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Transcranial Doppler After Successful
Endovascular Revascularization and
Hospitalization Outcomes

Victor J. Del Brutto, MD, MS @2; Jacob A. Sambursky, MD; Nastajjia A. Krementz, MD; Faisal J. Gondal, MBBS;
Hannah E. Gardener, ScD; Frank Cabrera, MD; Yosdely Cabrera, MD, RN; Faddi Saleh Velez, MD;
Jose G. Romano, MD; Sebastian Koch, MD

BACKGROUND: Almost half of large-vessel occlusion strokes have unfavorable outcomes despite successful endovascular ther-
apy. We aim to investigate whether postrevascularization cerebral hemodynamics, determined by transcranial Doppler (TCD),
associate with hospitalization outcomes in this population.

METHODS: The current observational cohort study analyzed 155 patients with successfully revascularized anterior circulation
large-vessel occlusion stroke (mean age, 68.3+15.4 years; 55% women) who had TCD within 48 hours from endovascular
therapy. TCD parameters (mean flow velocity, peak systolic velocity, and pulsatility index) were recorded at the ipsilateral middle
cerebral artery, and blood flow signals were categorized using the Thrombolysis in Brain Ischemia grades into normal (grade 5),
stenotic (grade 4), or dampened (grade <3). Hospitalization outcomes comprised favorable discharge modified Rankin Scale
score (0-2), favorable discharge destination (home or acute inpatient rehabilitation), and in-hospital mortality. Logistic regression
models adjusted for age, initial National Institutes of Health Stroke Scale score, and Alberta Stroke Program Early CT [Computed
Tomography] Score were fit to determine TCD findings in association with study outcomes.

RESULTS: Abnormal TCD-derived blood flow was found in 54 (35%) cases, including 35 (23%) with Thrombolysis in Brain Ischemia
grade 4 and 19 (12%) with Thrombolysis in Brain Ischemia grade <3. Overall, 31% had favorable discharge modified Rankin
Scale score, 65% had favorable destination, and 14% died. Thrombolysis in Brain Ischemia grade <3 was associated with lower
likelihood of both favorable discharge modified Rankin Scale score (adjusted odds ratio [OR], 0.09 [95% ClI, 0.01-0.81]) and
favorable destination (adjusted OR, 0.22 [95% ClI, 0.07-0.71]). Mean flow velocity and peak systolic velocity were not associated
with study outcomes. Conversely, increased pulsatility index was inversely associated with favorable destination (adjusted OR,
0.34 [95% ClI, 0.13-0.87]).

CONCLUSIONS: TCD after successful endovascular therapy identified abnormal blood flow in one-third of cases. Dampened flow
and markers of increased microvascular resistance were associated with unfavorable hospitalization outcomes. TCD could
provide valuable prognostic information in this population and identify potential therapeutic targets.
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38% of all acute ischemic strokes and carries a
higher risk of death and functional dependence
when compared with non-LVO ischemic strokes.'?
Pivotal randomized controlled trials have established
endovascular therapy (EVT) efficacy in selected patients
with LVO stroke up to 24 hours from symptoms
onset.®® Despite EVT demonstrated benefit, near half
of EVT-eligible patients with LVO who reach success-
ful revascularization (modified Thrombolysis in Cerebral
Infarction [mTICI] score of 2b-3) continue to be dis-
abled or die at 3 months.®” The lack of favorable out-
comes in this population remains poorly understood.
Nonmodifiable factors, such as premorbid brain reserve
and the size and location of the infarct core before
EVT, are known to be associated with poor outcomes.®
Impaired cerebral hemodynamics after EVT may also
contribute to unfavorable outcomes. Both decreased
and increased cerebral blood flow may lead to penum-
bra hypoperfusion or reperfusion injury, respectively.?
Moreover, impaired microvascular tissue-level reperfu-
sion despite upstream macrovascular revascularization,
known as the no-reflow phenomenon, has been pro-
posed as a common and clinically relevant pathological
process in LVO strokes after EVT. 0
Transcranial Doppler (TCD) is a noninvasive and
readily available bedside tool able to measure blood
flow velocities as cerebral blood flow surrogate and
aid in the understanding of cerebral hemodynamics
after EVT.'" There is growing evidence on the associa-
tion between TCD-derived abnormal blood flow veloc-
ities after EVT and increased risk of post-EVT intracra-
nial hemorrhage (ICH),'? larger infarct volume, ' brain
edema severity,'® and poor 90-day outcomes.®'6 In

