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Endovascular thrombectomy for the treatment of 
acute ischemic stroke has demonstrated dramatic 
benefit in patients with large-vessel occlusions. 

However, a subset of patients still demonstrates poor clini-
cal outcomes despite complete angiographic revascular-
ization.10 This discordance between angiographic results 
and clinical status is particularly evident in early, as com-

pared with late, thrombectomy trials.3,6 It is thought that 
iatrogenic disruption of the endothelium during thrombec-
tomy2,4 may initiate a cascade of events leading to reper-
fusion-related injury in these patients.14 The emergence of 
technologies such as high-resolution contrast-enhanced 
vessel wall (VW)–MRI has recently allowed researchers 
to identify posttreatment wall thickening and enhancement 

ABBREVIATIONS ICA = internal carotid artery; MCA = middle cerebral artery; NIHSS = National Institutes of Health Stroke Scale; VW = vessel wall.
SUBMITTED November 22, 2016. ACCEPTED January 25, 2017.
INCLUDE WHEN CITING DOI: 10.3171/2017.1.FOCUS16492.

Vessel wall signal enhancement on 3-T MRI in acute 
stroke patients after stent retriever thrombectomy
Peter Abraham, BA, J. Scott Pannell, MD, David R. Santiago-Dieppa, MD, Vincent Cheung, MD, 
Jeffrey Steinberg, MD, Arvin Wali, BA, Mihir Gupta, MD, Robert C. Rennert, MD,  
Roland R. Lee, MD, and Alexander A. Khalessi, MD, MS

Department of Neurosurgery, University of California, San Diego, California

OBJECTIVE In vivo and in vitro studies have demonstrated histological evidence of iatrogenic endothelial injury after 
stent retriever thrombectomy. However, noncontrast vessel wall (VW)–MRI is insufficient to demonstrate vessel injury. 
Authors of this study prospectively evaluated iatrogenic endothelial damage after stent retriever thrombectomy in hu-
mans by utilizing high-resolution contrast-enhanced VW-MRI. Characterization of VW-MRI changes in vessels subject to 
mechanical injury from thrombectomy may allow better understanding of the biological effects of this intervention. 
METHODS The authors prospectively recruited 11 patients for this study. The treatment group included 6 postthrom-
bectomy patients and the control group included 5 subjects undergoing MRI for nonvascular indications. All subjects 
were evaluated on a Signa HD× 3.0-T MRI scanner with an 8-channel head coil. Both pre- and postcontrast T1-weighted 
Cube VW images as well as MR angiograms were acquired. Sequences obtained for evaluation of the brain parenchyma 
included diffusion-weighted, gradient echo, and T2-FLAIR imaging. Two independent neuroradiologists, who were 
blinded to the treatment status of each patient, determined the presence of VW enhancement. Patient age, National In-
stitutes of Health Stroke Scale score on presentation, location of occlusion, stroke etiology, type of device used, number 
of device deployments, Thrombolysis in Cerebral Infarction (TICI) reperfusion score, stroke volume, and 90-day modified 
Rankin Scale score were also noted. 
RESULTS Postcontrast T1-weighted VW enhancement was detected in the M2 segment in 100% of the thrombectomy 
patients, in the M1 segment in 83%, and in the internal carotid artery in 50%. One patient also demonstrated A1 segment 
enhancement, which was attributable to thrombectomy treatment of that vessel segment during the same procedure. 
None of the control patients demonstrated VW enhancement of their intracranial vasculature on T1-weighted images. 
CONCLUSIONS The study findings suggest that VW injury incurred during stent retriever thrombectomy can be reliably 
detected utilizing contrast-enhanced 3-T VW-MRI. The results further demonstrate that endothelial injury is associated 
with oversizing of stent retrievers relative to the treated vessel. Further studies are needed to evaluate the clinical signifi-
cance of endothelial injury and to characterize the differential effects of various devices. 
https://thejns.org/doi/abs/10.3171/2017.1.FOCUS16492
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in intracranial arteries in comparison with the contralat-
eral intracranial vasculature as a reference standard.6–9, 11–13 
Using VW-MRI, Kidwell et al. identified posttreatment 
VW thickening and enhancement in patients who had un-
dergone mechanical thrombectomy and observed that the 
enhancement was more pronounced than that in patients 
who had undergone medical therapy alone.6 Our objective 
in the present study was to demonstrate that VW injuries 
can be detected with VW-MRI and can be used to assess 
endothelial damage in patients who have undergone vari-
ous types of thrombectomy approaches. 

