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SUPPLEMENTARY MATERIAL 

 

1  Surface modification characterization 

Surface modification of the flat samples was characterized by X-Ray Photoelectron 

Spectroscopy, Atomic Force Microscopy and ζ - potential measurement.. 

1.1 X-Ray Photoelectron Spectroscopy  

X-ray photoelectron spectroscopy (XPS) analysis was performed using a Perkin Elmer PHI 

5600 ESCA system (PerkinElmer Inc., Waltham, Massachusetts, USA) equipped with a 

monochromatized Al anode operating at 10 kV and 200 W. The diameter of the analyzed spot 

was 500 μm; and the analyzed depth 8 nm. The base pressure was maintained at 10–8 Pa. The 

angle between the electron analyzer and the sample surface was 45°. Analysis was performed 

by acquiring wide-range survey spectra (0–1,000 eV binding energy) and detailed high-

resolution peaks of relevant elements. Quantification of elements was accomplished using the 

software and sensitivity factors supplied by the manufacturer. High-resolution C1s peaks were 

acquired using a pass energy of 11.75 eV and a resolution of 0.100 eV/step.  

1.2 Atomic Force Microscopy 

Atomic force microscopy (AFM) was used to explore the surface nanotopography of 4.8 mm 

diameter machined Grade 4 NiTi discs untreated and treated with PDA (dip-coating step 1), 

PDA+DBCO (dip-coating step 2) and PDA+DBCO+Ligand (dip-coating step 3). 

Measurements were performed using an NX10 Park AFM instrument (Park System, Suwon, 

Korea), equipped with 20-bit closed-loop XY and Z flexure scanners and a noncontact 

cantilever PPP-NCHR 5M. This instrument implements a True Noncontact ™ mode, allowing 

minimization of the tip–sample interaction, resulting in tip preservation, negligible sample 

nanotopography modification and reduction of artifacts. On each sample, four different sample 

size areas were analyzed (20 × 20, 10 × 10, 5 × 5, and 1 × 1 μm) at a scan rate of 0.1 Hz. 
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1.3 ζ - potential measurement 

ζ-potential measurements were performed using SurPass 3, equipped with an adjustable gap 

cell (Anton-Paar GmbH, Graz, Austria). Measurements were conducted on 20 × 10	mm NiTi 

plates (NiTi foil 250 µm thickness, Sigma Aldrich), either uncoated or PDA (dip-coating step 

1), PDA+DBCO (dip-coating step 2) and PDA+DBCO+ligand (dip-coating step 3) coated. 

Measurements were performed in a 1	mM KCl solution, according to pH scan method. It 

consists of the measurement of ζ - potential at different pH, between 4.5 and 8.5. The pH of 

electrolyte solution was modified automatically by the instruments using a 50	mM HCl and 50 

mM NaOH. At each pH point, three measurements were performed in order to conditioning the 

sample, then the fourth value was taken and reported.  All calculations were performed by the 

instrument software. 

2 Evaluation of the binding to extracellular chromatin versus circulating blood platelets 

Chromatin and platelet binding evaluation were studied as described in the patent application 

WO2021EP64257.13 Bare and coated NiTi discs were used within one week after their coating. 

The discs were washed twice with sterile PBS before running the evaluation. 

2.1 Extracellular chromatin binding evaluation 

The ability of coated surfaces to bind extracellular chromatin was evaluated by applying the 

active surface of the experimental NiTi discs on the bottom of 48-well plates in which fresh 

isolated human neutrophils were stimulated with nigericin during three minutes, to trigger the 

formation of NETs 14. Briefly, neutrophils were isolated using an EasySep™ Direct Human 

Neutrophil Isolation Kit (Stelcell Technologies, France) from healthy donor whole blood 

retrieved in ACD tube. Isolated neutrophils (300 000 neutrophils, 300 µL) were incubated in 

