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{2 Creating a plan to answer your query
{2 Performing natural languoge search:

» Is intravenous thrombolysis effective and safe beyond the 4.5-hour window in acute ischemic stroke?
& Performing keyword search:

s [“intravenous thrombelysis® OR "IV throembaolysis" OR "thrombaolytic therapy”) AMD {"ocute ischemic stroke®

OR "ischemic stroke” OR "cerebral infarction”) AMD {*beyend" OR “after” OR "over" OR "exceeding") AND {"4.5

hours® OR “four point five hours" OR “time window" OR "treatment window*) AND ["cutcomes” OR "efficacy”

OR "safety" OR "complications”)

{2 Generating summary

Summary
Effectiveness and Safety of Intravencus Thrembelysis Beyend the 4.5-Hour Window in Acute

Ischemic Stroke

Effectiveness:

* Impreved Qutcemes: Several studies indicate that intravenous thrombolysis (IVT) beyond the 4.5-

hour window can be effective in improving functional outcomes. A meta-analysis of randomized
clinical trials (RCTs) found that IVT significantly improved excellent functional outcomes

(modified Rankin Scale [mRS] scores of 0-1) and good functional outcomes (mRS scores of 0-2) at
90days 1 2| 2 .Anotherstudy reported that IVT with tenecteplase or alteplase enhanced 20-

day excellent outcomes in patients treated within 4.5 to 24 hours | 1 .

* MRIand PCT Selection: The use of MRI and perfusion computed tomography (PCT) to select

patients with salvageable brain tissue has shown promise. Studies suggest that MRI-selected

patients treated up to & hours after stroke onset can benefit from IVT without increased mortality

or symptomatic intracerebral bleeding 4 5| s .

Safety:

* Symptomatic Intracranial Hemorrhage (sICH: The risk of sICH is a critical safety concern. Studies

show mixed results regarding the risk of sICH beyond the 4.5-hour window. Some meta-analyses
report a higher risk of sICH with delayed IVT, 2
sICH rates| 1| 7 . The overall mortality rates did not significantly differ between early and

delayed IVT groups |1 /2 5.

s General Safety: IVT beyond the 4.5-hour window did not significantly increase overall mortality or

systemic bleeding, although it did raise the risk of any intracranial hemaorrhage and type-II
parenchymal hemorrhage | 2 | Additionally, studies using non-contrast CT (MCCT) for patient
selection in the extended window suggest thot IVT can be sofe without advanced imaging, with

similar sICH rates compared to the standord window & .

1 | while others found no significant increase in

References
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meta-analysis of randomized
controlled trials

Luo ].-X., Li Z-Q., Meng Z.-7., (..,
Lig.

Journal of Streke and Cerebrovaseular

Diseases A

2025

Refarence 2

Efficacy and Safety of Intravenous
Thrombolysis Bevond 4.5 Hours in
Ischemic Stroke: A Systematic
Review and Meta-Analysis

Ahmad M., Ronasinghe CA.,
Abu-Sa'da MO, (...], Ahmed R.
Diagnostics 7 2025
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Show Copilot steps v

©@ Performing natural language search:
e Isintravenous thrombolysis effective and safe beyond the 4.5-hour window in acute ischemic stroke?
@ Performing keyword search:

e ("intravenous thrombolysis" OR "IV thrombolysis" OR "thrombolytic therapy") AND ("acute ischemic
stroke" OR "ischemic stroke" OR "cerebral infarction") AND ("beyond" OR "after" OR "over" OR
"exceeding") AND ("4.5 hours" OR "four point five hours" OR "time window" OR "treatment window")

AND ("outcomes" OR "efficacy" OR "safety" OR "complications")
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Effectiveness: S umma ry

¢ Improved Outcomes: Several studies indicate thc TIEE ,%m = /\ id- Hj] E H

the 4.5-hour window can be effective in improvin £ 5 = 7JEI
randomized clinical trials (RCTs) found that IVT si Yﬁk EE

=\ :”:IE ==
outcomes (modified Rankin Scale [mRS] scoresof ® == EEEJ: jD:EL,El = E |:|:H,
scores of 0-2) at 90 days| 1 2 3 .pwethersiydyreporteatnatIviw

References
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Referencel « 0 citations

alteplase enhanced 90-day excellent outcomes in patients treated wi s S

* MRI and PCT Selection: The use of MRI and perfusion computed tomography (PCT) to select

