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Chapter 6
Direct to Angiography—An Emerging 
Paradigm in Large Vessel Occlusion 
Stroke: Rationale, Feasibility, 
and Preliminary Results

Tudor G. Jovin

 Introduction

Acute ischemic stroke (AIS) is a neurological emergency characterized by ces-
sation of cerebral blood flow due to arterial occlusion, resulting in rapid loss of 
neurons in the territory supplied by the occluded vessel and consequent cerebral 
infarction. Large vessel occlusion (LVO) [1], defined as internal carotid artery 
(ICA), middle cerebral artery (MCA) M1 and M2 segments, and basilar artery 
(BA) occlusion, causes approximately one-third of ischemic stroke but accounts 
for more than 60% of morbidity and 90% of mortality due to AIS [2]. Thus, LVO 
stroke constitutes prognostically the most severe form of AIS with outcomes 
that to date have only been shown to be improved by timely reperfusion of the 
ischemic brain. This can be accomplished either with intravenous therapy (using 
lytic drugs such as tissue plasminogen activator [t-PA] or tenecteplase [TNK]) 
or with endovascular therapy (EVT), typically in the form of mechanical 
thrombectomy.

“Direct to Angiography” (DTA) is a recently coined term used to describe a time- 
efficient method of delivery of LVO stroke patients directly to the neuro- angiography 
suite without valuable time spent on additional evaluations including neuroimaging 
studies in the emergency department. This new approach may be employed both in 
transferred cases from a non-thrombectomy-capable stroke center (nTSC) to the 
thrombectomy-capable stroke center (TSC) and in directly presenting cases to the 
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TSC.  The primary rationale for DTA is to significantly reduce the time elapsed 
between hospital arrival and achievement of successful brain reperfusion. To better 
understand the rationale for this emerging approach, it is useful to review the impor-
tance of time, the role of imaging, the utility of the emergency room evaluation, and 
existing models of triage and transfer of LVO strokes.

 Why Is Time Important?

 Time and Outcomes

The time-dependent benefit demonstrated by the National Institute of Neurological 
Disorders and Stroke (NINDS) IV tissue plasminogen activator (t-PA) trial brought 
about a paradigm shift in the treatment of acute ischemic stroke [3]. Time became a 
fundamental patient selection criterion for reperfusion therapy as early reperfusion 
has long been considered a vital factor in achieving favorable outcomes as exempli-
fied by the widespread use of the aphorism, “time is brain.” In 2015, five landmark 
randomized controlled trials demonstrated the superiority of EVT over medical 
therapy alone (which included intravenous thrombolysis in eligible patients) for 
LVO stroke [4–8], leading to a dramatic change in the landscape of acute reperfusion 
therapy for AIS. An individual-level meta-analysis of these five trials (HERMES) in 
which the vast majority of patients were treated in the 0–6-hour time window con-
firmed that thrombectomy is a highly effective treatment, with a number- needed-to-
treat (NNT) of less than 5 to obtain an independent level of functioning at 3 months 
post-stroke [9]. Further knowledge gained from this meta- analysis revealed that 
similar to the benefit conferred by intravenous t-PA for stroke, the benefit of throm-
bectomy in non-selected patients is exquisitely time-dependent. The magnitude of 
the treatment effect is strongly correlated to the time from stroke onset to reperfusion 
and treatment benefit can no longer be demonstrated with high degree of certainty 
after 7.3 hours after stroke onset [10]. There are abundant data confirming the impact 
of time on outcomes post-thrombectomy [10–13]. On average, in the setting of an 
LVO stroke, 2 million neurons are lost per minute, and the earlier blood flow is 
restored to the brain, the higher the likelihood of a good clinical outcome [14]. The 
HERMES collaborators reported that for every 100 patients treated, every 15 min of 
earlier reperfusion results in a 2.5% higher chance of achieving independence in 
activities of daily living [10]. Retrospective data suggest that every minute of delay 
to recanalization leads to the reduction of 4.2 days of disability-free survival [15].

 Heterogeneity in Stroke Pathophysiology

Two years after the publication of the early time window trials, the DAWN and 
DEFUSE-3 trials led to a dramatic expansion of the therapeutic time window for 
thrombectomy, with benefit demonstrated up to 24 hours from stroke onset [16, 17]. 
These trials, however, were highly selective with regard to inclusion criteria and 
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only enrolled patients with “mismatch” (i.e., small infarct volumes in the presence 
of large areas at risk) presenting >6 hours after the patient was last seen well (TLSW).

