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Artery ResearchVol. 26(3); September (2020), pp. 161–169DOI: https://doi.org/10.2991/artres.k.200603.001; ISSN 1872-9312; eISSN rtresResearch ArticleA Computational Study of the Effect of Stent Design on LocalHemodynamic Factors at the Carotid Artery BifurcationNasrul Hadi Johari1,2, Mohamad Hamady3,4, , Xiao Yun Xu1,*,Department of Chemical Engineering, Imperial College London, London, UKDepartment of Mechanical Engineering, University Malaysia Pahang, Malaysia3Department of Interventional Radiology, St Mary’s Hospital, Imperial College Healthcare NHS Trust, London, UK4Department of Surgery and Cancer, Imperial College London, London, UK12ARTICLE INFOABSTRACTArticle HistoryBackground: Previous clinical studies have shown that the incidence of restenosis after carotid and coronary stenting varies withstent design and deployment configuration. This study aims to determine how stent design may affect in-stent hemodynamics instented carotid arteries by means of Computational Fluid Dynamics (CFD).Received 14 January 2020Accepted 27 May 2020KeywordsCarotid artery stentinghemodynamicsin-stent restenosiscomputational fluid dynamicsMethods: A robust computational method was developed to integrate detailed stent strut geometry in a patient-specific carotidartery reconstructed from medical images. Three stent designs, including two closed-cell stents and one open-cell stent, werereproduced and incorporated into the reconstructed post-stent carotid bifurcation. CFD simulations were performed underpatient-specific flow conditions. Local hemodynamic parameters were evaluated and compared in terms of Wall Shear Stress(WSS), Oscillatory Shear Index (OSI) and Relative Residence Time (RRT).Results: All simulated stent designs induced some degree of flow disruption as manifested through flow separation andrecirculation zones downstream of stent struts and quantified by WSS-related indices. Compared to the simulated open-cellstent, closed-cell stents created slightly larger areas of low WSS, elevated OSI and high RRT, due to a greater number of stentstruts protruding into the lumen.Conclusion: Detailed stent design and patient-specific geometric features of the stented vessel have a strong influence on theevaluated hemodynamic parameters. Our limited computational results suggest that closed-cell stents may pose a higher risk forin-stent restenosis (ISR) than open-cell stent design. Further large-scale prospective studies are warranted to elucidate the role ofstent design in the development of ISR after CAS.HIGHLIGHTS Th is study provides a detailed analysis of in-stent hemodynamics in post-stenting carotid arteries under patient-specificanatomical and flow conditions. Three different carotid stents are modelled and virtually implanted into a carotid artery bifurcation reconstructed fromcomputed tomography images. Results from this study offer more insights into the differences in hemodynamic measures between open- and closed-cellstents, which are essential for evaluating the risk of in-stent restenosis. The computational method used in this study offers a useful tool for future improvement and optimisation of carotidstent designs. 2020 Association for Research into Arterial Structure and Physiology. Publishing services by Atlantis Press International B.V.This is an open access article distributed under the CC BY-NC 4.0 license . INTRODUCTIONCarotid Artery Stenting (CAS) is a recognised alternative procedure to Carotid Endarterectomy (CEA) for the treatment of severecarotid stenosis, especially when patients age and anatomy, surgicalrisk and clinical experience are considered in the choice of treatment [1–4]. Specifically, CAS is considered for patients at high-riskCorresponding author. Email: yun.xu@imperial.ac.ukPeer review under responsibility of the Association for Research into Arterial Structure andPhysiologyData availability statement: The data that support the findings of this study are availablefrom the corresponding author, X.Y.X., upon reasonable request.*for surgery owing to anatomical and/or clinical factors, such ascontralateral laryngeal-nerve palsy, previous radical neck surgery,or restenosis after CEA [5,6], but it is not recommended for acutelysymptomatic patients [6,7]. Its minimally invasive nature, togetherwith the increased number of trained physicians, has made CASwidely adopted in routine clinical practice [2,8–11]. Despite thisfact, the need for CAS has been debated in several clinical controversies and it has been the subject of intense investigation since itsfirst application [12].In-stent Restenosis (ISR) has been reported as a long-term complication which can arise from CAS. Previous clinical trials havereported variable ISR rates depending on the criteria used [13–15].
