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ABSTRACT

Background: Intravenous thrombolysis (IVT) is the mainstay of treatment for patients presenting with acute ischemic
stroke, whereas carotid endarterectomy (CEA) is indicated in patients with symptomatic carotid stenosis. However, the
impact of prior IVT on the outcomes of CEA (IVT-CEA) is not clear. The aim of this study was to determine whether IVT
may create additional stroke and death risk for CEA, compared with CEA performed in the absence of a history of recent
IVT, and to determine the optimal timing for CEA after IVT.

Methods: We conducted a systematic review and meta-analysis of studies comparing the outcomes of IVT-CEA vs CEA,
using the Medline, Embase, and Cochrane databases.

Results: We included 11 retrospective comparative studies, in which 135,644 patients underwent CEA and 2070 under-
went IVT-CEA. The pooled rate of perioperative stroke was 4.2% in the IVT-CEA group and 1.3% in the CEA group (odds
ratio [OR], 0.44; 95% confidence interval [Cl], 0.12-1.58; P = .21), with a high heterogenicity (* = 93%). The rate of stroke/
death was 5.9% in patients undergoing IVT-CEA 1.9% in those receiving CEA only (OR, 0.42; 95% Cl, 0.15-114; 2 = 92%; P =
.09); after exclusion of studies including TIA as presenting symptom, stroke/death risk was 3.6% in IVT-CEA and 3.0% in
CEA (OR, 1.42; 95% Cl, 0.80-2.53; [* = 50%; P = 11). The risk of stoke decreased with a delay in the performance of CEA (P =
.268). Using results of the metaregression, the calculated delay of CEA that allows for a <6% risk was 4.6 days. Compared
with CEA, patients undergoing IVT-CEA had a significantly higher risk of intracranial hemorrhage (2.5% vs 0.1%; OR, 0.11;
95% Cl, 0.06-0.21; [* = 28%; P < .001) and neck hematoma requiring reintervention (3.6% vs 2.3%; OR, 0.61; 95% Cl, 0.43-
0.85; > = 0%; P = .003).

Conclusions: In patients presenting with an acute ischemic stroke, CEA can be safely performed after a prior endovenous
thrombolysis, maintaining a stroke/death risk of <6%. After IVT, CEA should be deferred for =5 days to minimize the risk
for intracranial hemorrhage and neck bleeding. (J Vasc Surg 2024;m:1-7.)
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Stroke is currently the second leading cause of death in
Europe' and the fourth cause in the United States.”? More
than 50% of stroke survivors suffer from significant
disability and limitation in their daily life activities, with
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significant impact on the quality of life and health care
resources use. Thrombolysis with intravenous tPA (IVT)
is considered today the mainstay of treatment for pa-
tients presenting with acute ischemic stroke that meet
the inclusion criteria>* Its use has been progressively
increasing through the last years, in particular as a result
of the extension of the therapeutic window from 3.0 to
45 hours, and the worldwide efforts to create coordi-
nated regional stroke care systems with the aim to
provide dedicated efficient diagnostic/therapeutic proto-
cols to patients presenting with an acute ischemic
stroke.”* Among patients receiving thrombolysis, >50%
will have a vessel recanalization, and a significant clinical
benefit will occur in one-third. However, there remains a
non-negligible risk of intracranial hemorrhage (ICH),
which occurs in 6% of patients.”

Extracranial carotid stenosis accounts for approxi-
mately 20% of all ischemic strokes.” After the first index
ischemic event, a substantially high risk of recurrent
stroke still persists if the carotid stenosis is left
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untreated."®® For this reason, carotid endarterectomy
(CEA) is indicated in symptomatic patients with an extra-
cranial carotid stenosis of 50% to 99%, preferentially
within 14 days.! The rational of an early CEA is to prevent
further ischemic events through the removal of the
source of thromboembolic debris and to restore a
normal perfusion pressure to the ischemic penumbra
in the brain.® Despite a possible increased risk of ICH
and reperfusion syndrome in case of early CEA, the risk/
benefit ratio of CEA seems to be optimal during the first
2 weeks after the index event, and CEA may be per-
formed with favorable outcomes also during the first
48 hours after a transient ischemic attack (TIA) or stroke.!