Thrombolysis for ischemic stroke at 4.5 to 24 hours: An

patients with salvageable brain tissue has shown promise. Studies suggest that MRI- updated meta-analysis of randomized controlled trials 71

selected patients treated up to 6 hours after stroke onset can benefit from IVT without

Safety: Luo, J.-X. 7, Li, Z.-Q. 7, Meng, Z.-Z. A, (...), Li, Q. A

Journal of Stroke and Cerebrovascular Diseases 7 2025

* Symptomatic Intracranial Hemorrhage (sICH: The risk of sICH is a critical safety concern. Show abstract v

Studies show mixed results regarding the risk of sICH beyond the 4.5-hour window. Some

meta-analyses report a higher risk of sICH with delayed IVT, 2 2 while others found no

significant increase in sICH rates 1 7 . The overall mortality rates did not significantly Reference 2 - 0 citations
differ between early and delayed IVT groups 1 2 5. Efficacy and Safety of Intravenous Thrombolysis Beyond
4.5 Hours in Ischemic Stroke: A Systematic Review and
¢ General Safety: IVT beyond the 4.5-hour window did not significantly increase overall Meta-Analysis 71

mortality or systemic bleeding, although it did raise the risk of any intracranial hemorrhag Ahmad, M. 71, Ranasinghe, C.A. 71, Abu-Sa’da, M.O. 71, (.

and type-II parenchymal hemorrhage 2 . Additionally, studies using non-contrast CT Ahmed. R. 71

(NCCT) for patient selection in the extended window suggest that IVT can be safe without Diagnostics 712025 | Hide abstract A~

Conclusion: Background: Intravenous thrombolysis (IVT) is the

Show abstract v
standard treatment for ischemic stroke within 4.5

Patential Renafitc: havana the 4 L bonrwindow ~on e aftective in i;anrovino functione symptom onset. However, a significant proportion



Expanded summary
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Show all 7 references

beyond the 4.5-hour window in acute ischemic stroke (AIS) can be addressed through the

following points:

Clinical Outcomes of IVT Beyond the 4.5-Hour Window:

¢ Studies have shown that IVT beyond 4.5 hours improves neurological outcomes without
increasing overall mortality or systemic bleeding, although it raises the risk of symptomatic

intracranial hemorrhage (sICH) 1 2.

Satety Considerations for IVT Beyond the 4.5-Hour Window:

* A pooled analysis of randomized controlled trials of IVT shows no statistically significant

benefit beyond 4.5 hours, with the possible advantage perhaps offset by risk 4 .

e However, a study found that IVT in patients who fulfill the NINDS study criteria may still be
considered up to 6 hours after ischemic stroke, with no worse outcomes than patients

treated within 3 hours s .
Neuroimaging Findings Associated with IVT Beyond the 4.5-Hour Window:

¢ Advanced imaging techniques and adjuncts to thrombolysis may improve the ability to
select patients who may benefit from reperfusion therapy, allowing treatment decisions to
be based on individual brain pathophysiology rather than arbitrary time windows 6 .

Current Guidelines and Recommendations Regarding IVT Beyond the 4.5-Hour Window:

¢ Recent trials have shown the efficiency and safety of IVT in the treatment of AIS in selected
patients even beyond the standard therapeutic time window, leading to the update of

national guidelines on the treatment of acute ischemic stroke with IVT 7 .
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Linked concept path summary

Intravenous Thrombolysis in Stroke = Safety

L‘m Concept Map Topic Experts Emerging Themes ¢ Safety in Different Stroke Territories: A study comparing safety

and clinical outcomes of intravenous thrombolysis in patients

~ with anterior and posterior circulation stroke found that patients
with posterior circulation stroke had a lower risk of symptomatic

Meta-analy3is intracranial hemorrhage and a higher likelihood of a favorable
- B -

Treatment Outcomes outcome compared to those with anterior circulation stroke 1 .

Thrombectomy
Time Window for Treatment: Research suggests that intravenous

- ' thrombolysis within 4.5 to 6 hours after ischemic stroke onset may
Clinical Trials

still be considered, with no significant difference in disability at 90

Clinical Guidelines o . : S
days or incidence of mortality between patients treated within 4.5

Cochrane Library

hours and those treated between 4.5 and 6 hours 2 .