The seemingly difficult-to-reconcile discrepancy between the finding of a strong 
relationship between timing of reperfusion and outcomes in the early time window 
and the finding of strong benefit from thrombectomy in the late time window can be 
explained by patient selection with respect to speed of infarct progression. Whereas 
the early time window trials enrolled largely unselected patients, the late time window 
trials restricted enrollment to “slow progressors,” a term derived from the recognition 
of two distinct phenotypes with respect to infarct growth rate following proximal large 
vessel occlusion, the “slow” and “fast progressors” [18]. At a cellular level, the corre-
sponding rate of neuronal loss following vessel occlusion has been described to be 
highly variable, ranging from <35,000 to >27 million neurons per minute [19]. The 
variability in the rate of infarct growth in the setting of LVO is highly dependent on the 
individual degree of leptomeningeal collateral blood flow [20–22]. Not surprisingly, 
leptomeningeal collaterals have also been shown to be an independent predictor of 
good outcome in LVO stroke [23]. Factors influencing the presence and extent of col-
laterals and consequent susceptibility to ischemic damage include genetic factors; 
physiologic parameters such as blood pressure, body position, CO2, temperature, and 
glucose; and demographics [18]. Long-standing intracranial stenosis can lead to the 
development of more extensive collaterals but comorbidities promoting its develop-
ment (e.g., hypertension, diabetes) are associated with impaired collateral blood flow 
during acute stroke [24, 25]. Cerebral edema has also been shown to impair blood flow 
through collateral vessels, and this may explain the decreased final infarct size seen in 
studies evaluating sulfonylurea use for the reduction of cerebral edema [26].

When patients with M1 MCA occlusion are defined as fast progressors if harbor-
ing an infarct in the MCA territory greater than 70 ml within 6 hours of TLSW and 
slow progressors if their infarct is less than 30 ml beyond 6 hours of TLSW, about 
50% of LVO strokes can be described as “slow progressors” and 25% can be 
described as “fast progressors” [27]. This latter category of individuals with acute 
stroke due to LVO experiences rapid infarct growth and represents the most sensi-
tive group with respect to delays in time to recanalization [28]. The identification of 
predictive biomarkers for the rate of stroke progression is an active area of research. 
One recent study which utilized sequential brain MRI studies in patients with LVO 
strokes showed that an initial infarct growth rate of <4.1 ml/hr and core volume of 
<19.9 ml detected on MRI at a median of 5 hours post-TLSW had high accuracy in 
predicting an infarct core of <50 ml at 24 hours post-stroke onset and thus having a 
higher likelihood of good outcome with thrombectomy [29].

 Time and Neuroimaging

Current AHA/ASA guidelines recommend the use of neuroimaging to select patients 
for thrombectomy according to time window. In the 0–6-hour window, head CT and 
CT angiography alone are deemed sufficient, but in the 6–24-hour window, advanced 
imaging with CT perfusion or MRI is recommended to select patients with small 
infarct volume and large tissue at risk (mismatch) [30].
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 What Is the Role of the Emergency Department?

 Evaluation and Emergency Care

Acute ischemic stroke patients, either presenting directly to the thrombectomy cen-
ter or transferred from another hospital, are routinely admitted to the emergency 
department (ED). There, they undergo a focused evaluation to rule out immediately 
life-threatening conditions that may be associated with acute stroke such as acute 
cardiac or respiratory failure, severe hyper- or hypotension, etc. Another critical 
element of the initial stroke patient evaluation is the National Institutes of Health 
Stroke Scale (NIHSS) score which can determine the likelihood of stroke as pre-
senting diagnosis and, by measuring the degree of stroke severity, also determine 
the likelihood of large vessel occlusion given that higher NIHSS scores reflect a 
higher likelihood of large vessel occlusion [31].

 Neuroimaging for IV t-PA and Thrombectomy Eligibility

Acute clinical evaluation is typically followed by relevant neuroimaging, which is 
comprised at most centers of head CT, with or without CT angiography. Alternatively, 
MRI-based imaging (MRI and MR angiography) is used instead at some centers 
although its use even at the most efficient centers is associated with significant addi-
tional delays compared to CT. This, along with implanted devices or other metallic 
structures that constitute absolute contraindications to MRI use, represents the main 
disadvantage of MRI use in acute stroke. Originally, the main goal of acute imaging 
was to rule out intracerebral hemorrhage for the purpose of administering IV 
t-PA. However, since the advent of thrombectomy as standard of care in LVO stroke, 
imaging has been increasingly utilized to assess for thrombectomy eligibility by 
confirming the presence of an LVO, by ruling out a large infarction and by confirm-
ing the presence of reversible ischemic tissue. While the exclusion of intracerebral 
hemorrhage is the only prerequisite with respect to IV t-PA administration, all other 
neuroimaging studies are essentially performed for screening purposes with the ulti-
mate goal of accurately identifying patients considered ineligible for thrombectomy 
for the purpose of excluding them from angiography. Furthermore, stroke patients 
transferred to thrombectomy-capable stroke center (TSC) from a non- thrombectomy- 
capable stroke center (nTSC) routinely undergo repeat evaluation and neuroimaging 
upon arrival in the TSC emergency department prior to activation of the thrombec-
tomy team. Oftentimes, repeat imaging occurs despite already having established 
thrombectomy eligibility at the referring hospital with the justification that the 
imaging study obtained at the referring hospital no longer accurately reflects tissue 
viability status [32].
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 What Are the Pitfalls of the Current Approach?

