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E
ver since the publication of five randomized con-
trolled trials demonstrating the benefit of acute 
ischemic stroke intervention (AISI) in 2015,1-5 
advances in neurointerventional techniques and 

devices have transformed AISI into an integral compo-
nent of the standard of stroke care. According to a 2018 
report from the National Stroke Association, there are 
175 comprehensive stroke centers and 13 thrombectomy-
capable stroke centers in the United States.6 Given the 
ongoing research to expand the indications for AISI 
and the recent publication of updated stroke center 
guidelines,7 the number of AISI-capable hospitals in the 
United States is expected to rise. As this transformation 
of stroke care continues, the challenge facing stroke inter-
ventionalists and stroke networks will shift from a limita-
tion in AISI access to the ability to maintain and manage 
high-quality care and outcomes. 

The initial AISI trials had strict inclusion criteria 
for patient selection (ie, time of onset < 6–8 hours, 
anterior circulation large vessel occlusion [LVO], and 
National Institutes of Health Stroke Scale [NIHSS] 
score ≥ 10) and interventional approach (mechanical 
thrombectomy alone).8 In doing so, these studies dem-
onstrated excellent outcomes (eg, improved functional 

recovery) and limited complications8; however, the strict 
selection criteria severely limited the percentage of acute 
ischemic strokes eligible for intervention to potentially 
7% to 13% of all ischemic strokes.9,10 Given these limita-
tions, subsequent and ongoing trials have expanded 
the indications for AISI. Specific areas of investigation in 
these trials include the use of advanced imaging tech-
niques to assess patient-specific reperfusion risk. For 
example, the DAWN trial demonstrated the efficacy of 
mechanical thrombectomy for patients with low infarct 
volumes 6 to 24 hours after the onset of symptoms.11 
Other studies focus on treating more distal occlusions 
and the development of various AISI techniques, such as 
arterial access site choice, independent or combination 
aspiration and stent retrieval, and intra-arterial throm-
bolysis, thus allowing treatment to be tailored to ana-
tomic and patient-specific considerations.

As the variety in patient selection and AISI techniques 
becomes increasingly heterogeneous, neurointerventional-
ists must be diligent in their own patient selection and 
technical decisions to maintain the high quality and effec-
tiveness that is expected of stroke intervention. To address 
this challenge, we share several pearls and pitfalls from 
our experience in three critical areas: advanced imaging 
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techniques applied in patient selection, arterial access and 
support, and mechanical thrombectomy techniques. 

ADVANCED IMAGING TECHNIQUES
As the treatment of ischemic stroke extends beyond 

the 6-hour mark, neurointerventionalists must rely on 
adjunct imaging techniques and assessments to deter-
mine the degree of core-penumbra mismatch to pre-
dict outcomes of AISI. Such imaging modalities include 
CT perfusion, magnetic resonance (MR) perfusion, and 
diffusion-weighted MR. At our institution, CT perfu-
sion is the primary adjunctive imaging technique in 
patient selection for AISI, particularly time-to-peak 
(TTP) and cerebral blood volume (CBV) sequences. 
Although ischemic core and penumbra in ischemic 
stroke can be accurately assessed with CT perfu-
sion imaging,12,13 this technique does not replace the 
importance of a neurointerventionalist’s clinical judg-
ment and experience. Next, we present two potential 
pitfalls of CT perfusion that can be overcome with 
good clinical judgment and decision-making. 

Pitfall: Acute Occlusion of the Cervical or Terminal 
Internal Carotid Artery With the Appearance of 
Complete Core Infarct Based on CBV

A 69-year-old man undergoing a preoperative car-
diology evaluation for a transcatheter aortic valve 
replacement procedure became acutely hemiplegic and 
nonresponsive, with an NIHSS score of 19. CT perfusion 
imaging demonstrated right hemispheric increased TTP 
with decreased CBV, suggesting core infarct (Figure 1). 
Given the acute onset of symptoms, the patient was 
taken for emergent mechanical thrombectomy. After 
mechanical thrombectomy with the Solumbra tech-
nique (simultaneous use of a large-bore aspiration 
catheter and a stent retriever), the patient made a good 

recovery. On postprocedure day 1, his NIHSS score was 1 
and minimal infarct volume was seen on MRI (Figure 2). 

In our experience, the near-complete lack of blood 
flow to a cerebral hemisphere from an internal carotid 
artery (ICA) occlusion will appear as hemispheric core 
infarct on CT perfusion imaging with near-complete 
concordance of increased TTP and diminished CBV. 
In this situation, CT perfusion was not sensitive enough 
to assess collateral flow through the anterior or pos-
terior communicating artery. It is also important to 
remember that CT perfusion is not a direct marker of 
tissue viability in the brain. Instead, it utilizes cerebro-
vascular hemodynamics as a surrogate for viable brain 
tissue. To date, there are no direct means to measure 
the viability of intraparenchymal tissue. However, the 
advent of hyperpolarized MRI using xenon or helium is 
currently showing progress as such a marker.14

Pitfall: Normal-Appearing CT Perfusion for Brainstem 
and Cerebellar Ischemia

A 77-year-old woman who had been recently taken 
off of anticoagulation therapy for a gastrointestinal 
hemorrhage presented to the emergency depart-
ment with recurrent syncopal episodes. CTA and a 
perfusion imaging study were performed, and the 

Figure 2.  Diffusion-weighted MRI (same patient as in 

Figure 1) 1 day after mechanical thrombectomy, showing 

minimal infarct volume.