I arge-vessel occlusion (LVO) is found in 24% to

Nonstandard Abbreviations and Acronyms CLINICAL PERSPECTIVE
ASPECTS Alberta Stroke Program Early CT What Is New?
[Computed Topography] Score e Transcranial Doppler (TCD) within 48 hours
EVT endovascular therapy )
ICH int ol h h after successful large-vessel  occlusion
LVO :n ra(iranla | emtlarrlari;e endovascular  revascularization  identified
arge-vessel occlusio abnormal blood flow velocities in nearly
MCA middle cerebral artery .
. one-third of cases.
MFV mean flow velocity
mRS modified Rankin Scale e |n patients with large-vessel occlusion stroke,
mTICI modified Thrombolysis in Cerebral post-endovascular  therapy = TCD-derived
Infarction dampened flow velocities and markers of
NIHSS National Institutes of Health Stroke increased microvascular resistance (ie, ele-
Scale vated pulsatility index) are associated with
PI pulsatility Index worse hospitalization outcomes despite
TCD transcranial Doppler successful revascularization, independent of
TIBI Thrombolysis in Brain Ischemia patient’s age, presenting stroke severity, or
infarct burden on initial computed tomography

scan.
What Are the Clinical Implications?

e TCD performed early after endovascular ther-
apy has potential value for prognostication.

e TCD provides real-time evidence of the patho-
logical mechanisms (ie, increased microvas-
cular resistance) associated with poor out-
comes in patients with large-vessel occlu-
sion stroke despite successful macrovascular
revascularization.

e Optimization of TCD-derived markers associ-
ated with unfavorable outcomes could serve
as therapeutic targets to improve medical
management after endovascular revascular-
ization.

addition, the Gosling pulsatility index (Pl), derived from
TCD, is an established marker of microvascular resis-
tance that could help identify no-reflow phenomenon
early after EVT.'"-'® Therefore, our study aims to exam-
ine the value of TCD in the evaluation of cerebral hemo-
dynamics early after successful endovascular revascu-
larization and investigate the association between TCD
parameters and hospitalization outcomes in patients
with anterior circulation LVO stroke.

METHODS

The data that support the findings of this study are
available from the corresponding author on reasonable
request.
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Study Population

We prospectively included consecutive patients with
acute ischemic stroke with LVO of the anterior circu-
lation who underwent successful endovascular revas-
cularization at a single large comprehensive stroke
center between January 2021 and June 2022. During
this period, TCD was routinely obtained within 48 hours
of EVT per standard hospital practices. In addition,
we retrospectively reviewed our electronic database
between January 2010 and December 2020 to identify
patients with LVO who had TCD completed on the basis
of clinical judgment within 48 hours of EVT. Study inclu-
sion criteria were as follows: (1) acute stroke secondary
to LVO of the intracranial internal carotid artery, middle
cerebral artery (MCA) M1 segment, or MCA proximal
M2 segment, (2) EVT within 24 hours of symptom onset
achieving successful revascularization defined by mTICI
score of 2b to 3, and (3) TCD evaluation within 48 hours
after EVT. For this analysis, we excluded patients aged
<18 years and those without adequate acoustic tem-
poral windows. The Institutional Review Board of the
University of Miami approved the protocol, and waiver
of informed consent was accepted. This study fol-
lowed the Strengthening the Reporting of Observa-
tional Studies in Epidemiology reporting guidelines for
observational studies.

Clinical data were collected on the basis of medi-
cal records review and comprised demographics (age
at presentation, sex, race, and ethnicity), history of
vascular risk factors (hypertension, diabetes, hyperlipi-
demia, and current smoking), initial stroke severity, as
determined by the National Institutes of Health Stroke
Scale (NIHSS), presenting infarct burden assessed
on the initial computed tomography scan using the
Alberta Stroke Program Early CT [Computed Topog-
raphy] Score (ASPECTS), and stroke cause diagno-
sis documented on the discharge summary note. EVT
procedure-related characteristics collected included
intravenous thrombolysis bridging therapy, time to
puncture in minutes, number of passes, and the degree
of final angiographic reperfusion, as determined by the
mTICI score.'®

