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Abstract 

Background/ Objectives; After negative results of the SAMMPRIS-trial the indication for 
endovascular treatment of atherosclerotic intracranial artery stenosis (ICAS) was widely restricted. It 
was the aim of our study to report whether intracranial arterial percutaneous transluminal 
angioplasty and stenting (PTAS) as ultima ratio therapy is still effective and safe enough. Methods: 
Between February 2011 and June 2019, 63 consecutive patients with and without emergent large 
vessel occlusion (ELVO) who received PTAS for symptomatic ICAS in the anterior or vertebrobasilar 
circulation were included in our study. Results: 32 patients had ELVO. In the remaining 31 patients, 
a known ICAS was treated with PTAS either because of recurrent stroke despite aggressive medical 
therapy with dual antiplatelet inhibition (n=24) or due to progressive hemodynamic ischemia (n=7). 
Stenting was successful in all 63 cases. Successful reperfusion was achieved in 94% of ELVO patients. 
Complications with new neurologic deficits, including dissection, subarachnoid hemorrhage, 
intracerebral hemorrhage (PH2), and stent-thrombosis, were seen in 5 ELVO patients (16%). At 
discharge, neurological status improved in 16 patients (50%) and deteriorated in 7 patients (22%). In-
hospital mortality happened in 5 of 32 ELVO cases (16%), all of them had lesions in the vertebrobasilar 
circulation. Regarding non-ELVO cases, two patients (6%) developed new neurologic deficits due to 
perforator strokes. There was no in-hospital mortality in this group. Conclusion: Even in unfavorable 
situations with acute atherothrombotic occlusions or recurrent strokes under aggressive medical 
therapy of known ICAS, PTAS remains a treatment option with reasonable efficacy and tolerable 
complication rates. 

Keywords: intracranial stenosis; angioplasty; stenting; stroke 
 

1. Introduction 

In western countries atherosclerotic intracranial artery stenosis (ICAS) is a relatively rare but 
important cause of ischemic stroke. It is often a therapeutic challenge because of its high risk for 
recurrent stroke despite medical therapy and/or interventional stenting [1–4]. The SAMMPRIS trial 
(Stenting and Aggressive Medical Management for Preventing Recurrent Stroke in Intracranial 
Stenosis) addressed this issue and randomized patients with high-grade ICAS to either aggressive 
medical therapy alone or aggressive medical therapy with intracranial arterial percutaneous 
transluminal angioplasty and stenting (PTAS) [2]. It was found that aggressive medical therapy alone 
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was superior to the regime that included PTAS, mainly due to high periinterventional complication 
rates in the PTAS group [2–5]. 

The results of SAMMPRIS trial led to considerable changes of treatment strategies for 
symptomatic ICAS patients towards a clear primate of optimized medical therapy, limiting the 
indications for interventional treatment. According to current guidelines, PTAS may be considered 
only in cases with new symptoms and infarcts despite medical treatment with dual antiplatelet 
therapy (DAPT) or as rescue in cases with acute stroke due to emergent large vessel occlusion (ELVO) 
on the basis of underlying ICAS [6]. In most instances, ELVO patients with atherothrombotic 
occlusions are identified during failed thrombectomy procedures, ending up in emergency PTAS as 
ultima ratio with a need for sufficient antiplatelet therapy. In this case, associated risks of stent-
thrombosis on one side and intracranial hemorrhage on the other side are difficult to control and may 
contribute to increased complication rates [7]. 

For the other group of patients with failure of medical therapy it is not clear whether PTAS as 
ultima ratio therapy is a source of further complications or if it would be helpful to avoid permanent 
disability [8–10]. 

It is a common impression among neurointerventionalists that the rate of unfavorable outcomes 
is high in both patient groups (ELVO; non-ELVO). However, literature data addressing real-life 
outcomes of PTAS after SAMMPRIS are scare and heterogeneous regarding inclusion criteria and 
outcome parameters [11–18]. 

This is why it was the aim of our study to review all PTAS procedures in the last mentioned two 
groups of indication in the period after publication of SAMMPRIS trial from 2011–2019 to evaluate 
the effectiveness and safety of PTAS regarding angiographic and in-hospital clinical outcomes. 