Figure 1.  CT perfusion images showing increased TTP in the 

right hemisphere (A) with decreased CBV (B), suggesting core 

infarct. 
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findings were interpreted as a diminutive basilar artery 
with well-formed posterior communicating arteries 
and no focal perfusion deficit (Figure 3). On the fol-
lowing day, the patient became less responsive, and 
MRI showed right pontine and left posterior inferior 
cerebellar artery territory infarcts, suggesting perfora-
tor and branch vessel infarcts. She was subsequently 
transferred to our institute and underwent emergent 
mechanical thrombectomy with three stent retriever 
passes for a basilar artery thrombus. 

Due to significant bone density artifact of the skull 
base, the sensitivity of CT perfusion imaging of the 
brainstem and cerebellum was greatly diminished. In 
cases of suspected acute posterior circulation ischemia, 
neurointerventionalists must rely on their clinical judg-
ment based on patient-specific clinical presentation, 
physical and neurologic examination, and CTA findings. 

ACCESS AND SUPPORT
Since the publication of the initial AISI trials, the 

number of neurointerventionalists performing AISI has 
exponentially grown,6 and with growth comes varia-
tion in surgical technique. The following two technical 
pearls are derived from our experience in the areas of 
arterial access and adjunctive catheter support.

Pearl: Consider Radial Access, Especially for Patients 
Receiving Intravenous Thrombolytics

Major groin access site complications occur in < 5% 
of patients undergoing AISI15; however, the negative 
effect of these complications, such as retroperitoneal 

hematoma, can have a disproportionate effect on a 
patient’s recovery, especially for those receiving intra-
venous thrombolytics. 

Over the past decade, interventional cardiolo-
gists have almost entirely transitioned to the use of 
radial artery access over a femoral approach, due to 
decreased morbidity.16 We use radial access for nearly 
25% of AISIs. When making the decision to undertake 
a radial approach, there are two important consider-
ations: arch anatomy and need for aspiration. Arch 
anatomy is the most important technical limitation 
for radial access in AISI. Specifically, the limitations 
are an acute angle of the right common carotid artery 
origin off the innominate artery or right-sided inter-
ventions and a contralateral tortuous, long-segment 
cervical ICA. In both situations, advancing the guide 
catheter is technically challenging. Another consider-
ation is the limitation on guide catheter size because 
of the caliber of the radial artery. Further, the caliber 
of the radial artery may prohibit the use of an aspira-
tion system.

Pearl: The Use of Balloon Guide Catheters for Proximal 
Flow Reversal

The initial AISI trials primarily relied on stent 
retrieval devices.1-5 Soon after, balloon guide catheters 
were used to allow proximal flow reversal with 
manual aspiration, which resulted in improved revas-
cularization rates.17 The technique of aspiration was 
further refined with the introduction of large-bore 
distal aspiration suction catheters with or without 

Figure 3.  CT perfusion imaging of an acute posterior circulation stroke secondary to basilar artery occlusion, demonstrating no 

matching area of perfusion deficit. CBV (A), TTP (B), and CTA (C) showing bilateral large posterior communicating arteries with 

an acute basilar occlusion.
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stent retrieval devices (Solumbra technique and a 
direct aspiration first-pass technique [ADAPT]). With 
the introduction of these techniques, it is important 
to remember the usefulness of a proximal balloon. 
Balloon guides provide additional support for the 
microcatheter system, and in cases where the stent 
retriever occludes the aspiration catheter, proximal 
aspiration can be performed as an adjunctive form 
of flow reversal to prevent the release of emboli and 
improve revascularization rates.

MECHANICAL THROMBECTOMY: GOING 
BEYOND ADAPT AND SOLUMBRA

Study investigators have advocated the use of 
ADAPT over stent retrievers for first-pass thrombec-
tomy.18,19 As the patient population for AISI grows, 
particularly in the area of distal occlusions, we find 
that the first-pass technique should vary according to 
patient- and case-specific considerations, including 
proximal anatomy, size of the target vessel, and ath-
erosclerotic burden proximal to the occlusion.

Pearl: Allow the Patient’s Anatomy and Location of the 
Vessel Occlusion to Determine First-Pass Mechanical 
Thrombectomy Technique

The goal for all AISI is to quickly and safely restore blood 
flow to the ischemic tissue at risk. ADAPT, Solumbra, and 
stent retriever–alone techniques each have the potential 
for successful revascularization in acute ischemic stroke. 
The key is in choosing which method will allow revascular-
ization in a safe and timely manner. We find that ADAPT 
is safe and effective for anterior circulation LVOs (ICA 
and proximal middle cerebral artery) in which the aspira-
tion catheter can be quickly advanced to the level of the 
clot interface. However, the size of an aspiration catheter 
limits its ability to approach the clot interface for revas-
cularization of more distal occlusions. In our experience 
with these occlusions, smaller aspiration catheters and the 
Solumbra technique have proven effective. Further, there 
are occasions in which difficult arch anatomy and vessel 
tortuosity affect access. In these situations, the use of an 
intermediate aspiration catheter can add support to the 
triaxial system to allow more distal access. In circumstanc-
es where advancing the intermediate catheter or guide 
catheter is not feasible, we recommend saving time by 
utilizing a stent retriever–alone technique, knowing that 
there is a trade-off in terms of revascularization rates.

CONCLUSION
Because stroke is the second leading cause of death 

worldwide,20 it is critical to the well-being of our com-
munities that we continue to advance AISI techniques 
to allow treatment of a greater proportion of isch-
emic strokes. Continued progress on AISI techniques 
and the expansion of AISI-capable stroke centers will 
allow neurointerventionalists to meet this challenge. 
However, we must be diligent in our training and 
decision-making and learn from one another to main-
tain the high quality and effectiveness that is expected 
of and essential for stroke intervention. n
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