Intravenous-Thronibolysis In Stroke Safety in Patients with Mild Ischemic Stroke: In patients with

All Cause Mortality baseline NIHSS scores of 3 to 5, intravenous thrombolysis was
found to be safe and effective, improving 90-day functional
Symptomatic-Intracranial Hemorrhage outcomes without significantly increasing the risk of symptomatic
intracranial hemorrhage. However, in patients with NIHSS scores
of 0 to 2, thrombolysis did not improve functional outcomes and

Tenecteplase
increased the risk of symptomatic intracranial hemorrhage 3 .

Alteplase Off-Label Use and Safety: Off-label use of intravenous

thrombolysis in ischemic stroke was found to be safe for most

criteria, especially for minor stroke, but risky in patients with high

blood pressure a4 .
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InS Ig htS Clt d g |_|‘_] nce Linked concept path summary

Intravenous Thrombolysis in Stroke > Safety = Symptomatic Intracranial

: Hemorrhage
[ Concept Map 20 Topic Experts -(- Emerging Themes
* Use of Direct Oral Anticoagulants (DOACs): Guidelines
A recommend against intravenous thrombolysis in patients with
recent intake of DOACs due to the risk of sICH, but there is
Treatment Outcomes Meta:analy"&i‘s uncertainty and lack of evidence in this area 1 .

Thrombectomy ¢ Age and Safety: Safety of intravenous thrombolysis within 3-4.5

hours in patients >80 years does not show a significant

N ) association with increased sICH, poor outcome, and mortality
Clinical Trials

compared to the early time window 4 .

Clinical Guidelines
Cochrane Library

Intravenous-Thrombolysis in Stroke
All Cause Mortality

Symptomatic-intracranial Hemorrhage

Tenecteplase

Alteplase
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IID Concept Map 20 Topic Experts Q Emerging Themes

Tsivgoulis, Georgios K. G.K.

| 23,370 citations

11 matching documents 80 h-index

Georgios K. Tsivgoulis is a recognized authority in the field of acute
ischemic stroke treatment, particularly in the context of intravenous
thrombolysis. Their recent work includes systematic reviews and
meta-analyses that evaluate the efficacy and safety of thrombolysis
in extended time windows, which directly addresses the question of
treatment beyond the traditional 4.5-hour limit. Additionally, they
have contributed to guidelines from prominent stroke organizations,
indicating their involvement in shaping clinical practices. This
combination of research and guideline development underscores
their expertise in assessing the nuances of thrombolytic therapy in

acute stroke management.

Preview profile

Nguyen, Thanh Ngoc T.N.

| 8,377 citations

7 matching documents 47 h-index

Thanh Ngoc Nguyen has made significant contributions to the
understanding of thrombolysis for ischemic stroke, especially
regarding its application beyond the 4.5-hour window. Their
publications include meta-analyses of randomized clinical trials
that specifically investigate the effectiveness of thrombolysis in
extended time frames. This focus on timely intervention in acute
ischemic stroke positions them as an expert in evaluating the safety
and efficacy of treatments that challenge conventional time limits.
Furthermore, their involvement in clinical trial design and
multicenter studies highlights their commitment to advancing

knowledge in this critical area of stroke care.

Preview profile
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IIL] Concept Map

Bridging Therapy in Acute Ischemic Stroke Consistent Theme

The ongoing debate an CO”SlStent Theme
therapy, which combint *%:/:ET?EE@ ;&Fqﬁﬁg‘%

mechanical thrombecte..., ..., coiial co co cogica oS
in the treatment of acute ischemic stroke. This theme has shown
consistent interest over time, highlighting its importance in

improving patient outcomes.
Show references

Potential Hypotheses: 4= ?;EE tlj E*E* E 1E§ E&

e Combining IVT with MT leads to better functional outcomes

compared to MT alone in patients with large vessel occlusion

e The timing of IVT administration before MT significantly impacts

the success rate of recanalization and patient recovery

22 Topic Experts

IR BN
1538 7 £

Q Emerging Themes

Advanced Neuroimaging in Thrombolysis Decision-Making

Rising Theme
The use of adva IE{.E}'—;E(JE%?_E , such as MRI and CT

perfusiorl, in guLuIIIH LUIUULy 313 u!:\.lalull-llluking isa riSing

Rising Theme

theme. This approach aims to enhance patient selection and
optimize treatment outcomes by providing detailed insights into

brain tissue viability and perfusion status.
Show references
Potential Hypotheses:

