in patients receiving
intravenous thrombolysis, with varying proportions of patients undergoing additional
endovascular thrombectomy. Two studies specifically focused on patients with large
vessel occlusion (LVO) undergoing combined IVT and mechanical thrombectomy, while
the remaining studies included broader populations of thrombolysis-treated patients, with
subgroup analyses relevant to LVO or thrombectomy-capable settings (Kaesmacher et al.,
2024)

DTN thresholds varied across studies, most commonly categorized into <30, <45,
and <60 minutes, with some studies additionally analyzing DTN as a continuous variable.
Functional outcomes were consistently assessed using the modified Rankin Scale (mRS),
typically at 3 months, while mortality and hemorrhagic complications, including
symptomatic intracerebral hemorrhage (sICH), were also frequently reported. Detailed
study characteristics and extracted outcomes are presented in Table 1.

The methodological quality of the included studies, assessed using the Newcastle-
Ottawa Scale, was generally rated as low to moderate. Most studies demonstrated
adequate selection of cohorts, with clearly defined patient populations and appropriate
ascertainment of exposure. Comparability between groups was addressed in several
studies through multivariable adjustment for key confounders, although residual
confounding could not be entirely excluded due to the observational design. Outcome
assessment was considered robust across studies, with standardized measures such as the
modified Rankin Scale and mortality endpoints. Overall, no study was judged to have a
high risk of bias, and the consistency of findings across studies further supports the
reliability of the observed associations.

Functional QOutcomes

All included studies demonstrated a consistent association between shorter DTN
and improved functional outcomes. In large registry-based cohorts of patients undergoing
combined IVT and thrombectomy, shorter DTN—particularly within 60 minutes—was
significantly associated with higher rates of functional independence (mRS <2 at 3
months). For instance, patients treated within 60 minutes exhibited higher odds of
achieving functional independence compared to those with longer treatment delays.
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Similarly, analyses derived from randomized trial datasets in LVO populations
showed that delays in DTN were associated with a progressive reduction in the likelihood
of favorable functional outcomes. In these studies, each incremental delay in DTN
corresponded to a measurable decline in the odds of achieving functional independence
at 90 days. Consistent trends were also observed in large real-world datasets, where
shorter DTN was associated with improved discharge functional status and increased time
spent at home following stroke.

Mortality

Shorter DTN was consistently associated with reduced mortality across the
included studies. In registry-based analyses of patients undergoing combined IVT and
thrombectomy, DTN thresholds of <30, <45, and <60 minutes were all associated with
significantly lower mortality rates at 3 months. The magnitude of this effect was most
pronounced in patients treated within 30 minutes, with progressively attenuated benefits
observed at longer DTN thresholds.

In large-scale observational datasets, increases in DTN were associated with a
corresponding rise in mortality risk, with each incremental delay contributing to worse
survival outcomes. These findings were consistent across both IVT-only and IVT-plus-
thrombectomy populations, reinforcing the time-dependent nature of thrombolytic
therapy effectiveness.

Hemorrhagic Outcomes

The relationship between DTN and hemorrhagic complications was less consistent
compared to functional outcomes and mortality. While shorter DTN was associated with
a reduction in overall intracranial hemorrhage rates in some studies, no significant
association was observed between DTN and symptomatic intracerebral hemorrhage
(sICH) across most analyses.

In particular, large registry-based studies demonstrated that earlier thrombolysis
was associated with a lower incidence of any intracranial hemorrhage, suggesting a
potential protective effect of rapid treatment initiation. However, this effect did not extend
to sICH, which remained relatively stable across different DTN categories.

Additional Outcomes

Beyond functional outcomes and mortality, several studies reported secondary
endpoints, including successful reperfusion and healthcare utilization metrics. Shorter
DTN was associated with higher rates of successful reperfusion in patients undergoing
thrombectomy, indicating a potential synergistic effect between early thrombolysis and
mechanical clot retrieval.

Additionally, shorter DTN was linked to reduced hospital length of stay and lower
overall healthcare costs in certain cohorts, further supporting the clinical and systemic
benefits of rapid treatment initiation.