162N.H. Johari et al. / Artery Research 26(3) 161–169The secondary analysis of Carotid Revascularization Endarterectomyversus Stenting Trial [13] reported a 6.0% ISR incidence in 2years based on narrowing of 70% and Peak Systolic Velocity(PSV) 300/cm. A 10-year follow-up study reported a cumulative ISR incidence of 12.2% [2]. Using a slightly different criterionwith a lower PSV, International Carotid Stenting Study (ICSS)[16] reported ISR incidences of 6.9% and 10.8% at 1- and 5-yearfollow-up, respectively. Another major trial that defined ISR asnarrowing of 50% (with PSV 175/cm) reported ISR incidencesof 3.9% and 6.0% at 3- and 5-year follow-up, respectively [17].Restenosis after CAS is mainly attributed to neointimal hyperplasiaand vascular remodelling or recurrent atherosclerosis [13,18] as ahealing response to tissue injury induced by stent implantation. Ithas been suggested that the incidence of restenosis may be influenced by stent design and stenting configuration [18–24], and thelocation of ISR correlated consistently with regions of low WallShear Stress (WSS) [25–27].Differences in stent design contribute to disparity in WSS distribution as the presence of stent struts in the arterial wall createslocal flow disturbances between the strut edges protruding into thelumen. Several studies used WSS as a hemodynamic risk indicator to identify potential regions of restenosis after CAS [25,26,28]and to determine the optimal stent type for specific vessels [25,29].Uemiya et al. [26] compared hemodynamic changes in pre-, postand follow-up CAS models of five patients. Their computationalresults showed low flow rate and significant variations of WSS inthe Internal Carotid Artery (ICA) of patients who developed restenosis at follow-up. Although the stent strut geometry was notreconstructed in their post-stent models - which limited the ability for detailed quantitative analysis of near wall parameters - theirpreliminary results were useful in predicting hemodynamic variations before and after CAS.Building patient-specific post-stent models is challenging due toimaging artefacts caused by the metallic struts in medical imagesacquired using Computed Tomography Angiography (CTA) orMagnetic Resonance Imaging (MRI) [29,30], which are commonlyadopted for the reconstruction of patient-specific vascular models.Creating a good quality mesh that is able to capture the protrusionof thin stent struts into the blood volume is also a difficult task. Inthis study, a rapid and robust computational method was developedfor patient-specific simulations of CAS. This consists of reconstruction of the actual stent geometry, the details of its strut designand its incorporation into the fluid domain. It has been applied tothree different stent designs representing an open- and two closedcell stents implanted in a highly stenosed carotid artery bifurcationreconstructed from CTA images. Comparisons were made betweenthe pre- and post-stent models, and between the models with different stent designs: the original model with a closed-cell stent design,and two additional stent designs (one closed- and open-cell). Thecontralateral carotid artery bifurcation in the same patient was alsoincluded as a control.2. MATERIALS AND METHODS2.1. Patient InformationA 68-year-old male patient with asymptomatic chronic stenosis(90% according to NASCET grading) in his right ICA was examinedusing contrast-enhanced CTA. Pre-stenting assessment of the neckconfirmed the presence of a significant fibrocalcific plaque in theright ICA. The patient was recommended for carotid artery stenting. An 8F guiding catheter was inserted into the carotid arteryfrom the femoral artery. A balloon pre-dilation of the tight stenosiswas performed using a 3 mm-diameter balloon, which was thenremoved and a self-expanding Wallstent (Carotid WALLSTENT 6–8 37 mm, Boston Scientific, MA, USA) was deployed in theICA and distal to the Common Carotid Artery (CCA), followedby post-stenting dilation using a 4 mm-diameter balloon to ensuregood stent positioning. Pre- and post-stent CTA images wereacquired and used to reconstruct patient-specific models for computational simulations. In addition, Doppler ultrasound velocitymeasurements were available for the normal left carotid arteriesand the right carotid