48-well plates with nigericin (30 µM, SML1779, Sigma Aldrich Chimie, France) at 37°C to 

promote the formation of NETs. After a 4h-incubation period, the plate was shaken 5 min at 

400 rpm and centrifuged (5 mins, 500 G). Bare and coated discs were immersed in each well 
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and left adhering to NETs for three minutes, selected to mimic the time between the stent 

deployment and its retrieval during MT in clinical practice. After retrieval of the disc, the discs 

were washed in PBS and fixed for 10 mins in 4% formalin solution. Adhering extracellular 

chromatin was then stained with the cell impermeant nuclear dye Sytox Green (S7020, 

Invitrogen, France). The NiTi discs were mounted face-down on ibidi® dishes, using 

ProlongGold® (Thermofisher, France) and left to dry overnight. Images were taken with an 

Axio Observer fluorescence microscope (Zeiss, Rueil Malmaison, France) equipped with an 

ORCA II Digital CCD camera (Hamamatsu Photonics, Massy, France). Fluorescence 

microscopy images were analyzed using Image J (National Institutes of Health) software, 

v1.50i for MacOS. The fluorescent intensity was normalized on the maximum observed 

intensity to evaluate the mean percentage of binding and compare data among the different 

surfaces. 

2.2 Blood platelet binding evaluation 

Coated and bare NiTi discs were immersed in the wells of 48-well plates containing fresh whole 

peripheral human blood (200 µL) deriving from healthy donors. Blood was withdrawn in PPAK 

tubes (9-SCAT-II-5, cryopep, France), a thrombin inhibitor suited to accurately evaluate the 

reactivity of platelets in vitro.32 Contact with blood was allowed for 10 minutes, a time interval 

compatible with the travel of the medical device through the circulation of the patients during 

MT. After 10 minutes, the samples were washed and adhering platelets were revealed by 

fluorescence microscopy, following an immunostaining with CD61 antibody conjugated to PE 

(clone Y2/51, 130-124-881, Miltenyi Biotec, Auburn, CA, USA). Finally, the discs were 

mounted face-down on ibidi® dishes, using ProlongGold® (Thermofisher, France) and left to 

dry overnight. Image acquisition and fluorescence density analysis were conducted as described 

above. 
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3 Functional bench assay - MCA occlusion model 

These experiments aimed to evaluate the effect of surface-modified Solitaire devices compared 

to un-modified Solitaire devices (bare metal stent, BMS) in terms of clot retrieval and SE 

decrease. The model reproduces the conditions of a middle cerebral artery (MCA) occlusion. 

Surface-modified Solitaire devices included stents coated with PDA, MBF and Pipe-2. BMS 

were used as controls. 

Ten experiments were carried out for each group (BMS, PDA, MBF and Pipe-2). The maximum 

number of passages (thrombectomy attempts) was limited to 3. All stents were randomized, 

numbering them from 1 to 40. Briefly, an AXS Catalyst 5F (Stryker, Michigan, USA) aspiration 

catheter connected to a Penumbra aspiration system (Alameda, California, USA) was used as 

an adjunctive thrombo-aspiration procedure in all experiments. The model system was 

composed of a human vascular replica, clot model, and a physiologically relevant mock 

circulation flow loop.10 

3.1 Vascular model 

Twenty vascular replicas of the cerebral circle of Willis were built using magnetic resonance 

angiograms from 20 healthy patients. Informed written consent was obtained in each case. Such 

replicas were built using a small-batch manufacturing process previously described.15 AA core-

shell mold was created for silicone infusion (Sylgard 184, Dow Corning, Midland MI). By 

dissolving the core-shell mold in xylene after silicone curing, a transparent and flexible silicone 

replica was obtained. To reduce the friction between the device and the silicone replica, the 

inner wall of the resulting replica was lubricated by coating a layer of LSR topcoat (Momentive 

Performance Materials, Albany NY). 