2.  Discussion
Key Findings

This systematic review demonstrates a consistent and clinically meaningful
association between shorter door-to-needle time (DTN) and improved outcomes in
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patients with acute ischemic stroke undergoing intravenous thrombolysis in
thrombectomy-capable centers. Across all included studies, shorter DTN, particularly
within 60 minutes, was associated with higher rates of functional independence, reduced
mortality, and, in some cases, lower rates of intracranial hemorrhage. Notably, these
findings were observed not only in patients receiving intravenous thrombolysis alone but
also in those undergoing combined intravenous thrombolysis and endovascular
thrombectomy, underscoring the continued relevance of rapid thrombolytic
administration in the modern era of stroke care (Sallustio et al., 2025); (Man et al., 2023);
(Sedghi & Siepmann, 2024); (Kaesmacher et al., 2024)

The magnitude and consistency of these associations suggest that DTN remains a
critical determinant of outcome, even in settings where highly effective mechanical
reperfusion strategies are available. Importantly, the benefit of shorter DTN appeared to
follow a dose-response relationship, with progressively worse outcomes observed as
treatment delays increased (Kaesmacher et al., 2024)

Biological and Clinical Mechanisms

The observed relationship between shorter DTN and improved clinical outcomes
can be explained by the underlying pathophysiology of cerebral ischemia. Rapid
restoration of cerebral blood flow limits infarct core expansion and preserves the ischemic
penumbra, thereby increasing the likelihood of favorable neurological
recovery.(Campbell et al., 2019; Ermine et al., 2021) Delays in treatment, even within the
accepted therapeutic window, result in continued neuronal loss and irreversible tissue
damage, reinforcing the time-sensitive nature of reperfusion therapy (Ragoschke-
Schumm et al., 2014)

In the context of large vessel occlusion, intravenous thrombolysis may provide
additional benefits beyond direct clot dissolution. Early administration of alteplase can
soften thrombi, enhance distal microvascular reperfusion, and facilitate subsequent
mechanical thrombectomy (Campbell et al., 2015). Furthermore, in a subset of patients,
thrombolysis alone may achieve early recanalization prior to endovascular intervention,
thereby reducing procedural complexity and improving outcomes. These mechanisms
support the hypothesis that minimizing DTN is essential even in thrombectomy-capable
centers.

Comparison with Previous Studies

The findings of this review are consistent with prior evidence demonstrating the
time-dependent effectiveness of intravenous thrombolysis. Large meta-analyses of
randomized controlled trials have shown that earlier treatment is associated with
improved functional outcomes and reduced disability.(Emberson et al., 2014)'® Similarly,
pooled analyses of endovascular thrombectomy trials have highlighted the importance of
timely reperfusion in determining clinical outcomes (Goyal et al., 2016)

More recent studies focusing on DTN in the era of thrombectomy further support
these observations. Analyses from large registry datasets have demonstrated that shorter
DTN is independently associated with improved functional outcomes and reduced
mortality, even after adjusting for confounding variables (Man et al., 2023); (Sallustio et
al., 2025) These findings align with the results of the present review, which synthesizes
evidence across different study designs and populations.
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In addition, prior investigations have suggested that delays in in-hospital processes,
including imaging and treatment initiation, are modifiable factors that significantly
influence stroke outcomes (Fonarow et al., 2011); (Saver et al., 2013) Quality
improvement initiatives targeting reductions in DTN have been associated with
measurable improvements in clinical outcomes, highlighting the importance of system-
level interventions in optimizing stroke care delivery (Meretoja et al., 2012)

Clinical Implications

The results of this systematic review have important implications for clinical
practice and healthcare systems. First, they reinforce the concept that achieving rapid
DTN should remain a priority in all stroke centers, including those equipped with
endovascular capabilities. The availability of thrombectomy should not lead to delays in
intravenous thrombolysis, as both modalities appear to have complementary roles in
improving patient outcomes

Second, these findings support ongoing efforts to streamline in-hospital workflows,
including rapid triage, early imaging, and parallel processing of diagnostic and treatment
steps. Achieving DTN targets of <60 minutes, and ideally <30-45 minutes, may
significantly improve functional outcomes and survival in patients with AIS.

Finally, the consistent association between shorter DTN and improved outcomes
highlights the need for continuous performance monitoring and quality improvement
initiatives within stroke systems of care. Benchmarking DTN performance and
implementing standardized protocols may help reduce variability and improve overall
treatment efficiency.

Limitations

Several limitations must be considered when interpreting the conclusions of this
review. First, the included evidence relies primarily on observational cohort data, which
introduces potential risks for residual confounding and selection bias. For example,
patients who receive ultra-rapid treatment may inherently have more favorable pre-
hospital logistics or milder initial presentation compared to those who experience
treatment delays.

Second, there was notable variation in how DTN thresholds were defined across the
studies, with authors using different categorical cut-offs such as 30, 45, or 60 minutes.
This variation limits direct cross-study comparisons and prevents a formal quantitative
meta-analysis. Additionally, variations in follow-up intervals—such as measuring mRS
scores at hospital discharge versus at 3 months—introduced further heterogeneity.
Finally, some registries combined data from patients receiving [VT alone with those
undergoing bridging therapy, which may obscure the specific treatment effects within
these distinct sub-populations.