 Multi-step Approach and Time Delay

Current intrahospital stroke systems at most hospitals continue to reflect a workflow 
that is designed around IV t-PA administration. Emergency department evaluation 
and treatment by ED physicians and nurses, along with head CT performed in the 
ED CT scanner and (if available) emergent evaluation by a neurologist, represent 
the typical steps preceding IV t-PA administration, followed at some centers by 
additional imaging and admission to a specialized care unit. Despite the widespread 
adoption of thrombectomy, stroke systems of care have lagged behind in the evolu-
tion of workflow paradigms best suited to the particular aspects of endovascular 
therapy and continue to use approaches that lend themselves to delays in thrombec-
tomy initiation including a serial rather than parallel workflow typically pursued at 
most centers. First, the patient is evaluated in the ED, head CT is obtained, IV t-PA 
is administered if appropriate, and, in many instances, only subsequently the patient 
undergoes further imaging (CTA,CTP,MRI, MRA) to assess for thrombectomy eli-
gibility which is primarily determined by the presence of LVO and by exclusion of 
a large infarct. If the patient is then deemed eligible, transfer to the angio-suite for 
thrombectomy ensues. This serial, multi-step approach often results in significant 
time delays [33].

 Large Ischemic Core Volume in the Early Time Window

A long-held belief among stroke experts has been that reperfusion of large volumes 
of infarcted brain tissue is detrimental to patient’s outcomes due to the development 
of symptomatic intracerebral hemorrhage, malignant edema, or other reperfusion- 
related deleterious effects. Important unresolved questions related to this concept 
include the definition of large infarct and the accuracy of available imaging-based 
tools for infarct measurement. While definitive evidence against a net detrimental 
effect of reperfusion is still lacking, the results of recent studies have shed consider-
able doubt on its validity as to date no category of patients defined by imaging or 
otherwise has been found to be harmed by thrombectomy.

Most commonly used imaging-based methods to estimate the ischemic core in 
LVO stroke patients are non-contrast CT, CT perfusion, and MRI. The score of 7 on 
the Alberta Stroke Program Early CT Score (ASPECTS) [34] as baseline infarct 
volume threshold associated with benefit from reperfusion was initially described in 
the first-generation endovascular trials [35, 36]. However, advances in technology 
and workflow have shifted this cut-off to lower values. Indeed, in the initial 
HERMES collaborator’s publication, a statistically significant benefit from mechan-
ical thrombectomy could be demonstrated using an ASPECTS cut-off of 6 and 
above. Subsequent to this publication, in the prospective study ETIS [37], Panni 
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et al. reported a rate of good outcome, defined as a modified Rankin Scale (mRS) 
score of 0–2 at 3 months, of 32% in the subgroup of patients with ASPECTS of 4–5. 
Similarly, analysis of patients with ASPECTS 0–5, who underwent thrombectomy 
in the BEYOND-SWIFT registry, showed that 40% had favorable outcome (mRS 
0–3) at 90 days [38]. These outcome rates are superior to what would be expected 
in non-treated LVO stroke patients with similar baseline ASPECTS scores.

CT perfusion is considered superior to non-contrast CT in its ability to estimate 
the core although some studies have shown that with respect to its ability to estimate 
a large infarct (> 70 ml), a non-contrast CT cut-off of <7 is equivalent to CT perfu-
sion when compared to the gold standard of DWI MRI [39]. Furthermore, in the era 
of modern thrombectomy, with fast and complete reperfusion achieved in an 
increasingly higher proportion of patients, CT perfusion-derived thresholds defin-
ing infarct are being redefined and seem to be a “moving target.” Indeed, as early as 
2015, d’Esterre et al. showed that the cerebral blood flow (CBF) thresholds defining 
infarct were dependent on both the timing of reperfusion relative to the CT perfu-
sion study and on the timing of reperfusion relative to the stroke symptom onset 
[40]. These findings were confirmed by Qiu et  al. based on patients from the 
HERMES database [41]. Earlier reperfusion necessitates lower CBF thresholds in 
order to estimate infarct volume with same accuracy as those used in patients who 
achieve reperfusion later. However, even with these adjustments, thresholds used 
for infarct measurement on CTP are far from being 100% reliable.