3.2 Clot formation model 
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A model of friable clot of medium stiffness (diameter: 4.3mm) was prepared for device testing 

using thrombin-induced clotting of bovine blood containing barium sulfate (1 g / 10ml blood), 

fibrinogen (29.7 mg in 0.7ml saline + 1.8 ml blood/barium mixture) and thrombin (50 NIHU 

thrombin in 0.5ml saline + CaCl2 added to 2.5ml blood/barium/fibrinogen mixture).This type 

of clot is prone to fragmentation during MT and was selected specifically to mimic the worst-

case scenario with respect to clot fragmentation. The clot was then incubated at 37°C for 48 

hours prior to use to increase the chance of chromatin release within the clot. The presence of 

extracellular traps was confirmed by DAPi and H3cit staining (Supplemental information S 

2) 

3.3 Ex vivo cerebral circulation flow loop 

The clot (length: » 1cm) was injected into the flow loop driven by a peristaltic pump via a 

separate entry close to the silicone replica to form an MCA occlusion as described previously. 

33 Briefly, an acrylic box containing the silicone replica was connected to a flow loop which 

comprised a peristaltic roller pump used to deliver an oscillatory flow of saline solution, with 

peripheral resistance provided by adjustable clamps and the flow through each segment was 

calibrated to mimic cerebral hemodynamics. A filter funnel (51 microns filter) was attached to 

the saline reservoir. A pulsatile pressure waveform similar to those observed in the human 

carotid arteries was generated by the pump.34 Flow and pressure were measured using flow 

Sensors (Transonic Systems Inc., Ithaca, NY) and pressure transducers (Validyne Engineering, 

Northridge, CA) attachedattached to the MCA and ACA. The data acquisition system was 

equipped with an analog-to-digital converter, and incorporated the synchronized video captured 

by a digital camcorder.  

3.4 Flow restoration procedure and distal emboli analysis 
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Prior to initiating thrombectomy, complete vessel occlusion with TICI 0 was confirmed. In the 

event that TICI > 0 was observed, the experiment was halted, the clot was removed, and the 

system was flushed before new clot placement. The experiment was excluded for analysis in 

cases of malposition of the clot (internal carotid artery or distal M2 segment) and if the clot was 

fragmented on delivery prior to MT. Co-aspiration was used during clot retrieval for all 

thrombectomy procedures as described above.  

3.5 Flow restoration procedure 

All MT procedures were performed by an experienced neuro-interventional radiologist (V.A.) 

blinded to the device type. Briefly, a long sheath (Neuron Max 0.088 in, Penumbra, Alameda 

CA) was placed in the ICA and an aspiration catheter (Catalyst 5F, Stryker Neurovascular, 

Fremont CA) was then advanced up to the terminal ICA. AA Rebar 18 microcatheter 

(Medtronic) was placed over a 0.014¨ micro guidewire (Synchro, Stryker) and was positioned 

to the distal end of the occlusive clot. The guide wire was then withdrawn and replaced by the 

MT device. Each device was deployed at the occlusion site per the manufacturer’s instructions. 

Each device remained in place for three minutes before retrieval. The MT device supported by 

the microcatheter were then withdrawn slowly until the entrance into the aspiration catheter. 

This step ended when the backflow into the aspiration tubing stopped. Then the triaxial system 

(aspiration catheter, microcatheter, device) was locked and retrieved slowly as a whole. 

Additional aspiration was applied via a syringe for the duration of device pull back into the 

long sheath to avoid any effect from stripping the clot off the device. One device was used per 

experiment for a maximum of three passes. Fluoroscopic and direct visualization of the model 

was used to determine the modified TICI score. Angiography was not performed since the use 

of contrast would interfere with the particulate count.  