Third, some studies included mixed populations of patients receiving intravenous
thrombolysis alone and those undergoing combined therapy with thrombectomy.
Although subgroup analyses were often performed, the potential influence of treatment
heterogeneity cannot be fully excluded.
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Conclusion

In conclusion, shorter door-to-needle times are reliably associated with improved
long-term functional recovery and decreased mortality rates among acute ischemic stroke
patients treated at thrombectomy-capable centers. This clear clinical benefit is achieved
without causing any corresponding increase in the risk of symptomatic intracerebral
hemorrhage. These findings confirm that rapid thrombolytic administration remains
highly effective in the endovascular era, demonstrating that DTN is a vital, modifiable
target for quality improvement in acute stroke care.

Acknowledgment

The authors express their gratitude to the Department of Neurology at Ben Mboi
Vertical Hospital, Kupang, East Nusa Tenggara, Indonesia, for providing administrative
support and institutional resources during the preparation of this systematic review.

KESANS, Vol. §, No. 9, 2026 1703



Grace Septi Yudanthi Kerihi, Werenfridus Rainoldy Resdiana Wangi, Sri Suryati Ningsih
Putri Kusumo/KESANS

Impact of Door-to-Needle Time on Outcomes in Acute Ischemic Stroke Treated with
Intravenous Thrombolysis at Thrombectomy-Capable Centers: A Systematic
Review

References

Abdullah, J., Indrawan, D., & Nurhayati, P. (2024). REKOMENDASI PEMBERIAN
LAYANAN TERAPI TROMBOLISIS (RT-PA) UNTUK PASIEN STROKE
ISKEMIK AKUT: PENDEKATAN PENGAMBILAN KEPUTUSAN MULTI
KRITERIA. Journal of Application Business & Management/Jurnal Aplikasi
Bisnis Dan Manajemen, 10(3).

Agustiawan, A., Nurhayati, N., & Tanjung, A. (2024). Perbandingan Kadar Gula Darah
Pasien di Instalasi Gawat Darurat terhadap Tingkat Keparahan Stroke. Healthy
Tadulako Journal (Jurnal Kesehatan Tadulako), 10(3), 399-405.

Campbell, B. C. V., De Silva, D. A., Macleod, M. R., Coutts, S. B., Schwamm, L. H.,
Davis, S. M., & Donnan, G. A. (2019). Ischaemic stroke. Nature Reviews. Disease
Primers, 5(1), 70. https://doi.org/10.1038/s41572-019-0118-8

Campbell, B. C. V., Mitchell, P. J., Kleinig, T. J., Dewey, H. M., Churilov, L., Yassi, N.,
Yan, B., Dowling, R. J., Parsons, M. W., Oxley, T. J., Wu, T. Y., Brooks, M.,
Simpson, M. A., Miteff, F., Levi, C. R., Krause, M., Harrington, T. J., Faulder, K.
C., Steinfort, B. S., ... EXTEND-IA Investigators. (2015). Endovascular therapy
for ischemic stroke with perfusion-imaging selection. The New England Journal of
Medicine, 372(11), 1009—1018. https://doi.org/10.1056/NEJMoal1414792

Emberson, J., Lees, K. R., Lyden, P., Blackwell, L., Albers, G., Bluhmki, E., Brott, T.,
Cohen, G., Davis, S., Donnan, G., Grotta, J., Howard, G., Kaste, M., Koga, M., von
Kummer, R., Lansberg, M., Lindley, R. 1., Murray, G., Olivot, J. M., ... Stroke
Thrombolysis Trialists’ Collaborative Group. (2014). Effect of treatment delay,
age, and stroke severity on the effects of intravenous thrombolysis with alteplase
for acute ischaemic stroke: A meta-analysis of individual patient data from
randomised trials. Lancet, 384(9958), 1929-1935. https://doi.org/10.1016/S0140-
6736(14)60584-5

Ermine, C. M., Bivard, A., Parsons, M. W., & Baron, J.-C. (2021). The ischemic
penumbra: From concept to reality. International Journal of Stroke: Official
Journal  of  the International  Stroke  Society, 16(5), 497-509.
https://doi.org/10.1177/1747493020975229

Fonarow, G. C., Smith, E. E., Saver, J. L., Reeves, M. J., Hernandez, A. F., Peterson, E.
D., Sacco, R. L., & Schwamm, L. H. (2011). Improving door-to-needle times in
acute ischemic stroke: The design and rationale for the American Heart
Association/American Stroke Association’s Target: Stroke initiative. Stroke,
42(10), 2983-29809. https://doi.org/10.1161/STROKEAHA.111.621342