¢ Advanced neuroimaging can improve the accuracy of

thrombolysis eligibility, leading to better patient outcomes

e Combining perfusion imaging with traditional imaging
techniques can reduce the incidence of futile recanalization

attempts

ﬂﬁﬁ 1y

Sex Differences in Thrombolysis Outcomes Novel Theme

Recent studies have highlight Novel Theme
administration and outcomes ﬁ”ﬁﬁ%ﬁl\]%ﬁéﬁiﬂz This

novel theme investigates how sex-specitic tactors intluence
treatment efficacy and safety, potentially leading to more

personalized approaches in stroke management.
Show references
Potential Hypotheses:

e Sex-specific biological differences influence the efficacy and

safety of intravenous thrombolysis in stroke patients

¢ Tailoring thrombolysis protocols based on sex can improve

outcomes and reduce adverse effects in stroke treatment
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Key Findings Table

Domain

Summary of Evidence

Safety Profile

Patient Selection

Imaging Modalities

Effectiveness

Safety

Subgroup
Outcomes

Research
Gaps

IVT beyond 4.5h

improves functional

outcomes in selected

patients 1 2 3 4
5

Comparable mortality to
standard window; higher

sICH and parenchymal
hemorrhage 3 6 7
8

LVO, anterior circulation:
improved outcomes with

tenecteplase 17 18 19

Need for large RCTs,

standardization, subgroup

data 2 6 24 25

Increased sICH risk,
no rise in mortality
3 6 7 8

sICH risk modulated
by comorbidities,
statin use, age 2 1
12

Elderly: no increased
mortality, but worse
outcomes 2 20

Implementation
barriers in low-
resource settings 26
27

Advanced
imaging
essential 4 5
s 10

Imaging and

clinical scores

(NTHSS,

ASPECTS) 13
14 15

Diabetes, AF:
higher risk, but
still benefit 21
22 23

Optimal imaging
thresholds
unclear 6 9
25 28

CT perfusion, MRI
DWI/FLAIR

MRI safer than CT in
some studies 16

DWI/FLAIR
mismatch for
unknown onset 5

Automated imaging
promising
[creative_insights]

55 _hRZR1E

Key Findings Table

Aspect

Standard IVT
(=4.5h)

IVT Beyond 4.5h
(Selected Patients)

Comparative
Safety/Efficacy

Functional Outcome (mRS 0—
2 at 90 days)

Symptomatic Intracranial

Hemorrhage

Mortality (90 days)

Imaging Selection

Tenecteplase vs Alteplase

45-55%

2—-6%

10-15%

Not required

Non-inferior
(=4.5h)

35-50%

4-10%

10-16%

Essential (CTP/MRI

mismatch)

Promising, ongoing

trials

Comparable if advanced

imaging used

~2x higher risk, but not

mortality

No significant difference

Improves safety and

efficacy

Similar safety, logistical
benefit

25
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Domain

Key Findings Table

Summary of Evidence

Safety Profile

Patient Selection

Imaging Modalities

Effectiveness

Safety

Subgroup
Outcomes

Research
Gaps

IVT bevond 4.5h

improves functional

outcomes in selected

patients 1 2 3 4
5

Comparable mortality to
standard window; higher
sICH and parenchymal
hemorrhage 3 6 7

8

LVQ, anterior circulation:
improved outcomes with
tenccteplase 17 18 19

Need for large RCTs,
standardization, subgroup
data 2 6 24 25

Increased sICH risk,
no rise in mortality
3 6 7 8

sICH risk modulated
by comorbidities,
statin use, age 2 n
12

Elderly: no increased
mortality, but worse
outcomes 2 20

Implementation
barriers in low-
resource settings 26
27

Advanced
imaging
essential 4 s
3 10

Imaging and
clinical scores
(NTHSS,
ASPECTS) 13
14 15

Diabetes, AF:
higher risk, but
still benefit 21
22 23

Optimal imaging
thresholds
unclear & 9
25 28

CT perfusion, MRI
DWI/FLAIR

MRI safer than CT in
some studies 16

DWI/FLAIR
mismatch for
unknown onsct s

Automated imaging
promising
[creative insights]
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Imaging Modalities
Domain #ZREXNERBZ DA EE E1RE:
Effectiveness, Safety, Subgroup Outcomes, Research Gaps
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Domain

Summary of

Evidence

Safety Profile

Patient Selection

Imaging Modalities

Effectiveness

Safety

IV thrombolysis
beyond 4.5 hours
improves
functional
outcomes in
selected patients,
particularly those
with salvageable
brain tissue or
penumbra 1| 2
3 4.

