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ABSTRACT

BACKGROUND AND PURPOSE: Intra-arterial thrombolytics may be used to treat distal vessel occlusions, which cause incomplete
reperfusion following mechanical thrombectomy. Because immediate reperfusion after intra-arterial thrombolytics occurs rarely,
the aim of this study was to assess the delayed effect of intra-arterial thrombolytics using follow-up perfusion imaging.

MATERIALS AND METHODS: We included patients from a prospective stroke registry (February 2015 to September 2022) who had
undergone mechanical thrombectomy and had incomplete reperfusion (expanded TICI 2a-2c) and available 24 hour perfusion imag-
ing. Perfusion imaging was rated as delayed reperfusion if time-sensitive perfusion maps did not show wedge-shaped delays sugges-
tive of persisting occlusions corresponding to the post-mechanical thrombectomy angiographic deficit. Patients treated with intra-
arterial thrombolytics were compared with controls using multivariable logistic regression and inverse probability of treatment
weighting matching for baseline differences and factors associated with delayed reperfusion.

RESULTS: The median age of the final study population (n =459) was 74 years (interquartile range, 63-81 years), and delayed reper-
fusion occurred in 61% of cases. Patients treated with additional intra-arterial thrombolytics (n =40) were younger and had worse
expanded TICI scores. After matching was performed, intra-arterial thrombolytics was associated with higher rates of delayed
reperfusion (adjusted OR = 2.7; 95% Cl, 1.1-6.4) and lower rates of new infarction in the residually hypoperfused territory after me-
chanical thrombectomy (adjusted OR = 0.3; 95% Cl, 0.1-0.7). No difference was found in the rates of functional independence (90-
day mRS, 0-2; adjusted OR = 1.4; 95% Cl, 0.4-4.1).

CONCLUSIONS: Rescue intra-arterial thrombolytics is associated with delayed reperfusion of remaining vessel occlusions following
incomplete mechanical thrombectomy. The value of intra-arterial thrombolytics as a potential therapy for incomplete reperfusions
after mechanical thrombectomy should be assessed in the setting of randomized controlled trials.

ABBREVIATIONS: aOR = adjusted OR; DR = delayed reperfusion; eTICI = expanded TICI; IA = intra-arterial; IAT = intra-arterial thrombolytics; IPTW =
inverse probability of treatment weighting; IQR = interequartile range; MT = mechanical thrombectomy; sICH = symptomatic intracranial hemorrhage

Rates of complete reperfusion (expanded TICI [eTICI] score 3)
are continuously improving, yet more than one-half of endo-
vascularly treated patients with stroke either have no reperfusion
or reperfusion is incomplete (<eTICI 3)."* One potential adjunc-
tive strategy in patients with incomplete reperfusion after mecha-
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nical thrombectomy (MT) is the application of intra-arterial
thrombolytics (IAT).>”

Data from several older randomized clinical trials suggested
that IAT increase the chances of partial or complete reperfusion
by 50% compared with a placebo.® However, a recent trial that
aimed to evaluate the added benefit of intra-arterial (IA) alte-
plase after MT showed better clinical outcomes, but no increase
in the rates of early reperfusion.” A potential explanation for
this discrepancy might be the time point of the reperfusion eval-
uation.””

A recent observational report stated that delayed reperfusion
(DR) is associated with better clinical outcome and a lower chance
for infarct growth.'"® However, studies on the effect of IAT post-
MT and the occurrence of DR are sparse.""

We hypothesized that adjunctive IAT are associated with DR of
the remaining vessel occlusions following incomplete reperfusion
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FIG 1. Patients with DR after IA urokinase. A, The first DSA shows right-sided occlusions of the
M1 MCA segment (left panel). The last DSA after MT shows that the patient has achieved reperfu-
sion in 50% of the initial target territory (eTICl 2b50) (right panel). DSA runs are shown with high
contrast in order to emphasize the capillary phase deficits. Areas in red show nonreperfused ter-
ritory. B, Follow-up MR imaging performed 24 hours after the end of the intervention. DWI shows
no signs of a new infarct despite incomplete reperfusion on the final DSA series (left panel).
Postprocessed perfusion imaging shows DR with no residual perfusion deficit (right panel).

with thrombectomy, and we assessed the potential delayed effects
of IAT on follow-up perfusion imaging.