TCD Examination

TCD studies were performed by 1 of 2 certified ultra-
sound technologists (F.C. or Y.C.) using a 2-MHz pulsed
Doppler ultrasonography instrument (Image Monitor-
ing USA Inc Dolphin 1Q). TCD findings were inter-
preted by a neurosonology-certified vascular neurol-
ogist blinded to medical information. Our institutional
protocol included standard bilateral isonation through
the temporal acoustic window of the anterior, poste-
rior, and middle cerebral arteries, as well as terminal
internal carotid artery throughout their course at 2-mm

Transcranial Doppler After Revascularization

intervals. For the purposes of this study, we recorded
the mean flow velocity (MFV), peak systolic velocity,
and the PI at the ipsilateral (recanalized) MCA at the
exact or nearest depth of 54 mm corresponding to
the distal MCA M1 segment. Ipsilateral MCA residual
flow signals were graded according to the Thromboly-
sis in Brain Ischemia (TIBI) classification into absent flow
(grade 0), minimal systolic spike without diastolic flow
(grade 1), blunted or flattened systolic flow accelera-
tion compared with the contralateral side (grade 2), nor-
mal systolic flow acceleration and positive end-diastolic
velocity but with MFV <30% compared with the con-
tralateral side (grade 3), stenotic flow defined by MFV
>80 cm/s and >30% compared with the contralateral
side (grade 4), and normal flow when the waveform was
similar and MFV <30% divergent from the contralateral
side (grade 5).%° For analysis, TIBI grades were cate-
gorized as dampened (grade <3), stenotic (grade 4), or
normal (grade 5).

Hospitalization Outcomes

Primary hospitalization outcomes comprised the pro-
portion of patients with favorable functional status at
discharge, favorable discharge destination, and in-
hospital mortality. Functional status was assessed by
the discharge modified Rankin Scale (mRS) score and
dichotomized as favorable (MRS score, 0-2) or unfa-
vorable (MRS score, 3-6). A favorable destination was
defined by being discharged home or to acute inpatient
rehabilitation, whereas unfavorable destination included
skilled nursing facility, long-term acute care facility, hos-
pice, or death. Discharge destination is a strong pre-
dictor of 90-day functional outcome in patients with
stroke,?'~2% with 1 study showing that the positive like-
lihood of 90-day mRS score of 3 to 6 after skilled nurs-
ing facility destination was 13- and 9-fold higher when
compared with home and acute inpatient rehabilita-
tion, respectively.?! Additional study outcomes included
early neurological improvement (ENI), defined by a
reduction of >6 points or a total of 0 to 2 points on the
24-hour post-EVT NIHSS, as well as post-EVT symp-
tomatic ICH, defined by the presence of ICH associated
with NIHSS deterioration of >4 points.

Statistical Analysis

Data analysis was performed using SAS v9.4 (SAS Insti-
tute, Cary, NC). Descriptive statistics are presented as
means with SDs or medians with interquartile ranges
for continuous variables, and as percentages for cate-
gorical variables. In univariate analyses, continuous vari-
ables were compared by linear models, and categori-
cal variables were compared by x? or the Fisher exact
test, as appropriate. Patients with missing information in
any variable were excluded from individual analyses. We
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investigated the hypothesis that TCD parameters (MFV,
peak systolic velocity, and Pl) as well as abnormal TIBI
grades (TIBI <3 and TIBI 4) are associated with hos-
pitalization outcomes, holding constant patient’s age,
initial stroke severity, and presenting infarct burden. For
this purpose, we fit binary logistic regression models,
adjusted for age, initial NIHSS score, and ASPECTS,
with TCD findings as the independent variable and
hospitalization outcomes as the dependent variable to
yield adjusted odd ratios (aORs) with 95% Cls. Com-
plementary logistic regression models further adjusted
for mTICI score and site of vessel occlusion to test
whether results remained unchanged. Differences were
considered statistically significant at P<0.05.