This parallel tendency of an early CEA and the
increasing use of IVT has exposed vascular surgeons to
the clinical situation of performing CEA in patients previ-
ously treated with IVT (IVT-CEA). However, the safety of
IVT-CEA has not been investigated extensively. The aim
of this systematic review and meta-analysis was to deter-
mine whether IVT may provide additional risks to CEA
(compared with CEA in the absence of recent IVT) and
what is the optimal timing of CEA after IVT to balance
the risk of stroke recurrence vs the risk of perioperative
CEA hemorrhagic complications.

METHODS

Search method. The aim was to identify studies
comparing the outcomes obtained with CEA alone vs ca-
rotid endarterectomy after intravenous thrombolysis
(CEA-IVT) in patients with acute stroke. A literature
search was conducted through the PubMed (MEDLINE)
database, Embase, and Cochrane CENTRAL using the
following exploded MeSH terms and keywords: carotid
endarterectomy, carotid intervention, carotid surgery,
thrombolysis, thrombolytic therapy, and stroke. An addi-
tional manual review of references from relevant articles
was conducted.

Studies were identified, screened, and selected according
to the PRISMA study flow diagram. The abstracts of studies
retrieved using the automatic and manual search strategy
were screened independently by two reviewers to identify
studies that potentially met the inclusion criteria. The full
texts of these potentially eligible studies were screened
independently for eligibility by two reviewers; any eventual
disagreement was be resolved by consensus.

Studies on mechanical thrombectomy, intraoperative
thrombolysis, or carotid artery stenting (CAS) were
excluded; only studies published in the English language
were considered. Case reports or series including <10 pa-
tients, editorials, previous reviews, and meta-analyses
without original data were excluded. Noncomparative
studies reporting only the outcomes CEA-IVT, or those
including patients treated for complete extracranial ca-
rotid occlusion were excluded. The study was registered
in the PROSPERO database (CRD42020178962).
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End points. The study end points were perioperative
stroke, death, combined stoke/death, intracerebral hem-
orrhage (ICH) and any bleeding requiring re-intervention.
The outcomes were compared between CEA and IVT-
CEA. The clinical impact of the timing of CEA after IVT
on stroke/death was also investigated. Periprocedural
events were considered to be those occurring within a
30-day time frame after the procedure.

Statistical methods. For each of the included studies,
raw data (number of patients who developed an end
point in the intervention and control group) were
extracted. These were crossed checked and any discrep-
ancies were solved before the data were transferred to
the statistical programs. Review Manager (RevMan,
version 5.4. Copenhagen: The Nordic Cochrane Centre,
The Cochrane Collaboration, 2012) software was used
for the analysis. Statistical analyses were performed
with RevMan, which performed the meta-analyses, pro-
duced Forest plots, and provided inconsistency () sta-
tistics that evaluated heterogeneity within the studies. A
nonsignificant P value for the Cochrane Q statistic indi-
cated that there was no significant statistical heteroge-
neity between studies. An P value of 0% indicated no
heterogeneity, whereas larger values were consistent
with increasing heterogeneity. In case of statistically sig-
nificant £, indicative of substantial heterogeneity, a
random effects model was chosen, instead of the fixed
effect model. In case of outcomes measures using >10
studies, a funnel plot with Egger's and Begg's test were
used to assess for publication bias. The impact of CEA
timing after IVT was assessed through a metaregression
analysis, using the R software (R Foundation for Statisti-
cal Computing, Vienna, Austria). The metaregression
equation had a negative slope, indicating a decreasing
odds of stroke or death with a longer time interval be-
tween IVT and CEA. The metaregression equation was
used to calculate the time interval between IVT and CEA
that gives a predicted risk of stroke or death of <6%,
considering that for rare events the odds ratio is
approximately the same as the risk ratio. Also, a 95%
prediction interval for stroke or death risk after 2 days
was calculated using the same equation.