MATERIALS AND METHODS

Study Design

This was a retrospective analysis of a prospective stroke registry
for all patients admitted to our institution between February 2015
and September 2022 with acute ischemic stroke. This study fol-
lows the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) reporting guidelines. Design and con-
duct of the study were performed in accordance with the
Helsinki Declaration, and the study was approved by the ethics
committee (reference ID 231/2014 and ID 2020-01696). The data
set used in this study is available from the corresponding author
on reasonable request and clearance by the ethics committee.

Patient Selection and Intervention

All patients in the stroke registry were screened for eligibility.
Patients who refused use of their data, did not undergo MT, or
had posterior vessel occlusion were excluded. Only patients with
final eTICI scores of 2a-2c and available follow-up perfusion
imaging 24 (SD, 12) hours after the index stroke were included in
the final analysis (Online Supplemental Data).

The indication to perform IAT was at the discretion of the
neurointerventionalist. According to internal protocols,” IAT
were considered when the occluded branch was supplying an elo-
quent area (ie, the precentral gyrus, visual cortex) and the branch
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was deemed too distal for a mechanical
maneuver. The same microcatheter
used during MT was then navigated
into the occluded vessel. The tip of the
microcatheter was embedded within
or just proximal to the thrombus and
urokinase was infused through an
injection pump for 20-30minutes.
Details on the availability and indica-
tions for IA urokinase in Switzerland
have been described previously.’

Neuroimaging Evaluation
Reperfusion was graded on the eTICI
scale, according to the consensus state-
ment.'> Grades 2a, 2b50, 2b67, and 2c
correspond to reperfusion of 1%-49%,
50%-66%, 67%-89%, and 90%-99% of
the initially hypoperfused area, respec-
tively. For patients who have received
TAT, €TICI was graded on the last angi-
ography run before the introduction of
the microcatheter, which was used for
IAT administration. On the other hand,
for patients in the non-IAT group, eTICI
was graded on the final angiography that
was performed at the end of the inter-
vention. Reperfusion grading was per-
formed by a neuroradiology core lab
blinded to clinical data. The American
Society of Interventional and Therapeutic Neuroradiology/Society
of Interventional Radiology scale was used for collateral grading,
which was performed on the initial DSA series. The grading system
ranges from 0 to 4, in which the former represents no visible collat-
erals, and the latter, complete and rapid blood flow in the ischemic
area.'”

Details and methods used for perfusion imaging evaluation
have been previously described (Online Supplemental Data).'’
Briefly, DR was rated if time-sensitive perfusion maps did not
show a wedge-shaped delay suggestive of persisting occlusion,
which would correspond to the postprocedural angiographic defi-
cit (Fig 1). Inversely, if time-sensitive perfusion maps did show a
wedge-shaped delay suggestive of persisting occlusion that directly
corresponded to the area of a postprocedural angiographic deficit,
this would be rated as a persistent perfusion deficit (Fig 2). It
could be suggested that these wedge-shaped delays represent
microvascular occlusions in the presence of macrovascular reper-
fusion (this discrepancy has been named the “no-reflow” phe-
nomenon). However, all DR and persistent perfusion deficit
evaluations were performed on TTP and time-to-maximum maps
because they have been suggested to be more sensitive to macro-
vascular obstructions, while CBV and CBF are more informative
for microvascular status.'”'® Even though the probability of
no-reflow might still exist, we would be hesitant to name these
wedge-shaped delays as no-reflow, given the many uncertainties
and discrepancies in definitions and methods of no-reflow that are
currently being reported.'* Four independent neuroradiologists
blinded to clinical data and not involved in patient treatment