Late IV
thrombolysis does
not significantly
increase mortality
but may raise the

Comparable safety
outcomes (e.g.
symptomatic
intracranial
hemorrhage)
between early and
late thrombolysis
groups, though
late IVT may
slightly increase
risks 12|/ 3/ 4

sICH rates are
higher in late
thrombolysis but
remain within
acceptable limits

Patients with
perfusion
mismatch,
penumbral tissue,
or favorable
imaging profiles
benefit most from
late thrombalysis

1|45/ 6.

Age and baseline
MNIHSS scores are
predictive of poar
outcomes in
delayed

Advanced imaging
{e.g. MRI, CTP) is
effective for
identifying
candidates for late
thrombolysis, but
non-contrast CT
(NCCT) may also
suffice in some
cgses 1 4|7 &

MRI-based
DWI/FLAIR
mismatch and CTP-
based perfusion
mismatch are

252F 7T (18 ChatGPT 4Rk i "&d, BR4aScopus)

{& Key Findings Table.

A

= . Domain Summary of Evidence, Safety Profile, Patient Selection,

AFERBRIN EHERSZ R AR -
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Provide studies that fully align with this question, SRs/RCTs, high-quality
evidence, larger sample sizes, and trusted sources (e.g., Cochrane Reviews,
but studies from other reputable journals are also welcome).

Table: for "each" study, clearly provide the study design, publication year,
sample size, intervention method, outcomes (including statistical values).

Publication Intervention

Study Design  Year Sample Size  Method Outcomes
Systematic 2015 4473 Endovascular - Improved functional outcome
Review and patients treatment (EVT) at 50 days (RR 1.35, 95% CI1.18 to
Meta- vs. Intravenous 1.55, I* = 61%)<br>- Reduced
Analysis of thrombolysis (IVT)  mortality (RR 0.81, 95% CI 0.68 to
RCTs 0.95, I* = 0%)<br>- Similar
symptomatic hemorrhagic
transformation rate (RR 1.12, 95%

CI10.8810 1.44, 1" = 0%) 1
Systematic 2022 36,123 IVT + Mechanical - Successful recanalization (RR
Review and patients Thrombectomy 1.06, 95% CI 1.03 to 1.09)<br>-
Meta- (MT) vs. MT alone Reduced mortality (RR 0.75, 95%

[ U L S

T A S0 - O Y e e [ P E—— N

Fang, Ching-Ju
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Provide studies that fully align with this
question, SRs/RCTs, high-quality evidence,
larger sample sizes, and trusted sources (e.g.,
Cochrane Reviews, but studies from other
reputable journals are also welcome).

Table: for "each" study, clearly provide the
study design, publication year, sample size,
intervention method, outcomes (including
statistical values).
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s =2 A —1E Key Findings Table.
FRISWAFES :
Evidence, Safety Profile, Patient Selection,
Imaging Modalities

Domain #@MZREVBERBIZ LN U{E E E 1R EE:
Effectiveness, Safety, Subgroup Outcomes,
Research Gaps
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@ Is intravenous thrombolysis beyond the 4.5-hour window effective and safe in acute ischemic stroke?

Is intravenous thrombolysis beyond the 4.5-hour window effective and safe in
acute ischemic stroke?

Thinking for 51sec )

I've found 19 sources related to the safety profile of IVT beyond 4.5 hours across various age groups
and health conditions.

Thinking for 1Imin 9sec

I'm finalizing the research plan and working on 8 selected questions.

Thinking for Imin 4lsec _,

I'm planning the report structure.
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Grenerated by Scopus Al Tue Sep 09 2025
Intravenous thrombelysis in acute ischemic stroke

Effectiveness and Scfety of Intravenous Thrombalysis Beyond the 4. 5-Hour Window in Acute Ischemic
Stroke

Quick Reference

Key Findings Table

Diomam Summary of Evidence Safety Profils Patient Selection Imaging Modalities

Effectiveness  TVT beyond 4,50 Increased sICH risk,  Adwvanced CT perfusion, MRI
improves functional o Tise in mortality ImagInE DWW LFLAIR
outeomes in selected B & T & exzential 4 8
patients 1 2 3 4 % 10

]

Safety Comparable mortality to sICH risk modulated  Imagmg and MR safer than CT in
standard window; higher by comorbidities, clinical scores gome atudies 18
s1CH and parenchymal statin use, age 2 n (NIHSS,
hemorthage 3 ¢ 7 12 ASPECTS) 1

] M| |15

Subgroup INO, anterior civculation:  Elderly: no increaged  Diabetes, AF: DWIFLAIR