RESULTS

Between January 2021 and June 2022, 72 of 124 con-
secutive patients with anterior circulation LVO stroke
who underwent EVT at our center fulfilled study crite-
ria. Reasons for exclusion included incomplete revas-
cularization in 13, inadequate temporal windows or
incomplete TCD data in 24, and TCD not performed
within 48 hours after EVT in 15. Retrospective review
of medical records from January 2010 to December
2020 identified 110 patients with LVO stroke treated
with EVT who had TCD within 48 hours. Of these, 27
patients were excluded (20 with inadequate temporal
bone window and 7 with incomplete recanalization),
leaving 83 additional patients for study inclusion. The
total study sample comprised 155 patients (mean age,
68.3+15.4 years; 55% women). The median time to
TCD was 19.1 hours (interquartile range, 17.2 hours).
Baseline characteristics of the study population are
summarized in Table 1. When compared with the
prospective cohort, patients in the retrospective series
were less likely to be men, non-Hispanic Black race and
ethnicity, and nonsmokers. There was a trend toward
higher frequency of normal TCD-derived flow veloci-
ties (TIBI grade 5) in the prospective cohort, but there
were no significant differences in clinical presentation
or EVT procedure-related characteristics (Supplemental
Table S1).

The median length of hospitalization was 9 days
(interquartile range, 11 days). Forty-eight (31%) patients
had favorable discharge mRS score, 100 (65%) had
favorable destination, and 22 (14%) died during hos-
pitalization. In univariate analyses, both favorable dis-
charge mRS score and favorable destination were
associated with younger age, lower initial NIHSS score,
lower frequency of cardioembolic stroke cause, and
higher rate of first-pass revascularization. Present-
ing ASPECTS was significantly higher among those

Transcranial Doppler After Revascularization

Table 1. Baseline Characteristics of Patients With LVO Acute
Ischemic Stroke With Successful Endovascular Revascular-
ization Included in This Study

Demographics
Age median (SD), y 68 (15)
Women, n (%) 85 (55)
Race and ethnicity, n (%)
Non-Hispanic White 44 (28)
Non-Hispanic Black 17 (11)
Hispanic 80 (51)
Other* 14 9)
Vascular risk factors, n (%)
Hypertension 117 (76)
Diabetes 52 (34)
Hyperlipidemia 58 (38)
Current smoker 35 (23)
Previous stroke 26 (17)
Clinical presentation
Premorbid mRS score, n (%)
0 109 (70)
1 28 (18)
2 18 (12)
NIHSS score, median (IQR) 15 (10)
Occluded vessel, n (%)
ICA 27 (17)
M1 84 (54)
M2 44 (28)
ASPECTS, median (IQR) 9 2)
Stroke cause, n (%)
Cardioembolic 65 (42)
Large-artery disease 22 (14)
Undetermined 59 (38)
Other* 9 6)
Endovascular therapy
IV-tPA bridging therapy, n (%) 72 (47)
Time to puncture, median (IQR), min 94 (55)
First-pass revascularization, n (%) 83 (54)
mTIClI score, n (%)
2b 37 (24)
2c 29 (19)
3 89 (57)
Transcranial Doppler
TIBI grades, n (%)
<3 19 (12)
4 35 (23)
5 101 (65)
MFV, mean (SD), cm/s 61 (32)
PSV, mean (SD), cm/s 105 47)
Pl, mean (SD) 1.2 0.4

ASPECTS indicates Alberta Stroke Program Early CT [Computed Tomog-
raphy] Score; ICA, internal carotid artery; IQR, interquartile range; IV-tPA, intra-
venous tissue-type plasminogen activator; LVO, large-vessel occlusion; M1,
middle cerebral artery M1 segment; M2, middle cerebral artery M2 segment;
MFV, mean flow velocity; mRS, modified Rankin Scale; mTICI, modified Throm-
bolysis in Cerebral Infarction; NIHSS, National Institutes of Health Stroke Scale;
PI, pulsatility index; PSV, peak systolic velocity; and TIBI, Thrombolysis in Brain
Ischemia.

«Other race include American Indian or Alaska Native, Asian, Native
Hawaiian or Pacific Islander.
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(Continued)

Table 2.