arteries after stenting. According to the guidelines and regulations of the NHS Health Research Authority, formalethical approval was not required for this limited, retrospective andanonymised study.Three carotid bifurcation models were reconstructed from CTAscans of the same patient (Figure 1): a healthy carotid for thenormal left carotid bifurcation, a stenosed carotid for the rightcarotid artery bifurcation before stenting and its post-stent model.Details of the CTA acquisition and carotid lumen segmentation canbe found in Appendix A.2.2. Stent Creation and Virtual ImplantationTo account for the actual stent geometry, as well as details of itsstrut design and its presence at the External Carotid Artery (ECA)ostium, a rapid and robust procedure was developed to virtuallyimplant a chosen stent into a patient-specific model (Figure 2). Thisprocedure makes use of the following information: (1) geometry ofthe post-stent carotid bifurcation; and (2) stent-specific propertiesincluding the number and width of cells, circumferential or longitudinal struts, as well as the overall stent length and diameter.To virtually implant the stent, a series of Boolean operations wereperformed. First, the stented segment was extracted from the poststent model for virtual stenting (Figure 2a–c). This segment wasthen wrapped with the parameterized sketch of stent cells and hollowed by 0.24 mm according to the stent strut thickness (Figure 2dand e). An intersection Boolean operation was performed betweenthe stent cell geometry and the stented segment in order to removethe vessel and isolate the stent geometry (Figure 2f). Finally, thestent geometry was embedded into the patient-specific post-stentmodel (Figure 2g). Explicit representation of the stent struts at theECA ostium is important for evaluating the effect of stent designand location on post-stent carotid hemodynamics.To investigate the influence of open and closed-cell stent designson blood flow patterns, models for the deployed Wallstent (Stent A)and two additional commercial stent designs were built (Figure 3).Stent B was created to represent another closed-cell stent designresembling a XACT stent (XACT Carotid stent system, AbbotVascular, CA, USA) and Stent C was created for an open-celldesign to resemble an ACCULINK stent (RX ACCULINK , AbbotVascular, CA, USA). Details of the geometric parameters are summarised in Appendix B. The models were discretised into tetrahedralelements using ANSYS ICEM CFD 15.0 (Canonsburg, PA, USA).Figure 1c shows the mesh elements generated with local refinement
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N.H. Johari et al. / Artery Research 26(3) 161–169ab163cFigure 1 Details of the carotid artery bifurcation models. (a) Oblique sagittal view of the stenosed right carotid artery bifurcation (left) and the stentedcarotid bifurcation obtained a week after the procedure (right). (b) 3D reconstruction of the three different models under investigation: the healthyleft carotid bifurcation (left), the stenosed right carotid bifurcation (middle), and the post-stent right carotid bifurcation (right). (c) particular of thetetrahedral mesh at the vicinity of the stent struts.abecfdgFigure 2 Workflow: (a) Segmented CT images are used to generatepolylines of the stented carotid bifurcation; (b) Polylines and centrelinesare exported to CAD software for (c) lofting to create a 3D solid model;(d) Parameterized sketch of the stent cell is (e) wrapped around the solidwall representing the stented region (CCA and ICA); (f) Intersection ofthe stent strut and the solid wall yields the expanded stent, and(g) subtraction from the solid post-stent model to produce a stentedcarotid bifurcation for CFD simulation.2.3. Flow SimulationsLaminar and pulsatile blood flows were simulated by numericallysolving the governing equations for an incompressible fluid usinga finite volume-based CFD code (ANSYS CFX 15.0). For the prestent stenosed carotid where the maximum local Reynolds numberat the throat was around 1430, the shear stress transport turbulence model incorporating the g -Req transitional model was usedto better capture disturbed blood flow features [31,32]. Blood wastreated as incompressible and non-Newtonian with a density of1060 kg/m3 while its viscosity was