Outcomes improved oufcomes with  morality, but worse  higher sk, but mismatch for
tenecteplase 17 18 1# outcomes | 2 20 still benefit n unknown onset s

n B

Research Weed for large RCTs, Implementation Oiptimal imaging Automated imaging

Gaps standardization, subgroup  barmiers in lows thresholds promising
data 2 & 24 resource seliings 26 unclear & % |ereative_insights]

] 5 28

Direct Answer

Intravenous thrombaolysis bevond the 4 S<howr window can be effective in improving functional outcomes in
carefully selected acute ischemic stroke patients; however, this benefit is coupled with an mereased risk of
symplomatic intracranial hemerrhage, Advanced newroimaging techniques are essential for identifying patients
with salvageable brain tissue, which helps mitigate these risks and oplimize sutcomes.

Study Scope

= Time Peried: Studics and meta=analyaes from the last decade, including ongoing RCTa.

+ Disciplines: Neurclogy, radiology, emergency medicine, clinical epidemiclogy.

+ Metheds: Metamanalyses, randomized controlled tnals, ohservational studies, imaging=hased selection,
climical sconng systems.

Assumptions & Limitations

= Most evidence 15 derived from imaging-selected patient cohorts, limiting generalizability.

= [ate om specific subgroups (e g, DOAC users, severe renzl dysfunclion) remain sparse.

+ Realeworld implementation is challenged by imaging availability and workflow constrainis,
# Long-term outcomes beyond 1 vear are less well charactenzed.

Suggested Further Research

+ Large-scale, multicenter RCTs fo validate late=window [VT protocols.

+ Standardization of imaging threshelds and selection critena.

+ Comparative studies of thrombaolytic agents (tenecieplase v alleplase)

= Implementation scicnce addressing workflow and resource barricrs.

L Intraduction
Background ond Rationale

Acute ischemic stroke (AIS) is a leading cause of disability and death worldwide, with intravenous
thrombolysis (1VT) using recombinant ssue plasminogen activator {ri=PA) established as the standard of care
within a & S=hour window from symptom enset. This time restriction, however, excludes 2 substantial
proportion of patients who present Llate or with unknown onset, prompting research into extending the
therapentic window, The rationale for lateswindow IV i3 supported by advances in neurcimaging that allow
identification of salvageable brain tissue (penumbra), potentially expanding eligibility and improving outcomes
for more patients 1 4,

. Thegretical Framewaorks
Pathephysiology of Ischemic Stroke and Thrombeolysis

# lschemic Core vs Penumbra: The central concept is the distmction between ireversiblv damaged tissue
{eore) and potentially salvageatle tissue (penembra). Thrombaolysis aims to restore perfusion before the
penumbra progresses to infarchon.

» Time=Dependent Tissue Viability: Traditional models emphasize a rapid decline in salvageable tissae over
time, but advenced imaging reveals substantial inter=ndrvidual vanability, justifyving a tissue=based rather
than strictly time=hased approach 4 s .

+ Imaging=Guided Selection: CT perfusion and MEI DWLFLAIR mismatch enable visualization of the
penumbra, guiding safe extension of the IVT window 4 |5 .

Synthesis: The shitt from time-based to tissue-based selection underping the theoretical justfication for late-
window IVT, supported by imaging modalities that identify patients most likely 10 benefit,

Fang, Ching-Ju
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Study Publication Sample
Design Year Size Intervention Method QOutcomes
Systematic Mot 2176 Aromatherapy as a single Reduced anxiety (low GRADE
Review (SR]  specified intervention in ICU certainty) and improved sleep
patients quality (very low GRADE
certainty) 1 .
RCT 2013 56 Lavender, chamomile, and Reduced anxiety (t =5.99, p <
neroli inhalation (6:2:0.5 0.001), improved sleep quality
ratio) before and after PCI (t=-3.65,p=0.001) 2.
Systematic Mot 11 RCTs  Aromatherapy for cancer Improved sleep quality (SMD
Review (SR) specified patients =-0.92, 95% CI: -1.39 to -0.46,
p < 0.001) but no significant
effect on fatigue 2 .
Meta- 2011-2019 30 Various aromatherapy Significant improvement in
Analysis studies  methods (e.g. massage, sleep quality (effect size =

inhalation)

0.74. Massage was more

effective than inhalation 4 .
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Zhu (2011): Acupuncture for pain in endometriosis