Improvements in stroke systems of care, coupled with advances in thrombec-
tomy technology, make it likely that high-quality reperfusion will be achieved ear-
lier and earlier in the future. As such, it is not clear that the thresholds defining 
infarct on CT perfusion are ever going to have sufficient accuracy. Indeed, the final 
infarct volumes in patients who undergo successful reperfusion are not uncom-
monly shown to be smaller than predicted by CT perfusion imaging on the pre- 
thrombectomy CTP.

DWI MRI is widely considered as the most precise method for core estimation 
in clinical practice but it is associated with significant delays. Furthermore, even 
though superior to all other imaging modalities in clinical use, MRI is also prone to 
inaccurate characterization of the infarcted brain especially in the context of reper-
fusion. The earlier the pre-reperfusion MRI scan is performed relative to ischemia 
onset and the faster reperfusion occurs following completion of the MRI scan, the 
higher the likelihood that the DWI lesion noted on the initial MRI scan will no lon-
ger be demonstrated on a follow-up MRI scan. This phenomenon, termed DWI 
reversibility, has been noted to occur in up to a quarter of patients with acute 
stroke [42].

Data from HERMES collaboration indicate strong signals of benefit in favor of 
thrombectomy in patients with large (>70 ml) and even very large (>100 ml) base-
line infarct volumes [43]. Thus, both the limitations of CTP or MRI in accurately 
measuring the core and the lack of convincing evidence of lack of benefit (or harm) 
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with thrombectomy in patients with large core measured by these imaging modali-
ties call into question the utility of advanced imaging (CTP or MRI) in determining 
thrombectomy eligibility in the early time window.

Perhaps the most compelling data showing the benefit of EVT, even in patients 
with large baseline infarcts, come from the expanded dataset making up the 
HERMES collaboration which included seven randomized endovascular stroke tri-
als showing superiority of EVT plus best medical therapy (that included IV lysis in 
eligible patients) over best medical therapy alone [4–8, 44, 45]. Although most of 
the participating trial’s protocols largely excluded patients with large baseline 
infarctions, some of these patients were inadvertently enrolled due to lack of recog-
nition of large infarcts on initial imaging by local investigators. In a meta-analysis 
of these trials, of the 1764 patients enrolled, 126 underwent thrombectomy with 
core lab-adjudicated baseline ASPECTS <5 on CT (61 patients) or MRI (65 patients) 
[46]. Both in the MRI and CT groups there was a trend in favor of benefit with EVT, 
while in the combined analysis of CT- or MRI–imaged patients the benefit from 
EVT reached statistical significance (OR 2.15, 95% CI 1.06–4.37). Additionally, in 
228 patients with evidence of hypodensity involving greater than one-third of the 
MCA territory, another measure of large baseline infarct, benefit from EVT was 
also demonstrated (OR 1.70, 95%CI 1.04–2.78) [46]. Using the same expanded 
HERMES dataset, similar results were seen on a CT perfusion-based analysis of 
patients with large core infarcts (>70  ml and even >100  ml) with no significant 
reduction in absolute treatment effect with EVT and no net signals of harm despite 
a higher incidence of sICH in the thrombectomy group compared to controls [43]. 
Findings from these studies suggest that patients with LVO who have large baseline 
infarcts are likely to benefit from EVT compared to medical treatment alone and 
that although a large baseline infarct represents a prognostic factor, it does not rep-
resent a treatment effect modifier.

Efforts to identify patients with large baseline infarcts for the purpose of exclu-
sion from thrombectomy may lack justification not only due to the observed strong 
trends of benefit but also because in patients presenting in the early time window, 
the prevalence of large infarctions without significant salvageable tissue is exceed-
ingly low, as demonstrated by the 95% of patients who had mismatch by SWIFT 
PRIME criteria and by the 78% of patients who had large penumbral volumes 
(>60 ml) in the HERMES collaboration-derived CT perfusion-based study [43]. In 
fact, the prevalence of large infarcts (ASPECTS 0–5) has been estimated to be no 
more than about 15% of patients with M1 MCA occlusion presenting within 6 hours 
after last seen well [38] while within the first 3 hours after symptom onset the preva-
lence of ASPECTS 0–5 in patients with MCA occlusion is 4% [47]. As such, not 
only there is no evidence to suggest a lack of benefit of EVT for LVO strokes with 
large baseline core infarcts, but also the prevalence of large infarcts in the early time 
window is low.
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 The Tradeoff Between Advanced Imaging and Delays in Time 
to Reperfusion