RESULTS

The literature search provided 1669 records, of which
754 were duplicates and 867 were excluded after ab-
stract screening. Of the remaining 50 studies, 39 were
excluded after obtaining the full text. Reason for exclu-
sion were the following: 4 studies did not match the
study design, 5 studies included patients undergoing
CAS or aggregated cohorts of CAS and CEA, 21 studies

did not include patients undergoing IVT, 1 study
included patients treated for carotid occlusion, 2
studies analysed the effect of intra-arterial IVT, 6

studies compared patients undergoing IVT and IVT
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Fig 1. Forest plot for periprocedural stroke risk in patients with stroke undergoing carotid intervention after
thrombolysis or without thrombolysis. CEA, carotid endarterectomy; Cl, confidence interval; IVT, intravenous
thrombolysis; M-H, Mantel—Haenszel. Odds ratios based on random effects model.

plus CEA. This process left 11 studies that were finally
included for qualitative analysis and quantitative
syntheses in the meta-analysis®'® (Supplementary
Fig 1, online only).

A summary of the included studies is reported in
Supplementary Table | (online only). A total of 326,682
patients were collected, including 135,644 treated by
CEA alone and 2070 by IVT-CEA. All patients in the IVT-
CEA group had an ischemic stroke as the index event
at presentation. All patients in the control group under-
going CEA without prior thrombolysis had a symptom-
atic carotid stenosis"*® only stroke was selected as
index event in four studies,

13161819 \whereas both stroke
and TIA were included in seven studies.? 2141517

Qualitative analyses. Vellimana et al'® reported a
significantly increased risk of 30 day ICH, stroke, and
death in the IVT- CEA group. Similarly, an increased risk
of postoperative ICH" and 30-day mortality’® were re-
ported when CEA was performed after IVT. In one
study,'” there was a significant increased risk of neck
hematoma after IVT. In seven studies IVT, before CEA did
not impact the rate of postoperative stroke, mortality
ICH, or neck bleeding 2012141618

Postoperative stroke and stroke/death. The pooled
rate of perioperative stroke was 4.2% in the IVT-CEA
group and 13% in the CEA group (OR, 0.44; 95% CI,
0.12-158; P = .21) (Fig 1), with a high heterogenicity (? =
93%). The rate of stroke/death was 5.9% in patients un-
dergoing IVT-CEA and 1.9% in those receiving CEA only
(reference IVT-CEA, OR 0.42; 95% ClI, 0.15-1.14; * = 92%;
P =.09) (Fig 2). There was a high heterogenicity and a low
risk for publication bias (Egger's test; P = .373; Begg's test;
P = 242) (Supplementary Fig 2, online only).

The definition of perioperative stroke was not standard-
ized in all the included studies. The presence of stroke
was defined at discretion of the treating physician in
most cases.”“'¢9 Vellimana et al'”® based the diagnosis
of post-procedural stroke on the International

Classification of Diseases, 9™ edition, Clinical Modifica-
tion, diagnostic code 997.02 (iatrogenic cerebrovascular
infarction or hemorrhage).

A sensitivity analysis was performed after exclusion of
studies with TIA as presenting symptom before CEA in
the CEA group.”'®"” This led to a 3.6% stroke/death rate
in IVT-CEA and 3.0% in CEA (reference IVT-CEA; OR,
1.42; 95% Cl, 0.80-2.53; > = 50%; P = 11).

Intracerebral hemorrhage. Compared with CEA, pa-
tients undergoing IVT-CEA had a significantly higher
risk of ICH (2.5% vs 0.1%; reference IVT-CEA, OR, 0.11; 95%
Cl, 0.06-0.21; > = 28%; P < .001) (Fig 3). Specific rates of
ICH were retrievable in seven studies" ™78, a clear
definition of ICH was reported only in Bazan et al'? and
Vellimana et al"" who defined ICH based on clinical
worsening of the neurological condition confirmed by
hemorrhage using computed tomography scans or
magnetic resonance imaging.

Any bleeding requiring intervention. In patients under-
going IVT-CEA there was a significantly higher risk of
periprocedural neck hematoma requiring reintervention
(3.6% vs 2.3%; reference IVT-CEA, OR, 0.61; 95% CI, 0.43-
0.85; > = 0%; P = .003) (Fig 4).