Goyal, M., Menon, B. K., van Zwam, W. H., Dippel, D. W. J., Mitchell, P. J., Demchuk,
A. M., Déavalos, A., Majoie, C. B. L. M., van der Lugt, A., de Miquel, M. A.,
Donnan, G. A., Roos, Y. B. W. E. M., Bonafe, A., Jahan, R., Diener, H.-C., van den
Berg, L. A., Levy, E. 1, Berkhemer, O. A., Pereira, V. M., ... HERMES
collaborators. (2016). Endovascular thrombectomy after large-vessel ischaemic
stroke: A meta-analysis of individual patient data from five randomised trials.
Lancet, 387(10029), 1723—1731. https://doi.org/10.1016/S0140-6736(16)00163-X

KESANS, Vol. §, No. 9, 2026 1704


https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=REKOMENDASI+PEMBERIAN+LAYANAN+TERAPI+TROMBOLISIS+%28RT-PA%29+UNTUK+PASIEN+STROKE+ISKEMIK+AKUT%3A+PENDEKATAN+PENGAMBILAN+KEPUTUSAN+MULTI+KRITERIA.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=REKOMENDASI+PEMBERIAN+LAYANAN+TERAPI+TROMBOLISIS+%28RT-PA%29+UNTUK+PASIEN+STROKE+ISKEMIK+AKUT%3A+PENDEKATAN+PENGAMBILAN+KEPUTUSAN+MULTI+KRITERIA.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=REKOMENDASI+PEMBERIAN+LAYANAN+TERAPI+TROMBOLISIS+%28RT-PA%29+UNTUK+PASIEN+STROKE+ISKEMIK+AKUT%3A+PENDEKATAN+PENGAMBILAN+KEPUTUSAN+MULTI+KRITERIA.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=REKOMENDASI+PEMBERIAN+LAYANAN+TERAPI+TROMBOLISIS+%28RT-PA%29+UNTUK+PASIEN+STROKE+ISKEMIK+AKUT%3A+PENDEKATAN+PENGAMBILAN+KEPUTUSAN+MULTI+KRITERIA.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Perbandingan+Kadar+Gula+Darah+Pasien+di+Instalasi+Gawat+Darurat+terhadap+Tingkat+Keparahan+Stroke.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Perbandingan+Kadar+Gula+Darah+Pasien+di+Instalasi+Gawat+Darurat+terhadap+Tingkat+Keparahan+Stroke.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Campbell%2C+B.+C.+V.%2C+De+Silva%2C+D.+A.%2C+Macleod%2C+M.+R.%2C+Coutts%2C+S.+B.%2C+Schwamm%2C+L.+H.%2C+Davis%2C+S.+M.%2C+%26+Donnan%2C+G.+A.+%282019%29.+Ischaemic+stroke.+Nature+Reviews.+Disease+Primers%2C+5%281%29%2C+70.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Campbell%2C+B.+C.+V.%2C+Mitchell%2C+P.+J.%2C+Kleinig%2C+T.+J.%2C+Dewey%2C+H.+M.%2C+Churilov%2C+L.%2C+Yassi%2C+N.%2C+Yan%2C+B.%2C+Dowling%2C+R.+J.%2C+Parsons%2C+M.+W.%2C+Oxley%2C+T.+J.%2C+Wu%2C+T.+Y.%2C+Brooks%2C+M.%2C+Simpson%2C+M.+A.%2C+Miteff%2C+F.%2C+Levi%2C+C.+R.%2C+Krause%2C+M.%2C+Harrington%2C+T.+J.%2C+Faulder%2C+K.+C.%2C+Steinfort%2C+B.+S.%2C+%E2%80%A6+EXTEND-IA+Investigators.+%282015%29.+Endovascular+therapy+for+ischemic+stroke+with+perfusion-imaging+selection.+The+New+England+Journal+of+Medicine%2C+372%2811%29%2C+1009%E2%80%931018.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Campbell%2C+B.+C.+V.%2C+Mitchell%2C+P.+J.%2C+Kleinig%2C+T.+J.%2C+Dewey%2C+H.+M.%2C+Churilov%2C+L.%2C+Yassi%2C+N.%2C+Yan%2C+B.%2C+Dowling%2C+R.+J.%2C+Parsons%2C+M.+W.%2C+Oxley%2C+T.+J.%2C+Wu%2C+T.+Y.%2C+Brooks%2C+M.%2C+Simpson%2C+M.+A.%2C+Miteff%2C+F.%2C+Levi%2C+C.+R.%2C+Krause%2C+M.%2C+Harrington%2C+T.+J.%2C+Faulder%2C+K.+C.%2C+Steinfort%2C+B.+S.%2C+%E2%80%A6+EXTEND-IA+Investigators.+%282015%29.+Endovascular+therapy+for+ischemic+stroke+with+perfusion-imaging+selection.+The+New+England+Journal+of+Medicine%2C+372%2811%29%2C+1009%E2%80%931018.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Emberson%2C+J.%2C+Lees%2C+K.+R.%2C+Lyden%2C+P.%2C+Blackwell%2C+L.%2C+Albers%2C+G.%2C+Bluhmki%2C+E.%2C+Brott%2C+T.%2C+Cohen%2C+G.%2C+Davis%2C+S.%2C+Donnan%2C+G.%2C+Grotta%2C+J.%2C+Howard%2C+G.%2C+Kaste%2C+M.%2C+Koga%2C+M.%2C+von+Kummer%2C+R.%2C+Lansberg%2C+M.%2C+Lindley%2C+R.+I.%2C+Murray%2C+G.%2C+Olivot%2C+J.+M.%2C+%E2%80%A6+Stroke+Thrombolysis+Trialists%E2%80%99+Collaborative+Group.+%282014%29.