Advanced imaging requires not an insignificant time for completion. In SWIFT 
PRIME, the median time from start of CT to post-processing of CT perfusion imag-
ing was 24 min while MRI-based selection was associated with a delay from door 
to groin puncture of a median of 16  min compared to CT-based selection [48]. 
Considering that based on data derived from HERMES every 15 min of delay in 
reperfusion results in a 3.9% lower chance of reduction in disability, if the delay in 
reperfusion caused by CTP in SWIFT PRIME was a conservative 15 min, this delay 
translates into 3.9% higher chance of disability in those patients who achieved 
reperfusion in the interventional arm of the trial. The delays incurred by advanced 
imaging can be inferred from the fact that in DAWN and DEFUSE-3, studies with 
protocol requirements of advanced imaging (CT perfusion or MRI), median ED 
arrival-to-groin puncture times were 109 and 112 min, respectively, compared to 
89 min in the ESCAPE trial, 60 min in the ESCAPE NA-1 trial, and 60 min in the 
ARISE II study [5, 16, 17, 49, 50], none of which required advanced imaging. The 
limited usefulness of advanced imaging in the early time window is reflected in the 
AHA guidelines which endorse thrombectomy as level I evidence only for patients 
harboring an LVO and a limited core volume defined as an ASPECT score >5 [30] . 
However, based on data published after the publication of the AHA guidelines, in 
the early time window (0–6  hours), following exclusion of intracerebral hemor-
rhage (typically accomplished with a non-contrast head CT), it is justified to ques-
tion the necessity for patient selection for thrombectomy based on any baseline 
infarct size.

 Is Vessel Imaging Always Necessary?

Currently, the vast majority of stroke centers still perform a CT angiogram in a 
conventional CT scanner to confirm the presence of large vessel occlusion prior to 
the decision to proceed with transport to the angiography suite. Studies examining 
workflow efficiency in intrahospital systems of care have shown that when only a 
plain CT (showing arterial thrombus) is utilized in lieu of the standard CTA for the 
purposes of large vessel occlusion diagnosis, the time required for imaging decreases 
by an average of 28 min and the time elapsed from hospital presentation to access 
site puncture times decreased by 36 min [51]. Thus, in situations when there is an a 
priori high likelihood of large vessel occlusion, forgoing of the CTA and transport 
directly to the angiography suite after the initial head CT may save substantial time 
to brain reperfusion. Although a combination of findings on a plain CT combined 
with clinical information is likely to result in highest yield for prediction of LVO, an 
NIHSS cut-off of 10 or above has been shown to predict the presence of LVO with 
80% accuracy in the early time window [52].
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In the cardiology literature, the well-known entity of myocardial infarction with 
non-obstructive coronary arteries (MINOCA) is characterized by patent coronary 
arteries during emergent cardiac catheterization despite clinical, electrocardio-
graphic, and biomarker features consistent with myocardial infarction. The finding of 
MINOCA is encountered with a frequency of 5–25% and typically results in no coro-
nary intervention at the time of the emergent cardiac catheterization procedure [53]. 
However, despite this non-insignificant frequency of instances where an emergent 
cardiac catheterization in a patient with acute myocardial infarction results in no 
intervention, it is the standard of care in virtually all cardiac catheterization laborato-
ries across the world to assess coronary patency via emergent coronary angiography 
without prior non-invasive studies (coronary CTA or MRI). The widely accepted fact 
among cardiologists that substantial savings in time to reperfusion for the entire pop-
ulation of reperfusion candidates are likely to offset any negative repercussions of 
invasive angiography in the minority of patients of reperfusion candidates who have 
patent arteries in the setting of myocardial infarction should equally apply in the set-
ting of acute stroke. Therefore, it is reasonable to question the need for non-invasive 
vessel imaging prior to transfer to the neuro-angiography suite when the pre-test 
probability of large vessel occlusion is high and thus the likelihood of no intervention 
is low. The threshold for what constitutes an acceptable likelihood of patent vessel on 
angiography is likely to vary depending on resources available at each individual 
stroke center. However, based on cardiology data, a 15–20% such likelihood may 
represent a reasonable trade-off between the increase in necessary cath lab resources 
and the clinical benefit derived from timelier reperfusion associated with this 
approach. Furthermore, recent advances in flat panel angiography technology have 
made possible identification of both intracranial hemorrhage and presence of large 
vessel occlusion on the angiography table which represents a non-invasive way of 
answering the questions relevant for triage of LVO patients in the most time-efficient 
manner [54]. Flat panel CT and CTA, obtained by low-dose contrast injection to cre-
ate CTA-like images, demonstrated high accuracy in their respective ability to rule 
out hemorrhage and detect LVO in the neuro- angiography suite [55, 56].