Appendix 1. Electronic Searches: Ovid
10 exp Acupuncture/ (758)
11 exp acupuncture therapy/ or exp a| Appendix 1. Search strategy for MEDLINE (Ovid)

Li (2011): Acupuncture for Attention Deficit
Hyperactivity Disorder...

acupuncture analgesia/ or exp acu| 14 acupuncture therapy/ or acupuncture, ear/ or
electroacupuncture/ or exp meridi electroacupuncture/

(11341)
acupressureS.tw. (321)
Acupuncture.tw. (8965)
(electroacupuncture or
meridianS.tw. (2643)
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shu.tw. (317)
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Cheuk (2012): Acupuncture for insomnia

Appendix 2. Search strategy for MEDLINE

1. exp acupuncture/
2. acupuncS.mp

3. acupressS.mp

4.

5. meridian$.mp

6. acupointsS.mp
7.or/1-7

electroacupuncS.mp

24 I E
acupunctur* ((transcutaneous
acupress* percutaneous
acu-point* transdermal
electroacupunctur* cutaneous)
"Zhen Jiu" NEAR/3
Zhenliu (stimulat*
meridian* electrostimulat*
moxibustion* neuromodulat*))
auriculotherap*
TENS
PENS

e AVTE il FEl =
Acupuncture
Acupuncture Therapy
Acupressure

Transcutaneous Electric Nerve Stimulation
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Artificial intelligence to enhance it

hemodynamic management in the ICU

Alexander P ) Vlaar'"®, Sheila N. Myatra® and Christian Jung®

© 2024 Springer-Verlag GmbH Gemmany, part of Springer Nature

Dear Editor,
Artificial intelligence (AlI) has significantly transformed
hemodynamic monitoring, with potential for more
advancements in the future. Al offers new monitoring
methods beyond classical pressure and waveform analy-
ses, incorporating advanced image analysis and intensive
waveform evaluations (Fig. 1). In this letter, we explore
Al's current and future impact on various areas of hemo-
dynamic monitoring.

Optimizing current hemodynamic monitoring
Different clinical settings require different
ing strategies. In pediatric and neonatal inte,
non-invasive monitoring is preferred for
out shock. Al-based thermal imaging ca;
allowing for contact or invasive monj
necessary, thus improving resou
patient experience [1].

Al also enhances existing monil derices, includ-
ing such with electrocardiggrams ). Deep neu-
ral networks analyzing single data can detect
elevated left atrial presggre ate left ventricular

5 stroke volume (5V) from
orming traditional methods

blood pressure masking compro-
lar reserve. Support vector machines
like blood pressure, near-infrared spec-
RS) brain oxygenation, and transcranial

Doppler (TCD) bl flow veliicity have shown promise

in predicting h ofeggia, with TCD showing the high-
est specifici Thougi not the standard of care due
to compl make such techniques clinically
viable and re user-independent.

Predi ynamic deterioration

The IC s a data-rich environment, especially in

emaody ic monitoring, making it ideal for Al applica-
s. Algorithms like the Hypotension Prediction Index
1) can predict hypotension before it occurs by ana-
ing arterial waveforms, which may remain stable due
o compensatory mechanisms [5]. Applying Al like HPI
in randomized trials has shown significant reductions in
hypotension episodes in intensive care unit (ICU) set-
tings [15]. These trials show that to truly impact clinical
practice, behavioral changes and compliance with Al-
derived algorithms are essential [6].

Classification or characterization of hemodynamic
conditions

Al helps classify patients and conditions such as distin-
guishing between arterial fibrillation and sinus rhythm
[7]. Al models can even predict the onset of arrhythmias,
paving the way for pre-emptive interventions. Aortic
valve stenosis (AoS) is another condition that can benefit
from Al-driven classification. AoS is typically diagnosed
with transthoracic echocardiography (TTE), but Al mod-
els using blood pressure waveforms can non-invasively
detect it, with promising accuracy [8, 9]. This approach
could reduce the need for routine TTE, and broaden
screening strategies for valve abnormalities which can be
potentially extended to other valve abnormalities.
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> 4.5 )\

BIR8E (IVT)
2B A T I J= Pas

Domain - Safety Profile -

Symptomatic
intracranial

Safety - hemorrhage rates: 2—
7% within 4.5 hours,
higher beyond [3]. -

3. Turc G et al., Intravenous thrombolysis fol acute ischemic stroke

Diagnostic and Interventional Imaging. 2014, 95:1129-33.