+Effect+of+treatment+delay%2C+age%2C+and+stroke+severity+on+the+effects+of+intravenous+thrombolysis+with+alteplase+for+acute+ischaemic+stroke%3A+A+meta-analysis+of+individual+patient+data+from+randomised+trials.+Lancet%2C+384%289958%29%2C+1929%E2%80%931935&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Emberson%2C+J.%2C+Lees%2C+K.+R.%2C+Lyden%2C+P.%2C+Blackwell%2C+L.%2C+Albers%2C+G.%2C+Bluhmki%2C+E.%2C+Brott%2C+T.%2C+Cohen%2C+G.%2C+Davis%2C+S.%2C+Donnan%2C+G.%2C+Grotta%2C+J.%2C+Howard%2C+G.%2C+Kaste%2C+M.%2C+Koga%2C+M.%2C+von+Kummer%2C+R.%2C+Lansberg%2C+M.%2C+Lindley%2C+R.+I.%2C+Murray%2C+G.%2C+Olivot%2C+J.+M.%2C+%E2%80%A6+Stroke+Thrombolysis+Trialists%E2%80%99+Collaborative+Group.+%282014%29.+Effect+of+treatment+delay%2C+age%2C+and+stroke+severity+on+the+effects+of+intravenous+thrombolysis+with+alteplase+for+acute+ischaemic+stroke%3A+A+meta-analysis+of+individual+patient+data+from+randomised+trials.+Lancet%2C+384%289958%29%2C+1929%E2%80%931935&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Emberson%2C+J.%2C+Lees%2C+K.+R.%2C+Lyden%2C+P.%2C+Blackwell%2C+L.%2C+Albers%2C+G.%2C+Bluhmki%2C+E.%2C+Brott%2C+T.%2C+Cohen%2C+G.%2C+Davis%2C+S.%2C+Donnan%2C+G.%2C+Grotta%2C+J.%2C+Howard%2C+G.%2C+Kaste%2C+M.%2C+Koga%2C+M.%2C+von+Kummer%2C+R.%2C+Lansberg%2C+M.%2C+Lindley%2C+R.+I.%2C+Murray%2C+G.%2C+Olivot%2C+J.+M.%2C+%E2%80%A6+Stroke+Thrombolysis+Trialists%E2%80%99+Collaborative+Group.+%282014%29.+Effect+of+treatment+delay%2C+age%2C+and+stroke+severity+on+the+effects+of+intravenous+thrombolysis+with+alteplase+for+acute+ischaemic+stroke%3A+A+meta-analysis+of+individual+patient+data+from+randomised+trials.+Lancet%2C+384%289958%29%2C+1929%E2%80%931935&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Emberson%2C+J.%2C+Lees%2C+K.+R.%2C+Lyden%2C+P.%2C+Blackwell%2C+L.%2C+Albers%2C+G.%2C+Bluhmki%2C+E.%2C+Brott%2C+T.%2C+Cohen%2C+G.%2C+Davis%2C+S.%2C+Donnan%2C+G.%2C+Grotta%2C+J.%2C+Howard%2C+G.%2C+Kaste%2C+M.%2C+Koga%2C+M.%2C+von+Kummer%2C+R.%2C+Lansberg%2C+M.%2C+Lindley%2C+R.+I.%2C+Murray%2C+G.%2C+Olivot%2C+J.+M.%2C+%E2%80%A6+Stroke+Thrombolysis+Trialists%E2%80%99+Collaborative+Group.+%282014%29.+Effect+of+treatment+delay%2C+age%2C+and+stroke+severity+on+the+effects+of+intravenous+thrombolysis+with+alteplase+for+acute+ischaemic+stroke%3A+A+meta-analysis+of+individual+patient+data+from+randomised+trials.+Lancet%2C+384%289958%29%2C+1929%E2%80%931935&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+ischemic+penumbra%3A+From+concept+to+reality.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+ischemic+penumbra%3A+From+concept+to+reality.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Improving+door-to-needle+times+in+acute+ischemic+stroke%3A+The+design+and+rationale+for+the+American+Heart+Association%2FAmerican+Stroke+Association%E2%80%99s+Target%3A+Stroke+initiative.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Improving+door-to-needle+times+in+acute+ischemic+stroke%3A+The+design+and+rationale+for+the+American+Heart+Association%2FAmerican+Stroke+Association%E2%80%99s+Target%3A+Stroke+initiative.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Improving+door-to-needle+times+in+acute+ischemic+stroke%3A+The+design+and+rationale+for+the+American+Heart+Association%2FAmerican+Stroke+Association%E2%80%99s+Target%3A+Stroke+initiative.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Endovascular+thrombectomy+after+large-vessel+ischaemic+stroke%3A+A+meta-analysis+of+individual+patient+data+from+five+randomised+trials.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Endovascular+thrombectomy+after+large-vessel+ischaemic+stroke%3A+A+meta-analysis+of+individual+patient+data+from+five+randomised+trials.&btnG=