 Cost Considerations

In the era of increased cost awareness related to healthcare utilization, economic 
considerations should also be taken into account when assessing the overall value of 
a DTA approach. At a first glance, the DTA approach requires a higher level of 
resources compared to the conventional approach. However, there is a decrease in 
cost associated with bypassing the CTA and other advanced imaging for all patients 
and a decrease in healthcare cost associated with earlier brain reperfusion. Because 
earlier reperfusion leads to lower infarct volumes and infarct volume is the main 
driver of hospitalization costs in LVO stroke patients [57], earlier reperfusion leads 
to lower hospitalization costs. In addition the economical benefit of reperfusion 
therapy has been shown to translate beyond the acute hospitalization [58]. Therefore, 
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the cost reduction associated with a DTA approach which will lead to intervention 
and earlier reperfusion in a majority of patients without additional CTA or CTP 
must be weighed against the increase in cost associated with the performance of 
cerebral angiography with findings of no occlusion in a minority of patients.

Thus, if assumed conservatively that in the 0–6-hour time window an NIHSS 
cut-off of 10 and above predicts the presence of treatable large vessel occlusion 
80% of the time; that patients with largest baseline infarcts, which constitute a 
minority, are not harmed by thrombectomy; and that forgoing of any type of CT or 
MRI imaging prior to transfer to the angiography suite (because intracerebral hem-
orrhage has been already performed at the transferring hospital or will be performed 
with flat panel detector in the angiography suite), then per hundred evaluated 
patients, a direct to angio approach saves on average 45 min to reperfusion for 80 
patients and saves 100 CTAs or CTPs at the expense of 20 negative angiograms 
(conventional or flat panel CTA).

 How to Address Time Delays in the Emergency Department?

 Existing Transfer Paradigms

Most transfer paradigms currently in use include transfer of patients from site of 
stroke onset (home or field) to the emergency room at the non-thrombectomy center 
or at the thrombectomy center (either directly or via the non-thrombectomy center 
or via the mobile stroke unit, an increasingly utilized transfer modality). These are 
portrayed in Fig. 6.1 in black arrows and are indirect ways of patient transfer to the 
angio-suite.

Fig. 6.1 Triage and transfer paradigms. nTSC non-thrombectomy-capable stroke center, TSC 
thrombectomy-capable stroke center, ED emergency department, MSU mobile stroke unit, DTA 
Direct to Angiography
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 Bypassing the Emergency Department: Direct to Angiography

Given that emergency department admission leads to time delays, a novel way of 
transferring patients directly to the angio-suite involves bypassing the emergency 
department. Broadly, three types of Direct to Angiography pathway may occur—
Route ADTA, ED at non-thrombectomy-capable center to angio-suite at TSC; 
Route BDTA, home or field direct to angio-suite at TSC; or Route CDTA, home or 
field to mobile stroke unit (MSU) to thrombectomy center angio-suite at TSC (red 
arrows in Fig. 6.1).

 Initial Experience with Direct to Angiography (Table 6.1)

Several single-center series have reported their experiences with Direct to 
Angiography. All studies have reported significant reductions in door-to-groin 
puncture time using the Direct to Angiography approach [32, 59–63]. Jadhav et al. 
reported a time saving of 1 hour using the Direct to Angiography approach [32]. 
Across studies, median door-to-groin puncture times in the DTA paradigm were 
between 16 and 33  min and clinical benefit compared to historical controls was 
observed in three of these studies [60, 61, 63] (Table 6.1). Other studies did not 

Table 6.1 Published experience regarding the DTA approach

Author 
group

Publication 
date

Method of 
screening

Sample 
size of 
DTA 
patients 
(vs. 
non- 
DTA)

False-positive 
angio-suite 
activations

Door-to- 
puncture 
time Outcome

Jadhav 
et al.

May 2017 Transferred 
patients with 
confirmed 
LVO and/or 
NIHSS ≥9

111 (vs. 
150)

6.3% - Vessel 
open

22 min vs. 
81 min 
(p = 0.001)

90-day
mRS 0–2
44% vs. 43% 
(but more 
patients with 
large infarcts 
treated in DTA 
group)

Psychogios 
et al.

October 
2017

Direct and 
transferred 
patients
NIHSS ≥10

30 (vs. 
44)

13.5% 
-hemorrhage
13.5% 
-Todd’s 
paralysis

20.5 min 
vs. 
54.5 min 
(p < 0.01)

Not available

Ribo et al. March 
2018

Direct and 
transferred 
patients 
NIHSS ≥10

40 (vs. 
161)

7.5% - 
hemorrhage
17.5% - open 
vessels

17 min vs. 
60 min 
(p < 0.01)

Early 
improvement
49% vs. 24% 
(p < 0.01)

(continued)
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report significant improvement in outcomes via the DTA approach compared to 
historical controls highlighting the importance of trials utilizing active controls in 
this area. Nonetheless, these data uniformly point toward substantial gains in door 
to access site puncture while demonstrating that the DTA approach is feasible and 
safe. Furthermore, recent data suggest that patients who stand most to benefit from 
a DTA approach are those who present to the thrombectomy center in the earliest 
time window (0–3 hours) [63].