2. Materials and Methods 
Patients and Data Acquisition 

This retrospective study was approved by our institutional ethics committee Nr, 430/18. For the 
analysis, we searched databases for patients who received PTAS in our institution between February 
2011 and June 2019. We excluded all cases with intracranial stents that were not placed for ICAS, such 
as aneurysm or arterial dissection treatment. This left 63 consecutive patients to be included. Selection 
is shown in Figure 1. We assessed clinical and radiological data of these patients. All imaging data 
were reviewed by two independent neuroradiologists and a reference standard was established for 
statistical analysis. 

 

Figure 1. Chart illustrating causes for stenting in our cohort. 

ELVO (n=32)

immediate stenting

non-ELVO (n=31)

hemodynamic 
stenosis

immediate stenting
(n=7)

embolic stenosis

aggressive medical 
treatment

stenting after failure 
of medical treatment

(n=24)
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We assigned cases with high-grade ICAS to one of two groups: 1) non-ELVO cases: after failure 
of medical therapy or in the case of hemodynamic strokes. 2) ELVO cases: acute stroke patients with 
emergent large vessel occlusion. 

Study Population 

Procedures 

All procedures were performed under general anesthesia in a biplane angiography suite (Axiom 
artis zee, Siemens Healthineers, Erlangen, Germany). Stenosis degree and the diameters of the 
adjacent normal arterial segments were determined using digital subtraction angiography (DSA) 
images and volume rendering reconstruction of an additional 3D rotational angiography. Stenosis 
degree was measured according to WASID criteria (Warfarin–Aspirin Symptomatic Intracranial 
Disease trial). 

For non-ELVO cases, we usually deploy balloon-expandable stents. Diameter of balloon-
expandable stents was at least 0.25 mm smaller than the normal vessel diameter to avoid over-
dilatation. However, self-expanding stents were used if the target vessel diameter was below 2.5 mm 
or if the stenosis was not accessible with balloon-expandable stents. In cases of self-expanding stent-
placement, stenoses were pre-dilated with an undersized balloon. 

Non-ELVO Case 

In ELVO cases, we usually deploy detachable self-expanding stents (Solitaire AB, Medtronic, 
Minneapolis, Minnesota, USA). If necessary, stenoses were dilated after stent-placement with an 
undersized balloon. In some cases, balloon-expandable stents were used for this indication, if feasible. 

 

Figure 2. Patient with stroke due to stenosis in the terminal segment of the left internal carotid artery (A: arrow). 
MR diffusion weighted imaging upon admission (B) shows subacute infarction in the white matter of the left 
centrum ovale with a hemodynamic pattern and without embolic cortical infarction. The decision is made to 
place a stent, which succeeds MRI upon discharge shows no additional infractions (C). 

ELVO Case 

Antiplatelet Management 

All non-ELVO patients were already on DAPT with 100mg of Aspirin and 75mg of clopidogrel 
prior to the procedure. Antiplatelet treatment was not modified for stenting in these cases. 

For emergency ELVO-patients, 70 I.U./kg of heparin and a bolus of .4µg/kg of Tirofiban were 
administered during the intervention before stenting, followed by a maintenance dose of Tirofiban 
of 1µg/kg/h and a loading dose of 600mg clopidogrel (oral) and 250mg of aspirin (intravenous) during 
the intervention. Tirofiban infusion was then stopped 4 hours after the procedure. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 November 2025 doi:10.20944/preprints202511.1539.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202511.1539.v1
http://creativecommons.org/licenses/by/4.0/


 4 of 13 

 

Outcome Parameters 

Because of the different disease characteristics of these two groups (ELVO and non-ELVO), the 
outcome parameters were evaluated separately: 

Outcome Parameters in ELVO Patients 

Primary outcome parameters were technical success and reperfusion success as well as the 
occurrence of adverse events. 

Stenting was defined as successful (technical success) if a residual stenosis of ≤50% was achieved. 
Reperfusion was defined as successful (reperfusion success) if complete or almost complete 
reperfusion (mTICI ≥2b) was achieved. Adverse events included intervention-related complications 
such as 1) intracranial dissections, 2) acute and subacute stent thrombosis, 3) Subarachnoid 
hemorrhage (SAH) and 4) symptomatic intracranial hemorrhage (parenchymal hematoma type 2 
“PH-2” according to the European Cooperative Acute Stroke Study “ECASS II” classification). 