Grace Septi Yudanthi Kerihi, Werenfridus Rainoldy Resdiana Wangi, Sri Suryati Ningsih
Putri Kusumo/KESANS

Impact of Door-to-Needle Time on Outcomes in Acute Ischemic Stroke Treated with
Intravenous Thrombolysis at Thrombectomy-Capable Centers: A Systematic
Review

Kaesmacher, J., Cavalcante, F., Kappelhof, M., Treurniet, K. M., Rinkel, L., Liu, J., Yan,
B., Zi, W., Kimura, K., & Eker, O. F. (2024). Time to treatment with intravenous
thrombolysis before thrombectomy and functional outcomes in acute ischemic
stroke: A meta-analysis. Jama, 331(9), 764—777.

Man, S., Solomon, N., Mac Grory, B., Alhanti, B., Uchino, K., Saver, J. L., Smith, E. E.,
Xian, Y., Bhatt, D. L., Schwamm, L. H., Hussain, M. S., & Fonarow, G. C. (2023).
Shorter Door-to-Needle Times Are Associated With Better Outcomes After
Intravenous Thrombolytic Therapy and Endovascular Thrombectomy for Acute
Ischemic Stroke. Circulation, 148(1), 20-34.
https://doi.org/10.1161/CIRCULATIONAHA.123.064053

Meretoja, A., Strbian, D., Mustanoja, S., Tatlisumak, T., Lindsberg, P. J., & Kaste, M.
(2012). Reducing in-hospital delay to 20 minutes in stroke thrombolysis.
Neurology, 79(4), 306-313. https://doi.org/10.1212/WNL.0b013e31825d6011

Putri, R. A. A., Badriah, R. N., Pratama, J. E., Setiadi, A. A. P., Herawati, F., &
Gondokesumo, M. E. (2024). Penggunaan Dapt (Dual Antiplatelet) Pada Cva
(Cerebrovascular Accident) Trombosis Atau Stroke Iskemik Dengan Riwayat Pjk
(Penyakit Jantung Koroner). MAHESA: Malahayati Health Student Journal, 4(12),
5616-5624.

Ragoschke-Schumm, A., Walter, S., Haass, A., Balucani, C., Lesmeister, M., Nasreldein,
A., Sarlon, L., Bachhuber, A., Licina, T., Grunwald, I. Q., & Fassbender, K. (2014).
Translation of the “time is brain” concept into clinical practice: Focus on
prehospital stroke management. International Journal of Stroke: Official Journal
of the International Stroke Society, 9(3), 333-340.
https://doi.org/10.1111/ijs.12252

Retnaningsih, R., Tugasworo, D., Kurnianto, A., & Rahayu, F. T. (2025). Luaran Klinis
dan Komplikasi Terapi Endovaskular pada Pasien Stroke Iskemik Akut dengan
Trombolisis Intra-Arteri dan Trombektomi Mekanik pada Setting Penanganan
Kritis. Majalah Kedokteran Neurosains Perhimpunan Dokter Spesialis Saraf
Indonesia, 41(3).

Sallustio, F., Mascolo, A. P., Marrama, F., Diomedi, M., Lacidogna, G., D’ Agostino, F.,
Alemseged, F., Da Ros, V., Sabuzi, F., Fainardi, E., Casetta, 1., Vallone, S.,
Bigliardi, G., Allegretti, L., Coco, E., Lafe, E., Longoni, M., Semeraro, V., Boero,
G., ... Toni, D. (2025). Association between door-to-needle time and outcomes in
acute ischemic stroke patients treated with intravenous thrombolysis plus
mechanical thrombectomy: Analysis from the Italian Registry of Endovascular
Treatment in  Acute Stroke (IRETAS). European Stroke Journal,
23969873251368720. https://doi.org/10.1177/23969873251368720

Sarraj, A., Abraham, M. G., Hassan, A. E., Blackburn, S., Kasner, S. E., Ortega-Gutierrez,
S., Hussain, M. S., Chen, M., Johns, H., & Churilov, L. (2024). Endovascular
thrombectomy plus medical care versus medical care alone for large ischaemic
stroke: 1-year outcomes of the SELECT?2 trial. The Lancet, 403(10428), 731-740.