Timing of CEA. The timing between IVT and CEA was
not reported uniformly in the selected studies. Ahmed
et al”® had a median time from thrombolysis to CEA of
7.5 days; 64% of patients underwent CEA within 14 days
from thrombolysis, 12% within 20 days, and 12% within
50 days. In the study by Bazan et al,'” >50% of patients in
the IVT-CEA group underwent revascularization within
72 hours. Deiana et al'” and Fortin et al'® reported a
median time from IVT to revascularization of 8 days. In
the report by Gunka et al'* the median time interval
between IVT and CEA was 2 days, and 46% of patients
underwent CEA within 24 hours from IVT. ljas et al'® re-
ported a median time from IVT to CEA of 9 days, with
55% undergoing CEA within 24 hours, 15.6% within
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Fig 2. Forest plot for periprocedural stroke and death risk in patients with stroke undergoing carotid intervention
after thrombolysis or without thrombolysis. CEA, carotid endarterectomy; Cl, confidence interval; /VT, intravenous
thrombolysis; M-H, Mantel-Haenszel. Odds ratios based on random effects model.
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Fig 3. Forest plot for periprocedural intra-cerebral hemorrhage risk in patients with stroke undergoing carotid
intervention after thrombolysis or without thrombolysis. CEA, carotid endarterectomy; Cl, confidence interval; /VT,
intravenous thrombolysis; M-H, Mantel—Haenszel. Odds ratios based on fixed effects model.
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Fig 4. Forest plot for periprocedural local-hematoma risk in patients with stroke undergoing carotid intervention
after thrombolysis or without thrombolysis. CEA, carotid endarterectomy; Cl, confidence interval; IVT, intravenous
thrombolysis; M-H, Mantel—Haenszel. Odds ratios based on fixed effects model.

48 hours, and 68.0% within 2 weeks from IVT. Johal et al'® A few studies specifically reported the impact of CEA
reported a median time from symptom to CEA of 10 days timing after IVT. Rathenborg et al'® observed a stroke
in the IVT cohort. rate of 3.5% (95% ClI, 1.69-6.99) among patients having
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Log Odds Ratio of Stroke/Death

Median Time Between IVT and CEA (days)

Fig 5. Bubble plot with fitted meta-regression line and 95% confidence intervals (Cls) showing an inverse rela-
tionship between logarithmic odds ratio of periprocedural stroke and death risk and time interval between
thrombolysis and carotid endarterectomy (CEA). Bubble sizes vary with inverse of within study variance (weight in

a fixed effect meta-analysis; P = .268).

IVT-CEA, with an increased risk if CEA was performed
within 7 days (5.19%; 95% ClI, 1.74-13.91) compared with
14 days (3.4%:; 95% Cl, 1.33-8.39). Vellimana et al™ reported
a progressive decrease in the risk of stroke and ICH in pa-
tients undergoing IVT-CEA; achieving a risk comparable
with CEA without IVT at day 6. ljas et al'® found no asso-
ciation between perioperative or postoperative ischemic
stroke and the time between IVT and CEA (P = .656).
Johal et al'® found similar rates of stroke in IVT-CEA vs
CEA if surgery was performed within the first 5 days
from symptoms (23% vs 2.0%); however, neck hema-
tomas were more common in patients undergoing IVT-
CEA undergoing surgery within 5 days (2.0% vs 4.5%;
P = .042). The metaregression analysis on the impact of
time from IVT on stroke/death is displayed in Fig 5. There
was an inverse relation between delay from IVT and
stroke/death, which was not statistically significant (P =
.268). Using the metaregression equation, the calculated
delay of CEA that allows for a <6% risk was 4.6 days. The
predicted stroke/death risk after 2 days was 7.8% (95%
prediction interval, 2.0%-39.3%).

DISCUSSION

This systematic review and meta-analysis investigated
the current outcomes of CEA after IVT, comparing the re-
sults with those receiving CEA without IVT. Overall IVT,
did not impact the cumulative end point of stroke and
death significantly (5.9% vs 1.9%; reference IVT-CEA; OR,
0.42; 95% ClI, 0.15-1.14; P = .09), but was associated with
an increased risk of ICH (2.5% vs 0.1%; reference IVT-
CEA, OR, 0O.11; 95% CI, 0.06-0.21; P < .001) and neck
bleeding (3.6% vs 2.3%; reference IVT-CEA, OR, 0.61: 95%
Cl, 0.43-0.85; P = .003).