Secondary outcome parameters were early clinical neurological outcomes during hospital stay 
and at discharge. Neurological outcome was assessed using national institutes of health stroke scale 
(NIHSS), with early improvement (and deterioration) being defined as decrease (and increase) in 
NIHSS by at least 4 points at discharge, respectively. Furthermore, clinical outcome at discharge was 
assessed using modified Rankin scale (mRS), with good clinical outcome being defined as mRS=0-2. 

To address the possible different natural courses of processes in anterior and vertebrobasilar 
circulations, we assessed all primary and secondary outcome parameters separately for both 
circulations [19]. 

Outcome Parameters in Non-ELVO Patients 

Primary outcome parameters were technical success as well as the occurrence of adverse events 
(defined previously). 

Secondary outcome parameter was the occurrence of newly occurred stroke after the procedure. 
In this group, the neurological situation was compared to the asymptomatic state before the 
procedure during clinical stability. 

Also, here we assessed all primary and secondary outcome parameters separately for both 
circulations. 

Statistics 

Parametric variables are indicated as mean ± standard deviation (SD) and non-parametric 
variables are indicated as median and interquartile range (IQR). For comparison of these variables, 
we used a Student’s T test or a Mann–Whitney 𝑈 tests after testing for normal distribution with a 
Shapiro-Wilk test. Nominal variables were tested with Fisher’s exact tests and χ2 tests depending on 
sample size. P values under the α-level of .05 were defined as significant. Multivariable analysis was 
performed with a binary logistic regression test indicating odds ratios (ORs) and 95%-confidence 
intervals (CI). All statistical analyses were performed with SPSS-25 software. 

3. Results 
Baseline Characteristics 

Baseline characteristics of all patients can be found in Table 1. In summary, 32 of 63 patients 
(51%) had acute strokes with ELVO. In the remaining 31 patients (49%) (non-ELVO-group), 
intracranial stenosis was treated with PTAS either because of recurrent stroke with infarctions despite 
aggressive medical therapy with DAPT (n=24) or due to hemodynamic insufficiency with progressive 
symptoms and infarctions (n=7). 
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Table 1. Baseline and procedural characteristics of all patients. 

 non-ELVO group (n=31) ELVO group 

(n=32) 

p-value 

Baseline characteristics 

Age [median] 71 (IQR, 59-73) 64 (IQR, 58-71) .239 

Female sex [n] 8 (25%) 8 (36%) .365 

History of TIA [n] 6 (19%) 4 (13%) .457 

History of stroke [n] 28 (90%) 5 (17%) <.001 

Arterial hypertension [n] 30 (97%) 29 (91%) .317 

Current smoker [n] 8 (26%) 7 (22%) .714 

Diabetes mellitus [n] 11 (34%) 12 (38%) .721 

Hyperlipidemia [n] 9 (29%) 7 (22%) .514 

CHD [n] 6 (19%) 5 (16%) .697 

Atrial fibrillation [n] 4 (13%) 6 (19%) .525 

Previous medication 

Anticoagulation [n] 5 (16%) 3 (9%) .421 

None / mono / dual 

antiplatelets [n] 

4 / 6 / 21 (13% / 19% / 

68%) 

20 / 9 /3 (63% / 28% 

/ 9%) 

<.001 

Statins [n] 25 (81%) 10 (31%) <.001 

Stenosis characteristics 

MCA [n] 5 (16%) 12 (38%)  

ICA [n] 11 (36%) 3 (9%) .023 
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Vertebrobasilar [n] 15 (48%) 17 (53%)  

Degree [median] 82 (79-89) 80 (71-90) .448 

Clinical characteristics 

mRS pre stroke [median] 1 (IQR, 0-2) 0 (IQR, 0-1) .001 

NIHSS upon admission 

[median] 

4 (IQR, 1-10) 13 (IQR, 5-21) <.001 

Infarction Characteristics    

Embolic infarction [n] 12 (39%) 22 (68%)  