described using the Quemadamodel for a haematocrit of 0.45 [33,34].Fully-developed flow was assumed at the inlet where Womersleyvelocity profiles were specified which corresponded to thepatient-specific CCA flow waveforms acquired with Doppler ultrasound. The 3-element Windkessel model was applied at both theICA and ECA outlets, and all model parameters were calibratedusing the measured flow waveforms at the outlets as well as themaximum, minimum and cycle-averaged pressures of 110, 70 and90 mmHg, respectively. For the pre-stent model, since flow information was not available, an empirical ICA:ECA flow split wasassumed according to the degree of stenosis [35]. The walls wereassumed to be rigid with no-slip conditions. A schematic illustration of the computational model and the applied inflow waveformscan be found in Appendix C. The aforementioned boundary conditions were implemented in ANSYS CFX through FORTRANsubroutines. A uniform time-step of 0.001 s was adopted, and aperiodic solution was achieved after three cardiac cycles.3. RESULTS3.1. Flow PatternsFigure 3 Details of the three different stent geometries in deployedconfiguration. Starting from the left are WALLSTENT (Stent A), Stent B and C;the latter represent XACT and ACCULINK, respectively. A single free cellarea at the far right defines the strut thickness (St) and strut width (Sw).around the stent struts where the mesh density was much higherthan in other regions. The post-stent models consist of approximately 7 million elements, while the stenotic and healthy modelsconsist of approximately 3 million elements each.From the flow rate waveforms shown in Figure 4a the ICA:ECAflow splits can be determined - these are 52:48, 20:80 and 62:38 forthe healthy, stenotic (pre-stent) and post-stent models, respectively.Note that flow waveforms for the normal left carotid bifurcationand the post-stent right carotid bifurcation were obtained fromDoppler ultrasound measurements. For the pre-stent right carotidbifurcation, ultrasound measurements were not available, hencethe flow waveform in the CCA was assumed to be the same as thepre-stent waveform, with the ICA:ECA flow split being determinedbased on the degree of stenosis as explained earlier. The abnormal
N.H. Johari et al. / Artery Research 26(3) 161–169164abFigure 4 Flow patterns in the healthy, pre- and post-stent models. (a) Flow rate waveforms in the CCA, ICA and ECA. (b) Comparison of instantaneousvelocity streamlines in the bifurcation region of the three models at two time points over the cardiac cycle.flow split in the pre-stent carotid reflects the consequence of thesevere stenosis (90%) in the ICA, forcing most of the flow throughthe ECA, whereas the improved flow split in the post-stent modeldemonstrates the effectiveness of CAS in restoring ICA flow.It is clear from the instantaneous velocity streamlines in Figure 4bthat there are distinctly different flow features in the three models.The healthy carotid bifurcation is characterised by low velocitiesin the bulb due to localised expansion of lumen area where flowseparation and recirculation occur during part of the cycle. Thepresence of a 90% stenosis in the pre-stent model dramaticallyaltered the flow pattern which is featured by a high-velocity jetfrom the throat, flow separation immediately after the stenosisand a strong helical flow structure downstream of the stenosis.Blood flow is significantly improved after stenting. However, thecarotid artery was straightened by the implantation of a relativelystiff stent, which also created discontinuity in surface curvature atthe proximal and distal ends of the stent. Furthermore, the stentwas purposely deployed with a mild ‘waist-shape’ to avoid extensive plaque rupture and embolisation through the stent meshduring stenting. This created a local constriction with up to 15%reduction in luminal diameter (Figures 1 and 4b). These geometric features caused local flow disruptions in the proximal regionof the constriction especially along the outer wall opposite to theECA ostium, and at the distal end of the stent. Secondary flowand small recirculation are also observed near the entrance to thestented segment in the CCA where the stent bends about 20 fromthe host artery.Flow patterns in Stent A (the stent deployed in