TCD findings

TIBI grades, n (%)

0.98

0.69
0.17
0.07

(12.0)
30 (22.6)
87 (65.4)

16

60.8 (32.0)

103.3 (46.5)
11 (0.4)

3(13.6)
5 (22.7)

14 (63.6)
63.7 (30.5)

118.2 (50.2)
1.3(0.4)

0.02

0.25
0.95
0.00

12 21.2)
13 (23.6)
30 (54.6)

57.26 (31.32)
105.7 (53.4)

1.3(0.5)

7(7.0)

22 (22.0)
71(71.0)

63.4 (31.9)

105.3 (43.6)

1.1(0.3)

0.02

0.18
0.58
0.08

18 (16.8)
26 (24.3)
63 (58.9)

59.0 (27.6)

104.0 (45.7)
1.2(0.5)

1 2.1)

9(18.8)
38 (79.2)

66.3 (39.3)
108.6 (50.6)

1.1(0.4)

MFV, mean (SD), cm/s

PSV, mean (SD), cm/s
PI, mean (SD)

ASPECTS indicates Alberta Stroke Program Early CT [Computed Tomography] Score; ICA, internal carotid artery; IQR, interquartile range; IV-tPA, intravenous tissue-type plasminogen activator; M1, middle cerebral
artery M1 segment; M2, middle cerebral artery M2 segment; MFV, mean flow velocity; mRS, modified Rankin Scale; mTICI, modified Thrombolysis in Cerebral Infarction; NIHSS, National Institutes of Health Stroke Scale;

PI, pulsatility index; PSV, peak systolic velocity; TCD, transcranial Doppler; and TIBI, Thrombolysis in Brain Ischemia.

*QOther race include American Indian or Alaska Native, Asian, Native Hawaiian or Pacific Islander.
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with favorable discharge mRS score and showed a
trend toward higher values among those with favor-
able destination. In-hospital mortality was associated
with higher initial NIHSS score and higher frequency of
cardioembolic stroke cause (Table 2).

TCD analysis revealed that 54 (35%) patients had
abnormal TIBI grades despite successful revasculariza-
tion, including 35 (23%) with stenotic flow (TIBI grade
4) and 19 (12%) with dampened flow (TIBI grade <3).
The frequency of favorable discharge mRS score and
favorable destination was lower in those with abnor-
mal TIBI grades, but there were no differences in in-
hospital mortality (Figure 1). After adjusting for age,
initial NIHSS score, and presenting ASPECTS, TIBI
grade <3 remained associated with lower likelihood of
both favorable discharge mRS score (aOR, 0.09 [95%
Cl, 0.01-0.81)) and favorable destination (aOR, 0.22
[95% ClI, 0.07-0.71]; Table 3). There were no signifi-
cant differences in MFV and peak systolic velocity mean
values with regard to hospitalization outcomes. How-
ever, Pl mean values were consistently higher among
those with unfavorable discharge mRS score, unfa-
vorable discharge destination, and in-hospital mortal-
ity (Figure 2). In adjusted analyses, increased Pl values
remained inversely associated with favorable destina-
tion (aOR, 0.34 [95% CI, 0.13-0.87]; Table 3). Comple-
mentary analyses that further adjusted for mTICI score
and site of vessel occlusion did not alter study results
(Supplemental Table S3).

ENI and post-EVT symptomatic ICH were seen in
66 (43%) and 16 (10%) of cases, respectively. ENI was
associated with higher presenting ASPECTS, greater
frequency of first-pass revascularization, and having
normal residual flow velocities on TCD (TIBI grade 5),
whereas post-EVT symptomatic ICH was associated
with lower presenting ASPECTS and elevated Pl values
(Supplemental Table S2). TIBI grade <3 remained asso-
ciated with a lower likelihood of ENI in adjusted analysis
(@OR, 0.19 [95% Cl, 0.05-0.71]; Table 3).

DISCUSSION

In our study, TCD performed early after success-
ful endovascular revascularization identified abnormal
MCA residual blood flow velocities in nearly one-
third of patients with stroke with anterior circulation
LVO. Having dampened flow velocities (TIBI grade <3)
was associated with lower likelihood of being func-
tionally dependent at discharge or having a favor-
able discharge destination independent of age, initial
stroke severity, and presenting infarct burden. More-
over, increased markers of microvascular resistance
were higher among those with unfavorable hospital-
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ga%e® | 8s% | 11.8% |5.9% % % % 4.7%
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TIBI grade 5 (n=101) TIBI grade 4 (n=35) TIBI grade <3 (n=19)
In-hospital mortality mYes 0ONo
Figure 1. Hospitalization outcomes according to 48-hour transcranial Doppler-derived Thrombolysis in Brain Ischemia (TIBI)

grades. A, Modified Rankin Scale score at discharge. B, Discharge destination. C, In-hospital mortality. AIR indicates acute inpatient

rehabilitation; LTAC, long-term acute care; and SNF, skilled nursing facility.
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Table 3. In-Hospital Outcomes Based on TCD Parameters and TIBI Flow Grades Measured Within 48 Hours of EVT