Methods
Study Design and Inclusion Criteria 

In this institutional review board–approved cross-sec-
tional study, we enrolled 6 consecutive patients undergo-
ing mechanical thrombectomy for acute ischemic stroke 
due to large-vessel occlusion and 5 healthy control subjects 
(that is, without any major medical illness, comorbidities, 
or vascular disorders). Patients were offered mechanical 
thrombectomy in accordance with criteria established in 
a recent randomized controlled trial.1 Specifically, throm-
bectomy patients were included in this study if they had 
a confirmed proximal anterior cerebral circulation large-
vessel occlusion, were 18–85 years of age, and underwent 
the intervention within 6 hours of stroke symptom onset 
(National Institutes of Health Stroke Scale [NIHSS] Score 
> 7). Subjects included in the control group were 18–50 
years old and were undergoing MRI of the brain, head, 
neck, or cervical spine for nonvascular indications. Pa-
tients with a diagnosis of brain tumor, intracranial athero-
sclerotic disease, vasculitis, or other CNS inflammatory 
disorders were excluded. Vessel wall MR images were 
acquired from the mechanical thrombectomy group at 24 
hours after thrombectomy. The control group underwent 
VW-MRI at the time of MRI for nonvascular indications.

Vessel Wall–MRI Protocol
Magnetic resonance imaging evaluation of the VW for 

both the control and mechanical thrombectomy groups 
was performed using a Signa HDx 3.0-T scanner with an 
8-channel head coil (GE Healthcare). The VW protocol in-
cluded time-of-flight MR angiography of the circle of Wil-
lis and a T1-weighted Cube (GE Healthcare) sequence (3D 
fast spin-echo T1-weighted black-blood sequence, FOV 22 
cm, acquired matrix 256 × 256, slice thickness 0.8 mm) 
before and after intravenous administration of gadolini-
um. Vessel wall sequences were acquired volumetrically 
through the entire circle of Willis. Axial, coronal, and 
sagittal plane minimum intensity projection (minMIP) re-
constructions were performed to evaluate each segment 
of the targeted arteries. Parenchymal imaging was also 
performed, including diffusion-weighted, susceptibility 
weighted, and T2-weighted FLAIR images. 

Image Interpretation
Two independent board-certified neuroradiologists, 

who were blinded to vessel instrumentation and clinical 
data, categorized the lumen of each vessel segment as pat-
ent or not patent. Then, using pre- and postcontrast T1-

weighted VW sequences, they evaluated each vessel seg-
ment for T1 hyperintensity and T1 shortening within the 
arterial wall, which served as evidence of vessel damage 
and breakdown of the blood-brain barrier. From this as-
sessment, arterial wall enhancement in each segment was 
defined as present or absent by using the contralateral arter-
ies as a reference standard. Categorization was qualitative 
and based on clinical experience interpreting a wide range 
of intracranial VW-MRI studies. The primary end point 
was VW enhancement. The vessel diameter was measured 
in each segment 5 mm beyond the vessel bifurcation to 
avoid infundibular inclusion. Additional covariates were 
age, NIHSS score, level of occlusion, stroke etiology, de-
vices used, number of passes required for thrombectomy, 
Thrombolysis in Cerebral Infarction (TICI) reper fusion 
score, stroke volume, and 90-day modified Rankin Scale 
score.

Results
Postcontrast T1-weighted VW enhancement was de-

tected in 100% (6/6) of the patients undergoing MRI fol-
lowing stent retriever thrombectomy and in 0% (0/5) of 
the patients undergoing MRI for conditions thought not 
to contribute to VW damage (Fig. 1). Subgroup analysis 
revealed VW enhancement in the M2 segment in 100% of 
the thrombectomy patients, in the M1 segment in 83%, and 
in the internal carotid artery (ICA) in 50%. One patient 
demonstrated A1 segment enhancement and was prospec-
tively identified by both radiologists as having undergone 
anterior cerebral artery thrombectomy due to an embo-
lism during middle cerebral artery (MCA) thrombectomy 
(Fig. 2). The VW diameters in the thrombectomy patients 
prior to intervention are recorded in Tables 1 and 2. 