3.6 Particulate analysis for distal emboli  
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Prior to each experiment, a 500 ml blank specimen was collected to measure particulate matter 

unassociated with the thrombectomy procedure. Particle collection began immediately prior to 

device deployment and ended after clot removal. Clot fragments generated during MT were 

washed into two collection reservoirs (one for emboli to the MCA distribution and the other to 

the ACA distribution) for further analysis. First, particulates greater than 1,000 μm were 

manually separated from the collection chamber and measured with calipers. The Coulter 

Principle was used to characterize particulates with sizes ranging from 200 to 1,000 µm 

(Multisizer 4 Coulter Counter, Beckman Coulter, Inc., Brea, CA). The particle size distribution 

of the blank specimen was subtracted from that measured following the thrombectomy 

experiment. 
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Supplemental information S 1 
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Supplemental information S 2 

Detection of extracellular DNA meshes in cryosections of the 48h-aged bovine blood clots used 

for functional testing of experimental devices in the 3D phantom assay. 

Left: DAPI staining alone, extracellular DNA is detectable as faint large halos and long 

filaments. Right: the extracellular DNA (DAPI, blue) reflect the active release of extracellular 

traps (NETs) by nucleated cells, as detected by the associated citrullinated histones (H3cit 

immunostaining, red).  
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Supplemental information S 3 

Characterization of sonicated experimental flat discs. 

3D AFM images of the upper surface of (A) unmodified (bare) NiTi sample, (B) NiTi grafted 

by dip-coating with PDA, (C) NiTi grafted by serial dip-coating with PDA and DBCO, (D) 

NiTi grafted by serial dip-coating with PDA, DBCO, and one of the DNA ligands. NiTi: 

Nitinol, PDA: Polydopamine, DBCO: Dibenzocyclooctyne. Analyses were performed in air at 

20° C on 1 µm2 areas. 

Please note that the aggregates generated at the surface of PDA film (B) are consistently 

reduced by the subsequent grafting steps (C and D) and the surface of fully functionalized 

samples appears as smooth and very thin (D). Representative example of 3 independent 

experiments. 

A) 

 

B)

 

C)

 

D)
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Supplemental information S 4 

Surface roughness analysis on fully functionalized flat samples. (A) Representative 2D AFM 

image(1 µm2)  of a NiTi disc serially grafted with PDA, DBCO, and a DNA Ligand;(B) Profile 

of three different channels (Red, Green and blue) . (C) Exemple of Skewness (Rsk) and Kurtosis 

(Rku) values,calculated on the three profiles. 

NiTi: Nitinol, PDA: Polydopamine, DBCO: Dibenzocyclooctyne. 

A)

 

B)

 

C)
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Supplemental information S 5 

Zeta potential analysis of experimental flat surfaces. Data were generated by a pH scan analysis 

of 4 groups of NiTi samples (n=3/group). 

NiTi Nude: unmodified NiTi surface, NiTi PDA: NiTi surface coated with PDA alone; NiTi 

PDA_DBCO: NiTi surface grafted with PDA followed by grafting with DBCO; NiTi 

PDA_DBCO_Ligand: fully funzionalized sample. 

NiTi: Nitinol, PDA: Polydopamine, DBCO: Dibenzocyclooctyne. 
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Supplemental information S 6 

Quantification by fluorescent staining of elements stably adhering onto experimental discs upon 

contact with human blood vs fresh NETs (as illustrated in supplementary information S1). 

Images were acquired by an inverted fluorescence microscope on the whole disc, positive 

surface was analyzed by batch analysis using the Fiji open on each disc from 15 different 

experimental groups (n=8/group) and data are expressed as % of max. 

Example of platelet detection (CD61 immunofluorescent signal) on the surface of a bare (A) 

and of a Pipe-2 functionalized (B) NiTi disc;  

Platelet adherence to NiTi discswas reduced by all type of coating(C). On the contrary, the 

adherence of extracellular chromatin upon contact with fresh NETs, was virtually absent on 

bare samples (D) and variably detectable on coated disc (E). Interestingly, the DNA-binding 

properties of piperaquine were enhanced by specific linkers (Pipe-2 and Pipe-4). The best hits 

(MBF and Pipe-2) were identified as those combining a low binding to platelet and a high 

chromatin binding property.  
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