TIBI grades
TIBl grade 4 vs 5 0.69 (0.26-1.85) 0.89 (0.36-2.21) 0.74 (0.29-2.40) 0.61 (0.27-1.38) 1.25 (0.33-4.7)
TIBl grade <3 vs 5 0.09 (0.01-0.81)* 0.22 (0.07-0.71)* 0.87 (0.21-3.64) 0.19 (0.05-0.71)* 2.91(0.73-11.66)
TCD parameters
MFV, cm/s 1.01 (0.99-1.02) 1.01 (0.99-1.02) 1.00 (0.99-1.02) 1.01 (0.99-1.02) 1.01 (0.97-1.01)
PSV, cm/s 1.00 (0.99-1.01) 1.00 (0.99-1.01) 1.01 (0.97-1.04) 1.00 (0.99-1.01) 1.00 (0.98-1.01)
Pl 0.68 (0.23-2.06) 0.34 (0.13-0.87)* 2.00 (0.73-5.43) 0.47 (0.19-1.16) 2.26 (0.78-6.60)

Data are given as adjusted odds ratio (95% Cl). Logistic regression model adjusted for age at presentation, initial National Institutes of Health Stroke Scale score,
and Alberta Stroke Program Early CT [Computed Tomography] Score; adjusted odds ratios for MFV, PSV, and Pl are per 1-unit increase. EVT indicates endovascular
therapy; ICH, intracranial hemorrhage; MFV, mean flow velocity; mRS, modified Rankin Scale; PI, pulsatility index; PSV, peak systolic velocity; TCD, transcranial

Doppler; and TIBI, Thrombolysis in Brain Ischemia.
*P<0.05.
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Figure 2. Distribution of 48-hour transcranial Doppler parameters at the ipsilateral middle cerebral artery according to the
modified Rankin Scale (mRS) score at discharge, discharge destination, and in-hospital mortality.

ization outcomes, thus suggesting microvasculature no
reflow may contribute to poor outcomes despite good
macrovascular revascularization.

Similar to our results, 1 study across 193 suc-
cessfully revascularized (TICI grade 2b-3) patients with
LVO stroke demonstrated that TCD performed within

72 hours of revascularization displayed abnormal resid-
ual MCA blood flow velocities (TIBI 0-4) in 36% of
cases, and abnormal TIBI grades were an indepen-
dent predictor of worse 90-day outcomes.'® Com-
pared with the aforementioned study, our results iden-
tified dampened blood flow velocities (TIBI grade <3)

Stroke Vasc Interv Neurol. 2023;0:6000785. DOI: 10.1161/SVIN.122.000785 8



€202 ‘1€ A2 N uo Aq Blo'sfeulnofeye//:diy woly papeojumoq

Del Brutto et al

as a TCD-derived biomarker strongly associated with
unfavorable outcomes . Aligned with our observa-
tion, 1 recent study found that post-EVT decreased
TCD velocities correlated with brain edema severity
in patients with LVO stroke.’™ Dampened blood flow
velocities could be attributed to impending vessel reoc-
clusion, systemic conditions predisposing to cerebral
hypoperfusion (ie, arterial hypotension), increased dis-
tal resistance attributable to clot migration or no-reflow
phenomenon, large infarcted brain volumes resulting
in reduced metabolic demand, or a combination of
the above. On the other hand, post-EVT increased
TCD velocities have also been associated with hemor-
rhagic transformation, larger infarct volumes, and, ulti-
mately, worse functional outcomes.’'* These find-
ings coincide with magnetic resonance imaging-based
observational studies that showed an association
between postreperfusion hyperperfusion and hemor-
rhagic transformation,?#?® and suggest that TCD is a
useful tool for detecting early signs of impaired cere-
bral autoregulation and reperfusion injury after EVT.?®
In our study, the proportion of patients with abnormally
increased MFV defined by TIBI grade 4 was numeri-
cally higher among those with unfavorable discharge
MRS score, absent ENI, and post-EVT symptomatic
ICH. However, those differences did not reach statistical
significance.