Intravenous thrombolysis (IVT) with alteplase remains the standard
treatment for acute ischemic stroke. Although IVT can be started up to
4.5 hours after symptoms' onset, it is all the more effective and safe
when started early. It allows a 10% absolute reduction in the risk of
handicap or death at 3 months, despite a 2-7% risk of symptomatic
Intracranial hemorrhage. Current research efforts involve firstly trying to
treat a larger proportion of patients by overcoming some of the
contraindications to IVT and secondly assessing combined or
alternative treatments to achieve a higher early recanalization rate.
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Safety Profile -
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Symptomatic
intracranial
hemorrhage rates: 2—
7% within 4.5 hours,
higher beyond [3]. -

3. Turc G et al., Intravenous thrombolysis for acute ischemic stroke

Diagnostic and Intervention

al Imaging. 2014; 95:1129-33.

Intravenous thrombolysis (IVT) with alteplase remains the standard
treatment for acute ischemic stroke. Although IVT can be started up to

4.5 hours after smetoms' onset, it is all the more effective and safe

when started early. It allows a

10% absolute reduction in the risk of

handicap or death at 3 months, despite a 2-7% risk of symptomatic
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@ tPA for ischemic stroke
AR .
Al-Ajlan-2024-Golden Hour Intravenous Thrombol.pdf

o FEEE -

assessment OT PupIICAtioN DIAs Using Metnoas, SUcn as tggers 1est or meta-regression,
was not feasible.21,22

Results Search and Screening Results After removal of duplicate records, we screened
1,677 abstracts for eligibility. A total of 22 records were retrieved for full-text eligibility.
Of those, 7 studies4-10 were deemed eligible based on our inclusion criteria. A detailed
flow diagram of the literature search process is provided in Figure S1.

Study Characteristics and Risk of Bias We included 7 articles4-10 published between
2015 and 2023, comprising a total of 78,826 patients treated with intravenous

thrombolysis. Golden hour thrnmbulxsis was administered in 1,613 Eatient
77,213 patients received thrombolytic therapy outside the golden hour. Among included

patients, only 1% (n = 799) of patients were treated in MSU settings. Two articles4,7
reported out-comes of patients treated in the settings of MSU, and reported higher rate
of golden hour thrombolysis compared with non-MSU setting (259/799 [32.4%] vs

1432/78,027 [1.8%]).6,5,8-10 Table summarizes the baseline patients and
TABLE. Overview of Included Studies

Study ID Settings Total, N

Within golden hour (<60 min) Outside golden hour (60-270 min)
n (%) % Male Age (yr), mean (SD)

Initial NIHSS n (%) % Male

Age (yr), mean (SD) Initial NIHSS
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Domain

Summary of Evidence

Safety Profile

Patient Selection

Imaging Modalities

Effectiveness

Safety

Subgroup
Outcomes

Research
Gaps

IVT beyond 4.5h
improves functional
outcomes 1n selected
patients 1 2 3 4

5

Comparable mortality to
standard window; higher
sICH and parenchymal
hemorrhage 3 6 7

8

LVQ, anterior circulation:
improved outcomes with
tenecteplase 17 18 19

Need for large RCTs,
standardization, subgroup
data 2 & 24 25

Increased sICH risk,
no rise in mortality
31 6 7 8

sICH risk modulated

by comorbidities,
statin use, age 2 n
12

Elderly: no increased
mortality, but worse
outcomes 2 20

Implementation
barriers in low-
resource settings 26
27

Advanced
imaging
essential 4 s
9 10

Imaging and
clinical scores
(NTHSS,
ASPECTS) 13

14 15

Diabetes, AF:
higher risk, but
still benefit 21
22 13

Optimal imaging
thresholds
unclear 6 9
25 2B

CT perfusion, MRI
DWI/FLAIR

MRI safer than CT in
some studies 16

DWI/FLAIR
mismatch for
unknown onset s

Automated imaging
promising
[creative_insights]
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Domain

Summary of Evidence

Safety Profile

Patient Selection

Imaging Modalities

Effectiveness

Safety

Subgroup
Outcomes

Research
Gaps

Automated imagi

promising
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{E4 vs.

Keywords/SR

gmeE  95%

wEE 8%

Comparison of Elicit Al and Traditional Literature Searching in Evidence Syntheses Using Four Case
Studies. Cochrane Evidence Synthesis and Methods 2025.3 : e70050. https://doi.org/10.1002/cesm.70050.

l \ I Elicit Pro '

N\
Natural Language
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