FIG 2. A patient with a persistent perfusion deficit after receiving IA urokinase. A, The first DSA
shows left-sided occlusions of the M2 MCA segment (left panel). The last DSA series after MT
shows that the patient has achieved reperfusion of 50% of the initial target territory (eTICI 2b50)
(right panel). DSA runs are shown with high contrast in order to emphasize the capillary phase
deficits. Areas in red show nonreperfused territory. B, Follow-up MR imaging performed 24 hours
after the end of the intervention. DWI shows a newly developed distal infarct (left panel).
Postprocessed perfusion imaging shows a persistent perfusion deficit that directly corresponds

to the nonreperfused territory from the final DSA series (right panel).

performed perfusion imaging evaluation. Interrater agreement
on a random sample of 50 patients was excellent (Krippendorf o =
0.82; 95% CI, 0.80-0.84).

Primary and Secondary Outcomes

The primary outcome of this analysis was the association between
IAT and DR. Secondary outcomes included the association among
IAT, functional outcome at 3 months, the presence of a new
infarct, and symptomatic intracranial hemorrhage (sICH) on 24-
hour follow-up imaging. The mRS score 0-2 at 3 months was
defined as functional independence. Functional outcome was eval-
uated by an independent research nurse at the scheduled follow-up
visit or during the structured telephone interview 3 months after
the intervention. To match the residual occlusion location with the
perfusion outcome, we defined the new infarct as the infarcted
area on follow-up imaging, which directly corresponds to the same
area of capillary hypoperfusion observed on the final DSA run. All
follow-up imaging data were also compared with the initial prein-
terventional imaging to confirm that the area of interest did not
undergo infarction before the intervention. The definition of SICH
was intracranial hemorrhage on the 24-hour follow-up imaging
with an increase of =4 points on the NIHSS.

Statistical Analysis
Results are reported as either No. (%) or median (interquartile
range, [IQR]). Statistical analysis was performed in 2 steps. First,

multivariable logistic regression was
used to report the association between
perfusion imaging outcome and IAT.
Regression results are reported as
adjusted ORs (aORs) with correspond-
ing 95% Cls. However, due to the limi-
tations associated with multivariable
logistic regressions when estimating
causal effects in observational data,'®
propensity scores were calculated and
the inverse probability of treatment
weighting (IPTW) method was used in
the second step of our analysis (Online
Supplemental Data).'®!”

We have performed full IPTW
matching to optimize the study power
and minimize the sum of within-pair
differences in the propensity scores.'®
To reduce bias of unmeasured con-
founders, we included only weights dis-
tributed between the 5th and 95th
percentiles.

IPTW matching was performed for
all confounders that have been previ-
ously reported as associated with perfu-
sion imaging outcome and clinical
outcome: age (continuous variable), sex
(binary variable), atrial fibrillation (bi-
nary variable), anticoagulants prestroke
(binary variable) and antiplatelets pre-
stroke (binary variable), onset-to-door
time (continuous variable, aOR referring to a 1-hour delay),
NIHSS on admission (continuous variable, aOR referring to a
1-point increase), IV thrombolysis (binary variable), collateral
status (ordinal variable with a stepwise increase), eTICI score
(ordinal variable with a stepwise increase), and intervention-to-
follow-up imaging time (continuous variable, aOR referring to a
1-hour delay). Intervention-to-follow-up time was defined as
the time window between the final DSA series and the time of
the first follow-up imaging series. All secondary outcome analy-
ses were adjusted for the same confounders and additionally for
perfusion imaging outcome (binary variable). All statistical anal-
yses were performed in R statistical and computing software,
Version 4.0.0 (http://www.r-project.org/). Propensity scoring
and IPTW were performed with the package Matchlt, Version
4.5.0 (https://www.rdocumentation.org/packages/Matchlt/versions/
4.5.0/topics/matchit).