Hemodynamic infarction [n] 4 (13%) 0 (0%)  

Mix type: embolic and 

hemodynamic infarction [n] 

9 (29%) 5 (16%) .018 

Perforator infarction [n] 6 (19%) 5(16%)  

Procedural characteristics 

Balloon-expandable stents vs. 

self-expanding [n] 

27 / 4 (87% / 13%) 14 /18 (44% / 56%) <.001 

Dilatation before vs. after 

deployment [n] 

2 / 5 (7% / 16%) 15 / 8 (47% / 25%) <.001 

ELVO, emergent large vessel occlusion; IQR, Interquartile range; TIA, transient ischemic attack; CHD, coronary 
heart disease; MCA, middle cerebral artery; ICA, internal carotid artery; mRS, modified Rankin scale; NIHSS, 
national institutes of health stroke scale. 

Except for the history of stroke and previous medication, there were no other significant 
differences between the two groups regarding demographic data and comorbidities (Table 1). 

The distribution of anterior and vertebrobasilar circulation was also comparable (p=.319). 
Among patients with anterior circulation pathology, middle cerebral artery (MCA)-stenosis was 
more frequent in ELVO-group (38% vs. 16%), whereas internal carotid artery (ICA)-pathology was 
more frequent in non-ELVO-group (36% vs. 9%). 
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In ELVO cases, the diagnosis of an underlying stenosis was made after a median of 1 
(Interquartile range: IQR, 1-3) thrombectomy maneuvers. 

Outcome Parameters in ELVO Group 

Regarding technical success, stenting was technically successful in all cases (Table 1)  
Successful reperfusion (mTICI≥2b) was achieved in 94% of ELVO patients (Figure 3). 

 

Figure 3. Patient with acute stroke due to acute occlusion of the basilar artery (A). After mechanical 
thrombectomy, there is a high-grade stenosis, which is stented successfully (B). There is no infarction on MRI 
upon discharge. 

Intervention related complications and postinterventional imaging findings can be found in 
Table 2. Main complications are summarized as follows: 
• Intracranial dissections with compromised side branch patency occurred in two out of 32 

patients. Both cases were in the vertebrobasilar circulation and occurred after balloon 
angioplasty. In one of these two cases, there was subsequent in-stent thrombosis, which was 
fatal. In the other case, there were embolic and perforator infarction which led to worsening of 
the neurologic symptoms. 

• Acute and subacute stent thrombosis were observed in two cases, both of which occurred in 
the vertebrobasilar circulation and were symptomatic: one of these two patients had 
progressive infarction, which led to neurological worsening (mRS=5); the other had stent-
thrombosis after dissection, which was fatal (mentioned previously). 

• There was no SAH. 
• Symptomatic intracranial hemorrhage occurred in two ELVO patients, both of them in anterior 

circulation. Only one of these two patients had intravenous thrombolysis therapy before the 
procedure. One patient recovered and improved neurologically (mRS=2); the other one 
deteriorated (mRS=4). 

Table 2. Outcome of all patients. 

 non-ELVO group 

(n=31) 

ELVO group 

(n=32) 

p-value 

Primary outcome 

Technical success* [n] 31 (100%) 32 (100%)  

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 November 2025 doi:10.20944/preprints202511.1539.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202511.1539.v1
http://creativecommons.org/licenses/by/4.0/


 8 of 13 

 

Reperfusion success** [n] - 30 (94%)  

Periinterventional 

complications (dissection, 

SAH, intracerebral 

hemorrhage (PH2), and stent -

thrombosis) [n] 

0 (0%) 5 (16%) .022 

- Vessel dissection [n] 0 (0%) 2 (6%) .157 

- Subarachnoid 

hemorrhage [n] 

0 (0%) 0 (0%)  

- Intracerebral 

hemorrhage (PH2) [n] 

0 (0%) 2 (6%) .157 

- Acute/subacute stent 

thrombosis [n] 