Current guidelines recommend CEA within 14 days
from the index event in patients presenting with symp-
tomatic carotid stenosis, granted a perioperative risk of
stroke and death of <6%."® However, the perioperative

risk of patients presenting with amaurosis fugax or TIA
vs stroke may substantially differ. Patients with stroke
suffer from a higher perioperative stroke rate, especially
if CEA is performed within 48 hours, owing to the pres-
ence of the ischemic penumbra, the damage to the
blood-brain barrier, and the greater severity of symp-
toms.?9%? IVT may increase CEA perioperative risk addi-
tionally by facilitating hemorrhagic transformation of
the brain infarct"'® potentially questioning the actual
benefit of CEA in this subset of patients. In our analysis,
the pooled rate of stroke/death in the IVT group was
5.9%, falling within the 6% threshold recommended by
the guidelines."® Nevertheless, the stroke rate was higher
than CEA alone (1.9%); however, there was a high hetero-
genicity of results. After inclusion of only patients pre-
senting with stroke (excluding those presenting with
TIA or amaurosis), the rate of stroke/death was approxi-
mately 3% for both groups (reference IVT-CEA, OR, 1.42;
95% CI, 0.80-2.53; P = .11), with a lower heterogenicity
(P = 50%). In our meta-analysis, it was not possible to
correlate the results with the size of the infarct and
ischemic penumbra and the severity of stroke, although
this factor may be a major determinant of outcomes, as
recently reported by Hayson et al,?> who found that with
tissue plasminogen activator (tPA) use before CEA/CAS
was not related to stroke/hemorrhagic conversion. How-
ever, there was a significantly higher mortality in case of
CEA/CAS with prior IVT (P < .001), that was strictly related
to the severity of stroke, regardless of whether patients
received tPA or not. Given that patients undergoing IVT
are usually characterized by worse symptoms and larger
brain infarct?* the specific additional risk provided by
prior IVT is still difficult to assess based on our meta-
analysis.

In our meta-regression, there was a trend toward a pro-
gressive decrease in stroke/death with the delay from
IVT, with a calculated waiting time after IVT of 5 days to
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achieve a <6% stroke/death risk. The half-life of tPA used
in IVT is 4 to 7 minutes, and it may be reasonable to
expect a complete drug clearance within 24 to 48 hours.
However, the detrimental effect of IVT on CEA outcomes
may persist also after tPA administration through two
main mechanisms: [VT-related ICH may occur after
24 hours from alteplase administration in =20% of pa-
tients,”®> and IVT may cause cerebral microbleeds (in
15%-27% of patients)® that are not clinically evident, but
represent an hallmark of blood-brain barrier damage
and may predispose to ICH and other neurological com-
plications in patients undergoing CEA. Nevertheless, IVT
is not the only factor contributing to the stroke risk these
patients; the presence of an infarcted brain area,®> CEA
early timing,?°?' and severity of symptoms?®?7 are well-
established risk factors for adverse neurological events
after CEA. Another possible confounding factor is that
the timing of CEA after IVT was not standardized, and
it was not possible to understand the reason for early
CEA vs more delayed CEA. It is possible that, in these sit-
uations, the choice for an early CEA after thrombolysis
was dictated by recurrent or worsening symptoms, and
this factor might have biased the results leaning toward
worsened outcomes in those patients undergoing early
interventions. Also, it is unclear if the effect of CEA timing
is related to the time interval from IVT or from the index
neurological event, because they essentially coincide,
considering that IVT is performed in all cases within
45 h from stroke.