Saver, J. L., Fonarow, G. C., Smith, E. E., Reeves, M. J., Grau-Sepulveda, M. V., Pan,
W., Olson, D. M., Hernandez, A. F., Peterson, E. D., & Schwamm, L. H. (2013).
Time to treatment with intravenous tissue plasminogen activator and outcome from
acute ischemic stroke. JAMA, 309(23), 2480-2488.
https://doi.org/10.1001/jama.2013.6959

KESANS, Vol. §, No. 9, 2026 1705


https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Time+to+treatment+with+intravenous+thrombolysis+before+thrombectomy+and+functional+outcomes+in+acute+ischemic+stroke%3A+A+meta-analysis.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Time+to+treatment+with+intravenous+thrombolysis+before+thrombectomy+and+functional+outcomes+in+acute+ischemic+stroke%3A+A+meta-analysis.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Time+to+treatment+with+intravenous+thrombolysis+before+thrombectomy+and+functional+outcomes+in+acute+ischemic+stroke%3A+A+meta-analysis.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Shorter+Door-to-Needle+Times+Are+Associated+With+Better+Outcomes+After+Intravenous+Thrombolytic+Therapy+and+Endovascular+Thrombectomy+for+Acute+Ischemic+Stroke.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Shorter+Door-to-Needle+Times+Are+Associated+With+Better+Outcomes+After+Intravenous+Thrombolytic+Therapy+and+Endovascular+Thrombectomy+for+Acute+Ischemic+Stroke.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Shorter+Door-to-Needle+Times+Are+Associated+With+Better+Outcomes+After+Intravenous+Thrombolytic+Therapy+and+Endovascular+Thrombectomy+for+Acute+Ischemic+Stroke.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Reducing+in-hospital+delay+to+20+minutes+in+stroke+thrombolysis.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Penggunaan+Dapt+%28Dual+Antiplatelet%29+Pada+Cva+%28Cerebrovascular+Accident%29+Trombosis+Atau+Stroke+Iskemik+Dengan+Riwayat+Pjk+%28Penyakit+Jantung+Koroner%29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Penggunaan+Dapt+%28Dual+Antiplatelet%29+Pada+Cva+%28Cerebrovascular+Accident%29+Trombosis+Atau+Stroke+Iskemik+Dengan+Riwayat+Pjk+%28Penyakit+Jantung+Koroner%29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Penggunaan+Dapt+%28Dual+Antiplatelet%29+Pada+Cva+%28Cerebrovascular+Accident%29+Trombosis+Atau+Stroke+Iskemik+Dengan+Riwayat+Pjk+%28Penyakit+Jantung+Koroner%29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Translation+of+the+%E2%80%9Ctime+is+brain%E2%80%9D+concept+into+clinical+practice%3A+Focus+on+prehospital+stroke+management.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Translation+of+the+%E2%80%9Ctime+is+brain%E2%80%9D+concept+into+clinical+practice%3A+Focus+on+prehospital+stroke+management.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Luaran+Klinis+dan+Komplikasi+Terapi+Endovaskular+pada+Pasien+Stroke+Iskemik+Akut+dengan+Trombolisis+Intra-Arteri+dan+Trombektomi+Mekanik+pada+Setting+Penanganan+Kritis.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Luaran+Klinis+dan+Komplikasi+Terapi+Endovaskular+pada+Pasien+Stroke+Iskemik+Akut+dengan+Trombolisis+Intra-Arteri+dan+Trombektomi+Mekanik+pada+Setting+Penanganan+Kritis.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Luaran+Klinis+dan+Komplikasi+Terapi+Endovaskular+pada+Pasien+Stroke+Iskemik+Akut+dengan+Trombolisis+Intra-Arteri+dan+Trombektomi+Mekanik+pada+Setting+Penanganan+Kritis.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Luaran+Klinis+dan+Komplikasi+Terapi+Endovaskular+pada+Pasien+Stroke+Iskemik+Akut+dengan+Trombolisis+Intra-Arteri+dan+Trombektomi+Mekanik+pada+Setting+Penanganan+Kritis.