RESULTS

The final study population constituted 459 patients. The median
age of the cohort was 74 (IQR = 63-81) years, 237 (51.6%) were
men, and the median NTHSS score on admission was 12 (IQR =
7-18). Of 459 patients, 40 (8.7%) had received IA urokinase dur-
ing the intervention (median dose, 250,000 IU; IQR = 250,000—
500,000 IU). Patients who received IA urokinase were on average
younger, 68.4 years (IQR = 59.9-76.1 years) versus 74 years (IQR =
63.6-81.5 years; P=.02), were less likely to have a history of
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Baseline characteristics of study population

Overall IA Urokinase - 1A Urokinase + P Missing (%)
No. 459 419 40
Age (median) (IQR) (yr) 74 (63-8]) 74 (63-81) 68 (60-76) .02 0
Sex male (%) 237 (51.6) 21 (50.4) 26 (65.0) 109 0
AFib = yes (%) 151 (32.9) 141(33.7) 10 (25.0) 349 0
Hypertension = yes (%) 317 (69.1) 291(69.5) 26 (65.0) 687 0
ODT (median) (IQR) (h) 3.03 (168-6.62) 3.20 (171-7.22) 2. 42 (137-3.60) 021
NIHSS on admission (median) (IQR) 12 (7-18) 13 (7-18) 11 (6-16) .07
SBP (median) (IQR) 151 (133-171) 151 (133-172) 148 (131-161) 332
DBP (median) (IQR) 80 (70-93) 80 (70-93) 82 (73-89) 539
Anticoagulants prestroke = yes (%) 60 (13.1) 53 (12.6) 7 (17.5) 533 0
Antiplatelets prestroke = yes (%) 125 (27.2) 115 (27.4) 10 (25.0) .884 0
ASPECTS (median) (IQR) 8 (7-9) 8 (6-9) 9 (7-9) 032 18.5
ASITN/SIR collateral score (median) (IQR) 2 (1-3) 2 (1-3) 2 (2-3) 772 0

Note:—AFib indicates atrial fibrillation; ODT, onset-to-door time; SBP, systolic blood pressure; DBP, diastolic blood pressure; ASITN/SIR, American Society of

Interventional and Therapeutic Neuroradiology/Society of Interventional Radiology.

Variable aOR 95% ClI

eTICI 4.4 3.46-5.72
IA Urokinase 2.7 1.15 - 6.45
Atrial fibrillation 1.81 1.09 - 3.05
Sex (Male) 1.41 0:90 —2:22
Collaterals 1.23 0.98 - 1.55
Antiplatelets pre—stroke 1.07 0.72-1.62
Angio-to-Follow-up time (h) 1.06 1.03 -1.11
Onset-to—-Door time (h) 1.03 0.93-1.14
NIHSS on admission 0.98 0.96 - 1.01
Age 0.99 0.97 - 1.00
IVT 1.05 0.72-1.53
Anticoagulants pre-stroke 0.74 0.44-125
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FIG 3. Analysis of the IPTW matched cohort. aORs of the independent variables are plotted in decreasing order as forest plots. In the IPTW fully
matched cohort, DR was associated with receiving IA urokinase (aQOR = 2.7; 95% Cl, 11-6.4) and having atrial fibrillation (aOR = 1.8; 95% Cl, 1.1-3.1),
a higher eTICl score (aOR = 4.4; 95% Cl, 3.4-57), and a longer intervention-to-follow-up time (@OR = 11; 95% Cl, 1.0-11). IVT indicates IV

thrombolysis.

hyperlipidemia (42.5% versus 64%; P=.01), and had a shorter
onset-to-door time (2 hours 24 minutes [IQR = 1 hour 22 minutes
to 3 hours 36 minutes] versus 3 hours 12 minutes [IQR = 1 hour
P=.02) (Table and Online
Supplemental Data). Due to the indication bias, patients who
received TA urokinase had worse reperfusion scores compared
with patients not receiving IA urokinase (eg, rates of €TICI 2c: 5%

versus 39.9%, P <.001).