Table 6.1 (continued)

Author 
group

Publication 
date

Method of 
screening

Sample 
size of 
DTA 
patients 
(vs. 
non- 
DTA)

False-positive 
angio-suite 
activations

Door-to- 
puncture 
time Outcome

Mendez 
et al.

September 
2018

Direct 
admissions 
RACE ≥4 
and NIHSS 
>10

79 (vs. 
145)

7.2% - open 
vessels

16 min vs. 
70 min 
(p < 0.01)

90-day
mRS 0–2
41% vs. 28% 
(p = 0.05)

Brehm 
et al.

July 2019 Transferred 
patients with 
confirmed 
LVO and 
NIHSS >7

15 (vs. 
23)

None 24 min vs. 
53 min 
(p < 0.01)

Mortality
27% vs. 17% 
(0.14)

Bouslama 
et al.

June 2019 Direct and 
transferred 
patients with 
(flat panel 
angio-suite 
vs. ED)

61 (vs. 
156)

None 33 min vs. 
55 min 
(p < 0.01)

90-day
mRS 0–2
45% vs. 41% 
(p = 0.68)

Requena 
et al.

May 2020 Direct and 
transferred 
patients AIS 
patients 
within 
6 hours of 
onset with 
RACE score 
≥4 and/or 
NIHSS >10

174 (vs. 
175)

Not 
applicable 
(case 
controlled 
study of 
patients 
undergoing 
EVT)

16 min vs. 
70 min 
(p < 0.01)

90-day
mRS 0–2
43% vs. 29% 
(p = 0.01)

DTA indicates Direct to Angiography, LVO large vessel occlusion, NIHSS National Institutes of 
Health Stroke Scale, mRS modified Rankin Scale, RACE Rapid Arterial oCclusion Evaluation, AIS 
acute ischemic stroke, ASPECTS Alberta Stroke Program Early CT Score, ED emergency 
department
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 Practical Considerations of Bypassing 
the Emergency Department

 Evaluation and Emergency Care

Evaluation and treatment of stroke-related acute medical complications begin in the 
ambulance, the MSC, or the ED of the nTSC. To decrease time delays, ED care can 
be bypassed and initial in-hospital care can be provided in the neuro-angiography 
suite at the thrombectomy center. For judicious use of resources, only patients with 
high likelihood of LVO and those deemed to be most sensitive to time delays 
(NIHSS >9 presenting within 6 hours of TLSW) will be evaluated under the DTA 
model. Ideally, the mandatory (according to US law—EMTALA) [64] ED evalua-
tion for patients presenting directly to a thrombectomy-capable center should occur 
very rapidly either by the patient passing through (without stopping) in the ED or by 
the patient being evaluated by ED staff in the angiography suite in those cases where 
the angiography suite is in close proximity to the ED.

 IV t-PA

A majority of LVO stroke patients present beyond the 4.5-hour time window for 
t-PA administration. Of the LVO strokes presenting within this window, a large 
percentage are transferred from an NTSC [65] and can receive IV t-PA there while 
transfer is being coordinated. The same holds true for patients being transferred 
from home or the field using a mobile stroke unit. Hence, Direct to Angiography 
from an NTSC or MSU (Fig. 6.1, Route ADTA and CDTA) is feasible for most 
patients who are treated with IV t-PA.

In cases of t-PA-eligible thrombectomy candidates who present directly to a TSC 
(the minority of patients in the USA [65], bypassing the emergency department is 
dependent on the feasibility of obtaining acute brain imaging to rule out intracranial 
hemorrhage without stopping in the ED. Neuro-angiography suites that are equipped 
with multi-detector flat panel CT imaging can serve as a single location where 
imaging, t-PA administration, and endovascular therapy for LVO can all be per-
formed without intrahospital time delays [59]. This would enable Route BDTA on 
Fig. 6.1 (home or field to angio-suite). It has been shown that administration of IV 
t-PA based on flat panel CT technology has a similar safety profile to IV t-PA treat-
ment when hemorrhage is excluded with conventional CT scanners [62]. 
Furthermore, the need for IV thrombolytic administration in IV thrombolysis- 
eligible thrombectomy candidates presenting directly to a TSC has been called into 

6 Direct to Angiography—An Emerging Paradigm in Large Vessel Occlusion Stroke…



94

question, and recent randomized trials showed no difference in outcomes when IV 
t-PA is administered prior to thrombectomy compared to thrombectomy without 
prior IV t-PA [66, 67]. If this finding is confirmed by other ongoing randomized 
trials, in the future IV thrombolysis may no longer be indicated for thrombectomy 
candidates presenting directly to TSC, and thus, the issue of ruling out intracerebral 
hemorrhage for the purpose of IV thrombolysis administration may become moot.