the patient) arecompared with two other models which were artificially createdto mimic another closed-cell stent (Stent B) and an open-cell stent(Stent C), respectively. All post-stent models have similar flowpatterns, with only minor differences in the proximal and distalregions of the stented segment (Appendix D). To further examine the influence of different stent designs, velocity contours andstreamlines in the stented region are displayed in the coronal andtransverse planes (Figure 5). At peak systole, several small vorticesin flow recirculation zones can be identified in the coronal planesof all models as highlighted by yellow stars: one near the proximalend of the stent, one just after the ECA ostium at the lower wall, andanother two downstream of the ‘waist’ of the stent (Figure 5a). Atmaximum flow deceleration, the recirculation zones are still present at the same locations but become much larger. There is a newrecirculation zone along the outer wall opposite the ECA entranceas a result of the combined effect of branching and flow deceleration. On the transverse plane cutting across the ECA and ICA atthe bifurcation (Figure 5b), isolated high velocity spots are seenbetween the stent struts at the ECA ostium as flow passes throughthe open cells at peak systole. There are more high velocity spots inStent A, but they are smaller in size compared to Stents B and C. Inthe ICA cross-section, the core region with velocities 0.375 m/s ismuch larger with Stent A due to higher flow resistance posed by thestent struts at the ECA ostium. Velocity contours at systolic deceleration are similar in all models, showing a pair of counter-rotatingvortices in ICA and small flow recirculation zones in-between stentstruts (as highlighted by the inset figure in Figure 5).
N.H. Johari et al. / Artery Research 26(3) 161–169a165abbcdFigure 5 Instantaneous velocity streamlines plotted on the two cut planesdividing the stented regions: (a) The coronal plane and (b) the transverseplane. The inset figures show examples of flow recirculation and theyellow stars indicate locations of flow recirculation.3.2. Wall Shear Stress-related IndicesTime-averaged WSS (TAWSS), Oscillatory Shear Index (OSI) andRelative Residence Time (RRT) were calculated to identify regionsof unfavourable hemodynamic conditions that may induce neointimal hyperplasia, leading to subsequent restenosis. As shown inFigure 6a, TAWSS in the healthy carotid is characterised by lowvalues in the carotid bulb due to localised flow recirculation, anda small band of relatively high values in the ECA. The stenosedcarotid (pre-stent model) exhibits considerable spatial variationsin TAWSS, as a result of the tight stenosis in the ICA. Extremelyhigh TAWSS values are observed at the centre of the stenosis wherethe maximum value is up to 73 N/m2 (Pa), and in the downstreamregion along the outer wall impinged by the high-velocity jet.In the post-stent models, TAWSS is much lower than in the prestent and healthy models, with only isolated spots of elevatedTAWSS around the flow divider and stent struts at the ECA ostium(Figure 6b). Since low TAWSS ( 0.4 Pa) is considered to be atheroprone [36], areas with TAWSS 0.4 Pa were measured as percentageof the total geometry area and compared. Table 1 shows that bothclosed-cell stent models (Stent A and B) have larger areas of TAWSS 0.4 Pa than Stent C. In addition to TAWSS, OSI and RRT were alsoevaluated and compared. It is clear that both Stent A and Stent Bhave larger areas of high OSI ( 0.1) and RRT ( 10/Pa) than Stent C.Figure 6c and 6d shows the contours of OSI and RRT in all stentmodels where regions of high OSI and RRT are often co-located.Figure 6 Contours of TAWSS, OSI and RRT. (a) TAWSS distribution forhealthy, pre-stent and post-stent models, where yellow stars indicate thelocation of maximum TAWSS due to high-velocity jet through the throat.Three views of different post-stent models comparing TAWSS (b), OSI (c)and RRT (d) distributions are shown for clarity. Distributions of WSSindices on the stent strut at the ECA ostium are also shown (inset).Table 1 Percentage areas of low TAWSS, elevated OSI and highRRT for all post-stent models. Results for the normal left carotidartery bifurcation and stenosed right carotid bifurcation beforestenting are included for comparisonTAWSS [Perc.OSI [Perc. area RRT [Perc. areaarea of TAWSSof OSI 0.1] (%) of RRT 10] (%) 0.4 Pa] (%)Stent AStent BStent .518.695.9416.9212.6010.580.891.04High OSI and RRT are observed in the proximal and distal regionsof the ‘waist’, mostly at the stent strut interconnections.4. DISCUSSIONIn-stent restenosis is a long-term complication which can ariseafter CAS. Welt and Rogers [37] presented an integrated view of the