42 minutes to 7 hours 13 minutes];

Primary Outcome
DR occurred in 60.1% of all analyzed cases. After we adjusted for
prespecified confounders in the initial, unmatched cohort, DR
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was associated with IA urokinase (aOR = 2.8; 95% CI, 1.2-6.7),
atrial fibrillation (aOR = 1.9; 95% CI, 1.1-3.4), eTICI (aOR = 4.4;
95% CI, 3.5-5.8), and intervention-to—follow-up time (aOR =
1.1; 95% CI, 1.0-1.1), as shown in the Online Supplemental Data.
Full IPTW matching was performed on prespecified confound-
ers and yielded good matching results (Online Supplemental
Data). In the IPTW fully-matched data set, DR was again associ-
ated with IA urokinase (aOR = 2.7; 95% CI, 1.1-6.4), atrial fibrilla-
tion (aOR = 1.8; 95% CI, 1.1-3.1), eTICI (aOR = 4.4; 95% CI,
3.4-5.7), and intervention-to—follow-up time (aOR = 1.1; 95% CI,
1.0-1.1, Fig 3). Other confounders in the IPTW data set showed a
comparable association with IA urokinase as in the initial,



unmatched cohort. IA urokinase showed 0.5 (95% CI, 0.2-0.7,
Online Supplemental Data) average treatment effect points on DR,
ie, receiving IA urokinase resulted in approximately a 50% increase
in the probability of having DR.

Secondary Outcomes

When we analyzed the new infarct occurrence in the IPTW fully
matched cohort adjusted for all prespecified confounders, hav-
ing no new infarcted tissue on follow-up imaging was associated
with receiving IA urokinase (aOR = 0.3; 95% CI, 0.1-0.7).
Furthermore, receiving IA urokinase did not seem to impact the
rates of functional independence (aOR = 1.4; 95% CI, 0.4-4.1)
or sICH rates (aOR = 0.8; 95% CI, 0.2-3.1), even though point
estimates favored patients who had received IA urokinase
(Online Supplemental Data).

DISCUSSION

The main findings of this study are the following: 1) IAT is asso-
ciated with DR of the remaining vessel occlusions following
incomplete thrombectomy. 2) Patients who received IAT were
unlikely to have newly infarcted tissue and had a tendency toward
better outcomes compared with patients without IAT.

Early-versus-Delayed Reperfusion

The full efficacy of IAT evaluated within an extended timeframe
from IAT initiation until reperfusion assessment is presently
unknown. Investigators of the Prolyse in Acute Cerebral
Thromboembolism trial (PROACT I and II) found higher reperfu-
sion rates in the IAT-versus-placebo treatment arm when reperfu-
sion was evaluated 120 minutes after IAT application (thrombo-
lysis in myocardial infarction [TIMI] score 2-3 for PROACT I
57.7% versus 14.3%, P=.017; and for PROACT II: 66% versus
18%, P< .001).8’9 The Middle Cerebral Artery Embolism Local
Fibrinolytic Intervention Trial (MELT) has also reported high
reperfusion results in patients receiving IAT (73.7% of patients
had reperfusion of >50% of the affected territory) when evaluated
within the 2-hour timeframe.'® However, the recently completed
Chemical Optimization of Cerebral Embolectomy (CHOICE) trial
reported no significant improvement in reperfusion rates between
patients in the IAT and control groups (8.5% versus 7.7%; risk dif-
ference = 0.6%; 95% CI, —9.5%—10.7%).7 Disparate findings
between CHOICE and other trials might be explained by different
timing of when reperfusion was assessed (10 versus 120 minutes,
respectively). Multicenter observational registries have also
reported improvement in angiographic reperfusion in half of
treated patients (116/228, 50.9%) when IAT were administrated;*°
however, these reperfusion improvements were not always associ-
ated with a change of the TICI score, and results should be inter-
preted cautiously due to possible indication and operator-rating
biases.