0 (0%) 2 (6%) .157 

Secondary outcome 

Neurological improvement [n] 13 (42%) 16 (50%) .521 

Neurological deterioration[n] 2 (6%) 7 (22%) .041 

Death (in-hospital) [n] 0 (0%) 5 (16%) .022 

mRS at discharge [median] 2 (IQR, 1-3) 4 (IQR, 2-5) .02 

mRS 0-2 at discharge [n] 17 (55%) 10 (31%) .059 

ELVO,emergent large vessel occlusion; PH2, parenchymal hemorrhage type 2 according to the ECASS 
classification; mRS, modified Rankin scale; IQR, Interquartile range. *Technical success defined as a residual 
stenosis of <50%; **Reperfusion success defined as complete or almost complete reperfusion (mTICI 
≥2b). 
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According to NIHSS, 50% of patients had neurological improvement upon discharge. Death 
within 30 days occurred in 5 cases (16%) in this group. Secondary outcome parameters regarding 
good clinical outcome at discharge (mRS=0-2) was observed in 31% of ELVO cases. When only ELVO 
patients with stenosis in the anterior circulation were considered, good clinical outcomes were 
observed in 40% of the cases. 

Outcome Parameters in Non-ELVO Group 

Stenting was also technically successful in all cases in this group. Regarding intervention related 
complications, there were no intracranial dissections, acute or subacute in-stent thrombosis, SAH or 
symptomatic intracranial hemorrhage. 

Two patients in this group (6%) had new stroke after the procedure because of periinterventional 
perforator infarctions. Deaths within the first 30 days did not occur in non-ELVO-group. 

There was one severe pneumonia with necessity of prolonged postinterventional ventilation as 
non-neurologic complication. 

Comparison of Anterior and Vertebrobasilar Circulation 

All fatal cases were ELVO-cases in the vertebrobasilar circulation (p=.022). 
Furthermore, all vessel dissections occurred in the vertebrobasilar circulation, and all 

intracranial hemorrhages happened in the anterior circulation. However, these two differences did 
not reach statistical significance. 

4. Discussion 

From the technical point of view, all stenting procedures were successful with less than 50% 
residual stenosis and no differences between both groups. In the group with ELVO and emergent 
intervention in the anterior and vertebrobasilar circulation, we achieved good reperfusion results 
(mTICI≥2b) in 94% of cases, which is higher than the cumulative reperfusion rate of 71% after 
thrombectomy of embolic stroke in anterior circulation without PTAS in the HERMES study [21]. 
This rate is comparable with other stenting trials in anterior cerebral circulation and is somewhat 
higher than the successful reperfusion rate of 80% reported by Baek et al. when varying rescue 
treatments for ICAS in anterior circulation were used (including balloon angioplasty, stenting, and 
intra-arterial glycoprotein IIb/IIIa inhibitor infusion) [21–23]. The periprocedural complication rate 
in our ELVO patients was significantly higher than in the more elective non-ELVO-cases. Severe 
adverse events like symptomatic hemorrhage or stent thrombosis as well as mortality was seen only 
in ELVO patients. 

However, these complication rates are comparable to data reported from thrombectomy trials 
without stenting [20,21]. 

The rates of hemorrhagic complications in our ELVO-group were in accordance with results by 
Baek et al. who analyzed ELVO-patients and found no added bleeding risk when additional 
endovascular therapy was used [21]. Furthermore, with two cases (6%), the symptomatic hemorrhage 
rate was not higher than reported from thrombectomy trials [20]. In accordance with the literature, 
our findings support that administration of intravenous thrombolysis was no risk factor for 
hemorrhage despite DAPT, implying that thrombolysis should not discourage from stenting if 
necessary [24]. However, to avoid potential hemorrhagic risks of aggressive DAPT some authors 
proposed to use balloon angioplasty without stenting [25]. The limitation of this approach in terms 
of vessel patency is known [26]. In attempts to use angioplasty only, we frequently observed re-
obstruction due to elastic recoil or dissection during the intervention. Due to the fact, that intracranial 
stent thrombosis is in most instances a catastrophic event, we preferred an adequate antiplatelet 
therapy with immediate action [27]. However, according to this data, it remains unclear, whether 
antiplatelet therapy including the use of glycoprotein (GP) IIb-IIIa-antagonists increases the rate of 
hemorrhagic complications. 
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Regarding vessel dissection and stent thrombosis, these are probably specific complications for 
procedures including angioplasty with a relatively high rate of 9% in our sample. Plaque alteration 
and rupture after stent retriever maneuvers or balloon dilation may play a role in the development 
of a highly thrombogenic surface. To the best of our knowledge, data about the rates of these 
complications among ELVO patients undergoing emergent PTAS don’t exist. 