Discussion
Multiple randomized controlled trials have demonstrat-

ed the substantive clinical benefit of mechanical throm-
bectomy in acute ischemic stroke such that endovascular 
therapy has become the standard of care in large-vessel 
occlusion. Though the benefits of mechanical thrombec-
tomy are well established, a subset of patients have poor 
clinical outcomes despite complete angiographic revascu-
larization after treatment. One potential rationale for the 
observed clinical and angiographic decoupling pertains 

FIG. 1. Axial VW-MR images obtained in a control patient. Left: Post-
contrast image showing no evidence of vessel wall enhance-
ment. Right: Postcontrast image demonstrating no enhancement of the 
wall of the M1 segment.
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to the mechanical endothelial injury caused by the stent 
retriever. Mechanical thrombectomy involves the exer-
tion of abrasive force by the device on the endothelium. 
Therefore, some degree of endothelial injury is expected. 
Our results demonstrate postcontrast enhancement in the 
distribution of the mechanical thrombectomy pass that is 
consistent with endothelial injury. Previous noncontrast 
studies of VW injury incurred during stent thrombectomy 
have suggested that clinically relevant VW damage rarely 
occurs.5 Our findings indicate that these negative findings 
were limited by technique, including a lack of contrast-
enhanced sequences. Our study demonstrates that vessel 
injury can be consistently detected utilizing contrast-en-
hanced 3-T VW-MRI. Additionally, our results demon-
strate that endothelial injury is inversely proportional to 
vessel diameter, which we have previously demonstrated 
in vitro and in a porcine model.14 

While the correlation between postthrombectomy VW-
MRI changes and patient outcomes is not yet fully char-
acterized, we believe that the ability to detect MRI signal 
changes represents an important and powerful diagnos-
tic stratification method for future studies of mechanical 
thrombectomy outcomes. Several mechanisms have been 
proposed to explain how MRI signal enhancement might 
affect patient outcomes following mechanical thrombec-
tomy: endothelial injury may compromise blood-brain 
barrier integrity, promote an inflammatory cytokine mi-
lieu, compromise downstream cerebral autoregulation, 
and reduce end-organ tolerance to reperfusion injury. 

Our study is limited by its small sample size and lack 
of comparative thrombectomy techniques, and it is not 
powered to evaluate downstream end-organ and clinical 
effects. Having now established the presence of previously 
undetected in vivo injury with thrombectomy, subsequent 
study may correlate in vivo endothelial damage detected 
by MRI with the downstream end-organ effects. More-
over, future research will compare different thrombec-
tomy techniques including aspiration for differential pat-
terns of endothelial trauma, as established by our group 
in artificial vessel and animal models.14 Ultimately, we 
anticipate that studies of endothelial injury patterns dem-
onstrated by contrast-enhanced VW-MRI will guide the 
design and sizing of future embolectomy devices. We may 
further identify a subpopulation of patients appropriate 
for neuroprotective agent trials or therapeutic targets that 
blunt the negative consequences of endothelial trauma. 

Conclusions
Our findings demonstrate that VW injuries incurred 

during stent retriever thrombectomy can be consistently 
detected utilizing contrast-enhanced 3-T VW-MRI. Fur-
thermore, we observed a greater degree of endothelial in-
jury when the thrombectomy device was oversized relative 
to the target vessel, indicating the importance of judicious 
device selection. Our pilot study represents a successful 
effort to characterize VW biology in vivo with high fi-
delity, based on endovascular instrumentation. However, 
further studies are needed to evaluate the differential ef-
fects of thrombectomy devices and techniques on the VW 
endothelium, to characterize the histological changes in-
curred, and to correlate the effects of VW damage with 
clinical outcomes.

FIG. 2. Coronal VW-MR images obtained following a right MCA mechanical thrombectomy with embolism requiring anterior 
cerebral artery thrombectomy. Postcontrast images (A and B) demonstrate enhancement of the wall of the right supraclinoid ICA, 
A1 segment, and M1 segment compared with their appearance on the precontrast image (C). There is also incidental intrinsic T1 
signal in the extracranial left ICA that was occluded at baseline. No enhancement is seen in the contralateral left MCA or intracra-
nial left ICA.

TABLE 1. Vessel wall diameters in thrombectomy patients prior 
to intervention

Case No. Lt ICA Lt M1 Lt M2 Rt ICA Rt M1 Rt M2

1 4.6 3.2 2.8 4.6 3.4 2.6
2 4.1 3.4 2.5 4.5 3.5 2.9
3 4.7 3.4 2.7 4.6 3.3 2.6
4 4.6 3.5 2.8 4.6 3.3 2.9
5 4.4 3.2 2.4 4.3 3.1 2.5
6 4.3 3.2 2.9 4.4 3.3 2.9

Values expressed in mm.

TABLE 2. Mean vessel wall diameters in thrombectomy patients 
prior to intervention

Parameter ICA M1 M2 

Mean 4.475 3.333333 2.708333
SD 0.17645499 0.132916 0.183196

Values expressed in mm.
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