To fully understand the efficacy of IAT, one should consider
the effects over an extended timeframe from IAT initiation until
reperfusion assessment. All these trials have reported only rates
of early reperfusion and did not report the delayed effect that
IAT might have on reperfusion rates. In this study, receiving IAT
has shown an association with DR through both unmatched and
matched analyses despite lower raw rates of DR in the IAT group.

Preclinical studies have already shown the delayed effects of IA

. . . 21,22
urokinase in MCA occlusions.

When the pharmacologic
effect was evaluated at 24 hours, IA urokinase resulted in higher
reperfusion rates and also had an added benefit of preserving the
integrity of the blood-brain barrier.” IA urokinase has also been
shown to reduce microthrombi in secondary distal occlusions
and capillary beds, aiding in the reperfusion of microcirculation
within the 24-hour time window.?* Therefore, the full thrombo-
lytic efficiency of IA urokinase might be understood only when
observed within an extended time window (ie, 24 hours).

Functional Outcome

The effects of IAT on functional outcome have been reported
across the studies. PROACT I failed to show differences in rates
of 90-day excellent outcome (mRS 0-1; P=.48), though the
number of patients in the treatment and control groups was too
small to test for differences (n =8 and 3, respectively).® While
PROACT II reported higher rates of 90-day functional independ-
ence in patients receiving IAT (mRS 0-2; OR = 2.1; 95% CI, 1.0-
4.4),° the MELT trial could not replicate these results (mRS 0-2
for IAT versus the control group, 49.1% versus 38.6%; P = .34).19
Different findings in these 2 trials are most likely caused by early
termination of the MELT trial and the inability to achieve the pre-
specifed number of enrolled patients for complete analyses. A
meta-analysis of AT trials showed an association between IAT
and increased odds of both excellent (OR = 2.1; 95% CI, 1.3-3.5)
and functional independent (OR = 2.1; 95% CI, 1.3-3.1) out-
comes.® The authors of the CHOICE trial have reported higher
rates of excellent outcome in the treatment-versus-placebo group
(mRS 0-1; adjusted risk difference = 18.4%; 95% CI, 0.3%-
36.4%).” However, results from multicenter observational registries
reported no improvement in functional outcome among patients
receiving IAT.***

After adjusting for confounders, we have not observed a sig-
nificant increase in the rates of functional independence among
patients who received IAT, even though point estimates seemed
to favor these patients. Administration of additional IAT might
promote microvascular reperfusion of capillary beds because per-
sistent occlusions of the microvasculature can be observed despite
successful thrombi removal from the main blood vessels. This
effect of “open capillaries” might translate into higher rates of
functional outcome because the association between microvascu-
lar reperfusion and 90-day outcome has already been estab-
lished.**** The nested substudy of the CHOICE trial showed a
lower prevalence of microvascular perfusion abnormalities at
48 hours in patients who received IAT versus placebo (24% versus
58%; P—= .03).11 This also translated into improved rates of func-
tional independence among patients without microvascular per-
fusion abnormalities compared with those who still had them
(mRS 0-2, 100% versus 67%; P—= .004).11 Areas with reperfused
principal blood vessels that still experience microvascular occlu-
sions (ie, the no-reflow phenomenon) may be salvageable if mi-
crovascular reperfusion is established in a timely manner.

Previous studies have reported conflicting findings between
atrial fibrillation and DR.'>*® Atrial fibrillation might represent a
surrogate for another factor that might increase DR rates (eg,
anticoagulants); however, these factors were already taken into
account in the initial and IPTW analysis. Compared with other
stroke etiologies, cardioembolic stroke appears to be more
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susceptible to IAT treatment;>” hence, it is possible that cardi-
oembolic origin may be the cause of increased DR rates rather
than atrial fibrillation. Presently, we are not able to draw any de-
finitive conclusions because this study design is insufficient to
test this association and evidence in available literature is modest.

Is There a Place for IAT?