We found that PI values were consistently higher
among those with unfavorable hospitalization out-
comes. Consistent with our findings, 2 investigations
across populations similar to ours found that post-
EVT elevated MCA Pl values correlated with worse
90-day functional outcomes.'”'® As aforementioned,
these findings may be attributed to the fact that Pl is
a marker of microvascular resistance, and higher val-
ues after successful EVT result from impaired microvas-
cular perfusion attributable to obstruction from pericyte
contraction, endothelial cell swelling, and luminal clog-
ging with leukocytes and microthrombi (the no-reflow
phenomenon).?’29 Post-EVT perfusion neuroimaging
has shown that 25% of revascularized LVOs had radi-
ological evidence of cerebral no reflow, and this asso-
ciates with hemorrhagic transformation, greater infarct
volume, and worse 90-day outcomes.'® Further evi-
dence on the clinical relevance of impaired microvas-
culature reperfusion despite macrovascular revascular-
ization is provided by the CHOICE (Chemical Optimiza-
tion of Cerebral Embolectomy) randomized clinical trial,
which showed that adjunct intraarterial alteplase after
successful endovascular revascularization resulted in a
greater likelihood of excellent neurological outcomes
at 90 days.®° CHOICE trial investigators suggested
that the benefit of postrevascularization thrombolytics
was likely explained by improvement in microcirculatory
reperfusion.®°

Transcranial Doppler After Revascularization

Our findings, along with the aforementioned pub-
lished data, have several clinical implications. First, cur-
rent evidence supports TCD potential value for prog-
nostication after EVT. Second, TCD may be a practical
tool for the early detection of post-EVT complications
that require emergent therapeutic interventions, such as
vessel reocclusion, brain edema, or hemorrhagic trans-
formation. Third, TCD can provide real-time evidence of
the pathological mechanisms associated with poor out-
comes in patients with LVO despite successful revascu-
larization. Finally, optimization of TCD-derived biomark-
ers associated with unfavorable outcomes could be a
potential therapeutic target to improve post-EVT med-
ical management. For the last point, patients with
TCD parameter improvement between admission and
follow-up have had significant clinical recovery com-
pared with patients whose TCD findings remained
abnormal.>" Moreover, small controlled trials have
shown that among patients with LVO who underwent
EVT, TCD-guided blood pressure management focused
to normalization of MCA flow velocities was associ-
ated with better functional outcomes compared with
guidelines-based blood pressure management.32:33
Emerging TCD techniques using robotically assisted
devices and automated morphological characterization
of TCD waveforms may overcome the logistic difficulties
of continuous TCD monitoring in patients with stroke
after EVT.%4

Our study has several limitations. First, our sample
size is relatively small, and nearly half of patients were
identified retrospectively based on TCDs ordered at the
physician’s discretion. Therefore, sample bias cannot
be excluded. Second, despite choosing a 48-hour win-
dow after EVT, the greatest value of TCD is likely to be
found in the hyperacute phase (immediately after EVT)
when the potential benefit of therapeutic interventions is
the highest. Third, our study exclusively included ante-
rior circulation LVO strokes, thus restraining generaliz-
ability to LVO of the posterior circulation. Fourth, we
used hospitalization outcomes because of their clini-
cal relevance. However, we lacked 90-day functional
outcomes, as well as systematic neuroimaging follow-
up that could provide better insight on the associa-
tion between TCD findings and final infarct volume.
Finally, we present associational models that do not
quantify the risk of unfavorable outcomes at the individ-
ual level. Future studies applying predictive modeling in
larger data sets including additional post-EVT variables,
such as 24-hour NIHSS score and imaging findings, are
needed to better quantify the predictive value of TCD
after successful EVT.

In summary, TCD evaluation early after EVT
frequently identified abnormal residual flow veloci-
ties despite successful revascularization. TCD-derived
dampened flow velocities and increased markers of
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microvasculature resistance were particularly associ-
ated with unfavorable hospitalization outcomes. These
TCD-derived biomarkers may prove to be valuable
for prognostication after EVT. Furthermore, TCD can
help recognize pathological mechanisms responsible
of poor outcomes despite timely revascularization and
expose novel therapeutic targets. Continuous TCD
monitoring initiated immediately after EVT is a promis-
ing approach to deliver TCD-guided therapeutic inter-
ventions focused on normalizing residual flow velocities.
Yet, more research is needed in this field.
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