166N.H. Johari et al. / Artery Research 26(3) 161–169pathophysiological processes underlying ISR, showing continuedvascular smooth muscle cell proliferation and monocyte recruitment as the main causes for neointimal thickening in the weeksafter endothelial injury. On the other hand, hemodynamic factors,such as WSS, are involved in regulating the behaviour of smoothmuscle cells, with low WSS being associated with up-regulation ofproinflammatory genes and enhanced smooth muscle cell proliferation and migration [38,39].Several studies have compared the short- and mid-term results ofopen- and closed-cell stent designs [18,19,21,23,40,41], but no consensus has been reached as to which type of stent would be less likelyto cause ISR in the long-term. Therefore, more studies are neededto elucidate the role of stent design in the development of ISR. Inthis study, we investigated the effect of stent design on local hemodynamic factors by adopting a robust computational procedure toconstruct stent cell geometry and to embed this in a patient-specificcarotid bifurcation reconstructed from CTA images acquired afterCAS. This allowed us to compare changes induced by open- andclosed-cell stent designs in flow patterns and shear stress-relatedindices. Our method differs from previous finite element methodbased studies [25,28,42] by using a parametric design techniqueto model the deployed stent configuration. The use of Booleanoperations to reconstruct the post-stent patient-specific model isnot only computationally efficient, but can also retain faithfullythe original geometric features. This advantage can be appreciatedthrough the replication of a mild constriction in the middle of thestent (Figure 1), which was created to avoid embolisation due tooverdilation with a high pressure that may compress the atherosclerotic plaque [43], and other features such as the immersed stentstruts at the ECA entrance and the bends at the proximal and distalends of the stent.Analysis of flow and hemodynamic indices in the pre-stent modelshowed the dramatic impact of the high grade (90%) stenosis, withincreased velocities at the tight throat resulting in extremely highlocal WSS which far exceeded the normal physiological thresholdof 7 Pa [36]. High shear stress is likely to lead to matrix degradation and weakening of the plaque cap in the endothelium, whichmay cause rupture [36,44]. CAS effectively restored blood supplyto the ICA, achieving a normal ICA:ECA flow ratio of 62:38 afterstenting. However, detailed analysis of flow patterns and WSSrelated indices revealed much larger areas of low WSS (TAWSS 0.4 Pa), elevated OSI ( 0.1) and high RRT ( 10/Pa) in all post-stentmodels compared to the normal control (Table 1). As low TAWSS,large OSI and high RRT are correlated with neointimal thickening which could potentially lead to ISR [25,27], our computationalresults appeared to suggest that the closed-cell post-stent models(Stent A and B) fared slightly worse than the open-cell model (StentC) in that the modelled closed-cell stents had larger surface areasexposed to unfavourable hemodynamic conditions. This can beexplained by taking a close look at the locations of low TAWSS,elevated OSI and high RRT in the post-stent models. Regardlessof the stent cell geometry, these can be found in both the proximaland distal portions of the stent, as a result of sudden changes insurface curvature and the presence of a mild ‘waist’ shape in themiddle of the stent. While these geometric features were present inall post-stent models, differences in stent cell design were reflectedin the number of struts and cell size, with closed-cell stents havingmore struts protruding into the lumen causing more localised flowdisturbances in-between the struts. Our results are consistent witha recent study by Texakalidis et al. [19] who found that