IAT have already been suggested as an adjunctive therapy for
patients with incomplete reperfusion (¢TICI <3)’~ because IAT
are usually considered for secondary distal occlusions, which are
not amendable by MT. Other therapeutic options (eg, antiplate-
lets, secondary MT) have also been proposed for this sce-
nario,”®** but they all require a careful application and selection
of patient subgroups who would be most likely to benefit. One of
the safety concerns when administrating IAT is the occurrence of
sICH.>” PROACT I reported comparable SICH rates in the treat-
ment and control arms (15.4% versus 7.1%, P > .1).8 Conversely,
PROACT 1I reported higher 24-hour hemorrhage rates in the
intervention group compared with the control group (35% versus
13%, P= .003).9 However, this difference was not significant over
time (on 10-day follow-up: 68% versus 57%, P =.23). MELT also
reported no difference in sICH rates between patients with and
without IAT (9% versus 2%, P=.21)." Investigators of the
CHOICE trial reported no sICH rates in their treatment group
(IAT versus placebo: 0% versus 3.8%; risk difference = —3.8; 95%
CI, —13.2%-2.5%).” A recently conducted meta-analysis showed
that receiving IAT did not increase sICH rates (OR = 0.8; 95%
CI, 0.6-1.3) and IAT had safety and efficacy comparable with
those of intravenous thrombolysis.*® Here we also report compa-
rable sICH rates between patients with and without IAT. Because
the relationship between IAT and sICH has already been reported
across several studies, we aimed to disentangle the association
between IAT and the presence of new infarcts on 24-hour follow-
up imaging. Present data show a minimal likelihood of new
infarcts in residually hypoperfused territory after MT among
patients who receive additional IAT. These results are corrobo-
rated by the CHOICE trial substudy, which showed that infarct
expansion was less likely to occur in patients receiving IAT com-
pared with a placebo (35% versus 74%, P=.02).""

There might be several reasons for consistent findings on safety
outcomes across this and previous studies on IAT. First, even min-
imal improvements in the TICI score produced by IAT are associ-
ated with reduced sICH rates.”" Second, IA urokinase shows a
neuroprotective effect on injured neurons and promotes synaptic
recovery in the ischemic area.’?** Third, IAT might be able to
improve microvascular reperfusion by dissolution of the micro-
thrombi, which persist in the capillary beds and are not directly
targeted during the macrovascular reperfusion approach.”* This
concept is further mitigated by the idea that not all areas of tissue
injury are permanently lost to ischemia and IAT might help pro-
vide a more comprehensive treatment approach in patients with
incomplete reperfusion.*

Limitations

The design of this single-center retrospective study limits the gen-
eralizability of the present study results. IA urokinase was admin-
istered at the discretion of the treating neurointervnetionalist,
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prompting inherent selection bias. Even though steps have been
taken to ensure minimal bias of unmeasured confounders, pro-
pensity score-matching can be used to balance out only those
confounders included in estimating the propensity score and can-
not overcome any bias caused by confounders that were not
observed. The association between IAT and DR should be inter-
preted cautiously, because part of the DR rates could be partially
attributed to early reperfusion rates, which have been shown to
occur occasionally.” However, it would be difficult to evaluate
early reperfusion rates in patients without IAT because there are
usually no control angiography runs performed 20 minutes after
the end of the intervention in this patient subgroup. Therefore,
DR was chosen as the primary study outcome because patients
both with and without additional IAT would have an imaging
end point at 24 hours per standard protocol. Last, this study was
not powered to show the true effects of IA urokinase on imaging
and clinical outcomes; therefore, all presented results should be
interpreted carefully.

CONCLUSIONS

IAT is associated with DR of remaining vessel occlusions follow-
ing incomplete thrombectomy, potentially promoting higher
rates of functional outcome with comparable safety aspects. The
value of TAT as a potential therapy for patients with stroke with
incomplete reperfusion should be assessed in the setting of a
randomized controlled trial.

Disclosure forms provided by the authors are available with the full text and
PDF of this article at www.ajnr.org.
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