Favorable clinical outcome (mRS=0-2) upon discharge was achieved in 31% of patients in ELVO-
group. This numbers appear relatively low given that good clinical outcome rates in ELVO-patients 
with embolic occlusion are higher in some of the thrombectomy trials (EXTEND-IA [28], SWIFT-
PRIME [29]). However, a closer look into our data reveals that this is mainly because we included 
multimorbid patients with unfavorable neurological baselines, high-grade stenoses, and stenoses in 
the vertebrobasilar circulation (Tables 1 and 2), which often have a worse clinical course.19 In fact, 
when only ELVO patients with stenosis in the anterior circulation are considered, our good clinical 
rate reaches 40% without mortality cases which occurred only in the vertebrobasilar circulation. This 
is comparable to the 46% indicated by Baek et al. in anterior circulation [21]. Approaching clinical 
outcome more pragmatically and taking into account patients’ individual baseline, our results are 
more favorable: 50% of ELVO-patients with PTAS improved neurologically, which is comparable to 
results in the HERMES study for embolic strokes. Thus, it seems to be worthwhile undertaking 
endovascular recanalization including acute PTAS in this group of patients. 

In non-ELVO-patients, the procedure was again technically successful in all cases. However, 
with 6% the rate of in-hospital stroke and/or neurological deterioration was significantly lower in 
comparison to the ELVO cases (22%) (p =0,41). There were no death cases among the non-ELVO 
patients compared to an in-hospital mortality rate of 16% in the ELVO-group (p=.022). Importantly, 
no vessel dissection or stent thrombosis were seen, which support the consideration that these 
complications, which were seen in the ELVO-group, could be not directly related to the stent 
implantation, but more to the thrombectomy itself or to preceding balloon angioplasty. Emergent 
antithrombotic therapy may also play a role in this regard. We observed two perforator-strokes with 
new deficits which are typical PTAS complications in the posterior circulation [30]. 

Another patient, with multimorbidity, deteriorated due to hospital acquired pneumonia. The 
rates of strokes (6%) and deaths (0%) were lower than the periprocedural complication rate in the 
SAMMPRIS trial (16.3%); and interestingly comparable with the results reported by Meyer L et al., 
who founded periprocedural rate of stroke and death of 6.5% [31]. Our ischemic complication rate 
was comparable to rates reported by Aghaebrahim et al. in their analysis of patients with ICAS, who 
received PTAS with balloon-expandable and self-expanding stents after aggressive medical 
management [26]. However, the risk of ischemic complication after stenting in non-ELVO patients 
should be taken into consideration in comparison with the known high percentage of patients having 
further ischemic strokes in the territory of the stenotic artery despite aggressive medical management 
[32–34]. Importantly, there were no mortality in this group. 

Limitations 

The relatively small sample size is owed to the rare incidence of ICAS and the restricted 
indications for PTAS. However, we focused on a monocentric approach, as this limitation is an 
advantage at the same time: on the one hand our data are systematically biased by specific features 
of our institution (such as strict inclusion criteria). A further limitation is a lack of mid-term and long-
term outcomes. 30-day results for non-ELVO patients were not available for a sufficient number of 
cases. For the ELVO group further evaluations of 3 months outcome data from a multicentric registry 
seems to be useful.34 Due to the fact that strokes in the follow-up play an important role in the 
assessment of the efficacy of PTAS procedures such systematic studies are necessary. 

5. Conclusions 

Even under restricted conditions such as ultima ratio therapy in unfavorable groups of patients, 
PTAS remains a valuable treatment option with reasonable angiographic and clinical results. 
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Complication rates were lower than expected. Further multicentric studies with larger numbers of 
cases are necessary to define proper indications and technical proceedings with a higher level of 
evidence. 
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