 Conclusions

Acute stroke due to large vessel occlusion is a prognostically ominous stroke subset 
with clinical outcomes that to date have only been shown to be improved by reperfu-
sion therapy in the form of IV thrombolysis, endovascular thrombectomy, or a com-
bination of both. Multiple randomized trials have shown that thrombectomy with or 
without IV thrombolysis is associated with the strongest clinical response in LVO 
stroke and that the benefit of this approach is exquisitely time dependent especially 
in the early time window (0–6 hours). Therefore, system-based approaches aiming 
at reducing times from stroke onset to reperfusion have been a priority in the quest 
to improve acute stroke care. The Direct to Angiography (DTA) suite represents a 
new paradigm which aims to dramatically reduce reperfusion times through bypass 
of conventional pathways for early-presenting LVO stroke patients and consists of 
clinical and imaging evaluation on the angiography table using either no additional 
imaging (in the case of transferred patients) or flat panel technology (in case of 
patients presenting directly to a thrombectomy-capable center) (Table  6.2). This 
model relies on emerging data suggesting that knowledge of baseline infarct volume 
may no longer be necessary for patient selection in the early time window and that 
the presence of LVO can be estimated with high likelihood either based on the 
NIHSS or even more accurately with a flat panel CTA performed after patient arrival 
in the angiography suite. DTA has been shown to be feasible and safe and is associ-
ated with significant decreases in time to treatment initiation. There are logistical 
challenges in adopting this model, but preliminary experience has shown that most 
if not all of them can be overcome. Because of these challenges, widespread imple-
mentation of this concept akin to the cardiology model for STEMI is unlikely to 
occur without level I evidence. Therefore, planned randomized trials will need to 
clarify whether the substantial time savings associated with this approach will ulti-
mately translate into clinical benefits.
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Table 6.2 Conventional neuroimaging and alternatives under DTA approach

Role
Prevalence of 
specific condition

Conventional 
imaging 
modalities

Alternatives under DTA approach
Transfers
(nTSC/MSU)
(Route ADTA/
CDTA on Fig. 6.1)

Direct
(home/field)
(Route BDTA on 
Fig. 6.1)

Rule out 
intracranial 
hemorrhage

~13% of all 
strokes have 
intracranial 
haemorrhage [68]

Head CT 
(preferred)
MRI (more 
time 
consuming)

Can be done in 
non-thrombectomy 
centers/MSU

Can be done with 
multi-detector flat panel 
angio-suite

Rule out 
absence of 
LVO

~20% of all 
strokes [69] and 
~80% of strokes 
with NIHSS 
score >9 have 
LVO [31, 70]

CTA 
(preferred)
MRA

Can be done in 
nTSC/MSU

Flat panel CTA
DSA
LVO screening tools to 
enrich population with 
LVO (RACE scale >5 
NIHSS >9) [31, 70, 71]
Alternative tools 
include EEG [72], 
transcranial Doppler 
[73], infrared 
spectroscopy [74], and 
accelerometers [75] to 
reduce rate of patent 
vessels on angio

Rule out 
large infarct

Prevalence is low 
in 0–6-hour time 
window 
(10–15%)

Head CT
CTP/MRI

Can be done in 
nTSC/MSU by 
ASPECTS
Due to core growth 
during transfer and 
significant delays 
CTP/MRI not 
recommended at 
nTSC/MSU

Flat panel ASPECTS
Unclear if exclusion 
from thrombectomy is 
even necessary based 
on recent data
randomized trials in 
progress

Rule out 
absence of 
mismatch

~95% of LVO 
strokes have 
mismatch in the 
0–6-hour window 
[43]

CTP/MRI Due to core growth 
during transfer and 
significant delays, 
not recommended 
at nTSC/MSU

Flat panel CTP for 
patients beyond 6 hours
No longer considered 
necessary in the 
0–6-hour time window
No evidence for lack of 
benefit in patients 
without mismatch

ED indicates emergency department, nTSC non-thrombectomy-capable stroke center, MSU mobile 
stroke unit, CT computed tomography, LVO large vessel occlusion, CTA computed tomography 
angiography, MRA magnetic resonance angiography, DSA digital subtraction angiography, CTP 
computed tomography perfusion, MRI magnetic resonance imaging, ASPECTS Alberta Stroke 
Program Early CT Score
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