open-cellstents were associated with a statistically lower risk of restenosiscompared to closed-cell stents.The computational model used in this study has a number oflimitations. First, the stent deployment method did not considermechanical interactions between the stent struts and the vesselwall, bypassing the finite element analysis-based procedure forvirtual stent implantation. Nevertheless, the reconstruction procedure adopted in this study incorporated the best-fitted stent scaffolding based on the technical specification of the stent and alsothe patient-specific geometry [45]. A similar strategy was used forall simulated stents to ensure consistency in the results. Second, arigid wall assumption was made in all CFD simulations. Since thefocus of this study was on hemodynamic parameters, the rigid wallassumption is expected to have a minor influence on the results inthe stented region [46]. Nevertheless, it has been shown that fluid–structure interaction simulations might be necessary for assessingOSI and RRT [47]. Third, in this study, new hybrid stent designswere not included. The absence of follow-up data also limited thescope of the study in searching for any direct correlations betweenthe predicted hemodynamic parameters and ISR.5. CONCLUSIONIn this study, we used a computationally efficient method for stentdeployment in patient-specific carotid arteries reconstructed fromCTA images. In order to investigate the impact of stent design onin-stent hemodynamics and the potential development of ISR, wecompared flow patterns and WSS-related indices between three different stent designs and with a normal control. Our results clearlyshow that while the CAS procedure effectively restored a normalflow distribution through the severely stenosed right carotid bifurcation, all post-stent models exhibited atheroprone and procoagulant flow conditions as measured by the WSS-related indices.Comparisons of the closed- and open-cell stents suggested thatclosed-cell stents created slightly larger areas of low TAWSS, elevated OSI and high RRT, which may be indicative of an increasedrisk for ISR. In addition to detailed stent design, patient-specificgeometric features, such as changes in vessel curvature at the proximal and distal ends of the stent and changes in lumen diameter,were found to have a strong influence on the evaluated hemodynamic parameters. Therefore, these features should be reserved inpatient-specific computational models for assessing the risk of ISRafter CAS.CONFLICTS OF INTERESTThe authors declare they have no conflicts of interest.AUTHORS’ CONTRIBUTIONMH and XYX were responsible for the study conceptualization andsupervised the project. Data curation, formal analysis were carriedout by NHJ and was also responsible in writing (original draft) themanuscript. Funding acquisition and project administration wasdone by NHJ and XYX Review and editing of the final manuscriptwere done by MH and XYX.
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Stent B was created to represent another closed-cell stent design resembling a XACT stent (XACT Carotid stent system, Abbot Vascular, CA, USA) and Stent C was created for an open-cell design to resemble an ACCULINK stent (RX ACCULINK , Abbot Vascular, CA, USA). Details of the geometric parameters are sum-marised in Appendix B.
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Attorney at Law Hon. Pamila J. Brown BOG Liaison District Court, Howard County Alan S. Carmel Attorney at Law Sarah Dawn Cline Attorney at Law Adam Sean Cohen Attorney at Law Delegate Kathleen M. Dumais District 15 Suzanne K. Farace Attorney at Law Barry L. Gogel Attorney at Law Michael I. Gordon 
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Powers of Attorney Act 2003 A Commentary - Law Society of New South Wales

POWERS OF ATTORNEY ACT 2003: A COMMENTARY 6 POWERS OF ATTORNEY ACT 2003: COMMENTARY The commentary is provided in black text. Reference to the "Act" is a reference to the Powers of Attorney Act 2003 as amended. Reference to the "Regulation" is a reference to the Powers of Attorney Regulation 2011, recently amended by the Powers of Attorney Amendment Act 2013 and the Powers of




5m ago




81 Views






















California Safe Drinking Water and Toxic Enforcement Act .