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Association+between+door-to-needle+time+and+outcomes+in+acute+ischemic+stroke+patients+treated+with+intravenous+thrombolysis+plus+mechanical+thrombectomy%3A+Analysis+from+the+Italian+Registry+of+Endovascular+Treatment+in+Acute+Stroke+%28IRETAS%29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Association+between+door-to-needle+time+and+outcomes+in+acute+ischemic+stroke+patients+treated+with+intravenous+thrombolysis+plus+mechanical+thrombectomy%3A+Analysis+from+the+Italian+Registry+of+Endovascular+Treatment+in+Acute+Stroke+%28IRETAS%29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Association+between+door-to-needle+time+and+outcomes+in+acute+ischemic+stroke+patients+treated+with+intravenous+thrombolysis+plus+mechanical+thrombectomy%3A+Analysis+from+the+Italian+Registry+of+Endovascular+Treatment+in+Acute+Stroke+%28IRETAS%29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Association+between+door-to-needle+time+and+outcomes+in+acute+ischemic+stroke+patients+treated+with+intravenous+thrombolysis+plus+mechanical+thrombectomy%3A+Analysis+from+the+Italian+Registry+of+Endovascular+Treatment+in+Acute+Stroke+%28IRETAS%29.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Sarraj%2C+A.%2C+Abraham%2C+M.+G.%2C+Hassan%2C+A.+E.%2C+Blackburn%2C+S.%2C+Kasner%2C+S.+E.%2C+Ortega-Gutierrez%2C+S.%2C+Hussain%2C+M.+S.%2C+Chen%2C+M.%2C+Johns%2C+H.%2C+%26+Churilov%2C+L.+%282024%29.+Endovascular+thrombectomy+plus+medical+care+versus+medical+care+alone+for+large+ischaemic+stroke%3A+1-year+outcomes+of+the+SELECT2+trial.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Sarraj%2C+A.%2C+Abraham%2C+M.+G.%2C+Hassan%2C+A.+E.%2C+Blackburn%2C+S.%2C+Kasner%2C+S.+E.%2C+Ortega-Gutierrez%2C+S.%2C+Hussain%2C+M.+S.%2C+Chen%2C+M.%2C+Johns%2C+H.%2C+%26+Churilov%2C+L.+%282024%29.+Endovascular+thrombectomy+plus+medical+care+versus+medical+care+alone+for+large+ischaemic+stroke%3A+1-year+outcomes+of+the+SELECT2+trial.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Sarraj%2C+A.%2C+Abraham%2C+M.+G.%2C+Hassan%2C+A.+E.%2C+Blackburn%2C+S.%2C+Kasner%2C+S.+E.%2C+Ortega-Gutierrez%2C+S.%2C+Hussain%2C+M.+S.%2C+Chen%2C+M.%2C+Johns%2C+H.%2C+%26+Churilov%2C+L.+%282024%29.+Endovascular+thrombectomy+plus+medical+care+versus+medical+care+alone+for+large+ischaemic+stroke%3A+1-year+outcomes+of+the+SELECT2+trial.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Saver%2C+J.+L.%2C+Fonarow%2C+G.+C.%2C+Smith%2C+E.+E.%2C+Reeves%2C+M.+J.%2C+Grau-Sepulveda%2C+M.+V.%2C+Pan%2C+W.%2C+Olson%2C+D.+M.%2C+Hernandez%2C+A.+F.%2C+Peterson%2C+E.+D.%2C+%26+Schwamm%2C+L.+H.+%282013%29.+Time+to+treatment+with+intravenous+tissue+plasminogen+activator+and+outcome+from+acute+ischemic+stroke.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Saver%2C+J.+L.%2C+Fonarow%2C+G.+C.%2C+Smith%2C+E.+E.%2C+Reeves%2C+M.+J.%2C+Grau-Sepulveda%2C+M.+V.%2C+Pan%2C+W.%2C+Olson%2C+D.+M.%2C+Hernandez%2C+A.+F.%2C+Peterson%2C+E.+D.%2C+%26+Schwamm%2C+L.+H.+%282013%29.+Time+to+treatment+with+intravenous+tissue+plasminogen+activator+and+outcome+from+acute+ischemic+stroke.&btnG=

Grace Septi Yudanthi Kerihi, Werenfridus Rainoldy Resdiana Wangi, Sri Suryati Ningsih
Putri Kusumo/KESANS

Impact of Door-to-Needle Time on Outcomes in Acute Ischemic Stroke Treated with
Intravenous Thrombolysis at Thrombectomy-Capable Centers: A Systematic
Review

Sedghi, A., & Siepmann, T. (2024). Time to [VT treatment and functional outcomes in
acute ischemic stroke. JAMA, 331(23), 2048-2049.

KESANS, Vol. §, No. 9, 2026 1706


https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Time+to+IVT+treatment+and+functional+outcomes+in+acute+ischemic+stroke.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Time+to+IVT+treatment+and+functional+outcomes+in+acute+ischemic+stroke.&btnG=