The results of our study are in line with a prior review by
Kakkos et al.?* They analyzed 25 studies on both CAS and
CEA, including also case series with 1 to 10 patients, as
well as noncomparative studies. Similar to our results,
CEA outcomes in patients receiving IVT vs no IVT, peri-
procedural death/stroke was nonsignificantly higher af-
ter IVT (4.3% vs 1.5%), but ICH was significantly higher
after IVT (2.2% vs 0.12%), as was local hematoma forma-
tion (3.6% vs 226%). Their meta-regression analysis
demonstrated an inverse association between the time
interval from IVT to undergoing CEA and the risk of peri-
procedural stroke/death (P = .032). Since 2021, ho new
randomized or comparative studies have been pub-
lished. To minimize the risk of bias and to focus our anal-
ysis only to CEA, we included only comparative studies
with =10 patients, excluding case series/reports and
studies in which it was not possible to discriminate the
results in CEA vs CAS.

Overall our interpretation of the results is that recent
IVT provides an additional risk for CEA stroke/death
that is driven essentially by ICH in patients operated in
the early period (<5 days) after thrombolysis.'*'>1819:24 Af-
ter this hazardous period of time, the risks of IVT-CEA
may be comparable with those of CEA without prior
thrombolysis. In clinical decision-making, the risk of IVT-
CEA complications within 5 days should be weighed
carefully against the risk for a recurrent stroke after IVT,
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without correction of the carotid stenosis. ljas et al'® in
a multicenter registry including 128 IVT-CEA, described
a 55% incidence of recurrent stroke or progression of
symptoms while waiting for CEA, occurring after a me-
dian of 4 days from IVT. Further studies are necessary to
determine which is the rate of recurrent stroke during
the first 5 days after thrombolysis and to clarify which is
the optimal timing of CEA in patients treated by IVT. In
patients subjected to CEA after tPA, a perioperative
care protocol that minimizes the risk for ICH should be
adopted, and a repeated cerebral imaging (by
computed tomography scan or magnetic resonance im-
aging) should be obtained before CEA to exclude pa-
tients with hemorrhagic evolution; future clinical
investigations are required also to clarify which is the
optimal approach in terms of operative technique, shunt
use, blood pressure control, and antiplatelet and antico-
agulation regimen.

The main limitation of this systematic review and meta-
analysis was that there were no randomized controlled
trials, and only retrospective comparative studies were
included. The control groups of patients receiving only
CEA were heterogenous, and included not only patients
presenting with a stroke, but also TIA. The difference in
outcomes of IVT-CEA vs CEA may reflect a different base-
line patients selection, with higher stroke severity in pa-
tients undergoing IVT, larger brain infarction size, and
worse functional outcome?*; however, the currently avail-
able literature did not allow for an in-depth analysis of
these aspects. Furthermore, the perioperative antiplate-
let, anticoagulation, and heparin reversal protocols were
not specified consistently, although they may have an
important effect on hemorrhagic complications. In addi-
tion, other clinical factors, such as brain infarction size,
blood pressure control, CEA operative technique, and
shunt use, may have an important role in postoperative
stroke and ICH,"*?' but could not be investigated in our
study fully. Finally, this review focused on the impact of
IVT, because this modality represent the mainstay of
treatment for acute ischemic stroke and may be associ-
ated with an increased risk of ICH; the outcomes of
CEA after endovascular thrombectomy were not
investigated.

CONCLUSIONS

In patients presenting with an acute ischemic stroke,
CEA can be safely performed after a prior endovenous
thrombolysis, maintaining a stroke/death risk of <6%.
Nevertheless, patients undergoing CEA after IVT had an
increased risk for ICH and neck bleeding, especially if
CEA was performed within 5 days from the index stroke.
CEA should be deferred for =5 days; further studies are
necessary to clarify in which patients the risk/benefit ratio
of IVT-CEA justifies a carotid intervention within the first
5 days and to investigate how to minimize the risk for
hemorrhagic complications after IVT-CEA.



Journal of Vascular Surgery
Volume m, Number m

AUTHOR CONTRIBUTIONS
Conception and design: FS
Analysis and interpretation: FS, CZ, MM, AX, CD, FG, MP,

MA

Data collection: FS, CZ, AX, EC
Writing the article: FS
Critical revision of the article: FS, CZ, MM, AX, EC, CD, FG,

MP, MA

Final approval of the article: FS, CZ, MM, AX, EC, CD, FG,

MP, MA

Statistical analysis: FS
Obtained funding: Not applicable
Overall responsibility: FS

DISCLOSURES
None.