District Attorney of Madera County 209 West Yosemite Avenue Madera, CA 93637 District Attorney of Marin County 3501 Civic Center Drive, Rm. 130 San Rafael, CA 94903 District Attorney of Mariposa County P.O. Box 730 Mariposa, CA 95338 District Attorney of Mendocino County P.O. Box 1000 Ukiah, CA 95482 District Attorney of Merced County
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IN THE UNITED STATES COURT OF APPEALS FOR THE FIRST 

Mar 06, 2020 · Attorney General of New Jersey Assistant Attorney General Counsel of Record Attorney for Amicus Curiae JOHN T. PASSANTE State of New Jersey Deputy Attorney General New Jersey Attorney General’s Office Richard J. Hughes Justice Complex 25 Market Street Trenton, NJ 086
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ATTORNEY HANDBOOK - United States Courts

e. Each attorney's or pro se litigant's name must be typed and signed on the last page of the complaint, with: (1) his/her address (2) telephone number (3) if a Pennsylvania attorney, his/her Pennsylvania Attorney ID Number f. To file a complaint, the attorney must have an electronic signature on the complaint and must have an electronic
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Power of Attorney - FedEx

Show the date the Power of Attorney is signed. Corporation Power of Attorney Partnership 1 10 9 8 7 6 5 4 3 2 12 11 1 10 9 8 7 6 5 4 3 2 12 11 1 10 9 8 7 6 5 4 3 2 12 11 Rev 6/13 The number preceding each instruction corresponds to the same number on the example of the power of attorney form. Customs Power of Attorney, Designation as Export .
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Powers of Attorney - Ontario

attorney, a family member or friend may have to apply to be appointed as guardian. Powers of attorney that were properly made under previous laws of Ontario remain legally valid. The forms for a Continuing Power of Attorney for Property and a Power of Attorney for Personal Care contained in this booklet were revised on March 29, 1996 in accordance
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STATUTORY POWER OF ATTORNEY - eForms

repudiated the power of attorney; and the power of attorney still is in full force and effect. 5. I/we make this affidavit for the purpose of inducing _ to accept delivery of the above described instrument, as executed by me/us in my/our capacity of attorney(s)-in-fact for the Principal. _, Attorney-in-fact
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John J. Hoffman Acting Attorney General of New Jersey

JOHN J. HOFFMAN ACTING ATTORNEY GENERAL OF NEW JERSEY Division of Law 124 Halsey Street — 5th Floor P.O. Box 45029 Newark, New Jersey 07101 Attorney for Plaintiffs By: Jah-Juin Ho - #033032007 Deputy Attorney General 973-648-2500 JOHN J. HOFFMAN, Acting Attorney General of the State of New Jersey, and ERIC T.
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Options in Oregon to Help Another Person Make Decisions

Power of Attorney A “Power of Attorney” is a legal document that allows a person to give another person (called an “agent”) the right to act on the person’s behalf. A “Power of Attorney” in Oregon can only be used for financial decisions. The way a “Power of Attorney” is written is important. The authority given to the agent can
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- fcdfa

FRESNO COUNTY SUPERIOR COURT By DEPT.402 JAN SCULLY District Attorney, County of Sacramento RUTH YOUNG, State Bar No. 133606 Deputy District Attorney 906 G Street, Suite 700 Sacramento, CA 95814 Telephone: (916) 874-6174 JACKIE LACEY District Attorney, County of Los Angeles STUART C. LYTTON, State Bar No. 114241 Deputy District Attorney
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Non-Attorney E-File Registration

your motion for e-filing access. Instructions to submit the Non-Attorney E-File Registration: 1. Register for a Non-Attorney Filer Account on the PACER website at www.pacer.uscourts.gov. If you already have a PACER Account, login to Manage My Account, select Non-Attorney E-File Re
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