REFERENCES

1

Naylor R, Rantner B, Ancetti S, et al. Editor's choice — European So-
ciety for Vascular Surgery (ESVS) 2023 clinical practice guidelines on
the management of Atherosclerotic carotid and Vertebral artery
disease. Eur J Vasc Endovasc Surg. 2023;65:7—111.

Kleindorfer DO, Towfighi A, Chaturvedi S, et al. 2021 guideline for the
prevention of stroke in patients with stroke and transient ischemic
attack: a guideline from the American Heart Association/American
Stroke Association. Stroke. 2021,52:e364—e467.

Powers W3, Rabinstein AA, Ackerson T, et al. Guidelines for the early
management of patients with acute ischemic stroke: 2019 Update to
the 2018 guidelines for the early management of acute ischemic
stroke: a guideline for healthcare professionals from the American
Heart Association/American Stroke Association. Stroke. 2019;50:
e344—e418.

Jauch EC, Saver JL, Adams HP, et al. Guidelines for the early man-
agement of patients with acute ischemic stroke. Stroke. 2013;44:
870—-947.

Naylor AR. Thrombolysis and expedited carotid revascularization.
J Cardiovasc Surg. 2015;56:159—164.

Ois A, Cuadrado-Godia E, Rodriguez-Campello A, Jimenez-Conde J,
Roquer J. High risk of early neurological recurrence in symptomatic
carotid stenosis. Stroke. 2009;40:2727—2731.

Mono ML, Steiger |, Findling O, et al. Risk of very early recurrent ce-
rebrovascular events in symptomatic carotid artery stenosis.
J Neurosurg. 2013;119:1620—-1626.

AbuRahma AF, Avgerinos ED, Chang RW, et al. Society for Vascular
Surgery clinical practice guidelines for management of extracranial
cerebrovascular disease. J Vasc Surg. 2022;75:45—22S.

Rathenborg LK, Jensen LP, Baekgaard N, Schroeder TV. Carotid
endarterectomy after intravenous thrombolysis for acute cerebral
ischaemic attack: is it safe? Eur J Vasc Endovasc Surg. 2013:45:
573-577.

Rathenborg LK, Venermo M, Troéng T, et al. Editor’s choice - safety of
carotid endarterectomy after intravenous thrombolysis for acute
ischaemic stroke: a case-controlled multicentre registry study. Eur J
Vasc Endovasc Surg. 2014;48:620—625.

.

12.

14.

15.

20.

21

22.

23.

24,

25.

26.

27.

Squizzato et al 7

Vellimana AK, Yarbrough CK, Blackburn S, et al. Intravenous tissue-
type plasminogen activator therapy is an independent risk factor
for symptomatic intracerebral hemorrhage after carotid endarter-
ectomy. Neurosurgery. 2014;74:254—261.

Bazan HA, Zea N, Jennings B, Smith TA, Vidal G, Sternbergh WC.
Urgent carotid intervention is safe after thrombolysis for minor to
moderate acute ischemic stroke. J Vasc Surg. 2015;62:1529—-1538.
Ahmed N, Kelleher D, Madan M, Sochart S, Antoniou GA. Carotid
endarterectomy following thrombolysis for acute ischaemic stroke.
Vasa. 2017:46:116—120.

Gunka |, Krajickova D, Lesko M, et al. Safety of early carotid endar-
terectomy after intravenous thrombolysis in acute ischemic stroke.
Ann Vasc Surg. 2017:44:353—360.

Vellimana AK, Washington CW, Yarbrough CK, et al. Thrombolysis is
an independent risk factor for poor outcome after carotid revascu-
larization. Neurosurgery. 2018;83:922—930.

lids P, Aro E, Eriksson H, Vikatmaa P, Soinne L, Venermo M. Prior
intravenous stroke thrombolysis Does not increase complications of
carotid endarterectomy. Stroke. 2018;49:1843—1849.

Deiana G, Baule A, Caneva PD, et al. Can carotid endarterectomy be
performed safely within 14 days after intravenous thrombolysis for
acute stroke? Ann Vasc Surg. 2020;66:385—389.

Fortin W, Chaput M, Elkouri S, Beaudoin N, Blair JF. Carotid endar-
terectomy after systemic thrombolysis in a stroke population. J Vasc
Surg. 2020;71:1254—1259.

Johal AS, Naylor AR, Pherwani AD, et al. Carotid endarterectomy
following intravenous thrombolysis in the UK. Eur J Vasc Endovasc
Surg. 2021;62:9-15.

Tanious A, Pothof AB, Boitano LT, et al. Timing of carotid endarter-
ectomy after stroke. Ann Surg. 2018;268:449—456.

Squizzato F, Siracuse 33, Shuja F, et al. Impact of shunting practice
patterns during carotid endarterectomy for symptomatic carotid
stenosis. Stroke. 2022;53:2230—2240.

Pini R, Faggioli G, Vacirca A, et al. Is size of infarct or clinical picture
that should delay urgent carotid endarterectomy? A meta-analysis.
J Cardiovasc Surg. 2020;61:143—148.

Hayson A, Burton J, Allen J, Sternbergh WC, Fort D, Bazan HA. Impact
of presenting stroke severity and thrombolysis on outcomes
following urgent carotid interventions. J Vasc Surg. 2023;78:702—710.
Kakkos SK, Vega de Ceniga M, Naylor R. A systematic review and
meta-analysis of peri-procedural outcomes in patients undergoing
carotid interventions following thrombolysis. Eur J Vasc Endovasc
Surg. 2021;62:340—349.

van der Steen W, van der Ende NA, van Kranendonk KR, et al. Timing
of symptomatic intracranial hemorrhage after endovascular stroke
treatment. Eur Stroke J. 2022;7:393—401.

Geraghty P3J, Brothers TE, Gillespie DL, et al. Preoperative symptom
type influences the 30-day perioperative outcomes of carotid end-
arterectomy and carotid stenting in the Society for Vascular Surgery
Vascular Registry. J Vasc Surg. 2014;60:639—644.

Faateh M, Dakour-Aridi H, Kuo PL, Locham S, Rizwan M, Malas MB.
Risk of emergent carotid endarterectomy varies by type of present-
ing symptoms. J Vasc Surg. 2019;70:130—137.e1.

Submitted May 21, 2024; accepted Aug 3, 2024.

Additional material for this article may be found online
at www,jvascsurg.org.


http://refhub.elsevier.com/S0741-5214(24)01682-3/sref1
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref1
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref1
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref1
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref2
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref2
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref2
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref2
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref3
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref3
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref3
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref3
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref3
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref3
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref4
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref4
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref4
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref5
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref5
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref6
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref6
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref6
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref7
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref7
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref7
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref8
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref8
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref8
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref9
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref9
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref9
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref9
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref10
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref10
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref10
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref10
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref11
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref11
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref11
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref11
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref12
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref12
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref12
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref13
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref13
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref13
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref14
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref14
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref14
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref15
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref15
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref15
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref16
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref16
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref16
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref17
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref17
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref17
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref18
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref18
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref18
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref19
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref19
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref19
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref20
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref20
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref21
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref21
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref21
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref22
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref22
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref22
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref23
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref23
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref23
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref24
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref24
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref24
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref24
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref25
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref25
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref25
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref26
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref26
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref26
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref26
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref27
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref27
http://refhub.elsevier.com/S0741-5214(24)01682-3/sref27
http://www.jvascsurg.org/

ARTICLE IN PRESS

7.l Squizzato et al Journal of Vascular Surgery
mmm 2024

Supplementary Table (online only). Characteristics of the patients in the 11 studies included in the meta-analysis
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Supplementary Fig 1 (online only). PRISMA flowchart. CEA, carotid endarterectomy; [VT, intravenous
thrombolysis.
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Supplementary Fig 2 (online only). Funnel plot representing the composite outcome of stroke/death.
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